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Abstract

This thesis is a dissertation to support the agraknt of new domino pericyclic oxy-
Cope/ene/Claisen/Diels-Alder reaction, diversityeoted synthesis of PPAPs scaffold via
sequential one pot cascade reaction and ethyl alumsesquichloride catalyzed highly hindered
Diels-Alder reaction.

The first part concentrates on the domino pericyoky-Cope/ene/Claisen/Diels-Alder
reaction. As a result of this study, we have dgwedba general methodology for rapidly
constructing complex diterpenes and discovered exnthl oxy-Cope/ene/Claisen/Claisen
rearrangement, applied to the synthesisais decalin benzofurans.

The second part involved the development of aitiefft synthetic approach towards
bicyclo[3.3.1]nonenone core found in many naturabdpcts, via a sequential Diels-
Alder/gold(l)-catalyzed 6-endo-dig cyclization ants application to the synthesis of a
diversified library of PPAPs.

Finally, we have developed an efficient synthetiethodology for the formation of
cyclohexene rings bearing quaternary carbon centixsan ethyl aluminum sesquichloride
mediated highly hindered Diels-Alder reaction. Thsethod solved an important problem
encountered in the synthesis of many natural pisdircluding PPAPs. This methodology

opened new opportunities in the total synthesBRAPS.
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Introduction

The pharmaceutical industry has the power to bangnnovative thinking from research to
improve patient's health by discovering and devilgpnew therapies. The challenge of
transforming new knowledge into healthcare solitor patients elicits our greatest strength as
researchers and keeps us committed.

The main goal of pharmaceutical research is toogiscand design new compounds that are
suitable for use as drugs. Natural products, obthfrom animal, vegetable and mineral sources
have been used since ancient times as drugs withbla potency and toxicity. From the
beginning, drug development has been articulatedrar natural products, but as knowledge
increased, a broader range of lead compounds vgexkas starting point for drug development.
The latter starts with the discovery of new leachpounds with identified medical properties,
and then follows the development of more effectimd safer analogues. This process implicates
synthesizing and testing a vast library of compauudtil a suitable compound is chosen. It is
currently estimated that for every 10000 compousgsthesized for drug discovery, one is
suitable for medical use.

To my knowledge, the first rational synthetic drugvelopment was carried out by Paul Ehrlich
and Sacachiro Hata, who produced the antiprotoacgpphemamine in 1910 by connecting
organic synthesis with biological screening andlstion procedurés They realized that the
more potent drugs showed a greater selectivitytlier target microorganism than its host.
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Structure-activity-relationship (SAR) is now used describe Ehrlich’'s approach to drug
discovery, which consisted of synthesizing and watathg a library of structurally related
compounds.

In 1905, an alternative approach was initiated iy work of John Langléy The idea was
receptive substances in the body could acceptratBémulating compound, which would cause
a biological response, or non-stimulating compouwvitiich would prevent a biological response.
This is the premise of the understanding of tharndyreceptor system in biological organisms. A
binding of a chemical to a receptor triggers biouolval events that result in a biological or
pharmacological effect. This chemical acting asragdis more potent when its structure
molecular shape and stereoelectronic distributisrgomplementary with the stereoelectronic
structure of the receptor responsible for the dddniological action. Thus, the aim is to discover
which parts or functional groups of the molecule emportant to biological activity and which
are not.

We want to therefore create powerful tools to sgsire highly complex chemical structures
with a retrosynthetic strategy built to allow theearporation of various functional groups. Our
challenge in organic chemistry is to overcome sstth efficiency and diversity in the
construction of complex molecules. Architecturatlgmplex bioactive natural products have
been a source of inspiration for synthetic orgahiemists for years.

The therapeutic potential of polycyclic polyprertgid acylphloroglucinols (PPAPSs) has attracted
attention from several research groupslany PPAPs express different kind of biological
activities not limited to antiviral, antimitotichéoxidant and antidepressant activities. They act
as modulators of neurotransmitters associated teons depression. Hyperforin is the major

active molecule found in St. John’s wort and ipresible for its antidepressant activitfhe
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mechanism is an inhibition of synaptosomal uptakeeurotransmitters including serotonin,
dopamine, norepinephringsaminobutyric acid (GABA), and L-glutamate, whithiawv 1Csp =
1.1 ug/mL. A recent report on inhibition of penicillirsistant and methicillin-resistaBtaureus
has increased the interest in hyperforin as arbactirial agefit Hyperforin has been reported
to induce apoptosis in human and rat cancer cakliwith IGo = 3—15uM,’ in leukemic cells
and brain glioblastoma cefls

The PPAPs complex chemical structure with a highkygenated and densely substituted
bicyclo[3.3.1]nonane-1,3,5-trione core is quite ll@rging to access by synthetic organic
chemistry. The bicyclo[3.3.1]alkenone framework is foundnany PPAPs and many bioactive

natural productsScheme L

BN

Clusianone

3 Nemorosone

4

Scheme 1 — Shared bicyclo[3.3.1]alkenone framewiorlPPAPSs
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After a retrosynthetic analysis of the bicyclo[3]Bonatrione core, we hypothesized that a
domino Diels-Alder/gold carbocyclization synthesi$ the core followed by adding the

appropriate substitution would be a more diversitiented synthesis towards PPAPs. It can
allow the realization of diversified library forratture-activity-relationship studies in medicinal

chemistry Scheme 2

_ Ry _
LAu@ o
— OR
Gold X Ry
Carbocyclization R, Y
L 6 A
Diels-Alder
R3
(o)
+ OR
X N /
R4 —Y
Rs —
8 7

Scheme 2 — Diversity oriented retrosynthetic anadysf PPAP’s scaffold

Studies of the biosynthesis of certain natural ks described efficient processes by which
nature can transform simple substrates into comphealecules containing numerous

stereocenters, often done in a consecutive domioceps’. Natural products and drug analogs
synthesis is a substantial area of organic syrgh@s attain high efficiency, organic chemists

have to develop new green reactions reducing tingbeu of steps and waste, and also develop
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catalytic reactions. In the area of drug analogglssis, the chemist must integrate a diversity
oriented synthesis to build a library of compouridemino reactions are an effective way to get
access to a multitude of diversified molecules waste-minimizing process.

Domino Knoevenagel-hetero-Diels-Alder reaction, eleged in the group of L. F. Tietze, is a
powerful process that not only allows the efficiaynthesis of complex compounds such as
natural products starting from simple substratag, dso permits the preparation of highly
diversified moleculeS. Several alkaloids such as hirsutir®, (dihydrocorynantheine1(),
dihydroantirhin £1), emetine 12), and tubulosinel(d) have been synthesized using this reaction

(Scheme 3.

Scheme 3 - Alkaloids synthesized by domino Knoegetr&ietero-Diels-Alder reaction
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The domino Knoevenagel-hetero-Diels-Alder reactionsists of a Knoevenagétondensation
of an aldehydel{) with a 1,3-dicarbonyl compound®) in the presence of catalytic amounts of
a weak base such as ethylene diammonium diacéEa®A). In the reaction, a 1-oxa-1,3-
butadiene 17) is formed as intermediate which can undergo @rbebiels—Alder reactiofi

either with an enol ethel §) or an alkene§cheme 4.

Ro8 R O R O
\
OWO OEt EDDA | o o0  MeOH oMe
R-cio , T T" W T 0* — | /‘/ —
o
14 >< Et0” ~07 "o Et0” Yo7 X0
15 16 17 18 19

Scheme 4 - Domino Knoevenagel-hetero-Diels-Aldeaaton

Alkaloid Hirsutine @) was isolated from the plardncaria rhynchophylla and used for the
preparation of the old Chinese folk medicine “Kartifolt is of pharmacological interest since it
shows a strong inhibitory effect on the influenzavifdus (subtype H3N2) with aBCsp = 0.40—
0.57 pg/ml, which is about 11-20 times higher than thénichlly used Ribavirifr.
Retrosynthetic analysis of hirsutir® (ed to the (B)-tetrahydrop-carbolineacetaldehyd@y),
Meldrum’s acid 24), and the enol ether2f) via the retrosynthetic intermediateR0{23

(Scheme 5.
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H OMe

25

Scheme 5 - Retrosynthesis of hirsutine

This approach has also been applied to combinatremistry for the preparation of different
alkaloids.

Sigmatropic rearrangements are widely used in minlg formation reactions with a proven
efficiency, when combined in consecutive operatioine resulting processes are powerful
synthetic transformations that can be considered esmponent of more sustainable synthetic

chemistry practice®’
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Chida’s group reported a formal total synthesis(-)fmorphine 80) employing a double
orthoester Johnson-Claisen rearrangement as adgyScheme $.'” Thus,trans diol (26) was
treated with trimethylorthoacetate in the preseofca catalytic amount of 2-nitrophenol at 140
°C to give the corresponding substituted cyclohex@8) in 36% vyield. The reaction proceeds

via intermediates 27) and @8), with complete transfer of stereogenicity from dtdie to

product.

2-nitrophenol 5 mol%

>
MeC(OEt),, 140 °C
72 h, 36%

(-)-Morphine (30)

Scheme 6 - Morphine domino synthetic approach
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A domino Claisen-ene strategy was used for thehggn of (+)-9(11)-dehydroestrone methyl
ether B4) starting from the cyclic enol etheBl) and an enantiopure allylic alcohaB2)
(Scheme J.'®* The reaction proceeds with a good stereocontreingi a 90: 10syn/anti
selectivity in the first step and predominantly 2-ttans orientation in the following ene

reaction.

»
Si—
OMe /

HO™"
SO

31

Toluene, DMP, 180°C
—_—_—.
76%

CO,Me

Scheme 7 - Domino Claisen-Ene Synthesis of (+)-9¢(Dkhydroestrone Methyl Ether

To take advantage of the attractive features ofctiresecutive domino pericyclic reactions to
generate, in one pot, new C—C bonds, new contigwsbeiseogenic centers leading to new
carbocyclic frameworks, we decided to push a stejnér in direction of the synthesis of highly

complex molecules bearing the terpenoid’s framewdvith the aspiration to develop a new
domino pericyclic oxy-Cope/ene/Claisen/Diels-Aldeaction Scheme § we planned to use

fairly simple linear starting materials, with thelgpnds correctly positioned; the substrate should
undergo multiple pericyclic reactions to afford tiaegeted product with diastereoselectivity of

the newly formed stereocentres.
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35 36

O =8 new stereogenic centers

= =5newC-C bonds

Scheme 8 - Domino pericyclic oxy-Cope/ene/Claiserl®Alder reaction

This thesis is a dissertation to support the dereknt of a new domino pericyclic oxy-
Cope/ene/Claisen/Diels-Alder reaction, a diversitjented synthesis of PPAPs scaffold via

sequential one pot cascade reaction and a sesgudehtatalyzed highly hindered Diels-Alder

reaction.
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1. Development of the Domino
Pericyclic Oxy-Cope/Ene /Claisen

/Diels-Alder Reaction

1.1 Introduction

One of the most important challenges in organicnobgy is to overcome the synthetic
efficiency and diversity in the construction of gaex molecules. Architecturally complex
natural products have been a source of inspirdiiornsynthetic organic chemists for years.
Studies into the biosynthesis of certain naturalecudes described efficient processes by which
nature can transform simple substrates into comphealecules containing numerous
stereocenters, often done in a consecutive or dpincessés. Sigmatropic rearrangements
are widely used in multi-ring formation reactionghwa proven efficiency, when combined in
consecutive operations, the resulting processegaverful synthetic transformations that can be
considered as a component of more sustainableetjmtthemistry practice¥.

In 1991, Sutherland et akported* the formation of undesired angular triquinank4.Q) in low
yield while attempting anionic oxy-Cope rearrangamfor the synthesis of bicyclo-[6.3.0]-
cycloundecanesl(1.3 (Scheme 1.1.1 However under basic conditions exposure, the@age

product @.1.3 converts to the triquinané.l.2
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Later, Rajagopalan et al. descriffed rapid synthesis of a bicyclo[4.3.0]Jnonane whttempting
oxy-Cope rearrangements of substituted 1,2 divegglopentanols and cyclohexanols via allene
intermediates $cheme 1.1.2 They determined that the oxy-Cope productl© could be
produced efficiently by catalytic amounts of metiexbase to catalyze the oxy-Cope reaction,
but stoichiometric amount of base produced exchlgithe product of a cascade oxy-
Cope/aldol-ene rearrangement1(5 due to the deprotonation of the acidic hydrogkaina to

the ester. While reported as a side reaction, thesetion pathways were never explored and

applied to the synthesis of polycyclic molecules.

AN HO,
Pr A
BlO= ey
80%, 1.7: 1 o
o} o

111 112 11.3

é NaOMe |

>95%

Scheme 1.1.1 — Oxy-Cope/Ene Rearrangement (Suttmet|d.991)

E
1.1 eq. NaOEt \
N ”
0, =
90% OH
N _E 1.1.5
w
OH
114 0.1 eq. NaOEt E
o 90% R
N
o]
1.1.6

Scheme 1.1.2 — Oxy Cope/Ene Rearrangement (Rajazopd 993)
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1.2 Pioneering work

The Barriault group has focused on the developnagwt application of domino pericyclic
reactions> In 2000, Barriault and Warrington reported an éfit access to polycyclic
molecules by a consecutive oxy-Copelene reactionl,@t divinylcyclohexanolé’ This
methodology was applied to the total synthesis 9fafteannuin-M> Following the success
of the methodology to deliver the generation ohhygcomplex molecules with stereocontrol, the

Barriault group pursued the enhancement of themido concept to attain new targets.

1.2.10xy-Cope/Ene/Claisen

Barriault and Denissova descrif®da domino oxy-Cope/ene/Claisen reaction of allyieet
(1.2.1.) to generate decalin framework$.4.1.93 bearing contiguous stereocenteBcl{eme

1.2.1.). This methodology allowed the access of a breaage and high diastereoselectivity.

R3
R1
2
RZ _O
OH
Hwaves
=t —_—

220 °C, 2 hrs

1.21.1 PhMe

Ar Ar= p-MeCsH4

1.21.3 75%, dr >25:1 1.21.4 60%, dr >25:1 1.21.5 63%, dr>25:1
Scheme 1.2.1.1 - Oxy-Cope/Ene/Claisen

31



The high diastereoselectivity of the reaction candxplained by the following mechanism
(Scheme 1.2.12 Microwave heating of 1,2-divinylcyclohexanol ydllether (.2.1.9 is
proposed to give enoll(2.1.7 through an oxy-Cope rearrangement, which afterapid
tautomerization would furnish keton&.2.1.9. There are two possible transition sta#&( B)

for the subsequent transannular ene reaction ohkel.2.1.§. The transition statB, however,
reveals the presence of severe 1,3-allylic strataben the allyl ether group and the macrocyclic
ring. Therefore, enol ethet.@.1.9 is favored over the geometrical isom&r2(1.10. Finally, a

Claisen rearrangement of.2.1.9 via transition stat€ gives a hydroxyaldehyde, which then

cyclizes to form lactolX.2.1.1).

R3 R3 R3
R% R% RHJ\'
RZ _O RZ _O OH RZ _O
oH [3,3] tautomerization o ene
—_ ~ —_— ~ —_—
— /)
1.21.6 1.21.7 1.21.8
B R _R' | ¥ R __R' B o o | ¥
HO
o H? | OH \I R® 0
HeLl S0 R H L _o R? y R?
' R2_ i S5
& > M@ T Ry |3
y R! 1
R
4* A 1.2.1.9 ¢ 1.2.1.11
R3 R3 1’
R1
R1
% 0“‘":Hb \A on fo) HO
R? (o] |! SaH? R2 o0 Ha . r3 OH R3 R fo)
S —_— & —— | R2—f - 5
B R’ D R2
o - 1.2.1.10 T - 1.21.12

Scheme 1.2.1.2 - Oxy-Cope/Ene/Claisen Mechanism
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The domino oxy-Cope/ene/Claisen methodology has hesed toward the total synthesis of
tetradecamyciff (1.2.1.13 (Scheme 1.2.1)3 Barriault and Warrington reported the conversion
of propargyl alcohol 1.2.1.1§ to decalin {.2.1.17 in 87% vyield. The latter was transformed

into advanced intermediat&.2.1.15 through a short sequence.

RO o) “, SPh

1.21.13 1.2.1.14 * 1.2.1.15
OH
o
5 step o Hwaves 2
o 2P N —— X
/ 87%
/12116

1.21.17

Scheme 1.2.1.3 - Oxy-Cope/Ene/Claisen Application

1.2.20xy-Cope/Claisen/Ene

Further development led to the oxy-Cope/Claisen/doeino reaction(Scheme 1.2.2)1
Barriault and Sauer develogéda domino oxy-Cope-Claisen-ene sequence tregs a
preferential macrocyclic conformation in order t@ngrate diastereoselectively, decalins
bearing two adjacent quaternary centditis methodology was used as the key step towards
wiedemannic acfd and teucrolivin AX® The stereocontrolled formation of two or more
contiguous quaternary stereocenters is a significhallenge, particularly in cyclic systems.

The allyl ethersX.2.2.) produce decalinsl(2.2.9 possessing quaternary stereocenters in high
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yield and diastereoselectivity. This type of schffes found in several natural diterpenes

including myrocin G* (1.2.2.3 and teucrolivin A{.2.2.9 (Scheme 1.2.2)1

NS
NN R OH
—_ uwaves 100 o
Fg—= R? OH
Ly 220 °c 2 hrs - J
PhMe o} o}
1.2.21 1.2.2.2
---------------------------------------------------------- Myrocin C (1.2.2.3)
: ! é ," ! é: LOTBS ! é?\’
84%, dr > 25:1 90%, dr = 17:1 60%, dr>251°
OH y/ OH y/ OH y/
Teucrolivin A (1.2.2.4)
OEt
91%, dr > 25:1 93%, dr >25:1 74%, dr > 25:1 0*{

Scheme 1.2.2.10xy-Cope/Claisen/Ene
Under microwave irradiation, allyl ethet.p.2.5 undergoes via an oxy-Cope rearrangement to
furnish enol ether 1(2.2.§ (Scheme 1.2.2Q2 The latter will then undergo a Claisen
rearrangement providing ketoné&.Z.2.§. This can be directly converted int@.2.2.1) or
undergo a rapid conformational interchange to pcedi.2.2.9, which leads to the formation of
(2.2.2.10. It is important to note that the conformatiopaéference of macrocycle4.2.2.9,
(1.2.2.9 and (.2.2.9 at the transition state dictates the stereochanuatcome of the final
product.
Experimental evidence and DETcalculations demonstrated that the ring inversib(iL.2.2.9

to (1.2.2.7 does not occur at 220 °C. This is explained leyftt that the rotation energy barrier
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of the tetrasubstituted alkene is too high compaoethe Claisen rearrangement @&f24.2.6 to
(1.2.2.9 being a much faster process. Conversely, the inngrsion of ketonel(2.2.9 to
(1.2.2.9 is a faster process than the ene reaction. Caesdy, the diastereoselectivity of the

mechanism can be rationalized using the Curtin-Hathprinciple.

X X
1.2.2.5 1.2.2.6 E 1.2.2.7
+Claisen N

S o 4
X fast o
- Y
Y
(o] X

1.2.2.9 1.2.2.8

slow+ Ene Ene+ slow
OH Y/
Y

X

1.2.2.11

Scheme 1.2.2.20xy-Cope/Claisen/Ene Mechanism

1.2.30xy-Cope/Ene/Claisen/Diels-Alder

In 2008, Barriault and co-workers reportéd stereoselective synthesis of complex carbocycles
(2.2.3.5 from cyclic propargyl ethers1(2.3.) and dienophiles 1(2.3.§ via successive
pericyclic reactions, a domino oxy-Cope-Claisenctiea and a subsequent hydroxyl-directed
Diels-Alder reaction. Under microwave irradiatiahd.3.) rearranges via oxy-Cope reaction to

produce allene 1(2.3.9 (Scheme 1.2.3)1 This highly strained macrocycle rearranges to
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generate enond .3.3 which undergoes a transannular ene reactionlieedallene {.2.3.9.
The latter was treated with a magnesium-based Lauits and a dienophilel 2.3.9 to give a
single cycloadductl(2.3.5 in overall yields ranging from 36—48%. TransitistateTS-A was

proposed to account for the observed diasteredsalgc

[3.3] [3,3]
R3
2 4
H . ‘ R R
o) R® 1.2.3.6
o
MgBr,-OEt
1 2 2
R’ R 2 6-lutidine

1.2.3.5

Scheme 1.2.3.1 - Oxy-Cope/Ene/Claisen/Diels-Aldedianism
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1.3 Development of the New Domino Oxy-

Cope/Ene/Claisen/Diels-Alder

Taking advantage of the domino pericyclic reactiousrall efficiency, we decided to push the
limit of the concept toward the synthesis of hightymplex carbocycles in a single operation.
Having the ambition to develop a new domino pelicyoxy-Cope/ene/Claisen/Diels-Alder
reaction Scheme 1.3.1)] we planned to use readily available startingemals with Tebonds

positioned to undergo multiple pericyclic reactions

1.3.1Proposed Mechanism for Domino Oxy-
Cope/Ene/Claisen/Diels-Alder

We hypothesized that enyné&.3.1.]) bearing a tertiary alcohol will trigger the sigmagic
process by an anionic oxy-Cope under these reaawrditions. This should lead to the
formation of the 10 membered ring endl3.1.3 followed by a keto-enol tautomerization to
give the enonel(3.1.4. The macrocyclic enond. (3.1.9 produce the trans decaline3.1.5 by

a transannular ene reaction. On the later, théiatyol ether is well placed to react via a [3,3]
sigmatropic Claisen rearrangement to give the sideh(l.3.1.§ and then form the lactol.
Finaly, the resulting diend (3.1.7 undergoes [4+2] cycloaddition with the dienophdeorm a
diterpene corel(3.1.3. This transformation can generate up to eight s&weogenic centers

and the formation of five new C-C bonds.
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4 200°C, microwaves
+ I N—Ph —_—
Et;N, PhCI
e
1.3.1.1

y
!
/ gt&tTQO

o)
O [ .
o] ~ —
1313 1.3.1.4
¢Ene
Claisen ggﬁo
1.3.1.5
o)
44 p
Diels-Alder o=, W/
= o)
Gy
- 1.3.1.2
2

Diterpenoid core

O =8 new stereogenic centers

— =5 new C-C bonds

Scheme 1.3.1.1 Proposed Domino Pericyclic Oxy-CBpe/Claisen/Diels-Alder Mechanism

1.3.2Precursors Synthesis

In order to validate our approach, various enynesevgynthesized according the synthetic route

depicted in schemel(3.2.). Starting from cyclohexane oxide, an epoxide apgrin the

38



presence of copper (I) bromide, followed by a Swexidation** gave ketonesl(3.2.] in 66
and 68% vyield. Then we performed a Corey-Fuchslalioyn to furnish the corresponding
cyclohexanols1.3.2.9 in 75, 82 and 86% yield. We encountered reprdaulityi problems and
low yields (35, 44 and 48%) in the next step oflalloxidation, no matter what substrate we
tried it on. Finally, allylation with allyl bromidepotassium hydride and a catalytic amount of
sodium iodide in DMF gave the desired domino reacprecursorsl(3.2.94 in moderate yields

(73, 75 and 76%).

J'LMgBr 0

Br
N R
0 1) cur.oms RN\Br M~
> .
:n 2) Swern LDA .
oxidation 1.3.2.2

n
1.3.21

n=1,68% n=1,R =nPr, 82%, dr 3:2
n=2,66% n=2,R =nPr, 86%, dr 95:5
n=2,R=Ph, 75%, dr 9:1
N R N R
OH Br OH ~Z
Se0, = N Z
T — >
tBuOOH NaH, Nal n
" NS
OH 0
1.3.23 1.3.2.4
=1 R =nPr. 359 n=1,R=nPr, 76%
0= 2 R = nPr. 44% n=2,R=npr, 73%
n=2,R = Ph, 48% n=2,R=Ph 75%

Scheme 1.3.2.1 — Precursors Synthesis

1.3.3Initial attempts

Having the precursorsl3.2.94 in hand, we first examined the domino oxy-Cope/€haisen

sequence to gain insight about the reaction meshmand isolate the diene intermediate. Six
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and seven-membered rings enynes of hagymgand anti stereochemistry were testetiaple

1.3.3.9. Heating of bothanti cyclohenaxols¥.3.3.3and1.3.3.4 at 220°C (using a microwaves
reactor) lead to a complex mixture of products fwhich no bicyclic compounds were detected
by 'H NMR (entries 1 and 2). One can rationalize that alkyne bond is far from the alkene
reacting in the oxy-Cope rearrangement then nedeéisgj higher activation energy barrier

compared to theyn isomer Figure 1.3.3.) thus engaging into unproductive reaction pathways
OH
R\ —
\\R vs H ~<~g
H syn
1.3.3.1 1.3.3.2

Figure 1.3.3.1 — Syn vs. Anti Conformational Compson

To our delight, thesyn isomers 1.3.3.5and1.3.3.7 were converted to the desired compounds

(2.3.3.6and1.3.3.8 in 65% and 60% vyields respectively (entries 3 4nd
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OH
\\//
220°C, mlcrowavis

Entry precursor geometry solvent product yield

OHM

1 U o anti Toluene Decomposition
ny (

o0 \F
1.3.33

oﬂ\///\/\/

2 (j(

0 \F
1.3.3.4

QHM I
B 65%
3 syn Toluene &@
< /
[¢)

ANF

anti Toluene Decomposition

(0]
1.3.3.5

oucg/’Qt/A\¢/

\\
4 syn Toluene
AN

)
1.3.3.7

0H4;/A§7”\¢’

\\
5 Toluene and
syn 1eq.Et;N
ANS

0
1.3.3.7

60%

90%

Table 1.3.3.2 — First Attempts to Form the Diengénmediate

Having the twor-systems in a closer proximity in tisgn conformation allowed the oxy-Cope
reaction to proceed followed by the ene/Claisermaigopic rearrangement. Rate accelerated
anionic oxy-Cope reactions based on the additiom strong base as DBU have been well

documented by Evans and co-workers in the litegdtuAn amine base enhances the rate of the
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oxy-Cope rearrangement significantly, avoiding @orene side reactiorméble 1.3.3.3 and an

augmentation of product yield is observéd.
(\o (o\o (\o
o)
0

o
OH o

+
Toluene
—
1.3.3.8 1.3.3.10 1.3.3.11
Additive Product Ratio Yield
No DBU 35:1 77%
20 equiv. DBU 20:1 75%

Table 1.3.3.3 — Oxy-Cope/Ene Rearrangements inRnesence of DBU

We noted a significant yield increase in entryTalfle 1.3.3.2 by using E4N as a base to
promote an anionic oxy-Cope at 220°C in toluenee Bicyclic rings formed were a mixture of

two diastereomers due to the hemiketal formatiep.st

1.3.4Mechanism insights

Barriault and Warrington prove®&¢heme 1.3.4)1that upon heating the mixture of allyl ethers

(1.3.4.1aand 1.3.4.1h in the microwave reactor, isomet.8.4.10 reacted cleanly to give

decalin lactol 1.3.4.2 in 85% vyield. Isomer1(.3.4.13 failed to react and only starting material

was recovered. The decalin lactal.3.4.9 formed was the result of a putative oxy-

Cope/ene/Claisen sequence.
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\k _220°c,pame
N Microwaves 0 Reaction

1.3.4.1a
\k 220°C PhMe
/ N\ Microwaves
/ 1.3.4.1b 0
94%, (3:1) 1342 1343

Scheme 1.3.4.1 - Oxy-Cope/Ene/Claisen Mechanisnmghts

Interestingly, a minor compound.8.4.3 was also formed in 9% yield. It is believed thasth
compound arose from tap face Claisen rearrangement of the allyl enol etbagrer following
the oxy-Cope/ene rearrangement. Though Barriaaltenissova had not observed this type of
product in 2002/ the systems they had studied did not contairpéetbond.

Following the oxy-Cope rearrangement of allyl et(ieB.4.4 (Scheme 1.3.4)2 the macrocyclic
ketone A) undergoes transannular ene to give enol éhérhis enol ether can then undergo
Claisen rearrangement from the top faGe—6 D — 1.3.4.5 or the bottom faceH — F —
1.3.4.9 of the decalin ring system. Transannular sterieractions between the allyl chain and
tertiary alcohol disfavours Claisen rearrangemeainfthe top face (via transition staf®.
Therefore the bottom face rearrangement (via ttiansstateF) is preferred — furnishing the only

observed productl(3.4.6.
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AN 4af) 5 o)

R 1344
OH I §,, OH

—~o > > O  not obseved

H

— 3 R R 1.3.4.5

OH OH OH

/o 0 o)
7> 2|

X only isomer

R E R ¢ N 1.3.46

Scheme 1.3.4.2 — Mechanism of Oxy-Cope/Ene/ClaiBearrangement

1.3.5Proof of concept

We were now ready to try the initial hypothesisthamo intermediate isolation; the precursors
were submitted to microwave irradiation to perfottme new one pot domino pericyclic oxy-
Cope/ene/Claisen/Diels-AldeB¢heme 1.3.5)1 The dienophile chosen wakphenylmaleimide

for its reactivity and availability.
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220°C, microwaves

_— 53%, dr 1:1
3 Toluene
OH ~Z 0
~ 220°C, microwaves
* | N=Pn —_—> 50%, dr 3:1
Toluene
o/\? 0
1.3.5.3
TPAP J
NMO

60%

1.3.5.6 X-Ray
Single diastereomer

Scheme 1.3.5.1 Proof of Concept

We obtained, starting from sixL.8.5.3 and seven1(3.5.) membered ring precursors, the
expected productd (3.5.2and1.3.5.9 of domino pericyclic oxy-Cope/ene/Claisen/Dielkiéy.

In each case, the formation of two diastereomessabaerved. However, we speculated that was
probably due to the formation of the hemiketal rifige attack of the tertiary alcohol onto the
aldehyde is not diastereoselective. An experimest leen performed by Dr. Jason Poulin to
oxidize the hemiketall(3.5.5 with TPAP/NMO® to a lactone(.3.5.§ in order to eliminate that

stereocenter. And, as a result, one single diastegehas been observed and characterize by X-
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ray. This outcome proves the complete diasterecipaty of the consecutive pericyclic

reactions.

1.3.60ptimization of Substrate Synthesis

Having established the feasibility of the domingsence, we needed to optimize the synthesis
route Scheme 1.3.6)1 of the precursors. In 1980, Holt et al. repbrthe synthesis of
divinylcyclohenanol and 2-(prop-1-en-2-yl)cyclohexae from 2-chlorocyclohexanone via a
1,2-shift. Drawing inspiration from this work, wéaborated a short synthesis of cyclohexanol

(1.3.6.9

o]
cl )LMgBr BngO-\' \' j'
—>

0 1.3.6.1 1.3.6.2

Cl 2 gbr (2eq.) X reflux
_—
2

60% "o {// //MQB, o
éJL
81% 1.3.6.3
cis :trans/ 3:2
1.3.6.4

Scheme 1.3.6.1 - Optimization of the Synthetic Rout

To a solution 2-chlorocyclohexanonel.3.6.) in THF, we added one equivalent of
isopropenylmagnesium bromide and heated the salutioreflux. The alkoxide intermediate

(1.3.6.9 undergoes 1,2 carbon shift and chlorine elimoratithen the 2-(prop-1-en-2-
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yl)cyclohexanone intermediatd.B.6.3 is formed. To the latter reaction mixture was edld
ethynylmagnesium bromide to afford in one step atuné of cis/trans 1-ethynyl-2-(prop-1-en-
2-yl)cyclohexanol 1.3.6.94. This mixture is then submitted to the newly optied allylic

oxidation condition $cheme 1.3.62to afford the mixture of diol1(3.6.5 that can easily be

separated by flash chromatography.

HO !// 0.1 eq. Se0, OH// AL OH//
3 an. tBuOOH -~
—_—
PhCOOH NaH, Nal
DCM OH N\F
_ 81% 71% based 77%
cis:trans 3:2 on the cis SM 1.3.6.6
1.3.6.4 1.3.6.5 A

Scheme 1.3.6.2 - Optimization of the Synthetic Rout
Finally, allylation with allyl bromide, sodium hyidie and a catalytic amount of sodium iodide in

THF/DMF gave the desired allyl ether intermediaie3(6.9 in 77% vyields. This single

intermediate will be the entry point of the synibes all of the domino precursors.
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1.3.7Diversification of the substrate

The diversification was performed using the Sonbiga® palladium catalyzed cross-coupling
reaction. The allyl etherl(3.7.) is solubilized in toluene and carefully degasethwargon to
avoid the Glaser couplifiy To attain a broad scope in terms of electrorsitarjcs and ring size,

we prepared a variety of substrat8stieme 1.3.7)1

X
OH//
Et3N Cul
Y
PdCI,(PPhj3),
0/\¢ /\&

(&)

1.3.7.1
OH < OH X
Z Yz Z
72% 74% 34%
0 \F NP 0 \F
1.3.7.2 1.3.7.3 13.7.4 (0] J<
O A
OH S
=Z B4 B4 Y
92% 59% 7% 1%
0 \F 0 \F
1.3.7.5 1.3.7.6
NS
OH -~ 0 OH
=
0,
89% 59%
= =
0/\/ o/\/
1.3.7.9 1.3.7.10

Scheme 1.3.7.1 Intermediate Synthesis by SonogasGoupling
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1.3.8Diene intermediate formation via an oxy-Cope/ene/@isen

Having demonstrated the efficient formation of thesired diene intermediate in the preliminary
tests, we next evaluated the scope of the oxy-@opéClaisen with electronically different
functional groups $cheme 1.3.8)1 The starting materials were submitted to the Ipew
optimized conditions with 3 equivalents ofs;lf chlorobenzene as a polar solvent for better
microwaves absorptidhand heated at 200°C. Electron-rich, electron-mé&nd electron-poor

groups linked to the alkyne were tolerated givirapd yields and selectivity. To prove once

again that the domino pericyclic oxy-Cope/ene/@aisascade was entirely stereoselective, we

performed a TPAP/NMO oxidation to eliminate the flietal stereocenter and form a single

lactone isomer.

R4
A’ R K
OH 2
"z '
200°C, microwavgs g@ Ry
( EtsN, PhCI < /
0 HO

HO : Y,
"C 729, 67% "o ey,

single
isomer

Table 1.3.8.1 - Scope Studies for the Domino PezicyOxy-Cope/Ene/Claisen Cascade
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1.3.9The unexpected Domino Pericyclic Oxy-

Cope/Ene/Claisen/Claisen

We then substituted the; Rosition with phenolic ethers to push the limitshe domino process
(Scheme 1.3.9)1by placing strategically a phenol ring that mightlergo an additional Claisen
rearrangement (oxy-Cope/ene/Claisen/Claisen) at @sthe previous substrates via the classic

oxy-Cope/ene/Claisen.

R

o:\//g 200°C, microwavg o
d"/ Et;N, PhCI
/

(0/\7 ol
:
5
(0] (0]
Son
ol 40% © 46% ° 37%
1.3.91 1.3.9.2 1.3.9.3

Scheme 1.3.9.1 - Scope Studies for the Domino Betic Oxy-Cope/Ene/Claisen/Claisen
cascade.
The starting material underwent the unexpected @ape/ene/Claisen/Claisen followed by a
five exo trig cyclization of the phenolic ring to give thenzofurans bearing three quaternary
centers in a mixture of two diastereoisomers. Ia tlase all the products formed were aldehyde
so none of them went a further cyclization to dgive hemiketal. This trend can be explained by

the formation of the quaternary center of the b&mam ring, which is sterically hindered and so
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will affect the conformation of the bicyclic systeirhis conformation will have the aldehyde far
from the tertiary hydroxyl group to condense oninteed, if we compare that to the previous
dienes under their hemiketal form, the carbearing R is on a pi-system and is less sterically
hindered, allowing hemiketal formation.

The diterpene-benzofuran core is scarcely founchdature but exist as secondary diterpene
metabolites (stypodiol, epistypodiol, and stypdjriexcreted by the tropical brown algae
Sypopodium zonale Papenfuss®. These natural compounds have strong cytotoxipegties and
can inhibit cell division in marine embryos and mammalian cell cultures, through a

polymerization inhibition of tubulin into microtub®.

Ol

O\III n

,,,,,
N
9.4

3.

-—

1.3.9.5
Stypodiol

Figure 1.3.9.2 - Diterpene-Benzofuran core in thature

One can recognize that the cote3(9.9 in figure @.3.9.3 is embedded in stypodiol. In a drug
discovery point of view, a structure-activity reteiship study would be interesting to test the
biological activity of our substrates, which aresigaaccessible from simple starting materials.
This transformation could be further developed apglied to the synthesis of benzofuran

scaffolds.
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1.3.10 Domino Pericyclic Oxy-Cope/Ene/Claisen/Diels-Alder
Cascade Optimization

Once we established the thermal formation of digreepursued our investigation to develop a
one pot domino oxy-Cope/ene/Claisen/Diels-Aldemgsi-phenylmaleimide as a dienophile.
This reaction needed to be optimizdalfle 1.3.10.) since the reaction did not proceed very
well without the use of a base giving a mediocré4jield (entry 1). The use of DBU proved to
be unsatisfactory (entry 2). The low yield coulddt&ibuted to the fact th&t-phenylmaleimide

in presence of DBU at 100°C in chlorobenzene underowave irradiation causes a progressive
degradation of the dienophite.Based on this, we turned our attention toward emicstlly
congested base, the 1,2,2,6,6-pentamethylpiperitlifgenoted an increase in terms of yield but
also the apparition of the by-product P2 resulfrogn the tertiary alcohol elimination. With 0.2
equivalent (entry 3) we saw a small yield increesmpared with the absence of base (entry 1).
Since the 1,2,2,6,6-Pentamethylpiperidine is lasdeophilic toward N-phenylmaleimide, we
got cleaner reactions with less decomposition efdienophile as expected (entry 4). When we
used 1 equivalent of g, we noted a decrease in yield as with 1 equivadé®BU matching
with the expected decomposition of the dienopilpresence of an amine base. However when
we increased the amount of;Etto 2 equivalents, we recorded an increase irdygempared to
the baseline (entry 1). The gain can be attribtwethe acceleration of the pericyclic reactions,
which is correlated to a faster formation of thendi and then faster consumption of the

dienophile before decomposition.
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oH 2 Q

~ 200°C, microwaves
| N=Ph B —
Base, PhCI
e
1.3.101 1.5 eq.
Entry Base equiv. of Yield Products
base
1 - R 47% P1

N
2 N

\|:N;|/ 0.2 eq. 51% P1
3
N 1eq. 55% P1/P2
ratio 9/1

4

AN 1eq. 2% P1
5

/\'ii\ 2eq. 64 % P
6 AN 3eq. 58 % P1

Table 1.3.10.1 - Reaction Optimization for the DamiPericyclic Oxy-

Cope/Ene/Claisen/Diels-Alder Cascade

The best yield was obtained with the use of twawedent of EgN. No further investigation with

other type of bases was undertaken.
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1.3.11 Scope Studies for the Domino Pericyclic Oxy-
Cope/Ene/Claisen/ Diels-Alder Cascade

In order to address the diversity attainable by doenino oxy-Cope/ene/Claisen/Diels-Alder
cascade, we tested a large variety of precursatsttam results obtained are presented below
(Scheme 1.3.11)1 The formation of the products occurred with gooeelds (85-92 % vyield
average per transformation) and high stereoseigctRrecursor.3.7.9 underwent the domino
cascade to furnish the aldehyde3(11.) in 63% yield as a single diastereomer. When ayro
group was added to the precursbi3(3.7 we formed the hemiketal polycycl&.8.11.2 in 68%
yield in two diastereomer due to the hemiketalesigenic centre. The hemiketal formation could
be explained by a conformation change of the palgcyecause of the propyl substitution,
allowing the tertiary alcohol to add to the aldetay/hen the hemiketal was formed, we isolated
two diastereocisomers which can be further oxidimsthg TPAP/NMO procedure to get the
lactone and thus obtain by this method one singdstefeomer characterized by X-ray
(2.3.11.3. The domino transformation can also work on seweembered-ring precursor
(2.3.3.5 to produce the compoundl.B.11.4 in 53% vyield. One of the most important
applications of this method was the synthesis @frgenes compound&.8.11.5, (1.3.11.6 and
(1.3.11.7 in 67%, 61% and 66% vyield respectively. From aicieal chemistry stand point; this
method can be an interesting entry point to devalsgeroid and/or diterpenes library. From the
methyl substituted vinyl precursat.8.7.3, the reaction afforded the aldehyde3(11.§ in 64%
yield.

Nuclear overhauser experiments showed that thes{ileler reaction wa®endo selective as
expected. This table shows the highly valuablecstres that can be reached quickly from

simple starting materials. The synthesis of difEdiditerpenes cores has been accomplished.
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One can recognize that the one pot domino percyxy-Cope/ene/Claisen/Diels-Alder cascade

is efficient and reliable to be utilized for thenlyesis of highly complex diterpenes.

R .
N R
OH.~ o
4 200°C, microwaves
| N—R —_—
n Et;N, PhCI
o

67%32 61%
1.3.11.5 1.3.11.6

a: 1,2,2,6,6-Pentamethylpiperidine used as the base.

Scheme 1.3.11.1 Scope Studies for the Domino PelicyYDxy-Cope/Ene/Claisen/ Diels-Alder

Cascade
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1.4 Conclusion

In conclusion, we have developed a powerful wadtemizing process for the synthesis of

highly functionalized diterpenes cores bearingaipight contiguous stereocentres, including the
formation of four carbon-carbon bonds, using singtéating materials, by a microwave assisted
domino oxy-Cope/ene/Claisen/Diels-Alder. Throughcamprehensive study of the latter

rearrangement, we have demonstrated its utilityeinerating highly complex decalin cores with

diverse stereochemical properties, with highly pratble stereochemical outcome and with an
85-92% average yield per transformation. We weceessful in generating diterpene cores that
can be interesting from a medicinal chemistry pomntiew.

Moreover, we have observed a new oxy-Cope/enekiéisaisen reaction that can be used to
gain access to the sparsely described synthesigenpenes bearing a benzofuran ring. Further

investigation is ongoing on this subject.
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2. Sequential Diels-Alder/Gold(l)
Catalyzed 6-endo-dig Cyclization
for the Synthesis of Complex

Bicyclo[3.3.1]alkenone Framework

2.1 Introduction

Plants have always been a major source of bioltgiaative compounds from ancient medicine
to the modern drug discovery. One of the first plagologically active molecule known as
morphiné® was isolated over 200 years ago and this discospened the studies of active
compounds derived from plants. Later, the expansfa@ynthetic organic chemistry gave rise to
new drug discoveries inspired by natural produtie therapeutic potential of polycyclic
polyprenylated acylphloroglucinols (PPAPs) has aated attention from several research
groups’’ Isolated fromGuttiferae plants, PPAPs bear complex chemical structure avittighly

oxygenated and densely substituted bicyclo[3.31d3ne-1,3,5-trione core which is very
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challenging to access by synthetic organic chewifstin this chapter, the development of an

efficient methodology to rapidly access a wide etyrof PPAPs frameworks is described.

2.2 Biological Activity and Biosynthesis

2.2.1Biological activity

Many PPAPs express different kinds of biologicélwiites not limited to antiviral, antimitotic,
antioxidant and antidepressant activities. Theyaganodulators of neurotransmitters associated
to nervous depression. HyperforiRigure 2.2.1.) is the major active molecule found in St.
John’s wort and is responsible for its antidepnesaativity’>. The mechanism is an inhibition of
synaptosomal uptake of neurotransmiftérimcluding serotonin, dopamine, norepinephripe,
aminobutyric acid (GABA), and L-glutamate, whithoav 1Cso = 1.1 ug/mL. A recent report on
inhibition of penicillin-resistant and methicilliresistantS. aureus has increased the interest in
hyperforin as an antibacterial agéhHyperforin has been reported to induce apoptosisiman
and rat cancer cell lines, with €= 3—15uM,2in leukemic cells and brain glioblastoma céfls.
NemorosoneKRigure 2.2.1.] is the major constituent @lusia species resin that is responsible
for its antimicrobial activity’ nn Besides antimicrobial activity, nemorosone basn reported
to have cytotoxic and antioxidant activityas well as an Eg of 0.8 uM against HIV infection

of C8166 human T lymphoblastoid ceifs.
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Garsubellin A Figure 2.2.1.), isolated fromGarcinia subelliptica, has been reported to
increase the concentration of choline acetyltramsk (ChAT) in rat septal neuron cultdfes

this is associated with neurodegenerative disellseAlzheimer’'s disease and also has anti-

inflammatory activity>®

pi 0°

Hyperforin Garsubellin A Nemorosone

Figure 2.2.1.1 — PPAPs

2.2.2Biosynthesis

The biosynthesis of PPAPS¢heme 2.2.2)1such as hyperforin begins with the condensation o
one acyl-CoA and three malonyl-CoAs to give theilmtediate Z.2.2.9. A subsequent Claisen
condensation affords the acylphloroglucitioElectrophilic aromatic substitution to the latter
will furnish the prenylated and geranylated acygpbglucinol. A prenylation followed by a 6-

endo cyclization will then form the bicyclo[3.3.bjmane-1,3,5-trione core to afford hyperforin.
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o)
3 malonyl-CoA Aromatization
SCOA — —_
(o) [\ SCoA HO OH

2223
2221 2.2.2.2

Prenyl-PP

Hyperforin

Scheme 2.2.2.1 — Biosynthesis of Hyperforin

2.3 PPAP Core Synthetic Approaches

The therapeutic activity and the complex chemidalicsure of polycyclic polyprenylated
acylphloroglucinols (PPAPs) has attracted attentfoom several research groupslany
approaches to the synthesis of the acylbicyclolf®nane-2,4,9-trione structure have been

published®.

2.3.1Nicolaou’s Selenium mediated electrophilic cyclizadn

Nicolaou was the first to attempt to synthesize ftnework of Garsubellin ®, a PPAP
bearing the bicycle-ketone cor8dheme 2.3.1)1 The latter was synthesized from the enol-

acetateZ.3.1.) by a selenium mediated electrophilic cyclization.
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0 o Q /H\
I Selenium-induced o

cyclization &
0//,,' 4 OAc

SePh H

i) Radical cyclization

i) [2+2] MeO,C CO,Me

23.141
2.3.1.2

Baeyer-Villiger
oxidation

Garsubellin A

Scheme 2.3.1.1 - Nicolaou’s Selenium mediated etgathilic cyclization

The synthesis started with a 1,3-diketone transéorto the intermediat®3.1.) by a series of
simple known synthetic transformations, includirlgytation and cyclization. The compound
(2.3.1.) was submitted to the key step cyclization in th@esence of N-
(phenylseleno)phthalimide and tin tetrachloride a@s Lewis acid to furnish the
bicyclo[3.3.1]nonane-2,4,9-trione corg2.§.1.9 in 95% yield. Several steps later including a
remarkable photo-induced radical cyclization afemtdthe advanced intermediat2.3.1.3,

however they were not successful to access gatsuBalsing this approaches.
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2.3.2Danishefsky’s lodine mediated electrophilic cyclizaon

The group of Danishefsky reported the first totaiteesis of garsubellin & (Scheme 2.3.2)1

using an iodine mediated electrophilic cyclization.

o OH

0
2.3.2.2 U 2.3.2.3

MeO OTIPS
fo) (0]
<— Ho
z R
OMe =~/ 0

23.25
23.24

Scheme 2.3.2.1 - Danishefsky’s lodine mediated etgzhilic cyclization

The synthesis started with the protected phloraghic2.3.2.5, which gave the bicyclic system
(2.3.2.9 via an alkylative dearomatization. The bicycl83]nonane-2,4,9-trione core was
synthesized via an iodocyclization. From this intediate, they concluded the synthesis of
garsubellin A through a clever de-iodination/re#@dion process and a challenging alkylation at
the bridgehead carbon albeit in poor yields. Despaw yield, their synthetic route was

challenging and innovative.
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2.3.3Stoltz’s Claisen—Dieckmann approach

Stoltz's group reported a PPAP synth&sihat used an efficient Effenb&fgcyclization to

install the diketone moiety in one single st8plfeme 2.3.3)1

o)
I
\ OH
ES
o)
2.3.3.1
OTBS ?
O O \ oH
+
C,)I\/U\C, —
2.3.3.4
o)
2.3.3.2

Scheme 2.3.3.1 - Stoltz’s Claisen—Dieckmann appfoac

From a 1,3-diketone, a series of alkylation lead th@ cyclohexyl-enolether2(3.3.3,
subsequently it was added to a solution of malahidride to furnish the bicyclo[3.3.1]nonane-
2,4,9-trione core by,a -annulation in 36% vyield. One can imagine a simgiaightforward
route of alkylation to functionalize the remainicgrbons. They succeed in the functionalization
of the diketone moiety but any trial to introdugeadkyl group on the bridgehead carbon failed.
Steric hindrance can explain the serious impedinterfiorm an anion or an enolate at that
position.
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2.3.4Mehta’s Pd-mediated oxidative cyclization approach

Mehta described an approach to nemoroSom a palladium mediated oxidative approach

starting from an enantiopure (e)pinene Scheme 2.3.4)1

(o]
|/
- R \
-
o
PH O 2.3.4.1
Nemorosone
OH

2.3.4.6 | 2.3_4.5

Scheme 2.3.4.1 - Mehta’s Pd-mediated oxidative igation approach

They transformed the sparsely functionalizedo-pinene to the advanced intermedi&e3(4.5
through a sequence including a series of alkylaod oxidation. The diprenylated ketone
(2.3.4.2 was subjected to the key step palladium medi&@eshdo-trig cyclization, using
Pd(OAc) as a catalyst. The reaction furnished 30% of #reérdd product and recovered starting
material. The advantage of this approach residesthmn enantiopur synthesis of the

bicyclo[3.3.1]nonane-2,4,9-trione core.
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2.3.5Mehta’s Aldol cyclization approach

In 2009, Mehta’s group came back with a differgmpraach to PPAPS targeting this time the
more structurally complex hyperforirs¢heme 2.3.5)1 They followed a more conservation

approach dominated by aldol chemistry.

Michael
addition

Scheme 2.3.5.1 - Mehta’s Aldol cyclization approach

Once again, it took several steps to produce tHgppenylated ketone2(3.5.5. To install
stereoselectively the quaternary carbon center,B3stereoinduction, they formed the anion of
the latter ketone submitted it to Michael additiith methyl acrylate to form the molecule
(2.3.5.9. A hydrolysis of the methyl ester followed by tbendensation of the enolate on the
carboxylic acid gave the bicyclic enol lactor23(5.3. They then executed the keagtro-
aldol/re-aldol reaction cascade. Thus, reductionenbl lactone 2.3.5.3 with DIBAL-H

triggered the structural reconstitution and delakethe bicyclo[3.3.1]nonane-2,4,9-trione core
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derivative as a mixture of C-2 hydroxy epimers. Hpgmeric mixture was next oxidized with
PCC to afford the bicyclic diketon2.8.5.9 having the key substitution of the hyperforineor
Further transformations towards the target gaventhige highly functionalized core2.3.5.)

with the right stereochemistry compared to hypénfor

2.3.6Shibasaki’s Diels-Alder /Vinylogous Pummerer reacthins
approach

An approach using an iron complex catalyzed DiddeAreaction to generate a functionalized
cyclohexyl silyl enol ether scaffold was develofscthe group of Shibas&ki(Scheme 2.3.6)1

In addition to the high yield (93%), the reactiomyes to be highly enantioselective (96% ee)
and completely exo selective (d.r. > 33:1). Theystiplanned a synthetic route based on this

efficient [4+2] reaction toward ent-hyperfo?ih

[0}
| ©

Aldol
MOMO do )\/ **,

—

2.3.6.1

OTIPS FeBr; (10 mol%)
AgSbF¢ (20 mol%)
OTIPS L (12 mol%)

5 A ms, DCM
o -70°C, 30h
o}
(o] | N
2.36.6 0 A o 0
</ | N | 93%, 96% ee
\—N N
AF L r

Ar= 4-Et0C3H4

Scheme 2.3.6.1 - Shibasaki’'s Diels-Alder/Vinylogd@smmerer approach
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The intermediate 2(3.6.9 was converted into allyl enol ethe?.8.6.3 which underwent a
sigmatropic Claisen rearrangement to afford thegglkylated cyclohexanon®3.6.3. The C8
guaternary stereocenter was found to be crucialhenreactivity and stereoselectivity of the
sigmatropic Claisen rearrangeméhiThis stereoselectivity was attributable to theudsexial

methyl group at C8 blocking theface of the intermediat&igure 2.3.6.3.

Figure 2.3.6.2 — Stereoselectivity of the Claisearrangement

They have accomplished a really low overall yigidteesis of ent-hyperforin carrying out more
than 50 steps. However new chemistry has been @@elon the route of the quite complex

hyperforin structure.

2.3.7Nakada’s acid-mediated cyclopropane ring opening

Nakada’s group developed a completely new apprtasignthesize the bicyclo[3.3.1]Jnonanone
core Scheme 2.3.7)lcompared to what has been reported affovkhey proposed an acid-
mediated cyclopropane ring opening reaction to sdbe key bicyclo[3.3.1]Jnonanone core

(2.3.7.2.
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| a) KHMDS,

MeO,C Comin's reagent o)

b) CO, Pd(OAc), oM

OMe  DPPE ELN oTIPS ¢
Ph O OTIPS » = o
58%, 2 steps
81%, 2 steps
Nemorosone 2.3.7.2
2.3.71
a) Mel, tBuOK“ b) HCI
(CuOTH),-PhMe (2 mol%) Ve, -OTIPS
OMe OTIPS

23.74

OMe Nz
\> 2.3.7.3

L (4 mol%)

Scheme 2.3.7.1 - Nakada’s acid-mediated cycloprapeng opening

After a Birch reduction to obtain the diazoketo2e3(7.9, they performed a copper catalyzed
intramolecular cyclopropanation that furnished phecursor 2.3.7.3. Note that this reaction can
be further developed to an asymmetric verSioRimethylation of ketone2(3.7.3 was followed

by the key step acid-mediated cyclopropane ringnimgeto give the bicyclo[3.3.1]Jnonanone
(2.3.7.2. Despite the fact that the synthesis was longy threalized a remarkable
diastereoselective transformation including a stuietd bridgehead, avoiding low yielding

multistep reactions to subsequently functionalize i
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2.3.8Plietker’'s Dieckmann condensation approach

Plietker's group reported several PPAPgyperpapuanone, hyperibone L, epi-clusianone and
oblongifolin A) syntheses using a common strategyabDieckmann cyclization approach

(Scheme 2.3.8)1to form the bicyclo[3.3.1]Jnonanone framework.

| |
R2 R 2 (0]

(o)
H OH Dieckmann RO,C, R Rs\u\
Re H OH  condensation i
R Rs : R R - "
o 1 3% C-acylation :
2.3.8.2 R
2.3.51 2383
Framework construction e
Framework decoration Cuprate adc."tlon
Alkylation
Michael addition R (0] (0]
o) o) a-Methylenation 0 Knoevenagel condensation RO,C.,) 2
PN  — ﬁ)l\ <
2.3.86 Allylation R, Alkylation
2.3.8.5 R
2.384

Scheme 2.3.8.1 - Plietker’'s Dieckmann condensatapproach

They synthesized,-unsaturated ketone2.8.8.5 in good yields from acetylacetone. Thus, they
subsequently performed a tandem Michael additiomeanagel condensation to give the
cyclohexenone core®.8.8.9. After functionalization of the cyclohexene cqrés®e compounds
(2.3.8.3 were submitted to basic conditions using potasgiert-butoxide (KO-tBu) to perform
the Dieckmann cyclization. To achieve the desire@€ ®ond formation, the cyclohexanone ring

needs to flip from the thermodynamically more statthair-like into the more reactive boat-like
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conformation, which brings the reactive centersclimse proximity towards each other. The
transformation gave the desired produ2t3(8.9 in good vyield. Noteworthy that the key
bicyclo[3.3.1]Jnonanone frameworR.B.8.9was achieved without the use of protecting groups,

employing a practicable and convergent strategy.

2.3.9Porco’s retro-aldol-vinyl cerium addition

Porco and co-workers reported the first total sgsaih of (+)-7-epi-nemoroson8¢heme 2.3.9)1
via elaboration of a hydroxyl adamantane core stdft The bicyclo[3.3.1]Jnonanone

framework 2.3.9.0 was derived from organocerium-mediated retro{aldtyl metal addition to

adamantane alcohd.3.9.2.

Ph Oo

epi-Nemorosone

Scheme 2.3.9.1 - Porco’s retro-aldol-vinyl ceriurddition
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The synthesis started with the allylated acylphdtroinol 2.3.9.3 which is dearomatized by
conjugated addition to aldehyd2.3.9.9 under basic condition. Then, immediate submisgion
acidic conditions vyielded the key precursor adamant alcohol 2.3.9.9. The
bicyclo[3.3.1]Jnonanone framework2.8.9.) was obtained by exposure of the adamantane
precursor to a preactivated Ce@inylmagnesium bromide mixture which triggered they
tandem retro-aldol condensation/Grignard transftiona After several more transformations,
including a palladium-mediated deoxygenation, thekieved the total synthesis of ((x)-7-epi-

nemorosone.

2.3.10 Shair’s Lewis acid-catalyzed epoxide-opening cascad
cyclization

The group of Shair reported the first enantiosetedbtal synthesis of hyperforifivia a Lewis-
acid catalyzed epoxide-opening cascade cyclizat{@cheme 2.3.10)1 to form the

bicyclo[3.3.1]nonanone scaffol@.3.10.).

6-endo tet
cyclization

79% Me I OMe

Hyperforin

om
° cl o
. \/Y + MBr
Me
OMe 23105 2.3.10.4
2.3.106

Scheme 2.3.10.1 - Shair’s Lewis acid-catalyzed ég@opening cascade cyclization
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Inspired by the biosynthesis of Hyperforin, thetbgsis started with the prenylation of the diene
(2.3.10.5, followed by a key alkylation to introduce theospmle moiety 2.3.10.3. Then a
diastereoselective 6-endo-tet cyclization furnishtbd unexpected ketal2.3.10.2 with 2
quaternary centers established in 79% vyield. Thal kermation happened to be advantageous
since it safeguarded the C7 carbinol during thessgbent allylic oxidation step, using TBHP,
PhI(O;CCR),, and Q to afford a vinylogous ester. Treatment of theelawith BrBMe'>
followed by LITMP to extrude methanol and formeck thicyclo[3.3.1]Jnonanone scaffold
(2.3.10.). Futher chemical transformations including a Keeklical allylation allowed the
completion of the first total synthesis of Hypenforlt is noteworthy that this approach is
scalable and took advantage of the latent symnedényents to get the bicyclo[3.3.1Jnonanone

core.

2.3.11 Other approaches

Above, we described a non-exhaustive list of @l dfffort that has been encountered on PPAP’s
synthesis. However it is important mentioning Krausddition-elimination on sulphonyl ester
approach’®, Kraus’s manganese(lll) mediated oxidative fregigal cyclization of unsaturatei

ketoestel’ and Young's original nitrile-allene cycloadditi$n
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Scheme 2.3.11.1 — Additional PPAP’s synthesis apgites

2.4 Gold-Catalyzed Synthesis of Carbon-Bridged

Medium-Sized Rings

Gold (Au) was believed to be catalytically inactiee C-C bonds formation for quite some time.
It was later shown that Au(l) or (Ill) complexes wemore chemoselective and reactive than
other soft Lewis acids. Cationic phosphino-gold@mplexes are selective tesystem, specially
alkynes, allenes and alkenes. The activationt-@fystem with cationic phosphino-gold(l)
complexes can be explained by the relativisticatfiehereby the contracted 6s and expanded 5d

orbitals account for the activity of gold(l) catsig’®. The pioneer work of Tel8Sdemonstrated
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that cationic gold(l) complexes catalyze the additof MeOH to alkynes by lowering the
LUMO energy of the Au-alkyne complexs¢heme 2.4 Thus, protodeauration afford the
corresponding enol ether. The reaction mechanissrbban detailed by experiments performed
independently by Tosteand Hashnif. They reveal a mechanism in agreement withemti

addition of the nucleophile and gold complex actbssalkyne (cf. intermedia®4.3

Teles (1998) Ph
o /
Ph\EOMe fAuthl Ph” 241
Ph
244 Ph
A
+ Ph N+
H [Au(h]
OMe 2.4.2
Ph
Ph
MeOH
[Au] 243
Toste (2004)

Ph3;AuClI (1 mol%)

AgOTf (1 mol%)
OMe
Hashmi (2004)

NH AuCl; (5 mol%) N
» \
¥ a A

D 247 2438

Scheme 2.4.1 - Examples of gold-catalyzed addibbnucleophile into alkynes
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Echavarren and co-workers demonstrated that catmhmosphino gold(l) complexes are versatile
catalysts for cycloisomerization of 1,6-enyffe8ased on the knowledge of the unique reactivity
offered by phosphino gold(l) complex, we envisioreedeneral strategy to synthesize bridged
carbocycles vi&-endo dig cyclization.

In 2009 Barriault and co-workers reported an effitimethod to prepare bicyclo[3.3.1]Jnonanone
core via a gold-catalyzed carbocyclizati@clieme 2.4 After activation of the alkyne group
by the cationic phosphine gold(l) complex, the my@nol ether Z.4.2 undergo a 6-endo-dig
carbocyclization to furnish the corresponding bioj#.3.1Jnonanone2.4.3. The cyclization
mechanism can proceed via &®io dig process to produce intermedia?ed(§ which after a
protodeauration furnishes the desired produt#.p)). However, a competitive & dig

cyclization of @.4.9 followed by protodeauration could in principlengeate product2(4.9.

24.2 243
®
u ®
Yy 4y TBS~go
wso 7 ® 1BSO | @ 9
OR LAu R PathA
— — > OR —>» OR
o o LAu
244 245 ® 246 247
TBS~g
‘ | | ©
path B
OR OR
—_—
LAu_ -~
248 2.4.9

Scheme 2.4.2 - Proposed mechanism for the goldéfatyzed carbocyclization
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Scope studies of the reaction were performed, sigwyclization of 5, 7 and 8 membered-ring
enol ethers to afford the corresponding bridged/ddaalkenones 4.4.12 — 2.4.23 in good

yields. The carbocyclization of substrates havigtgasubstituted enol ether and internal alkyne
gave the desired bicyclo[3.3.1]Jnonanones with aegnary carbon center established in high

yield.

tBu ® ©
tBU~p_Au-NCMe| SbFe Q0

'

OEt

me¢ H
91%
2.4.15

OMe

78%
2.4.19

OMe

Br Me

91%
2.4.23

Scheme 2.4.3 — Scope studies of gold(l)-catalyzetacyclization
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2.5 Retrosynthetic Analysis and New Synthetic

Approach of Bicycle[3.3.1]alkenones

The bicyclo[3.3.1]alkenone framework is found in mpaPPAPs and many bioactive natural
products $cheme 2.5.)1 The remarkable element of complexity resideshenbridged ketone

bearing two quaternary carbon centers. Several odstthave been reported tackling the
synthesis of the bicyclo[3.3.1]alkenone framewaouk imost of them were specific to a particular

scaffold.

Hyperforin

Clusianone Nemorosone

Scheme 2.5.1 — Shared bicyclo[3.3.1]alkenone frarodin PPAPSs
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After a retrosynthetic analysis of the bicyclo[3]Bonatrione core, we realized that we can
execute a more diversity oriented synthesis of PPAP building the core prior to adding
substitution. This approach might allow the redlmaof diversified library for structure activity

relationship studies in medicinal chemistBcheme 2.5.2

I Ry ® R; 7
O R Y LAu o)
OR
X XA Gold X Rg _
45E9 Carbocyclization R, —
¢ L 2.5.3 |
Diels-Alder
(0]
IR3 R3
R OH (o)
R + OR
° R R X \ R /
2 1 4 —
R4 o R5 —_— Y
PPAP 2.5.4 2.5.5

Scheme 2.5.2 — Diversity oriented retrosyntheti@bsis of PPAP’s scaffold
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2.6 One-pot Synthesis of Complex
Bicycle[3.3.1]Jnonenones via a Diels-Alder

Cycloaddition/Gold(l)-Catalyzed Carbocyclization

We envisaged a combination of Diels-Alder reactiollowed by gold(l)-catalyzed 6-endo-dig
cyclization to afford the bicyclo[3.3.1]nonatriom®re in a single operatiorB¢heme 2.6.1
Subsequently, the introduction of functional growggo the core can be done using known
transformations.

Proposed Mechanism

The readily available dien€.6.2 would undergo [4+2] cycloaddition to afford thiégylsenol
ether intermediate2(6.3 which, in the presence of a cationic gold(l) céempwould undergo a
6-endo-dig carbocyclization to furnish the desirbityclo[3.3.1]alkenone core 2(6.6.
Futhermore, having the endo or exo cyclo-addudbrtiitous because we can therefore have

access to different PPAPs epimers (example of fiyerand guttiferone A).
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Scheme 2.6.1 — Proposed mechanism of the one pelsbAlder/Au(l)-catalyzed 6-endo-dig

carbocyclization

2.6.1Precursors Synthesis

Two main routes were established to reach diffef@mttionalities that we wanted to include to
the dienes §cheme 2.6.1)1 4-pentyn-1-ol is oxidized to the carboxylic adq@l6.1.9 with
potassium dichromate in quantitative yield. Theis itransformed to amid®.6.1.7 through an
amide coupling reaction with DCC with 85% yieldrdHy, the ketones2(6.1.1Q with R= H, Me
were synthesized via the commercially availableg@ard reagents. Then, when R= Ph,
CH,CH,OMOM, the alkenyllithium species were prior synilzed. The last step was the
formation of the silyl-enol-ether with TIPSOTT atréethylamine.

Secondly, another route was used to synthesizelidrees bearing an allyl functionality. The
carboxylic acid, common to both routes, was tramséul to the methylester quantitatively
(2.6.1.3. To introduce the enone functionality, an alllesphonate2.6.1.9 is deprotonated
with n-BuLi and the methylester was added to trection mixture to form the phosphonate

(2.6.1.9. The crude mixture is submitted to the mild alafion condition using formaldehyde
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and water to furnish ketoneg.6.1.9 in 63% and 71% yield. The alkynyl-aryle compounds
(2.6.1.16 were synthesized through a palladium catalyzemb&ashira cross-coupling reaction.
The alkynylbromide substrate was formed by a sibagalyzed bromination of the corresponding
ketone. The last step was also the formation of sh@-enol-ether with TIPSOTf and

triethylamine.

o R
co,] I
> ¥
Il keor I soc |, et i i
> 2 » 4 R
H,0, H,SO0, —— i
P Eagiene 561200 meoH 2.6.1.9Me nBuli _P ;
6.1 >95% >95% 071 OEt R =H: not isolated
° 2.6.?.5‘ R = Me : 51% and 80% BRSM
WV | pyap
o DCC
2.6.1.6 88%
I,
TIPSOTf
N/\I
2.6.1|.7 K/o Et;N
Br. R =H -
R=H:76% =H - :
R=H:71%in 2 steps
\[r BI’MQ\"/R R=!Vle:91% R=Me: 63%
tBuLi ZIE : 8/2
140°C AgNO, PdCIy(PPh3),
TIPSOH NBS Cul, Et;N
R=Ph: 60% R=H:27% R-X
R = CH,CH,OMOM : 34% R = Me : 85% B
r
R
| | o | | o
TIPSOTf —
Et;N Z
2.6.1.12 2.6.1.13
Z/E > 99/1
_( )_ TIPSOTf TIPSOTf
I ¥~
R=H:24% R=Ph:18%

R=Me : 78% R  R=CH,CH,0MOM : 64%

2.6.1.14

Scheme 2.6.1.1 — Silyl enol ether dienes synthesis
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2.6.2Proof of Concept

As a proof of concept, graduate students G. Bellewaand F. Barabe decided to synthesize the
papuaforin B bicyclo[3.3.1]alkenone framework tdaédish the viability of the the gold(l)-
catalyzed 6-endo-dig carbocyclizatidBcheme 2.6.2)1 The synthesis began byCaalkylation

of enone 2.6.2.) using LDA and Mel to give the corresponding ketam 90% yield. A second
alkylation to install the propargyl chain was aefei@ using LDA and propargyl bromide to give
(2.6.2.9 in 62% vyield as an inseparable mixture of diasierers (dr = 3:1). Next, conjugate
addition of methylmagnesium bromide in the presesfce catalytic amount of Cul provided the
corresponding ketone26.2.3 in 53% vyield. The latter was treated with TBSGlal and
triethylamine to give the desired silylenol eth2r6(2.94 in 46% yield which upon exposure to
Au(l) complex (2 mol%) provided the desired bicy8l&.1]Jnonenone?.6.2.5 in 88% yield. It

is important to note that the Au(l)-catalyzed cyation proceed in high yields in a sterically

congested environment. The core of papuaforin whiewged in 5 steps from enoriz§.2.J).

1) LDA, Mel,
) or N TBSCI, Et3N
THF, 90% X MeMgBr Cul cat. \\\

—_—

2) LDA,Propargyl 53% MeCN Nal, 46%

bromide
Il THF, 62% | |

2.6.21 2.6.2.2 2.6. 2 3
SbF
;—P -Au-NCMe ¢

2 mol%

Acetone -88%
2.6.25

Papuaforin A

Scheme 2.6.2.1 — Papuaforin A core synthesis
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Having established the viability of the the golefftalyzed 6-endo-dig carbocyclization for the
PPAPs core synthesis, we needed to demonstratehtindticyclo[3.3.1]Jnonenone core can be
directly obtained through a one-pot intermolecud&ls-Alder reaction/Au(l)-catalyze@-endo
dig cyclization Gcheme 2.6.22 Cycloaddition between dien2.6.2.§ and dienophileZ.6.2.7
provides cyclohexene(6.2.9 which in the presence of [LAUNCMe]SpEndergoes &-endo
dig cyclization to afford the bridgehead keto2e5(2.§. To confirm the hypothesis, a solution of
diene @.6.2.§ and N-phenylmaleimide was heated in toluene at 150°CGigushicrowave
irradiation. After stirring for 2 h, the solutionomtaining 2.6.2.9 was cooled to room
temperature and the gold(l) catalyst [LAUNCMe]gh¥as added. The desired keto2e6(2.9
was isolated in 80% yieldS€heme 2.6.2)2 with the relative stereochemistry confirmed by X

ray analysis.

AN [
1) pw 150°C, 2h

<
,. H
TIPSO N\

;—P -Au-NC —l SbFs N
7S 80%

2.6.2.7
2 mol% 2628

I

_
~ 2626 2)

O

OﬂPS

%J/

2623

Scheme 2.6.2.2 - Sequential Diels-Alder/Au(l)-cataéd cyclization
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2.7 Scope Studies and Limitations

Next, we evaluated the scope of the reactlechéme 2.7l One pot cycloaddition/cyclization
using dienes4.7.1) with dienophiles Z.7.2 gave the corresponding ketones in high yields as
single diastereomers. The use of maleic anhydrgleha dienophile provided the desired
products in lower vyields of 50-78%. Prenylated diewas smoothly converted to the
corresponding ketones in 78-88% vyields. Dienes ibgaa phenyl group at C2 can be
stereoselectively transformed into the desireddatetad ketones in 48-78% yield. Interestingly,
acetal 2.7.19 was isolated in 56% yield suggesting that the M@@lup was cleaved during the
Au(l)-catalyzed carbocyclization. It is importaotnention that th& isomer of the dienes does

not react with the dienophile in the reaction ctiods but rather isomerizes to tBéorm.
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OTIPS — 1) pw 150°C, 2-3h |
P~ R 4 /‘:>= 0 >
o7 X ® o o
2.7.1 2.7.2 ;_P_ Au-NCme | » SPFe ]
2) X
One pot °
5 mol%
4-18h
o] o] o
[ [
H H | H
o o
H 939 o] : 51% ° H
. 293:? °© 274 N 79%
7. 7. B © 2715
0 o
l Me ? I M
Me e
o o
NN 88 ° H H
/ ° o 50% N"Ng 71%
Ph 275 0 37 g BZ 277
o]
|/
o
° endo:exo / 14:1
o} H
O 78%
2.7.9

Ph 2.7.11

Scheme 2.7.1 — Scope studies of the Diels-AlderfAcdtalyzed cyclization
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To further extend the scope of the reaction, diepessessing internal alkynes were also
investigated Table 2.7.3. At first glance, large substituents on the atkydid not affect the

reaction. Intermolecular cycloaddition/Au(l)-catady cyclization of aryl acetylene dienes
provided the desired keton2.7.16-2.7.18in yields ranging from 68% to 91%. Remarkably,

enyne (entry 5) was converted to dieR&/ (19 in 79% vyield.
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A

1) pw 150°C, 2-3h

/\)\"/\/ 5 e o o
R @ >—P-Au-NCMe_| » SbFe N ©
2’ O

One pot

:k

5 mol%
4-18h

Entry R Product Yield

80%

68%

74%

91%

79%

Table 2.7.2 - One pot Diels-Alder cycloaddition/A€¢atalyzed carbocyclization of internal

alkynes
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2.8 Conclusion

In summary, we have developed an efficient synthe@pproach towards the
bicyclo[3.3.1]Jnonenone core. The attractive featafethis method resides in its ability to
construct carbon bridged-medium rings of variouesi the tolerance towards sterically crowded
environment as well as the installment of quatermarbon centers adjacent to the bridgehead
ketone. This one pot Diels-Alder/Au(l)-catalyzedhrzcyclization process provides quick access

to a library of PPAPs for structure-activity retatships studies.

88



3. Framework Design of PPAPs via

Highly Hindered Diels-Alder

3.1 Introduction

The therapeutic activity of polycyclic polyprenyddt acylphloroglucinols (PPAPS) has attracted
attention from several research groujz®lated fromGuttiferae plants, PPAPs are complex
chemical structures having a highly oxygenated dewlsely substituted bicyclo[3.3.1]nonane-
1,3,5-trione core which represent significant segtith challenge for organic chemists. In a
retrosynthetic point of view, the bicycle core pesses a sterically hindered quaternary carbon
center that could be installed via a direct higtilydered [4+2] cycloaddition between dienophile

(3.1.1.9 and silyloxydiene3.1.1.3.

| Ry
lo) Rs,— o Y LAu© [0}
OR
X H Gold X R,
Ry Carbocyclization R, =Y
3.1.141 3.1.1.2

¢l M Diels-Alder
(o]
IR3 R3
Rs,— OH Q
Re W * / OR
R R X
Rg 20 Ry 4 =Y

4
PPAP 3.1.14 3.1.1.3

Scheme 3.1.1 — Retrosynthetic analysis of PPAP&ffatd via Highly hindered Diels-Alder
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The Diels-Alder reaction is without contradictiopawerful tool for synthetic organic chemistry
practitioners to generate stereoselectively six-bemed rings. The development of the above
method is a significant task owing to severe steinclrance encountered with highly substituted
dienes and dienophiles at the transition statedacerted cycloadditiofis®®®’ After a thorough
review of the literature, we realized that thera isonspicuous paucity of intermolecular Diels-
Alder reactions employing an alkplf-disubstituted dienophile. The very few examplesnfib

in the literature required the use of cyclic diehitgs", autoclave temperatuf@shigh pressur@
and Lewis acid¥. In this chapter, the development of a new efficimethod for the Diels-Alder

reaction of sterically hindered dienophiles aimedamstructing PPAPs frameworks is discussed.
3.2 PPAPs scaffold synthesis via a dearomatization

approach

The biosynthesis of PPAPS¢heme 3.2.)1begins with the condensation of one acyl-CoA and
three malonyl-CoAs to give the intermedia®2(1.9d. A subsequent Claisen condensation
affords the acylphloroglucin®l Electrophilic aromatic substitution of the latferrnishes the
prenylated and geranylated acylphloroglucir®P(1.5. A 6-endo trig cyclization produces the

bicyclo[3.3.1]nonane-1,3,5-trione core, which isnediately alkylated to afford hyperforin.
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(e} (e} OH O

o)
3 malonyl-CoA Aromatization
SCOA — —_
(o) [\ SCoA HO OH

3.21.3
3214 3.21.2

Prenyl-PP

Hyperforin

Scheme 3.2.1 — Biosynthesis of Hyperforin

Drawing inspiration of the PPAPs biogenesis, Paiod co-workers designed a very clever
approach for the total synthesis of (x)-7-epi-nemsone using electrophilic dearomatization of
alcohol B.2.2.3 (Scheme 3.2.9° They dearomatized the allylated acylphloroglutif®02.2.3

by conjugated addition to aldehyd®4.2.9 under basic condition. Then, immediate submission
to acidic conditions vyielded the key precursor adatme alcohol 3.2.2.3. The
bicyclo[3.3.1]Jnonanone framework3..2.) was obtained by exposure of the adamantane
precursor to a preactivated Ceg@inylmagnesium bromide mixture which triggered they
tandem retro-aldol condensation/Grignard transftiona After several more transformations,
including a palladium-mediated deoxygenation, thefieved the total synthesis of ((x)-7-epi-

nemaorosone.
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Ph O

epi-Nemorosone

Scheme 3.2.2 - Porco’s retro-aldol-vinyl cerium ation

We envisioned to use our gold catalyz@éndo dig cyclization reaction on a dearomatized
phloroglucinol by a propargyl bromide alkylation itestall the functionalization on the second
part of the bicyclo[3.3.1]Jnonane-1,3,5-trione cdoearing the quaternary carbon center.
Phloroglucinol 8.2.3.5 and propargyl bromide3(2.3.5 will undergo electrophilic aromatic
substitution to afford the dearomatized intermex{@t2.3.4. Thus silyl enol ether formation is
performed to afford the key produ@.2.3.3. Gold(l)-catalyzeds-endo dig cyclization would
afford the desired bicyclo[3.3.1]alkenone core ttet be further easily functionalized to reach

the targeted nemorosone.
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Nemorosone Ph (o)

Scheme 3.2.3 — Dearomatization / Gold cyclizatiggpeoach

In spite of a promising retrosynthetic analysisexpected results depicted in sche@2.¢) led

us to question the further viability of the goldailgzed carbocyclization in this approach. Much
to our chagrin, the gold(l)-catalyzed cyclizatiohatkyne 3.2.4.]) gave a mixture ob-exo dig
and cycloisomerization product3.2.4.2and3.2.4.3 in 36% and 15% yields respectively. Given
that we wanted to use a propargyl group bearingeksttron withdrawing moiety, the

cycloisomerization side reaction will become a majmmpetitive pathway.

;—-NP—Au-NCMe—le’ SbF"e

2 mol%

36%
3.24.2

Scheme 3.2.4 — Unexpected 5-exo dig and cycloisaragon reactions
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Based on this observation, we have decided tohpsitapproach on hold and developed another
strategy in which the bicyclo[3.3.1]alkenone coeating the quaternary carbon center will be

constructed first by the [4+2] cycloaddition folled/ by a electrophilic reactio®¢heme 3.1.11

3.3 PPAPs scaffold synthesis via a highly hindered

Diels-Alder approach

As previously described in chapter two, we wereeatd build the bicyclo[3.3.1]alkenone
framework with a sequential Diels-Alder cycloadaiitigold(l)-catalyzed carbocyclization in a
broad scope. However, it remains the challengimpé&ion of the quaternary carbon center via
the [4+2] cycloaddition. There are two obstacleadhieve the realization of this goal; the steric
hindrance and the electron donation to the LUMGseduwy theB,p—dialkyl-substitution on the
dienophile. These factors make the formation of ititermediate %.3.1.3 very difficult to
realize Gcheme 3.3)1 The development of new reaction conditions tokenéeasible such

highly hindered Diels-Alder is of paramount impaorta.
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Y |
Il o
oTIPS R
= 3
4 R1 R2 R
+ i X 1
R; (o} R,
3.3.1.1 3.31.2 3.3.1.4
R4 =Hor Me or allyl 0

R, =H or OMe or Me or g‘NJJ\O
-/
R; = Me or M/

Scheme 3.3.1 - PPAPs scaffold synthesis via a hydghhdered Diels-Alder approach

3.4 Literature survey of highly hindered Diels-Alder

It is well established that intermolecular Dielsdat reactions employing alkyil-disubstituted
dienophiles are difficult, often leading to the lpadduct in very low yield. Owing to this
inherent difficulty, there are very few examplepaged in the literature. Most of them required
cyclic dienophiles, autoclave temperatures, higkesgure and strong Lewis acids. Steric
hindrance is the main source of the problem.

Cookson et al. synthesized Damascddehéme 3.4.Lvia a Diels-Alder reaction requiring the
use of a strong Lewis acid and heat concurréhtljhe reaction provided adequate yields but

these forcing reaction conditions induced high pwyization rate of the diene.
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+

o o}
z ccCl,, 65°C
- ¢ . AICI, »

1eq. 1eq. 12h

3.4.1.1 50%
3.4.1.2 3.4.1.3
0
_ 0
CH,Cl, , reflux
+ ~ +  AICI »
x 12h
3.4.1.4 1eq. 1eq.
3.4.1.2 45%
3.4.1.5

Scheme 3.4.1 — Synthesis of 6-Damascone

More recently, the use of ionic liquidScheme 3.4.P coupled with zinc Lewis acid at high
temperature has been reported to shorten the seattie in sterically demanding Diels-Alder

reaction®

z o BmimCl - ZnCl,
- I -
X

75°C, 9h

53%
3.4.23

Scheme 3.4.2 — Highly hindered Diels-Alder usingio liquids

Cyclohexenones are less reactive dienophiles Diels-Alder reaction due to the twist chair
ring conformation. [4+2] Cycloaddition between mgtbyclohexenone3.4.3.9 and butadienes
(3.4.3.) and @.4.3.5 required the use of not only boiling dichloroneatle, EZAICI but also 12
kbar high pressure setup to furnish the cycload8et.3.4 and 8.4.3.7 in low to average

yields™® (Scheme 3.4.8
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(o}
(o]
Cl
z | CH,Cl,, reflux i
™ + + \/AI\/ _—

12 kbar, 16h
3.4.3.1 1eq. 0.5 eq.
3.4.3.2 3.4.33 25%
3.4.3.4
0
<|:| 0
Z + + \/AIM CH,Cl, , reflux
X —_—
3435 1eq. 0.25 eq. 12 kbar, 16h
3.4.3.6 34.3.7
60%
3.4.3.8

Scheme 3.4.3 — Diethylaluminum mediated highly herdd Diels-Alder reactions
Engler et al. described an approach towards tatrd-pentacyclic triterpenes employing a highly
hindered Diels-Alder reaction between dieB8el(4.] and a highly activated dienophil@.4.4.9
(Scheme 3.4%°" Forcing conditions such as refluxing dichloromettahigh pressure and 100
mol% of ZnBk were used to furnish only trace amounts of there@scycloadduct3.4.4.5.
Most of the conversion led to products of Michagdliion followed by proton transfeB(4.4.3
and 3.4.4.94. The sterically encumbered transition state fog Diels-Alder reaction must be

higher in energy compared to the one for the Mithddition.

o
+ O o ZnBr,, 1eq.
—_—
Z E : 12 kbar, 23h

* : HoCl, , refl
3.4.4.1 3.4.4.2 CHzCly , reflux

3.44.7

Scheme 3.4.4 — Synthetic approach towards triterggen
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In order to have access to cycloadducts contaiaidgnethyl quaternary carbon center, Keay’s
group used a cyclopropylidene-containing dienoph{®cheme 3.4.5 The Diels-Alder reaction
with dienophile 8.4.5.) provided the spiro-cycloadduc.4.5.9 in which the cyclopropyl ring
is hydrogenated to provide thgem-dimethyl moiety. However, the reaction required two
equivalent of BB as Lewis acid available. Noteworthy,,&ICI gave only 10% conversion,

showing the limits of the reaction.

2 eq. Lewis acid,
10 eq. cyclopentadiene

CH,Cl,, -78°C, 24h

Lewis acid conversion (%)
BBr; 100
AICI, 100
BCl, 87

EtAICI, 90
Et,AICI 10

Scheme 3.4.5 — Diels-Alder with cyclopropylideneataining dienophile

Process chemists in the Merck research departntavigloped an efficient route for the
construction of thgem-dimethylnorbornyl carboxylic acidssScheme 3.4.% They have employed
an asymmetric Diels-Alder reaction betweerp,s-cyclopropyle,p-unsaturated N-

acyloxazolidinones and cyclopentadiene to offer apid method for the preparation of

spirocyclopropyl norbornyl carboxylic acit
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Treatment of dienophile3(4.6.) with MeAICI in the presence of cyclopentadiene at low
temperature resulted in no reaction. Upon warmingpdom temperature and stirring for 12 h, the
reaction afforded the mixture of cycloadduct diespenersin a 53:35:3.5:2.5 ratio and 79%

combined yield that you can directly compared t® téported Diels-Alder reaction performed
on a dimethylN-acyloxaxolidinone by the Evans grddp This result demonstrated that the
conformationally constraineds-aminoindanone auxiliary provided a bias for apptoaf the

dienophile, however no real facial selectivity vadiserved.

Q 0 (o] 0 (o]
@ + o/u\N/”\)\ Me,AICI (1.4 eq.) o/lLNJ O)LN%
CH,CI, > +

-75°C to rt, 12h

—

S

55%:35%
3.4.6.1 3.4.6.2 3.4.6.3
Endo | Exo |

Endo I:Exo Il 3.5%:2.5%

JL i
@ + 0 N Z Et,AICI (1.4 eq.) OJLN
\ < '
. Toluene

iPr o iPr
0°C, 15h
3464 3.4.6.5

4 isomers, 38%
Ratio: 32:31:27:10

Scheme 3.4.6 — Highly Hindered Diels-Alder wighp-dimethyl containing dienophile

Using thes,s-cyclopropyle,p-unsaturatedN-acyloxazolidinone3.4.7.9 bearing a benzyl group,
they were able to increase the reactivity and tlastereoselectivity of the reactio®dqheme

3.4.7). This result is related to the fact that the opcbpyl ring applies less steric hindrance and
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is probably less inductively electron donating thangem-dimethyl. Combination of the
cyclopropyl strategy with the conformationally ctraghedcis-aminoindanone auxiliary solved

the issue of facial selectivity.

o 0 o o
@ . o/u\ NM Me,AICI o)]\N .
e U

Ioe

-75°C to rt, 12h Bn Bn
3.4.7.1 3472 91%:1.9% 3.4.7.3
Endo | Exo |

Endo ll:Exo Il 6.6%:0.5%

(o]

o o 0

/U\ MezAICI O/U\N J l" )L

CI-|20|2
-75°C tort, 12h

97.3%:2.7%
3.4.7.4 3.4.7.5 3.4.7.6

Endo | Exol

Scheme 3.4.7 — Highly Hindered Diels-Alder wigh-cyclopropyl containing dienophile
Jung's group developed another powerful methoddf8d{#*°® (Scheme 3.4 limited to

conjugated ketones using triflimide aluminum aslgst. The reaction is fast, diastereoselective

and proceeds with high yields.
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(o} o
H
=z catalyst
+ -
TBSO CH,CI, , -40°C to 0°C TBSO

entry catalyst time (h) yield (%)
1 TfaNH (5 mol%) 4 92
2 MeAI(NTf,), (5 mol%) 0.5 94
3 AIBr;/AlMe; (50 mol%) 48 82

Scheme 3.4.8 — Highly Hindered Diels-Alder with gagated cyclic ketones

3.5 Aluminum sesquichloride

3.5.1Aluminum catalyzed asymmetric Diels-Alder cycloaddion
with a,p-unsaturated N-acyloxazolidinones

The Lewis acidity of organoaluminum compounds idl waderstood. The aluminum atom in
organoaluminum monomers has a tendency to comgletéron octets. The strong Lewis acidity
of organoaluminum compounds seems to account &r gneat affinity for various heteroatoms
in organic molecules, particularly oxygen. Thesganometallic complexes generate a 1:1
coordination complexes with lone pair donors agmsthThis oxaphilicity is a great value in the
design of selective synthetic reactifisOn coordination with an oxygen-containing sulistra
the aluminum atom serves primarily as the coordnasite for the substrate, while the
nucleophilic center attached to the aluminum at@n be activated by the formation of the

coordination complex facilitating the nucleophitittack on the substrate.
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Homogeneous alkylaluminum chlorides have been sitely utilized in Lewis acid-catalyzed
[4+2] cycloadditions and happened to be the moftiefit reagents. Evans and co-workers
discovered that chirab,p-unsaturatedN-acyl oxazolidinones result in high diastereofacial
selection in Diels-Alder reactionS¢heme 3.5.1)1 particularly those conducted in the presence
of ELAICI.*® They have reported that the cationic Lewis acihdphile complex3.5.1.1.3 is
proposed to account for the observed exceptioaatikgty and endo/exo selectivities. The use of
1 equivalent of dialkylaluminum chloride triggersslaw reaction from one of several possible
conformations of 1:1 comple®.6.1.1.2, leading to a mixture of diastereomeric produBigt in

the presence of an excess of dialkylaluminum ctiéoé 1 equiv), both dienophile reactivity and
reaction diastereoselectivity dramatically increasea consequence of ionization of the 1:1
complex 8.5.1.1.2. The resulting ionic dienophil&(6.1.1.3 is both exceptionally reactive and
highly organized. Cycloaddition occurs selectiviegm thesiface of the crotonyl imiddeading

to the desired cycloadduct.

% »

R,CIAI RLAICI, ,A'

o iPr O o
/\)Lj:g T . /\)'\N/g _ e /\)'\‘f,\ﬂ_\/o

(o] iPr
3.5.1.1.1 3.56.1.1.2 3.5.1.1.3
Endo : Exo - 20:1 Endo : Exo - 60:1
Endo | : Endo Il -4:1 Endo | : Endo Il - 20:1
Rel. Rate -1 Rel. Rate - 100

Scheme 3.5.1.1 — Cationic intermediate formationdialkylaluminum catalyzed Diels-Alder

reaction
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They have also investigated the reaction fef-dimethylacryloyl imidé®® (3.5.1.2.) with
cyclopentadieneScheme 3.5.1.2)2 The reaction failed to occur at low temperataeg after 2
h at 0°C and 15 h at ambient temperature, a 38%l yit a mixture of cycloadducts was

obtained. No attempts were made to determine #niigt of the individual products.

o o o) o
@ . O/U\N/U\)\ Et,AICI /u\

(o) N
—_— \ (
‘_< Toluene
iPr iP
°C, 15h 1Fr
3.5.1.21 0 5 3.5.1.2.2

4 isomers, 38%
Ratio: 32:31:27:10

Scheme 3.5.1.2 — Diethylaluminum catalyzed highipdrered Diels-Alder reaction

Based on these results, we investigated the dewelopof a facile and efficient method for the

Diels-Alder reaction between highly substitutedneie and dienophiles.

3.5.2Aluminum sesquichloride

It was reported that the reaction ohbKles with Al,Cls gives the ternary sesquichloride dimers in
equilibrium with the binary dimers resulting fromsproportionation $cheme 3.5.2)1 This

mixture, industrially produced from Al and MeCl,dkso used for the synthesis of,Mles.**’
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A|2Mes + Alzcls — 2 4 Al + 6 MeCl

sesquichloride

|

AI2Me4CI2 + AleeZCI4

Scheme 3.5.2.1 — Ternary sesquichloride formation

Ethyl aluminum sesquichloride is used in polyenpatgmerization with acrylaté®® and as a
co-catalyst for Ziegler-Natta polymerizations efolefins'®>. Gabbott and co-workers have
isolated trace amounts of Diels-Alder cycloadduatirty the co-polymerization of methyl

methacrylate and isopren8gheme 3.5.2 Rusing ethyl aluminum sesquichlorfd®

CI% Ol s
lo) Al

Al
=z —4 ol \_
L wly - X (e
Toluene MeO,C

trace

Scheme 3.5.2.2 — Sesquichloride mediated ZieglettdNpolymerization

Since the ethyl aluminum sesquichloride is capafifiecatalyzing cationic polymerization
reactions as well as [4+2] cycloadditions, we plaséd that this catalyst might be more reactive
than common aluminum Lewis acids because of theepiee of two aluminum centers. Thus, we
wanted develop new Diels-Alder reaction conditiangolving the use of ethyl aluminum

sesquichloride.
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Initial results were obtained using cyclopentadiame the geranyl-oxaxolidinoné.5.2.3.)
(Table 3.5.2.3. At -30°C for 20h, the ethyl aluminum sesquickder (70% mol) gave a 77%
yield of the desired cycloadduc3.5.2.3.2. At first glance, one can recognize it is a siger

system compared to Algand EtAICh that use twice the amount of the aluminum catalyst.

o o}
catalyst
MNJ( + @ - =

\\/o CH,Cl, , -30°C =
3.5.2.3.1 o N/>
3.5.2.3.2 o
o
entry catalyst time (h) yield (%)
1 AICI; (1.4 eq) 20 53
A~ p-Cl
2 A (aeq) 20 89
CI% e
3 AL Al 76 20 77
_ 4 ci\_ 07

Table 3.5.2.3 — Aluminum catalysts reactivity

3.6 Lewis acid promoted isomerization

The next step was to apply these reactions conditto a cycloadditon involving an acid
sensitive dieneScheme 3.6.1 After stirring for 15h at room temperature, tieaction between
the silyl enol ether dieng(6.1.9 and dienophile3.6.1.) furnished the cycloadducd.6.1.3 in
56% vyield . Since we started with an isomer mixt{ie&) of the dienophile3.6.1.), we were
not surprised to get a mixture of diastereoisoméfs.also applied the same reaction conditions

to a more substituted dien2.§.1.4 and got again a diastereomeric mixture with digmtoon of
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the silyl enol ether. The deprotection was probahlg to the temperature of the reaction but at
that point we did not optimized yet the reactiomditons. Thus, we purified the isomeric
mixture of dienophile to obtain the pufeisomer 8.6.1.§ on which we performed the same
reaction and once again we obtained a mixturendd andexo cycloadduct. This outcome can
be explained by the fact that either the [4+2] ogddition is not stereoselective, or there was an

isomerization of the dienophile before the cyclaadd happens.

cl — TIPSO
TIPSO Al
A' 0.7 e
)\/\)\"J}L Jk + \ _l \CI __ q
3.6.1.1 3.6.1.2 rt, 15h 56% (_740
3.6.1.3 —O

mixture of stereoisomers

/ Cl cl s
JL \TIPSO 7\: AI 07eq
z
—>
3.6.1.4 rt, 15h, <30%
36.1.5
mixture of stereoisomers
TIPSO RN TiPse
'A\ Al 076
)%/\)j\ . h i )\/\ > 0
> N\
o N/§ rt, 15h, 56% (_N 0
z )so O\F

3.6.1.7

Endo and exo mixture

Scheme 3.6.1 — Sesquichloride catalyzed highly leiredl Diels-Alder using silyl enol ether

diene
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To explain the stereoselectivity of the reactitr, dienophile3.6.1.9 (Z/E > 98:2) was exposed
to the reaction conditions without the diene to itamrany isomerization issue. We recorded an

immediate isomerization in favor of the more stabénophileE.

)\/\)j\ “ Ll s
S = Al ‘AI 0.7 eq )V\)j\
—4 ci \—
lo) N —_— N
o N

rt, 15h o

(o]
r4 o E/Z: 79/21 0)‘0

Scheme 3.6.2 - Lewis acid promoted isomerization

3.7 Conjugated Alkyne dienophile

After having the unexpectel/Z isomerization issue, we examined other conjugat&gnyl-
dienophiles as Diels-Alder partnerScheme 3.7l The idea was to avoid the isomerization
issue by developing a two steps process composed [#+2] cycloaddition on the alkyne
(3.7.1.) to furnish thea,B-unsaturated oxaxolidinone intermediaB7(1.3 on which Michael
addition can be performed to install the desiredtgunary carbon center, or execute the gold(l)-

mediateds-endo dig carbocyclization prior to carry out the Michaddition.
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Scheme 3.7.1 - Conjugated alkyne dienophile apptosmvards Hyperforin

To verify our hypothesis, the synthesis of alkyoybkxolidinone 8.7.1.) was put forward
(Scheme 3.7.8 The reaction between carbonyl chlorid27(3.) and the alkyne 3.7.3.9
afforded the alkynyl-oxaxolidinone3(7.3.3 in 65% yield. Further attempts to transform this
latter to the desired producB.7.3.4 were not successful. We eventually had succedfan

formation of homoallyl-propargyl-magnesium bromugkich was added to the carbonyl chloride

(3.7.3.) to furnish the desired dienophil@.7.3.94 in 44% vyield.
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Scheme 3.7.3 - Conjugated homoallylalkyne dienophsinthesis

At this point, we were ready to try our concept sisting in a Diels-Alder reaction between a
silyl enol ether diene and an alkynyl-dienophildldeed by a gold(l)-mediate@-endo dig
carbocyclization $cheme 3.7.% The Diels-Alder between the dier2{.4.9 and the dienophile
(3.7.4.) gave the expected cycloadduBt/.4.3 in 86% yield and furthermore can be oxidized
over the air to form aromatic compour®iq.4.94. Finally, we performed the Diels-Alder reaction
between the substituted dieri&e7.4.5 and the dienophile3(7.4.] to form the expected product
(3.7.4.9 bearing a terminal alkyne in 69% yield. The swajsmt gold(l)-mediate@-endo dig
carbocyclization using the Echavarren catalyst iflned the desired bicyclo[3.3.1]alkenone

(3.7.4.75 in 70% vyield. With this result, the first objeati was met; the synthesis of the

109



bicyclo[3.3.1]alkenone core and the next objectirzes to develop the Michael addition to install

the quaternary carbon center.

o O CL o TIPSO TIPSO
AI AI 0.7 eq
/NJ(O TIPSO~ 4 i \_ o 3 days o
z \/ -+ \[|/\ —_—
N N

rt, 15h, 86% 0 quant
3.7.4.1 37.4.2 3743 i o
T 3.7.4.4( f

o o c o s TBSO. o
J TBSO A' A' \ 7 e O O
N
&\ o+ ] [ —>
3.7.45  rt,15h,69% 70%

3.7.46 (_\740

!

3.74.7

Scheme 3.7.4 — Sesquichloride catalyzed Diels-Aldigéh methylalkyne dienophile
3.8 Ethyl aluminum sesquichloride catalyzed [4+2]

cycloaddition reactions

In order to further probe the reactivity of theygthluminum sesquichloride as cataly$able
3.8.1), we examined the Diels-Alder reaction betweenlapentadiene and the dienophile
(3.8.1.). To our delight, the desired cycloadduBt8(1.9 was obtained in 92% vyield as a
mixture of endo/exo employing 0.7 equivalent alummsesquichloride. Then we wondered if a
1.4 equivalents equimolar mixture of EtA}GAind E3AICI which are two different monomers
would give the exact same reaction outcome as quidvalents of aluminum sesquichloride
which is a dimer in solution. Comparison of entrioZntry 1 shows a different catalyst activity
at 0.7 equivalent since we observed a differen@ado selectivity. This result indicates that we

might have the formation of a different reactiveermediate. When we compare entry 1 to entry
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3, we can see that increasing the catalyst loadusiterproductive for the reaction. Comparing

48% conversion yield to 29% isolated yield suggelktd the excess of catalyst might cause

actually degradation of the cycloadduct formed.

(o] " °
o]
M /[( catalyst OJLN
N ¥ D \/
/ CH.Cl,, 3h, rt
3.8.1.1 3.8.1.2
Entry Catalyst Endo : Exo Conversion (%) Isolated yield (%)
CL c «—
2 20N
1 Al Al 0.7 e 11:1 97 92
_ 4 ci \_07ed
) EtAICI; (0.7 eq) 21:1 93 86
+
Et,AICI (0.7 eq)
CL c1 «¥—
2 0N
3 Al Al 14 e 0.3:1 48 29
_ 4 ci \__14ed

Table 3.8.1 — Aluminum sesquichloride reactivity

With this preliminary result in hand, we investigatthe scope and limitation of the ethyl
aluminum sesquichloride mediated Diels-Alder reactiFirst, we screened various Lewis and
Bronsted acids without success (entries1-4). Ificoed that ethyl aluminum sesquichloride is

the only reactive catalyst for this transformat{@able 3.8.3.
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OTIPS

(o) o catalyst
20 mol%
N W L
| N CH,Cl,, 24h 0P N
-78°Ctort />
3.8.21 3.8.2.2 o
(o)
3.8.2.3
entry catalyst load yield
1 FeBrj )
2 AIBry/AlMe, -
3 AICI, -
4 Tf,NH )
CLL c &
Z /087
5 Al Al 91%
—4 ol \_

Table 3.8.2 — Lewis acid screening for highly hirrée Diels-Alder reaction

Then, the catalyst load was examined on the kedeer®ophile 8.8.3.9 (Table 3.8.3. Control
experiment in entry 1 showed the inertia of theteys without the ethyl aluminum
sesquichloride catalyst. Increasing the catalyatl Ishowed a regular progression of the reaction
yield accordingly. Eventually 20 mol% of catalysall gave the best isolated yield at 92% in two

hours.
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Cl. ¢ s OTIPS

Al Al
OTIPS { Sci )
N .
| +
CH,CI,, -78°C
3.8.3.1 3.8.3.2 tort o
3.8.3.3
entry catalyst load time yield
1 0 mol% 7 days -
2 1 mol% 7 days 10%
3 10 mol% 2h 38%
4 20 mol% 2h 92%

Table 3.8.3 - Catalyst load study of the sesquicitle catalyzed Diels-Alder reaction on

hindered conjugated ketones

To expand the applicability of the newly developedthodology, we applied the system to
different synthetically interesting dienophiles irregard to the polyprenylated
acylphloroglucinol's frameworkTable 3.8.4. Interestingly, entry 2 shows a highly hindered
Diels-Alder reaction on the unusual dienophi®e8(4.3 with no reaction after the first double
bond has reacted. The less reactive cyclohexer®Bet(H due to ring conformation furnished
an excellent 96% vyield of the cis cycloadduBt8(4.9. The [4+2] cycloaddition of the
homoprenyl dienophile is really exciting since somerization was identified and this moiety is

found on several PPAPSs like hyperforin.
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ClL cI «&—

s
kN

Al Al OTIPS
OTIPS _4 ci \_
N 20 mol% R
. . _— >
| + dienophile
CH.Cl,, -78°C R
tort
0“ "R
entry dienophile time product yield
OTIPS
0
1 M 2h 92%
3.8.4.1
0
2 W 8h 88%
3.8.4.3
o)
3 6h 96%
3.84.5
47%
4 6h

Table 3.8.4 — Scope studies of the sesquichlori@ilyzed Diels-Alder reaction on hindered

conjugated ketones
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In order to develop an asymmetric version of thethm@ology, we applied the reaction
conditions to dienophiles bearing an oxaxolidingneup Table 3.8.5. Methyl ester dienophile
(3.8.5.) failed to react properly because of a rapid dgmusition in the reaction conditions.
Entry 3 and 4 furnished good yields and more inguty high diastereoselectivities with the
phenyl-oxaxolidinone dienophil88.5.5 and the isopropyl-oxaxolidinone dienophi&§.5.7
giving respectively 9:1 and 7:3 diastereomericosatiHigher stereoselectivities were obtained
with the phenyl-oxaxolidinone dienophile due to tparticipation of the phenyl group in
lowering the activation energy barrier of the tidon state by pi-stacking. Entry 5 shows that
alkynyl dienophiles work as well and the unsatwtatexaxolidinone cycloadduct3(8.5.10

formed can be further used for functionalizationMighael addition.
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cl, |’CI‘ —

Al Al OoTIPS
OTIPS _ 4 o \_
20 mol% R
i i R
|\ + dienophile
DCM, -78°C R
tort o R
entry dienophile time product yield dr.
(o] OTIPS
N
1 0/[42\ 15h <10%
3.8.5.1
3.85.2
0% o7
OTIPS
9 o
2 OJLNJ()\ 24h 91%
/
3.8.5.3 38.5.4
o N/>
=
OTIPS

o o
3 OANM 36h 76% 9:1
o}
4 ) NM 36h 73% 73

(o]
® 24h 81%
o\JN A

3.8.5.9 o N/> 3.8.5.10
s

(o)

Table 3.8.5 - Scope studies of the sesquichloridialyzed Diels-Alder reaction on hindered

dienophiles

116



3.9 Mechanism

In terms of mechanism, it is hard to say if thectiem is an asynchronous Diels-Alder
cycloaddition or a double Michael 1,4 addition. Hmwer, some mechanistic consideration
should be outlined. Currently, we are trying tolase the intermediate formed between the
dienophile and the ethyl aluminum sesquichloridewkver, the fact that we can have complete
conversion with only 20 mol% catalyst suggest tvat have a different kind of intermediate
compared to the one reported by EVadhsvhere more than one equivalent of alkylaluminum
catalyst is needed. Based on NMR data, Castellirm'é? reported that they could not rule out
the existence of a complex between a bridged dallkyinum chloride dimer and two carbonyl
oxygens of the N-acyloxaxolidinone. In 1993, Ktifand co-workers reported the formation of
the intermediateR) during highly facial selective Michael additioettveen di-alkyl aluminum
chloride and acyl-oxaxolidinones. On that basis, hypothesized the Diels-Alder reaction

proceeds via the formation of intermedidaB. (

— — R — -
. np S o
RiAIC, AL N—§ /-BAI A
/\)ol\@ |° R\/\\{) ROAI ) I\CI/
N 5 ‘, @O 0@
3 R
\J enld LI
i R cl \—<
Evans Kunz Th|s work
(A) (B) (C)

Figure 3.9.1 - Reactive intermediates
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3.10Perspectives

With this methodology in hand, we can now envisgobroad range of natural products bearing
qguaternary carbon center accessible from a DielleAteaction. The two approaches shown
below are already undertaken in our laboratorytfer total synthesis of clusianon8cheme
3.11.1. The installation of the quaternary carbon cehtgpened to be among the most difficult
task in the PPAP synthesis. The ethyl aluminumgebbpride mediated highly hindered Diels-

Alder reaction constitutes now a solid basis thatcan integrate to the PPAPSs retrosynthesis.

oTIPS o o 9
|/
S = C|)l\/u\c| °
o OH
BF;-Et,0 )\\
DMAP of )
o
c ¢ «— o N/> A
al_ Al P !
oTIPS i R
\/\”)\/\/
* o o o
Dienophile /
C|J\/U\C| I

Clusianone

BF;-Et,0 o OH

—_— >
DMAP ><)
o)

Scheme 3.11.1 — Ongoing synthesis towards PPAPs
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3.11 Conclusion

We have developed an efficient synthetic methodplfog the formation quaternary carbon
centers via an ethyl aluminum sesquichloride medidtighly hindered Diels-Alder reaction.
However, significant work must be done to gain atdseunderstanding of the reactive
intermediates and reaction mechanism. The attef#atures of this method reside in its ability
to construct highly hindered cycloadduct in ongste activate unreactive dienophiles due to

steric encumbrance. This methodology opens newrtypmties in the total synthesis of PPAPS.
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4. Summary and Outlook

The studies in our laboratory have resulted in tdevelopment of the oxy-
Cope/ene/Claisen/Diels-Alder and the oxy-Cope/elaggén/Claisen reactionsS¢heme 4.1
They have challenging synthetic problems whichtheestereoselective synthesis of diterpenes
and the synthesis of complexrans decalins bearing benzofurans. The oxy-
Cope/ene/Claisen/Diels-Alder has been proven asaeerful tool, providing general access to a
number of polycyclic decalins, with tertiary alcdlad ring junction — it has also seen use in our

laboratory for the synthesis of complex diterpenes.

Et3N PhCI

oxy -Copelene/Claisen/Diels- Alde) A = 1.31.2
1.3. 1 1 \?
Diterpenoid core

OH/ o=, - \“\/
7 200°C microwaves o
N—Ph : E

O =8 new stereogenic centers

=5 new C-C bonds

(o) N/R -_— /
Ps -
H o i
0 \\\// 200°C, mlcrowavg o
Et;N, PhCI

. i i /
o /\¢ ( oxy-Cope/ene/Claisen/Claisen ) 0o

Scheme 4.1 - New domino processes
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On the road of PPAP’s framework synthesis, we lthaxeeloped an efficient synthetic approach
towards the bicyclo[3.3.1]Jnonenone core. We aclidete challenging construction of carbon
bridged rings of various sizes, with tolerance talgasterically crowded environment by
sequential Diels-Alder/gold(l)-catalyzed 6-endo-digclization Scheme 4.2 This method

provides quick access to a library of PPAPs fardtire-activity relationships studies.

1) pw 150°C, 2h H

~
Y > H
TIPSO ® o o0
N
O >—P—Au-NCMe_| - 8bFg N o
P OO @
2 6.2.6 Q 80%
2627

y \
X-ray
o}
"\ OTIPS

Scheme 4.2 - Sequential Diels-Alder/Au(l)-catalyzegtlization

Thus, we achieved the installment of the quatercanpon centers adjacent to the bridgehead
ketone by developing an efficient synthetic methogyp for the formation of cyclohexene rings
bearing quaternary carbon centers via an ethyl ialwum sesquichloride mediated highly
hindered Diels-Alder reactior5¢heme 4.8 However, significant work must be done to gain a

better understanding of the reactive intermediatekreaction mechanism.
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Scheme 4.3 — Retrosynthetic analysis of PPAP’s fajdfvia Highly hindered Diels-Alder

Many lessons have been learned along the way ofPBR&affold synthesis and we have now
developed two approaches already undertaken inlahoratory for the total synthesis of
clusianone $cheme 4.5 The installation of the quaternary carbon cehtgpened to be among
the most difficult task in the PPAP synthesis. Tthyl aluminum sesquichloride mediated
highly hindered Diels-Alder reaction constitutesamna solid basis that we can integrate to the

PPAPSs retrosynthesis.

OTIPS o o Cl’ /
X = ClJl\/u\m °
BF-Et,0 A OH
—_— N
DMAP 0 °
CL ¢ s~ (o) N/> \J /

oTIPS ,A'\C[A' o)\o
W
+

Dienophile

Clusianone
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Scheme 4.4 - Ongoing synthesis towards PPAP
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5. Claims to Original Research

1. Developed the thermal oxy-Cope/ene/Claisen/DietseAlearrangement on a variety of
substrates

2. Applied the thermal oxy-Cope/ene/Claisen/Diels-AldEarrangement to complex
diterpenes synthesis

3. Discovery of a thermal oxy-Cope/ene/Claisen/Claigamrangement, and application to
the synthesis dfans decalin benzofurans

4. Developed an efficient synthetic approach towaheshicyclo[3.3.1]Jnonenone core via a
sequential Diels-Alder/gold(l)-catalyzed 6-endo-djglization and applied it to the
synthesis of a diversified library of PPAPs

5. Developed an efficient synthetic methodology far tbrmation of cyclohexene rings
bearing quaternary carbon centers via an ethylialum sesquichloride mediated highly

hindered Diels-Alder reaction
Publications From This Work

Sow, B.; Bellavance, G.; Barabé, F.; Barriault,"Qne-pot Diels—Alder cycloaddition/gold(l)-
catalyzed 6-endo-dig cyclization for the syntheefs the complex bicyclo[3.3.1]alkenone

framework.”Beilstein J. Org. Chem. 2011,7, 1007-1013.

Barabé, F.; Levesque, P.; Sow, B.; Bellavance, B&tournay, G.; Barriault, L. “Gold(l)-
catalyzed formation of bridged and fused carbosytle Pure and Applied

Chemistry 2013,85, 1161-1173.

Barriault, L.; Sow, B.; Sherburn, M.S. “ConsecutivBigmatropic Rearrangements”,

Comprehensive Organic Synthesis 2™ Edition, 2014 (accepted)
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6. Experimental

General remarks

Unless otherwise indicated, all reactions were quaréd under either an argon or nitrogen
atmosphere in flame-dried glassware equipped withelon coated magnetic stir bar and
a rubber septum. Where no temperature is specifiee,reactions were run at ambient
temperature (23°C). Reagent quantities (mmol) weakeulated based on their reported
purities. Anhydrous THF and ZD were obtained by distillation over sodium/benzapine
under nitrogen and used as freshly distilled,NEand CHCI2 were distilled from CaBl.
Commercially available reagents were used as redeiunless otherwise stated-
Butyllithium and tert-butyllithium were titrated using 2,6-tt-butyl-4-methylphenol and
fluorene. Grignard reagents were titrated accordingove’s protocol. Microwave reactions
were performed using a CEM Model ESP-1500 Plus awniave oven equipped with a
pressure monitoring device and an EST-300 Plug fipéic temperature probe. The reaction
vessel was a quartz tube to which was added thetiora mixture as well as a

carboflonTM to aid in the absorption of microwawaiation. Reactions were monitored by
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TLC analysis using glass plates pre-coated (B0 thickness) with ultra- pure silica gel
(60A, SiliCycle). TLC plates were viewed using Uvght and stained with eithep-
anisaldehyde, potassium permanganate, or phospyodiolacid staining solutions. Flash
chromatography was carried out on 230-400 meshasifiel (60A, SiliCycle). When
mentioned, triethylamine was added to the slurrysi€a gel until a persistent odor was
maintained. Once the basified slurry was loadedhencolumn, an equal volume of eluent

(without triethylamine) was passed through priosubstrate loading.

14 and13%c NMR, spectra were recorded on either Bruker AeaB@0 MHz, Bruker Avance

500 MHz, Bruker AMX 500 or Varian INOVA 500 MHz speometers in the specified

deuterated solvents. IR spectra were recorded Bongen Michaelson 100 FTIR spectrometer.
HRMS spectra were obtained using a Kratos Analyt@ancept spectrometer. Melting points
were recorded using a Gallenkamp P1106G MeltingntPApparatus. The crystals were
mounted on thin glass fibers using paraffin oil aodled to 200.15 °K. Data were collected on
a Bruker AXS SMART single crystal diffractometerugmped with a sealed Mo tube source
(wavelength 0.71073 A) APEX Il CCD detector. Rawtadaollection and processing were

performed with APEX Il software package from BRUKRBKS.
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Development of the Domino_Pericyclic

Oxy-Cope/Ene _/Claisen _/Diels-Alder

Reaction

HO|| .

cis:itrans / 3:2

1-ethynyl-2-(prop-1-en-2-yl)cyclohexanol

A dry 1L flask was charged with THF (70 mL), follea by the 2-chlorocyclohexanone (6.00g,
45.25 mmol, 1 eq.) and isopropenyl magnesium brenf@dSM in THF, 47.51 mmol, 1.05 eq.).
The mixture was stirred at room temperature forr2@utes. Ethynyl magnesium bromide (0.5M
in THF, 90.50 mmol, 2.0 eq.) was then added andmheure was refluxed for 3 hours. The
mixture was cooled down to room temperature andcjued with a saturated NEI solution.
The organic layers were extracted with,@&t washed with brine, dried over Mg$@nd
concentrated. The crude was subjected to flashn@diagraphy (10% EO in hexanes) to give
the product as a yellow oil (6.1 g, 82%). A smaticunt of the desiredis ring junction was
repurified for characterization to give 1-ethyny(gtop-1-en-2-yl)cyclohexanol as a colorless

oil.
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'H NMR (CDCl, 300 MHZ)3ppm = 5.20 (br s, 1H), 5.03 (br s, 1H), 2.39 (s, 1225-2.09 (m,
3H), 1.95 (s, 3H), 1.75-1.42 (m, 6H), 1.35-1.07 {iH)

13C NMR (CDCh, 75 MHZ)3pom = 148.5 (C), 112.7 (CH, 89.0 (C), 71.6 (CH), 67.3 (C), 52.8
(CH), 40.0 (CH), 27.0 (CH), 26.2 (CH), 26.0 (CH), 20.8 (CH)

IR (FTIR, cmi®) = 3734, 2924, 1558, 1540, 1507

HRMS (EIl) Expected for gH160: (M"): 164.1201, found: 164.1186

[eaue

cis (44%) trans (29%)

1-ethynyl-2-(3-hydroxyprop-1-en-2-yl)cyclohexanol

A dry 250 mL round bottom flask fitted with a magjnestirrer was charged with GBI, (100
mL) under argon, 1-ethynyl-2-(prop-1-en-2-yl)cyaadanol (6.4g, 42.6 mmol, 1 eq.), S€0.47

g, 4.26 mmol, 0.1 eq.) with stirring, followed lhgrt-butyl hydroperoxide (0.64 g/mL dry
solution in CHCI,, 18 mL, 128 mmol, 3 eq.) and then benzoic acil (£.21.3 mmol, 0.5 eq.).
The reaction was allowed to stir for 12 hours atmdemperature and Se®.47 g, 4.26 mmol,
0.1 eq.) was added again. After 24 hours of oveeattion time, most of the starting material
had been consumed. The £H, was reduced to a minimum quantity. The residue avased
with EtOAc (200 mL), washed with a 10% KOH solutiontil a basic pH was reached for the
aqueous phase, brine, and dried over Mg&Q filtered. Silica was added prior to removal of

the volatiles. The dry powder was subjected tdhflasromatography (0-30% EtOAc in hexanes
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in 3 steps) to give a total yield of 5.1g, 73%. Tdesiredcis ring junction 1-ethynyl-2-(3-
hydroxyprop-1-en-2-yl)cyclohexanol was obtainedhdgght yellow oil (3.1 g, 44%). The minor
diastereomertrans 1-ethynyl-2-(3-hydroxyprop-1-en-2-yl)cyclohexanabas recovered by
increasing the polarity to 40% EtOAc in hexane8%8, 29%).

Data forcis:

'H NMR (CDCl;, 300 MHz)8ppm = 5.17 (s, 1H), 5.06 (s, 1H), 4.41 (br s, 1H)34(th, 2H), 2.87
(br s, 1H), 2.41 (s, 1H), 2.34 (d& 12.9, 3.4 Hz, 1H) 2.14-2.06 (m, 1H), 1.87-1.24 @H),
1.50-1.17 (m, 4H)

*C NMR (CDCh, 75 MHZz) 8,pm= 148.5 (C), 117.4 (C}), 88.5 (C), 71.8 (C), 67.6 (CH), 64.8
(CHy), 52.4 (CH) 39.5 (Ch) 26.0 (CH), 25.6 (CH), 20.4 (CH)

IR (FTIR, cni®) = 3200, 2927, 2847, 1654

HRMS (EI) [(M-H20)"]: m/z calc. for GiH140: 162.1045, found: 162.1050

Data fortrans:

'H NMR (CDClk, 300 MHz)8ppm = 5.25 (s, 1H), 5.19 (s, 1H), 4.36 (s, 1H), 4.d8JE12.4Hz,
1H), 4.02 (d,J=12.4Hz, 1H), 3.18 (s, 1H), 2.49 (s, 1H) 2.18-2.6§ @H), 1.77-1.47 (m, 6H)
1.32-1.13 (m, 1H)

3C NMR (CDCk, 75 MHz) 3,pm = 148.2 (C), 116.0 (C#), 85.2 (C), 74.7 (CH), 72.0 (C), 67.4
(CHp), 51.7 (CH), 41.3 (Ch), 30.0 (CH), 25.7 (CH) 23.7 (CH)

IR (FTIR, cni') = 3300, 2934, 2859, 1651, 1445, 1124, 1064, 1908,

HRMS (EIl) Expected for gH160, (M*) = 180.1150, found: 180.1146
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(1R,2R)-2-(3-(allyloxy)prop-1-en-2-yl)-1-ethynyldgptiexanol

A solution ofcis 1-ethynyl-2-(3-hydroxyprop-1-en-2-yl)cyclohexar(@b.3g, 84.7 mmol, 1 eq.)

in a mixture of dry THF (200 mL) and DMF (20 mL) svaooled to fC, Nal (1.2g, 8.5 mmol,
0.05 eqg.) and freshly distilled allyl bromide (9.%8., 101 mmol, 1.1 eq.) was added. The
mixture was allowed to stir at®O for 50 minutes. NaH (60% w/w, 101 mmol, 1.1 eggs
added in small portions, resulting in a copiougasé of H gas. The orange mixture was stirred
for 3 hours at @, and quenched by very slow addition of MHq) (40 mL), extracted with
Et,O (4 x), dried over MgS® and concentrated. The crude was subjected to flash
chromatography (0 to 10% & in hexanes) to give (1R,2R)-2-(3-(allyloxy)proged-2-yl)-1-

ethynylcyclohexanol as a pale yellow oil (14.2g%)7

'H NMR (CDCh, 300 MHZ)8ppm = 5.92-5.79 (m, 1H), 5.24 (d= 17.2Hz, 1H), 5.17-5.13 (m,
3H), 4.48 (s, 1H), 4.11-4.06 (m, 2H), 3.91-3.78 @H), 2.35-2.27 (m, 2H), 2.10-2.04 (m, 1H),
1.83-1.50 (m, 4H), 1.48-1.13 (m, 3H).

13C NMR (CDCh, 75 MHz)8ppm = 114.8 (C) 133.6 (CH), 119.6 (GH117.7 (CH), 88.5 (C),
71.5 (CH), 71.2 (C), 70.4 (Ch), 67.3 (CH), 52.9 (CH), 39.4 (GH 25.7 (2 X CH), 20.3 (CH).

IR (FTIR, cni®) = 3306, 3300, 3079, 2936, 2857, 1644, 1446, 13544, 1070, 977, 922, 648.

HRMS (EI) Expected for gH140 [(M-C3HgO)']: 162.1045, found 162.1061.

She

(E)-(2-iodovinyl)benzene
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A 5mL round-bottom flask was charged with THF (1l5nand diiodomethane (0.48 mL, 6
mmol, 1.5 eq.). A 100mL round-bottom flask was d¢ear with NaHMDS (2.20g, 12 mmol, 3
eq.), THF (8mL) and E© (8mL). The diiodomethane solution was added dispwt -78°C to
the NaHMDS solution. The mixture was stirred forrAthutes. Benzyl bromide (0.48 mL, 4.00
mmol) in THF (3mL) was added dropwise and the mixtwas stirred for 90 minutes before
being warmed up to room temperature over 30 min@BsJ) (0.6 mL, 4 mmol, 1 eq.) was added
dropwise and the mixture was stirred for 1 housOE{50 mL) was added to dilute the mixture
and filtration over celite/silica gel pad was pemi@d. The crude was subjected to flash
chromatography (100% hexanes) to give (E)-(2-iodgybenzene as a colorless oil (519 mg,
56%). Spectral data available from: Bull J.A., Msesu J.J., Charette A.Brg. Lett., 2008 10,

23, 5485.

(1R,2R)-2-(3-(allyloxy)prop-1-en-2-yD-1-((E)-4-phglbut-3-en-1-yn-1-yl)cyclohexanol

A 25 mL round-bottom flask was charged with THF{&) and EtNH (0.71 mL, 6.84 mmol, 5
eg.) and the mixture was degassed for 15 minugg2fiodovinyl)benzene (345 mg, 1.5 mmol,

1.1 eq.), Cul (26 mg, 0.14 mmol, 0.01 eq.) and R&®I), (48 mg, 0.068 mmol, 0.05 eq.) were
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added at 0°C. The substrate (300 mg, 1.37 mmol)added and the mixture was stirred and
allowed to warm up to room temperature over 4 holing mixture was quenched with saturated
NH,4Cl. The organic layers were extracted with@twashed with brine, dried over Mgsénd
concentrated. The crude was subjected to flashn@dtiagraphy (5% EO in hexanes) to give
(1R,2R)-2-(3-(allyloxy)prop-1-en-2-yl)-1-((E)-4-phglbut-3-en-1-yn-1-yl)cyclohexanol as a

yellow oil (260 mg, 59%).

'H NMR (CDCls, 300 MHZz)8ppn= 7.41-7.25 (m, 5H), 6.86(d), = 16 Hz, 1H), 6.17 (dJ= 16

Hz, 1H), 5.92(m, 1H), 5.31(dd,= 16 Hz,1.5 Hz, 1H), 5.22 (s, 2H), 5.21 (dgs 14 Hz, 1.5 Hz,
1H), 4.39 (d,J = 2Hz, 1H), 4.20 (dd) = 16Hz, 1Hz, 1H), 4.17 (dd] = 13Hz, 6Hz, 1.5 Hz,
1H), 3.94 (ddtJ = 16Hz, 6Hz, 1.5 Hz, 1H), 3.92 (d,= 16Hz, 1H) 2.45 (ddJ= 16 Hz, 3 Hz,
1H), 2.17(m,1H), 1.95-1.17 (m, 8H)

13C NMR (CDCl;, 100 MHZ)3,pn= 145.6 (C), 140.8 (CH), 136.5 (C), 134.1 (CH), B2B82CH),

128.6 (CH), 126.3 (2CH), 119.4 (G11117.9 (CH), 108.2 (CH), 96.7 (C), 82.9 (C), 72.0 (§H
70.7 (CH), 68.2 (C), 53.1 (CH), 39.7 (GM 26.1 (CH), 26.0 (CH), 20.8 (CH)

IR (FTIR, cmi®) = 3381, 3082, 3025, 2935, 2851.

HRMS: m/z calculated for &H,60, (M+) = 322.1933, found 322.2029.
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(1R,4aS,8aR)-1-allyl-3-((E)-styryl)-2.,5,6,7.8,8axshydro-1H-4a,1-

(epoxymethano)naphthalen-10-ol

To a solution of (1R,2R)-2-(3-(allyloxy)prop-1-enyD-1-((E)-4-phenylbut-3-en-1-yn-1-
yhcyclohexanol (0.191 g, 0.59 mmol) in PhCI (10 )mas added BN (0.3 mL, 2.01 mmol).
The solution was degassed with argon for 10 minatesthen heated with microwaves at 200
°C, 300W for 2 hours. The PhCI was evaporated hrdctude product was flashed with 20%
EtOAc in hexanes to yield (1R,4aS,8aR)-1-allyl-B){ctyryl)-2,5,6,7,8,8a-hexahydro-1H-4a,1-

(epoxymethano)naphthalen-10-ol as a white solixt{ime of diastereomers) (0.13 g, 66%).

'H NMR (CDClh, 300 MHz)8ppm = 7.40-7.12 (m, 5H), 6.78- 6.55 (m, 2H), 5.94-5(@% 2H),
5.30-4.96 (M, 3H), 3.12-2.09 (M, 4H), 2.03-1.17 {0H);

3C NMR (CDCk, 75 MHz)dypm = 137.3, 137.2, 137.2, 136.2, 135.2, 134.8, 13436,1, 129.7,
128.6, 128.4, 137.7, 127.5, 126.5, 126.3, 117.8,8/1104.7, 103.7, 78.9, 49.3, 49.2, 49.1, 46.4,
37.6, 37.4, 35.4, 32.7, 32.5, 32.3, 24.9, 24.73,281.1, 20.9;

IR (FTIR, cm") = 3381, 3067, 3029, 2929, 2856, 1944, 1878, 188@0, 1619, 1595, 1446,
1142, 1107;

HRMS (EI) nvz calculated for gH»60, (M+) = 322.1933, found: 322.1916
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(1R,4aS,8aR)-1-allyl-3-((E)-styryl)-2.,5,6,7.8,8axshydro-1H-4a,1-

(epoxymethano)naphthalen-10-one

To a round-bottom flask containing TPAP (2 mg, 82@mol), NMO (18.4 mg, 0.157 mmaol),
and 4A molecular sieves (50 mg), and a stirring bars added (1R,4aS,8aR)-1-allyl-3-((E)-
styryl)-2,5,6,7,8,8a-hexahydro-1H-4a,1-(epoxymethaaphthalen-10-ol  (33.7 mg, 0.105
mmol) in CHCI, (5 mL). The reaction mixture was stirred for 3Gates, then filtered through a
pad of silica and washed with EtOAc. The solvens waaporated leaving the crude product
which was flashed with 10% EtOAc in hexanes to ghelactone (1R,4aS,8aR)-1-allyl-3-((E)-
styryl)-2,5,6,7,8,8a-hexahydro-1H-4a,1-(epoxymethaaphthalen-10-one as a white crystal

(23.6 mg, 71 %).

'H NMR (CDCl, 500 MHZ)8ppm = 7.39-7.20 (m, 5H), 6.69 (d= 16.3Hz, 1H), 6.53 (dJ=
16.3Hz, 1H), 5.91 (s, 1H), 5.86-5.78 (m, 1H), 5879 (m, 2H), 2.65 (ddl= 17.8, 1.4 Hz, 1H),
2.48-2.40 (m, 3H), 2.26 -2.23 (m, 1H), 2.08-2.02 (i), 1.86-1.77 (m, 2H), 1.65-1.44 (m, 3H),
1.27 -1.14 (m, 2H)

13C NMR (CDCh, 125 MHz)8ypm = 180.6, 137.4, 136.7, 133.5, 132.9, 129.3, 128128.67,
128.3, 127.9, 126.6, 119.4, 80.8, 50.8, 47.2, 3M, 31.9, 24.0, 23.8, 20.3

IR (FTIR, cni') = 2935, 2859, 1765, 1493, 1165, 1126
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HRMS (EI) m/z calculated for H»40, (M+) = 320.1776, found: 320.1757

2-(prop-1-en-2-yl)cyclohexanone

A dry 500 mL round-bottom flask was charged withMeh (120 mL), followed by 2-
chlorocyclohexanone (3.38g, 25.5 mmol) and isopngpenagnesium bromide (0.5M in THF,
26.8 mmol, 1.05 eq.). The mixture was stirred ammaemperature for 20 minutes (until full
addition of the Grignard reagent). The mixture whaan brought to reflux for 2 hours. It was
cooled down to room temperature and NaH®@s added to quench the reaction. The organic
layers were extracted with 1, washed with brine and dried over MgS®@he crude mixture
was subjected to flash chromatography (2-5% EtO#chéxanes) to give 2-(prop-l-en-2-
yhcyclohexanone as a yellow oil (3.05g, 86%).

Spectral data available from: Barriault, L.; Wagtion, J.; Yap, G. FOrg. Lett. 200Q 2, 663.

5.0

\Br

Br

6-(2,2-dibromovinyl)-1.4-dioxaspiro[4.5]dec-6-ene

To zinc dust (1.15 g, 17.65 mmol) and RRh63 g, 17.65 mmol) stirring in GBI, (20mL) at O
°C was added, via a cannula, GB5.85 g, 17.65 mmol) in Ci&l, (15 mL). The resulting dark

green solution was allowed to warm up to room tenaipee and stirred for 24 hours resulting in
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a pink solution. 1,4-dioxaspiro[4.5]dec-6-ene-6beddehyde (0.74 g, 4.41 mmol) in g&l, (15
mL) was then canulated into the flask and stin@d3fhours. The solution was then diluted with
petroleum ether (200 mL) and filtered through a pzEdcelite. The solution was then
concentrated and flashed with 15% EtOAc in hexattesyield 6-(2,2-dibromovinyl)-1,4-

dioxaspiro[4.5]dec-6-ene as a yellow oil (0.92 5%4).

'H NMR (CDCk, 300 MHz)ppm = 6.89-6.88 (m, 1H), 6.36 (di= 2.7, 1.3 Hz, 1H), 3.96 (s,
4H), 2.12-2.09 (m, 2H), 1.75-1.72 (m, 2H);

13C NMR (CDCh, 75 MHz)8,pm= 135.5, 134.5, 133.8, 106.2, 89.8, 65.1, 33.53,29.0

IR (FTIR, cni') = 2946, 2880, 1586, 1438, 1365, 1340, 1265, 11747, 1071, 1021, 946;

HRMS (EI) mvz calculated for @HgBr,O, [(M — C,H,)'] = 293.8891, found: 293.8895.

(1R,2R)-1-(1,4-dioxaspiro[4.5]dec-6-en-6-ylethyn?h(prop-1-en-2-yl)cyclohexanol

To a solution of 6-(2,2-dibromovinyl)-1,4-dioxasp.5]dec-6-ene (0.9 g, 2.77 mmol) stirring
in THF (5 mL) at -78°C was added n-BuLi (2.26 mL5% mmol). The solution was stirred for
45 minutes allowing the formation of the alkynyhlumin situ. To this was added a solution of
2-(prop-1-en-2-yl)cyclohexanone (0.27 g, 1.94 mmol)THF (5 mL). This was stirred for 1
hour, warmed up to room temperature and quenchéd MH,CI (sat. aq.). The mixture was

extracted with EtOAc (3x) and the combined orgalaigers were dried over MgSQand
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concentrated. Flash chromatography with 10% EtOAc hexanes gave (1R,2R)-1-(1,4-
dioxaspiro[4.5]dec-6-en-6-ylethynyl)-2-(prop-1-enAdcyclohexanol as a white solid (0.24 g, 41

%).

'H NMR (CDCl, 500 MHZ)8ppm = 6.21 (t,J= 4.1Hz, 1H), 4.94 (s, 1H), 4.81 (s, 1H), 4.18-4.12
(m, 2H), 3.97-3.92 (M, 2H), 2.2-1.9 (m, 5H), 1.843H), 1.75-1.4 (m, 9H)

13C NMR (CDCk, 125 MHz)8ppm = 148.4, 139.8, 123.9, 112.1, 105.9, 93.4, 81703,665.7,
52.7, 39.8, 34.4, 26.8, 25.77, 25.76, 25.6, 206, 2

IR (FTIR, cni®) = 3464, 2937, 1639, 1442, 1352, 1268, 1176, 1073

HRMS (EI) nvz calculated for GH,03 (M+) = 302.1882, found: 302.1879

OH

(1R,2R)-1-(1,4-dioxaspiro[4.5]dec-6-en-6-ylethyn?Y3-hydroxyprop-1-en-2-yl)cyclohexanol

A dry 250 mL round-bottom flask was charged witRR 2R)-1-(1,4-dioxaspiro[4.5]dec-6-en-6-
ylethynyl)-2-(prop-1-en-2-yl)cyclohexanol (1.39 §,23 mmol) in CHCI, (70 mL). Then,t-
BUuOOH (2.5 mL, 21.58 mmol) and Sg291 mg, 2.62 mmol) was added to it. The solutias
diluted with CHCI, (70 mL) after 4 days of stirring and quenched vii#&HCQ; (sat. aq). The
organic phase was washed with NaHC®ater (2x) and brine. The combined organic phases
were dried over MgSg filtered and concentrated. Purification by flagiromatography (60%

EtOAc in hexanes) yielded a mixture of C11 anddbeesponding aldehyde. Luche reduction
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was thus performed on the isolated product wherertixture of thecis andtrans isomers (760.1
mg, 2.4 mmol) was dissolved in MeOH (125 mL) in 802mL dry round bottom flask.
CeChk-7H,0O (1.07g, 2.89 mmol) was added to the solution gtivded 15 minutes. NaBH185
mg, 4.89 mmol) was then added at 0°C and the solutias stirred 3 hours and quenched with
water. The solution was extracted with@&13x), washed with brine and dried by the additdn
MgSQ,. Filtration and evaporation gave (1R,2R)-1-(1,dxdispiro[4.5]dec-6-en-6-ylethynyl)-2-

(3-hydroxyprop-1-en-2-yl)cyclohexanol (258 mg, 1786)a yellow oil.

'H NMR (CDCl, 300 MHZ)8ppm = 6.24 (tJ=4.1 Hz, 1H), 5.18 (s,1H), 5.07 (@ 1.7 Hz, 1H),
4.18 (s, 2H), 4.16 (m, 2H), 3.95 (m, 2H), (s, 2RB8 (dd,J=12.8 Hz,J= 3.4 Hz, 1H), 2.10 (m,
3H), 1.2-1 (m, 13H)

3C NMR (CDCh, 75 MHZz) 8ppm = 150.1, 140.1, 123.4, 115.8, 105.9, 93.6, 81758,665.7,
65.5, 52, 39.5, 34.2, 26.5, 25.8, 25.5, 20.6, 20.2;

IR (FTIR, cmi®) = 3358, 2935, 2859, 2247, 1675, 1442, 1353, 12680, 110, 1072, 1015, 975,
947, 907, 818, 726, 641, 540;

MS (EI) m/z calculated for &H2604 (M+) = 318.1831, found: 318.1765
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(1R,2R)-1-(1,4-dioxaspiro[4.5]dec-6-en-6-ylethyn(3-(allyloxy)prop-1-en-2-

vDcyclohexanol

A dry 50 mL round-bottom flask was charged with (AR)-1-(1,4-dioxaspiro[4.5]dec-6-en-6-
ylethynyl)-2-(3-hydroxyprop-1-en-2-yl)cyclohexan@75.9 mg, 0.87 mmol) and THF (27 mL).
NaH (88.4 mg, 2.21 mmol) was added to the soluéibf°C and the whole was stirred for 30
minutes. Allyl bromide (120 pL, 1.39 mmol) was adde the solution and it was left stirring
overnight. The solution was quenched with /&H(sat., aq.) and extracted with EtOAc. The
combined organic phases were dried over Mg$iltered and concentrated. Purification by flash
chromatography (20% EtOAc in hexanes) yielded (BR.P-(1,4-dioxaspiro[4.5]dec-6-en-6-

ylethynyl)-2-(3-(allyloxy)prop-1-en-2-yl)cyclohexah(199.6 mg, 64%) as a yellow oil.

'H NMR (CDCl, 300 MHZ)8ppm = 6.20 (t,J=4.0 Hz, 1H), 5.92 (m, 1H), 5.30 (q&#17.0, 1.7
Hz, 1H), 5.22-5.15 (m, 3H), 4.3-3.8 (M, 4H), 2.40, (LH), 2.15-2.05 (m, 3H), 2.0-0.6 (M, 15H);
3¢ NMR (CDCk, 75 MHz) 6ypm = 145.4, 139.8, 134.2, 124.1, 117.7, 117 4, 1080%, 84.3,
74.7,72.1, 71.1, 65.7, 59.5, 53.1, 41.2, 38.24,331.9, 31 2, 30.3, 29.7, 29.4, 25.9, 25.6, 23.9,
22.7, 20.3, 15.4; presence of extra peaks duedongigosition overnight in the NMR tube.

IR (FTIR, cmi') = 3382, 2919, 2851, 1744, 1583, 1539, 1450, 12432, 1071, 1028, 943, 906,

818, 693, 609, 500
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HRMS (EI) m/z calculated for @H3004 (M+) = 358.2144, found: 358.2340.

(1R,4aS,8aR)-1-allyl-3-(1,4-dioxaspiro[4.5]dec-6-6ryl)-2,5.6,7,8,8a-hexahydro-1H-4a,1-

(epoxymethano)naphthalen-10-ol

To a dry vial was added (1R,2R)-1-(1,4-dioxaspireldec-6-en-6-ylethynyl)-2-(3-
(allyloxy)prop-1-en-2-yl)cyclohexanol (28.4 mg, 39umol) and dissolved in PhCI (3 mL). The
solution was degassed for 20 minutes with argogN E55 pL, 395 umol) was added. The
microwave vial was then capped under argon andetigat a microwave oven for 3 hours at
200°C. The solution was concentrated and purifigd flash chromatography to obtain
(1R,4aS,8aR)-1-allyl-3-(1,4-dioxaspiro[4.5]dec-6&nl)-2,5,6,7,8,8a-hexahydro-1H-4a,1-

(epoxymethano)naphthalen-10-ol (17.6 mg, 62%)yslaw oil.

'H NMR (CDCl, 300 MHZz)8ppm = 5.84 (tJ= 3.72Hz, 1H), 5.78 (m, 1H), 5.67 (s, 1H), 5.14 (d,
J= 12.7Hz, 1H), 5.06 (qd, J= 5.1, 1.4Hz, 1H), 5.011¢3), 4.06 (m, 2H), 3.99 (m, 2H), 3.77 (d,
J= 12.7 Hz, 1H), 2.29 (m, 2H), 2.22 (m, 2H), 2.07 @Hl), 1.9 (m, 2H), 1 0-1.8 (m, 15H).

3C NMR DEPT 135 (CDCh, 75 MHZ) 8ppm = 135.0 (CH), 134.8 (CH), 131.5 (CH), 117.4
(CHy), 105.9 (CH), 64.1 (C), 63.9 (CH), 48.8 (CH), 37.7 (Ch), 37.6 (CH), 32.5 (CH), 32.4

(CHy), 25.1 (CH), 24.8 (CH), 23.3 (CH), 20.8 (CH), 19.9 (CH);
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IR (FTIR, cm') = 3426, 2927, 2851, 1711, 1671, 1635, 1582, 15384, 1354, 1338, 1297,
1265, 1220, 1176, 1112, 1068, 1023, 995, 947, 884, 798, 734, 553,

HRMS (EI) nvz calculated for H3,0, (M+) = 358.2144, found: 358.2120.

BrW

Br

(E)-1,1-dibromohepta-1,3-diene

CBr, (8.06 g, 24.3 mmol) was slowly added to a soludrPPh (12.06 g, 45.98 mmol) in
CH.Cl, (15 mL) at 0°C, and the mixture was stirred forrBh. A solution of E)-hex-2-enal
(2.00 g, 10.19 mmol) in Ci€l, (10 mL) was then added and stirring was maintafoed hour.
The mixture was diluted with petroleum ether attéfed through celite. The filtrate was washed
with NaHCGQ (sat. ag.), KO, brine, dried over MgSfand concentrated. Flash chromatography

with 1% EtOAc in hexanes gave (E)-1,1-dibromohep8diene as a yellow oil (1.96 g, 76%).

'H NMR (CDCk, 300 MHZ)3,pm = 6.87 (d,J= 9.9 Hz, 1H), 6.11-6.01 (m, 1H), 5.93- 5.83 (m,
1H), 2.09-2.02 (m, 2H), 1.53-1.18 (m, 2H), 0.8, 7.4Hz, 3H);

13C NMR (CDCh, 75 MHZ)8,pm = 139.4, 137.1, 127.2, 88.3, 35.0, 22.0, 13.7;

IR (FTIR, cni®) = 2960, 2932, 2873, 1706, 1651, 1463;

HRMS (EI) nvz calculated for @H;0Br, (M+) = 251.9149, found: 251.9152.
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(1R)-1-((E)-hept-3-en-1-yn-1-yI)-2-(prop-1-en-2-giclohexanol

To a solution of (E)-1,1-dibromohepta-1,3-diené (@, 1.97 mmol) stirring in THF (15 mL) at -
78°C was added n-BulLi (1.75 mL, 4.14 mmol). Theusoh was stirred for 45 minutes allowing
the formation of the alkynyl lithiunin situ. To this was added a solution of 2-(prop-1-en-2-
yl)cyclohexanone (0.24 g, 1.77 mmol) in THF (5 mIhis was stirred for 1 hour, warmed up to
room temperature and quenched with H(sat. ag.). The mixture was extracted with EtOAc
(3x) and the combined organic layers were driedr oMgSQ, and concentrated. Flash
chromatography with 10% EtOAc in hexanes gave (IE)-hept-3-en-1-yn-1-yl)-2-(prop-1-

en-2-yl)cyclohexanol (mixture of diastereomerspamlorless oil (0.12 g, 29%).

'H NMR (CDCl, 300 MHz)8,,m = 6.05 (dt,J= 15.9, 7.1 Hz, 1H), 5.43 (di= 15.9, 1.6 Hz,
1H), 4.97 (tJ= 1.6 Hz, 1H), 4.81 (s, 1H), 2.23-1.94 (m, 7H), xI7T5 (m, 10H), 0.87 ()=
7.3Hz, 3H);

3¢ NMR (CDCk, 75 MHz)dppm = 148.4, 144.5, 112.1, 109.1, 92.4, 81.9, 67.%,539.6, 35.1,
26.7, 26.0, 25.8, 21.9, 20.6, 13.6;

IR (FTIR, cni®) = 3556, 3079, 2934, 1638, 1447, 1371, 1266, 11738, 1070;

HRMS (EI) m/z calculated for @H»40 (M+) = 232.1827, found: 232.1840.
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(1R,2R)-2-(3-(allyloxy)prop-1-en-2-yl)-1-((E)-he@-en-1-yn-1-yl)cyclohexanol

Stepl:

OH/W

N

OH

(1R,2R)-1-((E)-hept-3-en-1-yn-1-yl)-2-(3-hydroxyprdl -en-2-yl)cyclohexanol

A dry 50 mL round-bottom flask fitted with a magieedtirrer was charged with GBI, (25 mL)
under argon, (1R)-1-((E)-hept-3-en-1-yn-1-yl)-2¢gprl-en-2-yl)cyclohexanol (1g, 4.3 mmol, 1
eq.), Se®@(0.24 g, 2.15 mmol, 0.5 eq.) with stirring, folled bytert-butyl hydroperoxide 30%
solution in water (2.87 mL, 12.91 mmol, 3 eq.). Teaction was allowed to stir for 48 hours.
The CHCI, was reduced to a minimum quantity. The residue ddased with EtOAc, washed
with water, brine, and dried over Mgg@nd filtered. Silica was added prior to removaticd
volatiles. The dry powder was subjected to flastoetatography (0-30% EtOAc in 3 steps) to
give the desired (1R,2R)-1-((E)-hept-3-en-1-yn-E2A(3-hydroxyprop-1-en-2-yl)cyclohexanol

as an oil (0.33 g, 31%) and the undesired diasteee0.179g, 16%).

Step2:
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A dry 100 mL round-bottom flask was charged witlR (AR)-1-((E)-hept-3-en-1-yn-1-yl)-2-(3-
hydroxyprop-1-en-2-yl)cyclohexanol (562 mg, 2.26 alhand THF (55mL). NaH (202.4 mg,
5.06 mmol) was added to the solution at 0°C andwhele was stirred for 30 minutes. Allyl
bromide (295 pL, 3.41 mmol) was added to the soiuéind left stirring overnight. The solution
was quenched with NJ&I and extracted in EtOAc (3x). The combined orggphases were
dried over MgS@, filtered and concentrated. Purification by flasimomatography (10% EtOAc
in hexanes) gave (1R,2R)-2-(3-(allyloxy)prop-1-eg21-((E)-hept-3-en-1-yn-1-

yhcyclohexanol (329 mg, 50%) as yellow oil.

'H NMR (CDCk, 300 MHZ)8pm = 6.05 (dtJ=15.8, 7.1Hz, 1H), 5.99 - 5.85 (m, 1H), 5.45 (dt,
J=15.8, 1.6 Hz, 1H), 5.34 - 5.25 (m, 1H), 5.14 - 5(@#% 3H), 4.21-4.1 (m, 2H), 3.96-3.85 (m,
2H), 2.39 (dd,J=12.9, 3.3Hz, 1H), 2.12 (m, 1H), 2.05 (7.3, 1.6 Hz, 2H), 1.88-1.6 (m, 4H),
1.46-1.34 (m, 3H), 0.89 (§=7.4 Hz, 3H)

3C NMR (CDCk, 75 MHZ) 8ppm = 145.8 (C), 144.3 (CH), 134.2(CH), 118.9 (JH117.8
(CHy), 109.6 (CH), 90.2 (C), 82.5 (C), 72.2 (§H70.6 (CH), 68 (C), 52.9 (CH), 39.8 (GH
35.2 (CH), 26.3 (CH), 26 (CH), 22.1 (CH), 20.8 (CH), 13.8 (CH)

HRMS (El) m/z calculated for @H230, [(M — C3Hs)'] = 247.1776, found: 247.1635
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HO A

(1R,4aS,8aR)-1-allyl-3-((E)-pent-1-en-1-y)-2,5,68878a-hexahydro-1H-4a,1-

(epoxymethano)naphthalen-10-ol

A solution of (1R,2R)-2-(3-(allyloxy)prop-1-en-2)yl-((E)-hept-3-en-1-yn-1-yl)cyclohexanol
(13.2 mg, 0.046 mmol, 1 eq.) in PhCI (2.5 mL) im&rowave vessel was degassed with argon
for 20 minutes followed by the addition of3Bt (30 pL, 0.23 mmol, 5 eq.). The mixture was
heated at 200°C using microwave irradiation foragifis. The solvent was evaporated and the
product purified by flash chromatography (20% EtOiAchexanes) to yield (1R,4aS,8aR)-1-
allyl-3-((E)-pent-1-en-1-yl)-2,5,6,7,8,8a-hexahydrd-4a,1 (epoxymethano)naphthalen-10-ol as

colorless solid (12.5 mg, 94%).

'H NMR (CsDs, 300 MHz)8p,m = 6.06 (br s, 0.4H), 6.00 (br s, 0.6H), 5.88-5(68 3H), 5.25
(d, J=6.2Hz, 0.6H), 5.16-5.01 (m, 2H), 4.94 (&3.7 Hz, 0.4H), 3.01 (d]=3.7 Hz, 0.4H), 2.88
(d, J=6.7 Hz, 0.6H), 2.48-2.35 (m, 1H), 2.32-2.09 (m, 2B106-1.94 (m, 3H), 1.91-1.73 (m,
1H), 1.71-1.54 (m, 2H), 1.50-0.92 (m, 8H), 0.86}7.2Hz, 1.2H), 0.84 (1}=7.4Hz, 1.8H);

3C NMR (CsDs, 75 MHZz)8ppm = 136.6 (2 C), 136.3 (CH), 135.6 (CH), 135.4 (CH34.9 (CH),
132.4 (CH), 132.2 CH), 130.2 (CH), 129.6 (CH), BL@ CH), 105.0 (CH), 104.0 (CH), 78.8 (2

C), 49.5 (CH), 49.3 (2 C), 47.0 (CH), 38.4 (§H37.9 (CH), 36.0 (CH), 35.4 (CH), 35.3
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(CHy), 33.3 (CH), 33.1 (2 CH), 25.5 (CH), 25.2 (CH), 23.6 (CH), 23.5 (CH), 23.0 (CH),
22.9 (Ch), 21.6 (CH), 21.4 (CH), 13.9 (CH) ;

HRMS (EI) mvz calculated for gH»0> (M*) = 288.2089, found: 288.2074.

(1R,2R)-2-(3-(allyloxy)prop-1-en-2-yl)-1-(but-3-eh~yn-1-yl)cyclohexanol

A 25 mL flask was charged with THF (5 mL) andNEt(0.95 mL, 6.84 mmol, 5 eq.) and the
mixture was degassed for 15 minutes. Vinyl bron{ith in THF, 4.10 mmol, 3 eq.), Cul (26
mg, 0.14 mmol, 0.01 eq.) and Pg@Ph), (48 mg, 0.068 mmol, 0.05 eq.) were added at 0°C.
(1R,2R)-2-(3-(allyloxy)prop-1-en-2-yl)-1-ethynylchexanol (300 mg, 1.37 mmol, 1 eq.) was
added and the mixture was stirred and allowed tonwap to room temperature over 4 hours.
The mixture was quenched with saturated,Ql, The organic layers were extracted with@t
washed with brine, dried over Mgg@nd concentrated. The crude was subjected to flash
chromatography (10% ED in hexanes) to give (1R,2R)-2-(3-(allyloxy)proged-2-yl)-1-(but-3-

en-1-yn-1-yl)cyclohexanol as a yellow oil (301 r8§%).
'H NMR (CDClk, 400 MHZ)3pm = 5.91 (m, 1H), 5.78 (dd= 18, 11Hz, 1H), 5.54 (dd= 18,

2.3Hz, 1H), 5.39 (ddJ= 11, 2.3Hz, 1H), 5.29 (dg=17, 2Hz, 1H), 5.20 (dgl=17, 1.5Hz, 1H)

5.18 (s, 2H), 4.34 (dJ= 2Hz, 1H), 4.18 (ddJ=16, 1Hz, 1H), 4.14 (ddt)=16, 6, 1.5 Hz, 1H),
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3.91(ddt,J=16, 6, 1.5 Hz, 1H), 3.86 (d=12Hz, 1H), 2.40 (dd)= 13, 3.3Hz, 1H), 2.17-2.09 (m,
1H), 1.91-1.20 (m, 8H)

%C NMR (CDCk, 100 MHZz)3ypm = 145.5 (C), 134.0 (CH), 126.4 (G 119.4 (CH), 117.9
(CH), 117.2 (CH)), 95.0 (C), 82.4 (C), 72.0 (GH 70.6 (CH), 68.0 (C), 53.0 (CH), 39.6 (GH
26.1 (CH), 26.0 (CH), 20.7 (CH)

IR (FTIR, cm-1) = 3387, 3086, 2933, 2859

HRMS (EI) nvz calculated for @H200 [(M — H,0)] = 228.1620, found: 228.1452.

(1R,4aS,8aR)-1-allyl-3-vinyl-2,5,6,7,8.8a-hexahyedtbl-4a,1-(epoxymethano)naphthalen-10-

ol

A solution of (1R,2R)-2-(3-(allyloxy)prop-1-en-2)yl-(but-3-en-1-yn-1-yl)cyclohexanol (30
mg, 0.122 mmol) in PhCI (2.5 mL) in a microwave selswas degassed with argon for 20
minutes followed by the addition of &t (34 uL, 0.244 mmol, 2 eq.). The mixture was heated at
200°C using microwave irradiation for 3 hours. T¥wvent was evaporated and the product
purified by flash chromatography (20% EtOAC in hess) to yield (1R,4aS,8aR)-1-allyl-3-
vinyl-2,5,6,7,8,8a-hexahydro-1H-4a,1-(epoxymethaaphthalen-10-ol (mixture of

diastereomers) as a yellow oil (20 mg, 67%).
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'H NMR (CDCk, 400 MHZz)8ppm = Major 6.25(d,J=10.6Hz, 1H), 5.73 (m, 1H), 5.60 (s, 1H),
5.22-4.83 (m, 5H), 2.71-0.82 (m, 13Mjinor 6.3 (d,J= 10.6Hz, 1H) 5.73(m, 1H) 5.62 (s, 1H),
5.22- 4.83 (m, 5H), 2.71-0.82 (m, 13H)

3C NMR (CDCk, 100 MHZz) d,m = 138.3/137.8 (CH), 137.1/136.9 (CH), 136.5 (C),
135.3/134.8 (CH), 117.9 (GM 114.1/113.3 (Ch), 105.0/104.0 (CH), 78.9 (C), 77.4 (C),
49.4/46.6 (CH), 37.59/37.2 (GH 35.5/32.9 (Ch), 32.6/31.9 (Ch), 25.1/24.9 (Ch), 23.5
(CHy), 21.2/21.0 (Ch)

IR (FTIR, cmi®) = 3386, 3074, 3005, 2925, 2853, 1636, 1605, 1442

HRMS (EI) nvz calculated for gH220, (M+) = 246.1620, found: 246.1605.

3-(((1R,2R)-2-(3-(allyloxy)prop-1-en-2-yI)-1-hydrgryclohexyl)ethynyl)cyclohex-2-enone

A 50 mL round-bottom flask was charged with PhiM& (@L) and E4N (1.15 mL, 8.17 mmol, 3

eg.) and the mixture was degassed for 15 minutexl@®&yclohex-2-enone (726 mg, 3.27 mmol,
1.2 eq.), Cul (12.97 mg, 0.068 mmol, 0.025 eq) Rd@L(PPh), (96 mg, 0.136 mmol, 0.05 eq)
were added at 0°C. (1R,2R)-2-(3-(allyloxy)prop-tzgl)-1-ethynylcyclohexanol (600 mg, 2.72
mmol, 1 eq.) was added and the mixture was stiaed allowed to warm up to room
temperature over 8 hours. The mixture was quenulitbdsaturated N&Cl, The organic layers

were extracted with ED, washed with brine, dried over Mgs@nd concentrated. The crude

was subjected to flash chromatography (10-30% Et@Alkexanes) to give 3-(((1R,2R)-2-(3-
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(allyloxy)prop-1-en-2-yl)-1-hydroxycyclohexyl)ethyhcyclohex-2-enone as a yellow oil (702

mg, 82%).

'H NMR (CDCl, 400 MHz)8,pm= 6.12 (s, 1H), 5.94-5.85 (m , 1H), 5.29 (clit,17.2, 1.6, 1.6
Hz, 1H), 5.22 (ddt)= 10.4, 1.6, 1.2Hz, 1H), 5.18 (& 1.9 Hz, 1H), 5.17 (dJ= 1.9 Hz, 1H),
4.88 (s, 1H), 4.15 (dl= 11.6 Hz, 1H), 4.12 (ddi= 12.5, 5.3, 1.5, 1H), 3.92 (ddk 12.5, 6.0,
1.4, 1H), 3.81 (dJ= 11.4Hz, 1H), 2.45 (dd}= 12.9, 3.3Hz, 1H), 2.41-2.37 (m, 4H), 2.14 (dd,
J= 12.9, 1.4Hz, 1H), 1.99 (d= 6.3Hz, 2H), 1.90-1.73 (m, 2H), 1.72-1.60 (m, 2#)57-1.51
(m, 1H), 1.48-1.42 (m, 1H), 1.31 (d& 12.5, 3.5 Hz, 1H)

13C NMR (CDCl, 100 MHZ)8ppm = 198.9 (C), 144.8 (C), 143.8 (C), 133.7 (CH), 13CH),
120.6 (CH), 118.2 (CH), 105.3 (C), 83.1 (C), 71.5 (GH 70.7 (CH), 68.4 (C), 53.7 (CH), 39.3
(CHy), 37.4 (CH), 30.7 (CH), 25.9 (CH), 25.7 (CH), 22.7 (CH), 20.6 (CH).

IR (FTIR, cni®) = 3363, 2934, 2857, 2209, 1675, 1590, 1422, 12832

HRMS (EI) m/z calculated for gH2603 (M+) = 314.1882, found: 314.1879.

£

HO \

3-((1R,4aS,8aR)-1-allyl-10-hydroxy-2,5,6,7.8,8a-hbéydro-1H-4a,1-

(epoxymethano)naphthalen-3-yl)cyclohex-2-enone
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A microwave tube was flame dried and freshly desilPhCl (3 mL), ENN (0.3 mL, 2.2 mmol, 3
eqg.) and 3-(((1R,2R)-2-(3-(allyloxy)prop-1-en-2-ihhydroxycyclohexyl)ethynyl)cyclohex-2-
enone (230 mg, 0.73 mmol, 1 eq.) were added. Theurei was degassed for 10 minutes before
being irradiated by microwaves (200°C, 300 W) fohdurs. The crude was concentrated and
flash chromatography (20-40% EtOAC in hexanes) pe$ormed to give 3-((1R,4aS,8aR)-1-
allyl-10-hydroxy-2,5,6,7,8,8a-hexahydro-1H-4a,1 geypmethano)naphthalen-3-yl)cyclohex-2-

enone (mixture of diastereomers) as a yellow 4@ mg, 87%).

Major diastereomer:

'H NMR (CDCh, 400 MHZz)3ppm = 6.23 (s, 1H), 6.12 (s, 1H), 5.84-5.71 (m, 1HR25(s, 1H),
5.11 (d,J= 17.0 Hz, 1H), 5.10 (dJ= 10.3, 1H), 2.62-2.22 (m, 8 H), 2.07-1.98 (m, 3HB7-
1.72 (m, 3H), 1.61-1.47 (m, 3H), 1.45-1.25 (m, 2HP1-1.10 (M, 1H);

13C NMR (CDCl, 100 MHZ)8ppm = 200.8 (C), 157.3 (C), 138.5 (CH), 136.6 (C), Z3(CH),
124.6 (CH), 118.4 (C}), 104.6 (CH), 78.4 (C), 49.3 (C), 48.6 (CH), 37{@H,), 37.4 (CH),

33.2 (CH), 33.1 (CH), 25.5 (CH), 24.7 (CH), 23.4 (CH), 22.5 (CH), 21.0 (CH).

Minor diastereomer:

'H NMR (CDCl, 400 MHz)8,pm = 6.23 (s, 1H), 6.04 (s, 1H), 5.84-5.71 (m, 1H)L45(dd,J=

17.6, 1.8 Hz, 1H), 5.12 (dd= 8.2, 1.6 Hz, 1H), 4.93 (s, 1H), 2.62-2.22 (m, 8 B{P7-1.98 (m,
3H), 1.87-1.72 (m, 3H), 1.61-1.47 (m, 3H), 1.4551(&, 2H), 1.21-1.10 (m, 1H);

%C NMR (CDCl, 100 MHZ)8ppm = 200.8 (C), 157.7 (C), 139.0 (CH), 135.1 (C), Z3(CH),
124.2 (CH), 118.4 (Ch), 103.8 (CH), 77.4 (C), 49.3 (C), 45.9 (CH), 38CGH,), 37.6 (CH),

35.5 (CH), 32.9 (CH), 25.5 (CH), 24.9 (CH), 23.3 (CH), 22.5 (CH), 21.1 (CH).
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IR (FTIR, cni®) = 2935, 1655, 1580, 1433, 1099, 980, 814, 729.cm

HRMS (EI) nvz calculated for ggH»603 (M+) = 314.1882, found: 314.1903.

3-(((1R,2R)-2-(3-(allyloxy)prop-1-en-2-y)-1-hydrgryclohexyl)ethynyl)cyclopent-2-enone

A 25 mL round-bottom flask was charged with THF (lL) and E4N (2.31 mL, 16.6 mmol, 5
eq.) and the mixture was degassed for 15 minutes.3Fiodocyclopent-2-enone (688 mg, 3.31
mmol, 1 eq.), Cul (63 mg, 0.33 mmol, 0.01 eq.) Bd€L(PPh), (116 mg, 0.17 mmol, 0.05 eq.)
were added at 0°C. (1R,2R)-2-(3-(allyloxy)prop-tzgl)-1-ethynylcyclohexanol (726 mg, 3.31
mmol) was added and the mixture was stirred ammvalll to warm up to room temperature over
2 hours. The mixture was quenched with saturatedd{i The organic layers were extracted
with E,O, washed with brine, dried over Mgs@nd concentrated. The crude was subjected to
flash chromatography (50% JX in hexanes) to give 3-(((1R,2R)-2-(3-(allyloxy)prl-en-2-

yh)-1-hydroxycyclohexyl)ethynyl)cyclopent-2-enong @n orange oil (697 mg, 70%).

'H NMR (CDCl, 400 MHZ)3ppm = 6.20 (t,J=2.0 Hz, 1H), 5.90 (m, 1H), 5.29 (dd517, 1.6Hz,
2H) 5.18 (s, 2H), 4.97 (br s, 1H),4.17 @ 12Hz, 1H), 4.13 (ddt)=13, 6, 1.5Hz, 1H), 3.93
(ddt,J=13, 6, 1.5Hz, 1H) 3.81 (d= 12Hz, 1H), 2.69 (m, 2H), 2.48 (d& 13, 3.3Hz, 1H), 2.40

(m, 2H), 2.18 (m, 1H), 1.9-1.25 (m, 10H)
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13C NMR (CDCh, 100 MHZ)8ppm = 209.7 (C), 157.5 (C), 144.6 (C), 134.9 (CH), B3&H),
120.8 (CH), 118.2 (CH), 110.5 (C), 79.8 (C), 71.4 (GH 70.7 (CH), 68.6(C), 53.7 (CH), 39.1,
34.8(CH), 32.7(CH), 25.9(CH), 25.7(CH), 20.5 (CH)

IR (FTIR, cni') = 3356, 2941, 2851, 2209, 1700, 1576, 1270

HRMS (EI) nvz calculated for &H»403 (M+) = 300.1725, found: 300.1696

)
(e
HO A

3-((1R,4aS,8aR)-1-allyl-10-hydroxy-2,5,6,7,8,8a-bé&ydro-1H-4a,1-

(epoxymethano)naphthalen-3-yl)cyclopent-2-enone

A microwave tube was flame dried and freshly dedilPhCl (3 mL), BN (75puL, 0.48 mmol, 3
eg.) and 3-(((1R,2R)-2-(3-(allyloxy)prop-1-en-2-ihhydroxycyclohexyl)ethynyl)cyclopent-2-
enone (50 mg, 0.16 mmol) were added. The mixture degassed for 10 minutes before being
irradiated by microwaves (200°C, 300 W) for 2 houfke crude was concentrated and flash
chromatography (20-40% EtOAC in hexanes) was pewdrto give 3-((1R,4aS,8aR)-1-allyl-
10-hydroxy-2,5,6,7,8,8a-hexahydro-1H-4a,1-(epoxyraeb)naphthalen-3-yl)cyclopent-2-enone

(mixture of diastereomers) as a yellow solid (36 #®2§0).

'H NMR (CDCl, 400 MHZz)8om = Major 6.24 (s, 1H), 6.12 (s, 1H), 5.83-5.73 (m, 1H), 5.35

(2s, 1H), 5.18-5.07 (m, 2H), 3.35 (br s, 1H), 2884 (m, 3H) 2.48-2.19 (5H), 2.10-1.99 (m,
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1H), 1.91-1.10 (m, 9H)Minor 6.12 (s, 1H), 5.83-5.73 (m, 1H), 5.18-5.07 (m, 2HY7 (s, 1H),
3.54 (br s, 1H), 2.82-2.64 (m 3H), 2.48-2.19 (M),2410-1.99 (M, 1H), 1.91-1.10 (m, 9H)

¥C NMR (CDCk, 100 MHz) 3,om = Major 210.0 (C), 173.1 (C), 138.9 (CH), 134.4 (C),
134.3(CH), 128.3 (CH), 118.2 (GH 104.5 (CH), 78.4 (C), 49.1 (C), 48.7 (CH), 31@H,),
35.0 (CH), 34.8 (CH), 33.6 (CH), 27.3 (CH), 24.7 (CH), 23.4 (CH), 21.0 (CH) Minor
209.9 (C), 173.3 (C), 139.6 (CH), 134.8 (CH), 182)8 127.9 (CH), 118.3 (C} 103.9 (CH),
78.4 (C), 49.2 (C), 46.0 (CH), 39.0 (9H35.3 (CH), 35.0 (CH), 32.7 (CH), 27.3 (CH), 24.9
(CH,), 23.2 (CH), 21.1 (CH)

IR (FTIR, cm") = 3368, 2933, 2859, 1701, 1673, 1626, 1572, 12359

HRMS (EI) nvz calculated for &H2403 (M+) = 300.1725, found: 300.1733

(L T

HO A\

(1R,4aS,8aR)-1-allyl-3-(1-phenylvinyl)-2.5,6,7,8-:8axahydro-1H-4a,1-

(epoxymethano)naphthalen-10-ol
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Step 1:

O/\/

(1R,2R)-2-(3-(allyloxy)prop-1-en-2-yl)-1-(3-phenylb3-en-1-yn-1-yl)cyclohexanol

A 25 mL round-bottom flask was charged with PhiM@ (L) and E4N (0.51 mL, 3.63 mmol, 2

eq.) and the mixture was degassed for 15 minateésomostyrene (665 mg, 3.63 mmol, 2 eq.),
Cul (8.64 mg, 0.045 mmol, 0.025 eq.) and RB{FPR), (105 mg, 0.091 mmol, 0.05 eq.) were
added at 0°C. (1R,2R)-2-(3-(allyloxy)prop-1-en-2-$4ethynylcyclohexanol (400 mg, 1.816
mmol, 1 eq.) was added and the mixture was stiaed allowed to warm up to room
temperature over 8 hours. The mixture was quenulitbdsaturated N&Cl, The organic layers

were extracted with ED, washed with brine, dried over Mgs@nd concentrated. The crude

(468 mg, 80%) was subjected to the domino reaetitimout further purification.

Step 2:

A microwave tube was flame dried and freshly dedilPhCl (3 mL), BN (0.13 mL, 0.93

mmol, 3 eq.) and the crude above (100 mg, 0.31 mine&q.) were added. The mixture was
degassed with argon for ten minutes before benagimted by microwaves (200°C, 300 W) for 3
hours. The crude was concentrated and flash chogregihy (10% EtOAC in hexanes) was
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performed to give (1R,4aS,8aR)-1-allyl-3-(1-pheimy¥)-2,5,6,7,8,8a-hexahydro-1H-4a,1-

(epoxymethano)naphthalen-10-ol (mixture of diasisrers) as a yellow oil (51 mg, 51%).

'H NMR (CDCk, 400 MHZ)8ppm = 7.44-7.26 (m, 5 H), 5.9-5.75 (m, 1H), 5.6 (s)15137-5.23
(m, 2H), 5.21-5.07 (m, 3H), 5.09 (s, 1H), 2.7-2(66 2H), 2.53-2.23 (M, 4H), 1.79-1.7 (m, 3H),
1.69-1.64 (m, 2H), 1.5-1.45 (m, 2H)

13C NMR (CDCl, 100 MHZz)8ppm = 149.6 (C), 141.2 (C), 136.8 (CH), 136.4 (C), B2aCH),
128.9 (CH), 128.0 (CH), 127.6 (CH), 127.4 (CH), ®{CH), 118 (CH), 114.2 (CH), 105
(CH), 79.1 (C), 49.7 (C), 49.1 (CH), 37.6 (9H34.4 (CH), 24.9 (CH), 23.4 (CH), 21 (CH)

IR (FTIR, cni®) = 2924, 2363, 1697, 1445, 1267, 1088, 912, 798, 6

HRMS (EI) m/z calculated for @H»60, (M+) = 322.1933, found: 300.1941

2-(prop-1-en-2-yl)cycloheptanone

Described inOrg. Lett., 2006 8, 5905-5908.
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(1R)-1-((E)-hept-3-en-1-yn-1-yI)-2-(prop-1-en-2-ghcloheptanol

To a solution of (E)-1,1-dibromohepta-1,3-dien€ (§, 26.4 mmol) stirring in THF (100 mL) at
-78°C was added n-BuLi (32.6 mL, 55.4 mmol, 2.1 @espd HMPA (5.51 mL, 31.7 mmol, 1.2
eq.). The solution was stirred for 45 minutes altaythe formation of the alkynyl lithiunm
situ. To this was added a solution of 2-(prop-1-en)2ydloheptanone (1.21 g, 8 mmol, 1 eq.) in
THF (150 mL). This was stirred for 1 hour, warmedrbom temperature and quenched with
saturated N&Cl,q The mixture was extracted with EtOAc (3x) and tbhenbined organic layers
were dried over MgS©and concentrated. Flash chromatography with 10@AEtin hexanes
gave (1R)-1-((E)-hept-3-en-1-yn-1-yl)-2-(prop-1-2+)cycloheptanol (mixture of

diastereomers) as a colorless oil (1.7 g, 86 %).

'H NMR (CDCk, 400 MHZ)8ppm = 6.08 (dtJ=15.9, 7.1Hz, 1H), 5.46 (df=15.8, 1.6 Hz, 1H),
5.03 (t,J=1.5 Hz, 1H), 4.80 (t}=0.8 Hz, 1H), 2.44 (dJ=10.1Hz, 1H), 2.40 (s, 1H), 2.23-2.18
(m, 1H), 2.06 (qdJ=7.3, 1.6 Hz, 2H), 1.99 (ddi=1.3, 0.8 Hz, 3H), 1.91-1.72 (m, 5H), 1.55-
1.34 (m, 4H), 1.40 (qJ=7.4Hz, 2H), 0.90 (t}=7.4Hz, 3H);

%C NMR (CDCl, 100 MHZz)8pom = 150.1 (C), 144.5 (CH), 113.7 (GH109.4 (CH), 93.8 (C),
81.5 (C), 70.4 (C), 57.2 (CH), 42.1 (¢H35.2 (CH), 29.5 (CH), 29.4 (CH), 28.8 (CH), 25.6
(CHg), 22.1 (CH), 21.8 (CH), 13.8 (CH);

IR (FTIR, cmi') = 3389, 2935, 2847, 1063;

HRMS (EI) nvVz calculated for &H260 (M+) = 246.1984, found: 246.1972
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(1R,2R)-2-(3-(allyloxy)prop-1-en-2-y-1-((E)-he@-en-1-yn-1-yl)cycloheptanol

Stepl:

OH

(1R,2R)-1-((E)-hept-3-en-1-yn-1-yl)-2-(3-hydroxygsel -en-2-yl)cycloheptanol

A dry 150 mL round-bottom flask fitted with a magestirrer was charged with GBI, (75
mL) under argon, (1R)-1-((E)-hept-3-en-1-yn-1-yjitop-1-en-2-yl)cycloheptanol (1.62g, 6.58
mmol, 1 eq.), Se® (0.365 g, 3.29 mmol, 0.5 eq.) with stirring, folled by tert-butyl
hydroperoxide 30% solution (5.85 mL, 26.3 mmol, 4 eq.). The teacwas allowed to stir for
48 hours. The CHCl, was reduced to a minimum quantity. The residue dilased with EtOAc,
washed with water, brine, and dried over Mg®@d filtered. Silica was added prior to removal
of the volatiles. The dry powder was subjectedlash chromatography (0-30% EtOAc in 3
steps) to give the desired (1R,2R)-1-((E)-hept-3tem-1-yl)-2-(3-hydroxyprop-1-en-2-

yhcycloheptanol as yellow oil (0.5 g, 30%) and thelesired alcohol (0.26g, 15%).
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Step2:

A dry 25 mL round-bottom was charged with (1R,2R)H)-hept-3-en-1-yn-1-yl)-2-(3-
hydroxyprop-1-en-2-yl)cycloheptanol (486 mg, 1.8mah, 1 eq.) and THF (10mL). NaH 60%
(47 mg, 2.04 mmol, 1.1 eq.) and Nal (13.88 mg, 8.88nol, 0.05 eq.) was added to the solution
at 0°C and the whole was stirred for 30 minutesylAlromide (0.18 mL, 2.04 mmol, 1.1 eq.)
was added to solution and was left stirring overhighe solution was quenched with saturated
NH.Cl,q and extracted in EtOAc (3x). Combined organic peasere dried over MgS(iltered
and concentrated. Purification by flash chromatplgya (10% EtOAc in hexanes) yielded
(1R,2R)-2-(3-(allyloxy)prop-1-en-2-yl)-1-((E)-hepten-1-yn-1-yl)cycloheptanol as yellow oil

(403 mg, 72%) as yellow oil.

'H NMR (CDCl, 400 MHZz)8ppm = 6.04 (dt,J=15.9, 7.1Hz, 1H), 5.97-5.85 (m, 1H), 5.45 (dt,
J=15.9, 1.6 Hz, 1H), 5.29 (d§=17.2, 1.6 Hz, 1H), 5.21-5.17 (m, 2H), 5.11 §d1.9 Hz, 1H),
4.18 (dd,J=12.3, 1.0 Hz, 1H), 4.11 (ddi=12.6, 5.4, 1.4Hz, 1H), 3.96-3.90 (m, 3H), 2.50 (d,
J=10.3Hz, 1H), 2.13-1.91 (m, 5H), 1.85-1.75 (m, 2H)74-1.65 (m, 1H), 1.53-1.35 (m, 4H),
1.39 (q,J=7.4Hz, 2H), 0.89 (t)=7.4Hz, 3H);

%C NMR (CDCh, 100 MHz)8,,m = 147.9 (C), 144.2 (CH), 134.4 (CH), 117.9 ({H117.6
(CHy), 109.6 (CH), 93.7 (C), 82.1 (C), 72.6 (§H70.8 (CH), 70.7 (C), 55.7 (CH), 42.5 (GH
35.2 (CH), 28.6 (CH), 28.3 (CH), 27.7 (CH), 22.1 (CH), 21.3 (CH), 13.8 (CH);

IR (FTIR, cmi®) = 3384, 2931, 2850, 1057;

HRMS (EI) nvz calculated for gyH300, (M+) = 302.2246, found: 302.2238
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oM,
AT

1-((2-bromoallyl)oxy)-4-fluorobenzene

A dry 100 mL round-bottom flask was charged witlfiubrophenol (1.62 g, 14.41 mmol, 1.2
eq.), KI (0.4 g, 2.4 mmol, 0.2 eq.) and EtOH (30mLhen 2,3-dibromoprop-1-ene (1.5 mL, 12
mmol, 1 eq.) and DBU (3.59 mL, 24.02 mmol, 2 ecgsvadded dropwise to the solution at room
temperature and the whole was stirred for 18 hothe.reaction was quenched with MH and
extracted in EtOAc (3x). Combined organic phasesewdried over MgSQ) filtered and
concentrated. Purification by flash chromatogragf9 EtOAc in hexanes) yielded 1-((2-
bromoallyl)oxy)-4-fluorobenzene as a colorlesgdiB6g, 85%).

'"H NMR (CDCk, 300 MHz)8ypm = 7.03-6.95 (m, 2H), 6.91-6.84 (m, 2H), 5.99 (it 2.1, 1.7
Hz, 1H), 5.69 (dtJ = 2.2, 1.3Hz, 1H), 4.61 (dd,= 1.5, 1.4Hz, 2H)

*C NMR (CDCk, 75 MHz)8ppm = 159.4 (C), 156.2 (C), 154.0 (& 2.0 Hz, C), 118.0 (C),
116.3 (CH), 116.2 (2 CH), 115.9 (CH), 72.5 (§H

IR (FTIR, cmi') = 1506, 1202, 1040, 897, 824, 773, 727

HRMS (EI) nvz calculated for gHgBrFO (M+) = 229.9743, found: 229.9783
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(1S,2S)-2-(3-(allyloxy)prop-1-en-2-yl)-1-(3-((4-ftmophenoxy)methybut-3-en-1-yn-1-

vDcyclohexanol

A 25 mL round-bottom flask was charged with PhiM@ (L) and E4N (0.51 mL, 3.63 mmol, 2
eg.) and the mixture was degassed for 15 minut¢&-tiromoallyl)oxy)-4-fluorobenzene (671
mg, 2.91 mmol, 1.6 eq.), Cul (8.64 mg, 0.045 mMd25 eq) and PdgPPh), (105 mg, 0.091
mmol, 0.05 eq) were added at 0°C. (1R,2R)-2-(34@lly)prop-1-en-2-yl)-1-
ethynylcyclohexanol (400 mg, 1.82 mmol, 1 eq.) vadsled and the mixture was stirred and
allowed to warm up to room temperature over 8 holing mixture was quenched with saturated
NH4Claq The organic layers were extracted with@twashed with brine, dried over Mgsend
concentrated. The crude was subjected to flash@agraphy (10% EtOAc in hexanes) to give
(1S,2S)-2-(3-(allyloxy)prop-1-en-2-yl)-1-(3-((4-twophenoxy)methyl)but-3-en-1-yn-1-

yhcyclohexanol as a yellow oil (538 mg, 80%).
'H NMR (CDClk, 300 MHz)8ppm = 6.98-6.93 (m, 2H), 6.86-6.81 (m, 2H), 5.90 (h),15.51

(dg, J= 1.5Hz, 15.1Hz, 2H), 5.30 (dd=1.5Hz, 15.1Hz, 1H), 5.20 (dd=1.5Hz, 15.1Hz, 1H),

5.17 (s, 2H), 4.58 (br s, 1H), 4.44 J& 1.5Hz, 2H), 4.17 (d)=12.0Hz, 1H), 4.14 (ddt}=1.5
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Hz, 5.9Hz, 12.5Hz, 1H), 3.91 (dd1.5H, 5.9Hz, 12.5Hz, 1H), 3.83 (& 11.8Hz, 1H), 2.43,
(dd,J=3.3Hz, 12.9Hz, 1H), 2.15 (dd=1.9Hz, 12.2Hz, 1H), 1.92-1.23 (m, 7H).

¥C NMR (CDCk, 75 MHz) 8ppm = 157.3 (d,J= 241Hz, C), 154.3 (C), 145.0 (C), 144.9 (C),
133.7 (CH), 126.7 (C), 121.4 (GH 119.7 (CH), 115.9 (d,J= 1.7Hz, 2 CH), 115.6 (dJ)=
17.1Hz, 2 CH), 95.8 (C), 81.0 (C), 71.5 (§H70.3 (CH), 70.2 (CH), 67.8 (C), 53.2 (CH), 39.4
(CHy), 25.9 (CH), 25.8 (CH), 20.5 (CH)

IR (FTIR, cm?) = 2941, 2365, 1502, 1202, 1043, 976, 912, 824,729

HRMS (EI) nvz calculated for gzH,7FO; (M+) = 370.1944, found: 370.1930

(1R,4aS,8aR)-1-allyl-3-(5-fluoro-2-methyl-2,3-dihgabenzofuran-2-yl)-4a-hydroxy-

1,2,4a,5,6,7,8,8a-octahydronaphthalene-1-carbaldgdy

A microwave tube was flame dried and freshly dedilPhCl (3 mL), BN (0.13 mL, 0.81
mmol, 3 eq.) and (1S,2S)-2-(3-(allyloxy)prop-1-ewyR1-(3-((4-fluorophenoxy)methyl)but-3-
en-1-yn-1-yl)cyclohexanol (100 mg, 0.27 mmol, 1)egere added. The mixture was degassed
with argon for ten minutes before being irradiabgdmicrowaves (200°C, 300 W) for 2 hours.
The crude was concentrated and flash chromatogréf}®s EtOAC in hexanes and then 100%

CHCl;) was performed to give (1R,4aS,8aR)-1-allyl-34(fo-2-methyl-2,3-
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dihydrobenzofuran-2-yl)-4a-hydroxy-1,2,4a,5,6, 788 tahydronaphthalene-1-carbaldehyde as

a yellow oil (37 mg, 37%).

'H NMR (CDCk, 300 MHZ)8ppm = 9.59 (s, 1H), 7.03-6.62 (m, 3H), 6.17 (s, 1HR&5.56 (m,
1H), 5.20-4.91 (m, 2H), 3.12 (9=15.9 Hz, 1H), 2.89 (dJ=16.2Hz, 1H), 2.61-2.49 (m, 1H),
2.48-1.98 (M, 9 H), 1.97-1.69 (m, 4H), 1.51 (s, 3H)

13C NMR (CDCk, 75 MHz)8ppm = 206.5 (CH), 157.5 (dl=233.3Hz, C-F), 155 (C), 137.2 (C),
134.7 (C), 132.7 (CH), 129.1 (CH), 124.7 (CH), ¥16CH,), 114.4 (CH), 112.4 (CH), 109.6
(CH), 90.3 (C), 77.3 (C), 50.8 (C), 41.7 (§H40.1 (CH), 37.1 (Cb), 31.8 (CH), 26 (CHp),
25.8 (CH), 23.4 (CH), 22.7 (CH)

IR (FTIR, cni®) = 2924, 2363, 1717, 1479, 1437, 1223, 912, 786, 7

HRMS (EI) nvVz calculated for ggH,7;FO; (M+) = 370.1944, found: 370.1945

Brjk/O O?

1-((2-bromoallyl)oxy)naphthalene

A dry 100 mL round-bottom flask was charged witke tilaphthalen-1-ol (2.08 g, 14.41 mmol,
1.2 eq.), KI (0.4 g, 2.4 mmol, 0.2 eq.) and EtOEN®). Then 2,3-dibromoprop-1-ene (1.5 mL,
12 mmol, 1 eqg.) and DBU (3.59 mL, 24.02 mmol, 2) &ps added dropwise to the solution at
room temperature and the whole was stirred for @8r$r The reaction was quenched with

NH4CI and extracted in EtOAc (3x). Combined orggrti@ases were dried over Mggdiltered
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and concentrated. Punfication by flash chromatdgyrgp% EtOAc in hexanes) yielded 1-((2-

bromoallyl)oxy)naphthalene as a colorless oil (8,88L%).

'H NMR (CDCl, 400 MHZ)8ppm = 8.38-8.35 (m, 1H), 7.87-7.83 (m, 1H), 7.54 §d,9.6 Hz,
1H), 7.54 (dd,)= 3.0, 1.2Hz, 1H), 7.51 (d= 8.4Hz, 1H), 7.39 (dd}= 8.1, 7.7 Hz, 1H), 6.82 (d,
J= 7.6 Hz, 1H), 6.14 (dt)= 1.7, 1.4Hz, 1H), 5.77 (dti= 1.7, 1.2Hz, 1H), 4.85 (ddi= 1.4,
1.2Hz, 2H)

3C NMR (CDCh, 100 MHZ)8pom = 153.5 (C), 134.7 (C), 127.6 (CH), 127.1 (C), T26CH),
125.8 (CH), 125.7 (C), 125.6 (CH), 122.1 (CH), B{CH), 117.9 (Ck), 105.6 (CH), 71.9
(CHy).

IR (FTIR, cmi®) = 1595, 1580, 1506, 1396, 1267, 1230, 1067, 1893, 768

HRMS (EI) m/z calculated for €H11:BrO (M+) = 261.9993, found: 261.9977

=
“, (
O/\/

(1S,25)-2-(3-(allyloxy)prop-1-en-2-yl)-1-(3-((nagtdlen-1-yloxy)methylbut-3-en-1-yn-1-

vDcyclohexanol

A 25 mL round-bottom flask was charged with Tolu¢b@ mL) and BN (0.51 mL, 3.63 mmol,
2 eq.) and the mixture was degassed for 15 mintt§R-bromoallyl)oxy)naphthalene (764 mg,

2.91 mmol, 1.6 eq.), Cul (8.64 mg, 0.045 mmol, 6.@2) and PdG(PPh), (105 mg, 0.091
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mmol, 0.05 eq) were added at O0°C. (1R,2R)-2-(3A@tly)prop-1-en-2-yl)-1-
ethynylcyclohexanol (400 mg, 1.82 mmol, 1 eq.) vadsled and the mixture was stirred and
allowed to warm up to room temperature over 8 holing mixture was quenched with saturated
NH4Claq The organic layers were extracted with@twashed with brine, dried over Mgsend
concentrated. The crude was subjected to flash@agraphy (10% EtOAc in hexanes) to give
(1S,2S)-2-(3-(allyloxy)prop-1-en-2-yl)-1-(3-((naplaien-1-yloxy)methyl)but-3-en-1-yn-1-

yhcyclohexanol as a yellow oil (629 mg, 86%).

'H NMR (CDClk, 300 MHz)8ppm = 8.38-8.35 (m, 1H), 7.85-7.82 (m, 1H), 7.55-7(86 4H),
6.81 (d,J = 7.6 Hz, 1H), 5.92 (m, 1H), 5.73 (d,= 1.5Hz, 1H), 5.59 (gJ = 1.5Hz, 1H), 5.30
(dg, J=1.5Hz, 17.3Hz, 1H), 5.22 (dd,= 1.5Hz, 17.5 Hz, 1H), 5.18 (m, 2H), 4.70 (m, 2452
(br s, 1H), 4.20 (dJ = 11.6 Hz, 1H), 4.17 (ddt] = 12.7, 5.2, 1.2 Hz, 1H), 3.92 (ddk= 12.5,
5.9, 1.2 Hz, 1H), 4.17 (dl = 11.8 Hz, 1H), 2.46 (dd] = 12.9, 3.4 Hz 1H), 2.21 (dd, 11.7, 1.9
Hz, 1H), 1.95-1.20 (m, 7H)

13C NMR (CDCh, 75 MHz)8ppm = 153.8 (C), 144.9 (2C), 134.4 (C), 133.7 (CH)7 #2(CH),
126.8 (C), 126.3 (CH), 125.7 (CH), 125.2 (CH), T2ECH), 121.3 (Cl), 120.6 (CH), 119.7
(CHy), 117.7 (CH), 105.2 (CH), 95.7 (C), 81.2 (C), 71.5 (§H70.3 (CH), 69.6 (CH), 67.9
(C), 53.2 (CH), 39.4 (Ch), 25.8 (CH), 25.7 (CH), 20.5 (CH)

IR (FTIR, cni®) = 2941, 2860, 2345, 1398, 1267, 1234, 1148, 10067, 916, 764

HRMS (EI) nvz calculated for gH30,03 (M+) = 402.2195, found: 402.2199
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(1R,4aS,8aR)-1-allyl-4a-hydroxy-3-(2-methyl-2,3-giironaphtho[1,2-blfuran-2-yl)-

1,2,4a,5,6,7,8,8a-octahydronaphthalene-1-carbaldgdy

A microwave tube was flame dried and freshly dedilPhCl (3 mL), BN (0.13 mL, 0.75
mmol, 3 eq.) and (1S,2S)-2-(3-(allyloxy)prop-1-emR1-(3-((naphthalen-1-yloxy)methyl)but-
3-en-1-yn-1-yl)cyclohexanol (100 mg, 0.25 mmol,dl)evere added. The mixture was degassed
with argon for ten minutes before being irradiatgdmicrowaves (200°C, 300 W) for 2 hours.
The crude was concentrated and flash chromatogréf}®s EtOAC in hexanes and then 100%
CH)CIl,) was performed to give (1R,4aS,8aR)-1-allyl-4a+byg-3-(2-methyl-2,3-
dihydronaphtho([1,2-b]furan-2-yl)-1,2,4a,5,6,7,8@dahydronaphthalene-1-carbaldehyde as a

yellow oil (46 mg, 46%).

'H NMR (CDCl, 400 MHZ)3pm = 9.63 (s, 1H), 8.03-7.96 (m, 1H), 7.83-7.77 (i) 17.45-7.4
(m, 2H), 7.39-7.34 (m, 1H), 7.32-7.26 (m, 1H), 6(89 1H), 5.74-5.64 (m, 1H), 5.18-4.95 (m,
2H), 3.47 (dJ=15.7 Hz, 1H), 3.15 (dJ]=15.5 Hz, 1H), 2.65-2.5 (m, 1H), 2.5-2.4 (m, 1H¥-2.
2.3 (m, 2H), 2.3-2.1 (m, 3H), 2.1-1.73 (m, 4H),8.(8, 3H)

13C NMR (CDCl, 100 MHZz)8pm = 206.6 (CH), 154.3 (C), 137.7 (C), 134.7 (C), 13(C),
132.6 (CH), 128.9 (CH), 128 (CH), 125.6 (CH), 12¢081), 123.2 (CH), 121.7 (CH), 121.8 (C),
121 (C), 120 (CH), 119.3 (G# 90.4 (C), 77.4 (C), 51.9 (C), 42.5 (9H40.1 (CH), 37 (Ch),

31.8 (CH), 26.3 (CH), 25.8 (CH), 23.6 (CH), 22.7 (CH)
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IR (FTIR, cm) = 2935, 2357, 1717, 1393, 1377, 1290, 1055, 392, 733, 702

HRMS (EI) nvz calculated for gH3,03 (M+) = 402.2195, found: 384.2108 (M -El)

(1R,2R)-2-(3-(allyloxy)prop-1-en-2-y)-1-(cyclopehten-1-ylethynyl)cyclohexanol

A 10 mL round-bottom flask was charged with THF{B) and EtNH (0.47 mL, 4.56 mmol, 5
eg.) and the mixture was degassed for 15 minutesyclo@ent-1-en-1-yl
trifluoromethanesulfonate (295 mg, 1.37 mmol, 195,eCul (17mg, 0.091 mmol, 0.01 eq.) and
PdCL(PPh), (32 mg, 0.046 mmol, 0.05 eq.) were added at roemperature. (1R,2R)-2-(3-
(allyloxy)prop-1-en-2-yl)-1-ethynylcyclohexanol (@0mg, 0.912 mmol) was added and the
mixture was stirred overnight. The mixture was auned with saturated Nl The organic
layers were extracted with £, washed with brine, dried over Mg$@nd concentrated. The
crude was subjected to flash chromatography (5% Ebh hexanes) to give (1R,2R)-2-(3-
(allyloxy)prop-1-en-2-yl)-1-(cyclopent-1-en-1-ylgthyl)cyclohexanol as a yellow oil (150 mg,

57%).

'H NMR (CDCk, 400 MHZ)8ppm = 5.96-5.88 (m, 1H), 5.94 (s, 1H), 5.32-5.26 (dig, 17.21.6
Hz, 1H), 5.21-5.17 (dq) = 14.4, 1.6 Hz, 1H) 5.18 (s, 2H), 4.21-4.17 (dd;12.1Hz, 0.8Hz,
1H), 4.17-4.12 (ddt) = 12.5, 5.3,1.5 Hz, 1H) 3.94-3.88 (ddt= 12.5,5.3, 1.5 Hz, 1H), 3.89-

3.86 (d,J = 12.1 Hz, 1H) 2.42-2.36 (m, 5H), 2.16-2.11 (m, 1HRO- 1.23 (M, 9H)
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13C NMR (CDCh, 100 MHZ)3ppm = 145.7 (C), 137.2 (CH), 134.2 (CH), 124.5 (C)9DL(CH),
117.8 (CH), 95.5 (C), 81.0 (C), 72.1 (GM 70.5 (CH), 68.3 (C), 53.0 (CH), 39.7 (GM 36.6
(CH,), 33.3 (CH), 26.2 (CH), 26.0 (CH), 23.4 (CH), 20.8 (CH)

IR (FTIR, cni) = 3390, 3078, 2930, 2853, 1639, 1441

HRMS (EI) nvz calculated for &H»60, (M+) = 286.1933, found: 286.1927

(1R,2R)-2-(3-(allyloxy)prop-1-en-2-yl)-1-(3-methylb3-en-1-yn-1-yl)cyclohexanol

A 25 mL round-bottom flask was charged with THFnfk) and EtN (0.95 mL, 6.84 mmol, 5
eg.) and the mixture was degassed for 15 minuteprdpenyl bromide (0.365 mL, 4.1 mmol, 3
eq.), Cul (26 mg, 0.14 mmol, 0.01 eq.) and PdCIR@P (48 mg, 0.068 mmol, 0.05) were
added at 0°C. (1R,2R)-2-(3-(allyloxy)prop-1-en-2-Y#ethynylcyclohexanol (300 mg, 1.37
mmol) was added and the mixture was stirred ammvalll to warm up to room temperature over
4 hours. The mixture was quenched with saturated®lfd The organic layers were extracted
with Et,O, washed with brine, dried over MgSO4 and conegedr. The crude was subjected to
flash chromatography (10% Et20 in hexanes) to ¢l 2R)-2-(3-(allyloxy)prop-1-en-2-yl)-1-
(3-methylbut-3-en-1-yn-1-yl)cyclohexanol as a yelloil (223 mg, 62%).

'H NMR (CDCl, 400 MHz)8,pm = 5.90 (m, 1H), 5.28 (m, 2H), 5.18 (m, 2H), 5.562H), 4.32

(d,J = 2 Hz, 1H), 4.18 (dd}=12, 1 Hz, 1H), 4.14 (ddf=12Hz, 6Hz, 1.4Hz, 1H), 3.90 (ddk
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12Hz, 6 Hz, 1.4Hz, 1H), 3.84 (d=12Hz, 1H), 2.39 (ddJ= 13Hz, 3.3Hz, 1H), 2.12 (m, 1H),
1.84 (s, 3H), 1.90-1.23 (m, 8H)

¥C NMR (CDCk, 100 MHZz)8ppm = 145.5 (C), 134.1 (CH), 126.8 (C), 121.3 (CH2)9B
(CH2), 117.8 (CH2), 93.4 (C), 84.9 (C), 72.0 (CHZ).5 (CH2), 67.9 (C), 53.2 (CH), 39.7
(CH2), 26.1 (CH2), 26.0 (CH2), 23.7 (CH3), 20.8 (@H

IR (FTIR, cm?) = 3379, 3078, 2936, 2860

LRMS (EI) nvz calculated for &H240, (M+) = 260.18, found 260.16
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Domino Pericyclic Oxy-Cope/Ene/Claisen/Diels-AldeProducts

(3aR,7R,7aR,11aR,11bR,11cS)-7-allyl-11a-hydroxy-di@xo-2-phenyl-

2,3,3a,4,6,7,7a2,8,9,10,11,11a,11b,11c-tetradecatmtdt-naphtho[1,2-elisoindole-7-

carbaldehyde

A microwave tube was flame dried and freshly dedilPhCl (3 mL), BN (0.17 mL, 1.22
mmol, 3 eq.), N-Phenylmaleimide (141 mg, 0.81 mraogg.) and (1R,2R)-2-(3-(allyloxy)prop-
1-en-2-yl)-1-(but-3-en-1-yn-1-yl)cyclohexanol (1@0g, 0.41 mmol) were added. The mixture
was degassed with argon for ten minutes beforeghigiadiated by microwaves (200°C, 300 W)
for 2Hours. The crude was concentrated and flasbncatography (10% EtOAC in hexanes and
then 100% CHLCI,) was performed to give (3aR,7R,7aR,11aR,11bR,1Te8lyl-11a-hydroxy-
1,3-dioxo-2-phenyl-2,3,3a,4,6,7,7a,8,9,10,11,11a llc-tetradecahydro-1H-naphtho[1,2-

elisoindole-7-carbaldehyde as a yellow oil (107 B8&£0).

'H NMR (CDCl, 300 MHZ)8ppm = 9.89 (s, 1H), 7.53-7.32 (m, 5H), 5.84-5.71 (iH),25.22-
5.03 (m, 2H), 3.21-3.13 (m, 1H), 2.83-2.69 (m, 2R)55-2.43 (M, 2H), 2.11-1.66 (m, 10H),

1.44-1.34 (m, 1H)
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3C NMR (CDCh, 125 MHz)8,pm = 208 (CH), 178.2 (C), 175.4 (C), 136.3 (C), 13&8),
131.9 (C), 129.3 (CH), 128.8 (CH), 128.8 (CH), B26CH), 119.6 (Ch), 52.4 (C), 46.2 (CH),
39 (CH), 37.6 (CH), 37.2 (CHi 33.6 (CH), 28.1 (CH), 25.4 (CH), 24.5 (CH) 24.3 (CH),
22.1 (CH)

IR (FTIR, cni') = 2929, 2856, 1714, 1498, 1379, 1179

HRMS (EI) m/z calculated for gH7NO, [(M - CH,0,)*] = 373.2097, found 373.2082

[
o)

(3aR,7R,7aR,11aR,11bR,11cS)-7-allyl-11a-hydroxy-6thyl-1,3-dioxo-2-phenyl-

2.3,3a,4,6,7,7a,8,9,10,11.11a,11b,11c-tetradecatwidi-naphtho|1,2-elisoindole-7-

carbaldehyde

A microwave tube was flame dried and freshly dedilPhCl (3 mL), BN (21puL, 0.15 mmol, 1
ed.), N-Phenylmaleimide (133mg, 0.77 mmol, 5 eqd &R,2R)-2-(3-(allyloxy)prop-1-en-2-
yl)-1-(3-methylbut-3-en-1-yn-1-yl)cyclohexanol (48g, 0.15 mmol) were added. The mixture
was degassed with argon for ten minutes beforegtimiadiated by microwaves (200°C, 300 W)
for 2 hours. The crude was concentrated and flasbntatography (10% EtOAC in hexanes and

then 100% CHLCl,) was performed to give (3aR,7R,7aR,11aR,11bR,1Te8lyl-11a-hydroxy-
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5-methyl-1,3-dioxo-2-phenyl-2,3,3a,4,6,7,7a,8,91101 1a,11b,11c-tetradecahydro-1H-

naphtho[1,2-e]isoindole-7-carbaldehyde as a yebd 24 mg, 36%).

'H NMR (C¢De, 400 MHZ)8ppm = 9.34 (s, 1H), 7.33-7.31 (m, 2H), 7.04-7.00 (1), 26.91-6.87
(m, 1H), 5.52-5.43 (m, 1H), 4.87-4.79 (m, 2H), 3335 (d,J=8.4Hz, 1H)

13C NMR (C¢De, 100 MHZ)3pom = 204.6 (C), 177.4 (C), 174.9 (C), 139.3 (C), 53EH), 128.8
(C), 128.7 (2 CH), 127.8 (CH), 126.2 (2 CH), 1263), 123.1 (C), 118.7 (C§), 118.4 (C), 50.9
(C), 45.2 (CH), 41.3 (CH), 39.1 (CH), 37.7 (§H32.7 (CH), 30.4 (CH), 30.0 (CH), 29.0
(CHy), 28.0 (CH), 26.5 (CH), 19.7 (CH)

IR (FTIR, cni®) = 2929, 2853, 1713, 1501, 1381, 1179

HRMS (EI) m/z calculated for gH,oNO3 [(M - H,0)] = 415.2253, found: 415.2109

(6R,6aR,10aR,10bR,10cS,13aR,13bS)-6-allyl-15-hygrdf-phenyl-

3,4,6,6a,7,8,9,10,10c,12,13a,13b-dodecahydro-10sp6xymethano)benzolelnaphtho[2,1-

glisoindole-1,11,13(2H,5H,10bH)-trione

A microwave tube was flame dried and freshly dedilPhCl (3 mL), BN (0.13 mL, 0.93
mmol, 3 eq.), N-Phenylmaleimide (110 mg, 0.64 mm2l,eq.) and 3-(((1R,2R)-2-(3-
(allyloxy)prop-1-en-2-yl)-1-hydroxycyclohexyl)ethyhcyclohex-2-enone (100 mg, 0.32 mmol,
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1 eq.) were added. The mixture was degassed fomtemites before being irradiated by
microwaves (200°C, 300 W) for 3 hours. The cruds w@ncentrated and flash chromatography
(10-30% EtOAC in hexanes) was performed to give,§éR,10aR,10bR,10cS,13aR,13bS)-6-
allyl-15-hydroxy-12-phenyl-3,4,6,6a,7,8,9,10,10¢113a,13b-dodecahydro-10a,6-
(epoxymethano)benzo[e]naphtho[2,1-g]isoindole-1L2RH,5H,10bH)-trione  (mixture  of

diastereomers) as a yellow oil (102 mg, 66%).

Major diastereomer:

'H NMR (CDCl, 300 MHZz)8pm = 7.52-7.19 (m, 5H), 5.83-5.44 (m, 1H), 5.18-4(88 2H),
4.68-4.52 (m, 1H), 3.90-3.11 (m, 3H), 2.79-2.25 @i), 2.06-1.38 (M, 12H)

13C NMR (CDCh, 100 MHZ)35pm= 196.6 (C), 177.7 (C), 175.6 (C), 134.5 (CH), 183, 129.3
(CH), 129.2 (CH), 129.1 (CH), 128.9 (CH), 128.8 (CHZ26.5 (CH), 126.4 (CH), 118.5 (GH
101.3 (CH), 87.3 (C), 53.9 (C), 51(C), 48.6 (CH,(CH), 43.6 (CH), 40.6 (CH), 38.6 (CH),
37.5 (CH), 35.3 (CH), 31.1 (CH), 29.4 (CH), 23.2 (CH), 22 (CH;), 21.7 (CH)

LRMS (El) m/z calculated for gHzsNOs [(M+H) "] = 488.2359, found: 488.5
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(5R,5aR,9aR,9bR,9cS,12aR,12bS)-5-allyl-14-hydrogyphenyl-

2.3,5,5a,6,7,8,9,9¢,11,12a,12b-dodecahydro-1H-9a,5-

(epoxymethano)cyclopentale]naphthol[2,1-glisoinddlgt0,12(4H,9bH)-trione

A microwave tube was flame dried and freshly desdilPhCI (3 mL), BN (0.13 mL, 0.93
mmol, 3 eq.), N-Phenylmaleimide (115 mg, 0.67 mmdl,eq.) and 3-(((1R,2R)-2-(3-
(allyloxy)prop-1-en-2-yl)-1-hydroxycyclohexyl)ethyhcyclopent-2-enone (100 mg, 0.33 mmol,
1 eq.) were added. The mixture was degassed fomtemites before being irradiated by
microwaves (200°C, 300 W) for 3 hours. The cruds w@ncentrated and flash chromatography
(10-30% EtOAC in hexanes) was performed to give,%8R,9aR,9bR,9cS,12aR,12bS)-5-allyl-
14-hydroxy-11-phenyl-2,3,5,5a,6,7,8,9,9¢,11,12ad@tbecahydro-1H-9a,5-
(epoxymethano)cyclopentale]naphtho[2,1-g]isoindbtEd,12(4H,9bH)-trione  (mixture  of

diastereomers) as a yellow oil (96 mg, 61%).
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Major diastereomer:

'H NMR (CDCk, 300 MHZ)8ppm = 7.49-7.34 (m, 3H), 7.23-7.16 (m, 2H), 5.82-5(&7, 1H),
5.49 (s, 1H), 5.11-4.99 (m, 2H), 4.03-3.95 (m, 1B{Y7 (s, 1H), 3.64-3.55 (m, 1H), 3.28 (qd,
J=7.2, 5.7 Hz, 1H), 2.53-2.45 (m, 3H), 2.36-2.19 @H), 2.14-2.02 (m, 1H), 1.96-1.84 (m, 1H),
1.34-1.16 (m, 10 H)

13C NMR (CDCh, 125 MHZ)8pm = 205.4 (C), 178.7 (C), 176.1 (C), 134.8 (CH), 18, 129.3
(CH), 129.2 (CH), 129.1 (CH), 128.9 (CH), 128.8 (CH26.7 (CH), 126.5 (CH), 118.2 (CH2),
101.6 (CH), 87.1 (C), 53.9 (C), 51(C), 48.1 (CH§,2(CH), 44.7 (CH), 41.3 (CH), 38.9 (CH),
36.6 (CH), 35.3 (CH), 31.8 (CH), 28.5 (CH), 24.3 (CH), 23.7 (CH) 21.7 (CH)

IR (FTIR, cni®) = 2357, 2336, 1707, 1499, 1379, 1182, 993, 789, 6

HRMS (EI) nvz calculated for ggH3,NOs [(M+H)™] = 474.2202, found: 474.2272
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(5R,5aR,9aR,9bR,9cS,12aR,12bS)-5-allyl-14-hydrogyphenyl-

2.3,5,5a,6,7,8,9,9¢,11,12a,12b-dodecahydro-1H-9a,5-

(epoxymethano)cyclopentale]lnaphtho[2,1-glisoinddl®:12(4H,9bH)-dione

A microwave tube was flame dried and freshly dedilPhCI (3 mL), BN (0.2 mL, 1.38 mmol,

2 eq.), N-Phenylmaleimide (239 mg, 1.38 mmol, 3 aqd (1R,2R)-2-(3-(allyloxy)prop-1-en-2-
yl)-1-(cyclopent-1-en-1-ylethynyl)cyclohexanol (198g, 0.69 mmol, 1 eq.) were added. The
mixture was degassed for ten minutes before beiadiated by microwaves (200°C, 300 W) for
3 hours. The crude was concentrated and flash @tography (10% EtOAC in hexanes) was
performed to give (5R,5aR,9aR,9bR,9cS,12aR,12b8lyb14-hydroxy-11-phenyl-
2,3,5,5a,6,7,8,9,9¢,11,12a,12b-dodecahydro-1H-@gpbéxymethano)cyclopentaje]naphtho[2,1-

glisoindole-10,12(4H,9bH)-dione as a yellow oil 82hg, 67%).

'H NMR (CDCl, 500 MHZ)8ppm = 9.56 (s, 1H), 7.51-7.24 (m, 5H), 5.85-5.62 (i) 15.2-4.96
(m, 2H), 3.59-3.45 (m, 1H), 3.42-3.26 (m, 1H) 3306 (m, 1H), 2.86-2.68 (M, 1H), 2.66-2.56
(m, 2H), 2.47-0.93 (m, 18H)

13C NMR (CDCh, 125 MHZz)8pm = 207.1 (C), 177 (C), 176.3 (C), 138.4 (C), 13E&#), 132.1

(CH), 129.3 (CH), 129.1 (CH), 128.6 (CH), 126.6 (CH26.5 (CH), 119.1 (C#), 101.6 (CH),
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77 (C), 51 (C), 44.7 (CH), 44 (CH), 43.3 (CH), 42GH), 39.4 (CH), 37.2 (CH), 33.8 (CH),
31.6 (CH), 29.7 (CH), 29.3 (CH), 28.9 (CH) 26.7 (CH), 26.6 (CH), 25.6 (CH)
IR (FTIR, cmi) = 3477, 2930, 2857, 1767, 1715, 1500, 1383, 1092

LRMS (EI) nvz calculated for @H33NO,4 (M+) = 459.24, found: 459.21

(3aR,4R,7R,7aR,12aR,12bR,12cS)-7-allyl-14-hydroxgk&nyl-4-propyl-

3a,4,6,7,7a,8,9,10,11,12.12b.12c-dodecahydro-1H-1-2a

(epoxymethano)cycloheptal5,6]benzol1,2-elisoind|8¢{2H)-dione

A microwave tube was flame dried and freshly detilPhCI (3 mL), EfN (0.14 mL, 1 mmol, 3
eg.), N-Phenylmaleimide (115 mg, 0.67 mmol, 2 end (1R,2R)-2-(3-(allyloxy)prop-1-en-2-
yh)-1-((E)-hept-3-en-1-yn-1-yl)cycloheptanol (100gm0.33 mmol, 1 eq.) were added. The
mixture was degassed for ten minutes before beiadiated by microwaves (200°C, 300 W) for
3 hours. The crude was concentrated and flash atography (10% EtOAC in hexanes) was
performed to give (3aR,4R,7R,7aR,12aR,12bR,12c8)y14-hydroxy-2-phenyl-4-propyl-
3a,4,6,7,7a,8,9,10,11,12,12b,12c-dodecahydro-1KFi2a
(epoxymethano)cycloheptal5,6]benzo[1,2-elisoindp&2H)-dione (mixture of diastereomers)

as yellow oil (83 mg, 53%).
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'H NMR (CsDs, 300 MHZz)8ppm = 7.47-7.41 (m, 2H), 7.15-6.94 (m, 3H), 5.84 (deit17.2, 10.5,
5.2Hz, 1H), 5.76 (dJ=5.3Hz, 1H), 5.29-5.2 (m, 1H), 5.09-4.98 (m, 2H)93(d, J=11.2Hz,
1H), 3.87-3.79 (m, 1H), 3.78-3.70 (m, 3H), 3.3Jd12.6 Hz, 1H), 2.64-2.56 (m, 1H), 2.56-2.48
(m, 2H), 2.42 (dJ=12.6 Hz, 1H), 2.27 (ddl=8.9, 1.7 Hz, 1H), 2.19-2.09 (m, 1H), 1.99-1.79 (m,
4H), 1.79-1.69 (m, 1H), 1.66-1.42 (m, 5 H), 1.1041(m, 1H), 0.98 (t}=7.2Hz, 1H), 0.96-0.92
(m, 1H)

¥*C NMR (CsDg, 100 MHZ) 8ppm = 207.9 (C), 178.5 (C), 177.2 (C), 136.1 (CH), B3E&CH),
132.3 (CH), 130.3 (CH), 129.4 (CH), 128.7 (CH), B26CH), 126.7 (CH), 116.4 (G 108.2
(CH), 71.2 (C), 53.9 (C), 51(C), 48.1 (CH), 46.6Hg}, 43.6 (CH), 42.6 (CH), 40.6 (G} 40.2
(CH), 37.1 (CH), 29.2 (Ch), 26.2 (CH), 24.4 (CH), 24.2 (CH) 21.3 (CH)

IR (FTIR, cmi') = 2952, 2857, 1713, 1504, 1382, 1177, 1070, 948, 687.

HRMS (EI) nvz calculated for ggH3;NO, (M+) = 475.2723, found: 475.2726
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(3aR,4R,7R,7aR,11aR,11bR,11cS)-7-allyl-2-benzykdppl-3a,4,7,72,8,9,10,11,11b,11c-

decahydro-11a,7-(epoxymethano)naphtho[1,2-elisoiledh,3,13(2H,6H)-trione

Step 1:

(3aR,4R,7R,7aR,11aR,11bR,11cS,13R)-7-allyl-2-berd8¢hydroxy-4-propyl-

3a,4,7,7a2,8,9.10,11,11b,11c-decahydro-11a,.7-(ep@tgemo)naphthol1,.2-elisoindole-

1,3(2H,6H)-dione

A microwave tube was flame dried and freshly dedilPhCI (3 mL), BN (0.14 mL, 1 mmol, 3
eq.), N-Phenylmaleimide (130 mg, 0.7 mmol, 2 egd éLR,2R)-2-(3-(allyloxy)prop-1-en-2-yl)-

1-((E)-hept-3-en-1-yn-1-yl)cyclohexanol (100 mg3®.mmol, 1 eq.) were added. The mixture
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was degassed for ten minutes before being irratliagemicrowaves (200°C, 300W) for 3 hours.
The crude was concentrated to furnish (3aR,4R, R1aR,11bR,11cS,13R)-7-allyl-2-benzyl-
13-hydroxy-4-propyl-3a,4,7,7a,8,9,10,11,11b,11catlgdro-11a,7-(epoxymethano)naphtho[1,2-

elisoindole-1,3(2H,6H)-dione (mixture of diasterems) a yellow oil (112 mg, 68%).

Step 2:

To a flask containing TPAP (3.7 mg, 10.5 umol, 0e@p), NMO (37 mg ,0.32 mmol, 1.5 eq.),
4A molecular sieves (50 mg) and a stirring bar, a@ded the crude above (100 mg, 0.21 mmol,
1 eq.) in CHCI; (3 mL). This was stirred for 30 minutes and thka teaction mixture was
filtered through a pad of silica and washed wit®A&t. The solvent was evaporated leaving the
crude product which was purified by flash chromaapy (10% EtOAc in hexanes) to give
(3aR,4R,7R,7aR,11aR,11bR,11cS)-7-allyl-2-benzyteppl-3a,4,7,7a,8,9,10,11,11b,11c-
decahydro-11a,7-(epoxymethano)naphtho[1,2-e]isdédl(8,13(2H,6H)-trione as a white solid

(59 mg, 60 %).

Identification by X-Ray
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Sequential Diels-Alder/Gold(l)

Catalyzed 6-endo-dig Cyclization for the

Synthesis of Complex

Bicyclo[3.3.1]alkenone Framework

4-Allyl-3-methylcyclohex-2-enone

A solution of methyllithium (1.0 M in hexanes, 139nL, 139.5 mmol) was added dropwise
to a solution of 6-allyl-3-methoxycyclohex-2-enqid®.31 g, 116.2 mmol) in dry ether at =78 °C
for 30 min. The mixture was then stirred at rt foh. An aqueous solution of 1 N HCI| was
added. After stirring for 1 h at rt, water was adld&he aqueous layer was extracted with
ethyl acetate (3x), and the combined organic phasgs dried over anhydrous magnesium

sulphate, filtered and concentrated. The crudewai$ distilled under reduced pressure and
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purified by chromatography (10% EtOAc:hexanes) tee g14.48 g (83%) of 4-Allyl-3-
methylcyclohex-2-enonas a clear yellow oil. Spectral data is in accocgawith reported

data and full characterization is available throtigh literature [1].

4-Allyl-3,6-dimethylcyclohex-2-enone

A solution of n-BuLi (1.6 M in hexanes, 21.8 mL, 34.95 mmol) wadded slowly to
diisopropylamine (5.17 mL, 36.61 mmol) in THF(15Q)rat —78 °C for 45 min. 4-Allyl-3-
methylcyclohex-2-enone (5 g, 33.28 mmol) was added-78 °C for 60 min and then
iodomethane (2.49 mL, 39.94 mmol). The mixture vetisred at rt for 3 h. An aqueous
saturated solution of NAC| was added and the aqueous layers were extradieethyl acetate
(3x). The combined organic phases were dried onby@grous magnesium sulfate, filtered and
the solvent was evaporated. The crude residue wafied by flash chromatography (10%
EtOAc:hexanes) to give 4.92 g (90%) of a yellowng®a oil of 4-allyl-3,6-dimethylcyclohex-

2-enone.

Iy NMR (400 MHz, CDC3) 6 5.81(m, 1H), 5.79(s, 1H), 5.11(m,2H), 2.43 (m,2RR)27
(m,2H), 1.99 (ddd,J = 13.5 Hz, 4.8 Hz, 2.8 Hz, 1H), 1.95(s, 3H), 1.76(Hl), 1.09 (dJ =
6.9 Hz, 3H);
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13c NMR (400 MHz, CDCB) 5 201.9 (C), 164.0 (C), 136.5(CH), 126.4 (CH), 11{CH2),
39.2 (CH), 35.9 (CH), 35.6 (G2, 34.5 (CH), 22.9 (CH), 15.4 (CH);

IR (FTIR, cm-1) = 3077, 2964, 2930, 2872, 1673, 163843, 1378;

HRMS (El) m/'z calculated for €1H160 [M+] 164.1201, found: 164.1205.

(o)

A\

4-Allyl-3,6-dimethyl-6-(prop-2-ynyl)cyclohex-2-enen

A solution ofn-BuLi (1.6 M in hexanes, 1.59 mL, 2.55 mmol) wasled slowly to a solution
of diisopropylamine (0.38 mL, 2.67 mmol) in THF (1BL) at —78 °C for 45 min. 4-Allyl-
3,6-dimethylcyclohex-2-enone (0.4 g, 2.44 mmol) veakled at —78°C. After stirring for 60
min, propargyl bromide (0.33 mL, 2.92 mmol) was edlénd the mixture was stirred at rt for
3 h. The resulting mixture was quenched with ars#td solution of NKUCI. The agueous
layer was extracted with ethyl acetate (3x). Thenlwmed organic phases were dried over
anhydrous magnesium sulfate, filtered and concemtraThe crude residue was purified by
chromatography (10% EtOAc:hexanes) to give 4-ABy8-dimethyl-6-(prop-2-ynyl)cyclohex-

2-enone 0.31 g (62%) as a yellow-orange oil.
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14 NMR, (400 MHz, CDCB) & 5.78 (s,1H), 5.69 (m,1H), 5.10 (m,2H), 2.49 (m,2RB5
(m, 1H), 2.15 (m,3H), 2.01 (8= 2.6 Hz, 1H), 1.93 (s, 3H), 1.57 (dd,= 13.8, 10.3 Hz, 1H),

1.16 (s, 3H);

13c NMR (400 MHz, CDCB) § 202.6 (C), 162.9 (C), 135.3 (CH), 126.5 (CH), T1&CHD),
80.5 (C), 71.4 (CH), 43.9 (C), 38.5 (@H 36.9 (CH), 36.7 (CB), 26.8 (CH), 22.3 (2xCH);

IR (FTIR, cm-1) = 3305, 3077, 2976, 2930, 1674,

HRMS (EI) n/zcalculated for @4H180 [M+] 202.1358, found: 202.1379.

o

A

4-Allyl-2.5,5-trimethyl-2-(prop-2-ynyl)cyclohexama

To a solution of Cul (63 mg, 0.33 mmol) and 4-ABy6-dimethyl-6-(prop-2-ynyl)cyclohex-2-
enone (306.7 mg, 1.52 mmol) in THF (15 mL) and28€1.5 mL) at O °C was slowly added a
solution of MeMgBr (1.11 mL, 3.0 Min BO, 3.33 mmol) over 1 h. The mixture was then
stirred for 1 h at 0 °C. An aqueous saturated moludf NH4AC| was added. The mixture

was extracted with BO (3x). The organic phase was dried over MgS(Dd concentrated in
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vacuo. The residue was purified by column chromaioigy (10% EtOAc:hexanes) to provide

the desired ketone (175.9 mg, 53%) as a dark oram@mixture of two conformers).

14 NMR, (400 MHz, CDC8) § 5.76 (m, 1H), 5.02 (m, 2H), 2.49 (0.5H), 2.45 (bh]), 2.37
(m, 2H), 2.33 (m, 0.5H), 2.00 (m, 2.5), 1.70 (" B), 1.26 (t, 1H), 1.09 (s,3H), 1.04 (s, 3H),

0.96 (M, 1H), 0.73 (M, 3H);

13c NMR (400 MHz, CDCB) § 213.2 (C), 137.6 (CH), 116.3 (@} 79.5 (C), 71.5 (CH), 52.9
(CH2), 48.0 (C), 41.5 (CH), 40.0 (Chi 39.3 (C), 34.2 (CH), 29.8 (CH), 27.8 (CH), 22.2
(CH3), 20.1 (CH):

IR (FTIR, cm-1) = 3310, 3076, 2965, 2931, 2871, 2124, 1716, 16486;
HRMS (El) mz calculated for @5H220 [M™] 218.1671, found: 218.1659.
OTBS

A\

(4-Allyl-3,3,6-trimethyl-6-(prop-2-ynylcyclohex-gnyloxy)(tert-butyl)dimethylsilane

4-Allyl-2,5,5-trimethyl-2-(prop-2-ynyl)cyclohexanen (300 mg, 1.37 mmol) was dissolved in
acetonitrile (30 mL), and BN (0.383 mL, 2.74 mmol) was added. Then flame-dri¢al
(0.309 g, 2.04 mmol) and TBSCI (310 mg, 2.04 mmadye added. The reaction mixture was

allowed to reflux overnight and was then quenchetth WaHCCB saturated solution, and the
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agueous phase was extracted with DCM (3x). The nicgphases were then combined and
concentrated. The resulting mixture was filteretbtigh a small silica pad and washed with
solution of 7% EtOAc in hexanes and concentrateginagrhe crude enol ether (4-Allyl-
3,3,6-trimethyl-6-(prop-2-ynyl)cyclohex-1-enyloxygrt-butyl)dimethylsilane (209

mg, 46%) was then directly used for the next reacti

—0

7-Allyl-5,8,8-trimethylbicyclo[3.3.1]non-2-en-9-an

A solution of silyl enol ether (4-Allyl-3,3,6-triethyl-6-(prop-2-ynyl)cyclohex-1-
enyloxy)(tert-butyl)dimethylsilane (20 mg, 0.060 winand (acetonitrile)[(2-biphenyl)dtert-
butylphosphine]gold(l) (0.92 mg, 0.0012 mmol) in G1 mL) was stirred for 6 h at rt. The
solvent was evaporated and the residue was purlfiedlash column chromatography on

silica (10% EtOAc:hexanes) to give 88% of the desliproduct as a white solid.

14 NMR, (400 MHz, CDC8) 5 5.82 (m, 1H), 5.76 (m, 1H), 5.63 (dddii= 9.5, 6, 1.9 Hz,
1.9 Hz, 1H), 5.03 (m, 1H), 2.41 (m, 3H), 2.25 (Mh)12.03 (m, 1H), 1.82 (dd] = 13.9 Hz,
4.5 Hz, 1H), 1.59 (dddJ = 13.7, 10.8, 8.6 Hz, 2H), 1.28 (m, 4H), 1.02 (&),30.99 (s, 3H),

0.79 (s, 3H);
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13c NMR (400 MHz, CDCB) & 216.50 (C), 138.03 (CH), 129.80 (CH), 126.55 (CH),
115.96 (CH), 60.27 (CH), 45.96 (CP), 45.61 (CH), 42.35 (C), 38.09 (CH), 34.09 (C),
29.71 (CH), 26.09 (CH), 23.50 (CH), 20.79 (CH);

IR (FTIR, cm-1) = 3081, 3039, 2967, 2921, 1709;

HRMS (El) m/z calculated for @5H220 [M+] 218.1671, found: 218.1652.

o K,CO
QE\J n-BuLi //\/‘l\N 2COy P S
& OMe N —_— Z H,CO aq Z

] o7 ~OEt
o A OEt B 72% 2 steps

4-Methylenenon-1-en-8-yn-5-one (B)

To a solution of homoallylphosphonate (5 g, 26 mmo THF (50 mL) at —78 °C, under
an argon atmosphere, was added dropwise a solafiorBuLi (2.45 M in hexanes, 12.74
mL, 31.2 mmol). The reaction mixture was stirred 3ch and then a solution of methyl pent-4-
ynoate (4.38 g, 39 mmol) in THF (10mL) was addedhis prepared mixture. After 1 h, the
temperature was raised to rt. The reaction wasdpezhwith a saturated solution of MEI.
The mixture was extracted three times witlp@&t washed with water and concentrated at
reduced pressure to furnish the diethyl 5-oxon@mB-yn-4-ylphosphonateAj as brown oil.

The crude product was taken into the next stepowitfurther purification.

A mixture of diethyl 5-oxonon-1-en-8-yn-4-ylphosptate A (7.0 g, 24.4 mmol), water (100
mL), potassium carbonate (10.1 g, 73.3 mmol) anceags 37% formaldehyde (2.18 mL, 29.3

mmol) was stirred at rt for 3 h. The mixture wasrthextracted with 2O, washed with water,
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saturated solution of NaCl and concentrated undduaed pressure to furnish a yellow oil.
Purification by flash chromatography over silical ¢gexanes/EtOAc in gradient 5-10% of

EtOAc) gave the 4-methylenenon-1-en-8-yn-5- 8n€2.6 g, 72%) as a colorless oll.

14 NMR (300 MHz, CDCB) § 6.06 (s, 1 H), 5.87 - 5.70 (m, 2 H), 5.09 - 5.65 L H), 5.05
- 4.99 (m, 1 H), 3.04 - 2.98 (M, 2 H), 2.97 - 2@, 2 H), 2.52 - 2.42 (m, 2 H), 1.94 @t,=

2.7 Hz, 1 H).

13C NMR (75 MHz, CDCB) 6 198.8, 146.8, 135.3, 125.2, 117.0, 83.4, 68.87,384.9,
13.4.

IR (FTIR, cm-1) = 3300, 2919, 2120, 1642, 1628, 1415.

HRMS (ESI) nVz cald for CLOH120Na" 148.0888, found: 148.1206.

0 o
n-Buli = KzCOs ¥
M P
H,CO ag zZ

5 0%\ 0kt

0 | OEt E 63%
Il + n-BuLl OFEt
P. | 51%

( Etoj'z\ BV\)/ —_— EtO\P °

9-Methyl-6-methylenedec-8-en-1-yn-5-one (E)

To a solution of diethyl 4-methylpent-3-enylphospate [2]C (2.43 g, 11.03 mmol) in THF
(20 mL) at -78 °C, under an argon atmosphere, wided dropwisen-BuLi (1.7 M in
hexanes, 7.79 mL, 13.24 mmol). The reaction mixiwas stirred for 3 h and then a solution

of methyl pent-4-ynoate (1.86 g, 16.5 mmol) in TEEFmL) was added. After stirring for 1
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h, the temperature was raised to rt. The reactias quenched with a saturated solution of
NH4CI. The mixture was extracted three times with2@t washed with water and

concentrated at reduced pressure to furnish théylli-oxonon-1-en-8-yn-4-ylphosphonate
D as a brown oil. The crude product was taken ingonbixt step without further purification.

A mixture of diethyl 2-methyl-6-oxodec-2-en-9-ynyfphosphonateD (1.7 g, 5.66 mmol, 1

equiv), water (25 mL), potassium/carbonate (2.3519, mmol, 3 equiv) and aqueous 37%
formaldehyde (0.46 mL, 6.23 mmol, 1.1 equiv) waged at rt for 3 h. The mixture was then
extracted with E2O, washed with water and a sat. solution of Na@l eoncentrated at reduced
pressure to furnish a yellow oil. Purification biagh chromatography over silica gel
(Hexanes/EtOAc in gradient 5 - 10% of EtOAc) gake 9-methyl-6-methylenedec-8-en-1-yn-

5-oneE (0.63 g, 63%) as colorless oil.

14 NMR (300 MHz ,CDCB) 5 6.01 (s, 1 H), 5.75 (di] = 1.6 Hz, 0.3, 1 H), 5.12 (spt, =
1.4, 7.3 Hz, 1 H), 2.95 (d,= 7.6 Hz, 2 H), 2.97 ({ = 6.4 Hz, 2 H), 2.56 - 2.43 (m, 2 H), 1.95

(t, J= 2.7 Hz, 1H), 1.73 (s, 3 H), 1.61 (s, 3 H).

13c NMR (75 MHz, CDCB) & 199.4, 147.6, 134.4, 124.4, 120.7, 83.6, 68.89,389.3,
25.9, 17.8, 13.5.

IR (FTIR, cm-1) =3295, 2968, 2918, 2124, 1680, 1623.

HRMS (ESI) m/z calculated for 2H160Na" 176.1201, found: 176.1196.
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> o
R (G)R="Ph, 60%
//\)LN — (H) R = CH,CH,OMOM, 34%
~ @ i M ()R =H, 24%
. )\Br () R = Me, 78%

t-BuLi R=Ph
R = CH,CH,OMOM

\j

Morpholinopent-4-yn-1-one (F)

Pent-4-ynoic acid (17.5 g, 176 mmol), morpholid2.9 mL, 149 mmol) and DMAP (1.82 g,
149 mmol) were dissolved in DCM (325 mL). The swlotwas cooled to 0 °C and DCC
(36.8 g, 178 mmol) was added slowly and the satutarmed up to rt. The reaction was
stirred overnight. The resulting mixture is filtdrever silica to remove 1,3-dicyclohexylurea,
which was insoluble in DCM, and then washed withMDCThe filtrate was concentrated
and the residue was purified by flash chromatogra@®% EtOAc/hexanes). The yellow
solid was then recrystallized from diisopropyl ethte afford 1-morpholinopent-4-yn-1-one

(19 g, 0.114 mol) a fluffy white solid in 85% yield
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14 NMR (400 MHz, CDCB) § ppm 2.0 (m, 1 H), 2.5 (d,= 1.2 Hz, 4 H), 3.5 (M, 2 H), 3.6 (m,

6 H);

13c NMR (101 MHz, CDCB) 5 ppm 169.6(C), 83.4(C), 68.9 (CH), 67.0 (8H66.6 (CH),
45.9 (CH), 42.1(CH), 32.0 (CH), 14.5 (CH);
IR (FTIR, cm-1) =3250, 2925, 2857, 1644, 1436:

HRMS (EI) m/z calculated for @H13NO2 [M+] 167.0946, found: 167.0934. mp = 81-82 °C.

Br\n/\/OMOM

2-Bromo-4-(methoxymethoxy)butene

Methoxymethyl chloride (7.21 mL, 95 mmol) was adid® 3-bromobut-3-en-1-ol (3.14
mL, 31.7 mmol) in DCM (150 mL). N,N-diisopropyletlaynine (22.6 mL, 158 mmol) was
added to the mixture. The resulting mixture wasredi at rt for 3 h after which all the
starting material was consumed. The solution waseotrated and the residue was purified

by chromatography using 10% EtOAc in hexanes tordf-bromo-4-(methoxymethoxy)but-

1l-ene as a clear oil in 92% yield.

14 NMR (400 MHz, CDCB) & ppm 2.69 (tdJ = 6.3, 0.8 Hz, 2 H) 3.36 (s, 3 H) 3.72 {t=
6.3 Hz, 2 H) 4.63 (s, 2 H) 5.49 (@= 1.6 Hz, 1 H) 5.68 (q] = 1.2 Hz, 1 H);
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13c NMR (101 MHz, CDC$) § ppm 41.7 (CH), 55.3 (CH), 65.1 (CH), 96.5 (CH), 118.5
(CH2), 130.7 (C);
IR (FTIR, cm-1) =2925, 2852, 2336, 1729, 1279;

HRMS (EI) ¥z calculated for @H40Br [M+ (-CH20CH3)] 148.9602, found: 149.0249.

H
G

Hept-1-en-6-yn-3-one (I)

A solution of 1-morpholinopent-4-yn-1-one (4.028.92 mmol) in THF (159 mL) was cooled
to 0 °C and vinylmagnesium bromide 1 M in THF (60L,n59.8 mmol) was added
dropwise. The solution was warmed to 23 °C andestirovernight. The resulting mixture
was quenched with a saturated solution of48H The aqueous phase was extracted with
Et20 (3x), the combined organic phases were dried Mg8O4 and concentrated at 25 °C.
The crude was purified by flash chromatographyG# IERO in hexanes to afford hept-1-en-

6-yn-3-onel (0.7 g, 27%) as a clear oil.

14 NMR (400 MHz, CDC8) 5 ppm 1.95 (tJ = 2.7 Hz, 1 H) 2.51 (m, 2 H) 2.85 (m, 2 H) 5.87

(dd,J=10.4,1.2 Hz, 1 H) 6.24 (dd+17.7, 1.1 Hz, 1 H) 6.35 (dd,= 20.7, 7.3 Hz, 1 H);

192



13c NMR (101 MHz, CDCB) 5 ppm 12.9 (CH), 38.3 (CH), 68.7 (CH), 83.1 (C), 128.7
(CH2), 136.2 (CH), 198.2 (C);
IR (FTIR, cm-1) =3524, 3296, 3091, 2925, 2121 1934, 1688:;

HRMS (El) m/z calculated for QH8O [M+] 108.0575, found: 108.0545.

0O
M

Methylhept-1-en-6-yn-3-one (J)

A solution of 1-morpholinopent-4-yn-1-one (4 g,.23 mmol) in THF (159 mL) was cooled
to 0 °C and a solution of isopropenylmagnesium ldem0.5 M in THF (120 mL, 59.8
mmol) was added dropwise. The solution was stiwedrnight at rt. The resulting mixture
was quenched with a saturated solution of 48H extracted with EXO (3x), dried over
MgSO4 and concentrated. The crude was purified by flasiroroatography (10%

EtOAc/hexanes) to afford 2-methylhept-1-en-6-ynr&-d (3 g, 85%) as clear oil.

14 NMR (400 MHz, CDC8) § ppm 1.85 (ddJ) = 1.4, 0.9 Hz, 3 H), 1.93 (@ = 2.6 Hz, 1H),
2.47 (ddd,J = 8.2, 6.6, 2.6 Hz, 2 H), 2.93 (m, 2 H), 5.78J¢; 1.1 Hz, 1H), 5.96 (s, 1 H);

13¢c NMR (101 MHz, CDC8) § ppm 13.3 (CH), 17.4 (CH), 36.4 (CH), 68.6 (CH), 83.3(C),
124.9(CH), 144.1 (C), 199.3 (C);

IR (FTIR, cm-1) =3303, 3098, 2963, 2925, 2114, 1688;
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HRMS (EI) vz calculated for @H100 [M+] 122.0732, found: 122.0695.

0

Ph
Z

2-Phenylhept-1-en-6-yn-3-one (G)

A solution of (1-bromovinyl)benzene (90%, 3.8318,.84 mmol) in THF (90 mL) was cooled
to —-78 °C followed by the addition afBuLi 1.7 M in pentane (21.2 mL, 37.7 mmol).
The mixture was stirred for 30 min which after duson of 1- morpholinopent-4-yn-1-one
(3 g, 17.9 mmol) in THF (10 mL) was added througleaanula to the reaction mixture.
After stirring for 2 h, the resulting mixture wasiepched with a saturated solution of
NH4CI and then extracted with 2 (3x). The combined organic phases were dried over
MgSO4 and concentrated. The residue was purified by flasitomatography (10%

EtOAc/hexanes) to afford 2-phenylhept- 1-en-6-yor@G (2 g, 60%) as a pale yellow oil.

14 NMR (400 MHz, CDCB) § ppm 1.96 (tJ = 2.7 Hz, 1 H), 2.54 (m, 2 H), 3.00 (m, 2H), 5.92

(s, 1 H), 6.15 (s, 1 H), 7.25 (k= 5.3, 2.1 Hz, 2 H), 7.34 (m, 3 H);

13c NMR (101 MHz, CDCB) 5 ppm 13.4 (CH), 38.5 (CH), 68.8 (CH), 83.1 (C), 125.0
(CH2), 128.2 (CH), 128.3 (CH x 2), 128.4 (CH x 2), 1BC), 149.0 (C), 199.4 (C):
IR (FTIR, cm-1) =3295, 3057, 3026, 2921, 2119, 1686;

HRMS (EI) n/z calculated for @3H120 [M+] 184.0888, found: 184.0845.
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N\

1-(Methoxymethoxy)-3-methyleneoct-7-yn-4-one (H)

A solution of 2-bromo-4-(methoxymethoxy)but-1-e{@®392 g, 2 mmol) in THF (5 mL) was
cooled to —78 °C followed by the addition ®BuLi 1.7 M in pentane (2.41 mL, 4.11 mmol).
After stirring for 30 min, a solution of 1-morphotipent-4-yn-1-one (0.16 g, 0.957 mmol) in
THF (3 mL) was added through a cannula and theumexivas stirred for 2 h. The reaction
was guenched with a saturated solution of48H The mixture was extracted withZ8d (3x),

dried over MgS@ and then concentrated. The crude residue was ¢urifby flash

chromatography (10-15% EtOAc/hexanes) to afforchétbioxymethoxy)-3-methyleneoct-7-yn-

4-oneH (0.645 g, 34%) as clear oil.

14 NMR (400 MHz, CDCB) & ppm 1.94 (tJ = 2.7 Hz, 1 H), 2.50 (ddd} = 8.2, 6.5, 2.7 Hz, 2
H), 2.59 (td,J = 6.5, 0.9 Hz, 2 H), 3.96 (m, 2 H), 3.33 (s, 3 BB1 (t,J=6.6 Hz, 2 H), 4.58

(s, 2 H), 5.89 (tJ=1.2 Hz, 1 H), 6.09 (s, 1 H);

13c NMR (101 MHz, CDCB) 5 ppm 13.3 (CH), 31.3 (CH), 36.6 (CH), 55.2 (CH),
66.1 (CH), 68.7 (CH), 83.3 (C), 96.4 (CB 126.0 (CH), 145.4 (C), 199.0 (C);

IR (FTIR, cm-1) =3287, 2932, 2885, 2114, 1679;

HRMS (EI) nVz calculated for @H1102 [M+ (- CH20CH3)] 151.0759, found: 151.0758.
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General procedure for the formation of dienes 9622 and 32-35

To a solution of enone (1 mmol) in DCM (5 mL) waslded E3N (3 mmol) and
TIPSOTf (2 mmol). The solution was then heated eftux overnight. The reaction was
quenched with a saturated solution of NaHiC@he aqueous phase was extracted with DCM
(2x), the organic phases were combined and dried MgSQt. The solution was concentrated
and the residue was purified by flash chromatogragh% EtOAc:hexanes or 5%

Et20:hexanes) to give the corresponding diene as treiofZ/E isomers ranging from 4 to

9:1.

S
~ N7 Z
TIPSO

(2)-(Hepta-1,3-dien-6-yn-3-yloxy)triisopropylsilan

Yield 24%;

14 NMR (400 MHz, CDCB) 5 ppm 1.10 (dJ = 6.66 Hz, 18 H), 1.20 (M, 3 H), 1.94 Jt= 2.7
Hz, 1 H), 3.06 (ddJ=7.1, 2.7 Hz, 2 H), 4.82 (] = 7.1 Hz, 1 H), 5.03 (ddJ = 10.8, 1.0 Hz,

1 H), 5.38 (ddJ = 17.2, 1.0 Hz, 1 H), 6.14 (dd,= 17.2, 10.8 Hz, 1 H);
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13c NMR (101 MHz, CDCB) 5 ppm 13.7 (CH x 3), 15.9 (CH, 18.0 (CH x 6), 67.7 (CH),
82.9 (C), 106.9 (CH), 113.7 (CH 135.3 (CH), 150.5 (C);
IR (FTIR, cm-1) =3313, 2946, 2868, 2121, 1647;

HRMS (EI) m/z calculated for @eH280Si [M+] 264.1909, found: 264.1921

S
~ 4

TIPSO

(Z2)-Triisopropyl(2-methylhepta-1,3-dien-6-yn-3-Wg)silane

Yield 78%:;

14 NMR (400 MHz, CDCB) 5 ppm 1.10 (dJ = 6.6 Hz, 18H), 1.20(m, 3H), 1.87(m, 3H), 1.95
(t, J= 2.7 Hz, 1H), 3.07 (dd] = 6.9, 2.74 Hz, 2H), 4.89 (§,= 6.9 Hz, 1H), 4.92 (m, 1H), 5.26

(m, 1H);

13c NMR (101 MHz, CDCB) 5 ppm 13.9 (CH x3), 15.9 (G}, 18.0 (CHs x6), 20.3 (CH),
67.7 (CH), 83.1 (C), 104.7 (CH), 113.0 (@H140.7 (C), 152.0 (C);
IR (FTIR, cm-1) =3314, 2947, 2866, 2124, 1612, 1464;

HRMS (EI) n¥z calculated for @7H300Si [M+] 278.2066, found: 278.2066.
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TIPSO

(2)-Triisopropyl(2-phenylhepta-1,3-dien-6-yn-3-Wg)silane

Yield 18%:;

1H NMR (400 MHz, CDCB) § ppm 1.00 (dJ = 6.1 Hz, 18 H), 1.09 (m, 3 H), 1.93 {= 2.7
Hz, 1 H), 3.09 (ddJ = 6.9, 2.7 Hz, 2 H), 4.86 (l = 6.9 Hz, 1 H), 5.25 (dJ = 1.6 Hz, 1 H),

5.42 (d,J = 1.6 Hz, 1 H), 7.31 (m, 3 H), 7.37 (m, 2 H);

13c NMR (101 MHz, CDCB) 5 ppm 13.5 (CH x 3), 15.7 (G, 17.9 (CH8 x 6), 67.7 (CH),
83.0 (C), 108.3 (CH), 114.2 (G 127.7 (CH), 128.1 (CH x 2), 128.1 (CH x 2), 1BYC),
147.9 (C), 151.7 (C);

IR (FTIR, cm-1) = 3311, 3082, 3060, 3026, 2945, 288720, 1948, 1875, 1799,
1720,

HRMS (El) m/z calculated for Q2H320Si 340.2222 [M+], found: 340.2225

198



OMOM

TIPSO

(2)-8-(But-3-ynylidene)-10,10-diisopropyl-11-methytmethylene-2,4,9-trioxa-10-

siladodecane

Yield 64%:;

14 NMR (300 MHz, CDCB) 5 ppm 1.09 (dJ = 6.1 Hz, 18 H), 1.18 (m, 3 H), 1.94 {t= 2.7
Hz, 1 H), 2.52 (tdJ = 7.1, 0.9 Hz, 2 H), 3.05 (dd,= 6.9, 2.8 Hz, 2 H), 3.36 (s, 3 H), 3.65t,
= 7.2 Hz, 2 H), 4.62 (s, 2 H), 4.91 &= 6.9 Hz, 1 H), 4.97 (d) = 1.2 Hz, 1 H), 5.32 (d] =

1.4 Hz, 1 H);

13¢ NMR (101 MHz, CDC8) 5 ppm 13.8 (CH x 3), 15.8 (CB), 18.0 (CH x 6), 33.6 (CH),
55.2 (CH3), 66.6 (CH), 67.8 (CH), 83.0 (C), 96.5 (Gl 104.8 (CH), 113.7 (CP), 142.5
(C), 151.3 (C);

IR (FTIR, cm-1) =3400, 3311, 2945, 2868, 2100, 1698, 1618, 1464:

HRMS (EI) nVz calculated for @0H3603Si [M+ (CH(CH3)2)] 309.1886, found: 309.1993.
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TIPSO

(2)-Triisopropyl(9-methyl-6-methylenedeca-4,8-diéryn-5-yloxy)silane

To a solution of 9-methyl-6-methylenedec-8-en-15yaneE (560 mg, 3.18 mmol) in DCE (30
mL) at rt, under an argon atmosphere, was addetl EP.23 mL, 15.9 mmol) and then
TIPSOTf (2.56 mL, 9.53 mmol). The reaction mixtunaas stirred for 8h at reflux. The
reaction was quenched with a saturated solutioiNadfiCQ8. The mixture was extracted
two times with DCM, washed with water, dried oveg®4 and concentrated at reduced
pressure to furnish brown oil. Purification by faschromatography over silica gel
(hexanes/EtOAc in gradient 1 - 5% of EtOAc) gaves throduct (962 mg, 91%) as yellow

oil.

14 NMR (300 MHz,CDC8) § 5.29 (d,J = 1.6 Hz, 1 H), 5.23 - 5.14 (m, 1H), 4.95 - 4.86 (M
1 H), 4.90 (tJ = 7.1 Hz, 1 H), 3.07 (dd] = 2.7, 6.9 Hz, 2 H), 2.97 - 2.83 (m, 2 H), 1.95](t,

= 2.7 Hz, 1 H), 1.72 (d] = 1.1 Hz, 3 H), 1.62 (d] = 0.9 Hz, 3 H);

13c NMR (75 MHz, CDCB) 5 151.8, 144.6, 133.3, 121.8, 112.5, 104.7, 83.48,632.1,
25.9, 18.3 16.0;
IR (FTIR, cm-1) =3315, 2962, 2945, 2868, 2121, 1549;

HRMS (El) m/z calculated for €8H290Si [M+ (-C3H7)] 289.1988, found: 289.2169.
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TIPSO

(2)-Triisopropyl(6-methylenenona-4,8-dien-1-yn-%exy)silane

To a solution of 4-methylenenon-1-en-8-yn-5-dBg300 mg, 2.02 mmol) in DCE (20 mL)
at rt, under an argon atmosphere, was addg Et.42 mL, 10.1 mmol) and then TIPSOTf
(1.63 mL, 6.07 mmol). The reaction mixture wasrsetr for 8 h at reflux. The reaction
was quenched with a saturation of solution of NalBC®he mixture was extracted two
times with DCM, washed with water, dried over MgES@nd concentrated at reduced
pressure to furnish a brown oil. Purification byasth chromatography over silica gel

(hexanes/EtOAc in gradient 1-5% of EtOAc) gave pheduct (469 mg, 76%) as yellow oil.

14 NMR (400 MHz, CDCB) 5 5.85 (ddt,J = 16.9, 10.1, 6.9 Hz, 1 H), 5.34 @@= 1.3 Hz, 1
H), 5.12 - 5.03 (m, 2 H), 4.96 (d,= 1.2 Hz, 1 H), 4.92 () = 6.9 Hz, 1 H), 3.07 (dd] = 6.9,
2.7 Hz, 2 H), 2.96 (dd] = 6.8, 0.9 Hz, 2 H), 1.95 ( = 2.7 Hz, 1 H), 1.25 - 1.15 (m, 3 H),

1.12 - 1.09 (m, 18 H).

13c NMR (75 MHz, CDCB) & 151.5, 144.0, 136.2, 116.5, 113.2, 105.0, 83.29,637.8,
18.3, 18.2, 16.0, 14.0, 13.6;
IR (FTIR, cm-1) =3314, 2945, 2868, 2121

HRMS nvz calculated for @eH250Si [M+ (-C3H7)] 261.1675, found: 261.1695.
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General procedure for the Diels—Alder reactiordgnjclization process

Diene (1 equiv) was charged into a microwave quate (the tube was washed in a base bath
and dried). N-phenylmaleimide (2 equiv) was added and then t@u®.1 M) was added.
The mixture was heated to 150 °C at 300 W in theawave for 2 h. After cooling down to rt,
catalyst 6 (5 mol%) was added to the mixture with a minimal camt of acetone to
solubilize the catalyst. After stirring overnighhe solution was concentrated and purified by

flash chromatography (25-40% EtOAc in hexanesjfardithe desired ketone.

NPh

4-Phenvl-4-azatricvc|0[6.3.1%€ﬂdodec-9-ene- 3,5,12-trione

Yield 93% (35 mgQ);

14 NMR (400 MHz, CDCB) & ppm 2.33 (dddJ = 14.5, 7.9, 4.2 Hz, 1 H), 2.64 (= 3.1 Hz,
2 H), 2.95 (mJ = 2.5 Hz, 1 H), 3.03 (m, 3 H), 3.68 (t,= 8.9 Hz, 1 H), 5.72 (m, 1 H), 5.82

(dt, J= 9.6, 3.4 Hz, 1 H), 7.27 (m, 2 H), 7.39 (m, 1 A0 (m, 2 H);
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13c NMR (101 MHz, CDC8) & ppm 31.0 (CK), 32.6 (CH), 36.3 (CH), 44.0 (CH), 45.7
(CH), 47.5 (CH), 126.1 (CH x2), 127.0 (CH), 128@H), 129.3 (CH x2), 130.2 (CH), 131.7

(C), 175.6 (C), 177.4 (C), 212.1 (C);

IR (neat, crit) vimax 3483, 3074, 3036, 2930, 2864, 1711;
HRMS (EI) m'z calculated for @7H15NO3 [M+] 281.1052, found: 281.1061;

mp = 155-160 °C.

4-Oxatricvclo[6.3.1.8’6]dodec-9-ene-3,5,12- trione

Yield 51% (11 mg);

14 NMR (400 MHz, CDCB) § ppm 2.36 (dddJ=14.6, 7.5, 4.2 Hz, 1 H), 2.57 (m, 1 H), 2.70
(m, 1 H), 2.87 (ddJ = 14.6, 2.1 Hz, 1 H), 2.97 (m, 2 H), 3.18 (ddds 9.9, 7.7, 1.0 Hz, 1H),

3.74 (t, 1 H), 5.69 (dddl=9.5, 4.9, 3.0 Hz, 1 H), 5.82 (= 9.6, 4.9, 2.1 Hz, 1H);

13¢c NMR (101 MHz, CDCB) 5 ppm 30.9 (CH), 33.0 (CH), 36.5 (CH), 43.2 (CH), 45.2 (CH),
48.0 (CH), 127.7 (CH), 129.6 (CH), 170.1 (C), 173, 210.1 (C);

IR (FTIR, cm-1) = 2926, 2854, 1857, 1700, 1447,
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HRMS (El) m/z calculated for @1H1004 [M+] 206.0579, found: 206.0547;

mp = 132-135 °C.

NPh

8-Methvl-4-phenvl-4-azatricvc|o[6.3.1?06Idodec-9-ene-3,5, 12-trione

Yield 88% (75 mg);

14 NMR (400 MHz, CDCB) 6 ppm 1.17 (s, 3 H), 2.4 (dd,= 14.4, 7.7 Hz, 1 H), 2.62 (m, 2
H), 2.90 (d,J = 14.3 Hz, 1 H), 3.00 (ddd,= 9.0, 7.8, 0.9 Hz, 1 H), 3.11 (m, 1 H), 3.68)(t
9.0 Hz, 1 H), 5.50 (ddd] = 9.5, 2.1, 1.1 Hz, 1 H), 5.75 (m, 1 H), 7.26 (mHR 7.42 (m, 1

H), 7.50 (m, 2 H);

13c NMR (101 MHz, CDCB) § ppm 20.5 (CH), 32.6 (CH), 37.7 (CH), 38.4 (CB), 44.4
(CH), 46.1 (C), 47.4 (CH), 125.8 (CH), 126.1 (CHx228.8 (CH), 129.3 (CH x2), 131.7 (C),
135.8 (CH), 175.7 (C), 177.4 (C), 212.8 (C);

IR (FTIR, cm-1) =2960, 2924, 2854, 1709, 1377:

HRMS (El) m/'z calculated for @8H17NO3 [M+] 295.1208, found: 295.1228,;
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mp = 189- 192 °C.

8-Methvl-4-oxatricvclo[6.3.1.8’ﬁdodec-9-ene- 3,5,12-trione

Yield, 50% (30 mg);

14 NMR (400 MHz, CDC8) 5 ppm 1.13 (s, 3 H), 2.06 (dd= 14.5, 7.6 Hz, 1 H), 2.59 (ddd,
=19.1, 4.9, 1.9 Hz, 1 H), 2.68 (m, 1 H,) 2.71J¢& 14.5 Hz, 1 H), 3.03 (m, 1 H), 3.19 (dd,
= 9.9, 7.5, 1.0 Hz, 1 H), 3.73 (dd,= 9.7, 8.9 Hz, 1 H), 5.46 (dd = 9.4, 2.9 Hz, 1 H),

5.76 (m, 1 H);

13c NMR (101 MHz, CDC8) 5 ppm 20.2 (CH), 33.0 (CH), 38.0 (CH), 38.2 (CH), 43.5
(CH), 45.9 (C), 47.9 (CH), 126.4 (CH), 135.3 (CEJ0.2 (C), 172.5 (C), 210.9 (C):

IR (FTIR, cm-1) =2928, 2866, 2138, 1860, 1455;

HRMS (EI) m/z calculated for @2H1204 [M+] 220.0736, found: 220.0717;

mp=101-105°C.
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4,8-Diphenvl-4-azatricvc|o[6.3.1%3€1dodec-9-ene-3,5,12-trione

Yield 77% (24 mg);

'H NMR (400 MHz, CDCB) & ppm 2.80 (m, 3 H) 3.26 (m, 3 H) 3.80 Jt= 9.2 Hz, 1 H)
5.71 (dd,J = 9.6, 2.5 Hz, 1 H) 5.98 (m, 1 H) 7.21 (m, 2 H)Z' (&, 3 H) 7.38 (m, 3 H) 7.52 (m,
2H);

¥C NMR (101 MHz, CDC8) & ppm 32.0 (CH) 34.9 (CH) 37.9 (CH) 45.3 (CH) 47.2 (CH)
54.5 (C) 126.1 (CHx2) 126.5 (CH) 127.4 (CHx2) 12{@&) 128.4 (CHx2) 128.8 (CH) 129.4
(CHx2) 131.8 (C) 135.2 (CH) 138.7 (C) 175.5 (C) B7(C) 210.5 (C);

IR (FTIR, cm-1) =3061, 3030, 2926, 2855, 1781,

HRMS (EI) m/z calculated for @3H19NO3 357.1365, found 357.1358;

mp = 221-224 °C
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Phenvl-4-oxatricvc|o[6.3.1.%’€ﬂdodec-9-ene-3,5,12-trione

Yield 48% (18 mg);

14 NMR (400 MHz, CDCB)  ppm 2.71 (dddJ = 19.1, 5.3, 1.9 Hz, 1 H), 2.83 (dii= 14.2,
7.5 Hz, 1 H), 2.90 (m, 1H), 3.10 (d= 13.7 Hz, 1 H), 3.18 (m, 1 H), 3.40 (dddz 10.1, 7.5,
0.8 Hz, 1 H), 3.85 (m, 1 H), 5.71 (dd,= 9.6, 3.1 Hz, 1 H), 6.02 (m, 1H), 7.18 (m, 2 H),

7.33 (m, 1 H), 7.38 (m, 2 H);

13c NMR (101 MHz, CDCB) & ppm 32.4 (CH), 34.9 (CH), 38.3 (CH), 44.5 (CH), 47.7
(CH), 54.3 (C), 127.2 (CH), 127.3 (CH x2), 127.9H)C 128.5 (CH x2), 134.9 (CH), 137.9
(C), 170.1 (C), 172.5 (C), 208.8 (C);

IR (FTIR, cm-1) =2980, 2928, 2901, 2859, 1851, 1778, 1724;

HRMS (EI) n/z calculated for @7H1404 [M+] 282.0892, found: 282.0892,;

mp = 205-208 °C.
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OH

Hydroxy-5,10- dioxatetracvclo[G.4.3109.03’7]pentadec-3-ene-4,6-dione

Yield 56% (10 mg);

14 NMR (400 MHz, CDC8) 5 ppm 1.79 (ddJ = 11.9, 6.9 Hz, 1 H), 2.08 (m, 2 H), 2.23 (m,
2H), 2.45 (dJ = 13.7 Hz, 2 H), 2.66 (m, 1 H), 3.18 (m, 1 H), 3(6@,J = 9.9, 8.3 Hz, 1H), 3.79

(ddd,J = 10.1, 8.0, 7.2 Hz, 1 H), 4.06 (m, 1 H), 5.22 (d& 9.6, 2.9 Hz, 1 H), 5.65 (m, 1 H);

13¢ NMR (101 MHz, CDCB) & ppm 27.1 (CH), 29.4 (CH), 32.1 (CH), 37.4 (CH), 39.0
(CH), 45.4 (CH), 45.5 (C), 66.9 (G} 102.7 (C), 126.8 (CH), 132.3 (CH), 172.9 (C)357
(©);

IR (FTIR, cm-1) =3493, 2927, 1852, 1774, 1716;

HRMS (EI) vz calculated for @3H1405 [M+] 250.0841, found: 250.0831,;

mp=63-65°C.
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NPh
/

8-(2-Methvl-2-butene)-alIvI-4-phenvI-4-azatricvclﬁw.|3.1.@’§dodec-9-ene-3,5,12- trione

Yield: 81% (17 mg);

14 NMR (300 MHz, CDCB) & 7.56 - 7.36 (m, 3 H), 7.30 - 7.25 (m, 2 H), 5.8875 (M, 1 H),
5.54 (dd,J = 1.6, 9.4 Hz, 1 H), 5.14 - 5.04 (m, 1 H), 3.69](t 9.0 Hz, 1 H), 3.14 - 3.00 (m, 2
H), 2.93 (d,J = 14.4 Hz, 1 H), 2.70 - 2.52 (m, 2 H), 2.38 (dcs 7.6, 14.8 Hz, 1 H), 2.19 (dd,

= 7.5, 14.7 Hz, 1 H), 2.04 (dd,= 7.9, 14.4 Hz, 1 H), 1.71 (d,= 0.9 Hz, 3 H), 1.63 (s, 3 H).

13¢ NMR (75 MHz, CDCB) ¢ 212.8, 177.6, 175.9, 135.0, 134.2, 131.9, 1298,9, 126.4,
126.2, 118.6, 49.9, 47.7, 44.9, 37.7, 37.0, 32%,26.2, 18.1,
IR (FTIR, cm-1) =2967, 2941, 1713, 1529;

MS (El) n/zcalculated for @2H23NO3 [M+] 349.1678, found: 349.1678.
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8-(2-Methvlbutenvl)-4-oxatricvc|o[6.3.1%€1dodec-9-ene-3,5,12-trione

Yield: 78% (67 mg);

14 NMR (500 MHz, CDCB) 5 6.27 (ddd,J = 1.2, 7.3, 8.4 Hz, 1 H), 6.20 (ddl= 7.7, 7.9 Hz,
1 H), 4.98 (ddy) = 1.4, 7.2 Hz, 1 H), 3.48 (dd,= 5.8, 7.0 Hz, 1 H), 3.34 (dd,= 3.7, 5.5 Hz, 1
H), 3.21 (dd,J = 3.7, 5.7 Hz, 1 H), 2.86 (d, = 7.3 Hz, 1 H), 2.54 (ddJ = 6.2, 14.9 Hz, 1
H), 2.26 (dd,J = 8.0, 14.8 Hz, 1 H), 2.04 (dd, = 4.4, 13.1 Hz, 1 H), 1.85 (d = 13.1

Hz, 1 H), 1.67 (s, 3 H), 1.63 (s, 3 H).

13 NMR (75 MHz, CDCB) 1= 209.9, 169.6, 135.6, 133.1, 131.5, 118.5, 55502,551.6,

51.4,49.4, 38.0, 30.7, 26.1, 17.9, 17.8.

IR (neat, Crﬁl) vmax 2946, 2869, 1751, 1731, 1715, 1464;

LRMS (El) mvz calculated for @5H1803[M+ (-CO)] 246.1256, found: 246.1378.
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/ o NPh

8-AIIvI-4-phenvl-4-azatricvclo[6.3.1.%)%odec-9-ene-3,5,12-trione

Yield: 80% (211 mg);

14 NMR (300 MHz, CDC8) § 7.54 - 7.35 (m, 3 H), 7.30 - 7.22 (m, 2 H), 5.83.64 (m, 2
H), 5.53 (d,J = 9.8 Hz, 1 H), 5.11 (dJ = 3.9 Hz, 1 H), 5.06 (s, 1 H), 3.66 {t= 8.9 Hz, 1 H),
3.14 - 2.97 (m, 2 H), 2.87 (d,= 14.3 Hz, 1 H), 2.59 (br. s., 2 H), 2.47 (dcs 6.9, 14.0 Hz, 1

H), 2.20 (dd,J = 7.6, 14.0 Hz, 1 H), 2.03 (dd,= 7.8, 14.4 Hz, 1 H).

13c NMR (75 MHz, CDCB) & 212.1, 177.5, 175.8, 133.8, 133.2, 131.8, 12928.8]
126.6, 126.2, 118.7, 49.1, 47.6, 44.8, 38.5, 33760, 32.3;
IR (FTIR, cm-1) = 3078, 2921, 1712;

HRMS (EI) m/z calculated QOH19NO3 [M+] 321.1365, found: 321.1364.
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NPh

4,9-Diphenvl-8-a|IvI-4-azatriccho[6.3.1?0€1dodec-9-ene-3,5,12-trione

Yield: 68% (178 mg);

14 NMR (500 MHz, CDCB) 5 7.49 - 7.40 (m, 4 H), 7.40 - 7.34 (m, 1 H), 7.3%.27 (m, 3
H), 7.23 - 7.16 (m, 2 H), 5.86 (dd= 2.7, 4.4 Hz, 1 H), 5.56 (tdd,= 6.8, 10.3, 17.1 Hz, 1 H),
4.85 (d,J = 10.3 Hz, 1 H), 4.63 (dd} = 2.0, 17.1 Hz, 1 H), 3.76 (@,= 9.0 Hz, 1 H), 3.39 (dJ

= 14.9 Hz, 1 H), 3.28 - 3.13 (m, 2 H), 2.79 - 2(6% 2 H), 2.30 - 2.12 (m, 3 H).

13 nvR (101MHz, CDCB8) ¢ 211.4, 176.7, 175.8, 143.8, 139.9, 133.6, 13129.4] 129.1,
128.9, 128.1, 127.8, 127.6, 126.3, 118.4, 51.26,414.0, 37.6, 37.6, 36.5, 31.5;
IR (FTIR, cm-1) =3072, 2931, 1777, 1713, 1636, 1500, 1445.

HRMS m/z calculated for @eH23NO3 [M+] 397.1678, found: 397.1685.
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NPh

8-AIIvI-9-(4-metthphenvl)-4-phenvl-4-azatricvc|oj?6.1.02’Qdodec-9-ene-3,5,12-trione

Yield: 91% (237 mg);

14 NMR (500 MHz, CDCB) § 7.47 - 7.39 (m, 2 H), 7.39 - 7.29 (m, 3 H), 7.10.0 = 7.6
Hz, 2H), 7.11 (dJ = 7.8 Hz, 2 H), 5.84 (tJ = 3.9 Hz, 1 H), 5.56 (ddt) = 7.1, 10.3, 16.9
Hz, 1 H), 4.86 (ddJ = 1.2, 10.3 Hz, 1 H), 4.67 (dd,= 1.2, 17.1 Hz, 1 H), 3.74 (8,= 9.0 Hz,
1 H), 3.37 (dJ = 15.1 Hz, 1 H), 3.25 - 3.12 (m, 2 H), 2.78 - 2(68 2H), 2.34 (s, 3 H), 2.30

- 2.24 (m, 2 H), 2.20 (dd] = 7.8, 14.9 Hz, 1 H);

13c NMR (126 MHz, CDC$) 5 2115, 176.6, 175.9, 143.6, 137.4, 137.0, 13331.7)
129.4, 128.9, 128.8, 128.7, 127.2, 126.2, 118.33,547.5, 44.0, 37.6, 37.5, 36.4, 31.4:
IR (FTIR, cm-1) =3072, 2924, 1714, 1593, 1500.

HRMS (EIl) m/z calculated for £€7H25NO3 [M+] 411.1834, found: 411.1807.
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MeO /

8-AIIvI-9-(4-methoxvphenvl)-4-phenvl-4-azatricvc[ﬁlB.1.(?’6|dodec-9-ene-3,5,12- trione

Yield: 74% (192 mg);

14 NMR (400 MHz, CDCB) § 7.46 - 7.40 (m, 2 H), 7.39 - 7.33 (m, 3 H), 7.24.15 (m, 2
H), 6.84 (d,J = 8.8 Hz, 2 H), 5.83 (t) = 3.2 Hz, 1 H), 5.55 (ddt] = 6.9, 10.3, 17.1 Hz, 1 H),
4.85 (dd,J = 2.0, 10.2 Hz, 1 H), 4.66 (dd,= 2.0, 17.1 Hz, 1 H), 3.80 (s, 3 H), 3.75)& 8.8
Hz, 1 H), 3.36 (dJ = 14.9 Hz, 1 H), 3.26 - 3.13 (m, 2 H), 2.78 - 2(89, 2 H), 2.34 - 2.14 (m,

3 H).

13c NMR (101 MHz, CDC$) § 2115, 176.7, 175.9, 159.2, 143.4, 133.7, 132%H,.8]
130.2, 129.4, 128.8, 127.2, 126.3, 118.3, 113.8,50..4, 47.6, 44.1, 37.7, 37.5, 36.5, 31.4;
IR (FTIR, cm-1) =2939, 2254, 1780, 1714, 1605, 1512;

HRMS (El) m/z calculated for @7H25NO4 [M+] 427.1784, found: 427.1795.
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8-AIIvl-9-(1-phenvlethenvl)-4-phenvI-4-azatricch®J3.1.07"%0dec-9-ene-3,5,12- trione

Yield: 79% (259 mg);

14 NMR (400 MHz, CDCB) 5 7.50 - 7.38 (m, 4 H), 7.33 - 7.27 (m, 4 H), 7.28.22 (m, 2
H), 5.78 (tdd,J = 7.4, 10.5, 18.4 Hz, 1 H), 5.70 (d#i= 2.1, 4.9 Hz, 1 H), 5.68 (s, 1 H), 5.53
(s, 1 H), 5.02 - 4.92 (m, 2 H), 3.70 Jt= 8.8 Hz, 1 H), 3.24 - 3.12 (m, 2 H), 2.76 (ddds 2.3,
5.9, 19.5 Hz, 1 H), 2.59 (ddd,= 1.2, 4.7, 19.1 Hz, 1 H), 2.48 (dd= 6.6, 14.1 Hz, 1 H),

2.24 (dt,J = 8.2, 15.2 Hz, 3 H);

13C NMR (101 MHz, CDC8) ¢ 211.5, 176.6, 175.9, 146.5, 142.7, 141.9, 13421.8
129.5, 129.3, 129.0, 128.4, 127.8, 127.5, 126.8,81117.0, 51.1, 47.4, 43.9, 37.3, 37.0, 34.6,
31.8;

IR (FTIR, cm-1) =2957, 2922, 2855, 1712,

HRMS (EI) nv/z calculated for @8H25NO3 [M+] 423.1834, found: 423.1840.
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Framework Design of PPAPs via

Highly Hindered Diels-Alder

TIPSO

CF°

3-(2-methyl-4-((triisopropylsilyl)oxy)cyclohexa-1-dienecarbonyl)oxazolidin-2-one

A dry 10 mL round bottom flask fitted with a magieeitirrer was charged with CHEICH;CN
(2+2 mL) under argon, 3-(but-2-ynoyl)oxazolidin-8e0(50 mg, 0.33 mmol, 1 eq.), (buta-1,3-
dien-2-yloxy)triisopropylsilane (222 mg, 0.98 mmd@, eq.) with stirring. This mixture was
cooled to 0°C and the ethyl aluminum sesquichlo(@®&7 mL, 0.23 mmol, 0.7 eq.) was added
dropwise. The reaction was allowed to stir for Xuds from 0°C to room temperature. The
reaction was quenched with NaHg@iluted with EtOAc, washed with brine, and drieder

MgSQO, and filtered. After evaporation, the crude oil veabjected to flash chromatography (O-

217



30% EtOAc in hexanes) to give 3-(2-methyl-4-((opsopylsilyl)oxy)cyclohexa-1,4-

dienecarbonyl)oxazolidin-2-one as white solid (7@, 6% yield).

'H NMR (CDClk, 300 MHZz)8,pm = 4.85 (t,J = 3.5 Hz, 1 H), 4.43 (ddl= 7.8, 7.8 Hz, 2 H), 4.07
(dd,J= 8.4, 8.4 Hz, 2 H), 2.99 - 2.87 (m, 2 H), 2.776%(m, 2 H), 1.67 (s, 3 H), 1.11 - 1.03 (m,
21 H)

3C NMR (CDCh, 100 MHz)3ppm = 171.6, 152.2, 147.1, 131.9, 124.9, 98.6, 62215,436.2,
28.7,20.0,18.1, 12.8

IR (FTIR, cni') = 2945, 2868, 1792, 1703, 1675, 1458, 1387, 12292, 1086, 883

HRMS (EI) m/z calculated for gH33NO4Si (M+) = 379.2179, found: 379.2177

TIPSO

CrF°

3-(2-methyl-4-((triisopropylsilyl)oxy)benzoyl)oxaladin-2-one

Oxidation over the air after 3 days of 3-(2-methy(ftriisopropylsilyl)oxy)cyclohexa-1,4-
dienecarbonyl)oxazolidin-2-one gave guantitatively 3-(2-methyl-4-

((triisopropylsilyl)oxy)benzoyl)oxazolidin-2-one.
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'H NMR (CDCl, 300 MH2)8ppm = 7.21 (d,J = 8.1 Hz, 1 H), 6.76 - 6.66 (m, 2 H), 4.50 - 4.37
(m, 2 H), 4.22 - 4.09 (m, 2 H), 2.33 (s, 3 H), 1(86J = 1.1 Hz, 3 H), 1.13 - 1.04 (m, 18 H)

¥C NMR (CDChk, 75 MHZ) 8,pm = 158.4, 152.8, 130.1, 125.9, 122.2, 116.8, 62313, 19.9,
18.0,12.8

IR (FTIR, cm') = 2953, 2862, 1787, 1681, 1602, 1497, 1309, 18886,

HRMS (EI) vz calculated for gH31NO,Si (M+) = 377.2022, found: 377.2017

TBSO

CrF°

3-(4-((tert-butyldimethylsilyDoxy)-2,5-dimethyl-8rop-2-yn-1-yl)cyclohexa-1.,4-

dienecarbonyl)oxazolidin-2-one

A dry 10 mL round bottom flask fitted with a magieetstirrer was charged with
CH.Cl,+CH3CN(2+2 mL) under argon, 3-(but-2-ynoyl)oxazolidireBe (40 mg, 0.26 mmol, 1
eq.), (2)-tert-butyldimethyl((2-methylhepta-1,3-dié-yn-3-yl)oxy)silane (185 mg, 0.78 mmol,
3 eq.) with stirring. This mixture was cooled taC0and the ethyl aluminum sesquichloride (0.46
mL, 0.18 mmol, 0.7 eqg.) was added dropwise. Theti@awas allowed to stir for 15 hours from
0°C to room temperature. The reaction was quenchidld NaHCGQ, diluted with EtOAc,

washed with brine, and dried over MgsSénd filtered. After evaporation, the crude oil was
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subjected to flash chromatography (0-30% EtOAc iexdames) to give 3-(4-((tert-
butyldimethylsilyl)oxy)-2,5-dimethyl-3-(prop-2-yn-§l)cyclohexa-1,4-

dienecarbonyl)oxazolidin-2-one (71 mg, 69% yield).

'H NMR (CDCl, 300 MHZz)ppm = 4.43 (ddJ= 8.1, 8.0 Hz, 2 H), 4.07 (dd= 8.3, 7.7 Hz, 2
H), 3.04 - 2.88 (M, 1 H), 2.75 - 2.59 (M, 3 H),@:52.43 (m, 1 H), 1.95 (= 2.7 Hz, 1 H), 1.80
(s, 3 H), 1.62 (s, 3 H), 1.00 - 0.92 (m, 9 H), 0-1B11 (m, 6 H)

13C NMR (CDCk, 100 MHz)8ppm= 171.0, 152.2, 141.6, 134.3, 127.1, 109.9, 11807, 70.0,
62.1, 45.4, 42.5, 34.0, 26.0, 21.7, 18.9, 18.9,13.8, -3.9

IR (FTIR, cni®) = 3287, 2956, 2858, 1786, 1687, 1473, 1362, 1839,

HRMS (EI) m/z calculated for €H31NO4Si (M+) = 389.2022, found: 389.2003

b

0

3-(4-((tert-butyldimethylsilyDoxy)-2,5-dimethyl-8rop-2-yn-1-yl)cyclohexa-1.,4-

dienecarbonyl)oxazolidin-2-one

A dry 5 mL round bottom flask fitted with a magicestirrer was charged with acetone (1 mL)
under argon , 3-(4-((tert-butyldimethylsilyl)oxy)52dimethyl-3-(prop-2-yn-1-yl)cyclohexa-1,4-
dienecarbonyl)oxazolidin-2-one (30 mg, 0.08 mmagl) and gold catalyst (x) (3 mg, 3.8 pmol,

0.05 eq.). The reaction was allowed to stir ovdrhigt room temperature. The reaction was
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guenched with NECI, diluted with EtOAc, washed with brine, and driever MgSQ and
filtered. After evaporation, the crude oil was sdgd to flash chromatography (0-30% EtOAc
in hexanes) to give 3-(4-((tert-butyldimethylsilyXy)-2,5-dimethyl-3-(prop-2-yn-1-

yhcyclohexa-1,4-dienecarbonyl)oxazolidin-2-onendste solid (15 mg, 70% yield).

'H NMR (CDCl, 500 MHZ)8,pm = 5.74 - 5.71 (m, 1 H), 5.49 (ddds 9.4, 2.5, 0.8 Hz, 1 H),
4.43 (t,J= 8.1 Hz, 2 H), 4.05 (t)= 8.1Hz, 2 H), 2.82 (d] = 4.8 Hz, 1 H), 2.74 - 2.60 (m, 2 H),
2.58 (br. s., 2 H), 1.70 (@,= 1.9 Hz, 3 H), 1.14 (s, 3 H)

13C NMR (CDCk, 126 MHz)8ppm= 212.0, 170.0, 152.1, 137.0, 135.3, 126.9, 1282&, 51.1,
45.7,44.5, 42.5,34.4, 20.1, 18.8.

HRMS (EI) m/z calculated for GH1;NO4 (M+) = 275.1158, found: 275.1158.

(2)-3-(3,7-dimethylocta-2,6-dienoyl)oxazolidin-2-en

Same procedure as 3-(3,3-dimethylbicyclo[2.2.1]Hephe-2-carbonyl)oxazolidin-2-one.
'"H NMR (CDCh, 500 MHz)8pm = 6.89 (d,J = 0.9 Hz, 1 H), 5.14 (tdt] = 1.4, 2.9, 5.8 Hz, 1
H), 4.38 (t,J =8.1 Hz, 2 H), 4.03 (] = 8.1 Hz, 2 H), 2.59 (1) = 7.6 Hz, 2 H), 2.17 (g1 = 7.6

Hz, 2 H), 1.97 (dJ = 1.3 Hz, 3 H), 1.67 (d = 0.9 Hz, 3 H), 1.61 (s, 3 H)
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3C NMR (CDCk, 126 MHZz)3ppm = 164.9, 163.1, 153.6, 132.4, 123.7, 115.4, 64298, 34.7,

26.8, 26.2, 25.8, 17.8

3-(3,3-dimethylbicyclo[2.2.1]hept-5-ene-2-carbormspzolidin-2-one

See: Daniel Newbury Master Thesis.

OoTBS

3-(4-((tert-butyldimethylsilyDoxy)-2,2,6,6-tetrartteylcyclohex-3-enecarbonyl)oxazolidin-2-one

General procedure A for Diels-Alder reaction: Ayd'0 mL round bottom flask fitted with a
magnetic stirrer was charged with &M, (5 mL) under argon, 3-(3-methylbut-2-

enoyl)oxazolidin-2-one (200 mg, 1.18 mmol, 1 eteit-butyldimethyl((4-methylpenta-1,3-dien-
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2-yl)oxy)silane (377 mg, 1.77 mmol, 1.5 eq.) withrgng. This mixture was cooled to 0°C and
the ethyl aluminum sesquichloride (0.6 mL, 0.24 nfb2 eq.) was added dropwise. The
reaction was allowed to stir for 24 hours from C&b room temperature. The reaction was
guenched with NaHCg) diluted with EtOAc, washed with brine, and drieder MgSQ and
filtered. After evaporation, the crude oil was sdtgd to flash chromatography (0-30% EtOAc
in hexanes) to give 3-(4-((tert-butyldimethylsilyXy)-2,2,6,6-tetramethylcyclohex-3-

enecarbonyl)oxazolidin-2-one as white solid (411, 81ds yield).

'H NMR (CDCl, 400 MHZ)8ppm = 4.57 (s, 1 H), 4.34 (df, = 2.0, 8.1 Hz, 2 H), 4.05 (s, 1 H),
4.02 (dd,J = 7.5, 8.7 Hz, 2 H), 2.01 - 1.84 (m, 2 H), 1.113H), 1.09 (s, 3 H), 1.01 (s, 3 H),
1.01 (s, 3 H), 0.90 (s, 9 H), 0.12 (s, 3 H), 0.423(H)

3C NMR (CDCl, 100 MHZz)8ppm = 174.5, 153.7, 147.6, 114.0, 61.3, 52.9, 43.90,435.9,
35.1, 32.4, 30.2, 27.5, 25.9, 25.7, 18.2, -4.2, -4.

IR (FTIR, cni®) = 2958, 2904, 1772, 1695, 1670, 1379, 1369, 12085, 1041, 833

HRMS (EI) m/z calculated for ggH3sNO4Si (M+) = 381.2335, found: 381.2321

4-acetyl-3,3,5,5-tetramethylcyclohexanone
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General procedure B for Diels-Alder reaction: A di§ mL round bottom flask fitted with a
magnetic stirrer was charged with &H, (5 mL) under argon, 4-methylpent-3-en-2-one (150
mg, 1.53 mmol, 1 eq.), triisopropyl((4-methylpeit&-dien-2-yl)oxy)silane (506 mg, 1.99
mmol, 1.3 eq.) with stirring. This mixture was cedlto 0°C and the ethyl aluminum
sesquichloride (0.76 mL, 0.31 mmol, 0.2 eq.) wadedddropwise. The reaction was allowed to
stir for 2 hours from -78°C to room temperaturee Toeaction was quenched with NaH{ O
diluted with EtOAc, washed with brine, and drieceoWgSQ and filtered. After evaporation,
the crude oil was subjected to silyl group depridec by adding an excess of tetra-n-
butylammonium fluoride solution (1M in THF). Theaetion was allowed to stir for 10 hours at
room temperature. The reaction was quenched withQ\@, diluted with EtOAc, washed with
brine, and dried over MgSGand filtered. After evaporation, the crude oilishjected to flash
chromatography (0-10% EtOAc in hexanes) to givecdid-3,3,5,5-tetramethylcyclohexanone

as yellow oil (276 mg, 92% yield).

'H NMR (CDCk, 400 MHZz)3ppm = 2.73 (s, 1 H), 2.41 (d,= 13.0 Hz, 2 H), 2.21 (s, 3 H), 2.03
(d,J =13.0 Hz, 2 H), 1.02 (s, 6 H), 0.97 (s, 6 H)

3C NMR (CDCl, 100 MHZz)3,pm= 212.5, 210.8, 64.9, 53.4, 38.8, 36.8, 32.1, 26.6

IR (FTIR, cm') = 2948, 2933, 1701, 1652, 1456, 1373, 1355, 12282, 1190, 970

HRMS (EI) nvz calculated for &H»00, (M+) = 196.1463, found: 196.15
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(3,3,5,5-tetramethyl-4-(3-methylbut-2-enoyl)cyclotamone

Following general procedure B for Diels-Alder reaoct gave (3,3,5,5-tetramethyl-4-(3-

methylbut-2-enoyl)cyclohexanone as yellow oil (4Bd, 88% yield).

'H NMR (CDCl, 400 MHZ)3ppm = 6.12 - 6.09 (m, 1 H), 2.63 (s, 1 H), 2.49 ¢ 13.0 Hz, 2
H), 2.10 (dJ = 1.0 Hz, 3 H), 2.06 (d] = 12.9 Hz, 2 H), 1.86 (d = 1.0 Hz, 3 H), 1.03 (s, 6 H),
1.01 (s, 6 H)

3C NMR (CDCh, 100 MHz)8ppm = 211.6, 204.3, 155.1, 128.5, 65.4, 54.0, 39.44,327.9,
27.0, 20.7

IR (FTIR, cni') = 2966, 2898, 2368, 2322, 1704, 1683, 1676, 16486, 1355, 1286, 1103,
1027, 769

HRMS (EI) m/z calculated for GH240, (M+) = 236.1776, found: 236.1758
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(4aS,8aR)-4a.8,8-trimethylhexahydronaphthalene-PHB(7H)-dione

Following general procedure B for Diels-Alder reant gave (4aS,8aR)-4a,8,8-

trimethylhexahydronaphthalene-1,6(2H,7H)-dione @fow oil (545 mg, 96% yield).

'H NMR (CDCk, 400 MHZz)8ppm = 2.39 - 2.20 (m, 5 H), 2.13 (dd= 1.7, 13.1 Hz, 1 H), 1.92 -
1.86 (m, 1 H), 1.86 - 1.77 (m, 3 H), 1.34 - 1.25 (nH), 1.03 (s, 6 H), 1.01 (s, 3 H)

3C NMR (CDCl, 100 MHZz)8ppm = 212.3, 209.8, 65.7, 55.3, 54.0, 41.7, 40.2, 38342, 32.9,
30.5, 27.2, 20.6

HRMS (EI) nvz calculated for gH»00, (M+) = 208.1463, found: 208.1433
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(4R ,5S)-4-acetyl-3,3,5-trimethyl-5-(4-methylpene8-1-yl)cyclohexanone

Following general procedure B for Diels-Alder reastgave (4R,5S)-4-acetyl-3,3,5-trimethyl-5-

(4-methylpent-3-en-1-yl)cyclohexanone as yellow(©48 mg, 47% yield).

'H NMR (CDCl, 400 MHZz)8ppm = 5.01 (t,J = 7.0 Hz, 1 H), 2.90 (s, 1 H), 2.51 (dbi= 8.3,
12.2 Hz, 2 H), 2.29 (s, 3 H), 2.12 (dbz 3.4, 12.8 Hz, 2 H), 1.98 - 1.91 (m, 2 H), 1.663 H),
1.58 (s, 3 H), 1.50 - 1.41 (m, 1 H), 1.34 - 1.24 (i), 1.12 (s, 3 H), 1.06 (s, 3 H), 1.06 (s, 3 H)
13C NMR (CDCk, 100 MHZ)8ppm = 212.5, 211.0, 132.2, 123.6, 62.6, 53.9, 51.97,481.9,
39.0, 37.1, 32.1, 26.9, 25.8, 23.5, 22.6, 17.8

IR (FTIR, cni®) = 2954, 2860, 2358, 2329, 1701, 1683, 1662, 145865, 1284, 1151, 916

HRMS (EI) nvVz calculated for &H2s0, (M+) = 264.2089, found: 264.2098
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(S)-4-benzyl-3-((R)-2,2.6.6-tetramethyl-4-((triis@pylsily)oxy)cyclohex-3-

enecarbonyl)oxazolidin-2-one

Following general procedure A for Diels-Alder raant gave (S)-4-benzyl-3-((R)-2,2,6,6-
tetramethyl-4-((triisopropylsilyl)oxy)cyclohex-3-enarbonyl)oxazolidin-2-one as white solid

(452 mg, 76% yield, mixture of diastereomers 9:1).

'H NMR (CDCk, 300 MHZ)8ppm = 7.37 - 7.24 (m, 5 H), 4.79 - 4.66 (m, 1 H), 4(88J = 4.4
Hz, 1 H), 4.15 - 4.04 (m, 3 H), 3.43 (ddbz= 3.5, 7.2, 13.0 Hz, 1 H), 2.60 (ddbi= 6.8, 10.7,
13.0 Hz, 1 H), 2.06 - 1.97 (m, 2 H), 1.19 - 0.98 @8 H)

13C NMR (CDCl, 100 MHZz) 8ppm = 174.3, 174.2, 153.7, 153.7, 147.7, 147.6, 135358,
129.6, 129.5, 129.1, 129.1, 127.4, 112.7, 112.66,685.5, 56.2, 55.9, 52.9, 52.7, 44.6, 44.3,
38.6, 38.1, 36.2, 36.0, 35.4, 35.1, 32.7, 32.57,330.2, 30.0, 27.5, 27.2, 25.4, 25.1, 22.8, 20.9,
18.2,17.9, 14.3, 12.8, 12.4

IR (FTIR, cni®) = 2941, 2864, 1772, 1695, 1652, 1379, 1348, 12085, 1093, 881

HRMS (EI) nv/z calculated for ggH4;NO,Si (M+) = 513.3274, found: 513.3252
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(S)-4-isopropyl-3-((R)-2,2,6,6-tetramethyl-4-((gopropylsily)oxy)cyclohex-3-

enecarbonyl)oxazolidin-2-one

Following general procedure A for Diels-Alder reant gave (S)-4-isopropyl-3-((R)-2,2,6,6-
tetramethyl-4-((triisopropylsilyl)oxy)cyclohex-3-enarbonyl)oxazolidin-2-one as white solid

(483 mg, 73% vyield, mixture of diastereomers 7:3).

'H NMR (CDCl, 400 MHZ)8ppm = 4.56 - 4.42 (m, 2 H), 4.20 - 4.12 (m, 2 H), 4(@9J = 13.0
Hz, 1 H), 2.45 - 2.28 (m, 1 H), 2.01 - 1.90 (m, R HO7 - 1.01 (m, 40 H)

13C NMR (CDCh, 100 MHZ)8ppm = 174.2, 174.1, 154.3, 154.3, 147.7, 147.6, 11212,5, 62.6,
62.4, 59.1, 58.9, 52.6, 52.5, 44.4, 44.3, 36.19,385.3, 35.1, 32.6, 32.6, 30.0, 30.0, 28.8, 28.4,
27.4,27.2,25.3,25.2,18.2,17.8,12.8, 12.4

IR (FTIR, cni®) = 2945, 2893, 2368, 1772, 1697, 1652, 1456, 13631, 995, 883

HRMS (EI) m/z calculated for ggH4/NO4Si (M+) = 465.3274, found: 465.3309.
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3-(2,6,6-trimethyl-4-((triisopropylsilyl)oxy)cycladxa-1,4-dienecarbonyloxazolidin-2-one

Following general procedure A for Diels-Alder reant gave 3-(2,6,6-trimethyl-4-
((triisopropylsilyl)oxy)cyclohexa-1,4-dienecarbojykazolidin-2-one as white solid (431 mg,

81% yield).

'H NMR (CDCk, 400 MHZ)8ppm = 4.68 (ddJ = 1.3, 1.3 Hz, 1 H), 4.37 (dd,= 7.9, 7.9 Hz, 2
H), 4.08 (ddJ = 8.4, 8.4 Hz, 2 H), 2.66 (s, 2 H), 1.60 (s, 3 HPY - 1.07 (m, 14 H), 1.06 (br. s.,
13 H)

13C NMR (CDCl, 100 MHZ)8ppm = 171.0, 156.2, 152.4, 132.0, 125.5, 104.3, 64468, 42.6,
36.7, 26.5,19.7, 18.1, 12.8

IR (FTIR, cni®) = 2943, 2893, 1782, 1679, 1652, 1593, 1458, 1883,

HRMS (EI) nvz calculated for gH3;NO4Si (M+) = 407.2492, found: 407.2478.
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benzyl hept-6-en-2-ynoate

A dry 250 mL round bottom flask fitted with a maginestirrer was charged with diethyl ether
(40 mL) under argon, 3-bromoprop-1-yne (2.97 gntfol, 1 eq.), allylmagnesium bromide (40
mL, 40 mmol, 1M, 2 eq.) with stirring. The reactisas allowed to stir for 2 hours at 0°C. Then
benzyl carbonochloridate (13.7 g, 80 mmol, 4 ag)0 mL of diethyl ether was added dropwise.
The reaction was quenched with M, washed with brine, and dried over MgS&hd filtered.

After evaporation, the crude oil was subjected lasH chromatography (0-10% EtOAc in

hexanes) to give benzyl hept-6-en-2-ynoate as les®oil (2.44 g, 57% yield).

'H NMR (CDCh, 300 MHZz)8pom = 7.39 - 7.36 (m, 5 H), 5.83 (tdd= 6.5, 10.3, 17.0 Hz, 1 H),

5.19 (s, 2 H), 5.13 - 5.03 (M, 2 H), 2.47 - 2.37 P, 2.37 - 2.26 (M, 2 H)
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(4S)-4-benzyl-3-(6-((tetrahydro-2H-pyran-2-yl)oxygk-2-ynoyl)oxazolidin-2-one

A dry 10 mL round bottom flask fitted with a mageestirrer was charged with THF (3 mL)

under argon, 2-(pent-4-yn-1-yloxy)tetrahydro-2Hguyr(60 mg, 0.34 mmol, 1 eq.), n-butyl
lithium (0.23 mL, 0.41 mmol, 1.8 M, 1.2 eq.) wittrgng.. The reaction was allowed to stir for 2
hours at -78°C. Then (S)-4-benzyl-2-oxooxazolid®earbonyl chloride (122 mg, 0.51 mmol,

1.5 eq.) in 2 mL of THF was added dropwise. Aftempletion, the reaction was quenched with
NH,Cl, washed with brine, and dried over MgS&nhd filtered. After evaporation, the crude oil
was subjected to flash chromatography (0-10% Et@Alcexanes) to give (4S)-4-benzyl-3-(6-

tetrahydro-2H-pyran-2-yl)oxy)hex-2-ynoyl)oxazahe2-one as yellow oi mg, 65% vyield).
(( hydro-2 2-yl)oxy)hex-2 )] ihel2 Il il (82 6 ield)

'H NMR (CDCl, 400 MHZz)8ppm = 7.37 - 7.31 (m, 5 H), 7.25 - 7.19 (m, 5 H), 4:74163 (m, 3
H), 4.63 - 4.57 (m, 1 H), 4.31 - 4.24 (m, 1 H),2:24.09 (m, 6 H), 3.89 - 3.82 (m, 3 H), 3.58 -
3.43 (m, 5 H), 3.33 (dd] = 3.3, 13.5 Hz, 2 H), 2.86 - 2.73 (m, 2 H), 2.66 § = 3.7, 7.1 Hz, 2
H), 2.04 (s, 2 H), 1.99 - 1.89 (m, 2 H), 1.88 -6L(, 2 H), 1.75 - 1.66 (m, 2 H), 1.64 - 1.61 (m,

2H),1.60-1.48 (m,5H)
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%C NMR (CDCl, 100 MHZz) 8ppm = 152.2, 152.0, 150.8, 149.6, 135.1, 135.0, 129293,
129.1, 129.1, 127.6, 127.5, 99.0, 98.3, 73.8, 63640, 65.7, 62.4, 56.5, 55.2, 38.2, 37.7, 30.7,

27.9, 25.6, 19.6, 16.5

HRMS (EI) m/z calculated for gH26NOs [(M+H)+] = 372.1811, found: 372.1816.
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NMR Spectra
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checkCIF/PLATON report

No syntax errors found. | CIF dictionary [ Interpreting this report

Datablock: test

Bond precision: C-C =0.0034 A Wavelength=0.71073

Cell: a=9.033(2) b=11.676(3) c=24.160(6)
alpha=90 beta=100.344(3) gamma=90
Temperature: 203 K
Calculated Reported
Volume 2506.7(11) 2506.9(10)
Space group P 21/n P2(1)/n
Hall group -P 2yn ?
Moiety formula C30 H35 N O4 ?
Sum formula C30H35N O4 C30H35N 04
Mr 473.59 473.59
Dx,g cm-3 1.255 1.255
Z 4 4
Mu (mm-1) 0.082 0.082
FO00 1016.0 1016.0
FO00’ 1016.46
h,k,Imax 10,13,27 10,13,27
Nref 3851 3840
Tmin, Tmax 0.944,0.960 0.945,0.960
Tmin’ 0.944

Correction method= MULTI-SCAN
Data completeness= 0.997 Theta(max)= 23.810
R(reflections)= 0.0431( 2852) wR2(reflections)= 0.1123( 3840)

S=1.077 Npar= 316

The following ALERTS were generated. Each ALERT has the format
test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

@ Alert level B
[THETMOL ALERT 3 B The value of sine(theta_max)/wavelength is less than 0.575
Calculated sin(theta_max)/wavelength = 0.5680

< Alert level C
[PLAT063_ALERT 4 _( Crystal Probably too Large for Beam Size ....... 0.70 mm
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http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkcifreport.html
http://journals.iucr.org/services/cif/checking/THETM_01.html
http://journals.iucr.org/services/cif/checking/PLAT063.html

< Alert level G

[HYDTROI ALERT 1 ¢ Extra text has been found in the _refine_Is_hydrogen_treatment fi

Explanatory text should be in the _publ_section_refinement field.

Hydrogen treatment given as constrained

Hydrogen treatment identified as constr
Predicted and Reported Transmissions Identical .
The Model has Chirality at C2  (Verify) .... R
The Model has Chirality at C3  (Verify) .... S
The Model has Chirality at C5  (Verify) .... S
The Model has Chirality at C8  (Verify) .... S
The Model has Chirality at C9  (Verify) .... R
The Model has Chirality at C10  (Verify) .... S
[PLAT793 ALERT 4 { The Model has Chirality at C11  (Verify) .... S

?

0 ALERT level A = In general: serious problem
1 ALERT level B = Potentially serious problem
1 ALERT level C = Check and explain

9 ALERT level G = General alerts; check

2 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
0 ALERT type 2 Indicator that the structure model may be wrong or deficient
1 ALERT type 3 Indicator that the structure quality may be low

8 ALERT type 4 Improvement, methodology, query or suggestion

0 ALERT type 5 Informative message, check

Publication of your CIF in IUCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all
CIFs submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied
Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta

Crystallographica Section C or E, you should make sure that full publication checKs are run

on the final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions

relating to CIF submission.

PLATON version of 25/02/2009; check.def file version of 25/02/2009
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http://journals.iucr.org/services/cif/checking/PLAT066.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/checkform.html

Datablock test - ellipsoid plot
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data_JPS-804

_audit_creation_method SHELXL-97
_chemical_name_systematic

"2
_chemical_name_common ?
_chemical_melting_point ?
_chemical_formula_moiety ?
_chemical_formula_sum

"C30 H35 N 04*°
_chemical_formula_weight 473.59

loop_

_atom_type_symbol

_atom_type_description

_atom_type_scat_dispersion_real
_atom_type_scat_dispersion_imag

_atom_type_scat_source

*C* ~Cc- 0.0033 0.0016

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"
"H® "H" 0.0000 0.0000

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"
"N®  "N* 0.0061 0.0033

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"
0" T"o" 0.0106 0.0060

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"

_symmetry_cell_setting Monoclinic
_symmetry_space_group_name_H-M P2(1)/n

loop_
_symmetry_equiv_pos_as_ Xyz
.y, 2"

"-x+1/2, y+1/2, -z+1/2*
"X, -y, -z°

"x-1/2, -y-1/2, z-1/2*

_cell_length_a 9.033(2)
_cell_length_b 11.676(3)
_cell_length_c 24.160(6)
_cell_angle_alpha 90.00
_cell_angle_beta 100.344(3)
_cell_angle_gamma 90.00
_cell_volume 2506.9(10)
_cell_formula _units Z 4
_cell_measurement_temperature 203(2)
_cell_measurement_reflns_used 8474
_cell_measurement_theta min 2.29
_cell_measurement_theta_max 24.71

_exptl_crystal_description block
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_exptl_crystal_colour colorless
_exptl_crystal_size max 0.70
_exptl_crystal_size_mid 0.60
_exptl_crystal_size _min 0.50
_exptl_crystal_density _meas n/a
_exptl_crystal _density diffrn 1.255
_exptl_crystal_density_method "not measured-
_exptl_crystal_F_000 1016
_exptl_absorpt_coefficient_mu 0.082
_exptl_absorpt_correction_type multi-scan
_exptl_absorpt_correction_T_min 0.9446
_exptl_absorpt_correction_T_max 0.9600

_exptl_absorpt_process_details

_exptl_special_details

*SADABS, Bruker (2000)"

Data collection is performed with three batch runs at phi = 0.00 deg
(650 frames), at phi = 120.00 deg (650 frames), and at phi = 240.00 deg
(650 frames).

Frame width = 0.30 deg in omega.

Data is merged, corrected for decay (if any), and treated with multi-

scan

absorption corrections (if required). All symmetry-equivalent

reflections

are merged for centrosymmetric data.
Friedel pairs are not merged for noncentrosymmetric data.

_diffrn_ambient_temperature 203(2)
_diffrn_radiation_wavelength 0.71073
_diffrn_radiation_type MoK\a
_diffrn_radiation_source "fine-focus sealed tube”
_diffrn_radiation_monochromator graphite

_diffrn_measurement_device_type
_diffrn_measurement_method

"CCD area detector-
"phi and omega scans”

_diffrn_detector_area_resol_mean ?
_diffrn_standards_number ?
_diffrn_standards_interval _count ?
_diffrn_standards_interval_time ?
_diffrn_standards_decay_% <1
_diffrn_refIns_number 17032
_diffrn_reflns_av_R_equivalents 0.0515
_diffrn_reflns_av_sigmal/netl 0.0434
_diffrn_reflns_limit_h_min -10
_diffrn_reflns_limit _h_max 10
_diffrn_reflns_limit_k min -13
_diffrn_reflns_limit k max 13
_diffrn_reflns_limit I min =27
_diffrn_reflns_limit_1_max 27
_diffrn_reflns_theta_min 1.71
_diffrn_reflns_theta max 23.81
_reflns_number_total 3840
_reflns_number_gt 2852

_reflns_threshold_expression

>2sigma(l)
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_computing_data collection "Bruker SMART"

_computing_cell_refinement "Bruker SMART"
_computing_data reduction "Bruker SAINT"
_computing_structure_solution "SHELXS-97 (Sheldrick, 1990)"
_computing_structure_refinement "SHELXL-97 (Sheldrick, 1997)*
_computing_molecular_graphics "Bruker SHELXTL*

_computing_publication_material "Bruker SHELXTL*

_refine_special _details

Refinement of F"2”" against ALL reflections. The weighted R-factor wR
and

goodness of fit S are based on F*2”, conventional R-factors R are based
on F, with F set to zero for negative F*2~_. The threshold expression of
Fr2n > 2sigma(FM27) i1s used only for calculating R-factors(gt) etc. and
is

not relevant to the choice of reflections for refinement. R-factors
based

on F"2n are statistically about twice as large as those based on F, and
R-

factors based on ALL data will be even larger.

_refine_Is_structure_factor_coef Fsqd
_refine_Is_matrix_type full
_refine_Is_weighting_scheme calc
_refine_Is_weighting_details
"calc w=1/[\s"2”"(Fo"2™)+(0.0311P)"2"+1.5600P] where P=(Fo"2"+2Fc"2")/3*"

_atom_sites_solution_primary direct
_atom_sites_solution_secondary difmap
_atom_sites_solution_hydrogens geom
_refine_Is_hydrogen_treatment constrained
_refine_Is_extinction_method none
_refine_Is_extinction_coef ?
_refine_Is _number_reflns 3840
_refine_Is_number_parameters 316
_refine_Is number_restraints 0
_refine_Is_R factor_all 0.0663
_refine_Is_R_factor_gt 0.0431
_refine_Is wR_factor_ref 0.1123
_refine_Is_wR_factor_gt 0.1007
_refine_Is _goodness of fit ref 1.077
_refine_Is_restrained_S_all 1.077
_refine_Is_shift/su_max 0.001
_refine_Is_shift/su_mean 0.000

loop

_atom_site_label
_atom_site_type symbol
_atom_site fract x
_atom_site fract y
_atom_site fract z
_atom_site_U_iso_or_equiv
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_atom_site_adp_type
_atom_site_occupancy
_atom_site_symmetry_multiplicity
_atom_site _calc flag
_atom_site_refinement_flags
_atom_site disorder_assembly
_atom_site_disorder_group

NI N 1.1686(2) 0.24870(15) 0.16282(7) 0.0327(5) Vani 1 1 d . .
01 0 1.08224(18) 0.12319(15) 0.09212(7) 0.0455(4) Uani 1 1 d .
02 0 1.3038(2) 0.32448(15) 0.24328(7) 0.0503(5) Uani 1 1 d .
03 0 0.71321(17) -0.05982(13) 0.17645(6) 0.0370(4) Uani 1 1 d .
04 0 0.49067(19) -0.00210(15) 0.19399(7) 0.0494(5) Uani 1 1 d .
Cl1 C 1.1168(2) 0.1432(2) 0.14217(10) 0.0327(5) Uani 1 1 d .

c1

c2 .1132(2) 0.06397(19) 0.19116(9) 0.0314(5) Uani 1 1 d .
H2A H 1.1634 -0.0091 0.1850 0.038 Uiso 1 1 calc R . .

C3 C 1.2064(2) 0.12802(19) 0.24201(9) 0.0327(5) Uani 1 1 d .
H3A H 1.3043 0.0886 0.2531 0.039 Uiso 1 1 calc R . .

C4 C 1.2339(2) 0.2451(2) 0.21922(10) 0.0346(6) Uani 1 1 d .
C5 C 0.9495(2) 0.03953(18) 0.20101(9) 0.0311(5) Uani 1 1 d .
H5A H 0.9603 -0.0210 0.2302 0.037 Uiso 1 1 calc R . .
C6 C 0.8888(2) 0.14310(19) 0.22781(9) 0.0302(5) Uani
C7 C 0.9746(2) 0.18552(19) 0.27363(9) 0.0334(5) Uani
H7A H 0.9396 0.2463 0.2933 0.040 Uiso 1 1 calc R . .
C8 C 1.1285(2) 0.1356(2) 0.29386(9) 0.0340(5) Uani 1 1 d .
H8A H 1.1142 0.0563 0.3064 0.041 Uiso 1 1 calc R . .

C9 C 0.8370(2) -0.00944(18) 0.15069(9) 0.0316(5) Uani 1 1 d .
C10 C 0.7514(2) 0.08403(19) 0.11264(9) 0.0314(5) Uani 1 1 d .
H10A H 0.8217 0.1443 0.1046 0.038 Uiso 1 1 calc R . .

C11 C 0.6495(2) 0.13009(19) 0.15165(9) 0.0315(5) Uani 1 1 d .

11d.
11d.

C12 C 0.7432(2) 0.19962(19) 0.20001(10) 0.0351(6) Vani 1 1 d .

H12A H 0.7670 0.2742 0.1852 0.042 Uiso 1 1 calc R .

H12B H 0.6813 0.2135 0.2288 0.042 Uiso 1 1 calc R . .

C13 C 0.9040(3) -0.1072(2) 0.12147(10) 0.0403(6) Uani 1 1 d .
H13A H 0.9245 -0.1718 0.1476 0.048 Uiso 1 1 calc R . .

H13B H 1.0003 -0.0820 0.1123 0.048 Uiso 1 1 calc R . .

C14 C 0.8028(3) -0.1483(2) 0.06764(11) 0.0463(7) Uani 1 1 d .
H14A H 0.8571 -0.2041 0.0485 0.056 Uiso 1 1 calc R . .

H14B H 0.7135 -0.1860 0.0770 0.056 Uiso 1 1 calc R . .

C15 C 0.7554(3) -0.0472(2) 0.02915(10) 0.0462(7) Uani 1 1 d .
H15A H 0.6959 -0.0741 -0.0064 0.055 Uiso 1 1 calc R .

H15B H 0.8447 -0.0079 0.0208 0.055 Uiso 1 1 calc R .

C16 C 0.6623(3) 0.0353(2) 0.05762(10) 0.0387(6) Uani 1 1 d .
H16A H 0.5732 -0.0048 0.0656 0.046 Uiso 1 1 calc R .

H16B H 0.6279 0.0985 0.0318 0.046 Uiso 1 1 calc R . .

C17 C 0.6038(3) 0.0191(2) 0.17595(10) 0.0359(6) Uani 1 1 d .
C18 C 1.1737(3) 0.3486(2) 0.12708(10) 0.0394(6) Uani 1 1 d .
H18A H 1.1885 0.3231 0.0898 0.047 Uiso 1 1 calc R .
H18B H 1.2601 0.3961 0.1432 0.047 Uiso 1 1 calc R . .
C19 C 1.0323(3) 0.42004(19) 0.12068(10) 0.0364(6) Uani
C20 C 0.9757(3) 0.4562(2) 0.16727(11) 0.0450(6) Uani 1
H20A H 1.0233 0.4338 0.2035 0.054 Uiso 1 1 calc R . .
C21 C 0.8490(3) 0.5252(2) 0.16075(13) 0.0547(7) Uani 1 1 d .
H21A H 0.8113 0.5499 0.1926 0.066 Uiso 1 1 calc R . .

C22 C 0.7782(3) 0.5577(2) 0.10808(16) 0.0665(9) Uani 1 1 d .
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H22A H 0.6926 0.
C23 C 0.8329(4)
H23A H 0.7847 0.
C24 C 0.9582(3)
H24A H 0.9934 0.
C25 C 0.5111(3)
H25A H 0.4437 0.
H25B H 0.4568 0.
C26 C 0.5467(3)
H26A H 0.6205 0.
C27 C 0.4845(3)
H27A H 0.4103 0.
H27B H 0.5139 0.
C28 C 1.2219(3)
H28A H 1.3262 0.
H28B H 1.2215 0.
C29 C 1.1662(3)
H29A H 1.0621 O.
H29B H 1.1674 O.
C30 C 1.2635(4)
H30A H 1.2252 0.
H30B H 1.2610 O.
H30C H 1.3663 0.

loop_
_atom_site_aniso_label
_atom_site _aniso U 11
_atom_site_aniso U 22
_atom_site_aniso_U 33
_atom_site_aniso U 23
_atom_site_aniso_U 13
_atom_site _aniso U 12

N1
01
02
03
04
C1
C2
C3
C4
C5
C6
c7
C8
Cc9
C10
C11
Ci12
C13
Ci14
C15
C16
C17

[eNeoloNoNoloNoNoNooNoNoNoNe]

.0324(11) 0.0337(11)
.0458(10) 0.0571(11)
.0583(12) 0.0486(11)
.0351(9) 0.0304(9) 0.

.0402(10)
.0233(12)
.0285(12)
.0276(12)
.0281(13)
.0311(12)
.0286(12)
.0359(13)
.0345(13)
.0293(12)

[cNeoloNoloNoNoNa]

.0270(12)
.0270(12)
.0331(13)
.0402(14)
.0445(15)
.0490(16)
.0367(14)
.0306(13)

[eNeoNoNoNeoNoNoNoNeNe)

.0552(11)
.0416(14)
.0290(12)
.0348(13)
.0414(14)
.0277(12)
.0294(12)
.0312(13)
.0322(13)
.0279(12)

eNoNoNoNoNeoNoNe)

6049 0.1038

0.5210(3) O.

5436 0.0254

0.4512(2) O.

4247 0.0355

0.2000(2) O.

1500 0.0987
2249 0.1539

0.3029(2) O.

3533 0.1110

0.3289(2) O.

2809 0.0210
3956 0.0242

0.1993(2) 0.

1725 0.3484
2812 0.3346

0.1840(2) O.

2112 0.3946
1025 0.4085

0.2496(3) 0.

2382 0.4809
3306 0.4372
2220 0.4511

0.
0.
04

[eNeoloNoNoNoNoNoNoNa

.0298(12)
.0323(12)
.0326(13)
.0327(13)
.0376(14)
.0479(16)
.0399(14)
.0409(14)

eNeoNoloNoNeoNoNe)

0.080 Ui

0.084 Ui
06755(11
0.064 Ui

0.046 Ui
0.046 Ui
09241(11
0.055 Ui
04114(12
0.068 Ui
0.068 Ui
34356(9)
0.047 Ui
0.047 Ui

0.060 Ui
0.060 Ui

0.107 Ui
0.107 Ui
0.107 Ui

0349(10)
0434(10)
59(10) O.

.0566(11)
.0344(14)
.0364(13)
.0344(13)
.0353(14)
.0346(13)
.0346(13)
.0357(13)
.0353(13)
.0389(13)

.0374(13)
.0360(13)
.0405(14)
.0464(15)
.0549(16)
.0403(15)
.0382(14)
.0359(13)

06148(14) 0.0701(9) Uani

12436(10) 0.0383(6) Uani

so 1l 1calcR .

1d.
sol1calcR . .
) 0.0530(7) Uani
so 1 1calcR .

1d.

1d.
so 1 1calcR .
so11calcR . .
) 0.0462(7) Uani
so11calcR . .
) 0.0563(8) Uani
so 1l 1calcR .
so11calcR . .
0.0394(6) Uani 1 1 d .
so1l11calcR .
so 1l 1calcR .

1d.

1d.

39887(10) 0.0504(7) Uani 1 1 d .

so 1 1calcR.
so 11 calcR .

44630(11) 0.0711(9) Uani 1 1 d .

so 11 calc R .
so 1 1calcR.
so 11 calc R .

0.0327(11) 0.0009(9) 0.0078(9) 0.0000(9)

~0.0075(8) 0.0108(8) -0.0091(9)
~0.0065(9) 0.0077(9) -0.0214(9)
0055(7) 0.0078(7) -0.0037(7)
0.0063(9) 0.0189(9) -0.0076(9)
~0.0070(11) 0.0087(10) 0.0020(10)
~0.0022(10) 0.0052(10) 0.0038(10)
0.0002(10) 0.0021(10) 0.0056(10)
~0.0047(11) 0.0084(10) -0.0028(11)
0.0022(10) 0.0062(10) 0.0019(10)
0.0014(10) 0.0107(10) -0.0033(10)
~0.0023(11) 0.0131(11) 0.0018(10)
0.0017(10) 0.0062(10) 0.0012(10)
0.0014(10) 0.0095(10) -0.0021(10)
-0.0001(10) 0.0056(10) -0.0008(10)
0.0023(10) 0.0074(10) -0.0006(10)
-0.0004(11) 0.0090(11) 0.0026(10)
-0.0039(11) 0.0032(12) 0.0030(11)
-0.0145(12) 0.0037(13) 0.0044(12)
-0.0088(12) 0.0043(12) 0.0021(13)
0.0013(11) 0.0030(11) 0.0024(11)
0.0007(11) 0.0053(11) -0.0036(11)
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C18 0.0397(14) 0.0425(14) 0.0386(14) 0.0039(11) 0.0138(11) -0.0031(11)
C19 0.0391(14) 0.0288(13) 0.0426(14) 0.0024(11) 0.0106(11) -0.0044(11)
C20 0.0463(16) 0.0406(15) 0.0494(16) -0.0064(12) 0.0120(13) -0.0042(12)
C21 0.0565(18) 0.0383(15) 0.074(2) -0.0091(14) 0.0259(16) 0.0017(14)
C22 0.0519(18) 0.0435(17) 0.109(3) 0.0239(18) 0.0275(19) 0.0129(14)

C23 0.062(2) 0.075(2) 0.073(2) 0.0387(18) 0.0136(17) 0.0160(17)

C24 0.0607(18) 0.0545(17) 0.0460(16) 0.0172(14) 0.0156(14) 0.0074(15)
C25 0.0298(13) 0.0425(14) 0.0427(14) -0.0005(11) 0.0069(11) 0.0027(11)
C26 0.0378(14) 0.0386(15) 0.0593(18) 0.0061(13) 0.0010(13) 0.0042(12)
C27 0.0584(18) 0.0486(17) 0.0609(19) 0.0131(14) 0.0079(15) 0.0076(14)
C28 0.0393(14) 0.0443(15) 0.0345(13) -0.0024(11) 0.0066(11) -0.0005(11)
C29 0.0550(17) 0.0589(17) 0.0386(15) -0.0055(13) 0.0117(13) -0.0076(14)
C30 0.075(2) 0.103(3) 0.0378(16) -0.0162(16) 0.0151(15) -0.0182(19)

_geom_special_details

All esds (except the esd in the dihedral angle between two I.s. planes)
are estimated using the full covariance matrix. The cell esds are taken
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are
only

used when they are defined by crystal symmetry. An approximate
(isotropic)

treatment of cell esds is used for estimating esds involving I.s.
planes.

loop_
_geom_bond_atom_site label_1
_geom_bond_atom_site label 2
_geom_bond_distance
_geom_bond_site_symmetry_2
_geom_bond_publ_flag

N1 C1 1.379(3) . ?

N1 C4 1.385(3) . ?

N1 C18 1.456(3) . ?

01 C1 1.216(3) - ?

02 C4 1.210(3) . ?

03 C17 1.349(3) . ?

03 C9 1.495(3) . ?

04 C17 1.207(3) . ?

C1 C2 1.508(3) . ?
C2 €3 1.551(3) . ?
C2 C5 1.566(3) . ?
C3 C4 1.511(3) . ?
C3 C8 1.546(3) . ?
C5 C6 1.520(3) . ?
C5 C9 1.547(3) . ?
C6 C7 1.328(3) . ?

C6 C12 1.517(3) . ?
C7 C8 1.505(3) -
C8 C28 1.531(3) . ?
C9 C13 1.523(3) .
C9 C10 1.542(3) . ?

)

~J
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C10 C11 1.529(3) ?
C10 C16 1.535(3) ?
C11 C17 1.511(3) ?
C11 C25 1.539(3) ?
Cl11 C12 1.544(3) ?
C13 C14 1.527(3) ?
C14 C15 1.516(3) ?
C15 C16 1.522(3) ?
C18 C19 1.510(3) ?
C19 C20 1.383(3) ?
C19 C24 1.385(3) ?
C20 C21 1.386(4) ?
C21 C22 1.371(4) ?
C22 C23 1.376(4) ?
C23 C24 1.382(4) ?
C25 C26 1.495(3) ?
C26 C27 1.301(4) ?
C28 C29 1.520(3) ?
C29 C30 1.520(4) ?
loop_

_geom_angle_atom_site_label 1
_geom_angle_atom_site_label_2
_geom_angle_atom_site_label 3
_geom_angle
_geom_angle_site_symmetry 1
_geom_angle_site_symmetry_3
_geom_angle_publ_flag

Cl N1 C4 112.68(19) . . ?

Cl N1 C18 123.05(19) . . ?

C4 N1 C18 123.69(19) . . ?

Cl7 03 C9 109.22(17) . . ?

01 C1 N1 122.8(2) . . ?
01 C1 C2 128.7(2) - . ?
N1 C1 C2 108.54(19) .

Cl C2 C3 103.93(18) .

Cl C2 C5 112.67(17) .-

C3 C2 C5 111.14(18) .

C4 C3 C8 111.83(18) .

C4 C3 C2 104.42(18) .

C8 C3 C2 114.10(18) . .
02 C4 N1 122.9(2) . . ?
02 C4 C3 128.6(2) - . ?
N1 C4 C3 108.51(19) .

C6 C5 C9 113.14(18) .

C6 C5 C2 110.02(17) -

C9 C5 C2 116.92(18) . .
C7 C6 C12 122.5(2) . . ?
C7 C6 C5 116.8(2) . . ?
Cl2 C6 C5 120.54(19) . . ?
C6 C7 C8 119.5(2) . . ?

C7 C8 C28 114.43(19) . . ?
C7 C8 C3 106.68(18) . . ?
C28 C8 C3 113.37(19) . . ?

NN N N N N N

N N N )
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03 C9 C13 106.69(17) . . ?
03 C9 C10 101.19(16) . . ?
C13 C9 C10 116.90(19) . . ?
03 C9 C5 104.65(17) . . ?
C13 C9 C5 112.44(18) . . ?
C10 C9 C5 113.27(18) . . ?
C11 C10 C16 112.60(18) . . ?
C11 C10 C9 100.04(17) . . ?
C16 C10 C9 112.49(18) . . ?
C17 C11 C10 100.04(18) . .
C17 C11 C25 111.35(18) . .
C10 C11 C25 117.09(18) . .
C17 C11 C12 107.93(18) . .
C10 C11 C12 110.03(17) . .
C25 C11 C12 109.76(18) . .
C6 C12 C11 114.84(18) . . ?
C9 C13 C14 113.78(19) . . ?
C15 C14 C13 109.7(2) . . ?
C14 C15 C16 109.5(2) . . ?
C15 C16 C10 112.33(19) . . ?
04 C17 03 121.6(2) . . ?

04 C17 C11 128.6(2) . . ?

03 C17 C11 109.79(19) . . ?
N1 C18 C19 112.78(18) . . ?
C20 C19 C24 119.1(2) .

C20 C19 C18 121.0(2)
C24 C19 C18 119.9(2)
C19 C20 C21 120.2(3)
C22 C21 C20 120.3(3)
C21 C22 €23 119.8(3)
C22 C23 C24 120.3(3) .
C23 C24 C19 120.2(3) . .
C26 C25 C11 114.47(19) . . ?
C27 C26 C25 125.7(3) -
C29 C28 C8 114.2(2) . . ?
C30 C29 C28 111.5(2) . . ?

N ) ) ) ) )

NN N N ) ) ) )

Y

loop_
_geom_torsion_atom site_ label 1
_geom_torsion_atom_site_label_2
_geom_torsion_atom_site label 3
_geom_torsion_atom _site_label 4
_geom_torsion
_geom_torsion_site_symmetry 1
_geom_torsion_site_symmetry 2
_geom_torsion_site_symmetry_3
_geom_torsion_site_symmetry 4
_geom_torsion_publ_ flag

C4 N1 C1 01 -165.7(2) . . . . ?
C18 N1 C1 01 5.8(3) . . . . ?

C4 N1 C1 C214.0(2) . . . .72

C18 N1 C1 C2 -174.41(18) . . . . ?
01 C1 C2 C3 166.2(2) . . . . ?

N1 Cl1C2C3 -13.6(2) - . . . 7
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01 CLC2C5 -73.4(3) . . . .2

N1 C1 C2 C5 106.9(2) . . . . ?
CLC2C3C48.502) ....72

C5 C2 C3 C4 -112.94(19) . . . . ?
C1 C2 C3 C8 130.90(19) . . . . ?
C5C2C3C89.5(38) .. ..72

C1 N1 C4 02 169.8(2) - . . . ?

C18 N1 C4 02 -1.7(3) . . . . ?
CLN1C4C3-8.1(2) . . . .72

C18 N1 C4 C3 -179.63(19) . . . . ?
C8 C3 C4 02 57.4(3) . . . .2

C2 C3 C4 02 -178.7(2) . . . . ?

C8 C3 C4 N1 -124.81(19) . . . . ?
C2 C3C4 NL -0.9(2) . . . .72
Cl1C2C5C6 -74.9(2) - . . . ?
C3C2C5C641.3(2) . . . .2
Cl1C2C5C955.9(2) . . ..72

C3 C2 C5 C9 172.10(18) . . . . ?
C9 C5C6 C7 175.6(2) - . . . ?

C2 C5C6 C7 -51.5(3) - . . . ?

C9 C5C6 Cl2 -9.2(3) . . . . ?

C2 C5 C6 C12 123.6(2) . . . . ?
C12 C6 C7 C8 -170.8(2) . . . . ?
C5 C6 C7C84.3(8) . . . .72

C6 C7 C8 C28 174.4(2) . . . . ?

C6 C7 C8 C3 48.1(3) . . . . 2

C4 C3C8C7 65.2(2) . . . .72

C2 C3C8C7 -53.0(2) - . . .72

C4 C3 C8 C28 -61.6(2) . . . . ?

C2 C3 C8 C28 -179.88(19) . . . . 2
C17 03 C9 C13 -147.65(18) . . . . ?
C17 03 C9 C10 -24.9(2) . . . . ?
C17 03 C9 C5 93.00(19) . . . . ?
C6 C5C9 03 -69.1(2) . . . . ?

C2 C5 C9 03 161.53(17) . . . . ?
C6 C5 C9 C13 175.49(19) . . . . ?
C2 C5C9 C13 46.1(3) . . . . ?

C6 C5 C9 C10 40.2(3) . . . . ?

C2 C5C9 C10 -89.1(2) . . . . ?

03 C9 C10 C11 40.85(19) . . . . ?
C13 C9 C10 C11 156.24(19) . . . . ?
C5 C9 C10 C11 -70.6(2) . . . . ?
03 C9 C10 C16 -78.9(2) . . . . ?
C13 C9 C10 C16 36.5(3) . . . . ?
C5 C9 C10 C16 169.68(18) . . . . ?
C16 C10 C11 C17 78.2(2) . . . . ?
C9 C10 C11 C17 -41.46(19) . . . . ?
C16 C10 C11 C25 -42.2(3) . . . . ?
C9 C10 C11 C25 -161.85(18) . . . . ?
C16 C10 C11 C12 -168.41(18) . . . . ?
C9 C10 C11 C12 71.9(2) . . . . ?
C7 C6 C12 C11 -172.9(2) . . . . ?
C5 C6 C12 C11 12.3(3) . . . . ?
C17 C11 C12 C6 62.5(2) . . . . ?
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C10 C11 C12 C6 -45.8(3) .-

C25 C11 C12 C6 -176.01(18) . .

03 C9 C13 Cl4 72.5(2) -

C10 C9 C13 C14 -39.8(3) .
C5 C9 C13 Cl4 -173.3(2) .
C9 C13 C14 C15 52.3(3) . .
C13 Cl14 C15 C16 -63.1(3) .
C14 C15 C16 C10 61.5(3) . .
C11 C10 C16 C15 -159.2(2) .
C9 C10 C16 C15 -47.0(3) .
C9 03 C17 04 179.1(2) .

C9 03 C17 Cl1 -2.1(2) .

C11 C17 04
C11 C17 04
C11 C17 04
C11 C17 03
C11 C17 03
C11 C17 03
C1 N1 C18 C19 91.5(3) . .
C4 N1 C18 C19 -97.9(2) . .
N1 C18 C19 C20 51.4(3) . .
N1 C18 C19 C24 -129.2(2) .

C10
C25
C12
C10
C25
Ci12

Cc24
C18
C19
Cc20
c21
Cc22
C20
C18
C17
C10
C12
Cl1

C19
C19
C20
c21
Cc22
C23
C19
C19
C11
C11
C11
C25

Cc20
Cc20
c21
Cc22
C23
C24
Cc24
Cc24
C25
C25
C25
C26

Cc21
Cc21
Cc22
C23
c24
C19
C23
C23
C26
C26
C26
c27

~152.9(2) -
-28.5(3) .

92.1(3) . .
28.4(2) . .

152.86(18) .

-86.6(2) .

-1.8(4) . .
177.6(2) .
0.4(4) . .
0.4(4) . .
0.3(5) . .
~1.7(4) . .
2.5(4) . .
-177.0(2)
-171.9(2)
-57.7(3) .
68.7(3) . .
129.3(3) .

C7 C8 C28 C29 71.0(3) . .
C3 C8 C28 C29 -166.3(2) . .
C8 C28 C29 C30 -179.8(2) .

_diffrn_measured_fraction_theta_max

_diffrn_reflns_theta full

_diffrn_measured_fraction_theta full

_refine_diff_density_max
_refine_diff_density _min
_refine_diff_density_rms

0.166
-0.199
0.044
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TITL
CELL
ZERR
LATT
SYMM
SFAC
UNIT
OMIT
OMIT
OMIT
OMIT
oMIT
OMIT
oMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
L.S.
acta
conf
BOND
FMAP
PLAN
SI1ZE
TEMP
WGHT
FVAR
N1

test in P2(1)/

0.71073
4.00 0.00

1

0.5-X, 0.5+Y,

C H N O

120 140 4 16

-5

=

|
OONPROVMOOOONMAMWOOOO
[

OONNOOOUIONPMPMAOWOOW
=

OFRPONOOOONNMITOITONO®

w
»
=

2
3
0.50 0.60 0.70
-70C
0.031100
0.49800
3 1.168636

0.03373 =

01

0.03271
4 1.082244

0.05708 =

02

0.03488
4 1.303831

0.04862 =

03

0.04343
4 0.713213

0.03039 =

04

0.04585
4 0.490666

0.05520 =

C1

0.05659
1 1.116849

0.04156 =

Cc2

0.03440
1 1.113214

0.02904 =

0.03640

n

0.5-Z7

1.560000

0.248704

0.00087

0.123190

-0.00748

0.324480

-0.00653

-0.059821

0.00555

-0.002101

0.00629

0.143222

-0.00701

0.063968

-0.00220

0.0055 O.

0.162818

.00781 0.

0.092118

-01078 -0.

0.243282

-00766 -0.

0.176446

.00784  -0.

0.193988

-01893 -0.

0.142166

-00868 0.

0.191165

-00516 0.

000

11.

00003
11

00913

11.

02142
11

00372

11.

00761

11.

00198

11.

00375

0.003

00000

-00000

00000

-00000

00000

00000

00000

9.0331 11.6765 24.1601 90.000 100.344 90.000

20 0.0027 0.000

-03235

-04575

-05830

-03508

-04022

-02332

-02847
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AFIX 13
H2A 2
AFIX O
C3 1
0.03479 =

AFIX 13
H3A 2
AFIX O
C4 1
0.04138 =

C5 1
0.02775 =

AFIX 13
H5A 2
AFIX O
C6 1
0.02937 =

c7 1
0.03123 =

AFIX 43
H7A 2
AFIX O
C8 1
0.03221 =

AFIX 13
H8BA 2
AFIX O
C9 1
0.02789 =

C10 1
0.02976 =

AFIX 13
H10A 2
AFIX O
Cl11 1
0.03235 =

C12 1
0.03262 =

AFIX 23
H12A 2
H12B 2
AFIX O
C13 1
0.03269 =

0

0

0

0

0

0

0

0

0

0

1.163424

1.206375

.03435

1.304262

1.233871

.03527

0.949462

-03462

0.960328

0.888810

-03457

0.974643

.03565

0.939564

1.128457

.03529

1.114155

0.837031

.03887

0.751428

-03744

0.821716

0.649493

-03597

0.743175

-04045

0.767016
0.681281

0.904038

-0.009115

0.128018

0.00016 0.

0.088632

0.245088

-0.00471 0.

0.039526

0.00224 0.

-0.021001

0.143101

0.00136 0.

0.185525

-0.00228 0.

0.246300

0.135630

0.00174 0.

0.056330

-0.009437

0.00138 0.

0.084034

-0.00010 0.

0.144298

0.130093

0.00232 0.

0.199620

-0.00041 0.

0.274237
0.213517

-0.107195

0.185025

0.242007

00214 0.

0.253104

0.219217

00839
0.201011

00617 0.

0.230155

0.227807

01070
0.273628

01311 0.

0.293286

0.293864

00621 0.

0.306416

0.150688

00948
0.112636

00560

0.104608

0.151651

00739
0.200013

00901 0.

0.185244
0.228752

0.121474

-0.

-0.

-0.

-0.

-0.

11.

11.

00563

11.

11.

00276

11.

00191

11.

11.

00325

11.

00184

11.

11.

00122

11.

11.

00215
11

00082

11.

11.

00056

11.

00257

11.
11.

11.

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

-00000

00000

00000

00000

00000
00000

00000

-1.
-1.

-20000

-02759

-20000

-02808

-03111

-20000

.02858

-03591

-20000

.03453

-20000

-02933

-02700

-20000

-02696

.03309

20000
20000

-04022



AFIX 23
H13A 2
H13B 2
AFIX O
Ci14 1
0.03756 =

AFIX 23
H14A 2
H14B 2
AFIX O
C15 1
0.04787 =

AFIX 23
H15A 2
H15B 2
AFIX O
C16 1
0.03994 =
0]
AFIX 23
H16A 2
H16B 2
AFIX O
C17 1
0.04092 =
0]
C18 1
0.04246 =
0]
AFIX 23
H18A 2
H18B 2
AFIX O
C19 1
0.02882 =
0
C20 1
0.04059 =
0]
AFIX 43
H20A 2
AFIX O
Cc21 1
0.03830 =
0]
AFIX 43
H21A 2
AFIX O
C22 1
0.04347 =

0.

-04643

0.924534
1.000306

0.802775

-05494

0.857051
0.713478

0.755414

.04034

0.695864
0.844746

0.662320

.03818

0.573162
0.627912

0.603831

-03593

1.173698

-03855

1.188544
1.260130

1.032326

-04259

0.975684

-04940

1.023316

0.848962

-07450

0.811341

0.778224

10888

-0.00386

-0.171766
-0.082033

-0.148333

-0.01451

-0.204102
-0.186034

-0.047236

-0.00878

-0.074135
-0.007927

0.035260

0.00128

-0.004762
0.098519

0.019052

0.00069

0.348555

0.00392

0.323116
0.396131

0.420044

0.00237

0.456153

-0.00637

0.433779

0.525195

-0.00911

0.549870

0.557669

0.02387

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

00324 0.

0.147641
0.112325

0.067643

00371 0.

0.048476
0.076964

0.029146

00433 0.

-0.006421
0.020832

0.057620

00301 0.

0.065628
0.031847

0.175954

00534  -0.

0.127082

01377 -0.

0.089811
0.143180

0.120677

01065 -0.

0.167274

01201 -0.

0.203485

0.160745

02587 0.

0.192572

0.108079

02746 0.

00301

11.
-00000

11

11.

00440

11

11.

00213

11.
11.

11.

00239

11.
11.

11.

00357

11.

00312

11.
11.

11.

00439

11.

00421

11.

11.

00171

11.

11.

01287

00000

00000

-00000
11.

00000

00000

00000
00000

00000

00000
00000

00000

00000

00000
00000

00000

00000

00000

00000

00000

00000

-1.
-20000

-1

-1.
-1.

20000

-04453

-20000
-1.

20000

.04904

20000
20000

-03672

.20000
-20000

-03065

-03974

-20000
-20000

-03911

-04628

-20000

.05651

-20000

.05193
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AFIX 43
H22A 2 0.692613 0.604856 0.103805 11.00000 -1.20000
AFIX O
C23 1 0.832869 0.521010 0.061475 11.00000 0.06223
0.07513 =

0.07347 0.03874 0.01355 0.01603
AFIX 43
H23A 2 0.784700 0.543568 0.025363 11.00000 -1.20000
AFIX O
C24 1 0.958245 0.451183 0.067552 11.00000 0.06068
0.05454 =

0.04603 0.01718 0.01563 0.00737
AFIX 43
H24A 2 0.993398 0.424712 0.035519 11.00000 -1.20000
AFIX O
C25 1 0.511100 0.199979 0.124363 11.00000 0.02980
0.04251 =

0.04266 -0.00055 0.00689 0.00273
AFIX 23
H25A 2 0.443691 0.149962 0.098711 11.00000 -1.20000
H25B 2 0.456811 0.224896 0.153908 11.00000 -1.20000
AFIX O
C26 1 0.546721 0.302934 0.092414 11.00000 0.03776
0.03861 =

0.05933 0.00613 0.00104 0.00425
AFIX 43
H26A 2 0.620459 0.353310 0.110983 11.00000 -1.20000
AFIX O
c27 1 0.484526 0.328875 0.041136 11.00000 0.05837
0.04857 =

0.06089 0.01309 0.00791 0.00760
AFIX 93
H27A 2 0.410254 0.280876 0.021005 11.00000 -1.20000
H27B 2 0.513857 0.395618 0.024214 11.00000 -1.20000
AFIX O
C28 1 1.221866 0.199308 0.343562 11.00000 0.03934
0.04432 =

0.03450 -0.00235 0.00664  -0.00055
AFIX 23
H28A 2 1.326189 0.172470 0.348381 11.00000 -1.20000
H28B 2 1.221540 0.281163 0.334579 11.00000 -1.20000
AFIX O
C29 1 1.166222 0.184036 0.398866 11.00000 0.05496
0.05890 =

0.03858 -0.00547 0.01167 -0.00757
AFIX 23
H29A 2 1.062108 0.211152 0.394550 11.00000 -1.20000
H29B 2 1.167397 0.102462 0.408477 11.00000 -1.20000
AFIX O
C30 1 1.263476 0.249650 0.446298 11.00000 0.07456
0.10286 =

0.03778 -0.01615 0.01509 -0.01824
AFIX 33
H30A 2 1.225193 0.238198 0.480917 11.00000 -1.50000
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H30B 2 1.261042 0.330604 0.437170 11.00000 -1.50000
H30C 2 1.366256 0.222018 0.451077 11.00000 -1.50000
HKLF 4

REM test in P2(1)/n
REM R1 = 0.0431 for 2852 Fo > 4sig(Fo) and 0.0663 for all 3840
data

REM 316 parameters refined using 0 restraints
END
WGHT 0.0311 1.5559

REM Highest difference peak 0.166, deepest hole -0.199, 1-sigma level
0.044

Q1 1 0.9680 0.2789 0.2827 11.00000 0.05 0.17

Q2 1 0.6918 0.2809 0.2349 11.00000 0.05 0.16

Q3 1 0.9635 0.1985 0.2299 11.00000 0.05 0.16
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Table 1.

Identification code
Empirical formula

Formula weight

Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

100.344(3) deg.

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Limiting indices

27<=1<=27

Reflections collected / unique
Completeness to theta = 23.81
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F"2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

Crystal data and structure refinement for test.

JPS-804

C30 H35 N 04

473.59

203(2) K

0.71073 A

Monoclinic, P2(1)/n

a =9.033(2) A alpha = 90 deg.
b =11.676(3) A beta =

c = 24.160(6) A gamma = 90 deg.

2506.9(10) A~3

4, 1.255 Mg/m™3
0.082 mm~-1

1016

0.70 x 0.60 x 0.50 mm
1.71 to 23.81 deg.

-10<=h<=10, -13<=k<=13, -

17032 / 3840 [R(int) = 0.0515]
99.6 %

Semi-empirical from equivalents
0.9600 and 0.9446

Full-matrix least-squares on F"2

3840 /7 0 / 316

1.077
R1 = 0.0431, wR2 = 0.1007
R1 = 0.0663, wR2 = 0.1123

0.166 and -0.199 e.A™-3
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Table 2.

displacement parameters (A2 x 1073) for test.
U(eq) i1s defined as one third of the trace of the orthogonalized

Uij tensor.

Atomic coordinates ( x 10™M4) and equivalent isotropic

X Yy z uleq)
N(D) 11686(2) 2487(2) 1628(1) 33D
o) 10822(2) 1232(2) 921(1) 45(1D)
0(2) 13038(2) 3245(2) 2433(1) 50(1)
0(3) 7132(2) -598(1) 1765(1) 37(D)
04 4907(2) -21(2) 1940(1) 49(1)
c() 11168(2) 1432(2) 1422(1) 33(1D)
c@ 11132(2) 640(2) 1912(1) 31(D)
c3 12064(2) 1280(2) 2420(D) 33(1)
c® 12339(2) 2451(2) 2192(1) 35(D)
c(B) 9495(2) 395(2) 2010(D) 31(1)
Cc(6) 8888(2) 1431(2) 2278(1) 30D
c( 9746(2) 1855(2) 2736(1) 33D
c() 11285(2) 1356(2) 2939(1) 34(1)
c(9 8370(2) -94(2) 1507(1) 32D
Cc(10) 7514(2) 840(2) 1126(21) 31(1D)
c(11) 6495(2) 1301(2) 1517(1) 32D
C(12) 7432(2) 1996(2) 2000(1) 35(D)
c(13) 9040(3) -1072(2) 1215(1) 40(1D)
c(14) 8028(3) -1483(2) 676(1) 46(1)
C(15) 7554(3) -472(2) 292(1) 46(1)
c(16) 6623(3) 353(2) 576(1) 39(D)
c@an 6038(3) 191(2) 1760(1) 36(D)
c(18) 11737(3) 3486(2) 1271(1) 39(D)
Cc(19) 10323(3) 4200(2) 1207(1) 36(D)
C(20) 9757(3) 4562(2) 1673(1) 45(1)
C(21) 8490(3) 5252(2) 1608(1) 55(1)
C(22) 7782(3) 5577(2) 1081(2) 67(1)
C(23) 8329(4) 5210(3) 615(1) 70(1)
c(24) 9582(3) 4512(2) 676(1) 53(D)
C(25) 5111(3) 2000(2) 1244(2) 38(1)
C(26) 5467(3) 3029(2) 924(1) 46(1)
cQn) 4845(3) 3289(2) 411(D) 56(1)
C(28) 12219(3) 1993(2) 3436(1) 39(D)
C(29) 11662(3) 1840(2) 3989(1) 50(1)
C(30) 12635(4) 2496(3) 4463(1) 71(1)
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Table 3. Bond lengths [A] and angles [deg] for test.

N(1)-C(1)
N(1)-C(4)
N(1)-C(18)
0(1)-C(1)
0(2)-C(4)
0(3)-C(17)
0(3)-C(9)
0(4)-C(17)
c(1)-C(2)
c(2)-c(3)
c(2)-c(5)
c(3)-C(4)
C(3)-C(8)
c(5)-C(6)
c(5)-C(9)
c(6)-C(7)
C(6)-C(12)
c(7)-C(8)
C(8)-C(28)
C(9)-C(13)
C(9)-C(10)
C(10)-C(11)
C(10)-C(16)
c(11)-C(17)
c(11)-C(25)
c(11)-C(12)
c(13)-C(14)
c(14)-C(15)
C(15)-C(16)
C(18)-C(19)
C(19)-C(20)
C(19)-C(24)
c(20)-C(21)
c(21)-C(22)
c(22)-C(23)
c(23)-C(24)
C(25)-C(26)
c(26)-C(27)
C(28)-C(29)
C(29)-C(30)

C(1)-N(1)-C(4)
C(1)-N(1)-C(18)
C(4)-N(1)-C(18)
C(17)-0(3)-C(9)
0(1)-C(1)-N(1)
0(1)-C(1)-C(2)
N(1)-C(1)-C(2)
C(1)-C(2)-C(3)
C(-C-C>)

RPRRPRRPRRRPRRPRRRPRRPRRRRRRPRRRRRRPRRPRRPRPRRRPRPRRRRRERRRRRPRRRRR

123
123.
109.
122.
128.
108.
103.
112.

.379(3)
.385(3)
.456(3)
.216(3)
.210(3)
.349(3)
.495(3)
.207(3)
.508(3)
.551(3)
.566(3)
.511(3)
.546(3)
.520(3)
.547(3)
.328(3)
.517(3)
.505(3)
.531(3)
.523(3)
.542(3)
.529(3)
.535(3)
.511(3)
.539(3)
.544(3)
.527(3)
.516(3)
.522(3)
.510(3)
.383(3)
.385(3)
.386(4)
.371(4)
.376(4)
.382(4)
.495(3)
.301(4)
.520(3)
.520(4)

.68(19)
.05(19)

69(19)
22(17)
8(2)

7(2)

54(19)
93(18)
67(17)
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C(3)-C(2)-C(5)
c(4)-C(3)-C(8)
C(4)-C(3)-C(2)
C(8)-C(3)-C(2)
0(2)-C(4)-N(1)
0(2)-C(4)-C(3)
N(1)-C(4)-C(3)
C(6)-C(5)-C(9)
c(6)-C(5)-C(2)
C(9)-C(5)-C(2)
C(7)-C(6)-C(12)
C(7)-C(6)-C(5)
C(12)-C(6)-C(5)
C(6)-C(7)-C(8)
C(7)-C(8)-C(28)
C(7)-C(8)-C(3)
C(28)-C(8)-C(3)
0(3)-C(9)-C(13)
0(3)-C(9)-C(10)
C(13)-C(9)-C(10)
0(3)-C(9)-C(5)
C(13)-C(9)-C(5)
C(10)-C(9)-C(5)
C(11)-C(10)-C(16)
C(11)-C(10)-C(9)
C(16)-C(10)-C(9)
C(17)-C(11)-C(10)
C(17)-C(11)-C(25)
C(10)-C(11)-C(25)
C(17)-C(11)-C(12)
C(10)-C(11)-C(12)
C(25)-C(11)-C(12)
C(6)-C(12)-C(11)
C(9)-C(13)-C(14)
C(15)-C(14)-C(13)
C(14)-C(15)-C(16)
C(15)-C(16)-C(10)
0(4)-C(17)-0(3)
0(4)-Cc(17)-C(11)
0(3)-Cc(17)-Cc(11)
N(1)-C(18)-C(19)
C(20)-C(19)-C(24)
C(20)-C(19)-C(18)
C(24)-C(19)-C(18)
C(19)-C(20)-C(21)
C(22)-C(21)-C(20)
c(21)-C(22)-C(23)
C(22)-C(23)-C(24)
C(23)-C(24)-C(19)
C(26)-C(25)-C(11)
C(27)-C(26)-C(25)
C(29)-C(28)-C(8)
C(30)-C(29)-C(28)

111.
111.
104.
114.
122.
128.
108.
113.
110.
116.
122.
116.
120.
119.
114.
106.
113.
106.
101.
116.
104.
112.
113.
112.
100.
112.
100.
111.
117.
107.
110.
109.
114.
113.
109.
109.
112.
121.
128.
109.
112.
119.
121.
119.
120.
120.
119.
120.
120.
114.
125.
114.
111.

14(18)
83(18)
42(18)
10(18)
9(2)
6(2)
51(19)
14(18)
02(17)
92(18)
5(2)
8(2)
54(19)
5(2)
43(19)
68(18)
37(19)
69(17)
19(16)
90(19)
65(17)
44(18)
27(18)
60(18)
04(17)
49(18)
04(18)
35(18)
09(18)
93(18)
03(17)
76(18)
84(18)
78(19)
7(2)
5(2)
33(19)
6(2)
6(2)
79(19)
78(18)
1(2)
0(2)
9(2)
2(3)
3(3)
8(3)
3(3)
2(3)
47(19)
7(3)
2(2)
5(2)
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Symmetry transformations used to generate equivalent atoms:
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Table 4.

The anisotropic displacement factor exponent takes the form:
-2 pi*2 [ hn2 a*~2 U1l + ...

Anisotropic displacement parameters (A"2 x 1073) for test.

+ 2 h k a* b* U12 ]

U1l u22 u33 u23 u13 u12
N(1) 32(1) 34(1) 33(1) 1(1) 8(1) 0(1)
0(1) 46(1) 57(1) 35(1) -8(1) 11(1) ~9(1)
0(2) 58(1) 49(1) 43(1) ~7(1) 8(1) ~21(1)
0(3) 35(1) 30(1) 46(1) 6(1) 8(1) ~4(1)
0(4) 40(1) 55(1) 57(1) 6(1) 19(1) -8(1)
c(1) 23(1) 42(1) 34(1) ~7(1) 9(1) 2(1)
c( 29(1) 29(1) 36(1) ~2(1) 5(1) 4(1)
c(3) 28(1) 35(1) 34(1) 0(1) 2(1) 6(1)
c(4) 28(1) 41(1) 35(1) -5(1) 8(1) -3(1)
c(5) 31(1) 28(1) 35(1) 2(1) 6(1) 2(1)
c(6) 29(1) 29(1) 35(1) 1(1) 11(1) -3(1)
c(?) 36(1) 31(1) 36(1) ~2(1) 13(1) 2(1)
c(8) 35(1) 32(1) 35(1) 2(1) 6(1) 1(1)
c(9) 29(1) 28(1) 39(1) 1(1) 10(1) ~2(1)
c(10)  27(1) 30(1) 37(1) 0(1) 6(1) ~1(1)
c(1l)  27(1) 32(1) 36(1) 2(1) 7(1) ~1(1)
c(12)  33(1) 33(1) 41(1) 0(1) 9(1) 3(1)
c(13)  40(1) 33(1) 46(2) ~4(1) 3(1) 3(1)
c(14)  45(2) 38(1) 55(2) -14(1) 4(1) 4(1)
c(15)  49(2) 48(2) 40(2) ~9(1) 4(1) 2(1)
c(16)  37(1) 40(1) 38(1) 1(1) 3(1) 2(1)
c(17)  31(1) 41(1) 36(1) 1(1) 5(1) ~4(1)
c(18)  40(1) 43(1) 39(1) 4(1) 14(1) -3(1)
c(19)  39(1) 29(1) 43(1) 2(1) 11(1) ~4(1)
c(20)  46(2) 41(2) 49(2) -6(1) 12(1) ~4(1)
c(21) 57(2) 38(2) 74(2) ~9(1) 26(2) 2(1)
c(22)  52(2) 44(2) 109(3) 24(2) 28(2) 13(1)
c(23)  62(2) 75(2) 73(2) 39(2) 14(2) 16(2)
c(24)  61(2) 55(2) 46(2) 17(1) 16(1) 7(2)
c(25)  30(1) 43(1) 43(1) ~1(1) 7(1) 3(1)
c(26)  38(1) 39(2) 59(2) 6(1) 1(1) 4(1)
c(27)  58(2) 49(2) 61(2) 13(1) 8(2) 8(1)
c(28)  39(1) 44(2) 35(1) ~2(1) 7(1) ~1(1)
c(29)  55(2) 59(2) 39(2) -6(1) 12(1) -8(1)
c(30)  75(2) 103(3) 38(2) -16(2) 15(2) ~18(2)
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Table 5.

Hydrogen coordinates ( x 10"4) and isotropic

displacement parameters (A2 x 1073) for test.

X Yy z uleq)
H(2A) 11634 -91 1850 38
H(3A) 13043 886 2531 39
H(5A) 9603 -210 2302 37
H(7A) 9396 2463 2933 40
H(8A) 11142 563 3064 41
H(10A) 8217 1443 1046 38
H(12A) 7670 2742 1852 42
H(12B) 6813 2135 2288 42
H(13A) 9245 -1718 1476 48
H(13B) 10003 -820 1123 48
H(14A) 8571 -2041 485 56
H(14B) 7135 -1860 770 56
H(15A) 6959 -741 -64 55
H(15B) 8447 -79 208 55
H(16A) 5732 -48 656 46
H(16B) 6279 985 318 46
H(18A) 11885 3231 898 47
H(18B) 12601 3961 1432 47
H(20A) 10233 4338 2035 54
H(21A) 8113 5499 1926 66
H(22A) 6926 6049 1038 80
H(23A) 7847 5436 254 84
H(24A) 9934 4247 355 64
H(25A) 4437 1500 987 46
H(25B) 4568 2249 1539 46
H(26A) 6205 3533 1110 55
H(27A) 4103 2809 210 68
H(27B) 5139 3956 242 68
H(28A) 13262 1725 3484 47
H(28B) 12215 2812 3346 47
H(29A) 10621 2112 3946 60
H(29B) 11674 1025 4085 60
H(30A) 12252 2382 4809 107
H(30B) 12610 3306 4372 107
H(30C) 13663 2220 4511 107
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Table 6. Torsion angles [deg] for test.

C(4)-N(1)-C(1)-0(1) ~165.
C(18)-N(1)-C(1)-0(1) 5.
C(4)-N(1)-C(1)-C(2) 14.
C(18)-N(1)-C(1)-C(2) ~174.
0(1)-C(1)-C(2)-C(3) 166.
N(1)-C(1)-C(2)-C(3) -13.
0(1)-C(1)-C(2)-C(5) -73.
N(1)-C(1)-C(2)-C(5) 106.
C(1)-C(2)-C(3)-C(4) 8.
C(5)-C(2)-C(3)-C(4) ~112.
C(1)-C(2)-C(3)-C(8) 130.
C(5)-C(2)-C(3)-C(8) 9.
C(1)-N(1)-C(4)-0(2) 169.
C(18)-N(1)-C(4)-0(2) 1.
C(1)-N(1)-C(4)-C(3) -8.
C(18)-N(1)-C(4)-C(3) -179.
C(8)-C(3)-C(4)-0(2) 57
C(2)-C(3)-C(4)-0(2) -178.
C(8)-C(3)-C(4)-N(1) ~124.
C(2)-C(3)-C(4)-N(1) -0.
c(1)-C(2)-C(5)-C(6) -74.
C(3)-C(2)-C(5)-C(6) 41.
c(1)-C(2)-C(5)-C(9) 55.
C(3)-C(2)-C(5)-C(9) 172.
C(9)-C(5)-C(6)-C(7) 175.
C(2)-C(5)-C(6)-C(7) -51.
C(9)-C(5)-C(6)-C(12) -9.
c(2)-C(5)-C(6)-C(12) 123.
C(12)-C(6)-C(7)-C(8) -170.
C(5)-C(6)-C(7)-C(8) 4.
C(6)-C(7)-C(8)-C(28) 174.
C(6)-C(7)-C(8)-C(3) 48.
C(4)-C(3)-C(8)-C(7) 65.
C(2)-C(3)-C(8)-C(7) -53.
C(4)-C(3)-C(8)-C(28) -61.
C(2)-C(3)-C(8)-C(28) -179.
C(17)-0(3)-C(9)-C(13) -147.
C(17)-0(3)-C(9)-C(10) -24.
C(17)-0(3)-C(9)-C(5) 93.
C(6)-C(5)-C(9)-0(3) -69.
C(2)-C(5)-C(9)-0(3) 161.
C(6)-C(5)-C(9)-C(13) 175.
C(2)-C(5)-C(9)-C(13) 46.
c(6)-C(5)-C(9)-C(10) 40.
C(2)-C(5)-C(9)-C(10) -89.
0(3)-C(9)-C(10)-C(11) 40.
C(13)-C(9)-C(10)-C(11) 156.
C(5)-C(9)-C(10)-C(11) -70.
0(3)-C(9)-C(10)-C(16) -78.

C(13)-C(9)-C(10)-C(16) 36.

7(2)
8(3)
0(2)
41(18)
2(2)
6(2)
4(3)
9(2)
5(2)
94(19)
90(19)
5(3)
8(2)
7(3)
1(2)
63(19)

.4(3)

7(2)
81(19)
9(2)
9(2)
3(2)
9(2)
10(18)
6(2)
5(3)
2(3)
6(2)
8(2)
3(3)
4(2)
1(3)
2(2)
0(2)
6(2)
88(19)
65(18)
9(2)
00(19)
1(2)
53(17)
49(19)
1(3)
2(3)
1(2)
85(19)
24(19)
6(2)
9(2)
5(3)
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C(5)-C(9)-C(10)-C(16) 169.68(18)

C(16)-C(10)-C(11)-C(17) 78.2(2)
C(9)-C(10)-C(11)-C(17) -41.46(19)
C(16)-C(10)-C(11)-C(25) -42.2(3)
C(9)-C(10)-C(11)-C(25) ~161.85(18)
C(16)-C(10)-C(11)-C(12) ~168.41(18)
C(9)-C(10)-C(11)-C(12) 71.9(2)
C(7)-C(6)-C(12)-C(11) -172.9(2)
c(5)-C(6)-C(12)-C(11) 12.3(3)
C(17)-C(11)-C(12)-C(6) 62.5(2)
C(10)-C(11)-C(12)-C(6) -45.8(3)
C(25)-C(11)-C(12)-C(6) -176.01(18)
0(3)-C(9)-C(13)-C(14) 72.5(2)
C(10)-C(9)-C(13)-C(14) -39.8(3)
C(5)-C(9)-C(13)-C(14) -173.3(2)
C(9)-C(13)-C(14)-C(15) 52.3(3)
C(13)-C(14)-C(15)-C(16) -63.1(3)
C(14)-C(15)-C(16)-C(10) 61.5(3)
C(11)-C(10)-C(16)-C(15) ~159.2(2)
C(9)-C(10)-C(16)-C(15) -47.0(3)
C(9)-0(3)-C(17)-0(4) 179.1(2)
C(9)-0(3)-C(17)-C(11) ~2.1(2)
C(10)-C(11)-C(17)-0(4) -152.9(2)
C(25)-C(11)-C(17)-0(4) -28.5(3)
C(12)-C(11)-C(17)-0(4) 92.1(3)
C(10)-C(11)-C(17)-0(3) 28.4(2)
C(25)-C(11)-C(17)-0(3) 152.86(18)
C(12)-C(11)-C(17)-0(3) -86.6(2)
C(1)-N(1)-C(18)-C(19) 91.5(3)
C(4)-N(1)-C(18)-C(19) -97.9(2)
N(1)-C(18)-C(19)-C(20) 51.4(3)
N(1)-C(18)-C(19)-C(24) -129.2(2)
C(24)-C(19)-C(20)-C(21) ~1.8(4)
C(18)-C(19)-C(20)-C(21) 177.6(2)
C(19)-C(20)-C(21)-C(22) 0.4(4)
C(20)-C(21)-C(22)-C(23) 0.4(4)
C(21)-C(22)-C(23)-C(24) 0.3(5)
C(22)-C(23)-C(24)-C(19) ~1.7(4)
C(20)-C(19)-C(24)-C(23) 2.5(4)
C(18)-C(19)-C(24)-C(23) -177.0(2)
C(17)-C(11)-C(25)-C(26) -171.9(2)
C(10)-C(11)-C(25)-C(26) -57.7(3)
C(12)-C(11)-C(25)-C(26) 68.7(3)
C(11)-C(25)-C(26)-C(27) 129.3(3)
C(7)-C(8)-C(28)-C(29) 71.0(3)
C(3)-C(8)-C(28)-C(29) -166.3(2)
C(8)-C(28)-C(29)-C(30) -179.8(2)

Symmetry transformations used to generate equivalent atoms:
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checkCIF/PLATON report

No syntax errors found. | CIF dictionary

| Interpreting this report

Datablock: Ih016

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
F000

FOO00’
h,k,Imax
Nref

Tmin, Tmax
Tmin’

C-C =0.0045 A

a=22.9943(4)
alpha=90
296 K

Calculated
3315.94(10)
P 21/n
-P 2yn
C20 H19 N O3
C20H19 N O3
321.36
1.288
8
0.087
1360.0
1360.64
24,7,24
4067
0.991,0.994
0.980

Correction method= MULTI-SCAN

Data completeness= 0.986

R(reflections)= 0.0423( 2863)

S=1.014

Wavelength=0.71073

b=6.7284(1)

beta=112.879(1)

c=23.2627(4)

gamma=90

Reported
3315.94(9)

P2(1)/n

?
2

C40 H38 N2 O6

642.72
1.287

4

0.087
1360.0

247,24
4012

0.980,0.994

Theta(max)= 22.010

Npar= 434

wR2(reflections)= 0.1064( 4012)

The following ALERTS were generated. Each ALERT has the format

test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

& Alert level A

[THETMOL ALERT 3 A The value of sine(theta_max)/wavelength is less than 0.550

Calculated sin(theta_max)/wavelength =

0.5273

@ Alert level B

[PCAT230 ALERT 2 B Hirshfeld Test Diff for

- C19 .. 8.75su
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http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkcifreport.html
http://journals.iucr.org/services/cif/checking/THETM_01.html
http://journals.iucr.org/services/cif/checking/PLAT230.html

[PCAT230_ALERT 2 H Hirshfeld Test Difffor C19 -- C20 .. 14.40su

< Alert level C

IREENRO1 ALERT 3 € Ratio of reflections to parameters is < 10 for a

centrosymmetric structure

sine(theta)/lambda 0.5273

Proportion of unique data used 1.0000

Ratio reflections to parameters 9.2442
|PLATO45 ALERT 1 ( Calculated and Reported Z Differ by ............ 2.00 Ratio
Poor Data / Parameter Ratio .................... 9.24
Hirshfeld Test Difffor C1 - C2 ..  7.00su
Hirshfeld Test Difffor C9 -- C10 ..  6.50su
Hirshfeld Test Difffor N2 -- C30 ..  5.50su
Hirshfeld Test Difffor C39 -- C40 .. 5.67su

[PLCAT368_ALERT 2_( Short C(sp2)-C(sp2) Bond C19 - C20 ... 1.18 Ang.

“ Alert level G

[PLATI28 ALERT 4 Q Alternate Setting of Space-group P21/c ....... P21/n
[PLAT793 ALERT 4 { The Model has Chirality at C2  (Verify) .... S
[PLAT793 ALERT 4 { The Model has Chirality at C3  (Verify) .... R
[PLAT793 ALERT 4 _{ The Model has Chirality at C7  (Verify) .... R
[PLAT793 ALERT 4 { The Model has Chirality at C9  (Verify) .... R
[PLAT793 ALERT 4 { The Model has Chirality at C22  (Verify) .... S
[PLAT793 ALERT 4 { The Model has Chirality at C23  (Verify) .... R
[PLAT793 ALERT 4 { The Model has Chirality at C27  (Verify) ... R
[PCAT793_ALERT 4 _{ The Model has Chirality at C29  (Verify) ... R

1 ALERT level A = Most likely a serious problem - resolve or explain

2 ALERT level B = A potentially serious problem, consider carefully

8 ALERT level C = Check. Ensure it is not caused by an omission or oversight
9 ALERT level G = General information/check it is not something unexpected

1 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
7 ALERT type 2 Indicator that the structure model may be wrong or deficient
3 ALERT type 3 Indicator that the structure quality may be low

9 ALERT type 4 Improvement, methodology, query or suggestion

0 ALERT type 5 Informative message, check
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http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/REFNR_01.html
http://journals.iucr.org/services/cif/checking/PLAT045.html
http://journals.iucr.org/services/cif/checking/PLAT088.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT368.html
http://journals.iucr.org/services/cif/checking/PLAT128.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/PLAT793.html

Itis advisable to attempt to resolve as many as possible of the alerts in all categories. Often the minor alerts point to easily fixed oversights, errors and omissions in your CIF o refinement strategy, so attention to these fine details can be worthwhile. In order to resolve some

of the more serious problems it may be necessary to carry out additional measurements or structure refinements. However, the purpose of your study may justify the reported deviations and the mapesefithese should normally be commented upon in the discussion or
experimental section of a paper or in the "special_details” fields of the CIF. checkCIF was carefully designed to identify outliers and unusual parameters, but every test has its limitations and alerts that are not important in a particular case may appear. Conversely, the
absence of alerts does not guarantee there are no aspects of the results needing attention. It is up to the individual to critically assess their own results and, if necessary, seek expert advice,

Publication of your CIF in IUCr journals

Abasic structural check has been run on your CIF. These basic checks will be run on all CIFs subitted for publication in IUCF journals (Acta Crystallographica, Journal of Applied Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta
Crystallographica Section C or E, you shouid make sure thall full publication checRs are run on the final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to CIF submission.

PLATON version of 16/02/2011; check.def file version of 16/02/2011

Datablock Ib016 - ellipsoid plot
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http://journals.iucr.org/services/cif/checking/checkform.html

data_Ib016

_audit_creation_method SHELXL-97
_chemical_name_systematic

"2
_chemical_name_common ?
_chemical_melting_point ?
_chemical_formula_moiety ?
_chemical_formula_sum

"C40 H38 N2 06"
_chemical_formula_weight 642.72

loop_

_atom_type_symbol

_atom_type_description

_atom_type_scat_dispersion_real
_atom_type_scat_dispersion_imag

_atom_type_scat_source

*C* ~Cc- 0.0033 0.0016

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"
"H® "H" 0.0000 0.0000

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"
"N®  "N* 0.0061 0.0033

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"
0" T"o" 0.0106 0.0060

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"

_symmetry_cell_setting Monoclinic
_symmetry_space_group_name_H-M P2(1)/n

loop_
_symmetry_equiv_pos_as_ Xyz
.y, 2"

"-x+1/2, y+1/2, -z+1/2*
"X, -y, -z°

"x-1/2, -y-1/2, z-1/2*

_cell_length_a 22.9943(4)
_cell_length_b 6.72840(10)
_cell_length_c 23.2627(4)
_cell_angle_alpha 90.00
_cell_angle_beta 112.8790(10)
_cell_angle_gamma 90.00
_cell_volume 3315.94(9)
_cell_formula _units Z 4
_cell_measurement_temperature 296(2)
_cell_measurement_reflns_used 3888
_cell_measurement_theta min 2.66
_cell_measurement_theta_max 19.74

_exptl_crystal_description needle
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_exptl_crystal_colour colourless
_exptl_crystal_size max 0.23
_exptl_crystal_size_mid 0.09
_exptl_crystal_size_min 0.07
_exptl_crystal_density _meas n/a
_exptl_crystal _density diffrn 1.287
_exptl_crystal_density_method "not measured-
_exptl_crystal_F_000 1360
_exptl_absorpt_coefficient_mu 0.087
_exptl_absorpt_correction_type multi-scan
_exptl_absorpt_correction_T_min 0.9804
_exptl_absorpt_correction_T_max 0.9940

_exptl_absorpt_process_details

_exptl_special_details

*SADABS, Bruker (2003)"

Data collection is performed with three batch runs at phi = 0.00 deg
(650 frames), at phi = 120.00 deg (650 frames), and at phi = 240.00 deg
(650 frames).

Frame width = 0.30 deg in omega.

Data is merged, corrected for decay (if any), and treated with multi-

scan

absorption corrections (if required). All symmetry-equivalent

reflections

are merged for centrosymmetric data.
Friedel pairs are not merged for noncentrosymmetric data.

_diffrn_ambient_temperature 296(2)
_diffrn_radiation_wavelength 0.71073
_diffrn_radiation_type MoK\a
_diffrn_radiation_source "fine-focus sealed tube”
_diffrn_radiation_monochromator graphite

_diffrn_measurement_device_type
_diffrn_measurement_method

"Bruker APEX-11 CCD-
"\f and \w scans”

_diffrn_detector_area_resol_mean ?
_diffrn_reflns_number 28901
_diffrn_reflns_av_R_equivalents 0.0679
_diffrn_reflns_av_sigmal/netl 0.0344
_diffrn_reflns_limit _h _min -24
_diffrn_reflns_limit_h_max 24
_diffrn_reflns_limit _k min -7
_diffrn_reflns_limit_k max 7
_diffrn_reflns_limit_I_min -24
_diffrn_reflns_limit 1 _max 22
_diffrn_reflns_theta_min 1.90
_diffrn_reflns_theta max 22.01
_reflns_number_total 4012
_reflns_number_gt 2863
_reflns_threshold_expression >2sigma(l)

_computing_data collection
_computing_cell_refinement
_computing_data_reduction

"APEX 11, Bruker (2009)*"
"APEX 11, Bruker (2009)"
*"XPREP, Bruker (2009)*

407



_computing_structure_solution "SHELXS-97 (Sheldrick, 2008)*
_computing_structure_refinement "SHELXL-97 (Sheldrick, 2008)"
_computing_molecular_graphics "SHELXTL, Bruker (2004)*
_computing_publication_material "SHELXTL, Bruker (2004)*"

_refine_special _details

Refinement of F"2" against ALL reflections. The weighted R-factor wR
and

goodness of fit S are based on F*"2”~, conventional R-factors R are based
on F, with F set to zero for negative F"2”~. The threshold expression of
Fr2n > 2sigma(FM27) i1s used only for calculating R-factors(gt) etc. and
is

not relevant to the choice of reflections for refinement. R-factors
based

on F"2n are statistically about twice as large as those based on F, and
R-

factors based on ALL data will be even larger.

_refine_Is_structure_factor_coef Fsqd
_refine_Is_matrix_type full
_refine_Is_weighting_scheme calc
_refine_Is_weighting_details
"calc w=1/[\s"2"(Fo"2")+(0.0539P)"2"+0.5324P] where P=(Fo"2"+2FcN27)/3"

_atom_sites_solution_primary direct
_atom_sites_solution_secondary difmap
_atom_sites_solution_hydrogens geom
_refine_Is_hydrogen_treatment constr
_refine_Is_extinction_method SHELXL
_refine_Is_extinction_coef 0.0054(5)

_refine_Is_extinction_expression
"FcN*N=KFc[1+0.001xFc"2™\I"3N/sin(2\q) ]-1/4""

_refine_Is _number_reflns 4012
_refine_Is _number_parameters 434
_refine_Is _number_restraints 0
_refine_Is_R factor_all 0.0701
_refine_Is_R_factor_gt 0.0423
_refine_Is wR_factor_ref 0.1064
_refine_Is_wR_factor_gt 0.0946
_refine_Is _goodness of fit ref 1.014
_refine_Is_restrained_S_all 1.014
_refine_Is_shift/su_max 0.000
_refine_Is_shift/su_mean 0.000

loop_

_atom_site label
_atom_site_type symbol
_atom_site_fract_x
_atom_site fract y
_atom_site fract z
_atom_site U i1so_or_equiv
_atom_site _adp_type
_atom_site_occupancy
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_atom_site_symmetry_multip
_atom_site _calc_flag
_atom_site_refinement_flag
_atom_site disorder_assemb
_atom_site_disorder_group
N1
01
02
03
C1
c2
H2A H 0.8503 -0.0353 0.8501
C3 C 0.92522(12) 0.1360(4)
H3A H 0.9501 0.0135 0.9170
C4 C 0.96655(12) 0.3094(4)
H4A H 1.0089 0.2929 0.9363
H4B H 0.9692 0.3065 0.8643
C5 C 0.94138(13) 0.5054(4)
H5A H 0.9565 0.6186 0.9012
C6 C 0.89868(14) 0.5284(4)
H6A H 0.8861 0.6568 0.9430
C7 C 0.86951(12) 0.3585(4)
C8 C 0.80476(12) 0.3082(4)
H8A H 0.7849 0.2063 0.9240
H8B H 0.7783 0.4256 0.8998
C9 C 0.80777(11) 0.2365(4)
H9A H 0.7697 0.1565 0.8275
C10 C 0.80632(13) 0.3957(5)
Cl11l C 0.84521(11) 0.4294(4)
Cl12 C 0.82003(13) 0.3374(5)
H12A H 0.8016 0.2123 0.6545
C13 C 0.82249(14) 0.4336(6)
H13A H 0.8061 0.3723 0.5680
Cl14 C 0.84893(14) 0.6183(6)
H14A H 0.8506 0.6825 0.5781
C15 C 0.87303(14) 0.7086(5)
H15A H 0.8908 0.8346 0.6742
Cl16 C 0.87100(13) 0.6135(5)
H16A H 0.8873 0.6753 0.7603
Cl17 C 0.91007(12) 0.1773(4)
C18 C 0.86271(15) 0.4044(5)
H18A H 0.8503 0.2836 1.0361
H18B H 0.9036 0.4436 1.0518
C19 C 0.8151(2) 0.5669(7) 1
H19A H 0.7728 0.5312 0.9979
C20 C 0.8249(2) 0.7329(9) 1
H20A H 0.8662 0.7779 1.0553
H20B H 0.7914 0.8181 1.0302
N2 N O.
04 0 0.
05 0 0.
06 0 0.

O0O000o0=2
cNoNoNoNoNo]

licity

S
ly

0.064 Uiso 1 1 calc R .

-90946(13) 0.0579(7)
.069 Uiso 1 1 calc R
-90486(13) 0.0646(8)

.077 Uiso 1 1 calc R
.91373(13) 0.0627(8)
.075 Uiso 1 1 calc R
.93837(12) 0.0600(8)
.072 Uiso 1 1 calc R
.95918(11) 0.0519(7)
.90831(12) 0.0602(8)

.072 Uiso 1 1 calc R
.84803(12) 0.0538(7)

eNeoNoloNoNoNololoNooNoNoNoNe)

0.80178(12) 0.0579(7)
0.71569(12) 0.0498(7)
0.65846(14) 0.0653(8)
0.078 Uiso 1 1 calc R
0.60692(15) 0.0760(9)
0.091 Uiso 1 1 calc R
0.61282(15) 0.0730(9)
0.088 Uiso 1 1 calc R
0.67009(17) 0.0742(9)
0.089 Uiso 1 1 calc R
0.72147(14) 0.0638(8)
0.077 Uiso 1 1 calc R
0.96568(14) 0.0587(8)
1.02118(13) 0.0759(9)

Uani

Uani

.077 Uiso 1 1 calc R .

Uani
Uani
Uani
Uani

.072 Uiso 1 1 calc R .

Vani 1 1 d .
.065 Uiso 1 1 calc R .

Uani
Uani
Uani
Uani
Uani
Uani
Uani
Uani
Uani

0.091 Uiso 1 1 calc R .

0.091 Uiso 1 1 calc R

.01723(18) 0.1116(15) Uani 1 1 d .

0.134 Uiso 1 1 calc R .

_03555(19) 0.1386(18) Uani 1 1 d .

0.166 Uiso 1 1 calc R .
0.166 Uiso 1 1 calc R .

1
1
1

1

-84234(9) 0.3307(3) 0.76929(10) 0.0503(6) Uani 1 1 d .
.90575(9) 0.0647(3) 0.77144(9) 0.0747(6) Uani 1 1 d .
.77725(10) 0.5504(4) 0.79103(9) 0.0822(7) Uani 1 1 d .
.92919(10) 0.0730(3) 1.01193(10) 0.0904(7) Uani
.87345(12) 0.1538(4) 0.79327(13) 0.0554(7) Uani
.86299(12) 0.1042(4) 0.85170(12) 0.0531(7) Uani

1
1
1

1

74238(10) 1.0089(3) 0.15070(9) 0.0493(6) Uani 1 1 d .
71679(9) 1.1198(3) 0.05010(9) 0.0719(6) Uani 1 1 d .
73633(8) 0.9045(3) 0.24274(8) 0.0582(5) Uani 1 1 d .
49577(9) 0.7786(3) 0.02724(9) 0.0790(6) Uani 1 1 d .

C21 C 0.70046(13) 1.0670(4) 0.09114(13) 0.0542(7) Uani 1 1 d .
C22 C 0.63443(12) 1.0417(4) 0.08803(12) 0.0520(7) Uani 1 1 d .
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H22A H 0.6100 1.1613 0.0695
C23 C 0.60272(12) 0.8591(4)
H23A H 0.5848 0.9017 0.0027
C24 C 0.64656(13) 0.6804(4)
H24A H 0.6265 0.5904 0.0178
H24B H 0.6855 0.7270 0.0501
C25 C 0.66158(12) 0.5709(4)
H25A H 0.6964 0.4866 0.1257
C26 C 0.62808(12) 0.5876(4)
H26A H 0.6400 0.5115 0.1825
C27 C 0.57189(11) 0.7210(4)
C28 C 0.59455(12) 0.9100(4)
H28A H 0.5583 0.9940 0.1654
H28B H 0.6128 0.8718 0.2151
C29 C 0.64305(12) 1.0294(4)
H29A H 0.6401 1.1661 0.1696
C30 C 0.71097(12) 0.9676(4)
C31 C 0.80887(13) 0.9849(5)
C32 C 0.83672(14) 0.8050(5)
H32A H 0.8130 0.7007 0.1951
C33 C 0.90014(17) 0.7800(6)
H33A H 0.9195 0.6591 0.2184
C34 C 0.93472(17) 0.9333(8)
H34A H 0.9774 0.9153 0.2020
C35 C 0.90674(17) 1.1128(7)
H35A H 0.9305 1.2165 0.1659
C36 C 0.84317(15) 1.1404(5)
H36A H 0.8241 1.2625 0.1444
C37 C 0.55030(13) 0.7858(4)
C38 C 0.51810(13) 0.6266(4)
H38A H 0.5319 0.6091 0.1894
H38B H 0.4827 0.7180 0.1314
C39 C 0.49574(13) 0.4301(5)
H39A H 0.5021 0.4038 0.0772
C40 C 0.46858(14) 0.2955(5)
H40A H 0.4614 0.3163 0.1695
H40B H 0.4560 0.1770 0.1113

loop_

_atom_site aniso_label
_atom_site_aniso U 11
_atom_site_aniso_U 22
_atom_site_aniso U 33
_atom_site_aniso_U 23
_atom_site _aniso U 13
_atom_site_aniso_U_12

0.062 Uiso 1 1 calc R
0.04645(11) 0.0540(7)
0.065 Uiso 1 1 calc R
0.05250(13) 0.0614(8)

Uani

Uani

0.074 Uiso 1 1 calc R .

0.074 Uiso 1 1 calc R
0.11211(13) 0.0538(7)
0.065 Uiso 1 1 calc R
0.14636(12) 0.0513(7)
0.062 Uiso 1 1 calc R
0.13120(12) 0.0492(7)
0.17145(13) 0.0563(7)

Uani
Uani
Uani
Uani

0.068 Uiso 1 1 calc R .

0.068 Uiso 1 1 calc R
0.15645(12) 0.0496(7)
0.059 Uiso 1 1 calc R
0.19041(13) 0.0485(7)
0.16737(12) 0.0547(7)
0.18940(12) 0.0681(8)
0.082 Uiso 1 1 calc R

0.20293(14) 0.0880(11) Vani 1 1 d .

Uani
Uani
Uani
Uani

0.106 Uiso 1 1 calc R .

0.19356(16) 0.0982(13) Uani

0.118 Uiso 1 1 calc R .

0.17186(15) 0.0939(12) Uani

0.113 Uiso 1 1 calc R .

0.15876(13) 0.0741(9) Uani 1 1 d .

0.089 Uiso 1 1 calc R .

0.06400(13) 0.0550(7)
0.14467(14) 0.0680(8)

Uani
Uani

0.082 Uiso 1 1 calc R .
0.082 Uiso 1 1 calc R .

0.11358(14) 0.0710(9)

Uani

0.085 Uiso 1 1 calc R .

0.13327(16) 0.0865(10) Uani 1 1 d .

0.104 Uiso 1 1 calc R .
0.104 Uiso 1 1 calc R .

1
1
1

1
1

11d.

N1 0.0442(12) 0.0570(15) 0.0475(14) -0.0085(12) 0.0153(11) 0.0026(11)
01 0.0757(14) 0.0648(13) 0.0863(15) -0.0167(11) 0.0344(12) 0.0128(11)
02 0.0832(15) 0.1071(18) 0.0590(13) 0.0185(12) 0.0306(11) 0.0527(14)
03 0.0863(15) 0.0961(17) 0.0820(16) 0.0460(14) 0.0255(12) 0.0253(13)
C1 0.0453(16) 0.0498(18) 0.065(2) -0.0160(16) 0.0146(15) -0.0019(14)
C2 0.0534(16) 0.0431(16) 0.0586(18) -0.0046(14) 0.0172(14) -0.0055(13)
C3 0.0481(16) 0.0500(17) 0.065(2) 0.0049(15) 0.0102(14) 0.0113(13)

C4 0.0443(16) 0.075(2) 0.067(2) -0.0057(16) 0.0134(14) -0.0066(15)
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C5 0.0655(19) 0.058(2) 0.0543(19) -0.0022(15) 0.0119(16) -0.0165(16)
C6 0.0707(19) 0.0515(18) 0.0532(18) -0.0026(14) 0.0193(16) -0.0033(15)
C7 0.0560(17) 0.0537(18) 0.0404(16) 0.0072(13) 0.0127(13) 0.0032(14)
C8 0.0504(17) 0.077(2) 0.0500(18) 0.0065(16) 0.0161(14) 0.0052(15)

C9 0.0391(15) 0.0672(19) 0.0499(17) -0.0032(15) 0.0118(13) -0.0051(13)

C10 0.0433(16) 0.077(2) 0.0475(18) -0.0062(17) 0.0109(14) 0.0079(16)
C11 0.0436(15) 0.0602(19) 0.0463(17) -0.0065(15) 0.0183(13) 0.0023(14)
C12 0.0622(18) 0.073(2) 0.059(2) -0.0171(18) 0.0220(16) -0.0117(16)
C13 0.071(2) 0.104(3) 0.051(2) -0.016(2) 0.0220(16) 0.001(2)

C14 0.065(2) 0.095(3) 0.066(2) 0.006(2) 0.0343(17) 0.0076(19)

C15 0.077(2) 0.071(2) 0.082(3) -0.006(2) 0.0392(19) -0.0082(17)

C16 0.0647(19) 0.070(2) 0.057(2) -0.0094(17) 0.0241(15) -0.0075(16)
C17 0.0484(16) 0.0584(19) 0.0551(19) 0.0120(17) 0.0045(14) -0.0022(14)
C18 0.092(2) 0.084(2) 0.0490(19) 0.0094(17) 0.0243(17) 0.0037(19)

C19 0.170(4) 0.097(3) 0.059(3) -0.009(2) 0.034(3) 0.010(3)

C20 0.155(4) 0.178(5) 0.078(3) -0.015(3) 0.039(3) 0.026(4)

N2 0.0532(14) 0.0563(14) 0.0358(13) 0.0024(11) 0.0145(11) -0.0008(11)
04 0.0813(14) 0.0867(15) 0.0474(12) 0.0152(11) 0.0247(11) 0.0017(11)
05 0.0631(12) 0.0657(12) 0.0386(11) -0.0008(10) 0.0119(9) -0.0088(10)
06 0.0537(13) 0.0818(15) 0.0739(14) 0.0128(12) -0.0055(11) 0.0058(11)

C21 0.0676(19) 0.0477(17) 0.0421(18) 0.0025(14) 0.0158(16) 0.0044(14)
C22 0.0554(17) 0.0467(16) 0.0471(17) 0.0081(13) 0.0128(13) 0.0127(13)
C23 0.0592(17) 0.0573(18) 0.0356(15) 0.0021(13) 0.0076(13) 0.0046(14)
C24 0.0684(19) 0.0562(18) 0.0597(19) -0.0137(16) 0.0249(15) -0.0001(15)
C25 0.0540(17) 0.0402(16) 0.0575(19) -0.0074(14) 0.0112(15) 0.0071(13)
C26 0.0562(17) 0.0392(16) 0.0466(16) -0.0030(13) 0.0071(14) -0.0001(13)
C27 0.0472(16) 0.0467(16) 0.0488(17) -0.0034(13) 0.0132(13) 0.0017(13)
C28 0.0595(17) 0.0511(17) 0.0595(18) -0.0050(15) 0.0245(14) 0.0054(14)
C29 0.0612(17) 0.0357(15) 0.0502(17) -0.0052(13) 0.0198(14) 0.0051(13)
C30 0.0598(18) 0.0404(16) 0.0388(16) -0.0038(13) 0.0121(14) -0.0048(13)
C31 0.0511(17) 0.074(2) 0.0367(16) 0.0002(15) 0.0144(13) -0.0013(16)
C32 0.065(2) 0.084(2) 0.0520(19) 0.0057(17) 0.0189(15) 0.0092(18)

C33 0.072(2) 0.123(3) 0.065(2) 0.010(2) 0.0221(19) 0.026(2)

C34 0.058(2) 0.176(4) 0.059(2) 0.009(3) 0.0216(18) 0.011(3)

C35 0.069(2) 0.152(4) 0.062(2) 0.007(2) 0.0265(19) -0.025(3)

C36 0.068(2) 0.097(3) 0.057(2) 0.0089(18) 0.0235(16) -0.0096(19)

C37 0.0516(18) 0.0454(17) 0.0533(18) 0.0006(14) 0.0043(15) 0.0113(13)
C38 0.0604(18) 0.070(2) 0.073(2) -0.0057(17) 0.0248(16) -0.0097(16)

C39 0.0569(19) 0.082(2) 0.069(2) -0.0101(18) 0.0193(16) -0.0185(17)

C40 0.070(2) 0.088(3) 0.091(3) -0.006(2) 0.0205(19) -0.013(2)

_geom_special_details

All esds (except the esd in the dihedral angle between two I.s. planes)
are estimated using the full covariance matrix. The cell esds are taken
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are
only

used when they are defined by crystal symmetry. An approximate
(isotropic)

treatment of cell esds is used for estimating esds involving l.s.
planes.
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loo

_geom_bond_atom_site label 1
_geom_bond_atom_site_ label_2

P_

_geom_bond_distance

_geom_bond_site_symmetry_ 2
_geom_bond_publ_flag

N1
N1
N1
01
02
03
C1
c2
c2
C3
C3
C4
C5
C6
Cc7
c7
Cc7
C8
C9
Cl11
C11
Cl12
C13
C14
C15
C18
C19
N2
N2
N2
04
05
06
c21
Cc22
Cc22
C23
C23
c24
C25
C26
c27
c27
c27
C28
C29
C31
C31

C1 1.389(3) .

C10 1.391(3) .
C11 1.437(3) .
.2
C10 1.210(3) .
C17 1.215(3) .

C1 1.209(3)

C2 1.507(4)
C9 1.526(3)
C3 1.550(3)

?

N ) N

C17 1.505(4) .

C4 1.534(4)
C5 1.486(4)
C6 1.325(4)
C7 1.498(4)

C17 1.506(4) .
.2

C18 1.541(4) .

C8 1.537(3)

C9 1.510(3) .

NN N N

?

?
?

?
?

?

?

C10 1.510(4) . ?

Cl6
C12
C13
Ci14
C15
C16
C19
Cc20
Cc21
C30
C31
Cc21
C30
C37
Cc22
C29
C23
C37
Cc24
C25
C26
c27
C37
C38
C28
C29
C30
C32
C36

.358(4)
.375(4)
.383(4)
.367(4)
.370(4)
.372(4)
.525(5)
.185(5)

RPRRERRRRRR

RPRRRRR

_501(4)
.528(3)
.559(3)
.498(4)
.540(3)
.488(4)
.311(3)
.498(3)
.509(4)
.527(4)
.545(3)
.521(3)
.509(3)
.373(4)
.371(4)

RPRRPRRPRRPRRPRRRRRERRRRR

.401(3) .
.404(3) .
.433(3) .
.207(3) .
.204(3) .
.213(3) .

RSICSEESEEVEES RS BEN EEN

NN N ) N N

ESEUSEEVECNEES EEVECSEES BEVEESEES BEV RN BEV EEN |
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C32 C33 1.377(4) ?
C33 C34 1.370(5) ?
C34 C35 1.369(5) ?
C35 C36 1.385(4) ?
C38 C39 1.499(4) ?
C39 C40 1.282(4) ?
loop_

_geom_angle_atom_site_label 1
_geom_angle_atom_site label 2
_geom_angle_atom_site_label 3

_geom_angle

_geom_angle_site_symmetry 1
_geom_angle_site_symmetry_3
_geom_angle_publ_ flag

C1 N1 C10 111.9(2)
Cl1 N1 C11 123.7(2)

C10 N1 C11 124.3(2) .

01 C1 N1 124.1(3) .
01 C1 C2 127.5(3) .
N1 C1 C2 108.3(2) .
C1 C2 C9 104.0(2) .
C1 C2 C3 109.5(2) .
C9 C2 C3 115.8(2) .
C17 C3 C4 106.2(2)
C17 C3 C2 109.3(2)
C4 C3 C2 115.6(2)
C5 C4 C3 112.3(2)
C6 C5 C4 123.9(3)
C5 C6 C7 123.4(3)
C6 C7 C17 108.2(2)
C6 C7 C8 109.9(2)
C17 C7 C8 106.0(2)
C6 C7 C18 111.7(2)

C17 C7 C18 110.6(2) .

C8 C7 C18 110.1(2)
C9 C8 C7 113.9(2)
C8 C9 C10 116.0(2)
C8 C9 C2 118.2(2)
C10 C9 C2 103.9(2)
02 C10 N1 123.8(3)
02 C10 C9 128.0(3)
N1 C10 C9 108.1(2)

C16 C11 C12 120.7(3)

C16 C11 N1 120.1(2) .
C12 C11 N1 119.2(3) .

C11
Ci14
C13
C14
C11

Ci12
C13
Ci14
C15
C16

C13 119.0(3)
C12 120.3(3)
C15 119.8(3)
C16 120.2(3)
C15 120.0(3)

03 C17 C3 122.5(3) .
03 C17 C7 123.6(3) .
C3 C17 C7 113.9(2) .

?
?

N N ) N

N N N N N
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C19 C18 C7 114.8(3) -

C20 C19 C18 128.4(5)

c21
Cc21
C30

N2
N2
N2

04 C21
04 C21
N2 C21

Cc21
Cc21
C29
C37
C37
c24
C25
C26
C25
C26
C26
C37
C26
C37
C38
C29
C30
C30
C28

Cc22
Cc22
Cc22
C23
C23
C23
Cc24
C25
C26
c27
c27
c27
Cc27
c27
Cc27
C28
C29
C29
C29

c30 111.9(2) .
C31 123.4(2) .
C31 124.6(2) .

N2 123.9(3) .

C22 127.9(2) .
C22 108.1(2) .

C29 103.7(2)
C23 109.8(2)
C23 116.3(2)
C24 106.6(2)
C22 108.8(2)
C22 115.3(2)
C23 112.2(2)
C24 123.1(2)
C27 124.4(3)
C37 108.9(2)
C38 113.3(2)
C38 111.5(2)
C28 107.1(2)
C28 106.7(2)
C28 109.1(2)
C27 113.6(2)
C28 115.9(2)
C22 104.4(2)
C22 117.3(2)

05 C30 N2 124.3(2) -

05 C30 C29 128.5(3) .
N2 C30 C29 107.1(2) .

C32
C32
C36
C31
C34
C35
C34
C31

06 C37 C23 122.8(3) .
06 C37 C27 123.5(3) .

C31
C31
C31
C32
C33
C34
C35
C36

C36 121.1(3)

N2 119.6(3) .
N2 119.3(3) .

C33 119.4(3)
C32 120.0(4)
C33 120.2(3)
C36 120.3(4)
C35 118.9(3)

C23 C37 C27 113.7(2)
C39 C38 C27 114.9(2)
C40 C39 €38 125.1(3)

loop_

_geom_torsion_atom_site_label_1
_geom_torsion_atom_site_label_2
_geom_torsion_atom _site_label 3
_geom_torsion_atom_site_label_4

_geom_torsion

_geom_torsion_site_symmetry_ 1
_geom_torsion_site _symmetry 2
_geom_torsion_site _symmetry 3
_geom_torsion_site_symmetry 4

NN N N N ) ) ) ) ) ) ) ) ) ) ) ) ) )

N N N N N
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_geom_torsion_publ_flag

Cl10 N1 C1 01 177.3(2) . . . . ?
Cl1 N1 C1 01 -0.3(4) . . . .72
ClON1C1C2-6.3(3) - .. .72
Cl1 N1 C1 C2176.1(2) - . . . ?
01 Ci1C2(C9 -167.7(3) . . . . *?
N1 C1C2C9 16.03) . . . . ?
01 C1C2C367.93) - - . .7
N1 Cl1C2¢C3-108.4(2) . . . . ?
ClC2C3Cl7 154.8(2) . . . . ?
Co9C2C3C17 37.6(3) . . . .72
Cl1C2C3C435.03....7
coc2c3cq4 -82.1(3) - . . .7
Cl7 C3C4C5 -45.3(3) - . . . ?
C2C3C4C576.2(3) . . . .7
C3C4C5C616.44) . . . .7
c4Cc5C6C7 -1.3() . . . .7
C5C6 C7 C17 17.1(4) . . . . ?
C5C6 C7 C8 -98.2(3) - - . . ?
C5C6 C7 C18 139.1(3) - . . . ?
C6 C7 C8C963.6(3) ... .7
Cl7 C7 C8C9 -53.1(3) . . . . ?
Cl18 C7 C8 C9 -172.9(2) . . . . ?
C7 C8 C9 C10 -87.3(3) - - . . ?
C7C8C9C237.2(3) - . . .7
clCc2CoC8 -149.1(2) . . . . ?
C3C2C9C8 -2809(3) - . . .72
Cl C2 C9 C10 -18.8(3)

C3 C2 C9 C10 101.4(3)

Cl N1 C10 02 176.7(3)

Cl11 N1 C10 02 -5.7(4) . . . .
Cl N1 Cil0OC9 -6.4(3) - - . . ?
C11 N1 C10 C9 171.2(2) . . . . ?
C8 C9 C10 02 -35.8(4) . . . . ?
C2 C9 C10 02 -167.3(3) . . . . ?
C8 C9 C10 N1 147.5(2) . . . . ?
C2 C9 C10 N1 16.0(3) - - - - ?

Cl N1 C11 Ci16 -117.03) . . . . ?
Cl0O N1 C11 C16 65.7(3) . . . . ?
ClN1LCl1 C1264.7(3) - - . . ?
Cl10 N1 C11 C12 -112.6(3) . . . . ?
Cl6 C11 C12 C131.3(4) . . . . ?
N1 Cl11 C12 C13 179.5(2) . . . . ?
Cll1 Cci12 ci13 Cc14 -0.7(4) . . . . ?
Cl2 C13 C14 C15 -0.1(4) . . . . ?
Cl3 Ci4Ci5C16 0.44d . . . . 7
Cl2 C11 Ci6 C15 -1.04) . . . . ?
N1 C11 C16 C15 -179.2(2) . . . . ?
Cl4 C15 C16 C11 0.2(4) . . . . ?
C4 C3 C17 03 -114.1(3) . . . . ?
C2 C3 C17 03 120.5(3) - . . . ?
C4 C3C17 C7 65.8(3) - - - . ?

C2 C3C17 C7 -59.6(3) . . . . ?
Cé6 C7 C17 03 129.3(3) - . . . ?
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C8 C7 C17 03 -112.8(3) . . . . ?
C18 C7 C17 03 6.6(4) . . . . ?

C6 C7 C17 C3 -50.6(3) . . . . ?

C8 C7 C17 C3 67.3(3) - . . . ?

C18 C7 C17 C3 -173.3(2) . . . . ?
C6 C7 C18 C19 67.6(4) . . . . ?
C17 C7 C18 C19 -171.7(3) . . . . ?
C8 C7 C18 C19 -54.8(4) . . . . ?
C7 C18 C19 C20 -105.5(5) . . . . ?
C30 N2 C21 04 176.0(3) . . . . ?
C31 N2 C21 04 -7.1(4) . . . . ?
C30 N2 C21 C22 -6.6(3) . . . . ?
C31 N2 C21 C22 170.3(2) . . . . ?
04 C21 C22 C29 -164.9(3) . . . . ?
N2 C21 C22 C29 17.8(3) . . . . ?
04 C21 C22 €23 70.1(3) . . . . ?
N2 C21 C22 C23 -107.2(2) . . . . ?
C21 C22 €23 C37 157.1(2) . . . . ?
C29 C22 €23 C37 39.8(3) . . . . ?
C21 C22 C23 C24 37.4(3) . . . . ?
C29 C22 €23 C24 -79.9(3) . . . . ?
C37 C23 C24 C25 -47.0(3) . . . . ?
C22 C23 C24 C25 73.9(3) . ?
C23 C24 C25 C26 18.3(4) . . . . ?
C24 C25 C26 C27 -1.6(4) . . . . ?
C25 C26 C27 C37 15.3(3) . . . . ?
C25 C26 C27 C38 139.9(3) . . . . ?
C25 C26 C27 C28 -99.7(3) . . . . ?
C26 C27 C28 C29 63.6(3) . . . . ?
C37 C27 C28 C29 -52.8(3) . . . . ?
C38 C27 C28 C29 -173.4(2) . . . . ?
C27 C28 C29 C30 -86.7(3) . . . . ?
C27 C28 C29 C22 37.4(3) . . . . ?
C21 C22 C29 C30 -21.7(3) . . . . 2
C23 C22 C29 C30 99.0(2) . . . . ?
C21 C22 C29 C28 -151.4(2) . . . . ?
C23 C22 C29 C28 -30.7(3) . . . . 2
C21 N2 C30 05 175.7(2) . . . . ?
C31 N2 C30 05 -1.2(4) . . . . ?
C21 N2 C30 C29 -7.8(3) . . . . ?
C31 N2 C30 C29 175.3(2) . . . . ?

C28
Cc22
C28
Cc22
Cc21
C30
Cc21
C30
C36

C29 C30 05
C29 C30 05
C29 C30 N2
C29 C30 N2
N2 C31 C32
N2 C31 C32
N2 C31 C36
N2 C31 C36

—34.6(4) . . . .2

~165.2(2)
149.1(2) .
18.5(3) .
~122.0(3)
54.5(3) .
55.5(4) .
~128.0(3)

C31 C32 C33 -0.2(4) .
N2 C31 C32 C33 177.3(2) .
C31 C32 €33 C34 -0.9(5) .
C32 C33 C34 C35 1.2(5) .
C33 C34 C35 C36 -0.5(5) .



C32 C31 C36 C35 0.9(4) . .
N2 C31 C36 C35 -176.6(2) .

C34
Cc24
Cc22
Cc24
Cc22
C26
C38
C28
C26
C38
C28
C26
C37
C28
c27

_diffrn_

C35
C23
C23
C23
C23
c27
c27
Cc27
c27
c27
c27
c27
c27
c27
C38

C36
C37
C37
C37
C37
C37
C37
C37
C37
C37
C37
C38
C38
C38
C39

measured_fraction_theta_max

C31

06 -

-0.6(5) . -
114.9Q3) -

06 120.2(3) .

c27
c27

64.7(3) . .
-60.2(3) .

06 131.6(3) .
06 5.9(4) .

06 -

C23
C23
C23
C39
C39
C39
Cc40

113.1(3) .
-48.0(3) .
-173.7(2) -
67.3(3) -
-54.9(3) .
68.3(3) .
~174.1(2) .
154.7(3) .

_diffrn_reflns_theta full

_diffrn_measured_fraction_theta full
0.348

_refine_diff_density max
_refine_diff_density_min
_refine_diff _density _rms

-0.163
0.030
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TITL
CELL
ZERR
LATT
SYMM
SFAC
UNIT
L.S.
ACTA
CONF
BOND
FMAP
PLAN
SIZE
TEMP

OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT

1b016 in P2(1)/n
0.71073 22.9943
4.00

1

0.5-X, 0.5+Y, 0.5-Z

0.0004

C H N O
160 152 8 24

25

2
5

0.07 0.09 0.23

23.0C

-1
-3
-1
-3
5
8
-10
-18
6
-17
-3
1
0
19
-10
18
15
-9
-17
-16
-4
-19
-18
8
-17
-1
9
-15
-1
-14
-
16
-8
12
-1
-4
11
17

NOWRFROPR

6.7284 23.2627 90.000 112.879 90.000

0.0001

0.0004

0.000

0.001

0.000
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OMIT 5 1 7
OMIT 13 4 6
oMIT -9 3 17
OMIT -13 1 22
OMIT -5 3 13
OMIT -9 3 6
OMIT O 6 5
oMIT -21 2 6
OMIT -4 4 8
oMIT 12 3 6
oMiIT 14 1 7
oMIT -17 4 1
WGHT 0.053900
EXTI 0.005390
FVAR 0.15619
N1 3 0.842342
0.05695 =

0.04755 -0.
01 4 0.905754
0.06476 =

0.08634 -0.
02 4 0.777253
0.10711 =

0.05899
03 4 0.929185
0.09615 =

0.08202
C1 1 0.873446
0.04979 =

0.06478 -0.
c2 1 0.862990
0.04311 =

0.05857 -0.
AFIX 13
H2A 2 0.850253
AFIX O
C3 1 0.925218
0.04996 =

0.06472
AFIX 13
H3A 2 0.950128
AFIX O
C4 1 0.966548
0.07531 =

0.06662 -0.
AFIX 23
H4A 2 1.008885
H4B 2 0.969197
AFIX O
C5 1 0.941383
0.05775 =

0.05428 -0.

AFIX 43

0.

0.

0.

0.

532400

0.330659

00846 0.

0.064719

01671 0.

0.550418

01849 0.

0.072959

04603 0.

0.153812

01604 0.

0.104231

00463 0.

-0.035338

0.135985

00487 0.

0.013460

0.309377

00571 0.

0.292874
0.306535

0.505372

00219 0.

0.769287

01527 0.

0.771441

03436 0.

0.791026

03056 0.

1.011929

02546 0.

0.793267

01459
0.851698

01715

0.850054

0.909457

01018 0.

0.916970
0.904865
01342 -0

0.936279
0.864263

0.913733

01194

-0.

-0.

-0.

11.

00262

11.

01279

11.

05274

11.

02529

11.

00190

11.

00546

11.

11.

01125

11.

11.

.00656

11.
11.

11.

01653

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000
00000

00000

-1.
-1.

-04417

-07569

-08316

.08632

-04531

-05336

-20000

-04814

-20000

-04429

20000
20000

-06553



H5A 2
AFIX O
C6 1
0.05154 =
0]
AFIX 43
H6A 2
AFIX O
c7 1
0.05369 =
0
C8 1
0.07715 =
0]
AFIX 23
H8A 2
H8B 2
AFIX O
C9 1
0.06721 =
0]
AFIX 13
HOA 2
AFIX O
Ci10 1
0.07676 =
0
Cl11 1
0.06025 =
0
Ci12 1
0.07320 =
0]
AFIX 43
H12A 2
AFIX O
C13 1
0.10417 =
0
AFIX 43
H13A 2
AFIX O
Ci14 1
0.09507 =
0]
AFIX 43
H14A 2
AFIX O
C15 1
0.07076 =
0]
AFIX 43
H15A 2
AFIX O

0.956527 0.618598
0.898676 0.528410
-05319 -0.00261
0.886144 0.656798
0.869510 0.358481
-04039 0.00720
0.804758 0.308181
-04996 0.00645
0.784942 0.206269
0.778257 0.425607
0.807765 0.236462
.04994 -0.00320
0.769656 0.156486
0.806320 0.395703
.04746 -0.00622
0.845209 0.429395
.04627 -0.00653
0.820027 0.337379
-05908 -0.01706
0.801624 0.212347
0.822490 0.433624
.05145 -0.01551
0.806068 0.372345
0.848929 0.618313
-06642 0.00616
0.850553 0.682511
0.873029 0.708558
-08235 -0.00643
0.890817 0.834559

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.901235

0.938372

01926

0.942991

0.959184

01273 0.

0.908306

01612 0.

0.924017
0.899754

0.848032

01176

0.827460

0.801777

01087 0.

0.715687

01826 0.

0.658457

02198

0.654475

0.606924

02195 0.

0.568048

0.612824

03434 0.

0.578074

0.670089

03917

0.674155

-0.

-0.

-0.

-0.

11.

11.

00331

11.

11.

00318

11.

00519

11.
11.

11.

00513

11.

11.

00787

11.

00229

11.

01171

11.

11.

00117

11.

11.

00765

11.

11.

00817

11.

00000

00000

00000

00000

00000

00000
00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

-1.
-1.

-20000

.07075

-20000

-05599

-05044

20000
20000

-03907

-20000

-04330

.04358

-06222

-20000

-07071

-20000

-06544

-20000

-07705

-20000



Cl6 1 0.870997 0.613546 0.721474 11.00000 0.06469
0.07015 =

0.05693 -0.00945 0.02413 -0.00753
AFIX 43
H16A 2 0.887292 0.675330 0.760273 11.00000 -1.20000
AFIX O
C17 1 0.910071 0.177289 0.965685 11.00000 0.04841
0.05839 =

0.05509 0.01201 0.00448 -0.00222
C18 1 0.862707 0.404432 1.021183 11.00000 0.09174
0.08412 =

0.04904 0.00938 0.02426 0.00366
AFIX 23
H18A 2 0.850311 0.283564 1.036145 11.00000 -1.20000
H18B 2 0.903635 0.443648 1.051770 11.00000 -1.20000
AFIX O
C19 1 0.815075 0.566943 1.017227 11.00000 0.17018
0.09667 =

0.05868 -0.00896 0.03431 0.01044
AFIX 43
H19A 2 0.772804 0.531191 0.997926 11.00000 -1.20000
AFIX O
C20 1 0.824923 0.732892 1.035553 11.00000 0.15460
0.17832 =

0.07756 -0.01483 0.03941 0.02601
AFIX 93
H20A 2 0.866210 0.777906 1.055291 11.00000 -1.20000
H20B 2 0.791363 0.818095 1.030195 11.00000 -1.20000
AFIX O
N2 3 0.742380 1.008872 0.150696 11.00000 0.05321
0.05633 =

0.03582 0.00244 0.01445 -0.00083
04 4 0.716786 1.119836 0.050104 11.00000 0.08126
0.08671 =

0.04738 0.01518 0.02471 0.00171
05 4 0.736329 0.904538 0.242740 11.00000 0.06313
0.06569 =

0.03856 -0.00077 0.01187 -0.00882
06 4 0.495774 0.778611 0.027239 11.00000 0.05367
0.08179 =

0.07388 0.01280 -0.00552 0.00584
Cc21 1 0.700456 1.066952 0.091145 11.00000 0.06764
0.04769 =

0.04207 0.00251 0.01575 0.00439
Cc22 1 0.634431 1.041740 0.088031 11.00000 0.05545
0.04675 =

0.04714 0.00808 0.01276 0.01266
AFIX 13
H22A 2 0.610008 1.161283 0.069452 11.00000 -1.20000
AFIX O
C23 1 0.602718 0.859062 0.046454 11.00000 0.05915
0.05730 =

0.03560 0.00207 0.00757 0.00459
AFIX 13
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H23A 2
AFIX O
c24 1
0.05618 =
0]
AFIX 23
H24A 2
H24B 2
AFIX O
C25 1
0.04020 =
0
AFIX 43
H25A 2
AFIX O
C26 1
0.03916 =
0
AFIX 43
H26A 2
AFIX O
c27 1
0.04666 =
0
C28 1
0.05107 =
0
AFIX 23
H28A 2
H28B 2
AFIX O
C29 1
0.03565 =
0]
AFIX 13
H29A 2
AFIX O
C30 1
0.04042 =
0
C31 1
0.07373 =
0
C32 1
0.08374 =
0
AFIX 43
H32A 2
AFIX O
C33 1
0.12266 =
0
AFIX 43
H33A 2

0.584761 0.901677
0.646558 0.680415
-05969 -0.01366
0.626454 0.590372
0.685484 0.727040
0.661582 0.570856
.05754 -0.00738
0.696375 0.486578
0.628081 0.587551
-04657 -0.00301
0.639988 0.511465
0.571891 0.720955
.04885 -0.00344
0.594547 0.909985
-05948 -0.00498
0.558336 0.993961
0.612766 0.871833
0.643050 1.029435
.05019 -0.00518
0.640107 1.166120
0.710970 0.967630
-03880 -0.00385
0.808871 0.984949
.03666 0.00015
0.836719 0.804956
.05205 0.00573
0.812962 0.700719
0.900135 0.780024
.06500 0.00984
0.919494 0.659141

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.002738

0.052497

02491

0.017841
0.050130

0.112113

01121 0.

0.125717

0.146356

00710

0.182497

0.131203

01321 0.

0.171451

02445 0.

0.165359
0.215081

0.156446

01982 0.

0.169619

0.190409

01214
0.167369

01439
0.189401

01891 0

0.195144

0.202930

02212 0.

0.218430

-0.

-0.

-0.

-0.

11.

11.

00014

11.
-00000

11

11.

00714

11.

11.

00015

11.

11.

00173

11.

00535

11.
11.

11.

00512

11.

11.

00482
11

00134

11.

.00922

11.

11.

02604

11.

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000
00000

00000

00000

00000

-00000

00000

00000

00000

00000

-1.
-20000

-1

-20000

.06844

20000

-05398

-20000

-05625

-20000

.04718

-05955

-20000
-20000

.06116

-20000

-05975

-05112

-06506

-20000

-07225

-20000



AFIX O

C34 1 0.934723 0.933272 0.193561 11.00000 0.05793
0.17631 =

0.05916 0.00910 0.02158 0.01137
AFIX 43
H34A 2 0.977359 0.915293 0.201972 11.00000 -1.20000
AFIX O
C3s 1 0.906741 1.112755 0.171864 11.00000 0.06898
0.15159 =

0.06216 0.00653 0.02651 -0.02541
AFIX 43
H35A 2 0.930526 1.216529 0.165901 11.00000 -1.20000
AFIX O
C36 1 0.843172 1.140426 0.158759 11.00000 0.06782
0.09661 =

0.05712 0.00886 0.02352 -0.00956
AFIX 43
H36A 2 0.824068 1.262454 0.144357 11.00000 -1.20000
AFIX O
Cc37 1 0.550304 0.785807 0.063996 11.00000 0.05155
0.04543 =

0.05328 0.00065 0.00433 0.01130
C38 1 0.518101 0.626606 0.144668 11.00000 0.06044
0.06984 =

0.07269 -0.00572 0.02485 -0.00967
AFIX 23
H38A 2 0.531870 0.609072 0.189402 11.00000 -1.20000
H38B 2 0.482696 0.718012 0.131431 11.00000 -1.20000
AFIX O
C39 1 0.495745 0.430131 0.113584 11.00000 0.05691
0.08212 =

0.06917 -0.01009 0.01926 -0.01848
AFIX 43
H39A 2 0.502071 0.403842 0.077192 11.00000 -1.20000
AFIX O
c4a0 1 0.468578 0.295506 0.133275 11.00000 0.07003
0.08843 =

0.09115 -0.00604 0.02046  -0.01321
AFIX 93
H40A 2 0.461424 0.316311 0.169507 11.00000 -1.20000
H40B 2 0.456022 0.177024 0.111328 11.00000 -1.20000
HKLF 4
REM 1b016 in P2(1)/n
REM R1 = 0.0423 for 2863 Fo > 4sig(Fo) and 0.0701 for all 4012
data
REM 434 parameters refined using 0 restraints
END
WGHT 0.0485 0.7253
REM Highest difference peak 0.348, deepest hole -0.163, 1-sigma level
0.030

Q1 1 0.7819 0.6164 1.0381 11.00000 0.05 0.35
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Q2
Q3
Q4
Q5

PR R

0.8622
0.8941
0.8232
0.8031

0.6241
0.4562
0.6659
0.5146

1.0329
0.7926
0.8058
0.9991

11.00000
11.00000
11.00000
11.00000

0.05
0.05
0.05

0.26
0.17
0.15
0.15

424



deg.

Table 1.

Identification code
Empirical formula

Formula weight

Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

112.8790(10) deg.

deg.

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 22.01
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F"2

Final R indices [I1>2sigma(l)]

R indices (all data)

Crystal data and structure refinement for 1b016.

1b016

C40 H38 N2 06

642.72

296(2) K

0.71073 A

Monoclinic, P2(1)/n

a = 22.9943(4) A alpha = 90
b = 6.72840(10) A beta =

c = 23.2627(4) A gamma = 90

3315.94(9) A"3

4, 1.287 Mg/m"3

0.087 mm~-1

1360

0.23 x 0.09 x 0.07 mm

1.90 to 22.01 deg.

-24<=h<=24, -7<=k<=7, -24<=1<=22
28901 / 4012 [R(int) = 0.0679]
98.6 %

Semi-empirical from equivalents
0.9940 and 0.9804

Full-matrix least-squares on F"2

4012 / 0 / 434

1.014
R1 = 0.0423, wR2 = 0.0946
R1 = 0.0701, wR2 = 0.1064
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Extinction coefficient 0.0054(5)

Largest diff. peak and hole 0.348 and -0.163 e.A™-3
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Table 2.

Atomic coordinates ( x 10™M4) and equivalent isotropic
displacement parameters (A2 x 1073) for 1b016.
U(eq) i1s defined as one third of the trace of the orthogonalized
Uij tensor.

X Yy z uleq)
N(D) 8423(1) 3307(3) 7693(1) 50(1)
o) 9058(1) 647(3) 7714() 75(1)
0(2) 7772(1) 5504 (4) 7910(1) 82(D)
0(3) 9292(1) 730(3) 10119(2) 90(1)
c 8734(1) 1538(4) 7933(1) 55(1)
c@ 8630(1) 1042(4) 8517(1) 53(1)
c(3® 9252(1) 1360(4) 9095(1) 58(1)
c 9666(1) 3094(4) 9049(1) 65(1)
c(B) 9414(1) 5054(4) 9137(1) 63(1)
Cc(6) 8987(1) 5284(4) 9384(1) 60(1)
c( 8695(1) 3585(4) 9592(1) 52(D)
c(s) 8048(1) 3082(4) 9083(1) 60(1)
c 8078(1) 2365(4) 8480(1) 54(1)
C(10) 8063(1) 3957(5) 8018(1) 58(1)
cC(11D) 8452(1) 4294(4) 7157(1) 50(1)
c(12) 8200(1) 3374(5) 6585(1) 65(1)
c(13) 8225(1) 4336(6) 6069(2) 76(1)
c(14) 8489(1) 6183(6) 6128(2) 73(D)
C(15) 8730(1) 7086(5) 6701(2) 74(1)
c(16) 8710(1) 6135(5) 7215(1) 64(1)
c@an 9101(1) 1773(4) 9657(1) 59(1D)
c(18) 8627(2) 4044(5) 10212(1) 76(1D)
c(19) 8151(2) 5669(7) 10172(2) 112(2)
C(20) 8249(2) 7329(9) 10356(2) 139(2)
N(2) 7424(1) 10089(3) 1507(1) 49(1)
04 7168(1) 11198(3) 501(1) 72(1)
0(5) 7363(1) 9045(3) 2427(1) 58(1)
0(6) 4958(1) 7786(3) 272(D) 79(1)
c(21) 7005(1) 10670(4) 911(1) 54(1D)
C(22) 6344(1) 10417(4) 880(1) 52(1)
C(23) 6027(1) 8591(4) 464(1) 54(D)
C(24) 6466(1) 6804(4) 525(1) 61(1)
C(25) 6616(1) 5709(4) 1121(1) 54(1D)
C(26) 6281(1) 5876(4) 1464(1) 51(1)
c27n) 5719(1) 7210(4) 1312(2) 49(1)
C(28) 5946 (1) 9100(4) 1714(1) 56(1)
C(29) 6430(1) 10294(4) 1564(1) 50(D)
C(30) 7110(1) 9676(4) 1904(1) 48(1)
C(31) 8089(1) 9849(5) 1674(1) 55(1)
C(32) 8367(1) 8050(5) 1894(1) 68(1)
C(33) 9001(2) 7800(6) 2029(1) 88(1)
C(34) 9347(2) 9333(8) 1936(2) 98(1)
C(35) 92067(2) 11128(7) 1719(2) 94(1)
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C(36)
c(37)
c(38)
c(39)
C(40)

8432(2)
5503(1)
5181(1)
4957(1)
4686(1)

11404(5)
7858(4)
6266(4)
4301(5)
2955(5)

1588(1)

640(1)
1447(1)
1136(1)
1333(2)

74(1)
55(1)
68(1)
71(1)
86(1)
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Table 3. Bond lengths [A] and angles [deg] for 1b016.

N(1)-C(1)
N(1)-C(10)
N(1)-C(11)
0(1)-C(1)
0(2)-C(10)
0(3)-C(17)
c(1)-C(2)
c(2)-C(9)
c(2)-C(3)
c(3)-C(17)
C(3)-C(4)
c(4)-C(5)
c(5)-C(6)
c(6)-C(7)
c(7)-C(17)
c(7)-C(8)
C(7)-C(18)
c(8)-C(9)
C(9)-C(10)
C(11)-C(16)
c(11)-C(12)
C(12)-C(13)
c(13)-C(14)
c(14)-C(15)
C(15)-C(16)
C(18)-C(19)
C(19)-C(20)
N(2)-C(21)
N(2)-C(30)
N(2)-C(31)
0(4)-C(21)
0(5)-C(30)
0(6)-C(37)
c(21)-C(22)
C(22)-C(29)
c(22)-C(23)
c(23)-C(37)
c(23)-C(24)
c(24)-C(25)
C(25)-C(26)
c(26)-C(27)
c(27)-C(37)
c(27)-C(38)
c(27)-C(28)
C(28)-C(29)
C(29)-C(30)
C(31)-C(32)
C(31)-C(36)
C(32)-C(33)
C(33)-C(34)

RPRRPRRPRRRRPRRRPRRRRPRRRPRRPRPRRPRRPRRPRRRPRPRRRPRRPRRRERRRPRERRPRRRPRRPRRRPRRPRRRRRRPRRRRRRER

.389(3)
.391(3)
.437(3)
.209(3)
.210(3)
.215(3)
.507(4)
.526(3)
.550(3)
.505(4)
.534(4)
.486(4)
.325(4)
.498(4)
.506(4)
.537(3)
.541(4)
.510(3)
.510(4)
.358(4)
.375(4)
.383(4)
.367(4)
.370(4)
.372(4)
.525(5)
.185(5)
.401(3)
.404(3)
.433(3)
.207(3)
.204(3)
.213(3)
.501(4)
.528(3)
.559(3)
.498(4)
.540(3)
.488(4)
.311(3)
.498(3)
.509(4)
.527(4)
.545(3)
.521(3)
.509(3)
.373(4)
.371(4)
.377(4)
.370(5)
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C(34)-C(35)
C(35)-C(36)
C(38)-C(39)
C(39)-C(40)

C(1)-N(1)-C(10)
C(1)-N(1)-C(11)
C(10)-N(1)-C(11)
0(1)-C(1)-N(1)
0(1)-C(1)-C(2)
N(1)-C(1)-C(2)
C(1)-C(2)-C(9)
C(1)-C(2)-C(3)
C(9)-C(2)-C()
C(17)-C(3)-C(4)
C(17)-C(3)-C(2)
C(4)-C(3)-C(2)
C(5)-C(H-C(3)
C(6)-C(5)-C(4)
C(5)-C(6)-C(7)
C(6)-C(7)-C(17)
C(6)-C(7)-C(8)
C(17)-C(7)-C(8)
C(6)-C(7)-C(18)
C(17)-C(7)-C(18)
C(8)-C(7)-C(18)
C(9)-C(8)-C(7)
C(8)-C(9)-C(10)
C(8)-C(9)-C(2)
C(10)-C(9)-C(2)
0(2)-C(10)-N(1)
0(2)-C(10)-C(9)
N(1)-C(10)-C(9)
C(16)-C(11)-C(12)
C(16)-C(11)-N(1)
C(12)-C(11)-N(1)
C(11)-C(12)-C(13)
C(14)-C(13)-C(12)
C(13)-C(14)-C(15)
C(14)-C(15)-C(16)
C(11)-C(16)-C(15)
0(3)-C(17)-C(3)
0(3)-C(17)-C(7)
C(3)-C(17)-C(7)
C(19)-C(18)-C(7)
C(20)-C(19)-C(18)
C(21)-N(2)-C(30)
C(21)-N(2)-C(31)
C(30)-N(2)-C(31)
0(4)-C(21)-N(2)
0(4)-C(21)-C(22)
N(2)-C(21)-C(22)
C(21)-C(22)-C(29)
C(21)-C(22)-C(23)

P RRR

123.
124
124.
127
108
104
109.
115.
106.
109
115.
112
123.
123
108.
109.
106
111.
110
110.
113
116
118
103.
123
128
108
120.
120
119.
119
120.
119.
120.
120
122.
123.
113.
114.
128
111
123
124.
123.
127.
108.
103.
109.

.369(5)
.385(4)
.499(4)
.282(4)

.9(2)

7(2)

.3(2)

1(3)

.5(3)
.3(2)
.0(2)

5(2)
8(2)
2(2)

.3(2)

6(2)

.3(2)

9(3)

-4(3)

2(2)
9(2)

.0(2)

7(2)

.6(2)

1(2)

.9(2)
.0(2)
22(2)

9(2)

-8(3)
.0(3)
1102

7(3)

1102

2(3)

003

3(3)
8(3)
2(3)

.0(3)

5(3)
6(3)
9(2)
8(3)

.4(5)
.9(2)
_4(2)

6(2)
9(3)
9(2)
1(2)
7(2)
8(2)
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C(29)-C(22)-C(23)
C(37)-C(23)-C(24)
C(37)-C(23)-C(22)
C(24)-C(23)-C(22)
C(25)-C(24)-C(23)
C(26)-C(25)-C(24)
C(25)-C(26)-C(27)
C(26)-C(27)-C(37)
C(26)-C(27)-C(38)
C(37)-C(27)-C(38)
C(26)-C(27)-C(28)
C(37)-C(27)-C(28)
C(38)-C(27)-C(28)
C(29)-C(28)-C(27)
C(30)-C(29)-C(28)
C(30)-C(29)-C(22)
C(28)-C(29)-C(22)
0(5)-C(30)-N(2)
0(5)-C(30)-C(29)
N(2)-C(30)-C(29)
C(32)-C(31)-C(36)
C(32)-C(31)-N(2)
C(36)-C(31)-N(2)
C(31)-C(32)-C(33)
C(34)-C(33)-C(32)
C(35)-C(34)-C(33)
C(34)-C(35)-C(36)
C(31)-C(36)-C(35)
0(6)-C(37)-C(23)
0(6)-C(37)-C(27)
C(23)-C(37)-C(27)
C(39)-C(38)-C(27)
C(40)-C(39)-C(38)

116.
106.
108.
115.
112.
123.
124.
108.
113.
111.
107.
106.
109.
113.
115.
104.
117.
124.
128.
107.
121.
119.
119.
119.
120.
120.
120.
118.
122.
123.
113.
114.
125.

3(2)
6(2)
8(2)
3(2)
2(2)
1(2)
4(3)
9(2)
3(2)
5(2)
1(2)
7(2)
1(2)
6(2)
9(2)
4(2)
3(2)
3(2)
5(3)
1(2)
1(3)
6(3)
3(3)
4(3)
0(4)
2(3)
3(4)
9(3)
8(3)
5(3)
7(2)
9(2)
13

Symmetry transformations used to

generate equivalent atoms:
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Table 4.

The anisotropic displacement factor exponent takes the form:
-2 pi*2 [ hn2 a*~2 U1l + ...

Anisotropic displacement parameters (A™2 x 1073) for 1b016.

+ 2 h k a* b* U12 ]

U1l u22 u33 u23 u13 u12
N(1) 44(1) 57(2) 48(1) -8(1) 15(1) 3(1)
0(1) 76(1) 65(1) 86(2) -17(1) 34(1) 13(1)
0(2) 83(2) 107(2) 59(1) 18(1) 31(1) 53(1)
0(3) 86(2) 96(2) 82(2) 46(1) 26(1) 25(1)
c(1) 45(2) 50(2) 65(2) -16(2) 15(2) ~2(1)
c(2) 53(2) 43(2) 59(2) -5(1) 17(1) -6(1)
c(3) 48(2) 50(2) 65(2) 5(2) 10(1) 11(1)
c(4) 44(2) 75(2) 67(2) -6(2) 13(1) -7(2)
c(5) 66(2) 58(2) 54(2) ~2(2) 12(2) ~16(2)
c(6) 71(2) 52(2) 53(2) ~3(1) 19(2) -3(2)
c(?) 56(2) 54(2) 40(2) 7(1) 13(1) 3(1)
c(8) 50(2) 77(2) 50(2) 6(2) 16(1) 5(2)
c(9) 39(2) 67(2) 50(2) -3(2) 12(1) -5(1)
C(10)  43(2) 77(2) 48(2) -6(2) 11(1) 8(2)
c(1l)  44(2) 60(2) 46(2) -6(2) 18(1) 2(1)
c(12)  62(2) 73(2) 59(2) -17(2) 22(2) ~12(2)
c(13)  71(2) 104(3) 51(2) -16(2) 22(2) 1(2)
c(14)  65(2) 95(3) 66(2) 6(2) 34(2) 8(2)
c(15)  77(2) 71(2) 82(3) -6(2) 39(2) -8(2)
c(16)  65(2) 70(2) 57(2) ~9(2) 24(2) -8(2)
c(17)  48(2) 58(2) 55(2) 12(2) 4(1) ~2(1)
c(18)  92(2) 84(2) 49(2) 9(2) 24(2) 4(2)
c(19) 170(4) 97(3) 59(3) ~9(2) 34(3) 10(3)
C(20)  155(4) 178(5) 78(3) -15(3) 39(3) 26(4)
N(2) 53(1) 56(1) 36(1) 2(1) 14(1) ~1(1)
0(4) 81(1) 87(2) 47(1) 15(1) 25(1) 2(1)
0(5) 63(1) 66(1) 39(1) ~1(1) 12(1) ~9(1)
0(6) 54(1) 82(2) 74(1) 13(1) -6(1) 6(1)
c(21)  68(2) 48(2) 42(2) 2(1) 16(2) 4(1)
c(22)  55(2) 47(2) 47(2) 8(1) 13(1) 13(1)
c(23)  59(2) 57(2) 36(2) 2(1) 8(1) 5(1)
c(24)  68(2) 56(2) 60(2) -14(2) 25(2) 0(2)
c(25)  54(2) 40(2) 58(2) ~7(1) 11(2) 7(1)
c(26)  56(2) 39(2) 47(2) ~3(1) 7(1) 0(1)
c27)  47(2) 47(2) 49(2) ~3(1) 13(1) 2(1)
c(28)  60(2) 51(2) 60(2) -5(2) 24(1) 5(1)
c(29)  61(2) 36(2) 50(2) -5(1) 20(1) 5(1)
C(30)  60(2) 40(2) 39(2) ~4(1) 12(1) -5(1)
c(3l)  51(2) 74(2) 37(2) 0(2) 14(1) ~1(2)
C(32) 65(2) 84(2) 52(2) 6(2) 19(2) 9(2)
c(33)  72(2) 123(3) 65(2) 10(2) 22(2) 26(2)
c(34)  58(2) 176(4) 59(2) 9(3) 22(2) 11(3)

432



C(35)
C(36)
c(37)
c(38)
c(39)
C(40)

69(2)
68(2)
52(2)
60(2)
57(2)
70(2)

152(4)
97(3)
45(2)
70(2)
82(2)
88(3)

62(2)
57(2)
53(2)
73(2)
69(2)
91(3)

7(2)
9(2)
1(1)
-6(2)
-10(2)
-6(2)

26(2)
24(2)

402)
25(2)
19(2)
20(2)

~25(3)
~10(2)

11(1)
~10(2)
~18(2)
~13(2)
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Table 5.

Hydrogen coordinates ( x 10"4) and isotropic
displacement parameters (A2 x 1073) for 1b016.

X Yy z uleq)
H(2A) 8503 -353 8501 64
H(3A) 9501 135 9170 69
H(4A) 10089 2929 9363 77
H(4B) 9692 3065 8643 77
H(5A) 9565 6186 9012 75
H(6A) 8861 6568 9430 72
H(8A) 7849 2063 9240 72
H(8B) 7783 4256 8998 72
H(9A) 7697 1565 8275 65
H(12A) 8016 2123 6545 78
H(13A) 8061 3723 5680 91
H(14A) 8506 6825 5781 88
H(15A) 8908 8346 6742 89
H(16A) 8873 6753 7603 77
H(18A) 8503 2836 10361 91
H(18B) 9036 4436 10518 91
H(19A) 7728 5312 9979 134
H(20A) 8662 7779 10553 166
H(20B) 7914 8181 10302 166
H(22A) 6100 11613 695 62
H(23A) 5848 9017 27 65
H(24A) 6265 5904 178 74
H(24B) 6855 7270 501 74
H(25A) 6964 4866 1257 65
H(26A) 6400 5115 1825 62
H(28A) 5583 9940 1654 68
H(28B) 6128 8718 2151 68
H(29A) 6401 11661 1696 59
H(32A) 8130 7007 1951 82
H(33A) 9195 6591 2184 106
H(34A) 9774 9153 2020 118
H(35A) 9305 12165 1659 113
H(36A) 8241 12625 1444 89
H(38A) 5319 6091 1894 82
H(38B) 4827 7180 1314 82
H(39A) 5021 4038 772 85
H(40A) 4614 3163 1695 104
H(40B) 4560 1770 1113 104
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Table 6.

Torsion angles [deg] for 1b016.

C(10)-N(1)-C(1)-0(1)
C(11)-N(1)-C(1)-0(1)
C(10)-N(1)-C(1)-C(2)
C(11)-N(1)-C(1)-C(2)
0(1)-C(1)-C(2)-C(9)
N(1)-C(1)-C(2)-C(9)
0(1)-C(1)-C(2)-C(3)
N(1)-C(1)-C(2)-C(3)
c(1)-C(2)-C(3)-C(17)
C(9)-C(2)-C(3)-C(17)
C(1)-C(2)-C(3)-C(4)
C(9)-C(2)-C(3)-C(4)
C(17)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(17)
C(5)-C(6)-C(7)-C(8)
C(5)-C(6)-C(7)-C(18)
C(6)-C(7)-C(8)-C(9)
C(17)-C(7)-C(8)-C(9)
C(18)-C(7)-C(8)-C(9)
C(7)-C(8)-C(9)-C(10)
C(7)-C(8)-C(9)-C(2)
C(1)-C(2)-C(9)-C(8)
C(3)-C(2)-C(9)-C(8)
C(1)-C(2)-C(9)-C(10)
C(3)-C(2)-C(9)-C(10)
C(1)-N(1)-C(10)-0(2)
C(11)-N(1)-C(10)-0(2)
C(1)-N(1)-C(10)-C(9)
C(11)-N(1)-C(10)-C(9)
C(8)-C(9)-C(10)-0(2)
C(2)-C(9)-C(10)-0(2)
C(8)-C(9)-C(10)-N(1)
C(2)-C(9)-C(10)-N(1)
C(1)-N(1)-C(11)-C(16)
C(10)-N(1)-C(11)-C(16)
C(1)-N(1)-C(11)-C(12)
C(10)-N(1)-C(11)-C(12)
C(16)-C(11)-C(12)-C(13)
N(1)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(12)-C(11)-C(16)-C(15)
N(1)-C(11)-C(16)-C(15)
C(14)-C(15)-C(16)-C(11)
C(4)-C(3)-C(17)-0(3)
C(2)-C(3)-C(17)-0(3)

177.
-3(4)
-6.
176.
~167.
16.
67.
.4(2)
154.
37.
35.
-82.
-45.
76.
16.
~1.
17.
-98.
139.
63.
.1(3)
~172.
.3(3)
37.
.1(2)
-28.
.8(3)
.4(3)
.7(3)
-5.
.4(3)
171.
-35.
~167.
.5(2)
16.
.0(3)
65.
64.
~112.
.3(4)
179.
-0.
-0.
.4(4)
1.
~179.
.2(4)
~114.
120.

-108

-53
-87
-149
-18

101
176

147

-117

3(2)

3(3)
1(2)
7(3)
0(3)
9(3)

8(2)
6(3)
0(3)
1(3)
3(3)
2(3)
4(4)
3(4)
1(4)
2(3)
1(3)
6(3)

9(2)
2(3)
29(3)

7(4)

2(2)
8(4)
3(3)

0(3)

7(3)
7(3)
6(3)

5(2)
7(4)
1(4)

0(4)
2(2)

1(3)
5(3)
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C(4)-C(3)-C(17)-C(7)
c(2)-Cc(3)-C(17)-C(7)
C(6)-C(7)-C(17)-0(3)
C(8)-C(7)-C(17)-0(3)
C(18)-C(7)-C(17)-0(3)
C(6)-C(7)-C(17)-C(3)
c(8)-C(7)-C(17)-C(3)
C(18)-C(7)-C(17)-C(3)
C(6)-C(7)-C(18)-C(19)
C(17)-C(7)-C(18)-C(19)
C(8)-C(7)-C(18)-C(19)
C(7)-C(18)-C(19)-C(20)
C(30)-N(2)-C(21)-0(4)
C(31)-N(2)-C(21)-0(4)
C(30)-N(2)-C(21)-C(22)
C(31)-N(2)-C(21)-C(22)
0(4)-C(21)-C(22)-C(29)
N(2)-C(21)-C(22)-C(29)
0(4)-C(21)-C(22)-C(23)
N(2)-C(21)-C(22)-C(23)
C(21)-C(22)-C(23)-C(37)
C(29)-C(22)-C(23)-C(37)
C(21)-C(22)-C(23)-C(24)
C(29)-C(22)-C(23)-C(24)
C(37)-C(23)-C(24)-C(25)
C(22)-C(23)-C(24)-C(25)
C(23)-C(24)-C(25)-C(26)
C(24)-C(25)-C(26)-C(27)
C(25)-C(26)-C(27)-C(37)
C(25)-C(26)-C(27)-C(38)
C(25)-C(26)-C(27)-C(28)
C(26)-C(27)-C(28)-C(29)
C(37)-C(27)-C(28)-C(29)
C(38)-C(27)-C(28)-C(29)
C(27)-C(28)-C(29)-C(30)
C(27)-C(28)-C(29)-C(22)
C(21)-C(22)-C(29)-C(30)
C(23)-C(22)-C(29)-C(30)
C(21)-C(22)-C(29)-C(28)
C(23)-C(22)-C(29)-C(28)
C(21)-N(2)-C(30)-0(5)
C(31)-N(2)-C(30)-0(5)
C(21)-N(2)-C(30)-C(29)
C(31)-N(2)-C(30)-C(29)
C(28)-C(29)-C(30)-0(5)
C(22)-C(29)-C(30)-0(5)
C(28)-C(29)-C(30)-N(2)
C(22)-C(29)-C(30)-N(2)
C(21)-N(2)-C(31)-C(32)
C(30)-N(2)-C(31)-C(32)
C(21)-N(2)-C(31)-C(36)
C(30)-N(2)-C(31)-C(36)
C(36)-C(31)-C(32)-C(33)
N(2)-C(31)-C(32)-C(33)

65.
.6(3)
129.
.8(3)
.6(4)
-50.

67.
173.

67.

-59

112

171

37

-47

18

15

-99

-52

-86
37
-21

151

8(3)
3(3)

6(3)
3(3)
3(2)
6(4)

7(3)
-54.
105.
176.
-7.
-6.
170.
164.
17.
70.
107.
157.
39.

8(4)
5(5)
0(3)
1(4)
6(3)
3(2)
9(3)
8(3)
1(3)
2(2)
1(2)
8(3)

.403)
-79.
.0(3)
73.

9(3)
2(3)

.3(4)
1.
.3(3)
139.
.7(3)
63.
-8(3)
173.
.7(3)
.4(3)
.7(3)
99.
-4(2)
-30.
175.
-1.
.8(3)
175.
-34.
~165.
149.
18.
~122.
54.
55.
~128.
-0.
177.

6(4)
9(3)
6(3)
4(2)

0(2)

7(3)
7(2)
2(4)

3(2)
6(4)
2(2)
1(2)
5(3)
0(3)
5(3)
5(4)
0(3)
2(4)
3(2)
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C(31)-C(32)-C(33)-C(34) ~0.9(5)

C(32)-C(33)-C(34)-C(35) 1.2(5)
C(33)-C(34)-C(35)-C(36) ~0.5(5)
C(32)-C(31)-C(36)-C(35) 0.9(4)
N(2)-C(31)-C(36)-C(35) ~176.6(2)
C(34)-C(35)-C(36)-C(31) ~0.6(5)
c(24)-C(23)-C(37)-0(6) ~114.9(3)
C(22)-C(23)-C(37)-0(6) 120.2(3)
C(24)-C(23)-C(37)-C(27) 64.7(3)
C(22)-C(23)-C(37)-C(27) -60.2(3)
C(26)-C(27)-C(37)-0(6) 131.6(3)
C(38)-C(27)-C(37)-0(6) 5.9(4)
C(28)-C(27)-C(37)-0(6) -113.1(3)
C(26)-C(27)-C(37)-C(23) -48.0(3)
C(38)-C(27)-C(37)-C(23) -173.7(2)
C(28)-C(27)-C(37)-C(23) 67.3(3)
C(26)-C(27)-C(38)-C(39) -54.9(3)
C(37)-C(27)-C(38)-C(39) 68.3(3)
C(28)-C(27)-C(38)-C(39) ~174.1(2)
C(27)-C(38)-C(39)-C(40) 154.7(3)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for 1b016 [A and deg.].

D-H...A d(D-H) d(H...A)  d(D...A)  <(DHA)
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check CIF/PLATON report

Structure factors have been supplied for datablock(s) 1b062

No syntax errors found. | _CIF dictionary |

Interpreting this feport

Datablock: 1b062

Bond precision: C-C =0.0016 A Wavelength=0.71073
Cell: a=8.3690(4) b=20.3386(9) €=10.5092(5)
alpha=90 beta=94.902(2) gamma=90
Temperature: 200K
Calculated Reported
Volume 1782.27(14) 1782.27(14)
Space group P 21l/c P2(1)/c
Hall group -P 2ybc ?
Moiety formula C21 H22 O3 ?
Sum formula C21 H22 O3 C21 H22 O3
Mr 322.39 322.39
Dx,g cm-3 1.202 1.201
Z 4 4
Mu (mm-1) 0.079 0.079
FO00 688.0 688.0
FO00’ 688.33
h,k,Imax 11,27,14 11,27,14
Nref 4443 4373
Tmin, Tmax 0.975,0.980 0.975,0.980
Tmin’ 0.975

Correction method= MULTI-SCAN
Data completeness= 0.984 Theta(max)= 28.350
R(reflections)= 0.0397( 3751) wR2(reflections)= 0.1135( 4373)

S=1.033 Npar= 217

The following ALERTS were generated. Each ALERT has the format
test-nanme_ALERT alert-type_alert-|evel.
Click on the hyperlinks for more details of the test.

@ Aert level B
[PCAT230 ALERT 2 B Hirshfeld Test Difffor C10 -- C11 .. 8.3 su

“ Alert level C
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http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkcifreport.html
http://journals.iucr.org/services/cif/checking/PLAT230.html

Hirshfeld Test Diff for C14 -- C15 .. 6.0 su

Missing # of FCF Reflections Below Th(Min) ..... 1
Missing # FCF Refl Between THmin & STh/L= 0.600 50
[PLATOI2 ALERT 4 J Missing # of FCF Reflections Above STh/L= 0.600 20

< Alert level G
[HYDTROI ALERT 1 ¢ Extra text has been found in the _refine_Is_hydrogen_treatment fi
Explanatory text should be in the _publ_section_refinement field.
Hydrogen treatment given as constrsw
Hydrogen treatment identified as constr
No _iucr_refine_instructions_details in CIF .... ?
[PCAT7I0 _ALERT 4 { Delete 1-2-3 or 2-3-4 Linear Torsion Angle ... # 41
C4 -C10-C11-C12 91.00 5.00 1.555 1.555 1.555 1.555
[PCAT793_ALERT 4 @ The Model has Chirality at C6  (Verify) .... R

0 ALERT | evel A= Most likely a serious problem - resolve or explain

1 ALERT | evel B = A potentially serious problem, consider carefully

4 ALERT | evel C=Check.Ensure itis not caused by an omission or oversight
4 ALERT | evel G= General information/check it is not something unexpected

1 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
2 ALERT type 2 Indicator that the structure model may be wrong or deficient
2 ALERT type 3 Indicator that the structure quality may be low

3 ALERT type 4 Improvement, methodology, query or suggestion

1 ALERT type 5 Informative message, check

It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the
minor alerts point to easily fixed oversights, errors and omissions in your CIF or refinement
strategy, so attention to these fine details can be worthwhile. In order to resolve some of the more
serious problems it may be necessary to carry out additional measurements or structure
refinements. However, the purpose of your study may justify the reported deviations and the more
serious of these should normally be commented upon in the discussion or experimental section of a
paper or in the "special_details" fields of the CIF. checkCIF was carefully designed to identify
outliers and unusual parameters, but every test has its limitations and alerts that are not important
in a particular case may appear. Conversely, the absence of alerts does not guarantee there are no
aspects of the results needing attention. It is up to the individual to critically assess their own
results and, if necessary, seek expert advice.

Publication of your CIF in [UCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs
submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied
Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta
Crystallographica Section C or E, you should make sure that full publication checks are run on the
final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to
CIF submission.
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http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT910.html
http://journals.iucr.org/services/cif/checking/PLAT911.html
http://journals.iucr.org/services/cif/checking/PLAT912.html
http://journals.iucr.org/services/cif/checking/HYDTR_01.html
http://journals.iucr.org/services/cif/checking/PLAT005.html
http://journals.iucr.org/services/cif/checking/PLAT710.html
http://journals.iucr.org/services/cif/checking/PLAT793.html
http://journals.iucr.org/services/cif/checking/checkform.html

PLATON version of 19/04/2012; check.def file version of 14/04/2012

Datablock 1b062 - ellipsoid plot
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data_1b062

_audit_creation_method
_chemical_name_systematic

?

_chemical_name_common
_chemical_melting_point
_chemical_formula_moiety
_chemical_formula_sum
"C21 H22 03"
_chemical_formula_weight

loop_
_atom_type_symbol
_atom_type_description
_atom_type_scat_dispersion_real

_atom_type_scat_dispersion_imag

_atom_type_scat_source
*C* =C- 0.0033 0.0016

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"

"H®  "HT 0.0000 0.0000

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"

0" TO0" 0.0106  0.0060

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4"

_symmetry_cell_setting
_symmetry_space_group_name_H-M

loop_
_symmetry_equiv_pos_as_ Xyz
.y, z"

"-x, y+1/2, -z+1/2*

"X, -y, -z°

"%, -y-1/2, z-1/2*

_cell_length_a
_cell_length_b

_cell_length_c
_cell_angle_alpha
_cell_angle beta
_cell_angle_gamma
_cell_volume
_cell_formula_units_Z
_cell_measurement_temperature
_cell_measurement_reflns_used
_cell_measurement_theta_min
_cell_measurement_theta_max

_exptl_crystal _description
_exptl_crystal _colour
_exptl_crystal_size_max

SHELXL-97

-~

322.39

Monoclinic
P2(1)/c

8.3690(4)
20.3386(9)
10.5092(5)
90.00
94.902(2)
90.00
1782.27(14)
4

200(2)
9872
2.19
28.29

block
colourless
0.32
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_exptl_crystal_size_mid
_exptl_crystal_size _min
_exptl_crystal_density_meas

_exptl_crystal _density diffrn
_exptl_crystal_density_method

_exptl_crystal F_000

_exptl_absorpt_coefficient_mu
_exptl_absorpt_correction_type
_exptl_absorpt_correction_T_min
_exptl_absorpt_correction_T_max
_exptl_absorpt_process_details

_exptl_special_details

Data collection is performed with three batch runs at phi = 0.00 deg

0.28

0.25

n/a

1.201

"not measured”
688

0.079
multi-scan
0.9751

0.9805
"SADABS, Bruker (2003)"

(650 frames), at phi = 120.00 deg (650 frames), and at phi = 240.00 deg

(650 frames).

Frame width = 0.30 deg in omega.
Data is merged, corrected for decay (if any), and treated with multi-

scan

absorption corrections (if required). All symmetry-equivalent

reflections

are merged for centrosymmetric data.
Friedel pairs are not merged for noncentrosymmetric data.

_diffrn_ambient_temperature
_diffrn_radiation_wavelength
_diffrn_radiation_type
_diffrn_radiation_source

_diffrn_radiation_monochromator
_diffrn_measurement_device_type

_diffrn_measurement_method

_diffrn_detector_area_resol_mean

_diffrn_reflns_number

_diffrn_reflns_av_R_equivalents

_diffrn_reflns_av_sigmal/netl
_diffrn_reflns_limit _h _min
_diffrn_reflns_limit_h_max
_diffrn_reflns_limit k min
_diffrn_reflns_limit_k _max
_diffrn_reflns_limit_I_min
_diffrn_reflns_limit_1_max
_diffrn_reflns_theta min
_diffrn_reflns_theta max
_reflns_number_total
_reflns_number_gt
_reflns_threshold_expression

_computing_data collection
_computing_cell_refinement
_computing_data_ reduction
_computing_structure_solution

_computing_structure_refinement

200(2)

0.71073

MoK\a

"fine-focus sealed tube*
graphite

"Bruker APEX-11 CCD*
"\f and \w scans”
?

25223

0.0238

0.0172

-11

11

-27

27

-13

14

2.19

28.35

4373

3751

>2sigma(l)

"APEX 11, Bruker (2009)"
"APEX 11, Bruker (2009)"
"XPREP, Bruker (2009)*
"SHELXS-97 (Sheldrick, 2008)"
"SHELXL-97 (Sheldrick, 2008)*
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_computing_molecular_graphics "SHELXTL, Bruker (2004)*
_computing_publication_material "SHELXTL, Bruker (2004)*

_refine_special _details

Refinement of F"2” against ALL reflections. The weighted R-factor wR
and

goodness of fit S are based on F*2”, conventional R-factors R are based
on F, with F set to zero for negative F"2”~. The threshold expression of
FA2n > 2sigma(FM27n) is used only for calculating R-factors(gt) etc. and
is

not relevant to the choice of reflections for refinement. R-factors
based

on F"2n are statistically about twice as large as those based on F, and
R-

factors based on ALL data will be even larger.

_refine_Is_structure_factor_coef Fsqd
_refine_Is_matrix_type full
_refine_Is_weighting_scheme calc
_refine_Is _weighting_details
"calc w=1/[\s"2~"(Fo"2™)+(0.0653P)"2~+0.2733P] where P=(Fo"2"+2Fc™2™)/3*"

_atom_sites_solution_primary direct
_atom_sites_solution_secondary difmap
_atom_sites_solution_hydrogens geom
_refine_Is_hydrogen_treatment constrsw
_refine_Is_extinction_method none
_refine_Is_extinction_coef ?
_refine_Is_number_reflns 4373
_refine_Is_number_parameters 217
_refine_Is number_restraints 0
_refine_Is_ R _factor_all 0.0471
_refine_Is_R_factor_gt 0.0397
_refine_Is _wR_factor_ref 0.1135
_refine_Is_wR_factor_gt 0.1076
_refine_Is _goodness_of fit ref 1.033
_refine_Is restrained S all 1.033
_refine_Is_shift/su_max 0.001
_refine_Is_shift/su_mean 0.000

loop_

_atom_site_ label
_atom_site_type_ symbol
_atom_site fract x
_atom_site_fract y
_atom_site fract z
_atom_site U iso_or_equiv
_atom_site_adp_type
_atom_site_occupancy
_atom_site_symmetry_multiplicity
_atom_site calc flag
_atom_site_refinement_flags
_atom_site_disorder_assembly
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_atom_site_disorder_group
01 0 -0.00227(8) 0.59500(4) 0.10694(7) 0.03166(18) Uani 1 1 d .

02 0 0.51925(9) 0.55212(4) 0.19849(9) 0.0392(2) Uani 1 1 d .

03 0 0.36844(10) 0.76546(4) 0.06134(9) 0.0430(2) Uani 1 1 d .
C1 C 0.14152(11) 0.62595(5) 0.12770(9) 0.0256(2) Uani 1 1 d .
C2 C 0.17352(12) 0.68381(5) 0.07465(9) 0.0283(2) Uani 1 1 d . .
C3 C 0.33606(12) 0.70990(5) 0.09571(10) 0.0294(2) Uani 1 1 d .
C4 C 0.47464(11) 0.66631(5) 0.15369(10) 0.0282(2) Uani 1 1 d .
C5 C 0.42386(11) 0.59690(5) 0.19007(9) 0.0265(2) Uani 1 1 d .
C6 C 0.25114(11) 0.58601(5) 0.21784(9) 0.02473(19) Uani 1 1 d .
C7 C 0.05184(13) 0.72163(6) -0.01099(11) 0.0364(2) Uani 1 1 d .

H7A H -0.0573 0.7111 0.0126 0.044 Uiso 1 1 calc R .

H7B H 0.0697 0.7694 0.0021 0.044 Uiso 1 1 calc R . .

C8 C 0.06311(16) 0.70539(7) -0.14864(12) 0.0452(3) Uani 1 1 d .
H8A H 0.1617 0.7139 -0.1842 0.054 Uiso 1 1 calc R . .

C9 C -0.0546(2) 0.68006(9) -0.22351(17) 0.0704(5) Uani 1 1 d .
HOA H -0.1546 0.6709 -0.1909 0.085 Uiso 1 1 calc R .

HOB H -0.0397 0.6709 -0.3103 0.085 Uiso 1 1 calc R . .

C10 C 0.59825(13) 0.66119(6) 0.05178(11) 0.0353(2) Uani 1 1 d .
H10A H 0.6420 0.7055 0.0370 0.042 Uiso 1 1 calc R .

H10B H 0.6884 0.6329 0.0855 0.042 Uiso 1 1 calc R . .

C11 C 0.53049(15) 0.63441(6) -0.06973(12) 0.0429(3) Uani 1 1 d .
C12 C 0.4749(2) 0.61429(8) -0.16892(15) 0.0589(4) Uani 1 1 d .
H12A H 0.4300 0.5981 -0.2489 0.071 Uiso 1 1 calc R . .

C13 C 0.55524(14) 0.70230(6) 0.27346(11) 0.0371(2) Vani 1 1 d .
H13A H 0.5898 0.7465 0.2473 0.045 Uiso 1 1 calc R .

H13B H 0.4741 0.7084 0.3357 0.045 Uiso 1 1 calc R . .

C14 C 0.69681(16) 0.66748(7) 0.33865(14) 0.0486(3) Uani 1 1 d .
H14A H 0.7817 0.6565 0.2881 0.058 Uiso 1 1 calc R . .

C15 C 0.7137(2) 0.65104(8) 0.45807(16) 0.0620(4) Uani 1 1 d .
H15A H 0.6317 0.6611 0.5122 0.074 Uiso 1 1 calc R .

H15B H 0.8081 0.6289 0.4916 0.074 Uiso 1 1 calc R . .

C16 C 0.22353(13) 0.60653(5) 0.35778(9) 0.0309(2) Uani 1 1 d .
H16A H 0.2579 0.6528 0.3714 0.037 Uiso 1 1 calc R .

H16B H 0.1074 0.6042 0.3690 0.037 Uiso 1 1 calc R . .

C17 C 0.31213(15) 0.56437(6) 0.45641(10) 0.0390(3) Uani 1 1 d .
H17A H 0.4257 0.5630 0.4578 0.047 Uiso 1 1 calc R . .

C18 C 0.24437(19) 0.52917(7) 0.54103(12) 0.0513(3) Uani 1 1 d .
H18A H 0.1310 0.5293 0.5424 0.062 Uiso 1 1 calc R .

H18B H 0.3085 0.5034 0.6011 0.062 Uiso 1 1 calc R . .

C19 C 0.18668(12) 0.51635(5) 0.18911(10) 0.0286(2) Uani 1 1 d .
H19A H 0.2386 0.4959 0.1177 0.034 Uiso 1 1 calc R .

H19B H 0.2019 0.4876 0.2653 0.034 Uiso 1 1 calc R . .

C20 C 0.01225(12) 0.52983(5) 0.15314(9) 0.0293(2) Uani 1 1 d . .
C21 C -0.11641(13) 0.49314(6) 0.15774(11) 0.0372(2) Uani 1 1 d .
H21C H -0.2190 0.5104 0.1300 0.045 Uiso 1 1 calc R .

H21A H -0.1069 0.4493 0.1888 0.045 Uiso 1 1 calc R .

loop_

_atom_site_aniso_label
_atom_site aniso U 11
_atom_site _aniso_U 22
_atom_site _aniso_U 33
_atom_site_aniso U 23
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_atom_site _aniso U 13
_atom_site aniso_U 12
01 0.0247(3) 0.0338(4)
02 0.0294(4) 0.0301(4)
03 0.0405(4) 0.0305(4)
C1l 0.0234(4) 0.0285(5)
C2 0.0276(5) 0.0291(5)
C3 0.0312(5) 0.0269(5)
C4 0.0258(4) 0.0265(5)
C5 0.0262(4) 0.0261(5)
C6 0.0264(4) 0.0235(4)

.0361(4)
.0579(5)
.0578(5)
.0248(4)
.0284(5)
.0303(5) 0.0029(4) 0.0046(4) 0.0036(4)
.0322(5) 0.0004(4) 0.0010(4) 0.0013(4)
.0267(5) -0.0008(4) -0.0012(3) 0.0032(4)
.0240(4) 0.0015(3) 0.0007(3) 0.0035(4)

C7 0.0314(5) 0.0366(6) 0.0408(6) 0.0137(5) 0.0012(4) 0.0077(4)

C8 0.0488(7) 0.0462(7) 0.0396(6) 0.0171(5) -0.0022(5) 0.0010(5)

C9 0.0776(11) 0.0752(11) 0.0539(9) 0.0085(8) -0.0213(8) 0.0002(9)
C10 0.0277(5) 0.0354(6) 0.0435(6) 0.0012(5) 0.0075(4) -0.0001(4)
C11 0.0410(6) 0.0418(6) 0.0483(7) -0.0046(5) 0.0174(5) -0.0027(5)
C12 0.0654(9) 0.0631(9) 0.0501(8) -0.0176(7) 0.0152(7) -0.0126(7)
C13 0.0376(6) 0.0315(5) 0.0411(6) -0.0049(4) -0.0029(4) -0.0028(4)
C14 0.0396(6) 0.0504(7) 0.0530(7) -0.0110(6) -0.0125(5) -0.0013(5)
C15 0.0658(9) 0.0501(8) 0.0641(9) -0.0054(7) -0.0300(7) 0.0007(7)
C16 0.0374(5) 0.0306(5) 0.0248(5) -0.0006(4) 0.0036(4) 0.0022(4)
C17 0.0420(6) 0.0474(7) 0.0266(5) 0.0018(5) -0.0026(4) 0.0009(5)
C18 0.0656(9) 0.0542(8) 0.0331(6) 0.0106(5) -0.0010(5) -0.0037(7)
C19 0.0301(5) 0.0246(5) 0.0309(5) -0.0001(4) 0.0004(4) 0.0015(4)
C20 0.0312(5) 0.0302(5) 0.0269(5) -0.0005(4) 0.0039(4) 0.0017(4)
C21 0.0322(5) 0.0381(6) 0.0420(6) 0.0007(5) 0.0075(4) -0.0025(4)

.0064(3)
.0046(4)
.0125(4)
.0008(4)
.0043(4)

.0002(3)
.0026(3)
.0035(4)
.0024(3)
.0039(4)

.0012(3)
.0078(3)
.0008(3)
.0048(4)
.0070(4)

eNoNoloNoNoloNoNoNoNoNe)
[cNoNoNoNeoNoNoNoNoNoNe)
[eNoloNoNeoNoNoNoNoNoNe)
eNeoNoNoNoNeoNe]
eNeololoNoNeNe]
cNoNoNoNoNoNe]

[eNeoNoNoNeoNoNoNoNoloNoNa
[eNooNoNeooloNoNololoNoNa]

_geom_special_details
All esds (except the esd in the dihedral angle between two l.s. planes)
are estimated using the full covariance matrix. The cell esds are taken
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are
only
used when they are defined by crystal symmetry. An approximate
(isotropic)
treatment of cell esds is used for estimating esds involving I.s.
planes.

loop_
_geom_bond_atom_site label_1
_geom_bond_atom_site label 2
_geom_bond_distance
_geom_bond_site_symmetry_2
_geom_bond_publ_flag

01 C1 1.3591(12) . ?

01 C20 1.4132(13) . ?

02 C5 1.2093(12) . ?
03 C3 1.2238(13) . ?
C1 C2 1.3390(14) . ?
Cl1 C6 1.5001(13) . ?
C2 C3 1.4593(14) . ?
C2 C7 1.5107(13) . ?
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C3
C4
C4
Cc4
C5
C6
C6
Cc7
C8
C10
C11
C13
C14
Cl6
C17
C19
Cc20

loo

C4 1.5433(14)
C5 1.5322(14)
C10 1.5548(15)
C13 1.5588(15)
C6 1.5152(13)
C19 1.5367(14)

C16 1.5647(13) .
_4947(18)

C8
C9

1
1.

C11
C12
Ci14
C15
C17
C18
C20
Cc21

P_

_geom_angle_atom_site_label 1
_geom_angle_atom_site_label_2
_geom_angle_atom_site_label 3

312(2)

RPRRRRRRR

_geom_angle

_geom_angle_site_symmetry 1
_geom_angle_site_symmetry_3

.4579(17)
.178(2) -
.4953(17)
.295(2)

.4927(15)
.3082(18)
.5016(14)
.3143(15)

NN N N

_geom_angle_publ_flag

C1
Cc2
Cc2
01
C1
C1
C3
03
03
c2
C5
C5
C3
C5
C3

02
02
C6
C1
Ci
C5
C1
C5

01
C1
C1
C1
Cc2
Cc2
Cc2
C3
C3
C3
Cc4
c4
C4
Cc4
C4

C5
C5
C5
C6
C6
C6
C6
C6

C20 109.29(7) .
123.
.27(9)
109.
.26(9)
123.
.52(9)
121.
.97(9)
120.
.37(8) .
C10 108.98(8) .

C10 106.76(8) .

C13 109.96(8) .
C13 107.93(8) .
C10 C4 C13 108.67(9)

01
C6
C6
C3
Cc7
c7
c2
C4
C4
C3

127

118

118

117

114

10(9) .
63(8)
16(9)
21(9)

69(9)

C6 120.69(9)
C4 121.11(9)
C4 118.18(8)
C5 109.95(8)

C19 100.93(8) .
C19 114.93(8) .
C16 108.52(8) .
C16 111.22(8) .
C19 C6 C16 110.67(8)

C8 C7 C2 111.65(9)

C9 C8 C7 124.11(15) .
C11 C10 C4 113.36(9)

NN N ) N ) ) ) ) )

IS ENENY

- ?

RV EEOREO RN )
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Ci12
C14
C15
C17
C18
Cc20
c21
Cc21

loop_

c11
c13
c14
C16
c17
c19
C20
C20
01 C20 C19 108.11(8) .

C10 178.39(16)
C4 114.76(10)
C13 125.66(15)
C6 113.26(9) .-
C16 124.61(12)
C6 101.46(8) .
01 119.89(9) .
C19 131.99(10)

WD )

_geom_torsion_atom_site_label_1
_geom_torsion_atom _site_ label 2
_geom_torsion_atom_site_label_3
_geom_torsion_atom_site_label_4
_geom_torsion
_geom_torsion_site _symmetry 1
_geom_torsion_site_symmetry 2
_geom_torsion_site _symmetry 3
_geom_torsion_site_symmetry 4

_geom_torsion_publ_flag

C20 01 C1 C2 167.70(9) .

C20 01 C1 C6 -13.15(10) .

01
C6
01
C6
C1
c7
C1
c7
03
c2
03
c2
03
C2
C3

C1
C1
C1
C1
Cc2
Cc2
Cc2
Cc2
C3
C3
C3
C3
C3
C3
c4

C2
c2
C2
c2
C3
C3
C3
C3
C4
C4
C4
C4
C4
c4
C5

C3 -175.23(9) .
C3 5.77(15) .

C7 1.69(16) . .
C7 -177.31(9) .

03 -172.17(10) .

03 10.76(16) .-
C4 12.12(14) .
C4 -164.95(9)

C5 -178.16(10) .

C5 -2.31(13) .

C10 -57.54(12) .
C10 118.30(10) .

C13 59.13(13) .
C13 -125.02(10)
02 156.92(10) .

C10 C4 C5 02 37.54(13) .

C13 C4 C5 02 -81.48(12) .

C3 C4 C5 C6 -24.25(12) .

C10 C4 C5 C6 -143.63(9) .

C13 C4 C5 C6 97.35(10) .

c2
01
c2
01
c2
01
02
C4
02
C4
02

C1
C1
C1
C1
C1
C1
C5
C5
C5
C5
C5

C6
C6
C6
C6
C6
C6
C6
C6
C6
C6
C6

C5 -30.69(13) .
C5 150.21(8) .
C19 -152.48(10)
C19 28.41(10) .
C16 91.17(12)

C16 -87.94(10) .
Cl1 -142.83(10) .

C1 38.34(11) .

C19 -29.80(13) .

C19 151.36(9) -
C16 96.94(11) .

N )
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C4 C5 C6 C16 -81.89(10) .
C1 C2 C7 C8 -92.83(13) . .
C3 C2 C7 C8 84.09(13) . .
C2 C7 C8 C9 119.89(15) . .
C5 C4 C10 Cl1 66.22(12) .
C3 C4 C10 C11 -57.79(12) .
C13 C4 C10 C11 -173.97(10)
C4 C10 Cl1l1 C12 91(5) . . .
C5 C4 C13 Cl4 56.76(13) .
C3 C4 C13 Cl14 -177.86(10)
C10 C4 C13 Cl14 -62.44(13)
C4 C13 C14 C15 -124.81(15)
C1 C6 C16 C17 173.10(9) .
C5 C6 C16 C17 -65.83(12) .
C19 C6 C16 C17 63.21(11) .
C6 C16 C17 C18 -119.83(14)
C1 C6 C19 C20 -31.05(9) .

C5 C6 C19 C20 -149.28(8) .

C16 C6 C19 C20 83.70(9) .
C1 01 C20 C21 171.54(10) .
C1 01 C20 C19 -8.62(10) .
C6 C19 C20 C21 -154.64(12)
C6 C19 C20 01 25.55(10) .

-7

_diffrn_measured_fraction_theta max 0.984

_diffrn_reflns_theta_full

28.35

_diffrn_measured_fraction_theta full 0.984

_refine_diff_density max
_refine_diff_density _min
_refine_diff_density rms

0.324
-0.175
0.034
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TITL
CELL
ZERR
LATT
SYMM
SFAC
UNIT
L.S.
BOND
FMAP
PLAN
SIZE
TEMP
ACTA
CONF
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT

1b062 in P2(1)/c
0.71073  8.3690

4.00 0.0004
1
-X, 0.5+Y, 0.5-Z
C H O

84 88 12

60

2

5

0.25 0.28 0.32

-73.15C

=
=

|

o (&)}

=
ANOWWNUOOUOIORANNOOUTWNWWPAROOOODUINFRPUIOONOWOOOOO WWOOWU

IN
el =

I
N
=

=

=
NOPROWORRPROUUNNNWNUUORPRPUDWOWRARWONNOORMPRLRPORANELR,PM,ORLNO

| |
OQOWOUIRLRNWWWWOR

20.3386 10.5092 90.000 94.902 90.000

0.0009

0.0005

0.000

0.002

0.000
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OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT
OMIT -
OMIT
WGHT 0
FVAR

01 3
0.03379 =

rOOCTWAERLIMOO

02 3
0.03005 =

03 3
0.03054 =

C1 1
0.02853 =

C2 1
0.02907 =

C3 1
0.02694 =

C4 1
0.02645 =

C5 1
0.02611 =

C6 1
0.02354 =

Cc7 1
0.03657 =

AFIX 23
H7A 2
H7B 2
AFIX O
c8 1
0.04620 =

AFIX 43
H8A 2
AFIX O

=

=
OCWNOPR~MAWNRE

2 16

1 13

-065300
0.23043
-0.002271

NNONUIOER, WO WO

0.03606
0.519245

0.05793
0.368444

0.05778
0.141523

0.02482
0.173521

0.02836
0.336056

0.03026
0.474644

0.03219
0.423863

0.02667
0.251142

0.02396
0.051836

0.04077

-0.057308
0.069660

0.063115

0.03964

0.161665

0.273300

0.594995

0.00640 0.

0.552120

0.00458 0.

0.765462

0.01254 0.

0.625947

0.00077 0.

0.683808

0.00430 0.

0.709900

0.00288 0.

0.666311

0.00040 0.

0.596899

-0.00083 -0.

0.586010

0.00152 0.

0.721630

0.01373 0.

0.711114
0.769358

0.705392

0.01712 -0.

0.713947

0.106936

00024 0.

0.198494

00256 0.

0.061337

00351 0.

0.127697

00244 0.

0.074648

00388 0.

0.095711

00458 0.

0.153691

00098 0.

0.190068

00118 0.

0.217844

00069 0.

-0.010992

00117 0.

0.012579
0.002141

-0.148645

00218 0.

-0.184167

11.

00123

11.

00776

11.

00080

11.

00480

11.

00696

11.

00360

11.

00125

11.

00322

11.

00347
11

00771

11.
11.

11.

00104

11.

00000

00000

00000

00000

00000

00000

00000

00000

00000

-00000

00000
00000

00000

00000

-1.
-1.

-02473

-02940

-04046

-02343

-02759

-03125

-02578

.02617

-02643

-03138

20000
20000

.04877

-20000
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C9 1
0.07518 =

AFIX 93
HO9A 2
HOB 2
AFIX O
C10 1
0.03539 =

AFIX 23
H10A 2
H10B 2
AFIX O
C11 1
0.04180 =

Ci12 1
0.06313 =

AFIX 163
H12A 2
AFIX O
C13 1
0.03149 =

AFIX 23
H13A 2
H13B 2
AFIX O
Ci14 1
0.05045 =

AFIX 43
H14A 2
AFIX O
C15 1
0.05008 =

AFIX 93
H15A 2
H15B 2
AFIX O
C16 1
0.03055 =

AFIX 23
H16A 2
H16B 2
AFIX O
C17 1
0.04740 =

AFIX 43

0.

0

0

0

0

0

0

0

0

-0.054571 0.680058
05393 0.00846 -0.
-0.154642 0.670926
-0.039695 0.670851
0.598252 0.661188
.04352 0.00118 0.
0.641996 0.705498
0.688398 0.632899
0.530485 0.634408
-04827 -0.00458 0.
0.474865 0.614285
-05009 -0.01758 0.
0.430009 0.598057
0.555245 0.702299
.04106 -0.00495 -0.
0.589756 0.746486
0.474100 0.708441
0.696812 0.667478
-05303 -0.01101 -0.
0.781727 0.656459
0.713699 0.651042
.06405 -0.00544 -0.
0.631726 0.661099
0.808061 0.628925
0.223529 0.606531
.02484 -0.00058 0.
0.257937 0.652754
0.107408 0.604198
0.312132 0.564367
-02660 0.00180 -0.

-0.223514

02134 0.

-0.190891
-0.310335

0.051783

00753

0.036988
0.085502

-0.069735

01743
-0.168915

01515

-0.248900

0.273459

00293 -0

0.247317
0.335670

0.338647

01253

0.288057

0.458071

03005 0.

0.512179
0.491583

0.357778

00365 0

0.371361
0.368982

0.456405

00258 0.

-0.

-0.

-0.

-0.

11.

00025

11.
-00000

11

11.

00013

11.
11.

11.

00271

11.

01262

11.

11.

-00276

11.
11.

11.

00135

11.

11.

00073

11

11.

.00220

11.
11.

11.

00091

00000

00000

00000

00000
00000

00000

00000

00000

00000

00000
00000

00000

00000

00000

-00000
11.

00000

00000

00000
00000

00000

-1.
-1.

-1

-1.
-1.

-07755

-20000
.20000

02772

20000
20000

-04100

-06536

-20000

-03762

-20000
-20000

-03961

-20000

.06585

-20000
-1.

20000

-03738

20000
20000

-04198
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H17A 2 0.425735 0.563001 0.457820 11.00000
AFIX 0
cis 1 0.244366 0.529166 0.541028 11.00000
0.05424 =

0.03309 0.01060 -0.00103 -0.00369
AFIX 93
H18A 2 0.131017 0.529341 0.542435 11.00000
H18B 2 0.308503 0.503426 0.601075 11.00000
AFIX 0
c19 1 0.186682 0.516351 0.189108 11.00000
0.02458 =

0.03091 -0.00012 0.00037 0.00148
AFIX 23
H19A 2 0.238626 0.495931 0.117717 11.00000
H19B 2 0.201887 0.487643 0.265255 11.00000
AFIX 0
c20 1 0.012249 0.529825 0.153136 11.00000
0.03019 =

0.02688 -0.00050  0.00395 0.00169
C21 1 -0.116410  0.493141 0.157737 11.00000
0.03807 =

0.04201 0.00067 0.00754 -0.00255
AFIX 93
H21C 2  -0.218963 0.510442 0.130032 11.00000
H21A 2  -0.106857 0.449324  0.188767 11.00000
HKLF 4
REM 1b062 in P2(1)/c

REM R1 = 0.0397 for

data

REM 217 parameters refined using
END

WGHT 0.0577 0.3143

REM Highest difference peak 0.324,
0.034

Q1 1 0.2012 0.6081 0.1760 11.
Q2 1 0.5261 0.5966 -0.0573 11
Q3 1 0.2573 0.6924 0.0766 11.
Q4 1 0.4007 0.6884 0.1379 11
Q5 1 0.2265 0.5512 0.2081 11.

3751 Fo > 4sig(Fo) and 0.0471 for all

0 restraints

deepest hole -0.175,

00000 0.05 0.32
-.00000 0.05 0.32
00000 0.05 0.28
-00000 0.05 0.27
00000 0.05 0.26

-20000

0.06564

-1.20000
-1.20000

0.03006

-1.
-1.

20000
20000

0.03123

0.03224

-1.20000
-20000

4373

1-sigma level
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Table 1.

Identification code
Empirical formula

Formula weight

Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

94.902(2) deg.

deg.

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Limiting indices

13<=1<=14

Reflections collected / unique
Completeness to theta = 28.35
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F"2

Final R indices [I1>2sigma(l)]

R indices (all data)

Crystal data and structure refinement for I1b062.

1b062

C21 H22 03
322.39
200(2) K
0.71073 A
Monoclinic,

P2(1)/c

a
b

8.3690(4) A
20.3386(9) A

alpha = 90 deg.
beta =

c 10.5092(5) A gamma = 90

1782.27(14) A"3

4, 1.201 Mg/m"3
0.079 mm™-1

688

0.32 x 0.28 x 0.25 mm
2.19 to 28.35 deg.

-11<=h<=11, -27<=k<=27, -

25223 / 4373 [R(int) = 0.0238]
98.4 %

Semi-empirical from equivalents
0.9805 and 0.9751

Full-matrix least-squares on F"2

4373 / 0 / 217

1.033
R1 = 0.0397, wR2 = 0.1076
R1 = 0.0471, wR2 = 0.1135
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Largest diff. peak and hole 0.324 and -0.175 e.A™-3
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Table 2. Atomic coordinates ( x 10M4) and equivalent isotropic
displacement parameters (A2 x 1073) for 1b062.
U(eq) i1s defined as one third of the trace of the orthogonalized

Uij tensor.

X Yy z uleq)
o) -23(D) 5950(1) 1069(1) 32D
0(2) 5192(1) 5521(1) 1985(1) 39(D)
o3 3684(1) 7655(1) 613(1) 43(1)
c 1415(1) 6260(1) 1277(1) 26(D)
c@ 1735(1) 6838(1) 746(1) 28(D)
c3 3361(1) 7099(1) 957(1) 29(1D)
c 4746(1) 6663(1) 1537(1) 28(D)
c) 4239(1) 5969(1) 1901(2) 26(1)
Cc(6) 2511(1) 5860(1) 2178(1) 25(D)
Cc( 518(1) 7216(1D) -110(2) 36(1)
c(8) 631(2) 7054(1) -1486(1) 45(1)
c -546(2) 6801(1) -2235(2) 70(1)
Cc(10) 5982(1) 6612(1) 518(1) 35(1)
c(11) 5305(2) 6344(1) -697(1) 43(1)
C(12) 4749(2) 6143(1) -1689(2) 59(1)
c(13) 5552(1) 7023(1) 2735(1) 37(L)
c(14s) 6968(2) 6675(1) 3386(1) 49(1)
C(15) 7137(2) 6510(1) 4581(2) 62(1)
c(16) 2235(1) 6065(1) 3578(1) 31(1)
c@an 3121(2) 5644(1) 4564(1) 39(D)
c(18) 2444(2) 5292(1) 5410(1) 51(D)
Cc(19) 1867(1) 5163(1) 1891(1) 29(D)
C(20) 122(1) 5298(1) 1531(1) 29D
c(2n) -1164(1) 4931(1) 1577(1) 37D
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Table 3.

Bond lengths [A] and angles [deg] for 1b062.

0(1)-C(1)
0(1)-C(20)
0(2)-C(5)
0(3)-C(3)
c(1)-C(2)
C(1)-C(6)
c(2)-C(3)
c(2)-C(7)
C(3)-C(4)
c(4)-C(5)
C(4)-C(10)
C(4)-C(13)
c(5)-C(6)
C(6)-C(19)
C(6)-C(16)
C(7)-C(8)
C(8)-C(9)
C(10)-C(11)
c(11)-C(12)
c(13)-C(14)
C(14)-C(15)
C(16)-C(17)
C(17)-C(18)
C(19)-C(20)
C(20)-C(21)

C(1)-0(1)-C(20)
C(2)-C(1)-0(1)
C(2)-C(1)-C(6)
0(1)-C(1)-C(6)
C(1)-C(2)-C(3)
C(1)-C(2)-C(7)
C(3)-C(2)-C(7)
0(3)-C(3)-C(2)
0(3)-C(3)-C(4)
C(2)-C(3)-C(4)
C(5)-C(4)-C(3)
C(5)-C(4)-C(10)
C(3)-C(4)-C(10)
C(5)-C(4)-C(13)
C(3)-C(4)-C(13)

C(10)-C(4)-C(13)

0(2)-C(5)-C(6)
0(2)-C(5)-C(4)
C(6)-C(5)-C(4)
c(1)-C(6)-C(5)
C(1)-C(6)-C(19)
C(5)-C(6)-C(19)
C(1)-C(6)-C(16)
C(5)-C(6)-C(16)

RPRRRPRRRPRRPRRPRRRPRRRRRPRRRRRERREPRRERRRRR

123.
127
109.
118
123.
118.
121.
117
120.
114
108.
106.
109.
107.
108.
120.
121.
118.
109.
100.
114.
108.
111.

.3591(12)
.4132(13)
.2093(12)
.2238(13)
.3390(14)
.5001(13)
.4593(14)
.5107(13)
.5433(14)
.5322(14)
.5548(15)
.5588(15)
.5152(13)
.5367(14)
.5647(13)
.4947(18)
.312(2)

.4579(17)
.178(2)

.4953(17)
.295(2)

.4927(15)
.3082(18)
.5016(14)
.3143(15)

.29(7)

10(9)

.27(9)

63(8)

.26(9)

16(9)
52(9)
21(9)

.97(9)

69(9)

.37(8)

98(8)
76(8)
96(8)
93(8)
67(9)
69(9)
11(9)
18(8)
95(8)
93(8)
93(8)
52(8)
22(8)
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C(19)-C(6)-C(16)
C(8)-C(7)-C(2)
C(9)-C(8)-C(7)
C(11)-C(10)-C(4)
C(12)-C(11)-C(10)
C(14)-C(13)-C(4)
C(15)-C(14)-C(13)
C(17)-C(16)-C(6)
C(18)-C(17)-C(16)
C(20)-C(19)-C(6)
C(21)-C(20)-0(1)
C(21)-C(20)-C(19)
0(1)-C(20)-C(19)

110.
111.
124.
113.
178.
114.
125.
113.
124.
101.
119.
131.
108.

67(8)
65(9)
11(15)
36(9)
39(16)
76(10)
66(15)
26(9)
61(12)
46(8)
89(9)
99(10)
11(8)

Symmetry transformations used to

generate equivalent atoms:
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Table 4.

The anisotropic displacement factor exponent takes the form:
-2 pi*2 [ hn2 a*~2 U1l + ...

Anisotropic displacement parameters (A™2 x 1073) for 1b062.

+ 2 h k a* b* U12 ]

U1l u22 u33 u23 u13 u12
0(1) 25(1) 34(1) 36(1) 6(1) 0(1) 1(1)
0(2) 29(1) 30(1) 58(1) 5(1) 3(1) 8(1)
0(3) 40(1) 30(1) 58(1) 12(1) 4(1) 1(1)
c(1) 23(1) 28(1) 25(1) 1(1) 2(1) 5(1)
c(2) 28(1) 29(1) 28(1) 4(1) 4(1) 7(1)
c(3) 31(1) 27(1) 30(1) 3(1) 5(1) 4(1)
c(4) 26(1) 26(1) 32(1) 0(1) 1(1) 1(1)
c(5) 26(1) 26(1) 27(1) ~1(1) -1(1) 3(1)
c(6) 26(1) 24(1) 24(1) 2(1) 1(1) 4(1)
c(?) 31(1) 37(1) 41(1) 14(1) 1(1) 8(1)
c(8) 49(1) 46(1) 40(1) 17(1) -2(1) 1(1)
c(9) 78(1) 75(1) 54(1) 8(1) ~21(1) 0(1)
c(10)  28(1) 35(1) 44(1) 1(1) 8(1) 0(1)
c(11)  41Q1) 42(1) 48(1) -5(1) 17(1) -3(1)
c(12)  65(1) 63(1) 50(1) -18(1) 15(1) ~13(1)
c(13)  38(1) 32(1) 41(1) -5(1) -3(1) -3(1)
c(14)  40Q1) 50(1) 53(1) -11(1) ~12(1) ~1(1)
c(15)  66(1) 50(1) 64(1) -5(1) -30(1) 1(1)
c(16)  37(1) 31(1) 25(1) ~1(1) 4(1) 2(1)
c(17)  42Q1) 47(1) 27(1) 2(1) -3(1) 1(1)
c(18)  66(1) 54(1) 33(1) 11(1) -1(1) ~4(1)
c(19)  30(1) 25(1) 31(1) 0(1) 0(1) 2(1)
c(20)  31(1) 30(1) 27(1) 0(1) 4(1) 2(1)
c(21)  32(1) 38(1) 42(1) 1(1) 8(1) ~2(1)
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Table 5.

Hydrogen coordinates ( x 1074)
displacement parameters (A2 x 1073) for

and isotropic
1b062.

X Yy z uleq)
H(7A) -573 7111 126 44
H(7B) 697 7694 21 44
H(8A) 1617 7139 -1842 54
H(9A) -1546 6709 -1909 85
H(9B) -397 6709 -3103 85
H(10A) 6420 7055 370 42
H(10B) 6884 6329 855 42
H(12A) 4300 5981 -2489 71
H(13A) 5898 7465 2473 45
H(13B) 4741 7084 3357 45
H(14A) 7817 6565 2881 58
H(15A) 6317 6611 5122 74
H(15B) 8081 6289 4916 74
H(16A) 2579 6528 3714 37
H(16B) 1074 6042 3690 37
H(17A) 4257 5630 4578 47
H(18A) 1310 5293 5424 62
H(18B) 3085 5034 6011 62
H(19A) 2386 4959 1177 34
H(19B) 2019 4876 2653 34
H(21C) -2190 5104 1300 45
H(21A) -1069 4493 1888 45
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Table 6. Torsion angles [deg] for 1b062.

C(20)-0(1)-C(1)-C(2)
C(20)-0(1)-C(1)-C(6)
0(1)-C(1)-C(2)-C(3)
C(6)-C(1)-C(2)-C(3)
0(1)-C(1)-C(2)-C(7)
C(6)-C(1)-C(2)-C(7)
C(1)-C(2)-C(3)-0(3)
C(7)-C(2)-C(3)-0(3)
C(1)-C(2)-C(3)-C(4)
C(7)-C(2)-C(3)-C(4)
0(3)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(5)
0(3)-C(3)-C(4)-C(10)
C(2)-C(3)-C(4)-C(10)
0(3)-C(3)-C(4)-C(13)
C(2)-C(3)-C(4)-C(13)
C(3)-C(H-C(3)-0(2)
C(10)-C(4)-C(5)-0(2)
C(13)-C(4)-C(5)-0(2)
C(3)-C(H-C(5)-C(6)
C(10)-C(4)-C(5)-C(6)
C(13)-C(4)-C(5)-C(6)
C(2)-C(1)-C(6)-C(5)
0(1)-C(1)-C(6)-C(5)
C(2)-C(1)-C(6)-C(19)
0(1)-C(1)-C(6)-C(19)
C(2)-C(1)-C(6)-C(16)
0(1)-C(1)-C(6)-C(16)
0(2)-C(5)-C(6)-C(1)
C(4)-C(5)-C(6)-C(1)
0(2)-C(5)-C(6)-C(19)
C(4)-C(5)-C(6)-C(19)
0(2)-C(5)-C(6)-C(16)
C(4)-C(5)-C(6)-C(16)
C(1)-C(2)-C(7)-C(8)
C(3)-C(2)-C(7)-C(8)
C(2)-C(7)-C(8)-C(9)
C(5)-C(4)-C(10)-C(11)
C(3)-C(4)-C(10)-C(11)
C(13)-C(4)-C(10)-C(11)
C(4)-C(10)-C(11)-C(12)
C(5)-C(4)-C(13)-C(14)
C(3)-C(4)-C(13)-C(14)
C(10)-C(4)-C(13)-C(14)
C(4)-C(13)-C(14)-C(15)
C(1)-C(6)-C(16)-C(17)
C(5)-C(6)-C(16)-C(17)
C(19)-C(6)-C(16)-C(17)
C(6)-C(16)-C(17)-C(18)
C(1)-C(6)-C(19)-C(20)

167.
-13.
175.
.77(15)
.69(16)
.31(9)
172.
10.
12.
164.
178.
-2.
-57.
118.
59.
125.
156.
37.
.48(12)

177

-81

-24.

143

-30

152

91

142

-29

70(9)
15(10)
23(9)

17(10)
76(16)
12(14)
95(9)

16(10)
31(13)
54(12)
30(10)
13(13)
02(10)
92(10)
54(13)

25(12)

.63(9)
97.
.69(13)
150.
.48(10)
28.
.17(12)
-87.
.83(10)
38.
.80(13)
151.

96.
-81.
-92.

84.
119.

66.
-57.
173.

35(10)
21(8)

41(10)
94(10)
34(11)

36(9)

94(11)
89(10)
83(13)
09(13)
89(15)
22(12)
79(12)
97(10)

91(5)

177
-62

.76(13)
.86(10)
.44(13)
124.
173.
-65.

63.
119.
-31.

81(15)
10(9)
83(12)
21(11)
83(14)
05(9)
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C(5)-C(6)-C(19)-C(20)
C(16)-C(6)-C(19)-C(20)
C(1)-0(1)-C(20)-C(21)
C(1)-0(1)-C(20)-C(19)
C(6)-C(19)-C(20)-C(21)
C(6)-C(19)-C(20)-0(1)

-149.

83

28(8)

.70(9)
171.
-8.
~154.
25.

54(10)
62(10)
64(12)
55(10)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for 1b062 [A and deg.].

D-H...A d(D-H) d(H...A)  d(D...A)  <(DHA)
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check CIF/PLATON report

Structure factors have been supplied for datablock(s) 1b085

No syntax errors found. | CIF dictionary [ Interpreting this feport

Datablock: 1b085

Bond precision: C-C =0.0036 A Wavelength=0.71073
Cell: a=8.1637(4) b=10.6578(5) c=17.6018(9)
alpha=90 beta=90.655(3) gamma=90
Temperature: 200 K
Calculated Reported
Volume 1531.38(13) 1531.38(13)
Space group P21 P2(1)
Hall group P 2yb ?
Moiety formula C30 H47 N O4 Si ?
Sum formula C30 H47 N O4 Si C30 H47 N O4 Si
Mr 513.78 513.78
Dx,g cm-3 1.114 1.114
Z 2 2
Mu (mm-1) 0.109 0.109
FO00 560.0 560.0
FO00’ 560.39
h,k,Imax 9,11,19 9,11,19
Nref 4419[ 2350] 4308
Tmin, Tmax 0.981,0.998 0.974,0.998
Tmin’ 0.974

Correction method= MULTI-SCAN

Data completeness= 1.83/0.97 Theta(max)= 23.320
R(reflections)= 0.0735( 3003) wR2(reflections)= 0.2013( 4308)
S =1.037 Npar= 304

The following ALERTS were generated. Each ALERT has the format
test-name_ALERT_alert-type_alert-1|evel.
Click on the hyperlinks for more details of the test.

@ Aert level B

[THETMOL ALERT 3 B The value of sine(theta_max)/wavelength is less than 0.575
Calculated sin(theta_max)/wavelength = 0.5570

No _chemical_absolute_configuration info given . ?

[PLAT230_ALERT 2 B Hirshfeld Test Difffor 04 -- C15 .. 9.0 su
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http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkcifreport.html
http://journals.iucr.org/services/cif/checking/THETM_01.html
http://journals.iucr.org/services/cif/checking/PLAT035.html
http://journals.iucr.org/services/cif/checking/PLAT230.html

PLAT230 ALERT 2 B Hirshfeld Test Diff for N1 -- C11 .. 7.3 su

PLAT230 ALERT 2 B Hirshfeld Test Difffor C2 -- C3 . 7.5su
PLAT230 ALERT 2 B Hirshfeld Test Difffor C7 -- C8 . 9.0 su
PLAT230 ALERT 2 B Hirshfeld Test Difffor C8 -- C9 . 7.5su
PLAT230 ALERT 2 B Hirshfeld Test Diff for C13 -- C18 .. 8.5su
PLAT230 ALERT 2 B Hirshfeld Test Diff for C13 -- C19 .. 10.5su

[PCAT242_ALERT 2 B Check Low Ueqg as Compared to Neighbors for Sil1

“ Alert level C

[PLATO89 ALERT 3 ( Poor Data / Parameter Ratio (Zmax < 18)..... 7.63
Hirshfeld Test Difffor O1 -- C2 .. 6.5 su
Hirshfeld Test Diff for O3 -- C11 .. 5.3 su
Hirshfeld Test Diff for C17 -- C20 .. 6.3 su

PLAT241 ALERT 2 d Check High  Ueq as Compared to Neighbors for (2]
PLAT241 ALERT 2 d Check High  Ueq as Compared to Neighbors for Cc2
PLAT242 ALERT 2 ( Check Low Ueq as Compared to Neighbors for C15

PLAT906 ALERT 3 ( Large K value in the Analysis of Variance ...... 2.480
PLAT910 ALERT 3 ( Missing # of FCF Reflections Below Th(Min) ..... 1

[PLAT9I1 ALERT 3 ({ Missing # FCF Refl Between THmin & STh/L= 0.557 32

< Aert level G

Number of Distance or Angle Restraints on AtSite 19

No _iucr_refine_instructions_details in the CIF ?

Std. Uncertainty on Flack Parameter Value High . 0.300
SHELXL First Parameter in WGHT Unusually Large.  0.12

Hirshfeld Test Diff for Sil1 -- C22 .. 49.4su
Hirshfeld Test Diff for Sil1 -- C22' .. 51.5su
Hirshfeld Test Diff for Si1 -- C25 .. 19.3su
Hirshfeld Test Diff for Sil -- C25' ..  48.6su
[PLAT230 ALERT 2 Q Hirshfeld Test Diff for Sil -- C28 ..  40.4su
[PLAT230 ALERT 2 Q{ Hirshfeld Test Diff for Sil -- C28' .. 13.4su
[PLAT301 ALERT 3 { Note: Main Residue Disorder ................... 25 %
[PCAT779 ALERT 4 _{ Suspect or Irrelevant (Bond) Angle in CIF .... # 10
C22 -SI1 -C22° 1.555 1.555 1.555 11.20 Deg.
[PCAT779 ALERT 4 _Q Suspect or Irrelevant (Bond) Angle in CIF .... # 13
C25 -SI1 -C25 1.555 1.555 1.555 43.90 Deg.

PLAT791 ALERT 4 @ Note: The Model has Chirality at C3  (Verify) S

PLAT791 ALERT 4 @ Note: The Model has Chirality at C12  (Verify) R
PLAT811 ALERT 5 @ No ADDSYM Analysis: Too Many Excluded Atoms .... !

PLAT860 ALERT 3 @ Note: Number of Least-Squares Restraints ....... 43
[PCAT916 ALERT 2_Q Hooft y and Flack x Parameter values differ by . 0.23

0 ALERT | evel A= Most likely a serious problem - resolve or explain

10 ALERT | evel B = A potentially serious problem, consider carefully

10 ALERT | evel C=Check. Ensure itis not caused by an omission or oversight
18 ALERT | evel G= General information/check it is not something unexpected

1 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
23 ALERT type 2 Indicator that the structure model may be wrong or deficient
7 ALERT type 3 Indicator that the structure quality may be low

5 ALERT type 4 Improvement, methodology, query or suggestion

2 ALERT type 5 Informative message, check
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http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT089.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT906.html
http://journals.iucr.org/services/cif/checking/PLAT910.html
http://journals.iucr.org/services/cif/checking/PLAT911.html
http://journals.iucr.org/services/cif/checking/PLAT002.html
http://journals.iucr.org/services/cif/checking/PLAT005.html
http://journals.iucr.org/services/cif/checking/PLAT032.html
http://journals.iucr.org/services/cif/checking/PLAT072.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT301.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT811.html
http://journals.iucr.org/services/cif/checking/PLAT860.html
http://journals.iucr.org/services/cif/checking/PLAT916.html

It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the
minor alerts point to easily fixed oversights, errors and omissions in your CIF or refinement
strategy, so attention to these fine details can be worthwhile. In order to resolve some of the more
serious problems it may be necessary to carry out additional measurements or structure
refinements. However, the purpose of your study may justify the reported deviations and the more
serious of these should normally be commented upon in the discussion or experimental section of a
paper or in the "special_details" fields of the CIF. checkCIF was carefully designed to identify
outliers and unusual parameters, but every test has its limitations and alerts that are not important
in a particular case may appear. Conversely, the absence of alerts does not guarantee there are no
aspects of the results needing attention. It is up to the individual to critically assess their own
results and, if necessary, seek expert advice.

Publication of your CIF in [UCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs
submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied
Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta
Crystallographica Section C or E, you should make sure that full publication checks are run on the
final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to
CIF submission.

PLATON version of 24/04/2013; check.def file version of 23/04/2013
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Datablock Ib085 - ellipsoid plot
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data_I1b085

_audit_creation_method

SHELXL-97

_chemical_name_systematic

?

_chemical_name_common

_chemical_melting_point

-~

_chemical_formula_moiety ?

_chemical_formula_sum
"C30 H47 N 04 Si*

_chemical_formula_weight 513.78

loop_
_atom_type_symbol

_atom_type_description

_atom_type_scat_dispersion_real
_atom_type_scat_dispersion_imag

_atom_type_scat_source

.0016
Vol C Tables 4.2.6.8 and 6.1.1.4"
.0000
Vol C Tables 4.2.6.8 and 6.1.1.4"
.0033
Vol C Tables 4.2.6.8 and 6.1.1.4"
.0060
Vol C Tables 4.2.6.8 and 6.1.1.4"

*C* ~Cc- 0.0033 0
"International Tables
"H® "H" 0.0000 0
"International Tables
"N®  "N* 0.0061 0
"International Tables
0" T"o" 0.0106 0
"International Tables
"Si* "Si” 0.0817

"International Tables

_symmetry_cell_setting

0.0704

Vol C Tables 4.2.6.8 and 6.1.1.4"

Monoclinic

_symmetry_space_group_name_H-M P2(1)

loop_

_symmetry_equiv_pos_as_Xyz

.y, 2"
"-x, y+1/2, -z*

_cell_length_a 8.1637(4)
_cell_length_b 10.6578(5)
_cell_length_c 17.6018(9)
_cell_angle_alpha 90.00
_cell_angle_beta 90.655(3)
_cell_angle_gamma 90.00
_cell_volume 1531.38(13)
_cell_formula _units Z 2
_cell_measurement_temperature 200(2)
_cell_measurement_reflns_used 4585
_cell_measurement_theta min 2.23
_cell_measurement_theta_max 23.19

_exptl_crystal_description plate
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_exptl_crystal_colour colourless
_exptl_crystal_size max 0.24
_exptl_crystal_size_mid 0.15
_exptl_crystal_size_min 0.02
_exptl_crystal_density _meas n/a
_exptl_crystal _density diffrn 1.114
_exptl_crystal_density_method "not measured-
_exptl_crystal_F_000 560
_exptl_absorpt_coefficient_mu 0.109
_exptl_absorpt_correction_type multi-scan
_exptl_absorpt_correction_T_min 0.9743
_exptl_absorpt_correction_T_max 0.9978

_exptl_absorpt_process_details

_exptl_special_details

*SADABS, Bruker (2003)"

Data collection is performed with three batch runs at phi = 0.00 deg
(650 frames), at phi = 120.00 deg (650 frames), and at phi = 240.00 deg
(650 frames).

Frame width = 0.30 deg in omega.

Data is merged, corrected for decay (if any), and treated with multi-

scan

absorption corrections (if required). All symmetry-equivalent

reflections

are merged for centrosymmetric data.
Friedel pairs are not merged for noncentrosymmetric data.

_diffrn_ambient_temperature 200(2)
_diffrn_radiation_wavelength 0.71073
_diffrn_radiation_type MoK\a
_diffrn_radiation_source "fine-focus sealed tube”
_diffrn_radiation_monochromator graphite

_diffrn_measurement_device_type
_diffrn_measurement_method

"Bruker APEX-11 CCD-
"\f and \w scans”

_diffrn_detector_area_resol_mean ?
_diffrn_reflns_number 19571
_diffrn_reflns_av_R_equivalents 0.0553
_diffrn_reflns_av_sigmal/netl 0.0526
_diffrn_reflns_limit _h _min -9
_diffrn_reflns_limit_h_max 8
_diffrn_reflns_limit _k min -11
_diffrn_reflns_limit_k max 11
_diffrn_reflns_limit_I_min -19
_diffrn_reflns_limit 1 _max 19
_diffrn_reflns_theta_min 2.23
_diffrn_reflns_theta max 23.32
_reflns_number_total 4308
_reflns_number_gt 3003
_reflns_threshold_expression >2sigma(l)

_computing_data collection
_computing_cell_refinement
_computing_data_reduction

"APEX 11, Bruker (2009)*"
"APEX 11, Bruker (2009)"
*"XPREP, Bruker (2009)*
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_computing_structure_solution "SHELXS-97 (Sheldrick, 2008)*
_computing_structure_refinement "SHELXL-97 (Sheldrick, 2008)"
_computing_molecular_graphics "SHELXTL, Bruker (2004)*
_computing_publication_material "SHELXTL, Bruker (2004)*"

_refine_special _details

Refinement of F"2" against ALL reflections. The weighted R-factor wR
and

goodness of fit S are based on F*"2”~, conventional R-factors R are based
on F, with F set to zero for negative F"2”~. The threshold expression of
Fr2n > 2sigma(FM27) i1s used only for calculating R-factors(gt) etc. and
is

not relevant to the choice of reflections for refinement. R-factors
based

on F"2n are statistically about twice as large as those based on F, and
R-

factors based on ALL data will be even larger.

_refine_Is_structure_factor_coef Fsqd
_refine_Is_matrix_type full
_refine_Is_weighting_scheme calc
_refine_Is_weighting_details
"calc w=1/[\s"2"(Fo"2")+(0.1221P)"2"+0.2761P] where P=(Fo"2"+2FcN27)/3"

_atom_sites_solution_primary direct
_atom_sites_solution_secondary difmap
_atom_sites_solution_hydrogens geom
_refine_Is_hydrogen_treatment constr
_refine_Is_extinction_method none
_refine_Is_extinction_coef ?

_refine_Is abs structure details
"Flack H D (1983), Acta Cryst. A39, 876-881"

_refine_Is _abs structure Flack -0.2(3)
_refine_Is _number_reflns 4308
_refine_Is_number_parameters 304
_refine_Is_number_restraints 43
_refine_Is R factor_all 0.1068
_refine_Is_R factor_gt 0.0735
_refine_Is wR_factor_ref 0.2013
_refine_Is_wR_fTactor_gt 0.1810
_refine_Is_goodness_of fit_ref 1.037
_refine_Is _restrained_S all 1.056
_refine_Is_shift/su_max 0.004
_refine_Is_shift/su_mean 0.001

loop_

_atom_site label
_atom_site_type_symbol
_atom_site fract x
_atom_site_fract_ y
_atom_site fract z
_atom_site U iso_or_equiv
_atom_site_adp_type
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_atom_site_occupancy
_atom_site _symmetry _multiplicity

_atom_site cal

c_Tlag

_atom_site_refinement_flags
_atom_site_disorder_assembly

_atom_site _dis

order_group

00000

A .

Sil Si 0.60901(10) 0.40933(8) 0.88839(4) 0.0775(2) Uani 1
01 0 1.1501(2) 0.83605(14) 0.51939(10) 0.0583(5) Uani 1 1
02 0 1.0034(2) 0.69005(14) 0.57674(11) 0.0699(6) Uani 1 1
03 0 0.7969(2) 1.01188(14) 0.67238(10) 0.0633(5) Uani 1 1
04 0 0.5761(2) 0.55123(18) 0.85752(14) 0.0973(7) Uani 1 1
N1 N 0.9815(2) 0.90111(17) 0.60810(10) 0.0483(5) Uani 1 1
C1 C 1.0377(3) 0.7986(2) 0.57103(14) 0.0528(7) Uani 1 1 d
C2 C 1.1614(3) 0.9688(2) 0.51555(17) 0.0703(9) Uani 1 1 d
H2A H 1.1163 0.9999 0.4666 0.084 Uiso 1 1 calc R .

H2B H 1.2769 0.9961 0.5204 0.084 Uiso 1 1 calc R . .

C3 C 1.0610(3) 1.0187(2) 0.58184(14) 0.0498(7) Uani 1 1 d .
H3A H 0.9760 1.0787 0.5626 0.060 Uiso 1 1 calc R . .

C4 C 1.1621(3) 1.0803(2) 0.64476(14) 0.0529(7) Uani 1 1 d .
H4A H 1.0890 1.1017 0.6874 0.063 Uiso 1 1 calc R .

HAB H 1.2442 1.0193 0.6639 0.063 Uiso 1 1 calc R . .

C5 C 1.2492(3) 1.1974(2) 0.61931(13) 0.0516(7) Uani 1 1 d .
C6 C 1.4155(3) 1.1958(3) 0.60791(16) 0.0665(8) Uani 1 1 d .
H6A H 1.4763 1.1207 0.6151 0.080 Uiso 1 1 calc R . .

C7 C 1.4925(3) 1.3044(3) 0.58591(17) 0.0766(9) Uani 1 1 d .
H7A H 1.6072 1.3028 0.5772 0.092 Uiso 1 1 calc R . .

C8 C 1.4090(3) 1.4149(3) 0.57613(14) 0.0681(8) Uani 1 1 d .
H8A H 1.4643 1.4896 0.5619 0.082 Uiso 1 1 calc R . .

C9 C 1.2442(3) 1.4142(2) 0.58742(14) 0.0674(8) Uani 1 1 d .
HOA H 1.1836 1.4894 0.5802 0.081 Uiso 1 1 calc R .

C10 C 1.1643(3) 1.3075(2) 0.60888(14) 0.0553(7) Uani 1 1 d .
H1I0A H 1.0493 1.3095 0.6166 0.066 Uiso 1 1 calc R . .

C11 C 0.8515(3) 0.9091(2) 0.65994(13) 0.0515(7) Uani 1 1 d .
C12 C 0.7953(3) 0.7903(2) 0.70098(14) 0.0521(7) Uani 1 1 d .
H12A H 0.8312 0.7178 0.6692 0.063 Uiso 1 1 calc R . .

C13 C 0.8851(3) 0.7769(3) 0.77836(16) 0.0661(8) Uani 1 1 d .
C14 C 0.7926(3) 0.6862(3) 0.82809(16) 0.0692(8) Uani 1 1 d .
H14A H 0.8393 0.6672 0.8764 0.083 Uiso 1 1 calc R . .

C15 C 0.6542(3) 0.6317(2) 0.81038(16) 0.0638(8) Uani 1 1 d .
C16 C 0.5662(3) 0.6554(2) 0.73788(19) 0.0774(9) Uani 1 1 d .
H16A H 0.4468 0.6495 0.7466 0.093 Uiso 1 1 calc R .

H16B H 0.5958 0.5894 0.7009 0.093 Uiso 1 1 calc R . .

C17 C 0.6047(3) 0.7839(2) 0.70369(15) 0.0618(8) Uani 1 1 d .
C18 C 0.9083(4) 0.9007(4) 0.82176(18) 0.0973(11) Uani 1 1 d .
H18A H 0.9628 0.8840 0.8706 0.146 Uiso 1 1 calc R .

H18B H 0.8011 0.9391 0.8306 0.146 Uiso 1 1 calc R .

H18C H 0.9757 0.9579 0.7918 0.146 Uiso 1 1 calc R . .

C19 C 1.0562(4) 0.7231(3) 0.7633(2) 0.0974(12) Uani 1 1 d .
H1I9A H 1.1159 0.7134 0.8116 0.146 Uiso 1 1 calc R .

H19B H 1.1164 0.7804 0.7302 0.146 Uiso 1 1 calc R .

H19C H 1.0456 0.6411 0.7385 0.146 Uiso 1 1 calc R . .

C20 C 0.5239(3) 0.8832(3) 0.7531(2) 0.0836(10) Uani 1 1 d .
H20A H 0.4047 0.8720 0.7514 0.125 Uiso 1 1 calc R .

H20B H 0.5515 0.9669 0.7340 0.125 Uiso 1 1 calc R .
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H20C H 0.5634 0.8747 0.8056 0.125 Uiso )
C21 C 0.5345(4) 0.7886(3) 0.62290(17) 0.0900(10) Uani 1 1 d . A .
H21A H 0.4146 0.7871 0.6247 0.135 Uiso
H21B H 0.5733 0.7158 0.5942 0.135 Uiso
H21C H 0.5705 0.8659 0.5979 0.135 Uiso ]
C22 C 0.8215(8) 0.3554(7) 0.8637(4) 0.1422(9) Uani 0.50 1 d PD A 1
H22A H 0.9008 0.4236 0.8771 0.171 Uiso
C23 C 0.8331(13) 0.3297(9) 0.7817(3) O.
H23A H 0.9444 0.3021 0.7699 0.213 Uiso
H23B H 0.8076 0.4063 0.7531 0.213 Uiso
H23C H 0.7549 0.2637 0.7676 0.213 Uiso
C24 C 0.8602(13) 0.2405(7) 0.9129(4) O.
H24A H 0.9702 0.2096 0.9013 0.213 Uiso
H24B H 0.7797 0.1744 0.9023 0.213 Uiso
H24C H 0.8555 0.2638 0.9667 0.213 Uiso
C25 C 0.7134(10) 0.4280(7) 0.9832(3) O.
H25B H 0.6175 0.4769 1.0020 0.171 Uiso
C26 C 0.8289(10) 0.5278(6) 1.0144(5) O.
H26A H 0.8566 0.5086 1.0675 0.213 Uiso
H26B H 0.7755 0.6100 1.0115 0.213 Uiso
H26C H 0.9292 0.5291 0.9843 0.213 Uiso
C27 C 0.6858(11) 0.3299(6) 1.0445(5) O.
H27A H 0.7497 0.3520 1.0900 0.213 Uiso
H27B H 0.7207 0.2476 1.0259 0.213 Uiso
H27C H 0.5692 0.3270 1.0570 0.213 Uiso

C28 C 0.4184(8) 0.3230(7) 0.8985(4) 0.1422(9) Uani 0.5

H28A H 0.4391 0.2484 0.9317 0.171 Uiso
C29 C 0.3755(12) 0.2765(8) 0.8174(3) O.
H29A H 0.2749 0.2264 0.8186 0.213 Uiso
H29B H 0.4655 0.2249 0.7983 0.213 Uiso
H29C H 0.3590 0.3489 0.7838 0.213 Uiso
C30 C 0.2916(10) 0.3982(8) 0.9320(4) O.

H30A
H30B
H30C
ca22*
H22B
Cc23*
H23D
H23E
H23F
ca24"
H24D
H24E
H24F
Cc25"
H25A
Cc26"
H26D
H26E
H26F
car-
H27D
H27E

T TOIITITOIOIITITOIITITOIIOIITIT
[eNeoooolololoolooNoloolololojoloNoNeNe)

.1910 0.3486 0.9357 0.213 Uiso
.2710 0.4721 0.9002 0.213 Uiso
.3267 0.4251 0.9829 0.213 Uiso
.8045(9) 0.3473(7) 0.8447(4) O.
.8962 0.4065 0.8568 0.171 Uiso
.7830(13) 0.3388(8) 0.7581(3) 0.1422(9) Uani 0.50 1 d PD A 2
.8828 0.3042 0.7358 0.213 Uiso
7625 0.4227 0.7373 0.213 Uiso
.6900 0.2839 0.7458 0.213 Uiso
.8516(13) 0.2156(7) 0.8725(4) 0.1422(9) Uani 0.5
.9515 0.1882 0.8469 0.213 Uiso
.7624 0.1570 0.8607 0.213 Uiso
.8712 0.2175 0.9275 0.213 Uiso
.5543(8) 0.3829(8) 0.9884(4) 0.
.5700 0.2948 1.0067 0.171 Uiso
.6858(8) 0.4797(8) 1.0192(5) O.
.6775 0.4864 1.0745 0.213 Uiso
.6656 0.5621 0.9961 0.213 Uiso
.7957 0.4508 1.0059 0.213 Uiso
.3881(7) 0.4386(9) 1.0052(5) 0.
.3618 0.4244 1.0586 0.213 Uiso
.3048 0.3986 0.9727 0.213 Uiso

11 calc R .
11 calc R .
11 calc R .
11 calc R .

0.50 1 calc PR

1422(9) Uani 0.

0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR

1422(9) Uani 0.

0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR

1422(9) Uani O.

0.50 1 calc PR

1422(9) Uani O.

0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR

1422(9) Uani O.

0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR

0.50 1 calc PR

1422(9) Uani 0.

0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR
1422(9) Uani O
0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR
1422(9) Uani O
0.50 1 calc PR

0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR

0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR

1422(9) Uani O.

0.50 1 calc PR

1422(9) Uani O.

0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR

1422(9) Uani 0.

0.50 1 calc PR
0.50 1 calc PR
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H27F
c28"
H28B
Cc29*
H29D
H29E
H29F
C30*
H30D
H30E
H30F

ITIITTOIIITITOIOI
coololoNololoNoNeNe)

loop_
_atom_site aniso_label
_atom_site_aniso_U_11
_atom_site_aniso_U_ 22
_atom_site _aniso_U 33
_atom_site _aniso U 23
_atom_site _aniso_U 13
_atom_site aniso_U 12
Sil 0.0835(5) 0.0684(4) 0.0812(4) 0.0372(4) 0.0229(4) 0.0114(4)

.0585(9) 0.0343(8) 0.0824(11) -0.0111(8) 0.0129(9) 0.0111(7)

-0811(11) 0.0218(7) 0.1070(13) -0.0056(8) 0.0122(10) 0.0015(8)

01
02
03
04
N1
C1
Cc2
C3
Cc4
C5
C6
c7
C8
C9
C10
C11
C12
C13
Ci14
C15
C16
C17
C18
C19
C20
c21
Cc22
C23
Cc24
C25
C26
c27
C28

eNeloNoloNolooloNoNoNoNoNa]

.0617(9) 0.0337(8) 0.0951(11) -0.0010(8) O.

.0675(12)
.0462(10)
.0510(13)
.0662(17)
.0442(13)
.0467(13)
.0482(12)
.0492(14)
.0490(14)
.0763(16)
.0866(18)

cleooNolNolololololooNolooooNoloNe]

.0555(14)
.0563(13)
.0440(12)
.0459(13)
.0542(14)
.0579(16)
.0482(14)
.0422(12)

eNelolojoNeoloNoNoNeNe]

.100(2) O.

.0552(16)
.0439(14)
.0831(18)
.1533(17)
.1533(17)
.1533(17)
.1533(17)
.1533(17)
.1533(17)
.1533(17)

0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR

1422(9)

0.50 1 calc PR
0.50 1 calc PR
0.50 1 calc PR

.0784(11) 0.1464(16) 0.0598(11)

.0251(8) 0.0738(11) 0.0029(9) O.

.0283(11)
.0489(15)
.0352(12)
.0395(13)
.0417(12)
.0508(13)
.0754(17)
.0438(13)
.0315(11)

eNoNolooNolololoNol _NoloNoloNoNoNeoNe]

.0329(12)
.0247(10)
.0412(12)
.0650(15)
.0834(17)
.0465(13)
.0620(15)
.0495(13)

.0625(18)
.0735(17)
.1311(15)
.1311(15)
.1311(15)
.1311(15)
.1311(15)
.1311(15)
.1311(15)

cNeoNoNoNoNoNoloNe]

.0788(16)
.0964(19)
.0703(15)
.0727(15)
.0649(15)
.0995(19)
.106(2) 0.
.0847(16)
.0840(16)

eNeoNoloNoNeoNoNoNa]

0]
0
0]
0.
0
0
0]

.0776(16)
.0735(14)
.0712(15)
0871(17)
.0697(16)
.0874(17)

0937(18)

.144(3) 0
.112(2) 0

.1419(16)
.1419(16)
.1419(16)
.1419(16)
.1419(16)
.1419(16)
.1419(16)

.122(2) 0
0.

0
0
0
0
0

0155(16) 0.
~0.0065(14) 0.0160(14)

.0020(11)
.0000(14)
.0032(11)
.0087(11)
.0015(11)
0.

0078(14)

.3901 0.5290 0.9949 0.213 Uiso 0.50 1 calc PR A 2

.4503(8) 0.3366(6) 0.8184(5) 0.1422(9) Uani 0.50 1 d PD A 2
.4884 0.3522 0.7655 0.171 Uiso 0.50 1 calc PR A 2

.4363(10) 0.1956(6) 0.8298(5) 0.1422(9) Uani 0.50 1 d PD A 2
.3535 0.1617 0.7947 0.213 Uiso
.4041 0.1782 0.8823 0.213 Uiso
.5423 0.1561 0.8199 0.213 Uiso
.2674(8) 0.3867(7) 0.8248(5) 0.
.1973 0.3427 0.7879 0.213 Uiso
.2649 0.4769 0.8142 0.213 Uiso
.2272 0.3713 0.8762 0.213 Uiso

A2

>

2
A2

Uani 0.50 1 d PD A 2

> > >
NDNIN

0319(9) -0.0071(7)
0.0219(12) 0.0121(10)
0087(9) 0.0019(9)
~0.0028(13) 0.0035(11)
0.0187(16) 0.0018(13)
0.0123(12) -0.0037(10)
0.0047(12) -0.0073(11)
~0.0008(12) -0.0036(11)
~0.0014(14) -0.0050(13)
0065(15) -0.0290(14)
~0.0208(15)

0.0003(13) 0.0022(15) -0.0012(14)
-0.0058(11) 0.0054(13) -0.0064(11)
0.0008(12) 0.0030(12) -0.0017(11)
0.0080(12) 0.0043(12) -0.0086(11)
0.0165(14) -0.0110(13) -0.0117(13)
0.0222(14) -0.0086(13) 0.0009(15)
0.0295(12) 0.0136(14) -0.0024(12)
0409(14) -0.0224(14) -0.0160(12)
0.0284(13) -0.0054(13) -0.0137(11)
04(2) 0.0873(18) 0.0088(19) -0.0291(17) -0.032(2)
.108(2) 0.128(2) 0.0468(19) -0.0252(17) -0.0073(17)
0371(15) 0.0023(16) -0.0022(13)
0378(16) -0.0463(16) -0.0203(16)

0

0]
0
0]
0
0]
0]

.0133(15) -0.0074(16) 0.0026(14)
.0133(15) -0.0074(16) 0.0026(14)
.0133(15) -0.0074(16) 0.0026(14)
.0133(15) -0.0074(16) 0.0026(14)
.0133(15) -0.0074(16) 0.0026(14)
.0133(15) -0.0074(16) 0.0026(14)
.0133(15) -0.0074(16) 0.0026(14)
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C29 0.1533(17) 0.1311(15) 0.1419(16) 0.0133(15) -0.0074(16) 0.0026(14)
C30 0.1533(17) 0.1311(15) 0.1419(16) 0.0133(15) -0.0074(16) 0.0026(14)

C22" 0.1533(17) 0.1311(15) O
C23" 0.1533(17) 0.1311(15) O
C24" 0.1533(17) 0.1311(15) O
C25" 0.1533(17) 0.1311(15) O
C26" 0.1533(17) 0.1311(15) O
C27" 0.1533(17) 0.1311(15) O
C28" 0.1533(17) 0.1311(15) O
C29" 0.1533(17) 0.1311(15) O
C30" 0.1533(17) 0.1311(15) O

_geom_special_details

.1419(16)
.1419(16)
.1419(16)
.1419(16)
.1419(16)
.1419(16)
.1419(16)
.1419(16)
.1419(16)

eNeololoNoNoNoNoNa

.0133(15)
.0133(15)
.0133(15)
.0133(15)
.0133(15)
.0133(15)
.0133(15)
.0133(15)
.0133(15)

-0
-0
-0
-0
-0
-0
-0
-0
-0

.0074(16)
.0074(16)
.0074(16)
.0074(16)
.0074(16)
.0074(16)
.0074(16)
.0074(16)
.0074(16)

cNeooNoloNoNoloNe]

.0026(14)
.0026(14)
.0026(14)
.0026(14)
.0026(14)
.0026(14)
.0026(14)
.0026(14)
.0026(14)

All esds (except the esd in the dihedral angle between two I.s. planes)
are estimated using the full covariance matrix.
into account individually in the estimation of esds in distances, angles
and torsion angles; correlations between esds in cell parameters are

only

used when they are defined by crystal symmetry.

(isotropic)

The cell esds are taken

An approximate

treatment of cell esds is used for estimating esds involving l.s.

planes.

loop_
_geom_bond_atom_site_ label_1
_geom_bond_atom_site label 2
_geom_bond_distance
_geom_bond_site _symmetry 2
_geom_bond_publ_flag

Sil 04 1.628(2) . 7

Sil C28 1.819(7) . ?

Sil C25" 1.843(6) . ?

Sil C22 1.883(7) . ?

Sil C22° 1.898(7) . ?

Sil C25 1.876(6) - ?

Sil C28" 1.940(7) . ?

01 C1 1.359(3) - 7

01 C2 1.420(3) . 7

02 C1 1.195(3) . 7

03 C11 1.204(3) . ?

04 C15 1.357(3) . ?

N1 Cl1 1.356(3) . ?

N1 C11 1.410(3) . ?

N1 C3 1.488(3)
C2 C3 1.529(4)
C3 C4 1.522(3)
C4 C5 1.507(3)
C5 C6 1.374(3)
C5 C10 1.375(3) . 7
Cé6 C7 1.375(4) . ?
C7 C8 1.370(4) . ?
C8 C9 1.363(4) . 7

NN N N )
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C9 C10 1.366(4) . ?

Cl11 C12 1.531(3) ?
Cl2 C13 1.546(4) ?
Cl12 C17 1.559(3) ?
C13 C14 1.512(4) ?
C13 C18 1.535(5) ?
C13 C19 1.537(4) ?
Cl14 C15 1.305(4) ?
C15 C16 1.479(4) ?
Cl16 C17 1.530(4) ?
C17 C20 1.525(4) ?
Cl17 C21 1.528(4) ?
C22 C23 1.472(9) ?
C22 C24 1.532(9) ?
C25 C26 1.520(9) ?
C25 C27 1.520(9) ?
C28 C30 1.441(9) ?
C28 C29 1.548(9) . ?
Cc22" C24- 1-534(9)
C22" C23" 1.537(9) .
C25" C27" 1.513(9) .
C25" C26" 1.580(10) . ?
C28" C29" 1.520(9)
C28" C30" 1.591(9)
loop_

_geom_angle_atom_site_label_1
_geom_angle_atom_site label 2
_geom_angle_atom_site_label_3
_geom_angle
_geom_angle_site_symmetry 1
_geom_angle_site_symmetry_3
_geom_angle_publ_flag

04 Sil1 C28 111.4(3) . . ?
04 Sil C25" 114.8(3) . . ?
C28 Sil C25" 67.2(3) . . ?
04 Sil C22 110.8(2) . . ?
C28 Sil C22 131.3(3) . . ?
C25" Sil C22 114.1(3) . . ?
04 Sil C22" 108.9(2) . . ?
C28 Sil C22" 126.0(3) . . ?
C25" Sil C22" 123.2(3) . . ?
C22 Sil C22° 11.2(3) . . ?
04 Sil C25 105.7(3) . . ?
C28 Sil C25 110.3(3) . . ?
C25" Sil C25 43.9(3) . . ?
C22 Sil C25 80.1(3) . . ?
C22" Sil C25 91.2(3) . . ?
04 Sil C28" 93.0(2) . . ?
C28 Sil C28" 45.0(3) . . ?
C25° Sil C28" 112.2(3) . . ?
C22 Sil C28" 110.0(3) . . ?
C22" Sil C28" 99.3(3) . . ?

C25 Sil C28" 154.3(3) . . ?
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Cl1 01 C2 111.68(18) . . ?
C15 04 Sil 135.54(18) . . ?
C1 N1 C11 128.44(19) . . ?
C1 N1 C3 112.21(18) . . ?
C11 N1 C3 119.00(18) . . ?
02 C1 N1 131.2(2) . . ?

02 C1 01 120.1(2) . . ?

N1 C1 01 108.68(18) . . ?

01 C2 C3 106.0(2) . . ?

N1 C3 C2 100.58(18) . . ?

N1 C3 C4 111.83(19) . . ?

C2 C3 C4 114.5(2) . . ?

C5 C4 C3 113.2(2) . . ?

C6 C5 C10 119.3(2) . . ?

C6 C5 C4 120.2(2) . . ?

C10 C5 C4 120.5(2) . . ?

C5 C6 C7 119.1(2) . . ?

C8 C7 C6 122.0(2) . . ?

C7 C8 C9 117.9(2) . . ?

C10 C9 C8 121.3(3) . . ?

C9 C10 C5 120.4(2) . . ?

03 C11 N1 117.1(2) . . ?

03 C11 C12 123.6(2) . . ?

N1 C11 C12 119.2(2) . . ?
C11 C12 C13 110.51(19) . . ?
C11 C12 C17 110.82(19) . . ?
C13 C12 C17 115.6(2) .

C14 C13 C18 108.7(2)

C14 C13 C12 109.5(2)

C18 C13 C12 114.4(2)

C14 C13 C19 108.8(2)

C18 C13 C19 107.4(2)

C12 C13 C19 107.8(2)

C15 C14 C13 125.7(3) . .
C14 C15 04 123.1(3) . . ?
C14 C15 C16 122.7(2) . .
04 C15 C16 114.1(2) . . ?
C15 C16 C17 113.1(2)

C20 C17 C21 110.3(2)

C20 C17 C16 107.8(2)

C21 C17 C16 108.6(2)

C20 C17 C12 115.2(2)

C21 C17 C12 109.5(2) .

C16 C17 C12 105.12(19) . . 2
C23 C22 C24 113.0(6) . .

C23 C22 Sil 110.6(6)
C24 C22 Sil 107.3(5)
C26 C25 C27 108.7(6)
C26 C25 Sil 132.0(5)
C27 C25 Sil 119.3(5)
C30 C28 C29 113.6(6)
C30 C28 Sil 112.2(6)
C29 C28 Sil 104.9(5) .
C24" C22° C23" 106.7(6) . . ?

RS E N S S S

N

RO IRV RV RS BEO RN

NN ) ) N ) ) ) )
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C247 C22° Sil 113.5(6) . . ?

C23" C22" Sil 109.6(5) . . ?
C27" C25" C26" 106.5(6) . . ?
c27" C25" Sil 110.7(5) . . ?
C26" C25" Sil1 93.2(5) . . ?
C29" C28" C30" 104.5(6) - . ?
C29" C28" Sil 111.2(5) . . ?
C30" C28" Sil 116.2(b) . . ?
loop_

_geom_torsion_atom _site_label_1
_geom_torsion_atom_site_label_2
_geom_torsion_atom _site_label 3
_geom_torsion_atom_site_label_4
_geom_torsion
_geom_torsion_site_symmetry_1
_geom_torsion_site _symmetry 2
_geom_torsion_site_symmetry_ 3
_geom_torsion_site_symmetry 4
_geom_torsion_publ_ flag

C28 Sil 04 C15 -144.0(3) . - -
C25" Sil 04 C15 142.1(3) . . .

C22 Sil 04 C15 11.0(4) - . . . 2

C22" Sil 04 C15 -0.7(4) .

C25 Sil 04 C15 96.2(4) . . . . ?

C28" Sil 04 C15 -101.7(4) . . .
C11 N1 C1 02 -7.1(4) . . . . ?
C3 N1 C1 02 179.9(3) . . . . ?
C11 N1 C1 01 172.1(2) . . . . ?
C3 N1 C101l -0.9(3) - . . .2

C2 01 C1 02 173.8(2) - . . . ?
C2 01 C1 N1 -5.5(3) . . . .2
C101C2C39.43@) . .. .72
CLN1C3C26.2(2) . . . .72

C11 N1 C3 C2 -167.6(2) . . . . ?
C1 N1 C3C4-115.8(2) . . . . ?
C11 N1 C3 C4 70.5(2) . . . . ?
01 C2 C3NL -8.9(2) . . . .2

01 C2C3C4 111.2(2) - . . . ?
N1 C3 C4 C5 177.99(18) . . . . ?
C2 C3C4C564.43) . . . .72

C3 C4 C5 C6 -105.9(3) . . . . ?
C3C4C5Cl0 75.5(3) - . . . ?
C10 C5 C6 C7 -0.4(4) . . . . ?
C4 C5C6 C7 -178.9(2) . . . . ?
C5C6 C7 C8 1.0(4) . . . .2

C6 C7C8C9 -1.3(4) . . . .°2

C7 C8 C9 C10 0.9(4) . . . . ?

C8 C9 C10 C5 -0.3(4) . . . . ?
C6 C5 C10 C9 0.0(4) . . . . 2

C4 C5 C10 C9 178.6(2) . . . . ?
Cl1 N1 C11 03 -162.8(2) . . . . ?
C3 N1 C11 03 9.8(3) . . . . ?

Cl1 N1 C11 C12 21.2(3) . . . . ?
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C3 N1 C11 C12 -166.15(19) .
03 C11 C12 C13 -82.8(3) .
N1 C11 C12 C13 92.9(2) . -
03 C11 C12 C17 46.7(3) . .
N1 C11 C12 C17 -137.6(2) -
C11 C12 C13 C14 162.0(2) .
C17 C12 C13 C14 35.1(3) .
C11 C12 C13 C18 39.6(3) . .
C17 C12 C13 C18 -87.3(3) .
C11 C12 C13 C19 -79.8(3) .
C17 C12 C13 C19 153.3(2) .
C18 C13 Cl14 C15 122.7(3) .
C12 C13 Cl14 C15 -3.0(4) .
C19 C13 Cl4 C15 -120.6(3)
C13 C14 C15 04 -179.7(3) .
C13 Cl4 C15 C16 -1.6(4) .
Sil 04 C15 C14 -70.5(4) .
Sil 04 C15 C16 111.3(3) . .
C14 C15 C16 C17 -25.6(4) .
04 C15 C16 C17 152.6(2) . .
C15 C16 C17 C20 -71.1(3) .
C15 C16 C17 C21 169.4(2) .
C15 C16 C17 C12 52.2(3) . .
C11 C12 C17 C20 -67.6(3) .-
C13 C12 C17 C20 59.1(3) .
C11 C12 C17 C21 57.5(3) .
C13 C12 C17 C21 -175.8(2) .
C11 C12 C17 C16 174.0(2) .
C13 C12 C17 C16 -59.3(3) .
04 Sil C22 C23 -72.2(6) .
C28 Sil C22 C23 76.3(7) -
C25" Sil C22 C23 156.3(6)
C22" Sil C22 C23 10.3(15)
C25 Sil C22 C23 -175.3(6) .
C28" Sil C22 C23 29.2(7) .
04 Sil C22 C24 164.1(4) . .
C28 Sil C22 C24 -47.4(7) .
C25" Sil C22 C24 32.6(6) .
C22" Sil C22 C24 -113(2) .
C25 Sil C22 C24 61.0(5) .-
C28" Sil C22 C24 -94.5(5) .
04 Sil C25 C26 -31.4(8) .
C28 Sil C25 C26 -151.9(7) .

C25" Sil C25 C26 -141.1(10) .

C22 Sil C25 C26 77.6(8) .
C22" Sil C25 C26 78.7(8) .
C28" Sil C25 C26 -166.5(7)
04 Sil C25 C27 148.7(6) .
C28 Sil C25 C27 28.2(7) .
C25" Sil C25 C27 39.0(6) .
C22 Sil C25 C27 -102.3(7) .
C22" Sil C25 C27 -101.2(7)
C28" Sil C25 C27 13.6(12) .
04 Sil C28 C30 -42.6(6) .
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C25" Sil C28 C30 66.3(6) . . . . ?
C22 Sil C28 C30 169.0(5) . . . . ?
C22" Sil €28 C30 -178.3(5) . . . . ?
C25 Sil C28 C30 74.4(6) . . . . ?
C28" Sil C28 C30 -114.5(7) . . . . ?
04 Sil C28 C29 81.1(5) . . . . ?

C25" Sil C28 C29 -170.0(6) . . . . ?
C22 Sil C28 C29 -67.2(6) . . . . ?
C22" Sil C28 C29 -54.6(6) . . . . ?
C25 Sil C28 C29 -161.9(5) . . . . ?
C28" Sil C28 C29 9.2(5) . . . . ?

04 Sil C22° C24" 177.6(5) . . . . ?
C28 Sil C22" C24" -45.8(7) . . . . ?
C25" Sil C22" C24" 38.6(7) . . . . ?
C22 Sil C22° C24" 76.1(17) . . . . ?
C25 Sil C22" C24" 70.6(6) . . . . ?
C28" Sil C22" C24" -85.9(6) . . . . ?
04 Sil C22" C23" -63.2(6) . . . . ?
C28 Sil C22" C23" 73.3(6) . . . . ?
C25" Sil C22° C23" 157.8(5) . . . . ?
C22 Sil C22° C23" -165(2) . . . . ?
C25 Sil C22" C23" -170.2(6) . . . . ?
C28" Sil C22" C23" 33.3(6) . . . . ?
04 Sil C25" C27" 45.7(6) . . . . ?
C28 Sil C25" C27" -58.3(6) . . . . ?
C22 Sil C25" C27" 175.1(5) . . . . ?
C22" Sil C25" C27" -177.4(5) . . . . ?
C25 Sil C25" C27" 132.7(8) . . . . ?
C28" Sil C25" C27" -58.9(6) . . . . ?
04 Sil C25" C26" -63.3(5) . . . . ?
C28 Sil C25" C26" -167.3(6) . . . . ?
C22 Sil C25" C26" 66.2(5) . . . . ?
C22" Sil C25" C26" 73.6(6) . . . . ?
C25 Sil C25" C26" 23.7(5) . . . . ?
C28" Sil C25" C26" -167.9(4) . . . . ?
04 Sil C28" C29" -178.2(5) . . . . ?
C28 Sil C28" C29" -60.7(6) . . . . ?
C25" Sil C28" C29" -59.8(6) . . . . ?
C22 Sil C28" C29" 68.3(6) . . . . ?
C22" Sil C28" C29" 72.0(6) . . . . ?
C25 Sil C28" C29" -41.1(10) . . . . ?
04 Sil C28" C30" -58.9(6) . . . . ?
C28 Sil C28" C30" 58.7(6) . . . . ?
C25" Sil C28" C30" 59.5(6) . . . . ?
C22 Sil C28" C30" -172.3(5) . . . . ?
C22" Sil C28" C30" -168.7(6) . . . . ?
C25 Sil C28" C30" 78.3(9) . . . . ?

_diffrn_measured_fraction_theta_max 0.986
_diffrn_reflns_theta_full 23.32
_diffrn_measured_fraction_theta full 0.986
_refine_diff _density max 0.436
_refine_diff _density min -0.267
_refine_diff_density_rms 0.051
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TITL 10085 in P2(1)

CELL 0.71073 8.1637 10.6578 17.6018 90.000 90.655 90.000
ZERR  2.00 0.0004 0.0005 0.0009 0.000 0.003 0.000
LATT -1

SYMM -X, 0.5+Y, -Z

SFAC C H N O Si

UNIT 60 94 2 8 2

TEMP -73.15C

SIZE 0.02 0.15 0.24

L.S. 190
BOND

FMAP 2
PLAN 5
ACTA

CONF

DAMP 3000

SADI C22 Sil C25 Sil C28 Sil C22° Sil C25" Sil C28" Sil

DFIX 1.52 0.02 C22 C23 C22 C24 C25 C26 C25 C27 C28 C29 C28 C30

DFIX 1.52 0.02 C22" C23" C22" C24" C25" C26" C25" C27" C28" C29" C28"
C30"

EADP C22 C23 C24 C25 C26 C27 C28 C29 C30 =

C22" C23" C24" C25" C26" C27" C28" C29" C30-

SADI C23 C24 C23" C24" C26 C27 C26" C27" C29 C30 C29" C30*

OMIT 2 0O 4
OMIT -3 2 10
OMIT 3 0 3
OMIT 0] 0] 3
OMIT -5 -1 4
OMIT -3 -2 10
OMIT -5 1 4
OMIT -2 0O 4
OMIT 3 0] 2
OMIT -3 0 10
OMIT -2 -1 4
OMIT -3 2 11
OMIT 6 -1 0]
OMIT 0O -4 6
OMIT -4 -3 6
OMIT -3 1 7
OMIT -1 -4 5
OMIT -2 1 4
OMIT 3 0 8
OMIT 0O 4 6
OMIT -3 0O 4
OMIT -3 -1 10
OMIT -2 -2 5
OMIT -3 -5 6
OMIT -1 -3 6
OMIT -2 2 5
OMIT -4 -6 3
OMIT 4 0 0]
OMIT -6 6 2
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OMIT -2
OMIT -3
OMIT -3
OMIT 0
OMIT 1
OMIT -3
OMIT 6
OMIT -4
OMIT -2
OMIT -4
OMIT -3
OMIT -3
OMIT -3
OMIT -4

WGHT
FVAR
SI1 5
0.06838 =

01 4
0.03433 =

02 4
0.02180 =

03 4
0.03372 =

04 4
0.07838 =

N1 3
0.02513 =

C1 1
0.02835 =

C2 1
0.04890 =

AFIX 23
H2A 2
H2B 2
AFIX O
C3 1
0.03519 =
0]
AFIX 13
H3A 2
AFIX O
Cc4 1
0.03947 =
0]

P
N

| | |
[EEY

|
OONNUPFRPRUUORPFPORMIAOLE
=

=
ONPFRPRPUWRONOOO®

0.122100

0.25512
0.609012

-08120

1.150080

-08242

1.003433

-10704

0.796896

-09514

0.576077

-14642

0.981474

-07380

1.037723

-07882

1.161366

-09636

1.116293
1.276942

1.061041

-.07035

0.975979

1.162071

-07269

0.276100

0.409327

0.03717 0.

0.836046

-0.01112 0.

0.690053

-0.00557 0.

1.011885

-0.00097 0.

0.551226

0.05980 0.

0.901109

0.00289 0.

0.798587

0.00201 -0.

0.968801

0.00000 0.

0.999851
0.996078

1.018721

0.00322 0.

1.078675

1.080269

0.00874 0.

0.888394

02287 0.

0.519386

01292 0.

0.576743

01220 0
0.672375

03187 -0.

0.857521

02189 0.

0.608101

00871 0.

0.571028

00278 0.

0.515547

01867 0.

0.466594
0.520356

0.581837

01233 -0.

0.562581

0.644759

00469 -0.

11.

01141

11.

01106

11.

-00147
11.

00714

11.

01212

11.

00186

11.

00355
11

00175

11

11.

00366

11.

11.

00733

00000

00000

00000

00000

00000

00000

00000

-00000

-00000
11.

00000

00000

00000

00000

-08351

.05848

-08112

-06173

-06754

-04623

-05102

.06618

-20000
-20000

.04416

-20000

.04668
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AFIX 23

H4A 2 1.089023 1.101708 0.687351 11.00000 -1.20000
H4B 2 1.244195 1.019320 0.663925 11.00000 -1.20000
AFIX O

C5 1 1.249237 1.197383 0.619307 11.00000 0.04816
0.04165 =

0.06489 0.00147 -0.00082 -0.00355
C6 1 1.415458 1.195787 0.607906 11.00000 0.04924
0.05081 =

0.09948 0.00784 -0.00138 -0.00501
AFIX 43
H6A 2 1.476315 1.120667 0.615121 11.00000 -1.20000
AFIX O
Cc7 1 1.492549 1.304415 0.585908 11.00000 0.04896
0.07538 =

0.10566 0.01551 0.00648 -0.02896
AFIX 43
H7A 2 1.607172 1.302820 0.577233 11.00000 -1.20000
AFIX O
C8 1 1.409012 1.414863 0.576127 11.00000 0.07626
0.04376 =

0.08469 -0.00645 0.01597 -0.02077
AFIX 43
HBA 2 1.464290 1.489555 0.561916 11.00000 -1.20000
AFIX O
Cc9 1 1.244164 1.414195 0.587424 11.00000 0.08663
0.03154 =

0.08400 0.00028 0.00219 -0.00118
AFIX 43
HOA 2 1.183570 1.489446 0.580235 11.00000 -1.20000
AFIX O
C10 1 1.164254 1.307536 0.608875 11.00000 0.05550
0.03286 =

0.07759 -0.00584 0.00538 -0.00641
AFIX 43
H10A 2 1.049311 1.309480 0.616629 11.00000 -1.20000
AFIX O
C11 1 0.851503 0.909072 0.659936 11.00000 0.05625
0.02466 =

0.07355 0.00079 0.00304 -0.00167
Cl12 1 0.795263 0.790264 0.700979 11.00000 0.04404
0.04115 =

0.07116 0.00803 0.00433 -0.00863
AFIX 13
H12A 2 0.831210 0.717803 0.669158 11.00000 -1.20000
AFIX O
C13 1 0.885054 0.776870 0.778360 11.00000 0.04590
0.06501 =

0.08714 0.01652 -0.01100 -0.01174
Cl14 1 0.792598 0.686161 0.828090 11.00000 0.05415
0.08339 =

0.06974 0.02221 -0.00859 0.00093
AFIX 43
H14A 2 0.839301 0.667189 0.876420 11.00000 -1.20000
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AFIX O
C15 1
0.04652 =

C16 1
0.06197 =

AFIX 23
H16A 2
H16B 2
AFIX O
C17 1
0.04947 =

C18 1
0.10402 =

AFIX
H18A
H18B
H18C
AFIX O
C19 1

0.10820 =

3

NNN W

AFIX
H19A
H19B
H19C
AFIX O
C20 1

0.06251 =

3

NNNW

AFIX
H20A
H20B
H20C
AFIX O
Cc21 1

0.07352 =

3

NNN W

AFIX
H21A
H21B
H21C
AFIX O
PART 1

Cc22 1

0.13112 =

3

NNN W

AFIX 13
H22A 2
AFIX O

0

0.

0

0

0.

0.

0.

0.

0.654187

.08737

0.566155

12160

0.446810
0.595821

0.604694

-09366

0.908269

-08729

0.962756
0.801138
0.975731
1.056236
12830

1.115885
1.116436
1.045569
0.523861
14435

0.404739
0.551463
0.563440
0.534488
11231

0.414569
0.573325
0.570541
0.821536
14189

0.900808

0.631660

0.02955 0.

0.655403

0.04087 -0.

0.649504
0.589381

0.783889

0.02843 -0.

0.900672

0.00882 -0.

0.884022
0.939150
0.957866

0.723054

0.04679 -0

0.713390
0.780358
0.641090

0.883240

0.03714 0]

0.871954
0.966893
0.874714

0.788599

0.03778 -0.

0.787127
0.715839
0.865852

0.355416

0.01328 -0.

0.423635

0.810382

01360 -0.

0.737880

02237 -0.

0.746585
0.700943

0.703691

00536 -0.

0.821764

02911 -0.

0.870630
0.830606
0.791763

0.763279

-02519 -0.

0.811557
0.730185
0.738477

0.753094

-00231 -0.

0.751421
0.733994
0.805614

0.622902

04625 -0.

0.624719
0.594220
0.597949

0.863653

00744 0

0.877105

11.

00237

11.

01597

11.
-00000

11

11.

01370

11.

03196

11.
11.
11.

11.

00726

11.
11.
11.

11.

00216

11.
11.
-00000

11

11.

02028

11

10.

.00255

10.

00000

00000

00000

00000

00000

00000
00000
00000

00000

00000
00000
00000

00000

00000
00000

00000

-00000
11.
11.

00000
00000

50000

50000

-1.
-20000

-1

-1.
-1.
-1.

-05792

-04815

20000

.04217

-09976

50000
50000
50000

-05522

-50000
-50000
-50000

-04389

-50000
-50000
-50000

.08310

-50000
-1.
-1.

50000
50000

-15332

-20000
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C23 1
0.13112 =

AFIX
H23A
H23B
H23C
AFIX O
c24 1

0.13112 =

3

NNNW

AFIX
H24A
H24B
H24C
AFIX O
C25 1

0.13112 =

3

NNN W

AFIX 13
H25B 2
AFIX O
C26 1
0.13112 =

AFIX
H26A
H268B
H26C
AFIX O
c27 1

0.13112 =

3

NNNW

AFIX
H27A
H27B
H27C
AFIX O
C28 1

0.13112 =

3

NNN W

AFIX 13
H28A 2
AFIX O
C29 1
0.13112 =

AFIX
H29A
H29B
H29C
AFIX O
C30 1

0.13112 =

3

NNN W

0.

0.

0.

0.

0.

0.

0.

0.833053
14189

0.944385
0.807580
0.754860
0.860237
14189

0.970227
0.779718
0.855528
0.713381
14189

0.617494
0.828929
14189

0.856573
0.775513
0.929184
0.685787
14189

0.749687
0.720708
0.569179
0.418385
14189

0.439082
0.375533
14189

0.274949
0.465482
0.359032

0.291630

0.329724

0.01328 -0.

0.302065
0.406277
0.263727

0.240465

0.01328 -0.

0.209642
0.174374
0.263827

0.427981

0.01328 -0.

0.476890

0.527803

0.01328 -0.

0.508615
0.610040
0.529103

0.329948

0.01328 -0.

0.352035
0.247587
0.327027

0.322951

0.01328 -0.

0.248374

0.276527

0.01328 -0.

0.226420
0.224897
0.348866

0.398213

0.781710

00744 0.

0.769912
0.753084
0.767586

0.912900

00744 0.

0.901256
0.902274
0.966680

0.983216

00744 0.

1.002024

1.014406

00744 0.

1.067472
1.011531
0.984320

1.044488

00744 0.

1.090024
1.025948
1.056990

0.898481

00744 0.

0.931703

0.817350

00744 0.

0.818648
0.798272
0.783755

0.931997

10.

00255

10.
10.
10.

10.

00255

10.
10.
10.

10.

00255

10.

10.

00255

10.
10.
10.

10.

00255

10.
10.
10.

10.

00255

10.

10.

00255

10.
10.
10.

10.

50000

50000
50000
50000

50000

50000
50000
50000

50000

50000

50000

50000
50000
50000

50000

50000
50000
50000

50000

50000

50000

50000
50000
50000

50000

-1.
-50000
-1.

-1.
-1.
-1.

-1.
-1.
-1.

-15332

50000

50000

-15332

50000
50000
50000

-15332

-20000

-15332

-50000
-50000
-50000

-15332

-50000
-50000
-50000

-15332

-20000

-15332

50000
50000
50000

-15332



AFIX 3
H30A 2
H30B 2
H30C 2
AFIX O
PART 2

c22" 1

0.13112 =

AFIX 13
H22B 2
AFIX O
c23" 1
0.13112 =

AFIX
H23D
H23E
H23F
AFIX 0
c24" 1

0.13112 =

3

NNN W

AFIX
H24D
H24E
H24F
AFIX O
c25" 1

0.13112 =

3

NNN W

AFIX 13
H25A 2
AFIX O
c26" 1
0.13112 =

AFIX
H26D
H26E
H26F
AFIX O
ca27 1

0.13112 =

3

NNNW

AFIX
H27D
H27E
H27F
AFIX O
c28" 1

0.13112 =

3

NNN W

-14189

0.190990
0.270992
0.326699

0.804452

-14189

0.896156

0.783008

-14189

0.882829
0.762480
0.690036

0.851631

-14189

0.951460
0.762410
0.871168

0.554257

-14189

0.570047

0.685768

-14189

0.677523
0.665598
0.795731

0.388103

-14189

0.361756
0.304837
0.390081

0.450273

-14189

0.01328 -0.

0.348575
0.472145
0.425107

0.347319

0.01328 -0.

0.406510

0.338762

0.01328 -0.

0.304208
0.422688
0.283934

0.215600

0.01328 -0.

0.188236
0.156957
0.217454

0.382884

0.01328 -0.

0.294808

0.479741

0.01328 -0.

0.486361
0.562115
0.450808

0.438613

0.01328 -0.

0.424359
0.398603
0.528980

0.336560

0.01328 -0.

00744 0.

0.935709
0.900197
0.982879

0.844742

00744 0.

0.856821

0.758053

00744 0.

0.735803
0.737283
0.745786

0.872458

00744 0.

0.846875
0.860723
0.927485

0.988416

00744 0.

1.006664

1.019159

00744 0.

1.074516
0.996147
1.005879

1.005152

00744 0

1.058641
0.972746
0.994910

0.818407

00744 0.

00255

10.
10.
10.

10.

00255

10.

10.

00255

10.
10.
10.

10.

00255

10.
10.
10.

10.

00255

10.

10.

00255

10.
10.
10.
10.
.00255
10.
10.
10.

10.

00255

50000
50000
50000

50000

50000

50000

50000
50000
50000

50000

50000
50000
50000

50000

50000

50000

50000
50000
50000

50000

50000
50000
50000

50000

-1.
-50000
-1.

-1.
-1.
-1.

-1.
-50000
-1.

-1.
-50000
-1.

-1

-1.
-1.
-1.

50000

50000

-15332

-20000

-15332

50000
50000
50000

-15332

50000

50000

-15332

-20000

-15332

50000

50000

-15332

50000
50000
50000

-15332
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3003 Fo > 4sig(Fo) and 0.1068 for all

AFIX 13
H28B 2 0.488414 0.352176 0.765456
AFIX O
C29" 1 0.436273 0.195592 0.829841
0.13112 =

0.14189 0.01328 -0.00744
AFIX 33
H29D 2 0.353457 0.161679 0.794717
H29E 2 0.404054 0.178163 0.882255
H29F 2 0.542285 0.156067 0.819920
AFIX 0
c30" 1 0.267370 0.386672 0.824800
0.13112 =

0.14189 0.01328 -0.00744
AFIX 33
H30D 2 0.197337 0.342666 0.787892
H30E 2 0.264906 0.476935 0.814226
H30F 2 0.227204 0.371284 0.876221
PART 0
HKLF 4
REM 1b085 in P2(1)
REM R1 = 0.0735 for
data
REM 304 parameters refined using
END
WGHT 0.1242 0.2498
REM Highest difference peak 0.436,
0.051
Q1 1 0.6264 0.3204 0.8047 11.00000
Q2 1 0.6552 0.4074 1.0623 11.00000
Q3 1 0.8273 0.3581 0.7621 11.00000
Q4 1 0.8699 0.2981 0.9784 11.00000
Q5 1 0.6281 0.1980 0.8008 11.00000

0.

0.

10.

10.

00255

10.
10.
10.

10.

00255

10.
10.
10.

0.05
0.05
0.05
0.05
0.05

50000

50000

50000
50000
50000

50000

50000
50000
50000

43 restraints

deepest hole -0.267,

0.44
0.30
0.24
0.22
0.22

-20000

0.15332

-1.50000
-1.50000
-1.50000

0.15332

-1.
-1.
-1.

50000
50000
50000

4308

1-sigma level
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Table 1.

Identification code
Empirical formula

Formula weight

Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

90.655(3) deg.

deg.

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 23.32
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F"2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter

Crystal data and structure refinement for I1b085.

1b085
C30 H47 N 04 Si
513.78
200(2) K
0.71073 A
Monoclinic,

P2(1)

a
b

8.1637(4) A
10.6578(5) A

alpha = 90 deg.
beta =

c 17.6018(9) A gamma = 90

1531.38(13) A"3

2, 1.114 Mg/m™3

0.109 mm™-1

560

0.24 x 0.15 x 0.02 mm

2.23 to 23.32 deg.-

-9<=h<=8, -11<=k<=11, -19<=I<=19
19571 / 4308 [R(int) = 0.0553]
98.6 %

Semi-empirical from equivalents
0.9978 and 0.9743

Full-matrix least-squares on F"2

4308 / 43 /7 304

1.037
R1 = 0.0735, wR2 = 0.1810
R1 = 0.1068, wR2 = 0.2013

~0.2(3)
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Largest diff. peak and hole 0.436 and -0.267 e.A™-3
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Table 2.

displacement parameters (A2 x 1073) for 1b085.
U(eq) i1s defined as one third of the trace of the orthogonalized

Uij tensor.

Atomic coordinates ( x 10™M4) and equivalent isotropic

X Yy z uleq)
Si(D) 6090(1) 4093(1) 8884(1) 78(D)
o) 11501(2) 8360(1) 5194(1) 58(1)
0(2) 10034(2) 6900(1) 5767(1) 70D
0(3) 7969(2) 10119(1) 6724(1) 63(1D)
04 5761(2) 5512(2) 8575(1) 97(D)
N(D) 9815(2) 9011(2) 6081(1) 48(1)
c 10377(3) 7986(2) 5710(1) 53(D)
c®@ 11614(3) 9688(2) 5156(2) 70D
c(3® 10610(3) 10187(2) 5818(1) 50(D)
c4) 11621(3) 10803(2) 6448(1) 53(D)
c(B) 12492(3) 11974(2) 6193(1) 52(D)
Cc(6) 14155(3) 11958(3) 6079(2) 66(1)
c 14925(3) 13044(3) 5859(2) 77(1)
c(8) 14090(3) 14149(3) 5761(1) 68(1)
c(9) 12442(3) 14142(2) 5874(1) 67(1)
c(10) 11643(3) 13075(2) 6089(1) 55(1)
c(11) 8515(3) 9091(2) 6599(1) 52(1)
c(12) 7953(3) 7903(2) 7010(1) 52(D)
c(13) 8851(3) 7769(3) 7784(2) 66(1)
c(14) 7926(3) 6862(3) 8281(2) 69(1)
C(15) 6542(3) 6317(2) 8104(2) 64(1)
c(16) 5662(3) 6554(2) 7379(2) 77(D)
c@an 6047(3) 7839(2) 7037(2) 62(1)
c(18) 9083(4) 9007(4) 8218(2) 97(D)
c(19) 10562(4) 7231(3) 7633(2) 97(1D)
C(20) 5239(3) 8832(3) 7531(2) 84(1)
c(21) 5345(4) 7886(3) 6229(2) 20(D)
C(22) 8215(8) 3554(7) 8637(4) 142(1)
C(23) 8331(13) 3297(9) 7817(3) 142(D)
C(24) 8602(13) 2405(7) 9129(4) 142(1)
C(25) 7134(10) 4280(7) 9832(3) 142(D)
C(26) 8289(10) 5278(6) 10144(5) 142(1)
c2n 6858(11) 3299(6) 10445(5) 142(1D)
C(28) 4184(8) 3230(7) 8985(4) 142(1D)
C(29) 3755(12) 2765(8) 8174(3) 142(1)
C(30) 2916(10) 3982(8) 9320(4) 142(1)
c(22") 8045(9) 3473(7) 8447(4) 142(D)
c(23") 7830(13) 3388(8) 7581(3) 142(D)
c(24) 8516(13) 2156(7) 8725(4) 142(1)
C(25") 5543(8) 3829(8) 9884(4) 142(D)
c(26") 6858(8) 4797(8) 10192(5) 142(1)
cQr") 3881(7) 4386(9) 10052(5) 142(D)
c(28") 4503(8) 3366(6) 8184(5) 142(1)
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C(29") 4363(10) 1956(6) 8298(5) 142(1)
c(30%) 2674(8) 3867(7) 8248(5) 142(1)
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Table 3. Bond lengths [A] and angles [deg] for 1b085.

Si(1)-0(4) .628(2)
Si(1)-C(28) .819(7)
Si(1)-C(25") .843(6)
Si(1)-C(22) .883(7)
Si(1)-c(22") .898(7)
Si(1)-C(25) .876(6)
Si(1)-C(28") .940(7)
0(1)-C(1) .359(3)
0(1)-C(2) .420(3)
0(2)-c(1) .195(3)
0(3)-C(11) .204(3)
0(4)-C(15) .357(3)
N(1)-C(1) .356(3)
N(1)-C(11) .410(3)
N(1)-C(3) .488(3)
c(2)-C(3) .529(4)
C(3)-C(4) .522(3)
c(4)-C(5) .507(3)
c(5)-C(6) .374(3)
C(5)-C(10) .375(3)
c(6)-C(7) .375(4)
C(7)-C(8) .370(4)
c(8)-C(9) .363(4)
C(9)-C(10) .366(4)

C(11)-C(12)
c(12)-C(13)
c(12)-C(17)
c(13)-C(14)
c(13)-C(18)
C(13)-C(19)
c(14)-C(15)
C(15)-C(16)
C(16)-C(17)
c(17)-C(20)
c(17)-c(21)
c(22)-C(23)
c(22)-C(24)
C(25)-C(26)
C(25)-C(27)
C(28)-C(30)
C(28)-C(29)
C(22")-C(24")
c(22")-C(23")
c(25")-C(27")
C(25")-C(26")
C(28")-C(29")
C(28")-C(30")

.531(3)
.546(4)
.559(3)
.512(4)
.535(5)
.537(4)
.305(4)
.479(4)
.530(4)
.525(4)
.528(4)
.472(9)
.532(9)
.520(9)
.520(9)
.441(9)
.548(9)
.534(9)
.537(9)
.513(9)
.580(10)
.520(9)
.591(9)

RPRRRPRRRPRRPRRRRPRRRPRPRRRPRRPRRRPRRRPRPRRPRRPRRRRPRRRRPRRRPRRPRRRPRRPRRERRPRRRERRRRERRRR

0(4)-Si(1)-C(28) 111.4(3)
0(4)-Si(1)-C(25") 114.8(3)

493



C(28)-Si (1)-C(25")
0(4)-Si(1)-C(22)
C(28)-Si (1)-C(22)
C(25")-Si(1)-C(22)
0(4)-Si(1)-C(22")
C(28)-Si(1)-C(22")
C(25%)-Si(1)-C(22")
C(22)-Si(1)-C(22")
0(4)-Si(1)-C(25)
C(28)-Si (1)-C(25)
C(25%)-Si (1)-C(25)
C(22)-Si (1)-C(25)
C(22")-Si(1)-C(25)
0(4)-Si(1)-C(28")
C(28)-Si(1)-C(28")
C(25")-Si(1)-C(28")
C(22)-Si(1)-C(28")
C(22%)-Si(1)-C(28")
C(25)-Si (1)-C(28")
C(1)-0(1)-C(2)
C(15)-0(4)-Si (1)
C(1)-N(1)-C(11)
C(1)-N(1)-C(3)
C(11)-N(1)-C(3)
0(2)-C(1)-N(1)
0(2)-C(1)-0(1)
N(1)-C(1)-0(1)
0(1)-C(2)-C(3)
N(1)-C(3)-C(2)
N(1)-C(3)-C(4)
C(2)-C(3)-C(4)
C(5)-C(4)-C(3)
C(6)-C(5)-C(10)
C(6)-C(5)-C(4)
C(10)-C(5)-C(4)
C(5)-C(6)-C(7)
C(8)-C(7)-C(6)
C(7)-C(8)-C(9)
C(10)-C(9)-C(8)
C(9)-C(10)-C(5)
0(3)-C(11)-N(1)
0(3)-C(11)-C(12)
N(1)-C(11)-C(12)
C(11)-C(12)-C(13)
C(11)-C(12)-C(17)
C(13)-C(12)-C(17)
C(14)-C(13)-C(18)
C(14)-C(13)-C(12)
C(18)-C(13)-C(12)
C(14)-C(13)-C(19)
C(18)-C(13)-C(19)
C(12)-C(13)-C(19)
C(15)-C(14)-C(13)
C(14)-C(15)-0(4)

67.
110
131
114
108.
126
123.

11
105.
110.

43.

80.

91.

93

45
112.
110

99
154.
111.
135.
128
112.
119
131
120.
108.
106
100.
111.
114
113.
119
120.
120
119.
122
117.
121
120.
117
123.
119.
110.
110.
115.
108
109.
114.
108.
107.
107.
125.
123.

2(3)

.8(2)
:3(3)
.103)

9(2)

003

2(3)

22(3)

7(3)
3(3)
9(3)
1(3)
2(3)

.0(2)
.0(3)

2(3)

.0(3)
.3(3)

33
68(18)
54(18)

_44(19)

21(18)

.00(18)
.2(2)

1(2)
68(18)

.0(2)

58(18)
83(19)

.5(2)

2(2)

.3(2)

2(2)

.5(2)

1(2)

.0(2)

9(2)

:303)

4(2)

11(2)

6(2)
2(2)
51(19)
82(19)
6(2)

-7(2)

5(2)
4(2)
8(2)
4(2)
8(2)
7(3)
13
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C(14)-C(15)-C(16)
0(4)-C(15)-C(16)
C(15)-C(16)-C(17)
C(20)-C(17)-C(21)
C(20)-C(17)-C(16)
C(21)-C(17)-C(16)
C(20)-C(17)-C(12)
C(21)-C(17)-C(12)
C(16)-C(17)-C(12)
C(23)-C(22)-C(24)
C(23)-C(22)-Si (1)
C(24)-C(22)-Si (1)
C(26)-C(25)-C(27)
C(26)-C(25)-Si (1)
C(27)-C(25)-Si (1)
C(30)-C(28)-C(29)
C(30)-C(28)-Si (1)
C(29)-C(28)-Si (1)

C(24")-C(22")-C(23")
C(24")-C(22")-Si(1)
C(23")-C(22")-Si(1)
C(27")-C(25")-C(26")
C(27")-C(25")-Si(1)
C(26")-C(25")-Si(1)
C(29")-C(28")-C(30")
C(297)-C(28")-Si(1)
C(30")-C(28")-Si(1)

122.
114.
113.
110.
107.
108.
115.
109.
105.
113.
110.
107.
108.
132.
119.
113.
112.
104.
106.
113.
109.
106.
110.

93.
104.
111.
116.

7(2)
1(2)
1(2)
3(2)
8(2)
6(2)
2(2)
5(2)
12(19)
0(6)
6(6)
3(5)
7(6)
0(5)
3(5)
6(6)
2(6)
9(5)
7(6)
5(6)
6(5)
5(6)
7(5)
2(5)
5(6)
2(5)
205

Symmetry transformations used to

generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A™2 x 1073) for 1b085.
The anisotropic displacement factor exponent takes the form:

2 pi”2 [ "2 a*"2 U1l + ... + 2 h k a* b* U12 ]

U1l u22 u33 u23 u13 u12
Si(l)  84() 68(1) 81(1) 37(1) 23(1) 11(1)
0(1) 58(1) 34(1) 82(1) -11(1) 13(1) 11(1)
0(2) 81(1) 22(1) 107(1) -6(1) 12(1) 2(1)
0(3) 62(1) 34(1) 95(1) ~1(1) 32(1) -7(1)
0(4) 68(1) 78(1) 146(2) 60(1) 22(1) 12(1)
N(1) 46(1) 25(1) 74(1) 3(1) 9(1) 2(1)
c(1) 51(1) 28(1) 79(2) 2(1) -3(1) 4(1)
c(2) 66(2) 49(2) 96(2) 0(1) 19(2) 2(1)
c(3) 44(1) 35(1) 70(2) 3(1) 12(1) ~4(1)
c(4) 47(1) 40(1) 73(2) 9(1) 5(1) ~7(1)
c(5) 48(1) 42(1) 65(2) 2(1) -1(1) ~4(1)
c(6) 49(1) 51(1) 100(2) 8(1) -1(1) -5(1)
c(?) 49(1) 75(2) 106(2) 16(2) 6(2) ~29(1)
c(8) 76(2) 44(1) 85(2) -6(1) 16(1) ~21(2)
c(9) 87(2) 32(1) 84(2) 0(1) 2(2) ~1(1)
C(10)  56(1) 33(1) 78(2) -6(1) 5(1) -6(1)
c(11)  56(1) 25(1) 74(1) 1(1) 3(1) ~2(1)
c(12)  44Q1) 41(1) 71(2) 8(1) 4(1) ~9(1)
c(13)  46(1) 65(2) 87(2) 16(1) ~11(1) ~12(1)
c(14)  54(1) 83(2) 70(2) 22(1) -9(1) 1(2)
c(15)  58(2) 46(1) 87(2) 30(1) 14(1) ~2(1)
c(16)  48(1) 62(2) 122(2) 41(1) ~22(1) ~16(1)
c(17)  42Q1) 50(1) 94(2) 28(1) -5(1) ~14(1)
c(18)  100(2) 104(2) 87(2) 9(2) -29(2) -32(2)
C(19)  55(2) 108(2) 128(2) 47(2) -25(2) -7(2)
c(20)  44Q1) 62(2) 144(3) 37(2) 2(2) ~2(1)
c(21)  83(2) 74(2) 112(2) 38(2) ~46(2) -20(2)
c(22) 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(23) 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(24) 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(25) 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(26) 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(27) 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(28) 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(29) 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
C(30) 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(22") 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(23") 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(24") 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(25") 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(26") 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)

c(27") 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
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C(28") 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
c(29") 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
C(30") 153(2) 131(2) 142(2) 13(2) -7(2) 3(1)
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Table 5.

Hydrogen coordinates ( x 10"4) and isotropic
displacement parameters (A2 x 1073) for 1b085.

X Yy z uleq)
H(2A) 11163 9999 4666 84
H(2B) 12769 9961 5204 84
H(3A) 9760 10787 5626 60
H(4A) 10890 11017 6874 63
H(4B) 12442 10193 6639 63
H(6A) 14763 11207 6151 80
H(7A) 16072 13028 5772 92
H(8A) 14643 14896 5619 82
H(9A) 11836 14894 5802 81
H(10A) 10493 13095 6166 66
H(12A) 8312 7178 6692 63
H(14A) 8393 6672 8764 83
H(16A) 4468 6495 7466 93
H(16B) 5958 5894 7009 93
H(18A) 9628 8840 8706 146
H(18B) 8011 9391 8306 146
H(18C) 9757 9579 7918 146
H(19A) 11159 7134 8116 146
H(19B) 11164 7804 7302 146
H(19C) 10456 6411 7385 146
H(20A) 4047 8720 7514 125
H(20B) 5515 9669 7340 125
H(20C) 5634 8747 8056 125
H(21A) 4146 7871 6247 135
H(21B) 5733 7158 5942 135
H(21C) 5705 8659 5979 135
H(22A) 9008 4236 8771 171
H(23A) 9444 3021 7699 213
H(23B) 8076 4063 7531 213
H(23C) 7549 2637 7676 213
H(24A) 9702 2096 9013 213
H(24B) 7797 1744 9023 213
H(24C) 8555 2638 9667 213
H(25B) 6175 4769 10020 171
H(26A) 8566 5086 10675 213
H(26B) 7755 6100 10115 213
H(26C) 9292 5291 9843 213
H(27A) 7497 3520 10900 213
H(27B) 7207 2476 10259 213
H(27C) 5692 3270 10570 213
H(28A) 4391 2484 9317 171
H(29A) 2749 2264 8186 213
H(29B) 4655 2249 7983 213
H(29C) 3590 3489 7838 213
H(30A) 1910 3486 9357 213

498



H(30B)
H(300)
H(22B)
H(23D)
H(23E)
H(23F)
H(24D)
H(24E)
H(24F)
H(25A)
H(26D)
H(26E)
H(26F)
H(27D)
H(27E)
H(27F)
H(28B)
H(29D)
H(29E)
H(29F)
H(30D)
H(30E)
H(30F)

2710
3267
8962
8828
7625
6900
9515
7624
8712
5700
6775
6656
7957
3618
3048
3901
4884
3535
4041
5423
1973
2649
2272

4721
4251
4065
3042
4227
2839
1882
1570
2175
2948
4864
5621
4508
4244
3986
5290
3522
1617
1782
1561
3427
4769
3713

9002
9829
8568
7358
7373
7458
8469
8607
9275
10067
10745
9961
10059
10586
9727
9949
7655
7947
8823
8199
7879
8142
8762

213
213
171
213
213
213
213
213
213
171
213
213
213
213
213
213
171
213
213
213
213
213
213
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Table 6. Torsion angles [deg] for 1b085.

C(28)-Si(1)-0(4)-C(15)
C(25")-Si(1)-0(4)-C(15)
C(22)-Si(1)-0(4)-C(15)
C(22")-Si(1)-0(4)-C(15)
C(25)-Si (1)-0(4)-C(15)
C(28")-Si(1)-0(4)-C(15)
C(11)-N(1)-C(1)-0(2)
C(3)-N(1)-C(1)-0(2)
C(11)-N(1)-C(1)-0(1)
C(3)-N(1)-C(1)-0(1)
C(2)-0(1)-C(1)-0(2)
C(2)-0(1)-C(1)-N(1)
C(1)-0(1)-C(2)-C(3)
C(1)-N(1)-C(3)-C(2)
C(11)-N(1)-C(3)-C(2)
C(1)-N(1)-C(3)-C(4)
C(11)-N(1)-C(3)-C(4)
0(1)-C(2)-C(3)-N(1)
0(1)-C(2)-C(3)-C(4)
N(1)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(3)-C(4)-C(5)-C(10)
C(10)-C(5)-C(6)-C(7)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(9)
C(7)-C(8)-C(9)-C(10)
C(8)-C(9)-C(10)-C(5)
C(6)-C(5)-C(10)-C(9)
C(4)-C(5)-C(10)-C(9)
C(1)-N(1)-C(11)-0(3)
C(3)-N(1)-C(11)-0(3)
C(1)-N(1)-C(11)-C(12)
C(3)-N(1)-C(11)-C(12)
0(3)-C(11)-C(12)-C(13)
N(1)-C(11)-C(12)-C(13)
0(3)-C(11)-C(12)-C(17)
N(1)-C(11)-C(12)-C(17)
C(11)-C(12)-C(13)-C(14)
C(17)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(18)
C(17)-C(12)-C(13)-C(18)
C(11)-C(12)-C(13)-C(19)
C(17)-C(12)-C(13)-C(19)
C(18)-C(13)-C(14)-C(15)
C(12)-C(13)-C(14)-C(15)
C(19)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-0(4)
C(13)-C(14)-C(15)-C(16)

~144.
J103)
11.
-0.
96.
~101.
7.
179.
172.
-0.
173.
-5.
.4(3)
.2(2)
~167.
~115.
-5(2)
.9(2)
111.
177.
.4(3)
.9(3)
.5(3)
-4(4)
.9(2)
.0(4)
.3(4)
.9(4)
-3(4)
.0(4)
.6(2)
.8(2)
-8(3)
.2(3)
.15(19)
.8(3)
.9(2)
.7(3)
~137.
162.
.1(3)
39.
.3(3)
-79.
153.
122.
-3.
~120.
~179.
1.

142

-87

0(3)

0(4)
7(4)
2(4)
7(4)
1(4)
9(3)
1(2)
9(3)
8(2)
5(3)

6(2)
8(2)

2(2)

99(18)

6(2)
0(2)

6(3)

8(3)
3(2)
7(3)
0(4)
6(3)
7(3)
6(4)
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Si(1)-0(4)-C(15)-C(14)
Si(1)-0(4)-C(15)-C(16)
C(14)-C(15)-C(16)-C(17)
0(4)-C(15)-C(16)-C(17)
C(15)-C(16)-C(17)-C(20)
C(15)-C(16)-C(17)-C(21)
C(15)-C(16)-C(17)-C(12)
C(11)-C(12)-C(17)-C(20)
C(13)-C(12)-C(17)-C(20)
C(11)-C(12)-C(17)-C(21)
C(13)-C(12)-C(17)-C(21)
C(11)-C(12)-C(17)-C(16)
C(13)-C(12)-C(17)-C(16)
0(4)-Si (1)-C(22)-C(23)
C(28)-Si (1)-C(22)-C(23)
C(25")-Si(1)-C(22)-C(23)
C(227)-Si(1)-C(22)-C(23)
C(25)-Si (1)-C(22)-C(23)
C(28")-Si(1)-C(22)-C(23)
0(4)-Si (1)-C(22)-C(24)
C(28)-Si (1)-C(22)-C(24)
C(25")-Si(1)-C(22)-C(24)
C(227)-Si(1)-C(22)-C(24)
C(25)-Si (1)-C(22)-C(24)
C(28")-Si(1)-C(22)-C(24)
0(4)-Si(1)-C(25)-C(26)
C(28)-Si (1)-C(25)-C(26)
C(25")-Si(1)-C(25)-C(26)
C(22)-Si (1)-C(25)-C(26)
C(22")-Si(1)-C(25)-C(26)
c(28")-Si(1)-C(25)-C(26)
0(4)-Si (1)-C(25)-C(27)
C(28)-Si (1)-C(25)-C(27)
C(25")-Si(1)-C(25)-C(27)
C(22)-Si (1)-C(25)-C(27)
c(22")-Si(1)-C(25)-C(27)
C(28")-Si(1)-C(25)-C(27)
0(4)-Si (1)-C(28)-C(30)
C(25")-Si(1)-C(28)-C(30)
C(22)-Si (1)-C(28)-C(30)
C(22)-Si (1)-C(28)-C(30)
C(25)-Si (1)-C(28)-C(30)
C(28")-Si(1)-C(28)-C(30)
0(4)-Si (1)-C(28)-C(29)
C(25")-Si(1)-C(28)-C(29)
C(22)-Si (1)-C(28)-C(29)
C(22")-Si(1)-C(28)-C(29)
C(25)-Si (1)-C(28)-C(29)
C(28)-Si(1)-C(28)-C(29)
0(4)-Si (1)-C(22")-C(24")
C(28)-Si (1)-C(22")-C(24")

C(25")-Si(1)-C(22")-C(24™)

C(22)-Si (1)-C(22")-C(24")
C(25)-Si (1)-C(22")-C(24")

-70.
-3(3)
-25.
152.
-71.
169.

52.
-67.

59.

57.
175.
174.
-59.
-72.

76.
156.

10.
175.

29.
164.
40D
32.

111

-47

5(4)

6(4)
6(2)
1(3)
4(2)
2(3)
6(3)
1(3)
5(3)
8(2)
0(2)
3(3)
2(6)
3(7)
3(6)
3(15)
3(6)
2(7)
1(4)

6(6)

113(2)

61.
.5(5)
.4(8)
L9(D)
141.
.6(8)
78.
.5(7)
148.

-94
-31
151
77
166
28

102

114

0(5)

1(10)
7(8)
7(6)

2(D)
39.
.3(D)
101.

13.
-42.

66.
169.
178.

74.

0(6)

2(7)
6(12)
6(6)
3(6)
0(5)
3(3)
4(6)

.5(7)
81.
170.
-67.
-54.
161.
9.
177.
-45.
38.
76.
70.

1(5)
0(6)
2(6)
6(6)
9(5)
2(5)
6(5)
8(7)
6(7)
1(17)
6(6)
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C(287)-Si(1)-C(22")-C(24") -85.9(6)

0(4)-Si(1)-C(22")-C(23") -63.2(6)
C(28)-Si(1)-C(22")-C(23") 73.3(6)
C(25")-Si(1)-C(22*)-C(23") 157.8(5)
C(22)-Si (1)-C(22")-C(23") ~165(2)
C(25)-Si(1)-C(22")-C(23") -170.2(6)
C(28")-Si(1)-C(22")-C(23") 33.3(6)
0(4)-Si(1)-C(25")-C(27") 45.7(6)
C(28)-Si (1)-C(25")-C(27") -58.3(6)
C(22)-Si(1)-C(25")-C(27") 175.1(5)
C(22")-Si(1)-C(25")-C(27") -177.4(5)
C(25)-Si (1)-C(25")-C(27") 132.7(8)
C(28")-Si(1)-C(25")-C(27") -58.9(6)
0(4)-Si(1)-C(25")-C(26") -63.3(5)
C(28)-Si (1)-C(25")-C(26™) -167.3(6)
C(22)-Si (1)-C(25")-C(26") 66.2(5)
C(22")-Si(1)-C(25")-C(26") 73.6(6)
C(25)-Si (1)-C(25")-C(26") 23.7(5)
C(28")-Si(1)-C(25")-C(26") -167.9(4)
0(4)-Si(1)-C(28")-C(29") -178.2(5)
C(28)-Si(1)-C(28")-C(29") -60.7(6)
C(25")-Si(1)-C(28")-C(29") -59.8(6)
C(22)-Si(1)-C(28")-C(29") 68.3(6)
C(22")-Si(1)-C(28")-C(29") 72.0(6)
C(25)-Si (1)-C(28")-C(29") -41.1(10)
0(4)-Si(1)-C(28")-C(30") -58.9(6)
C(28)-Si (1)-C(28")-C(30") 58.7(6)
C(25")-Si(1)-C(28")-C(30") 59.5(6)
C(22)-Si (1)-C(28")-C(30") -172.3(5)
C(22*)-Si(1)-C(28")-C(30") -168.7(6)
C(25)-Si (1)-C(28")-C(30") 78.3(9)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for 1b085 [A and deg.].

D-H...A d(D-H) d(H...A)  d(D...A)  <(DHA)
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Glossary of Abbreviations

Ac acetate

acac acetoacetonate

Bn benzyl

Bu butyl

BulLi n-butyllithium

cat. catalyst or catalytic

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCM dichloromethane

DIBAL-H diisobutylaluminumhydride

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

dr diastereomeric ratio

equiv equivalents

Et ethyl

GC gas chromatography

GC/MS gas chromatography coupled to mass spectrpmet
HMPA hexamethylphosphoramide

HMQC heteronuclear multiple quantum coherence
HRMS high resolution mass spectrum

Im imidazole

KHMDS potassium bis(trimethylsilyl)amide
LDA lithiumdiisopropylamide

m-CPBA 3-chloroperoxybenzoic acid

Me methyl
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mp
ms
NMO
NOE
NOESY
OTf
OTs
OX.
PCC
Ph
ppm
quant.
rF
TBAF
TBHP
TBS
t-BulLi
TFA
TFAA
THF
TMS
tol
TPAP

XS

melting point

molecular sieves
N-methylmorpholine oxide
nuclear Overhauser effect
nuclear Overhauser effect spectroscopy
trifluoromethylsulfonate
toluenesulfonate
oxidation
pyridiniumchlorochromate
phenyl

parts per million

guantitative yield (i.e. >98%)

“to-Front” ratio = analyte elution distance hsmt elution distance

tetrabutylammonium fluoride
tert-butyl hydroperoxide
tert-butyldimethyl silyl

tert butyllithium

trifluoroacetic acid

trifluoro acetic anhydride
tetrahydrofuran

trimethylsilyl

toluene

tetrapropylammonium perruthenate

excess
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