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e ABSTRACT.

The reéctions of 3;(ortho—bromo?henyl)-i._—enotynronare
with n-3uli and g—BuLi/MgBrz.to vield respectively cinnamyl
alccohol and 2-indanol, are described and mechanisms are
suggested. In the n-Bull reaction no evidence of an intra-
molecular attack o¢‘the aryl anion at the internal epoxide

carbon was observed.

PART IX. . S -

A<tenpts to cyclize siyrene oxides, bearlns carbanion
stabilizing roups such as nhe wylsulfonylm egnyl cyano-
methyl or benzyl groups in the ortho position, to benzo-
cyclobutenes via 1,4%-elimination of the respective carb-
anion and subsequent cyclization of the ‘ortho- Ghl“Od’“eu 1ane
intermediates, were not successful. The products obtained
appeared tc be polymeric in nature. ' :

rlash vacuuﬁ thermolysis of or*thmethyl- and ortho-
benzylstyrene oxide -at 770°C/0,1 mmHg gave the rearranzed
aldehydes as a major product. The aldehydes were accompanied
with several deoxygenated, possibly dimeric, produc<s.

AN ~
PART TIIT.

The cyclization reactions of the carbanion generated
from methyl ortho-{phenylsulfonylmethyl}-benzoate with

dienophiles and simple carbonyl compounds are descr ed]

!
and mechanisms are suggested.In the case of benzaldehyde



il
. N\
the cyclization was followed by an elimination to yield
the unsaturated sulfone (93). \
‘The reaction between the dianion derived from ortho-
(phenylsulfonymethyl)-benzyl alcohol with dimethyl fumaraée,
.. diiodomethane and dichlorodimethylsilane were 2lso investigatgaf\

with dimethyl fumarate a novel seven-membered lactong (97)

was formed.
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GENERAL_INTRODUCTION. ' ) -

-

”

]
r - -

 The aglycon pértion of many biologicallj significant

natural products consist of pélycyclic systems containing
. - T - - - i s
aromatic rings. Such systems include steroids, antibiotics

and antitumor agerits. Well known examples are the female
sex hormone esfradiol (1) which 'exists in the body in

egquilibrium with esterone, another example is,dauorubicin}

{2) which is an antibiotic irxied in the treatment of many

types of human cancer.

. : T 2 .
In a review article in 1978 W. Oppolzer described
reactions of ortho-rquincdimethanes (3). Thgéé highly reactive

dienes can be generated in a number of ways:

a) By a 1,4-elimination reaction from suitably substituted |

ortho-xylene derivates. This method represented the first

described route to ortho-quinodimethanes and was originially

L]

¥

-
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carried-out_by H. Finkelstein in 1910 and 1ater studied

._ ' hmore carefully by M. P. ‘Cavall Cava showed thaﬁ treatment E
of the dibromide (&) w1th Nal generated the lntermedlate (5)
which was trapped with N Dhenylmalelmlde-to yield the tricyclic

derivative (6)

0
P B ~ Br | N—>2h
CHBr, NaT A
. e - )
CdBez
(&) ; — (5 3Br
- | O‘
-2HRBr N

2 OO

-

In recent years many interestingavariations of this
1,4-elimination have been carried out._These—have included
the thermolysis of the.ammonium.hydroxide (7)3. flash vacuum
thermolysis of ggzgg-chiorometh}l toluene (a)n'and nost
_recently the fluoride ion-catalysed elimination of +the SiMeB'
and NMeB.groups from (9)5.

As can be seen in Scheme 1 the ggzgg-quinodimethanea

exist only as-intermediates and rapidly react in a2



- variety of ways. Thése include dimerization to (10) via a.

. ' | (3
) [:::Ii - “ MeQ

L}

LT +217 cycloaddltlon. c¢onrotatory electrocycllc ring closure,
to (11) and trapblng with external dienophiles such as dimethyl

fumarate to give (12).

. - , eNM
. - ’ . 3
o
H .
(8) (9) &bye .
700°C =

0.1 mmHg - BunNF

\ CO0Me

C¥e = .
‘ C — 72 00Me

(11) (12)

Scheme 1

-,
RelaXed to the above elimination reaction are 2 series

of thermal or photolytic extrusions which have been shown to

yield (3). Among these are -the loss of S0, from benzothid-

° 2 6

phene-2,2-dioxide at 300 C , elimination of 002 from homo-

. phthalic lgctones?. photochemical extrusion of C=0 from

-
L3
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2-iﬁdanbﬁesz'8 and by loss of N2 ffom 3.u-dihydrophthalézinesz’9.
S) By thermal.reaction of ﬁenzo;yclobutenes. Benzocyclo-
butenes: when heated undergo ring opening to{égzgéyquinodi-
methanes. Early kinetic and stereochemical studies of 1,2-
diphenylbenzoéyclobutene addition reactions gave eVvidence
that the opening of the four membered ring (11—=3) was a
reversible conrotatory openingi?T intermediate dienes
thus generated pavg been trapped by a wvariety of dienophiles
both inter- and intramolecularly. A number of effective
synthesis of important natural prodgcts have been reported
usi e\intramolecular trapping of’ortho-quinodimethanes
as %he key step in generation of complex ring systems. These

2

app .ations have been reviewed by W. Oppolzer® and only -

two examples are briefly described here. ‘

/Illo

OH

OO —— OO0 N ——
0-

(13) - . ' (14)

(15) -

’ Scheme 2
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- In 1979 T. Kaﬁetani et. g;,li reported a stereoselective
. total synthesis of 14-¢x-hydroxyestrone methylether {(16).
In this synthesis the important-gmep is the qpening bf
the fuhctionaliggd benzocyclobutene (14), derived from the -
1-cyano—hﬁnethofybeﬁzocyclobutene (13) in a "multistep
reaction®, to give the gggggfqulnodlmethane (15) followed
by an 1ntramolecular trapplng to afford (16) in 45% yield.
See Scheme 2. . g | g

The key step in a pioneering total syhthesis of the
alkaloid (%)-chelidonine (20)'%, involved the thermal
conversion of the acetylene (17) at 120°C to the ortho-
quinod;m?thane (18) before cyclization to yield (19} in
73%. Sugégquent functionalization of the new double bond

resulted in a racemic mixture of (20). See Scheme 3.

0/—0 : -

¢ 5,000 120° . C.7H7OOC—N
9 I
(17) - (18) . -

Scheme 3



S
[

&=

_T;L réactive dienol (21) Ean‘bé generated either by
heating benzocyciobutenol in reflﬁxing toluene or via-
photoenollzatlon of ortho-tolulaldehyde 3. Scheme 4. Typically
these dlenes (21) can be trapped with reactive dlenophlles
such as acetylenic ester (22a) to nge the cyc’oadducus (22) via
an endocycllc addition process. Qrtho-substituted benzaldehydes
such as (23)_have been used as starting material for the

synthesis of lignan lactone derivativesil,

o OH o
oH A ' hv OHC
o0 — &L ——
1 H3 .
o (21)
~
0 cEo (222) MeQOCCSCCOOMe

e | S
(22) @

MeO OMe
OMe

Scheme &
-

These results show the importance of cyclobutene Zderivatives
and ortho-quinodimethanes in synthesis. Our intension was to
prepare compounds of .the type (25): Such compounds occure
as intermediates in the conversion {13—=14%) in Kametani's

steroid synthesisil. For this we envisaged two approaches.
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In Part I we describe our efforts o conVert (24) to (25)

via an 1ntramolecular openlng of the epoxide rlng whlle in

Part II the use of the styrene oxides (26) as a route to (25)

is investigated. Scheme 5.

Base ‘Base
T

Br R
(28) (25) (26)

R=(H.S()2Ph,CN.Ph.I)
Scheme 5

(ﬁ“

Al
Finally, in Part III we describe a bdbrief inveétigation
of the reaction of carbanions of the type (27) with

Migﬁael-acceptors_and electrophiles such as aldehydes,

ketones and 1,1-dihalo derivatives. Scheme 6.

_/ X
/N

Base

(27)

Scheme 6 *



Part I.

!

REACTIONS OF 3(ORTHO-BROMOPHENYI)-1,2-EPOXYFROPANE.

Introduction.

14
In 1976 C. K. Bradsher and D. C. Reames reported that

the ortho-bromo epoxides (28) undergo bromine-lithium exchange
at -100°C in a mixture of'THé and hexane (4:1) upon treat-
ment. with n-butyllithium. The intermediates (29) thus

Tormed cyclize to the five-member%é rings (30) but not

the six-membered rings (31) following J. F. Baldwin‘s "rules

10
for ring closure®. See Scheme 7.

| R
- H
0 n-Buli O\LQ? . (30)
R/@rh =100 C /@ < ' t’
(28) (29) 0
Scheme 7 R OH

| (31)
' \\h\ It has 21so been reported that the regioéhemistry'of the.
intramolecular epoxide opening of epoxysulfones can be
altered to favor formation of the larger ring by use of a

Grignard reagent rather than an alicyllithium as the base.ld® 16» 17

Scheme 8.
— AL
| OH

2 _ 2 CHaMgl

o
Ph502—<>—0H (95%)

Scheme 8
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The Grignard mediated reaction was_shown to i?volve
internal opening of the epoxide to an iodoalkoxide (32),
forma;ion of -an lx—éﬁlfonyl Grignard (33) and finaily
cyclization to (3%). Scheme 9. )

‘ . : e 8
- | o - CHoMEL 0 MeCH, CH MgT
Phsoz-/'\/<J PhSO, :
(32}
) 09 .
<] : -
D PhSO OH
PnSo,, /\/H Mg 2"'< > -
NG - (34)
_Scheme 9

Application of this idea to the compeunds (28) enabled
K. L. Dhawan et. g;:ls to synthesize the six-membered ring

derivatives (35) in good yield. Scheme 10.

poBuli X MgBr,
_ | - \klo °
-?8 c : -78 —e-0°C

(28)
| 0®
@:\)\/Br X
g® @J\OH
veo. CH (35) !

Scheme 10
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Halogen-metal exchange without opening of the epoxide
‘ring has also pfoved poséil?ie' for a series of ortho-bromo
or ortho-iodo styrene oxide -(36) . The ortho-lithiated epoxides
(37) when treated with e‘xce‘ss MgEr, were_éoiwerted into
. ben;zocyclobutenols (38) in excellent yields via the two

18
concurrent pathways shown in Scheme 11.

-0 . :
n-Buli MgBr2
—— ———— e —— i —
X - ] Li '

VgBr -
(36) X=Br,I : (37)
09 o
Br
S ’ ——
gBr 0g
| I O (83%)
- (38)
it HO —_—
MgBr : v
Scheme 11

These results suggested the possibility of obtaining -
either the benzocyclobutene derivative (39) or the benzocyclo-
pentene (530) startiqg/;;gé the epoxide (24) depending on the

reaction conditions. See Scheme 12.

— . Q0 .,
| : (39) h
_Br o
(24) ——— ©:>-Oh

Scheme 12 (50) w3
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Results and discussion.

-

-~ -

The epoxide (24}-was.prep?réd via two different routes.
In the first ortho-bromophenylacetic acid (41) was generated
from ggzgg-bromoﬁenzyl bromide by using 002(00)8 and carbon-
monoxide flow in a phase-transfer reactioni. The acid was-
converted to the corresponding aldehyde (42) by reduction with
LiAlH, followed by oxidation with pyridinium chlorochromate.
The overall yieldi was 22%. The aldehyde (NMR: -CHO at dJ=9,63
as a triplet J=2 Hz and -CH, as d doublet at &=3,83 J=2 Hz)
was trea*ed with trimethylsulfonium chloride in a phase-
transter reaction to give the epoxide (24) in 33% y*elalsThe
epoxide (24) had in the MR aliphatic H's at d =2,25-3,50 as

a complex multiplet, integrating for 5 H, aromatic H's at

8§=6,75-7,60 as a multiplet, integrated as 4H. Scheme 13.

r
;r CO flow : ;

(41)
.
@e
Me SCl
— Q™ QL b
Br
(42) (24)

Scheme 13

i) The author would like to thank S. Amaratunga for the
002(00)8 and technical help in preparation of (41).
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A second route to the epoxide (24) 1nvolved epoxldatlon
of o-allylbromobenzen 19, 20. To prepare additional quantltles
of (24) this route was/followed starting either with 1,2-iodo-
brdmobenzené of with 1,2-dibromobenzene and magn;sium meta121.

Schemg 1&#

::i ::x Mg :::i[:fgx
Br Br

Br .
(43) (24) : B

Scheme 14

The Grignard reagent (43a) was reacted with allylbromide to
form ortho-allylbromobenzene (43) which was epoxidized with
meta- chloroperoxybenzoic acid to give after‘purification
“-the epoxide (24). The overall yield, starting from either
- of the dihalogena’ced'benzenes, was only 11%. The low yield
was mainly due to unréécted starting material which was impossible
to separate from'the ortho-allylbromobenzene (%3) , despite the

22
use of home-mzde medium pressure chromatography columns™ . The

NMR spectra of (24) prepared via both routes were identical.
Treatment of the epoxide (2%) with n-Buli at -78°C for
2 minutes followed by the addition of MgBr2 and subsequent

warming to room temperature, resulted in the formation of one
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ma;or product, ‘whlch was purified by chromatography and )
'recrystalllzatlon from ether/hexane to give 55% yleld of whlte
needlelike crystals identified as 2-indazicl. (m.D. 68 -70°C,
Aldrich: m.p. 68 -71°C) NMR:-OH at &=1,72 as a singlet,
2Hy at §=2,92 doublet of doublets Jpy=h Hz J,5=16 Hz, 2H,
_at §=3,26 doublet of doublets J,y=6 Hz J,p=16Hz, 1Hy at
§=l,69 multiplet and 4 aropatic H's at §=7,10-7,30 multiplet.
The published NMR-spectra for 2-indanol23 is:-0H at & =180,
2Hg at d =2,85 doublet of doublets Jpx=t Hz Jp5=16 Hz, 2H, at
d=3,20 doublet of d%ublets Jax=6 Hz Jyp=16 Hz, 1Hy at d =4,65
multlplet and 4 aromatic H's at 4 =7,10-7,30 muitiplet.

The mechanism for the formation of 2—1ndanol (40) is shown

in Scheme 15 and is based on earlier workis’ 16, 17, 18

- n—BuLi ' MgBrz

Br i
(24). (44)
; H,0
O
-HOMgBr
(40)

Scheme 15

In this mechanism lithium replaces bromine followed by
metal exchange upon additiomn of excess MgBr,, the epoxide ring

is opened preferentially to (45) followed by intramolecular



v

< -
cyclization to give (40),after Quénéhiﬁg with water.

When the lithi?epoxide'(44)'ﬁas warmed t;.rgomrtemperature
the major reaciiOQ;Bfoduct was isolated by silica -gel column
chromatography and 1dent1f1ed as c1nnamyl alcohol (46) in 27%

/’,#leld. No other ﬁgkerlals could be'rdentlfled and and none of
the desired benzoécyclobutene derlvatlve (25) was apparently
formed as judged by a NMR-examination gf the crude reaction
product.

' The mechanism of the conversion of (24) to cinnamyl alcohol
could be either via an 1ntra— or intermolecular pathway. The
reaction of substituted epqxldes with lithium diethylamide (47)
gives allylic alcoh01524 25 Q48). The conversion (44-=48)

apgbars to be related to this general reaction. Scheme 16.

3

aLr — —
i

ot

. Base/’ \
() _— ] (-‘4-6)
. LiNEt,
10/—-’.‘01{0}12033 - ’\/-XH
-~ NeH=cicH,
(47) (48)

Scheme 16‘
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Part II.

3

-t *

REACTIONS OF ORTHO-SUBSTITUTED STYRENE OXIDES.

*

'Infrodudtion.-

-
- r .
r

The goal of the research described in this part of the

thesis was to investigate the possibility of effecting the

reaction shown in Scheme 17.

R:

< a = Br

i Base - b = SPh

- - O ¢ = SO,Ph
: N d = CN
‘R - e =Ph
12

(12) . (13) £ = x
Scheme 17 g =1

It has-been mentioned in the introduction that an easy
acess to compounds of the type (13) Qﬁuld be of considerable
synthetic importanceii. The interconversion was expecte& to
occur via a base-catalysed 1,4-elimination from (12) to give

the intermediate (21) which might either cyclize to (13) or

" be trapped by a dienophile. Scheme 18.

., O : OH
~ O‘- [ ——
) o’
Base (13)
3 A N J X\\::/ X
(12) (21) R '

Scheme 18 . , Ol
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"'Dliring the course of this research S. Djuric et. _;,zé
\reported a suce§sful appliéation of the above reactions. %
These workers were able to show,that reaction of the orthoe-
(trimethylsilylmethyl)-styrene oxide derlvatlve (49) with CsF
in diglyme at 27 °C gave ?0% yleld of 11Kk~ hydroxyesterone

methylether (51).

- <]
e ~ %’ Me

MeQ

(49) SiMe T (50) oS

(51) .

Scheme 19

The high affinity of F~ for silicon ( Si-F 540-570 kJj/mol ) .
is the key to this reaction. Attack of P~ at the trimethyl-
silyl group generates the electron pair which can cause the
1,4-fragmentation reaction to yield the intermediate (50).
See Scheme 16G.

In our work we investigated the reactions of the derivatives
of (12) where R= S0,Ph, CN, Ph, K and I. The choice of
sulfone was based on it's: .
a) cardanion stabilizing effect.‘Thereby allowing the generation
of (21). .
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b)* ability to introduce electrophiles xto it via the X-

*

" sulfonyl carbanion.
" .¢) ability to Ye nydrogenolyzed by Na/Hg to giye derivatives
with no sulfur. oo

-
d)ready-availabililty. »
The nitrile defivativa has similar properties to the sullone.
Iﬁ addition it represents a carbon substituent in (13) which
could sasily be nodlfled 1nto —COOH -CHO .and -szNH2 funections.

Prior to thls work M. Gllnskl s investigating the =

reactions of (12a) and (12b) hlch +turnedNout to be un-

successful.
&

Mg .

— - No Reactlion
(12a) =r ' }

0 ™ 1pa |

— e No Reaction

(12b) SPh

The probable reason for these'results is that in the case

of +he sulfide (12b) the carbanion igrnot formed, because the

sulfide does not sufficiently stabifize 2 benzylic carbanion.

The use of the sulfone should ingrease electron withdrawal

from the carbanion and thereforp stabilize it. In the case
of the bromide (12z) it appears;that it is simply not reactive \\\
enough to form the Grignard reagent, possibly due to the

steric hindrance of the ortho-substituent.
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-Results and discussion.

~

i Q:EQQ—(phenylsﬁlfonylmethyl)—styrene oxide (12¢) was
pr?pared via ‘Nv,. erent routes. Iﬁ the ?irs? ortho-(phenyl-
thiomefhyl)— ehzoic acid (52) was generated in 87% yield
from phthalﬁge by refluxing wifh KOH and thiocphenol in 2~ |

propanol. The acid was converted to the corresponding alcohol
. in 77% over=-all y;eld'via esterificatlon to the metbyleéter (53)
followed by reduction with LiAlH,. This dlcohol (54) (m.p. 66-
§7°C, and MR; =OK §=2,68, -CH,SPh §=b,14, CH,OH & =k4,68)

was oxidized with 2 equivalents of meta-chloroperoxybenzoic

acid to the ortho-(phenylsulfonylmethyl)-benzyl alcohol (55) in
guantitative yield (_m‘.p. 136-138"C, and MR: -OH 5¥3,07. .
-CH,S0,Ph 5=#.§1. -CH,CH &4,57 ). Oxidation?of this alcohol
with pyridinium.chromate and acetic anhydridez7 gaveqfhe
aldehyde (56) (m.p. 140-142 ¢, and MMR: -CH,S0,°h &=5,06,

-CHO §=9:93 ) in 63% yield. The epoxidation with trimethylg-a_\
sulfonium chloride was carried out under phase-transfer '
conditions ( CH,C1l,/ 50% NaGH'and PhCHz?TE‘cBeC‘l ) to afford the
styrene oxide (12¢) in 69% yield. The over-all yield of (12¢)
(m.Dp. 79-86::) ffom phthalide was 33%. The sfyrene oxide (12¢)
had a NMR spectrum that showed the typical ABX pattern for

the epoxide function: HA §=2,50 JAB=5’6 Hz JAX=2'6 Hz, HB .t

§=3,03 3,5=5,6 Hz Jpy=k.1 Hz, H &=3,90 J,4=2,6 Hz Jpy=h.1 Hzj

the benzylic CH2 showed an AB pattern because of the chiral

center on the epoxide ring §=b.42 and &=4.59 JAB=1b.1 Hz

(see Appendix 1 Figure 1)}. Scheme 20.



- LiAlH,;, u MCPBA . Cro,° 2Pyr
' —— - -
| = . X ‘Acetic
(54) 5@ (.55). 0=S=0 Anhydride
S0
&S &
K 'Me'3_301/ Q
-
(56) 0=5=0 - (12¢) 0=8=0
Schenme 20

+ In the second routeg-tolualdehyde (commercially available)' .
wés epoxidized with trimethylsulfonium chloride to give the
ortho-methyl- styrene oxide (12f) in 88% yield (b.p. 57-59"¢c/
0,32 muig, MMR: -CHy 8 =2,50 singlet, and the epoxide ABX
pattern with ¥, &=2,73 J,5=5,8 Hz J,y4=2,7 Hz, Hy &=3,20
J,5=5,7 Hz Jzy=3,7 Hz and Hy §=4,05 J,,=2,70 Hz J5y 53,7 Hz).
The methyl group was brominated with N-bromosuccinimide to

give ortho-{brdmomethyl)-styrene oxide (12a) in 92% yield
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{v.p. 1_22—12’4?/0,?5 mmHg, the NMR -spectrmn .showed the typical
‘AI'BX pattern for the epoxide portion and the benzylic —CHzBr
showed an AB pattern similar to that described for (12c) ). The
cofnpound (12a) has the very unpleasenf‘@;liti'e:s of a strong
lachrymator and’skin irritant. In the conversion of (12f)

. to (12a) little or no hydrogen é.bstrac‘tion occuréd from the
benzylic epogcide pos?i'l:ion. The bromine was exchanged for a
phenylsulfonyl group via a phase-transfer reaction ( CHZCJ‘Z/
H,0, PhSOez?\Ia and PhCHjEE't?Cl ) to give the styrene oxide (12¢)
in 68% yield. The NMR spectrum was identical with that
obtained from the first route. Schem'e'. 21.

s
<

ee e !‘..- ’
: \ﬁ Me SCl/Q \ . NBS

H
(121) 3
'- ‘.’ . \0
: fl NaSO Ph/Q
© {
(12a) Br | (12¢) 0=8=0

6

©

Scheme 21
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The ortho=(cyanomethyl)-styrene oxide (12d) was prepared

by tre tmgnt;of (12a) with potassium cyahide in a phase-

. ® O
reaction (CH2012/H20 and PhCHzNEtBCl) to give (124)

).The NMR spectrum again showed the -expected ABX pattern

e epoxlde hydrogens but in this case the benzylic

hydrogens in the CHZCN group appeared as & singlet in

cont i
rast to the comparable -CH2802P§ group in (12c) where

they occured as a AB system.

KCN/Q's 0

(12a) r {
®; Scheme 22 (12d) cN

..The ortho-(bromomethyl) ~styrene oxide {12a) was transfered
into the iodo derivative (12g) (crystals melting at room \
temperature) in 42% yield, by treatment with potaé%ium

jodide in refluxing acetone for 26 hours. Scheme é3.'The'

NMR spectrum of (12g) ‘showed the characteristic ABX pattern

for the epoxide protons and an AB pattern for the benzylic

—CHzI protons.

XI/acetone

(12g)
ScheJe 23
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The grtho-benzyl—styrene oxlde (12e) was prepared from
ortho-benzyl-benzyl alcohol (57) by oxidation with pyridinium
chlorochromate in CH,Cl, to the ‘aldehyde:(58) in 88% yield
(NMR : -CHzPh'}5=bL46 singlet, -CHO §=10,57 singlet). The
-t” aldehyde (58) was reacted with trimethylsulfonium chloride 7
g -in a phase-transfer reaction ( CHzclz/SO% Na0H and PhCHgﬁEtgga )

‘to give the grtho-benzyl-styrenoxide (12e) in 50% yield

ﬁh( slightly yellow oil, NMR: the enéxide protons showed the

usual ABX patitern and the benzylic -CH Ph protons showed up

" as a singlet, see Appendlx 1 figure 2). The over-all ‘yiela
féom (57) to the styrene oxide (12e) was 44%. Scheme 24,

L
.

, ae &
Pcc/.CE.C1l
oK 2¥-2 . CHO Me33c1/q
N _ CH,C1,/50%Na0H
(57} Ph -(58) Ph
(59) Ph Scheme 24

- - «The' styrene oxides_(lZer-lzg) were each treated with either
1DA or n-Buli. The reactions were geﬁerally kept at -78°C for
various periods of time and then allowed to warm to room
temperature prior to quenching with a saturated aqueous
ammonium chloride solution. The quenching was generally
carried out after TLQ examination of the reaction mixture had

)
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indicated the disappearance of starting material or that no
change of the reaction occured after an extended period of
time. In the case of the sulfone (12¢) and nitrile (12a)
addition of a solution of IDA in THF at -78°C £ave an im-.
mediate dark brown solution. This was taken as an indication
that the desired carﬁanion had been ge ed. During the
reaction pé;iod this colour tende?/ao versist or lighten
to almost yellow. Examination of Athe reaction mixture obtained
from thé'nitrile (12d) by TIC wi varioué solvent systems
sho&ed a very large number of spot stretching from the
base-line to the solvent front. The MMR spectrum of the
crude product showed only very broad signals in several
regions including the aromatic part ( 6‘=6,20-8,20). In additioﬂ
there was evidence for the incorporation of diisopropylamine
(doublet at &=1,27). Both the NMR and TIC were suggestive
of the formation of series of oligomeric/polymeric products.
Since no product seemed to be formed in major proportions this
reaction was not further investigated.

The reaction of the sulfone (12c ) with IDA (a/ 45 min. at
~78°C, ~=room temperature; b/ 30 min. at -78°C; followed
- by quenching with aqueous NH,Cl ) looked more promising. TIC
investigation of the crude reaction mixture indicated the
absence of starting material and the formation of twe ma jor
prodﬁgtg, both more polar than the starting material. Despite
considerable efforts no pure product could be seﬁarated vy
silica_gel chromatography, in spite of the reasonable separation
which appeared on analytical TIC, The “producté" were eluted

in only very small quantities and never as pure samples.
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.

;n thése cases also the NMR spectra of both the crude product
and thé_various'chromatography fractions could not be_inter-
preted. The reason for formation of very complicated mixtures
from (12c) and (12d) is possibly due to the exﬁected high
reactivity of the intermediates (21, R=80,Ph, CN ). The

electron withdrawing cha;acter of the -SOZPh and -CN groups
should make these 'dienes highly susceptible to any nucleophile
present in the reaction mixture. Such an addition would generate
the intermediate (59),'which.itself could add to any (21)
present in the mixture. A number of such reactions would

lead to a variety of oligomeric products. Scheme 25,

Scheme 25
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A similar result was observed by B. Goﬁiéndzs..fhe reaction
of (12¢c) with n-Buld in THF at -78°C immediately produced a
yellow coloured solution. The reaction mixture was kept

at -78°%C for 5 min., "then wermed to roocm témperature-and
‘quenched with aqueous NH)Cl. The NMR spectrum of the crude
product indicated considerable incorporation of butyl groups ,
possibly via direct opening of the epoxide, or by addition

of n-butyl lithium to the intermediate (21) thereby generating
(59), or a combination there of. The former po;sibility is
considered less likely since such a reaction should yield

a single product, namely the alcohol (60) (Scheme 26), and

epoxide opening by n-Buli ig not expected to be as.rap§d as

- the formation of a benzylic;'%-sulfone carbanion.lgpoﬁ’earlier
work in this laboratory it ha; been shown that/fﬁé) under-
went Br— Li exchange with n-Buli without epoxihe cleavagele.
The TIC of the above reaction mixture showed m;ny products,

again suggesting polymeric material as described in Scheme 25.

n-Bu

n-Buli | H

(12c) SOZPh .. (60} SOzPh

Scheme 26
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In a communication in 1958 F. R. Jensen and W. E. Colema.n29
'reported ( without experimental-details ) that a&—bromo-aﬁd'-
diphenyl-g;;hg-xylene'(gl) cyclizised to the 1,2-diphenyl-ortho-
cyclobutene (63) when treated with base. This result initially’
suggested to us that the benzylic hyd;égens (a2} in (61) might
be acidic enough to allow an 1,4-elimination to (62). We felt
that a similar elimination ,could result from (61) to give (63).
Further éonsideration of tﬂe mechanism for the the formation
of (63) from (61) indicated the possibility that (63) might
be formed over the carbenoid (64). The benzylic hydrogen (b)

X to Br, would certainly be more acidic than the hydrogens
of the CH2 group. Abstraction of this hydrogen followed by
loss of Br would generate (64). Intramolecular hydrogen

abstraction would then give the benzocyclobutene (43). See

Scheme 2?. +
Br - Ph
(b) H ' -
Ph Base
—_—
h Ph
Base
1,1-elimination ‘ ]

Ph
' E:::[:? (:> _~Ph
1H2 “Fh
(6%) Ph (63)

Scheme 27



-27-

The photolysis of ortho-methylphenyldiazomethane (63)
has been repor‘ted30 to yield benzocyclobutanes. Scheme 28.

CHN2 hv ) CH '
@Q I — D
_ H3 CH

(65)

Scheme 28

Despite the possibility that the formation of (63) from (61)
might not proceed via 1,4%-elimination we carried out thé
reactions of (12e) both with IDA and n-Buli fdllowing the
same reaction conditions as described for (12c) and (124d).

In the case of the IDA reaction the NMR of the crude
product indicated that 55%kof the starting material (12e)
was left together with several products containing the
diisopropylamine function. No evidence for cyclobutene
formation was found.

When the styrene oxide (12e) was treated with n-Buli at
x?8°C in THF a brown solution developed. The reaction was
slowly warmed to room temperature and quenched as usual.
TIC showed no trace of starting material but onte again
many small spots ranging from the baseline to the solvent
front. { 4:1 hexane/ethyl acetate). The NMR of tha crude
reaction mixture showed considerable n-butyl grRjup incor-
poration. The poor resolution in the spectrum suggested .
probable polymer formation.

Finally, reaction of ortho-methyl-styrene oxide (12f) with

respectively IDA or n-Buli gave results similar to those ob-
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tained for (12e). With IDA the major isolated product was
recovered starting material:\yhile n-Buli treatment gave some
recovered starting material b%t mainly pol{?eric products

and a small amount ( 13% by NMR ) of material which surprising-
ly showed the presence of an'aldehydé funetion. This was
tentatively identified as ortho-methylphenylacetaldehyde

(66) ( MR -CH, §=2,23, -CH,- §=3,63 doublet J=2 Hz and

-CHO &=9,66 triplet J=2 Hz ). The formation of such a product

is totally unexpected but a possible mechanism is shown in

Scheme 29.

(66) Scheme 29

It had earlier been found that bromination of (12f)
with NBS gave abstraction of a benzylic_methyl hydrogen
rather than the benzylic hydrogen of the epoxide. Under the
bromination conditions the Radical (67) abstracted Br from

NBS rather than opening the epoxide fuction to the diene radical
: ~
(68). Scheme 30. '

\ N
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0
NBS
. ;F i
H3 9H2
(12f) (67) 0 (68)

0

Scheme 30 0

In absence of NBS, and at high temperature there should
be 2 possibility of forming (68). The styrene oxide (12f) was
therefore refluxed in chlorcbenzene together with a catalytic
anount of benzoyl peroxide at 13000 for 12 hours. During the
» reaction time'gdﬂfgional amounts of benzoyl reroxide were
added. The crude-producthg}xture obtained on evaporation
cf the solvent was examihed by TIC and MMR, this indicated
the presence of two ccméounds, namely starting material (12%)
and ortho-methylphenylacetaldehyde (66) in a ratio of 5:1.

Scheme 31.

0 9 .
1 E i ‘

H 130 Ph-C1 _ ~H __

(122) . . (66) -

ol
Scheme 31 g x
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Probably thé aldehydg is obtained by acid catalysis, the
acid'being generated from decomposition of the peroxide.
In the introduction the flash‘vacuum t rmolysislof
ortho-chloromethyl toluene was described. This compound
lost HC1l at 700°C and afforded benzylcyclobutene in 70%

yield.¥ = . '

~ o= -~

: . — —
- A

A =~ ¢L O
NeEy Ol '
(8) . (3) ()

Again we hoped that thermolysis of the styrene oxide (12f)

might occur via an analogous 1,4-elimination to give (21)

which under the high vacuum thermolysis conditions should
cyclize to (13f). The ortho-methylstyrene oxide (12f) was
thermolysed at different temperatures and different pressures in
a flash vacuum apparatus containing a heating zone 13,5 x

2,5 cm. The apparatus (see Figure 1 Appendix 2} was made par?}y
of quartz to tolerate the high temperatures. The trapping of the
substances was done on a cold finger positioned before the
outlet to the vacuum pump. The thermolysis were made at a50°c/
0,025 mmHg, 765 C/0,1 mmHg and 770°C/12 mmEg. The starting
matefial wes preheated in a oven to 60°C before exposure to the
high temperatures. At 450°C/d,023 mrHg only starting material
(12f) was trapped ;id identified.‘When the temperatures was

raiséd to 765°C/0,1 mmHg all starting material disappeared
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{ observation made by interpretation of the NVR épectrum of

+he crude reaction prodgct). The ggzgg-methylphenylacetaldehyde
(66) could be identified from the above NMé spectrum and

the yield estimated ét 33% based on the integrations of

the aromatic and the aldehyde hydrogens. When the pressure

"was increased to 770 C/12 mmHg, which means .longer exposure
times, little or no aldehyde could be detected ﬁy NMR .

GC analysis (10% DEGS on Chromasorb I column) of the product
mixtures indicated ¢1ve products with Tespective retention ‘
times 37,5; 49; 105; 146 and 165 seconds. The first Deak
corresponded to the starting.material, which could be detected
'in a small amount irn the product ‘mixture from the reactlon
at 765°C/0,1 mmig and of course in the first 450 °c/0,025 mmig
reaction. The second peak was very intence in the 765.C/

0,1 mmHg product mixiure, buil absenxi}n the others. The peaks
* having the retention times 105, 146 and 195 seconds were
present in all samples except in the 450°C/0,025 mmHg case.

Column chromatography of the product mi xture (765°C/

0,1 mmEg) on silica gel with hexane as eluant gave two fractions
one which was very non-polar and consisted of more than one
component, and a second fraction which was pure aldehyde (66).

( colourless oil ) in 14% yield (NMR: -QHB c§=2,%3, -CH, d=3,62
doublet j=2 Hz and -CEO dJ=9,63 triplet J=2 Hz). 3C analysis

of the first non-polar fraction (59 mg from 50 mg starting
material) gave again the three peaks (105,146 and 195 seconds)
mentioned above. The MR spectrum of this mixture was complex
and could not be assigned to any specific compound. The

aromatic signals occured at J=?,06 and dJ=7,16, while

b
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the major aliphatic hydrogens were found as three peaks
near 552,85 and a singlet at <§=2.25..Sin§e the fraction is
extremely non-polar and since no.aliphatic signals occured
below 5=2.9 it is appearant that.the material no longer
contained oxygen and is thus a mixture of hyqrocarbons.
© The long retention times on the GC could only berreasonably
explained if the mixture contained structures based on
rdimerization® of the starting material coupled with loss
of the oxygen function. Timé did not permit re-examination
of the rgaction and identification o% the prodﬁg?s. Surprisingly,
a search of the litterature yielded ﬁo reports on thermolysis
of ortho-methylstyrene oxide or of styrene oxides in general.
In a ;§§t attempt the .styrene oxide (12e) was thermolyzed
at ??OJC/@EQB mmHg. The starting material was preheated
at ca 12030 before exposure to the high temperature. NMR
examinatiorn, of the crude product obtained showed results
similar to the above thermolysis of (12f). The ortho-bdenzyl-
phenylacetaldehyde (69) could be identified and the yield
estimated at 16&% based on integration of the aromatic and
aldehyde hydrogens. Purification of the reaction mixture
by preparative TIC (hexane/ethyl acetate 20:1) gave a major
fraction in 41%'yield1 The NMR spectrum of this fraction .
indicated the same type of "dimerization™ of staviing
material to hydrocarbons as observed for the thermolysis of
(12f) at 765°C/0,1mmHg (MR: aromatic protons &=7,4-7,0,
~CH,Ph 6=3,9 and two singlets at 8=2,9 and d&=2,4).
See Scheme 32.
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770 C/0,08 mmHg :
. - HO . Hydro-
: carbons

(12¢) Th - " (69) Ph

Scheme 32

The ortho-(iodomethyl)-styrene oxide (12g) was reacted
with magnesiu? in refluxing THF for 5 hours. After quénching
of the reaction four ma jor products were observed by TIC.
Chromatography on a silica gel column with hexane/ethyl
acetate (10:1) as eluant was not successful, but NMR
examination of the different impufé fractions showed that
‘no (13g) was obtained. Further investigation of this reaction

was not possidle due to lack of material and time.

{
-
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Conclusion.

It is quite obvious that none of the epoxides (12a—=12g) are.
convertible into the desired benzocyclobutylmethanol l
derivatives (13). The reason for our failures were discussed
in several instances. Obviously the modific{tdom due to
S. Djuric ex. 31,26, i.e. the fragmentation%:?\ggzgg—tri-
methylsilylmethyl styrene éxide is the method or choice for

the preparation of intermediates of the type (21).

0 ©
ro
R
SiMes . o (21)
Br
.Base . h
Ph -
O “\Ph
(61) Ph ' (63) )

; wé left several unresolved problems. In particular the
éést intfiging is the thermolysis of the ortho-substituted
styrene oxides. Also a consideration of the results from

F. R. Jensen and W. E. Coleman2§ regarding the base-induced
conversion of (61) tol(63) possibly via a carbenoid inter-
mediate suggest that compounds such as the bromo- or chloro-
sulfide (71), readily available by halogenation of (70),

might serve as useful precursors to substituted benzocyclo-

butenes. Scheme 33.

%
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Part III.

REACTIONS OF 2-CARBOMETHOXYBENZYL PHENYL SULFONE.

Introduction.

A number of recent publications have dealt with the concept
of building polycyclic systems based on the reactions of

ortho-substituted benzyl derivatives with Michael acceptors.

Scheme 34.

Scheme 34 (a) -X,-HY; (b) -HZO, =Y; (¢) -HX; (d) -X.
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In particular such a séheme should be valuable in the
synthesis of naphthol and naphthaquinone derivatives,
assuming that the X; or Y-gfoup can bé either eliminated
or exchanged for an oxygen function. Depending on the
nature of the substituents, the process can in prineciple
be repeated to give anthracene derivétives.

In 1965 W. Eisenhuth et. 31?1 reported the first
example of such an annelation utilizing homophthalacid
dimethylester (72) as the starting material. Base—cétalysed
condensation of (72) with &, -unsaturated carbonyl deriva-
tives gave dihydronaphthol derivatives in 40-55%. The

mechanism is shown in Scheme 35.

* Na/MeOH : RCH=CHCOOMe

. Qhle
K@ %t-Bu e
O0Me O0Me

OMe

(72)
s
0 ('OMe | o 0

o o™

R R
O0Me Q0Me

Scheme 35
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B. L. Chenard gt. al.?? expanded the above reaction
and used quinone monoacetals (?3)‘as Michael-écceptors to
produée anthrone derivatives (74) in 20-60% yield. Scheme
36. |

Scheme 36

When the naphthaquinone acetal (75) was used as the electro-
phile the tetracyclic products (76) were obtained in 60%
and 41% yield, respectively. Scheme 37.

O v
‘ R

ome Me0” Oue (75) O‘O.
S

COOMe (76) MecCO OMe
Scheme 37
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This condensation product_shows considerable similarity tq
the adriamycin aglycone and éuggests that such compounds
might be accesible via this general route.

One example is the synthesis of the framework of
olevine33 (77) where one of the critical steps was the
condensation between the carbanion derived from orsellinate
(78) and the (-methoxyenone (79) to afford the tricyclic

derivative (80) as a mixture of diastereoisomers in 40% yield.

Scheme 38.

MeOQ

MeQ -78%C

Scheme 38
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The use of afomatic sulfones and sulfoxides as anion
stabilizing groups has been investigated by F. M. Hauser
et. ai.34. The carbanion generated from the sulfoxide (81)
with IDA at -78°C was condensed wrth &, /> ~unsaturated
carbonyl derivatives to yield first the tetralone (82).
Aromatization 6f (82) to the i-hydroxy-2,3-disubstituted
nébhthalene (83) was accomplished by thermal elimination

of phehylsulfenic acld. Scheme 39.

IDA/THF - R,CH=CHCCR,
OEt -
e =) .

(31) SOPh oph_
0
- QO™
-PhSCH _ R,
(g2) SOPh (83)
Scheme 39

Later F. M. Hauser et. al.34' 35 found that the aryl-
sulfonyl substituted lactone (84) behaved similary but
offered considerable advantages in allowing repetitive

cyclizations. For example a2 number of tetracyclic hydro-

-



=]

Lt

naphtacene derivatives of the type (83) could be readily

generated according to Scheme 40.

0
0 | (35) DMS, K.CO
. ] 2 3
OEt -
IDA,THF -78°C acetone
Ar 02
(S4) R
e . MeO O D‘zo
-.t»ArSO2 - (87)
- QIO -
S .IDA,THF -78°C
—-CEt Med Arso,
R =H - 68%
_ R = COOMe &87%
R =

COMe 68%

Scheme 40
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The carbanion of 3-phenylsulfonyl-1(3H)-isobenzofuranocne
(34) was generated with IDA at -73°C and co&ﬁénsed with

5~ ethoxy—Z(SH) -furanone (85) to afford after methylatlon
3-ethcxy-h 9-dimethoxynaphtho( 2, 3-C) -furan-1({3H)-one (86)

in 65% yield. The ethoxy-group on (36) is replaced by an
ar&lsulfohyl group to allow the second annelation step.

The introduction of the terminal saturated ring was carried-
out by condensation between the carbanion derived frog

(Sé) with IDA and 2—cyclohéxene-1—one deqivatives.(S?) to
give the tetracyclic ketones, which after methylation

could be isolated in yields between 68% and S$7% for different
R-groups. The mechanism of theselannelation534’ 35, 36, 37

is shown in Scheme 41.

R,CH=CHCOR, B CO0Ry g

proy

0
e

Scheme 41

-
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In 1978 J. Wildeman et. §;,38 reported an extensive
study of the general reaction described in Scheme 34,

these authors utilized a varity of X-groups (d, CH., Ph, OEt)

3
in combination with Y equivalent to tosyl or niirile (see
scheme 42). A number of typical Michael acceptors, among
them d,ﬁ'-unsaturated ketones, aldehydes, ésters_and
‘nitriles, were studied. In these reactions, the arylsulfonyl
group was lost under the reaction conditions and typically
1,2,3-trisubstituted naphthalenes were obtained in 10-78%
yield. Again the use of the corresponding naphthalene rather
than the benzene substituted starting material provided a
route to phen;ﬁthrenes.

We have sfudied the reaction of 2o-(phenylsulfonylmethyl)-
styrene oxide (12c} and its potential as a source of‘ggzgg-
quinodimethanes. The preparation of (12¢) dis shown in
Scheme 20, A number of intermediates, eg. ester (53),
alcohol (55) and aléehyde (56) have structural requirments
necessary for a potentiai amelation reaction as described
above. Since these were available it was decided to in-

vestigate the several possible cyclizations.

0 z 0
W
. R,CH=CHCOR,
C T Q0L
o : R1
. W

Scheme 42

HorlX

X or OH

[n]
n



Results and discussion.

The methyl ortho-(phenylsulphonylmethyl) benzoate (89)
was prepared from methyl ortho-(phenylthiomethyl) btenzoate
(53) by oxidation with two equivalents of meta-chloroperoxy-
benzoic acide to give (39) as white crystals (m.p. 101-
102°C) in 9% Jield. Scheme 43.(M\R: ~CCH, §=3,73 and .
h d=5,05)

COOMe MCPBA ' OO0Me

2 equiv,
(53) S¥h . (39) S0pFh
Scheme 43

“

}
To investigate the reaction described in the introduction

we repeated the reaction between (89) and two Michael
acceptors. As Michael accptors we used dimethyl fumarate

and dimethyl maleate. When the sulfone (89) was added to

a mixture of NaH/t-BuOH in THF at room temperature, a

purple colour change occured immediatly. The Michael acceptor
was added and the reaction was kept at room temperature

for 20 hours prior to quenching Qith aqueous ammmonium

chloride. Both Michael acceptors yielded the dimethyl-
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1 -hydroxynaphthalene-2,3- dicarboxylate (91) (m.p. 102-
103 c, 1it. m.p. 145-160 039) in 60% and 74% yield,
respectively for the dlmethyi.fumarate and dimethyl maleate

( lit. yield for the condensation between ortho-tosyl-

’ methyl-ethylcarboxylate and diethyl maleate is ?6%38)..The

MMR spectrum of (91) showed singlets at &=3,91; §=3,94
‘and d=11,88 (-0H), and multiplets at & =7,38-7,30 4 aromatic
hydrogens and é;s.zs-s;ué 1 aromatic hydrogen*. Scheme 44,

MeQOC .
CO0Me Nal/t-BuCH 00Me ——AnCO0Me
5]
0,Ph :
(s9) 2 v (90) SOR
/=
¢ 0
?
QO
COOMe
(91)
Scheme 4@

* Footnote: B. J. Arnold et. §;?9reported the NMR spectrum
of (91) which differs from ours. Their methoxygroups have
the shifts ©=6,16 and T=6,70, whilst ours are at ©=6,07
and T=6,10. The reason for this difference could be due
to typing errors or impure material, lit. m.p. 145-160 C

2
decomp. 3 our m.p. 102-103 C.
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Since we had succesfully repeated the trapping of the

carbanion (90) with Michael acceptors we decided to expand

.

the reaction to include simple electrophiles such as
aldehydes and ketones. Such reactions should lead to lactones
of the type ($2). Scheme 45.

When benzaldehyde was reacted with (90¢) in THF con-
talnlng £-BuOK for 20 hours a white solid (m.p. 153-160 C)
was obtained in 56% yield. The analytical and spectroscopic
data ( IR: -OH 2500-3500 cm ™, -C=0 1700 cm™ >

1320 em L and symetric 1150 cm™1)

v -S0, asymetric
was consistent @ith the
structure (935. The formation of (93) most likely occured
via ring ‘opening of the intermediate (92). This reaction
is somewhat surprising since it represents an example of

a reverse 6~endo trigonal cyclization, a process disfavored

by 3aldwins rules. - Q\hh///

O
OQMe

/ © 0]
. . ’ oh

(90) SO0,Ph (92) ~ 27 A

COOH
(56%)
Ph

(93) S0,7h ‘Scheme 45
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Another possible mechanism is hydrolysis of the lactone
ring due to the presence of residual Koﬁ; followed by
elimination of the hydroxyl group from the produced inter-

" mediate to give the product (93). This path is mors unlikely
‘because the same result waé'obtained when the reaction was

.repeated in THF with IDA as base. Finally the hydrolysis

of the lactone ring could have occured during the workup
of the reaction, but the following elimination of water
is unlikely since A-hydroxy sulfones generally do not

undergo loss of wateruo. Scheme 46.

eGH/Héo COOK 00K
OH —————
H Ph Ph
SozPh _ (93) SozPh
 Scheme 46

Y

-In order %o obtain a J-lactone of the type (92) which

would not und%rgo direct elimination we decided to prepare

the monomethyl .derivative (94). Methylation of the carb-

anion (90) in THF with methyl iodide gave a product whose
NMMR spectrum indicated a 2:2:1 mixture of_(89), (94) and
the dimethyl derivative (95) based on the integration of
the -CH,-, -CH- and the two added methyl groups in the
dimethylated compoﬁnd. ﬁnfortunately separation by

chromatograpﬁ&'on silica gel was not feasible since analytical



is. ]

TIC‘showed only one spot in several solvent‘systems. Problems
in the mono alkylation of‘sulfone‘carbanions.have previously

been reported hq

COOMeLDAﬂMeI [:::I::OOMe [:::[:;f?Me [:::[:;;?Me

(90) SO,Ph (89) SO,Ph  (9k) S°z"‘h (95) S0P

The methylation of the sulfide ester (53) was also
briefly investigated. Treatment of (53) with IDA in THF
‘at -78°C gave an imediate violet coloured solution. Addition
of methyl iodide followe& by warming to room temperature
and subsequent work up. gave a product (0 29 gz) whose NMR
spectrum lndlcated a 5'1 mlxture cf mono- and dlmethylated
products. Because of separatlon dlfflculties and lack of
time this aspect was not futher persued.

Thg:carbanion {90) was also reacted wit& benzophenoﬂe
and cycloheﬁanone under the usual conditions. In the case
of benzophéﬁﬁne the two starting materials were recovered
{37% for.(89)) after & days reaction tiﬁe. No other products
could be isolated.

It aﬁpears that the‘initial_édduct formation is not
favorable ( cheme 47). This was confirmed in the cyclo-

hexanone case, were the appearently slow condensation of

the carbanion (90) with the carbonyl compound allowed.the
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self condensation reaction of cyclohexanone to occur.

PhCOPh . COQMe

OOMe — 8
=) _ - *h
h
(90) 0,Fh S0,Ph
Scheme 47

In order to synthesize heterdcyclic compounds we in-
vestigated the condensation reactions of the ortho-(phenyl-
sulfonylmethyl) -benzyl alcohol {55) with different eleétro—
philes. When (55) was treated with 2 equivalents of n-
Buli in THF and dimethyl fumarate at -78°C followed by
warming to room temperature, a seven membered lactone (97)
could be isolated in 43% yield as a white solid (m.p. f;;jh,ﬂ—_r—iw
117°C, for NMR see Appendix 1 Figure 3). The mechanism
of this reaction is shown in Scheme 48, and is possible
because it allows the largest distance between the two

anions in (96).

Me00C
H MNcoome
-_——e
n-Buli
(55) S0,Pn
- 0
H o
/“
PRS0 ONe (97) COOMe

Scheme 43
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The cyclization reaction between diiodomethane and the
carbanion (98) under phase-transfer conditions (CH,C1,/50%
NaOH and PhCHgﬁEt;%l) was also attempted.-but after 5 Qays
reaction time the only detectable compounds were the starting
matgfials. Instead the carbanion (98) was generated by
treatment with n-Buli in THF at -78°C and treated with dichloro-
dimethylsilane, followed by warming to room temperature
and work up. Product analysis b& TIC showed fhe Presence
“'of starting material and a complex mixture of préducts and
in the NMR spectrum of the crude reaction product no cyclo-

r

adduct could be detected. See Scheme 49,

v PP«
e E
0 -
e .
(98) so,en N O2fh
' Scheme 49
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Conclusion.

The cyclization reaction between carbanions of the
type (90) and different Michael acceptors leads to the
anticipated cycloadducts. When instead simple cartonyl
compounds are used as electrophiles the chosen reaction
route'is harder to predict. The character of the electrophile
is obviously very important, for example steric effecfs
can inhibit the reaction as in the case with benzophenone
( Scheme 47 ). Also the presence of more than one acidic

cA-hydrogen on the sulfone leads to the possibility of

subsequent elimination reactions as seen in the condensation
between (90) and benzaldehyde ( Scheme 45 ).

The reaction of the dianion (98) with Michael acceptor
dimethyl fumarate led to the formation of the seven-membered

lactﬁne (97).
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EXPERIMENTAL.

General methods.

Concentrations were‘preformed at reduced pressure. NVR
spectra were recorded using Varian HA-100, CFT-20, T-60CA or
EM}SOA instruments with deuteriochloroform as solvent unless
otherwise stated. IR spectra were obtained on a Unicam SP
1&00“instrument with chloroform as solvent. Mass spectra
were recorded on a Varian MS902 instrumerit. Melting points
were taken on a Gallenkamp instrument and are uncorrected.
Analytical TIC. were preformed on "Merk DC-Fertigplatten,
kieselgel F 254" and preparative TIC on "Merk PSC-Fertig-
platten, kieselgele_254". Column chromﬁtography was preformed
on 60-200 mesh 3aker silica gel. For microanal&tical data see

Fiéure 1 Appendix 3.

ortho-{Bromophenyl) -acetic acid (41)

ortho-bromobenzyl bromide (1,00 g, %4,0 mmol), agueous
sodium hydroxide (20 ml, 5 M) and benzyltriethylamonium
chloride (0,09 g, 0,4 mmol) in benzene (20 ml) were stirred
under CO for 1 hour at room temperature. Co,(CO)g (0,14 g,0,4
mmol) was then added. The reaction was stirred over night‘under
a slow strem of CO. The reaction mixture was filtered through
glasswool and diluted with water (100 ml). The aqueous layer was
acidified with 6 M HC1 and extracted several times with diethyl-
ether. The combined organic extrac%ions was dried over anhydrous
Mg504 and evaporated. The crude product was recrystallized
from ether/hexane to give pure (41) (0,74 g£,36%) as white

crystals m.p.97-98°C (lit. m.p. 105-106°C41).
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H NMR: -@é-coorz $=3,73 singlet; 4 aromatic H a: =6,87-
8,07 multiplet; -COOH d=10,87 singlet.
e mm:  -CH,- &=b2,3; -COOH &=174,3.

1 1

IR: . ' -OH 2400-3200 em ~; -COOH 1712 cm™~.

artho-Bromophenethyl alcohol : . :
A solution of (41) (0,63 g.‘é,9 mmol) in ether (3ml) was
dropwise added %0 a suspension of LiAlH) (0,12 g, 3,0 mmol)
in ether (7ml) at room temperature. The ;gaction was stirred’
for 20 minutes before work-up, as descﬁi‘%é; in reference 42,

42
to give the product (0,49 g, $3%) as a slightly yellow oil.

' MR:  -0H $=2,63 singlet; -CH,Ph ¢=3,00 triplet J=7 Hz;
-CH,OH &+=3,87 triplet J=7 Hz; 3 aromatic H & =7,0-
7,6 multiplet; 1 aromatic E 4=7,6-7,9 multiplet.
IR: " _OH 2750-3100 em™ I,
\
ortho-Bromophenylacetaldehyde (42)

gzzggrBfomophenethyl alcohol (0,49 g, 2,4 mmol) was
added to a mixture of pyridinium chlorochromate (1,1 g,
5,0 mmol) and sodium carbonate (1,1 g, 10mmol) in dichloro-
methane (10ml) and the reaction was stirred at room
temperature for 1 hour. Filtration through Florasil and
evaporation of the solvent left a regidue that was purified
on a silica gel column ( hexane/ethyl acetate 15:1 )} to
give pure aldehyde (42) (0,15 g, 31%) as a light yellow oil.
% om: ~CH,CHO §=3,83 doublet J=2 Hz; 3 aromatic K
Jﬂ=6,9-?,4 multiplet; 1 aromatic H d=7,4-7,7
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multiplet; -CHO & =9,63 triplet J=2 Hz;

3-(orthe-Bromophenyl) -1, 2-epoxypropane (24)

To a solution of (42) (0,15 g, 0,7 mmol), trimethyl-
sulfonium chloride (0,13 g, 1,0 mmol) and benzyltriethyl-
amméniﬁm chloride (50 mg, 0,2 mmol) in dichloromethane (2ml)
was dropwise added aqueous sodium hydroxide (50%, 1ml). The
reaction was stirred for 1 hour at room temperature prior
to dilution with water and extraction with dichloromethane
(3 x 5m1).The combined organic layers were dried over
anhydrous magnesium sulfate and evaporated to give the
crude product. Purification»on a silica gel column (hexane/
ethyl acetate 20:1) gave pure (24) (52 mg, 33%) as a colour-

less oil.

-

4 om: 5 aliphatic K d'=2,25-3,50 multiplet; & aromatic

Hd=6,75-7,60 multiplet. See Figure 4 Appendix 1.

ertho~Allylbromobenzene (43)

The Grignard reagent obtained from ortho-dibromobenzene2l
(14,9 g, 63 mmol) and magnesium turnings (1,75 g, 72 mmol)
in dry ether (115ml) was added to a solution of allyl bromide
(6,1ml, 72 mmol) in dry ether (15ml). The reaction was .
stirred at room temperature overnight, quenched with saturated
aqueous ammonium chloride and extraeted with dichloromethane.
The crude residue obtained on evaporation of the solﬁents
was separated on 2 silica gel column (hexane) to give a

1
3:4 mixture of ortho-dibromobenzene and (43) (3,2 g).'9

L&
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The reaction was repeafed with the alternation that
ortho-iodobromobenzene (7,0 g, 25 mmol)} was used as the starting
material, but according to the same procedure and proporticns
as above, to give after work-up, distillation (the fraction
with b.p. s4-46"c/0,1 ﬁmHg was collected) and purification
on a silica gel column (hexane) a 1:2.ﬁiﬁture of g;;hg;

i odobromobenzene and (43) (0,97 &)

¥ MR:  -CE,Ph d=3,50 doublet; <H, d=4,90-5,20 multiplet;
_cE= §=5,75-6,25 multiplet; & aromatic H 9=6,75-
7,75 multiplet. B

3-(ortho-Bromophenyl)-1,2-epoxypropane (24)

The above mixture of g;;hgjdibrombbenzene and (43) (3,2 g)
was rqfluxed for 6 hours together with meta—chloropéroxy-
benzoic acid (5,25 g, 26 mmol) in dichloromethane (50ml).
Work-up included washing withlaqueous sodium sulfite (10%)
and aqueous potassium hydroxide (10%) before drying over
anhydrous magnesium sulfa£e and evaporation. The crude
product was purified on a silica gel column {(hexane) to
give ortho-dibromobenzene (0,98 g) and pure (24) (1,49 g%?
The overall yield calculated from ggzgg;dibromobenzene

was 11%.
- 2-Indanol (Lo)

To a stirred solution of (24) (0,32 g, 1,5 mmol) in dry
THF (3ml) at -78°C under nitrogen, was added n-Buli (0,62ml,

\\‘L‘ﬁ.
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1,5 mmol, 2,4% M) and two minutes later Ngbr, (1,20m1, 3,0

mmol, 2,5 M). A yellow colour change occured. The reaction
 was slowly warmed to room temperature before quenching

with saturated agueous ammonium chloride and extraction

with dichloromethane (3x15ml). The combined organic extractions
were dried over anhydrous magnesihm sulfate and evaporated

to give a residue, which was separated on a silica gel

column (hexane/ethyl acetate 1:3) to give pure (4b0) (0,12 g,
50%) as white needles; m.p. 63-70 C from hexane/ether

( Aldrich m.p. 68-71C).

Sy
'

- ™

“H NMR: -0H §=1,73 singlet; 2 benzylic -CH, and -CH
ABX pattern: ZHBJ=2,92 doublet of doublets Jyp=
16 Hz Jgy=t Hz; 2H, 4=3,26 doublet of doublets
5 =16 Hz Jyy =6 Hz; Hy &=l,69 multiplet;
4 'aromatic H 8=7,10-7,30.

Cinnamyl alcohol (46) - .

To a stirred solution of (24) (0,41 g, 1,9 mmol) in dry
THF (5ml) at -78°C under nitrogen, was added p-Buli (0,80ml,
1,9 mmol, 2,4 M) which caused z immediate colour change to
yellow. The reaction was allowed to reach room temperature
before quenching with saturated aqueous ammonium chloride
and extraction'with dichloromethane (3x15ml). The combined
organic extractions were dried over anhydrous magnesium
sulfate and evaporated to give a residue, which was separated

on a silica gel column (hexane/ethyl acetate 10:1) to afford -

(k6) (70 mg. 27%) as the major product (identical with
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authentic material).

g;;hg-(?hen&lthiomethyl)-behzoic acid (52)

A mixture of phthaiide (67,0 g, 0,5 mol), thiophenol
(55,0 g, 0,5 mol) and potassium hydroxide (31 g, 0,55 ﬁol)
in 2-propanol (300ml) was refluxed under nitrogen ove;night..
The reaction mixture was diluted with water (500ml),
acidified with conc. HCl and extragped with dichloromethane
(4x100ml). Evaporation of the solvén%s left a crystalline
residue which was recrystallized.&T@m-ﬁexane/ether to
give pure (52) (106,2 g, 87%) as white crystals:m.p. -

114-115 ¢. (Li%. m.p. 1‘09-112°c43).

K NR:  -CH,- §=4,59 singlet; 8 aromatic Hd7,1-7,5
mﬁltiplet; 1 aromatie H 4=5,0-3,15 multiplet;
_-COOH §=12,30 singlet.

3¢ MR: -coOH $=173,1; -CH,Ph §=38,1.

IR: CO 1700 em™t; —OE 2400-3400 cm™t.

MS: m/e 244

-

\ 1

Methyl ortho-(phenylthiomethyl)-benzoate (53)

A solution of (52) (50,0 g, 0,2 mol) and conec. sulfuric
acid (25 ml) in methanol (300 ml) was refluxed over night.
The reaction mixture was diluted with aqueous sodium carbonate
(10%, 150 ml) and extracted with dichlorometﬂz;e (4x100 ml).
The combined organic layers were washed with aqueous sodium
hydroxide (10%, 100 ml), water (100 ml}, dried over anhydrous

magnesium sulfate and evaporated to give the crude product
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(53) (53,0 g, 96%), which was used in the following step
without further purification. A small amount was purified
on a silica gel column (hexane/ethyl acetate 13:1) to yield

(53) as a colourless oil.

¥ R -0CHy 923,80 singlet; -CH,Ph d=b,L7 singlet;
8 aromatic H d=7,0-7,7 multiplet; 1 aromatic
H JE?,75-7,94 nultiplet.

IR: CO 1720 em r.

o :
gzihgr(PhenyltEiomethyl)-benzyl alcohol (54)

A solution of (53) (25,0 g, 0,10 mol) in dry ether
(150ml) "'was added dropwise to a stirred suspension of
LialH, (2,8 g, 74 mmol) in dry ether (100ml). The reaction
was stirred at room temperature overnight. Work-up was
made as described in reference 42. The crude product was
crystallized from ether/hexane to give pure (5%) (20.5 g,
92%) as white needles: m.p. 66—67°C (lit. m.p. 6?-68°C)u3.

-

¥ MR:  -0H §=2,68 singlet: ~CH,PH =b,14 singlet;
-CH,-0 d=4,68 singlet; 9 aromatic H &7,0-7,5
multiplex.

e MR:  -CH,SPH 9=36,7; -CH,-OH 4 =62,9. )

IR: -QH 3100-3600 cm™*; free -OH 3530 cm™ 1.

MS: n/e 230
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artho-( Phenylsulfonylmethyl) -benzyl alcohol (55)
Meta-peroxybenzoic acid (9,7 g, %4 mmol) in .dichloro-

‘methane (50ml) was slowly added to a stirred solution of

(5%) (5,0 g, 22 mmol) in dichloromethane (10ml) at 0°C.

The reaction mixture was stirred at O C for further 1 hour,

washed with aqueocus sodium sulfite (10%, 25ml), aqueous

sodium hydroxide (10%, 2x25ml) and water (25ml). The organic
layer was dried over anhydrous magnesium ;ulfate and
evaporated to give the crude product which was recrystallized
from CH,Cl,/hexane to give pure (55) (5,63 g, 99%) as

white crystals: m.p. 136-138 C.

{V)

H NMR: -0H §»3,07 singlet; -CstozPh«f=4,51 singlet;
-CEQOH'§=R,5? singlet, 9 aromatic HJ =6,9-7,8
multiplet. ‘

¢ MR: - -CH,S0,Ph §'=55,1; -CH,0H §=62,2.

IR ~0H 3300-3550 cm™l; free -OH 3530 cm 1 -S0,,-

1155 em™? and 1325 cm~ L.

MS : _ m/e 262

ortho-(Phenylsulfonylmethyl)-benzaldehyde (56)

Chromium trioxide (3,1 g, 31 mmol) was added td a
stirred solution of pyridine (5ml, 62 mmol) in dichloro-
methane (20ml). After 15 min. a solution of the alecohol (55)
(2,2 g, 7,8 mmol) and acetic anhydride (3ml, 32 mmol) in
dichloromethane (5ml) was added and stirring continued for
15 min.. The reaction mixture was filtered through a short

silica gel column with ethyl acetate as eluant, followed
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by evaporation of the solvents to give the-crude prdduét.
Recrystallization from ethyl acetate/hexane gave (56) -
(1,3 g, 63%) as slightly red crystals:m.p. 140-142 C.

M wR: ~CH,SO0,Ph §=5,06 singlet; 9 aromatic K J=7,3-
| 8,0 multiplet; -CHO €=9,93 singlet.

B¢ ow: -CH,S0,Ph & =59,5; -CHO §=191,9.

1

IR: CO 1730 em™ t

; -S0,~ 1150 em™® and 1320 cm”l.

ortho-(Phenylsulfonylmethyl)- styrené oxide (12¢)
Aqueous sodium hydroxide (50%, 2,5ml) was added drop-

- wise to a stirred solution of (56) (1,0 €, 3.8 mmol),
frimethylsulfonium chloride (0,65 g, Smmol) and benzyl-
triethylammonium chloride (50 mg, 0,2 mmol) in dichloro-

& | methane (4ml). The reaction was stirred at room temperature
overnight, éiluted.with water (5ml) and extracted with
dichloromethane (3x5ml). The combfhed organic layers were
dried over anhydraus magnesium sulfate and evaﬁorated to
yield a residue which was purified on a silica gel column
(hexane/ethyl acetate 3:1) to give pure (12c) (0,72 g, 69%)
as white crystals: m.p. 79-80°C from CH,C1,/hexane.

1H NNR : See figure 1 Appendix 1; epoxide ABX pattern

Hy 8=2,50; Hy 6=3,03; Hy d=3,90 J,5=5,6 Ez

JAX=2'6 Hz JBx=b,1 Hz doublets of doublets;
oF

14,1 Hz doudblets; 9 aromatic H 5?6.?5—?.75

' ~CH,SO0,Ph AB pattern K, d =k,L2; 331624,59 Jap=
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multiplet.

3¢ MR:  epoxide C: CH d=50, CH, &=50,4; ~CH,SO,Ph

. &=59,4.
IR: -S0,- 1150 em™! and 1325 em”l.

MS: m/e 274 |

ortho-Methylstyrene oxide (12f) '

The same procedure as above was used for the prenaratlon
of ggzhg—methyl-styrene oxide (12f)¢ Startlng from Qrtho- tolu-
aldehyde (20,2 g, 0,16 mmol) the reactxon ylelded pure (129)
(14,8 g, 83%) as a colourless oil: bfp. 57 59 C/b 32 mmHg.

(1it. ®. p. 89 °c/10 mmnguu)
-— 1) - -
5 ow: ~cHy 822,50 singlet; epoxide]ABK pattern K,
- - 8=2,73; Hy 4=3,20; Hx Jlu 05 J45=5:8 Hz J,,=2,7 Hz

= d=6 -
JBX =3,7 Hz doublets of doublets. L aromatic H \/izéﬂ

-
7+75 multlpiet

-

3¢ wr: -CH, §=13,8; epoxide C: cn2 élgo i cx d=50,5.
MS: m/é 134 i

Qgggg-(Bromomethy13-styrene oxide (4Zajﬁ.

A mixture of (12f) (14,7 g, 0,11 mol), N'ﬁromosuccin—
imide (20 g 0,11 mol), benzoylperoxlde (0,2 g, 0,8 mmol)
and CaCO3 (1,0 g, 0,01 mol) in carbon tetrachlorlde { 60ml)
was refluxed over nlght rlltratlon and evanoratlon of the
solvent left a crudevﬁroduct, which was.distilled under

vacuum to give pure (12a) (23,5 g, 92%) as a colourless

0il: b.p. 122-124°C/0,75 mmig, .
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H MR:  epoxide ABX pattern ¥, 4=2,70; Hy d=3,20; H,
534.13 JAB=6 Hz Jax=3 Hz JBX=4 Hz doublets of
doublets; -CH,Br AB pattern H, $=6,11; Hy d=6,22
JAB=11 Hz doublets; 4 aromatic H<§=?.30 broad

singlet.

ortho-(Phenylsulfonylmethyl)-styrene oxide (12¢)

To a solution of (12a) (1,56 g, 7,3 mmol), benzene-
sulfinic acid sodium salt (1,25 g, 7,4 mmoi) and benzyl-
triethylammonium chloride (75 mg, 0,3 mmol) in dichloro-
methane (15ml) was added water (10ml). The reaction was
stirred at rpom'temperature overﬁight, extracted with
dichloromethane (4x10ml) and dried over anhydréus magnesium

sulfate. Evaporation of the solvents left a residue that

was purified on a silica gel column (hexane/ethyl acetate
3:1) %o give pure (12c) (1,37 z, 687) as a colourless oil.
The analytical and physical data were identical-with those

obtained following the first route.

ortho-(Cyanomethyl) -styrene oxide (124)
(12a) (12,0 g, 56 mmol), potassium cyanide (9.0 &,
0,11 mol) and benzylfriethylammonium chloride (0,5 g,
2mmol) were dissolved in dichloromethane (30ml). Water
(50ml) was added, and the mixture was stirred for 36 hoﬁrs
at room temperature. The reaction waé extracted with dichloro-
methane (3x30ml), dried over anhydrous megnesium sulfate

and evaporated to give a crude product (7,5 g). A part
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of this crude product (1,0 g} was separated on a silica

gel column (hexane/ethyl acetate 5:1) to give pure (12d).

(0,50 g) and pure starting material (12a) (0,21 g), this

corresponds to a yield of 42% (124d). -

1 . . é; ' . $=3.10: H.

H NMR: . epoxide ABX pattern H, =2,63; Hy 9=3,10; Hy
5*3.95 JABfé Hz J,¢=3 Hz JBX=M Hz doublets of
doublets; -CH,CN §=3,77 singlet; 4 aromatic H
§'=7,27 broad singlet.

IR: -CN 2250 cm™ !

ortho-(Iodomethyl)-styrene oxide (12g)

A solution of ggggg—(bromomethyl)—styrené‘oxide (12a)
(1,50 g,'?mmﬁl} and potassium iodide (1,4 g, 8 mmol) in
acetone (20ml) was refluxed for 26 hours. Evaporation of
the solvent left a crude product, which was taken up in
dichloromethane (30ml) and washed with aqueous sodium
thiosulfate (10%, 2x15ml). The organic phase was dried.over
anhydrous magnesium sulfate and evaporated to give a crude
oil. Separation on a silica gel column (hexane/CHZCl2 5:1)
yielded pure (12g) (0,77 g, 42%) as slightly yelldéw coloured
crystals that melted at room temperature.
1H ﬁMR: epoxide ABX pattern HA?J;2.73; HB J;3,25; HX

d=4,10 JAB=6 Hz JAX=3.Hz Jgx=5 Hz doublets of
doublets; -CH,I AB pattern H, d=4,48; Hy I=4,65

J..=10 Hz. 4 aromatic H J;?,IO-?,BO multiplet

A3
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ortho-PBenzylbenzaldehyde (58)

A mixture of pyridinium chlorochromate (5,7 g, 25 mmol)
and sodium carbonate (5,4 g, 51immol) in dry dichloromethane
(30ml) was stirred at room temperafﬁre.for 15 min.. ortho-
éenzylbenzyl alcohol (2,50 gy 12,6 mmol) in dry dichloro-
methane (20ml) was then added dropwise and the reaction
stirred for further 2 hours at room temperature. Filtration
through a short silica gel column with ether as-eluant
and evaporation yielded the aldehyde (Sé ) (2,18 g, 88?} as
39

a colourless oil.

-

Iy vw: ~CH,Ph d=t,40 singlet; 8

aromatic. 'E J?é}éo-7.éo;
1 aromatic H 537,5078,00 multiplet; -CHO 5310.57

siglet.

ortho-Benzylstyrene oxide (12e)
Aqueous sodium hydroxide (50%, ?mlf was added dropwiée

to a stirred solution of the aldehyde (583 (2,0 g, 10,2 mmol),

trimethylsulfonium chloride (1,7 g, 13 mmol) and benzyl-

triethylammonium chloride.(oflo g, -0,4 mmol) in dichloro-

methane (10ml). The reaction was stirred at room temperature

- for 1,5 hours, diluted with water (15ml) and extracted.

with dichloromethane (3x15ml). The combined organic layers

were dried over anhydrous magnesium sulfé%e and evaporated’

to yield a residue, which was purified onna silica gel

column (hexane/ethyl acetate 20:1) to giée pure (59) (1,1 g,

50%) as a slightly yellow oil. Fof'iH and 3¢ mm spectra

-

see Figure 2 a,b Appendix 1.
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H NMR: epoxide ABX pattern Hy d=2,60; Hg 4=3,03; Hy
'J=k;0ﬁ Jpp=5»8 Hz J,=2,7 Hz Jgy=k,1 Hz doublets
of doubléts; -CHzPh d=k,22 singlet; 9 aromatic H
‘ §=7,16-7,41 multiplet.
3¢ mR: ~CH,Ph _a’=\39.o; epoxide C: d'=50,5 (2C)
MS: " m/e 210

Attempts to cyclize the styrene oxides (12¢—-12g). -

(A). Reaction of ortho-{cyancmethyl)-styrene oxide (12d)
with IDA.

Lithium diisopropyl amide (IDA) was prepared by addition of
n-Buli (1,25mi, 3,0 mmol, 2,4 M) to 2 solution of diiso-

propyl amine (0,3 g, 3,0 mmol) in THF (iml) a% room temperature,

under nitrogen. The mixture was stirred for further 5 min. at
roomtemperature before cooling to ~78°C. A solution of the

styrene oxide (12d) (0,50 g, 2,8 mmol) in THF (6éml) was then added

. quickly. The reaction was slowly warmed to room itemperature
(1 hour) before quenching with saturated aqueous ammonium
chloride (5ml) and extraction with dichloromethane (3x5ml).
The combined organic extractions were dried over anhydrous
magnesium sulfate and evaporated to give a residue (0,55 g),
as a brown foam. Examination of the product mixture by
analytical TIC with various solvent systems showed a very
large number of smzll spots..The lH NMR spectrum of the
crude mixture showed very broad signals in several regions

including a doublet at 6=1,27 and aromatic signals at d=6,20-
' 3,20.
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(B). Reaction of gﬁ;ﬁg—(phenylsulfonylmethyl)-styrene oxide
(12c) with IDA.
The styrene oxide (12c) (0,28 gr 1,1 mmol) in dry THF (ﬁml)
was quickly added to a solution of IDA (1,2 mmol) in TXF
(2ml) at -78 °C, under nitrogen. The colour immediately
changed toc dark brown. The reaction was stirred at -78 ° ¢
for further 45 min. and was then allowed %o reach room
tempefature (1 hour). Workup, as described above, yielded
a crude product (0,31 g) as a brown foam. Examination of
the product mixture by analytical TIC (hexane/éthyl acetate
| 3:2) showed twe major spots, both more polar than the
starting material. Separation on a silica gel column (gradient
hexane/eth&l acetate 1:1 ethyl acetate) gave only small
anounts of impure materials.

The reaction was repeated, (12c)'(0,65 g, 2,% mmol),
with the change that it was stirred at -78 C°for 30 min.
and then quenched at that low temperature. Workup left
a crude product (0,68 g) as a light yellow Toam. Analytical
TIC (hexane/ethyl'acetate 3:2) again showed the presence of
two major spots. Separation of the product mixture on a
silica'gel column (gradient as above) again gave only
small aé;unts of impure materials. The 1H NMR spectra of
the crude products and the different impure fractions
showed all very broad signals in several regions including

a~ doublet at JEI.Z? and aromatic signals.
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(C). Reaction of ortho-{phenylsulfonylmethyl)-styrene oxide
(12¢) with n-Buli.

n-Buli (0,Sml, 1,9 mmol, 2,4 M) was added to a solution

of (12¢) (0,43 g, 1,6 miol) in dry THF (10ml) at -78°C,
under nitrogen. A yellow colour appeared instantly. The
reaction was stirred for 5 min. at -78°C and was then -
allowed %o reach room temperature (1 hour),followed by
workup, as described above, to give the crude prqduct

(0,42 g) as a brown oil. Examination of the mixture by
analytical TIC showed the presence o¢f many products in

small quantities. The 1

H NMR spectrum of the crude product
showed very broad signals including aliphatic protons at

d.=0.8-2,O,r=1.:-1c1 aromatic protons at é=6,30-8,70.

(D). Reaction bf ortho-benzylstyrene oxide (12e) with IDA.
The styrene oiide (12e) (0,20 g, 1,0 mmol) in dry THF

(2ml) was quickly added to a solution of IDA (1,1 mmol)

in THF (1iml} af -73°C, under nitrogen. The reaction was
stirred at -78°C for 30 min. and was then allowed to reach
room temperature (1 hour). Workup, as described above, left
a crude product (0,21 g) as a brown oil. Examination by
analytical TIC (hexane/ethyl acetate 4:1) showed starting

1

material as the major spot. The "H NMR spectrum indicated -

55% of (12e) (based on integration) and had a doublet at
d=1,27.
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(E). Reaction of ortho-benzylstyrene oxide (12e) with
n-Buli.

n-Buli (0,5m1, 1,2 mmol, 2,4 M) was added to a sclution of
(12e) (0,22 g, 1,0 mmol) in dry THF (5ml) at -78°C, under
nitrogen. A brown colour appeared instantly. The reaction
was stirred for 5min. at -78°C and was then allowed to reach
room temperature (1 hour), followed by workup, as described
above, to give the crude product (0,26 g) asva brown oil.
Examination of the proéuct mixture by analytical TIC
(hexane/ethyl acetate 4:1) showed that all the starting
material had been consumed, but once again many small spots
were present, ranging from the base-line *to the solvent‘front.
The iH NMR speétrum of the crude product had bad resclution
and proad signals, including aliphatic signals at Jégé?o-
1,@0 and aromatic signals at 5E6,50-7,9OT‘

(£). Reaction of ortho-methylstyrene oxide (12f) with IDA.
The styrene oxide (12%) (0,49 g, 3,7 mmol) in dry THF

(4ml) was quickly added to a solution of IDA (4,0 mmol)

in dry THF (1iml) at -78°C, under nitrogen. The reaction

was stirred at -78°C for 1 hour and was then allowed to
reach room temperature (1 hour). Workup, as described above,
left a crude product (0,52 g) as a brown oil. Examination
by analytical TIC (hexane/ethyl acetAté ,:1) showed staréing

material as the main component.
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(3). Reaction of ortho-methylstyrene oxide (12f) with n-Buli.
n-Buli (1,6ml, 3,8 mmol, 2,4 M) was added to a solution of
(12%) (0,50 g,3,7 mmol) in dry THF (5ml) at -78°C, under
nitrogen. A dark red colour appeard instantly. The reaction
was stirred at -78°C for 15 min. and was then allowéd to
reach room temperature (1 hour). Workup, as described above,
vielded a crude oil (0,51 g). Examination of the crude
mixture by analytical TIC (hexane/ethyl acetate 3:2) showed
the presence of starting material ana base-line spots. The
1H NMR spectrum of the crude product showed starting material
(12f) (23%, based on integratioﬁ over the -CH3 signal and

the aromatic protons), and also that an aldehyde derivative
had been generated, tentatively identified as ortho-methyl-
phenylacetaldehyde (66) (-CH, d=2,33 singlet; -CH,- &=3,63
5=2 Hz doublet; -CHO d=9,66 J=2 Hz triplet ; 13% based on
integration). There were also broad signals in the aliphatic

reglon JQO.?O-Z,O.

(H). Reaction of ortho-methylstyrene oxide (12f) with
benzoyl peroxide. -

Benzoyl peroxide (0,05 g, 0,2 mmol) was added to a solution
of the styrene oxide (12f) (0,49 g, 3,7 mmol) in freshly
distilled chlorobenzene (5ml) and the reaction was refluxed
for 12 hours (130°C). Additional amounts of benzoyl peroxide
(2x0,05 g, O,b-mmol) were added during the reaction time.
Evaporation of the solvent gave a crude product (0,61 g)

as a light;y yellow oil. Examination of the crude mixture
by analytical TIC (hexane/ethyl acetate 3:1) showed the

presence



-70-

X the starting material (12f) and 2 second more polar
compound. The 1H NMR specirum of the crude product showed
that the two compounds namely (12f) and (66) were present

in a ratio of 5:1.

(L). Reaction of ortho-(iocdomethyl)-styrene oxide (12g)
with magnesium.

o
The styrene oxide (12g) (0,53 g, 2,0 mmol) and magne sium
turnings (70 mg, 2,9 mmol) were refluxed in dry THF (5ml)
for five hours. Workup,as described above, yielded thé‘crude
product (0,27 g) as a dark brown oil. Examination of this
mixture by analytical TIC revealed the presence of four
ma jor products. Separation on a silica gel column (hexane/
ethyl acetate 10:1 ) gave two impure fractions (160 mg

and 90 mg). The !

H NMR spectra of the crude product and
the two fractions, respectively, showed the absence of

ény cycloadduct (13g) and no further interpretation could

be made.
Thermolysis of the styrene oxides (12e and 121)

All the flash vacuum thermolysis experiments were
carried out in an apparatus (see Figure 1, Appendix 2)
consisting of a bulb te bulb heater, a furnace and a cold

finger before the outlet to the high vacuum pump,

(A). The styrene oxide (12f) (0,13 g, 1,3 mmol) was preheated
to 60°c/0,025 mmHg before exposure to 450°C/0,025 mmig .

The material trapped on the cold finger was recovered by
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-washing with dichloromethane followed by evaporation of the
solvent to give back the starting material (0,15 g, 33%)

; | :

"as shown by GC and NVR.

(8). The styrene oxide (12f) (0,45 g, 1,3 mmol) was pre-
heated to 60°C/0,1 mmHg before exposure to‘?65°C/0.1 mmHg.

A crude product (0,32 g} was recovered from the cold finger.
Sep;ration of the crude product on a silica gel column
(hexane) gave pure aldehyde (66) (60 mg, 14%) and a very
non-polar fraction (60 mg). GC-analysis of the non-polar
fraction indicated the presence of three products (retention
times: 105, 146 an& 195 seconds) and the lH NMR spectrum
showed signals at‘5¥2,25 siﬁglet; three peaks near d=2,35;
and aromatic progghs-at'5=?.06 and 7,16 singlefs; integrating
as 1:1:2. -

(c). The styrene oxide (12f) (30 mg, 0,6 mmol) was preheated .
to 6006/12 mmiz before exposure to 770°C/12 mmHg. A crude
product (60 mg) was recovered from the cold finger. GC-

and NMR analysis showed the absence of the aldehyde (66),

and gave the same results as for the non-polar fraction’in the

1)

experiment (B).

(D). The styrene oxide (12e) (0,21 g, 1,0 mmol) was préheated
to 120°C/0.08 mmHg before exposure to 770°C/0,08 minHg .
A crude crystalline product.(0,16 g) was recovered from the

cold finger. Attempts to recrystallization failed. Examination
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of the crude product by analytical TIC (hexane/ethyl acétate
10:1) showed the presence gf one major product less polar
than the.starting material. Separation by preparative TIC
(hexane/ethyl acetate 20:1) gave the major fraction (85 neg,

1H VR spectrum of the

41 % recovery) as a white solid. The
crude product showed that an aldehyde derivative had been
generated, tentatively identified as ortho-~benzylphenyl-
acetaldehyde (69) (-CH,CHO 4=3,53 I=2 Hz doublet; -CH,h
553,93 singlet; -CHO JE9,&0 J=2 Hz triplet; 1 ﬁ based

1H NMR spectrum of the major fraction

on integration). The
showed signals at d=2,4 singlet; J=2,9 singlet; -CH2Ph

d'=3,9 singlet; and aromatic protons dtd=7,0-7,4 multiplet.

Methyl ggzgg;(phenylsulfonyl)Qbenzoate (39)
meta-Chloroperoxybenzoic acid (16,3 g,73.mmol) in
dichloromethane (10ml) was dropwise-added %o a stirred
sblutiggwof (53) (9,9 g, 3% mmol) in dichloromethane (160ml)
a?ffgom temperature. The reaction was then refluxed for
’Ifhour. washed with aqueous éodium sulfite (10%, 100ml),
"aqueous sodium hydroxide (10%, 2x100ml} and water (100ml)..
The organic layer was dried over anhydrous magnesium sulfate .
and evaporated to give a crude crystalline product. Re-
crystallization from hexane/CH2C12 gave pure (39) (11,0"g,
99%) as white.crystals: m.p. 101-102°C.
i R -0CH4 d=2,73 sing\lef"\: ~CH,S0,Ph &%5,05 singlet;
8 aromatic H d=7,20-7,70 multiplet; 1 aromatic
H &=7,80-7,90 multiplet. |

—

(£

0
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3¢ R -ocHy d=52,13 -CH,S0,Ph 4=59,2.
IR: CO 1720 em™l; -50,- 1315 ca

MS=., m/e 250

and 1150 cm 1.

Dimethyl 1-hydroxynaphthalene-2,3-dicarboxylate (91)
A mixture of methyl ortho-(phenylsulfonylmethyl)-benzoate

" {39) (b,h? g, 1,6 mmol), diﬁethyl fumarate (0,27 g, 1,9

mmol), sodium hydride (0,16 g ,6,7 mmol) and t-butyl-
alcohoi'(o.lj g, 1,8 mmol) in dry THF (5ml) was stirred

at room temperature for 20 hours. The reacfion.wés quencﬁed
Qith saturated aquéous ammonium chloride (5Sml) and extracted
with dichlorometharte (3xSml). The combined organic extractions
were washed with ﬁ;ter (5ml), dried over anhydrous magnesium
sulfate and evaporated to give a2 residué; Purification

on a silica gel column (ﬂ;xane/éthyl acetate 4:1) yielded
pure (91) (0,25 g, 60%) as white needles: m.p. 102-10300

from hexane/bH2012 (1it. m.p. 145—160°C,decomp.39)

¥ mr: 2 ~0CHy d=3,91 and d=3,94 singlets; 4 aromatic
H d=7,38-7,80 multiplet; 1 aromatic H d=3,23-
8,46 multiplet; -OH d=11,88 singlet.
3 mm: 2 ~0CH, d=52,6 and §=52,8; COE d=161,0; 200
d=169,7, d=170,4

IR: CO 1720 cm™ and 1670 em™>
MS: . m/e 260

The reaction was repeated following the same procedure
and guantities as deécribed above , with exception that

dimethyl maleaté was used instead of dimethyl fumarate.



fter workup the naphthol (91) (0,33 g, 74%) was obtained,
21l analytical and physical data were identical with the
above described.For h and 130 NMR see Figure 5 a,b Appendix 1.

Synthesis of the unsaturated sulfone (93) with potassium:
tert-dbutoxide as base

A.mixture-of (389) (0,47 g, 1,6 mmol), benzaldehyde
(0,20 g, 1,9 mmol)} and potassium tert-butoxide (0,22 g,
2.0 mmol} in.d;y THE (5ml) was stirred at room temperature
for 20 hours. The reaction mixture was diluted with water
(5ml1), extracted with dichloromethane (3x5ml), dried over
anhydroqs magnesium sulfate and evaporated. The residue

crystallized from hexane/ethyl acetate to give pure

(93) (0,33 g, 56%1 as white crystals: m.p. 153-160°C.

‘¥ MR:  (DMS0-dg) 15 ¥ §26,95-8,10 mult tiplet.

¢ MR:  (DMSO-dg) S=CE-Ph d=133,7; -COOH d=167,5.

IR: " (K3r pellet) -OH 2300-3500 cm™l; CO 1700 em~t;
-S0,- 1320 cm™! and 1150 en™t.

MS: n/e 364

Synthesis of the unsatﬁrated sulfone (G3) with IDA as base

‘A solution of (39) (0,50 g, 1,7 mmol) and benzaldehyde
(0,20 g, 1,9 mmol) in dry THF (5ml) was added to LDA (1,7
mmol) in THF (2m1) at -78°C, under nltrogen The reaction
was stirred at room temperature for 2 days, quenched with

saturated aqueous ammonium chloride (5 ml), extracted
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with dichloromethane {3x5ml), dried over arhydrous magnesium
sulfate and evaporated. The crude productrwas filtered
through.a short silica gel coiumn with ethyl acetate as -
eluant. Crystallization from hexane/etﬁyl acetate.géve
pure (93) (0,23 &, 37%) with the same analytical and
physical data as described above. ‘ ‘
Attempt to oonomethylate‘methyl ortho-(rhenylsulfonyl-
methyl)-benzoate (39)

~

A solution of (39) (O,h9_g. 1,7 mmol) and methyl

iodide (0,27 £, 1,9 mmol) .fn THF (4ml) was added to IDA

(1,9 mmol) in THF (1ml) at -78°C; under nitrogen.The reaction
was allowed to reach room temperature (1 hour) and was then
stirred at room témperaturo for 1 hour. The reaction was
quenched with saturarated agqueous ammonium'chloride'(Sml).

extracted with diéhloromethane-(jxsml) and dried over

. anhydrous magnesium sulfate. Evaporation of the solvents

R (94)- ~CH, §=1,65 J=7 Hz doublet; ~0CE, ' £=3,65

left a brown o;l (O 54 g) The 1z om spectrum of the

crude Droduct showed a ratio of 2}2 1 for {89), mono-

methylated product (9&) and dlmethylated product (95). ,-i;
ST s -
A R =

81nglet- ~CH 45,93 J=7 Hz quartet. .
H MR (95): 2 -CH, §=1,73 singlet; -0CH4 &=3,65 singlet.
. O :

-

1
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Attempt to monomethylate methyl ortho-(phenylthiomethyl) -

* benzoate (53)

A solution of (53) (0,5 g, 1,9 mmol) and methyl iodide
(0,28 g, 2 mmol) in THF (4ml) was added to IDA (2,1 mmol)
in THF (iml) at -78°C, under nitrogen. The reaction was
stirred at -78°C for 15 min. before it was alloweq/to
reach room temperature (1 hour) and was then étifged at
room tempefature for 1 hour. The r%actibn was quenched

_ . { :
with saturated aqueous ammonium chloride (591),’extractedx

/
with dichloromethane (3x5ml) and dried over anh¥drous

magnesium sulfate. Evaporation of the solvents ;Xft a

crude proguct which was purified on a silica gél olumn
(hexane/éthyl acetate 4:1) to give a colourless 0il1\(0,29 g).
The 1H NMVR spectrum showed a ratio of 5:1 for monome;;ylated

product dnd dimethylated product.

14 MR (monomethylated product): ~CH §=1,60 J=7 Hz doublet;
-OCH3 §=3,77 singlet; -CH d=5,53 J=7 Hz quartet.

14 MR (dimethylated product): 2 -CH3 d=1,75 singlet;
-QCHB.JE3,77 singlet. '

Reaction of méthyizggzgg-(phenylsulfonylmethil)—behZoaté
(89) with benzophenone :

A mixture of (39) (0,39 g, 1,3 mmol), benzophenone
(Q;ﬁo g, 1,6 mmol), sodium hydride (0,04 g, 1,7 mmol) and
t-butyl alcohol (0,12 g, 1,7 mmol) in dry THF (4ml) was N

stirred at room temperature for & days. The reactiom was
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quenched with saturated aqueous ammonium chloride (5ml),
extracted with dichloromethane (3x5ml) and dried over
anhydrous magnesium sulfate. Evaporation of‘the‘solvents

gave a residue, which was separated on a siliea gel column

(hexaqe/ethyl acetate 10:1) to afford (89) (0,15 g, 37%

-ftecovéry) and benzophenone (0,11 gy 38% recovery). No

other products were isolated3

Reaction of methyl ortho-(phenylsulfonylmethyl)-benzoate
(89) with cyclohexanone
- The above reaction was repeated with the exception

that cyclohexanone (0,15 g, 1,5 mmo;) was used instead of

benzophenone. .Workup yielded a brown oil (0,56 g). Examination

by analytical TIC (hexane/ethyl acetate 4:1) showed many
smzll spots, ranéing from the base-line to the solvent
front. The 1H NMR spectrum of the crude product had bad
resclution and broad/signals, including aliphatic signals
at d=0,8-2,3 and aromatic signals at d=5,5-7,9.

Syniiesis 3f the seven membered lactone (97)

To a s;iution of ggggg—(phenylsulfonylmethyl)-benzyl
alcohol (55) (1,00 g, 3,8 mmol) in dry TEF (20ml) at -78°C
under nitrogen was added p-Buli (3,5 ml, 3,4 mmol, 2,4 1),
The reaction was -stirred at the low %émbera?ure for 1 hour
before it was allowed to reach room femperatﬁ}e (1" hour).
Dimethyl fumarate (0,57 g, %,0 mmol) was then added and
the reaction stirred for anocther is mln. at room temperature

prlor to quenching wzth saturated agueous ammonium chloride
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(10ml), extraction with dichloromethane (3x15m) éﬁgparying
over anhydrous magnesium sulfate. Evaporation of the solvents
left a ré%idue, which after crystallization gave pure
(97) as white crystals: m.p.115-117°C.
"B MR:  -CH,~COOCH, §=3,63 singlet;‘-OCHB §=3,74 singlet;
~CH,-0C0~ 4=5,10 singlet; -CH= d=7,08 singlet;
4 aromatic H &=7,40 broad singlet. .
3¢ am: -CH,-C00CH, d=40,7; -CCH, §=52,2; -CH,-0C0-
4=68,5; 2 CO &=165,3 and 171,%.

1

TR : -coocn3“173o em }and , -unsaturated CO

1705 em~ 1.

MS: 7 m/e 232

Attempt to cyclize ortho-{phenylsulfonylmethyl)-benzyl
alcohol (55) with diiodomethane

Aqueous sodium hydroxide (50%, 3ml) was added dropwise

"to a stirred solution of thé alcohol (55) (0,20 g, 0,8

mmol), diiodomethane_(o,h9 g, 1,5 mmol) and benzyliriethyl-
ammonium chloride (0,01 g, 0,04 mmol) in_dighloromethane
(3ml): The reactibq was stirfed at. roon teﬁﬁératﬁre for

5 days ﬁefore dilution';ith water {4ml) and‘extractibn

with dichléromethane (3thi). The combined organic extractions
were dried over anhydrous magnesium sulfate and evaporated

1.

to yield a crude product (0,53 g). The "H NMR spectrum

of the crude product showed only %he‘preSence of starting

®

materials.
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Attempt to cyclize ortho-(phenylsulfonylmethyl)-benzyl
alcohol with dichlorodimethylsilane ;

n-Buli (1;?ml, 4,1 mmol} 2,4 M) was added to a solution
of (55) (0,43 g, 1,3 mmol).and freshly distilled dichloro-
. dimethylsilane (0,25 g, 1,9 mmol) in dry THF (5ml) at
-78°C, under nitrogen. The reaction was stirred at that
low temperature for 15 min, before it was allowed to reach
room temperaturé {1 hour). The reaction was guenched with
saturated aqueous ammonium chloride (3ml) and extracted
with dichloromethane (3x5ml). The combined organic extractions
were dried over anhydrous magnesium sulfate and evaporated
to give a crude product (0;68 g). Examination of the crude
product by analytical TIC (hexane/ethyl acetate 1:1) showed
-the presence of the starting material (55) as the major
spot and also many small spots, ranging from the base-line

13 NMR spectrum showed the presence

to the solvent front. The
of (55) (43%, based on integration over %the benzylic and
aromatic protons), and also of products that gave raise
to broad sighals wifh bad resolution, including- signals
in the aliphatic region §=0-2.0 én@ the aromatic region

& =6,3-8,0.

-3
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The reactions of 3-(ortho-bromophenyl)-1,2-epoxy-

. propane with n-Buli and n-Buli/MgBr, were studied.

The products were- cinmamyl alcchol and 2-indanol

respectively.

The possibility of converting several electro-
negatively substistuted ortho-styrene oxlide derivatives
via carbanions,.éenerated with EDA; n-Bull or Grignard
reaction, into benzocyclobutyl methanol -derivatives was
studied. It was concluded that this does not represent

a viable route.

The flash vacuum thermolysis (770°C/0,1 mmHg) of ortho-

methyl- and ortho-benzylstyrene oxide was briefly

‘investigated and shown %o yield the rearranged ortho-

substituted phenylacetaldehyde as a major product.
Several other, as yet unidentified, deoxygenated
products were also found.

The reactions of the carbanion derived from methyl-

ortho-{ phenylsulfonylmethyl) -benzozate with dienophiles

and simple carbonyl-compounds were investigated.

The dianion'generated from ortho-(phenylsulfonylmethyl)-

benzyl aicohol reacted with dimethyl fumarate to give

the seven-membered lactone (97).
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6. In the course of these investigations 16 new
compounds were synthesized.
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Appendix 1; Figure 1 a), 13 om speqtrpm o? ortho-(phenyl-

sulfonylmeth&l)-styrene oxide (12c); 80 MHz NMR
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Apnendlx 1-':1gure 1 ), 3C NMR spectrum of‘brtho-(phenyl-

-

sulfonylmethyl) -styrene oxide (12c). 80 MHz IR
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'Appendix‘ 1; Pigure 2 a), 3‘.’r-I NMR spectrum of ortho-benzyl-
- . : 1 _
styrene oxide (12e), 30 MHz MR
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Appendix 3:; ‘Fi_gure' _3 aj ’ 3'H NMR‘ spectrum of the seven- -
’ membered lactone (97), 100 MHz MR
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Appendix 1; Figure 3 D), 13 nw spectrum of +the

méggszgg_lactone (97X, 80 MHz NMR
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© Appendix 1;'Figure &, IH NMR spectrum of 3-(ortho-bromo-
phenylf—i,z-epoxypropane (24), 80 MHz NMR -
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Appendix 1; Figure 5 a), B NMR spectrum of (91), 100 MHz NMR
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Appendix 3 °

Figure 1,
Compound

(53)
(12¢)

(12e)
(121)
(39)
(93)”
(97)

* Calculated value

c %

69,74
65,67
35,63
30,56
62,05
59,21
67,23

S % = 8,80

Calculated value

H &

546

5,14

6,71
7,51
4,86
L,43

5,21

; FPound

Found

c %

70,17
65,63
35,65
30,72
61,39
69,11
66,66

%‘= 8!?3

5,53
5:35
6,53
7272
4,52
b, ss
5,29





