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- ABSTRACT

This thesis deals with the synthesis’ of non-enolizable derivatives
of a- and B-peltatin. A.method for isolating pure a- and g-peltatinmr™
via their Efbuty1dipetﬁ}1.si1y1 ethers was developed. Substitution ét
C2 was achieved byrformation of the respective éno]ate anions with LDA
follawed by trapbiﬁg with various electrophiles. It was foundlthat ‘
suta}stitution'at-c2 with a methyl group produced derivatives retaining
the desired trans-lactone ring stereochemistry. Desilylation of thesel‘
2-methyl {trans) derivatives by treatment with TBAF resuftéd in
compdhnas which showed significant levels of antitumour activity

against P388 leukemia. An attempt to prepare the tetra-acetyl glucoside

of B-peltatin was also made.
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INTRODUCTION

- Podophylium is the dried roots and rhizomes of species of |

v

Podophyllum ( "family: Berberidaceae ).I Podophyl]uﬁ peltatum Linnaeus

( Figure 1), commonly called May Apple, American Mandrake, Indian
Apple, Wild Lemon or Duck's Foot, ig found in moist, shady wood]ands_
and marshy meadows throughout*fhe region east of the M$ssissippi from
southgastern Canada to thenGu1f of Mexico. The Indtan species,

Podophylium emodi Wallich, was discovered by Wallich in 1824 and

grows in the interior ranges of the Himalaya Mounta{ﬁs from Sikkim to
Hazara. In.]950, Chatterjee and Mukerjee discovered a third species,
growing in thé Himalayan region, which was- named Podophy1lum
sikkimensis R. Chatterjee et S. K. Mukerjee.

The early colonists learned of the medical properties of the

root of Podophyllum peltatum from the North American Indians who
knew of its properties as a ﬁathartic, anthelmintic anq.as a mortal
poisonz] Podophylium became so popular jn the United State§ a5 a
cathartic and chologogue that it was included in the first edition
of the United States Pharmacopoeia in 1820 but was dropped from the
twelfth revigion in 1942, to be included again in the fifteenth
revision in 1955.2
Podophyllin or podophyllum resin ( also called resina podophy11i
or podophyliinum ) refers to the alcohol-soluble water-insoluble
portion of podophyllum and was first prepared by King in 1835.3

Most of the biological activity of podophyllum resides in this resin.

It became official in the fourth revision of the U. S. Pharmacopoeia

f ¥

B



FIGURE 1 Podophyllum peltatum (May Apple)
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in 1863. The official method of preparing the resin in the United
States is given in the following excerpt from the U. S. Pharmacopoeia,
fifteenth revision:? S o

“ Extract the drug { Podophyllum in fine powder, 1000 gm ) by
slow percolation until it is exhausted of its resin, using alcohol
as the menstruum. Concentrate the percolate by evaporation-until the
residue has the consistency of a thin syrup, and pour this, with
constant stirring, into 1000 m1 of water containing the hydrochloric
acid {10 ml ) and previously cooled to a temperature below 10°. Allow
the precipitate to settle, decant the clear liquid, and wash the
precipitate with two 1000 ml1 portions of cold water. Dry the resin,
and powder it." . :
(‘ .
The same year that podophyllum and podophyllin were dropped as

cathartics from the U. S. Pharmacopoeia { 1942 ), a report by Kaplan
appeared stating that the topical application of podophyllin in
condy]oma acuminatum, a type of venerea]ﬁua;t produced exce]]ent
c11n1ca1 results, 4 Ear11er references to the use of podophy]]um and
padophyllin-in—folk and orthodox med1c1ne for cancer or other growths
can be found scattered through the older 11ter€ture. In 1845, Good
wrote:5

" SOme‘Physicians and Practitioners recommend the powdered root
as an escharotic to cleanse foul and il11-conditioned ulcers and -
dispose them to heal and to promote the exfoliation or removal of
carious or rotten bones....It is also said to destroy proud flesh
without any injury to the sound parts."

Kaplan's report sparked renewed medical interest in podophyllin in

_many fields, in pairticular pharmacology, biochemistry, cytelogy and

clinical medicine. Between 1942 and 1960, podophyllin was studied in
many clinical conditions including diseases of the skin due to
infectious agents, non-specific dermatoses, metabolic AESeasps, apd
benign and maTignant new growthsl? Howéver, the drug showed little

therapeutic effect except.in the case of condyloma acuminatum. .

By

——



Before 1947 only two well-defined components of podophyllum

were known, podqphy]lotoxin and quercetin. PddophyTldtdkin was first

~

isolated and naned by Podwyssotzki in 1880.7 Beginning‘%n 1947,
\3 isolated three new tumour-damaging components

Hartwell and worker
of podophyliin, namely a-peltatin and 8-peltatin from American

podophy1lin angpﬁ'-demethy]podophy11otoxin from Indian podophyllin

8:9:10 Initially it was thought that both

a-peltatin and B-peltatin were isomeric to podophyllotoxin 10 but

- { Podophyllum emodi ).

after further research it was determined that the empirical formula
| 1

of a-peltatin was C21H2008 while that of g-peitatin was.C22H22C8.9’10

By 1958 sixteen well-characterized components of podophyllum had

been isolated. Their structures are shownqin Table 1. A summary of

the chemjsiry of podophyllin shows that resins derived from \

-dif%erent §peéies of Podoghxlium‘differ {n composition. For instance.
odophy1lotoxin can be found in P. peltatum and P. emodi but not in

P, sikk%menis while therpeltatins are chéracFeristic of only

P. peltatum. The broporfion of components a1§0 varies from species

to SpECiES.NEOf examp]e,bresin from P. emodi yields approximately“

12,13 while resin from P. peltatum yields

10,71

.35—50% podophyllotoxin
only about 10% podophyllotoxin.
The compohents of podophylium fall into two Eategorﬁes, the
lignans and Fhe flavonal pigment;i The term "lignan" was first used
by'Haworth to describe the c]asé of optically active plant products
which contain the 2,3-djbenzylbutane skeleton and are probably
derivgd by dimerization_qfvtwo Ce-Ca units at.the B-ca:bon atoms

. of the two side chains.



TABLE 1 : COMPOUNQS ISOLATED FROM PODOPHYLLIN
. Rz 81 -

="

@ C

MeO CMe
OR;,
HAME £ R1 R2 R3
podophyllotoxin 1 OH H CH3
a-peltatin 2 H CH H -
B-peltatin 3 H. 0H CH3
4'-demethylpodophyllotoxin 4 OH H H
deoxypodophyllotoxin 5 H H CH3
podophyllotoxin glucoside 6 0-glucosyl H CH
a-peltatin glucoside 7 K. 0-glucosyl H 7.
R-péltatin glucoside ‘8 H D-qlucosyl CH3
q}'-demethy]podophy]1otoxin glucoside 9 0-glucosy! H H
1
H

un O

O
Meo - ’,///

= 1]

A6
M@)Q/\OME

OMe

picropodophyilotoxin 10 tetradehydropodophyllotoxin 11  sikkimotoxin 12

.NAME

LR
=
prs

quercetin 13 H OH S
isorhamnetin 14 H OCH, e

. quercetin 3-galactoside 15 galactosyl OH )
kaempferol . 16 H - H
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Borsche and Niemann15

) jn 1332, were-the fitgt researcyférs to
determine the correct'empiricaT formula for podophyT]otoxin,’.
C2232208’ but it was not until 1953 that Schrecker and Hartﬁe]]
established its structureland absolute configuration by chemical
means.]6 Schrécker and Hartwell postulated that the antimitotic aéd
antitumour activity of the podophyllum lignans was closely related
to the unique cis—(]:2)-tran§-(2:3}-tfans-(3:4) configuration and
in particular, the highly strained, trans-fﬁsed Y-lactone ring.

Due to the potential of podophyllotoxin and its related
cempounds-as anti-cancer agents, many attempts have been made to
synthesize these compounds. The first synthesis of podophy]]otoxi&
was reported by Gensier and coworkers in 1954 and 1966.17’]8 In
1977 and 1981, Kende synthesized (x)-podophyllotoxin in 12 steps

from piperona1.19’20

Both the Gensler and Kende syntheses involved
the thermodynamically diffjcult epimerization of picropodophyilo-
toxin to podophyilotoxin. Rodrigo avoided this problem in his

synthesis of podophy]]otoxin.Z] As yet, no synthe%is of the



naturally occurring peltatins has been achieved. However, Brown and
coworkers have reportéd the syntheses of (x) iso B—be]tatin aﬁd the
methyl ethers of both (*) iso a- and 8—pe1tatin.22 Since this thesis
is not pr%mari]y concerned with the synthetic aspects of these -
'compounds, detai]s regarding thesg approaches are considered outside
the scope of this thesis.

| In 1950, Greenspan and c?gfrkers investigated the effect of
podophyllotoxin and the peltatins on lymphomas and other transplanted
tumours in mice. 23 Théy found that each of these compdunds induced
acute damage in a]] types of tumours studied w1th1n twenty four
| hours after a J%nQ]e subcutaneous injection. Repeated injection of
. g-pe]tatin in mlce bear1ngfbmmhat1c tumours resulted in retardat1on
of tumour growth and somewhat longer survival time of mice a$
compared to untr%ated controls. Complete regression of any of the
tumours stﬁd%ed was never observed. However, Greenspan was encouraged
by these results and decided to- investigate the effect of intravenous
administration of a-peltatin in patients with advanced neop]asms.24
Although negros}s and shrinkage of tumour tissue was observed in
some of "the pafients, there was no evidence of significant therapeutic
value. According to unpublished results of Downing et al.,
B-peltatin was ineffective when given orally to children with
acute or chronic ‘teukemia, neurob]asioma, and other widely
disseminated'neob]-asms.25
ﬂ]though-podophyl]ptoxiﬁ and‘the peltatins possess aﬁtifumour

activity, their toxicity renders them unsuitable as anticancer

agents. Workers at the Sandoz Laboratories in Basel, Switzerland
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found that the glucosides of podOphy11otoxin,,a: and B-peltatin,-ft
and 4'—demethyipodophy]1otoxin.( 6, 7, 8, and 9, respectively )
'inhibitéd the growth of tumours in n;ice.26 Although less active
than their corresponding ag]ycenes in in vitro ﬁesting, the
glucosides were found to be much less toxic- at doses disp]aying
pronounced cytostatic effectj However, ciinica1-testing\of these
glucosides proved unsatisfactory. Further modifications { partial
substitution of the glucose residue Q{ condensation with va?ious
aldehydes } resulted in the preparation of a variety of cyclic
acetals of 4'-demethylepipodophyllotoxin 8-g1ycoside. Some of
these cycdic acetals not only exhibitéﬁ”ﬁigh activity in in vitro
tests but also were much less toxic in in vivo testing against, -

mouse: lymphocytic leukemia { L-1210 ).27

Two of these derivatiQes

were selected for clinical trials, name]x, 4'—deméthy1-1-0~
(4,6-0—(ethy1iﬁene-B-D-g]ucopyranosy]))-ebipodophy]]otoxin

( QP 16-213 or_”Etoposide"*l and 4'-demethy]—1—0—(4;6—0—(2-theny11dene)
-B-D-glucopyranosyl)-epipodophyliotoxtn { VM 26 or “Teniposide“*).

Both drugs have proved to bg very useful in the treatment of a

wide variety of cancers inc]uding.bladder, small cell 1dng, brain, -
non-lymphocytic leukemia, Hodgkin's disease and non-Hodgkin's

lymphomas , especia]]y.reticu1gm—ce1] sarqoma.%? These drugs are

now clinically used in Western Elrope apd in Canada.
29

Under mild base catalysiS or under Physiological conditions®”,
the‘highly straiqéf, trans-fused Tactone r?;;jéf\podOphyllotoxin
-1s readily epimerYzed to give picropodophyl]otoxin. This epimerization

resulté in almost total loss of cytotoxic activity and may be the

-* Etoposide -and Teniposide are the trade names for these compounds



primary method of detoxification by the cell. From a chemotherapeutic

standpoint this epimerization is u:83§i£ggle since limiting the
physio]&gica] lifetime of a drug sets an upper limit to its
bioiogipal effectiveness. . '
sensler attempted to synthesize non-enoiizab]e derifatives of
—podophyllotoxin by fép]acement of the C2 hydrogeh witﬁ a variety of
sybstituents but was unable to repain the trans-fused y-Tactone e
ring.BO”ﬁe then decided to-eliminate the lactone group altogether
by reduction of the carbonyl group to methyiene and replacement of e
the lactone oxygen by a variety of f;;;tions: S, 502, €0, and CH2.3]
However, none of these compounds proved to be more effective than
podophyliotoxin or deoxpodophy]]otoxin.32 '
Glinski and Durst decided to reinvestigate Gensler's problem
of synthesizing C24substituted analogues of podophyllotoxin via
the enolate anion. A veny simple method of prepar1ng non-enolizable
podophy110tox1n der1vat1ves which still contained the vitally
important trans-fused y-lactone ring was eventually developed as
outlined in Scheme 1.33 The structures of the Cz-substituted
derivatives were assigned on the basis of their 360 M Hz NMR spectra.
Biological testing (. Bristol Laboratories, Syracuse, New York ) of
some of these derivatﬁves indicated that the chlorinated analogue,
2-chloropodophyllotoxin, .had.a level of antitumour activity
substantially higher than the accepted signif{cant Tevel. Knowing
that the glycoside moiety was required for lower toxicity whi1é \

still retaiﬁing high activity, Glinski prepared the Cz-chlorinated

derivative 17 of VP 16 in a similar fashion as outlined in

-
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SCHEME 1
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Scheme 1.7° Biological testing of this compound showed it to be

slightly less active than the current clinical agent, VP 16. The
resu]ts“ of further studies into the effectiveness and toxicity of

17 were not available at the time.this thesis was written.
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RESULTS AND DISCUSSION

i. Introduction

As previously discussed in the Introduction, the podophyllum
lignans are readily epimerized to their corresponding cis-fused
lactone ring isomers with resu]tiné loss of biological activity. A
scale Dreiding model of podophyllotoxin or the peltatins containing
the trans-fused lactone ring shows a strained, inflexible molecule.
However, a model of picropodophy]]otoxin or the peltatins containing
the cis-fused lactone ring shows that these molecules have considerably
less strain and rigidity, and may exist in several interconvertible
conformations. N

Gensler attempted Fo synghesize non-eno]%iab]e derivatives of
4‘-de;xypoqophy11otoxin by substitu£jpg the C2 hydroqen with a
suitable substituent via-the enolate énﬁoﬁ'bui.was unsuccessful.

In 1980, Glinski and Durst decidéd to reinvestigaté this
pr‘obIem.33 They developed a.very simple method of preparing non-
enolizable derivatives of podophyllotoxin while still retaining the
vitally important trans-fused y-lactone ring { Scheme 1 ). Podophyllotoxin
1 was first reacted with dihydropyran in ﬁhe presence of TsOH to give
4-0-tetrahydropyranylpodophyllotoxin 18 which was then treated with
LDA in THF to give the corresponding enolaté anion 19. The enolate.
anion was trapped with a variety of electrophiles | CH3I, 02,
€1,CCC1 4 ) then treated directly with aqueous acid to remove the THP
protecting group. The proportion of the ci$- and trans-fused lactone

ring isomers ‘obtained debended on the electrophile used.
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fhe best stereochemical result (highest trans/cis ratio )} was
obtained when hexachloroethane was used as the electrophile. Only o
one product, the desired trans-fused lactone ring isomer 2-chloro-
podophyllotoxin, was obtained after removal of the protecting group.
Biological testing of this compound against LeuEEﬁ?a P388 at a
dosage level of 40 mg/kg indicated a significant level of antitumour
activity ( T/C=156 where % T/C is the percent increased survival
time of the test group over the control group ). An initidl T/C=125
is considered significant for antitumour activ}t;. Podophyllotoxin
was found to be toxic even at a lower dosage level ( 30 mg/kg ¥
“than- that used in the test1ng of 2- chloropodophleotOXJn

ﬁﬂﬁncouraged by these results, Glinski synthesized the 2-chloro

derivative 17 of VP 16 in a similar manner as outlined on Scheme 1,
albeit ih only 10% yield. Biological testing of this compound aga1nst
'P388 at a dosage level of 60 mg/kg gave a T/C>500. The current
clinical agent, VP 16, also had a T/C>500 but at a lower dosage
- level of 40.mg/kg. Although 17 was not as active as the parent
compound at the same dosage level, it was hoped that the toxicity of
the derivative would be substantially lower. If this were the case
then the maximum tolerated dose {MTD)} could be increased. At a
higher dosage level, it was hdped that 17 might be a more potent
ant1cancer agent than VP 16. However, the results of furtﬁer studies
wnto the effectiveness and toxicity of 17 were not available at the :
time this thesis was written.

Although the be]tatins afe known. to bé biologica]iyﬂyery active

8,9,10,34

and highly toxic , their correspénding glucosyl derivatives
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have ngt been synthesized, even though it 1s known that a glycoside
moiety is required for Tower toxicity while still retaining high
antimitotic activity:#ﬁ combination of poor response in human cancer
pafients, high toxicity and possibly the relative lack of availgbility
of the peltatins resulted in these compounds being-virtually ignored
by researchers after Greenspan's work of the early 1950's. The

- - e . o+ (\/‘j.
peltatins are obtained only from the resin of Podophyllum peltatum
10

- *
and only in small proportions, 5% for a-peltatin  and 6% for g-peltatin.
In contrast, podophyllotoxin is present in the resins of both e

Podophyllum peltatum and Podophyllum emodi to the extent of 10% and

35 50%, respectively.
Encouraged by Glinski's results, we decided to synthesize non-

eno]izaé&g\ffrivatives of the peltatins via the enolate anion. It was
hoped that similar subst1tut1ons at C2 would resuit in compounds of

lesser tox1c1ty than the parent peltatins while st111 reta1n1ng the1r '

high antimitotic activity. q

-

ii. Chlorination of g-pedtatin trianion

The procedure for the isolation of a- and B-peltatin from
10

.podophyllin resin was adapted from Hartwell and Detty =~ with a few
modifications ( see Experimental Section ). The iso1atgg yields of
a- and B-peltatin were 6.4% and 6.0%, respectively. Similar yields

were obtained by Hartwell and Detty. The physical properties { melting

[

Note The correct IUPAC name for this compound is Furc{3',4':6, 7]
naptho{2,3-d}-1,3-diox01-6(50)-o0ne,5,8,8a,9- tetrahydro-10- hydroxy- ,
5-{4-hydroxy,3, 5- d1methoxypheny1){5R Sa,SaB Baal, however the trivial
names for o- and g-peltatin { and their der1vat1ves ) have been used
in this thes1s for the sake of simplicity. ’
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points, optical rotations, analyses ) of 2 and 3 corresponded to -
those reported by Hartwell and Detty. A1l other data collected for
these compbunds were in agreehent with the assigned structures { see
Expérimental Section ). Similar to Hartwell and De%ty, we found that
. the peltatins were very difficult to separate comp]eteiy as they had
a ten&ency to co-crystaljize. It was ﬁeéessary, therefore, to expend
a great deal of.enefgy 10 obtain pure samples of the two peltatins.

The first attempt to prepare a substituted peltatin was'@ade Qia
the trianion route ( Scheme 2 ). We attempted to prepare fhe trianion
20 of a-peltatin by.treatment of a-peltatin’2 with three equivalents
of LDA at -78" 1in dry THF'under a nitrogen aUnésphere. A'precipftate
formed imﬁediate]y on addition of 2 to the LDA‘so1ution. Warming of
fhe mixture to 0" did not appear to aid in’the dissolution of the
precipitate. After stirring for 0.5 hours, the mixture was treated
w1fﬁ an e1ghtf0]d excess of hexach]orodthanet warmed to room temperature
and sfirred for an additional ]8 hours Workup ‘and PTLC ( 1/1 ethyl ‘
acetate/hexanes ) afforded a mixture of two components of very similar
Rf values. 'A mass spectrum of the more mobile component indicated a
chlorinated compound of the desired mass { m/e 434 ). The nmr spectrum
of this component showed peaks at 4.70, 5:95, 6.18 and 6.38 ppm
which could réésohably be assigned to H1, H6’ H7 and HB’ respectiﬁe]y
in 21. Essentially the same Ehemica] shifts for these hydrogens
( taking nto accodnt'tbat the data were obtained on EM 360A and
XL 200 instruments ) were observed in the spectrﬁh.of 21 obtained
later ( see page 39 ) via the disﬁ]y] ether of 2. In contrast, theL,

.

corresponding chemical shifts for the less mobile component of the



~

3. eqiv. LDA/-78"

THF

2. NH4CI

\

SCHEME 2 | 22
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trianion eﬁggyiment were 4245, 5.79, 6.27 and 6.45 ppm, respectively.
Based on the above data, it would seem reasonab]e_that the more mobile
companent was probably the 2—ch1oro trans-fused lactone ring derivative-
21 of a-pe]tafin while the Jess mobile component was probably the
corresponding cis* isoner 22. Based-on this assumption, tne yields of
21 and 22 were 32% and 45%, respect{vejy.‘Comp1ete purification and

identification of these two components were never made, however.-

iii. Isolation of Silylated ?e]tatins

Due to the difficulty in obta1n1ng pure samples of 2 and 3
uncontam1nated by the other pe]tatTn, and to. the Tack of solubility
of the trianion of a-peltatin in THF { the usual solvent. for anion
chemistry in this lab }, we decided to protect tne hydroxyl groups
of the peTtatins. In this way it would only be necessary to form- the
THF-soluble monoanion of eithan peltatin. o

The tert-butyldimethysilyl ( TBOMS )} group is stable to a wide
variety of reagents 1nc]ud1ng acid and base, conta1ns no ch1ral
centre and 15 rapidly c]eaved by treatment with 2-3 equ1va1ents of
TPAF in THF. In addition, its derivatives have been renorted to,be
nicely crysta]]ine.35 For these reasons we decided to use tne TBDMS
_ protecting group. The, use of the tetnahydropyranyl ( THP ) group was
decided against due to the formation of additionat d1astereomers
_caused by the ch1ral centre of the THP ring.

. The general procedure for iao1ating the'ﬁure disilyl ether 23

of a-peltatin and the silyl ether 24 of g-peltatin is outlined in

* . .
Nomenclature: Hereafter, the terms cis and trans will be used to
refer to the stereochemistry of the Tactone ring of the peltatins
and their derivatives.

-
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Scheme 3. The chloroform—so]qb]e fractﬁoﬁ of podophyf]%n resin has
partially separated by passinglit through a Qe%y'short silica gel
column ( 5g sifica/ 1g mixture ) using a solvent gradient (see
" Experimental Sectioh ). A crude mixtqre of a- and B-p#tatin and
podophyllotoxin was obtained in this way. The proportion of a- -and
B-péltatin present in the crudé mixture was estimatea from the nmr
spectrum. This mixture was not purified further but treated directly
with tert-butyldimethylsilyl chloride and imidazole in DMF following
the procedure of Corey.35 Normal workup followed by HPLC { 1/9
ethgl acetate/hexanes ) afforded pure gg_énd 24 after recrystallization
from hexanes and CHZC]Z/hexanes, respectively. The yields of 23 and

24 from podophyllin resin were 14% and 9%, respectively. This

corresponds to theoretical yie]ds of 8.9% and 7.0% for 2 and g;
%espectively { 7. % and 5.6% given that the desilylation reaction
is 80x efficient ).

The mass spectrum of 23 showed a strong peak at m/e 571 o
( M*- 57 which corresponds to loss of ’Cqu ) while the mass spectrum
of gﬂ_ihdicated a strong mo]ecu1ar ion p%ak at m/e 528. In the
nmr spectrum of 23, the presence of two TBDMS groups was ciear]
indicated by two peaks of equal intensity at 1.03 and 0.98 ppm
( the t-butyl hydrogens } and threq peaks at 0.29, 0.24 and 0.10 ppm
. ( methyl groups.on Si }. The corresponding peakgpin 24 were found at
1.03 ( t-butyl group. ), 0.29 and 0.24 ppm { 2 methyl groups ).

The stereochemistry at C2 and £3 was assigned on the basis of

"y A

the value of the coupling constant JH Hoo- In the structurally-
37N

similar compounds podophyliotoxin 1°( trans isomer ) and picro-

Bt
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Complete ]H nmr assignment of the silylated pé]tatins, 23 and 24

| The ]H nmr aésignments'for the H7 and H8 aromatic protons (see
. Tab]e'4), the THDMS protons {see page 18) and the methylenedioxy and

methziy protons were made on the basis of their chemical shifts as

well as their’integrated .intensities. In the spectra of 23 and 24, ‘
Epe methy‘gnedioxy protons.are magnetically non-equivalent and appé;?
as two doublets centered at 5.810 and 5.890 pﬁm (J=I:4 Hz) in gg and
5.913 and 5.895 ppm (J=1.4 Hz) in gﬁ..%he presence d? the methéky
groups was*indicated by a single peak at 3.679 ppm for Hg in 23 and
two peaks (1:2 ratio) at 3.802 and 3.751 ppm for Hyy and Hy,
respecEive1y; in 24. For both 23 and 24, the signal for HI appeared as

a doublet at 4.566 (Jg y =3.4-Hz) and 4.586 ppri (JH y =3.8 Hz),
-7 2

2 i :
respectively. In silylated a-peltatin, 23, protons 2 and 3 absorbed as

a meitiplet at 2.58-2.72 ppm. The corresponding multiplet in silylated

B-peltatin, 24, was found at"2.54-2.73 ppm.

- The ]H nmr assignments of the proton pairs 4, 4' and 11, 11! \
- : ‘ -
were made on the basis of their chemical shifts as well as their

respegtive coupling consfants with H3. Each pair of protons (H4 vS. HA'

and HH VS, H]].) showed considérab]e differences in chemical shjfts.
Thus the two doublet of doublets occurring at 3.938 and 4.492 ppm in

24 are reasonably assigned to hydrogens on the carbon bearing an acyl .

o

oxygen while the other.pair of doublet of doublets at 2.421 and 3.18]
ppm are consistent with-the chemical shifts of hydrogen on a benzylic

carbon.

4
were made on the basis of the observed coupling constants. As has

The individual assignments of H, at 2.421 and H4. at 3.181 ppm ..
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already been mentioned; the peltatins and podophyllotoxin posseﬁs a
highly rigid structure (see reference 16) imposed by the trans-fused
lTactone ring. ¥p1ecu1ar models sh;w clearly that H3 hés a pseudo-
diaxial arrangement with Hq and a pseudo-axia1,'pseudo-equatoriai

arrangement. with Hq.. Thus these two hydrogens should show a.large

R and relatively small vicinal coupling constant. Indeed, the observed

values for J and. J were 11.6 and.4.1 Hz, respectively.
T HgmHy T THH, .
The molecular models indicate dihedral angles of approximately 40°

’

and 165" for H -H' ., and H,-H;., respectively. These values are
3N 43 1] .

consistent with the observed coupling corstants of 6.3 gnd 10.2 Hz,

-

respectively. The observed geminal couplingsconstants were 16.0 Hz

for Hq-Hq.Aand 8.7 Hz for H,.-H

11
A similar arqument can be used in making the individual a§signments

, for'silylated a-peltatin, 23.

The rather &ubstantial: differences in chemical shifts observed

between the diastereomeric pairs of hydfbgéns (H4, ]],H]].) :

1 are on the same side of

H4. and H
may be related to the fact that Hq, and H
the plane of the molecule as the C]-ary1'substituent and therefore

are more likely to be influenced by the anisotfopy of that group. In

all of the trans peltatin derivative§ prepared in this thesis the 4!

- %pd 11" hydrogens were consistently downfield by approximately 0.6-0.8

ppm relative to their diastereomeric partners (see Table 4).-
: A
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~ PODORHYLLIN RESIN ——» CHLOROFORM-SOLUBLE FRACTION OF RESIN

SILYLATED \

column C1-Si(CH,),-t-Bu
——=——3 (CRUDE PELTATIN MIXTURE — —3»  PELTATIN
~imidazole MIXTURE
o DMF /'. 50'
' i
HPLC -
—
OTBDMS

MeO OMe
OR

23 R=Si(CH,),-t-Bu (TBOMS)

3)2
24  R=Me

SCHEME 3 o
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podophyllotoxin 10 ( cis isomer ).:the numerical value of this constant

is substantially lower in the cis isomer ('J =1.5Hz ) than in

H4-H
‘ F N
the trans “isomer ( JH H.= 9.0 Hz ).36 These values are consistent
3N ‘
with the pseudo-diaxial arrangement of H3 and'Hn in the trans

isomer and the pseudo-axial, pseudo—equatoria] relationship of these

a

hydfogens in the cis isomer. This same stereochemical relationship

between H3 and H]l exists in the cis and trans isomers of a- and B-peltatin

and their silylated derivatives. ’ . -

—

In order to compare the corresponding values of the coupling .

constant JH -H for the cis and trans isomers of the silylated
311 ~

peltatins, it was necessary to-epimerize 23 and 24. Treatment of

23 with 1 equivalent of LDA in THF at -78" to form the enolate an¥en
gé_was followed by warming of the solution to above 0° and'addition
of water. Normal workup and PTLC ( 1/5 ethy] acetate/hexanes )
afforded the starting material 23 in 19% yield and a slightly less
mobile component which was identified as the corresponding cis .
isomer 26 ( 78% yield ). Similarly, treatment of 24 with LDA to
fofm.the anion 27, warming of the solution to above 0 and addition
of water, followed by normal workup and PTLC { 1/6 ethyl acetate/
hexanes ) furnished the Starting material gi and the less mobile
cis isomer 28 in yields of 20% and 64%, respectively. Examination

H_-H for 23 (10.1 Hz), 24 (10.2Hz),
311 o
26 (3.4 Hz) and 28 (3.4 Hz) affirmed the stereochemical assignment

of the coupling constanf J

of 23 and 24 as the trans isomers and 26 and 28 as the corresponding

cis isomers.

In addition, desilylation of 23 and 24 with TBAF in THF at 0
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followed by column chromatography on si]icé gel { solvent gradient
used; see Experimental Section.) resuited in recovery of pure 2 and
3, reépective]y. Therefore the si]y]ation and desilylation processes
did not affect the stéreochemistry of the ]actong‘ring.

' The trans/cis isomer ratios obtained in-the protonation of the
anions of s%]yi;ted a- and g-pe1tatin by HZOuwere 1:4 and '1:3,
respectivgly. In contrast, Gensler obtained a 45{55 ratio of podo-
phy]1otoxin;picropodophy11otoxin when he treated the enolate of the
* THP derivative of picropodophyllotoxin with acetic acid.18 Inspection
of a model of the rigid enolate of thé.THP derivative of picro-
podaphyllotoxin shohs that there is less steric hindrance above the

.

plane of the enolate than below.

Y

L :
The same observation is made from models of the enolates of the

silylated peltatins. Topside protonation affordé‘¢he trans isomer.

However, it appears that bottomside protonation is more_favoured,
. ’\\d. .

{

R



26

in particular for the peltatin series. Thermodynamically the cis
isomar is- favoured over the highly strained trans isomer. In addition,
if onellooks‘at the transition state with the enolate carbon beginning
to show sp3 geometry, one notices that thié state leads to éppreciably
less steric hindrance below the enolate in the cis transition stgte.
K possible explanation for the differences observed in the.trans/cis ratios
| of the podophyllotoxin series and the peltatin series is the oriehtatioﬁ
and location of the protecting group. In the podo series, the THP
: group is directed below the plane of the enolate, perhap;_shie1ding
C2 from bottomside protbnatioﬁ. However®, in the peltatin series the
silyl group is in the plane of the enolate and therfore one would
not expect it to interfere with either topside or bottomside approach
of the protonating agent. In addition, the silyl group of the pelttatin
series {s farther removed from C2 and so exerts less jnf]uence on

this carbon.

iv. Synthésis of C,-Substituted Derivatives of the Silylated Peltatins

Following the method of~G11nski33, we, prepared several non-
enolizable derivatives of the silylated peltatins Schené & ).

The enolate 25 was formed by treatment of 23 with 1} equjva]ént
of LDA at -78" in dry THF. Trapping of the enolate with methy] iodidg

( -78" to RT, 18 h ) followed by PTLC { 1/7 ethyl acetate/hexanes )
afforded the 2-methyl trans isomer 29 and the 2-methyl cis isomer 30
in yields of 38% and 56%, resﬁective1y.
(i Similarly, the enolate 27 was formed by treatment of 24 with LDA
tHen trapped with methyl iodide { -78° to RT, 18 h ). Normal workup
\\g_,» followed by PTLC { 1/5 ethyl acetate/hexanes ) afforded the 2-methyl
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OTBDMS

- 0TBDMS
. O~ LDA/-78"C
< b >
! THF
®) lml( .
s - 0 T
- MeOQ : OMe
‘ OR
R=TBOMS 23 R=TBOMS 25
R=Me 24 . | R=Me 27
x A
- MeO OMe
~ OR,
R=TBDMS for a-pe]teftin series
) R=Me for B-peltatin series
SCHEME 4 ' | '
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Ezggg_jsp?en_gl_LSZ%l and the 2-methy1“cis isomer 32 (46%).

The best“stereodhemical ( highest trans/c1s rat1o J results were
' obtained with ch]or1nat10n of the é!%]ates 25 and 27 by reaction w1th
an eightfold excess of hexgchloroethane.( -78° t;‘hT, 18 h ).
Essentially oély one product, the desired trans isomer, was ohtained
in either reaction. Workup and purification by.PTLC { 1/6 ethyl aceféte/ .
hexanes ) of the reaction mjxtUﬁf from chlorination of 25 afforded the .
2-chloro trans isomer-33'ﬁn 92% yield and a small amount (4%) of the ™
correspond1ng c1s isomer 34 S1m1]ar1y, workup and pur1f1cat10n by
PTLC ( 1/5 ethy] acetate/hexanes ) of the reaction inixture from~
chlorination of gz atforded the 2-chloro trans isomer 35 (83%) and a
minor amount of the éorrespondiﬁg Cis isomer 36 (6%). The results of
the enolate trapping experiments are summarized in Tables 2 and 3.

There are ihany poséib?e reasons which might contribute to the
difference§ in stereochemical ocutcome obtained in the enolate trapping
experimeﬁts. Several of these feasbns have already been discussed for
the proton trapping exberiments; Whether topside or bottomside
approach of the_e]ectrophi]e predom{ﬁates seems to,also depend on
the size of the electrophile. Hexach{oroethane is a rather bu]ky
mo]ecu]g and therefore it is quite conceivable that bottomside
approach is tqo sterically hindered for reaction to occur to any
apbrecigb]e extent. Nater, orf the otherhand, is a much smaller
molecule and therefore bottomside approach is more favourab]é, bqth
Sterically and. thermodynamically. Héthy] iodide is intermediate in
size between hexachloroethane and water and thus one might expeci a

more even distribution of the ¢is and trans isomers. This was, in

fact, what was observed ( see Tables 2 and 3 ).
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TABLE 2 ENOLATE TRAPPINES EXPERIMENTS o-PELTATIN SERIES

-

OTBOMS - - OTBOMS.
1. LDA o N
23 - —— < (o]
2. X 0 Hmn./
= .. 0
- MeO OMe MeO OMe
. ¢ OTBDMS OTBDMS
i
E=H 23 E=H 26
CH3 Q CH3 _3_[_]'
1 33 i 1 34
X 3 PRODUCTS AND YIELDS RATIO TRANS/CIS
0 o H /4
CH,y 1 CHy 1/1.5
C1,CCC1 7 C1 23/1




TAB].E..‘3 ENOLATE TRAPPING EXPERIMENTS .8-PELTATIN SERIES -

32

¢ e

OTBDMS

MeO OMe
OMe
E=H 24
CHy 31
Cl 35

. 1. LDA 0 O
IO <
2. X o)
B o)

O
um|(
0

- OTBDMS |

Qe

MeO O

.OMe
E=H 28
Ch, 32
Cl 36

P

X E PRODUCTS AND Y1ELDS RATIO TRANS/CIS
H,0 H 20 (26%) 28 (647) | "3
CH] CH, 31 (521) 32 (46%) . 1/
cryeecty ¢l 35 (83%) 36 ( 6%) % 14/1

ru
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v. Structure Proof of C2—Subst1tutéd Derivatives-

»

The structures of the Cz-substituted silylated peltatin

derivatives were aésigned on the basis of their 200 M Hz ]H nmr

spectra. The relevant nmr data for these compounds are %ummarized

.in Tables 4 and 5. Subéﬁjtution at'C2 was indicated by the presence

of a sharp singlet for H] at 4.22, 4.18, 4.24, 4.20, 4.73, 4.48,

4.75 and 4.51 ppm in 29, 30, 31, ggg_ggj 34, 35 and gggrrespectively.
The stereochemistry of the lactone ring was assigned on-the

" basis of the value of the coupling constant J . As previously .

H.-H
discussed, the va]u? of the constant is Tower ?n lge cis isomers
( 2.9 Hz for 30, ana 3.1 Hz for 32 ) than in the 'trans isomers
{ 11.0, 11.3, 9.7 and 9.7 Hz for 29, 31, 33 and 35, respectively }.
Examination of the ]BC nmr spectra of the silylated peltatins
and their Cz-substituted derivatives indicated that the signal for
the CB carbons was consistently shifted 2-3 ppm upfieid in the cis
isomers compared to the Eﬁéﬂg_isomers. The observed chemical shifts
for C8 in the trans isomers 23, 24, 29, 31, 33 and 35 were 108.39,
108,23, 1&9.07, 108.82, 109.06 and 108.92’Hz, respecfively. In the
cis isomers 26, 28, 30 and 32, the values were 105.00, 104.94,
106.86 and 106.80 Hz, respectively. It was not possible to isolate
sufficient quantities of the 2-chloro cis isomers 34 and 36 in
order to obtain ]3C nmr spectra of these compounds. Et wou]d‘seem
that the relative chemital shifts of C8 could be used.to confirm the
stereochemical éssignment of the lactone ring in the silylated-

be]tatins and their derivatives.

‘The mass spectra of the compounds in the g-peltatin.series
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- RELEVANT "H NMR DATA l-iOR THE SILYLATED PELTATINS AND THEIR

2-SUBSTITUTED DERIVATIVES

g

. H4 ' H1

P " N!leo Qqu

OTBDMS OMe

I}
a-peltatin series B-peltatin series '

TASLE 4 CHEMICAL SHIFTS
COMPOUND  H, H,y Hy  Hgoo Hy o Hg o Hiy Hg
23 4.57 2.58-2.72(m) 2.41 3.17 6.27 6.30 3.92 4.46
24 4.59 2,54-2.73(m) 2.42 3.18 6.26 6.35 3.94 4.49
29 4.22 2.69-2.92(m)" 2.36 3.01°6.23 6.30 3.98 4.33
31 4.24 2.70-2.92(m) 2.38 3.04:6.23 6.35 4.01 4736
33 4.73 2.82-3.00(m) 2.65 3.08 6.26 6.34 4.16 4.40
35 4.75 2.80-3.04(m) 2.67 3.10 6.25 6.39 4.18 4.43
26 4.35 2.92-3.05(n) 2.63-2.71(n) 6.32 6.27 3.89 4.42
28 4.3 2.92-3.10(m) ---2.70--- 6.31 6.3 3.93 4.43
30 4.18 2.63-2.75(m) 2.99-3.09(m) 6.35 6.30 3.99 4.48
32 ¢ 4.20 2.64-2.77(m) ---3.02--- ---6.38--- 4.01 4.5
34 4.48 ------ 2.95-3.40(m)-----= 6.36 6.62 4.17 4.74
36 4.51 .

------ 2.97-3.36(m)------ 6.34 6.46 4.18 4.75
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RELVANT 'H NMR DATA FOR THE SILYLATED PELTATINS AND THEIR

. 2-SUBSTITUTED DERIVATIVES

. ‘.
TABLE 5 COUPLING CONSTANTS

FOMPOUID J“;‘”a Mgty e, Mgy g Ty
23 1.2 a 160 10.1 6.2 8.
24 11.6 4.1 15.7" 10.2 6.3 8.
29 12.6 5.3 16.2 11.0 a 8.
31 12.4 5.4 16.3 1.3 7.4 8.
33 10.9 5.6 15.7 9.7 6.7 8.
35 11.0. 5.5 15.7 9.7 6.6 8.
26 a a . a 3.4 7.6 9.
28 a a a 3.4 7.3 g.
30. a a a 2.9~ 6.9 9.
32 a a a C3LT 6.9 9.
34 a a a .4.9 8.
36 a a a 5.2 9,

]

4= not measurable with accuracy .
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showed the e;bectgd mo1ecu1ar‘ion peak. However, in the a-peltatin
series the molecular ion peaks were generally very weak or not
observed at all. In the latter case ?he highest m/e peak was observed
at M*— 57-due to loss of 'Cqu. This type of mass spectrum behqvioﬁr
for the two séries has already been noted for the parent compounds
23 and 24. |

Only the elemental analyses of 23, 24, 33 and 35 gave C and H values’
within the accepted limits. A posgible réason for these erroneous
results could be the presence of occiuded'so1vent.>0n1y 23, 24 and 35
were obtained as crystalline solids. The remaining compounds could ‘
only be obtained as foams. It is quite likely, then, that not all the
solvent was stripped off during the evaboration process or after
béing placed on a vacuum pump for several hours at room teﬁperature.
SZnerally,.the,observed cgrboﬁ ﬁontent'was 1-5% lower than the calculated
va]ug. Such deviations could Bé attributed to the presence of
oéc1uded oxygenated’;p]venté,'most Tikely water;:For-example, if
for every mole of 29 there was a half mole of occluded water present,
then the value 6ﬁtainéd for the carbon content would be 62.6% insﬁéad\of
63.5%. This 1owered vé]pe agrees closely with the va]uecsf §2.5%
obtained from the elemental analysis'of 29. .

e )

vi. Desiiylation Experiments

[N

The 2-methyl derivative 37 of wa-peltatin was prepared by

treatment of a cooled (0°) solution of 29 in THF with 4 equivalents
: A

of TBAF { 1.0 M in THF ) followed by immediate quenching with a

saturated ammonium chloride solution. Normal workup and PTLC { 2/1
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_ethy] acetafe/hexanes ) afforded pure 37 in 71% yield.
| Similarly, ‘treatment of 30 in THF (0:) with 4 equivalents of
TBAF.immediate]y followed by normal workup, PTLC ( 2/1 ethyl acetate/
hexanes } and recrystgl]ization from CHZCTZ/hexénes afforded pure §§_.
in B6% yield. . |
The 2—methy1-derivative 39. of B-peltatin was prepared by
* treatment of 31 in THF (0°) with 2 equivalents of TBAF followed
:‘iﬁmediately by normal workup and PTLC ( 3/2 ethyl acétate/hexanes )
\\\“Ep,aiigrd pure 3% in 75% yield. ) A
Similarly, treatment of 32 in THF (0') with 2 equivalents of
TBAF followed immediately by normal workup,-PTLC ( 11/9 ethyl acetate/
héxanes ) and recrystallization from CH2C12/hexanes afforded a 679
yié]d of pure 40. ' ‘ N
o Initial attempts to prepare %he 2-chioro derivgtives 21 and 41
by treatment of 33.and-35 with 4 and'2 equivalents, respectively,
of TBAF were unsuccessful. In both cases 5 very polar material
( insoluble in acetonéf), possibly the lactone ring-opened hydrogy
acid, was obtained. A look though the literature indicated that
base-sensitive mo]ecu[es could be desilylated by treatment of the
silylated compound with TBAF in the presence of acetic acid.37’38
Successiv; treatment of 33 in THF (0°) with acetic acid and 4
‘Eﬁuiva]ents of TBAF for 22 hours followed by washing with aqueous
sodium bicarbonate, normal workup and PTLC ( 3/2 ethyl acetat
" hexanes ) afforded pure 21 in 96% yield.
Similarly, freatment of 35 with acetic acid and 2 equivalents

of TBAF for 2 hours fo]]owgd by washing with aqueous sodium bicarbonate,
¢
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normal workup and PTLC { 3/2 etﬁy1 acétate/hexanes ) fu}nished a 91%
yield of 41. The results of_the desilylation experiments are summarized
in Table 6. | |

a The nmr data collected for the desilylated analogues confirmed th
orig%nal stereochemical assignments made for the corresponding silylated
derivatives. As with the silylated derivatives, the value of the

coupling constant J was observéd to be much lower in the cis

H.,-H
31
isomers than in the trans isomers. The chemical shifts of the various

'hydﬁogens were not greatly affected by the desilylation Erocess. For
example, in 33 the chemice] shifts of Hys Hys Hyos Hypoand Hyyo were
4.73, 2.65, 3.08, 4.16 and 4.40 ppnm, respectively, while in 21 the
corresponding vaJue; were 4.75,‘2.74, 3.16; 4.19 aﬁd 4.4} ppms

respectively. The value of J was 9.7 Hz in 33 and 8.5 Hz in 21.

Ha-Hiq

The relevant nmr data for the desilylated compounds are summarized
in Tables 7 and 8. The ;ass spectral data‘were a]éo in agreement
with the assigned gtructures. ATi the.desi1ylated derivatives
showed the expected molecular ion peak.

b

vii. Biological Screening Results

Biological testing against Leukemia P388 was pgrfqrmed on the
peltatins, 2 and 3, and their 2-methyl ‘derivatives, 37, 38, 39 and
4C, at the antitumour division of Bristol Laboratories, Syracuse,
New York. The general testihg protocol was as fo]]ows.39 Asfitic
fHuid containing 106 cancer cells was implanted ihtraperitonea&y
in female CDFT mice ( four mice per test group ). Treatment began

24 hours after implant and the parameter was median survival time.
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TABLE 6 RESULTS OF THE DESILYLATION EXPERIMENTS -

OTBDMS OH

' 0o
. TBAF / THF
o s

(AcOH) *

(O
Ry

. MeO OMe MeO ~OMe
OR ~ OR

a-peltatin series

R=TBDMS; E=H 23 ‘ R'=H , E=H

23 2
. -+ CHy 29 (trans) /  CH; 37 (trans)
| CHy 30 (cis) CHy 38 (cis)
1 33 aJ 21 .
B-peltatin series
ReCHy L E=H 24 . . R.=CH3, E=H 3
CH, 31 (trans) - ‘ *t o CHy 39 {trans)
CHy™ 32 (cis) CHy 40 (cis)
cl 35 - _ - a4
R' E PRODUCTS AND YIELDS
H H 2, (79%)
CH., 37 (71%)
ct |21 (96%)
CH, H 3 (53%)
CH, 39 (75%)

=

(91%)

\4{/ e

* Acetic acid was used only in the desilylation reactions involying the
chlarinated derivatives

-
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RELEVANT 'H_NMR DATA FOR THE PELTATINS AND THEIR 2-SUBSTITUTED DERIVATIVES

i

OH
10
s .
a—pe]tatin series N f-peltatin series
TABLE 7 CHEMICAL SHIFTS A
. ¢
COMPOUND  H, oy Hy Mg Hyo Hg G, iy
2 4.52 2.62-2.82(m) 2.51 3.23 6.16 6.41 3.99 4.45
3 450 2.63-2.89(m) 2.52 3.24 6.16 6.43 4.00  4.46
37 4.25 2.70-2.96(m) 2.45 3.08 6.19 6.36° 4.02 4.30-4.40(m)
39 . 4.26 2.75-2.98(m) 2.46 3.08 6.19 6.36 4.02 4.31-4.45(m)
, 21 4.75 2.84-3.06(m) 2.74 3.15 6.22 6.40 4.19 4.41
41 4.76 2.85-3.05(m) 2.76 3.16 6.22 6.40 .20 4.43
38 4.14 2.81-3.04(m) 3.07-3.25(m} 6.29 6.54 4,09 ~  4.58
a0 4.20 2.67-2.80(m) 3.02-3.11(m) 6.31 6.36 4.08 4.52

a v
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]H NMR DATA FOR THE PELTATINS AND THEIR 2-SUBSTITUTED DERIVATIVES

. RELEVANT

‘ L
TABLE 8 COUPLING CONSTANTS
COMPOUND 4 J g J - J

HaHg  THHg o THp-Hge o THgeHyy THgeH e TRy

2 a 4.0 5.2 - 8.4 6.4 8.3

3 10.8 4.9 15.6 9.7 6.5 8.5

37 2.4 5.4 16.2 11.2 a 8.6

39 . 12.4 5.3 16.2 .3 - a 8.7

21 11.0 5.4——  15.5 8.5 6.8 8.4
a1 1.1 5.3 15.7 9.5 6.7 8.6 .

38 a a a 2.2 6.2 9.3

40 a a a 2.8 6.7 9.2

a2 = not measurable with accuracy
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Results are given as % T/C ( previously discussed on page-13 ).

The results. are shown in Table 9. Both a- and B-peltatin were
found to be toxic at dosage levels of 64 and 16 mg/kg. Even at a’
dosage keve] of 4 mg/kg a-peltatin was still toxic whereas B -peltatin
was only marginally toxic. It was noted from Glinski's resu]ts that

_podophy]]otoxin was not toxic ( as well as inactive ) at a dosage '
level of 15 mg/kg. Thus, of these three compounds a-peltatin is the
most tox1c, then B-peltatin and f1na11y podophy110t0x1n Ae
anticipated, the 2-methyl cis. isomers, 38 and 40, of a- and 8- pe]tat1n
respectively, were 1nactive,at all dosage levels tried. However,
testing of‘the corresponding trans isomers, 37 and 39, at a dosage
-1e;e1 of 64 mg/kg indicated significant leveis of antitumoer activity
('T/C==1é8 and 133, respective]y ). It should be noted that the
2-methyl derivative of podophyllotoxin was found by Glinski to be
inactive at all dosage 1eve1§ tried ( up to 120 mg/kg ). Thus ii
appears that the C2 der1vat1ves of the pe]tat1ns are more active than
the corresponding der1vat1ve5 of podophy]]otoxln [f this pattern is
continued in the chloro-substituted derivatives then one might expect-
the 2-chloro trans isomers of the peltatins to have higher anticancer
activity than G]inski's 2-chloropodoph}11otoxin'( which had a T/C=156).
Unforfunate]y. the results of the-testing of 21 and 41 against P388

were not available at the time this thesis was written.

Qiii.‘Attempted Synthesis of Glycosylated Derivatives

Knowing that the glycoside moiety is required for lower

toxicity and high activity, we decided to synthesize the glucosyl
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TABLE 9 EFFECT OF PELTATIN DERIVATIVES ON P388 LEUKEMIA

MATERIAL ~ TREATMENT DOSE IP MST EFFECT AUC SURVIVORS

SCHEDULE ~~ mg/kg/inj  DAYS MST gm DAY 5
% T/C d.6
NSC 38270  d.18&5 0.8 14.0 - 156 . -1.8 6/6°
0.4 13.5 150 -1.4 6/6
2 d.185 - 64 TOX  TOX - 0/4
16 - TOX TOX o o---0/4
4 TOX TOX - --- 0/4
3 d.185 64 . TOX  TOX --- 0/4-
16 TOX TOX-- --—~  0/4
» . d 6.0 - 67 . === . 3/4
37 - d.1&5- 64 1.5 128 -0.9 4/4
16 .10 0.9 -=z4/4 -
4 9.5 106 0.5 4/4- :
38 d.185 6 9.5 106 0.9  4/4
J 16 9.0 100 1.0 4/4
4 9.0 100 1.6 4/4
39 d.185 64 12.0 133 2.0 44
. : 16 1.6, 122 0.1 4/4
4 9.0 100 0.5 4/4
40 d.185 64 9.0 100 - 1.0 .4/4
R 16 9.0 100 1.9°  4/4
: 4 9.0 100 1.8 4/4
CONTROL SALINE 9.0 00 -0.5 10/10
Tumour inoculum: 106 ascitic cells implanted intraperitonealy
Host : CDF] female mice
TOX ' : <3/4 mice alive on Day 5
Evaluation . ¢ MST median survival time ] ' '
- Effect : % T/C= ( MST treated / MST control ) X 100
‘Criteria : % T/C > or=125 considered significant aptii:umour activity
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derivatives of these compounds. We first é{tempted to prepare the L
tetra-acetyi)g]ucoside 42 of B-pe]tatih (_seé Scheme 5 ). Que to the
base-sensitive nature of the trans lactone ring, it -was necessary to
fing a method of attaching the carbohydfate unit onto the appropriate.
agTycdne under mild, non-basic conditions. In 1982, Nicolaou reported
a mild and facilé procedure for the synthesis of 0-glycosides which
iqv01ved the activation of'the'appropriate phenyl thioglycoside with
NBS in‘the presence of the hyd;;:; component and,d-A‘mo1ecu]ar sieva&—~\\;\ _
in CH2C12 at 25'.40 The mechanisj7of this glycoside bond forming. '
reaction (see Scheme 5 ) is thought to invelve initial electrophilic
activation of the sulfur of_the phenyl thioglycoside 43 to generate
areactive su]fonium species 44. Presumably oxygen-assisted departure
of the activatedlgulfur aroup results in formation of -an oxonium
species such as 45 which is thenvattacked by the Oxygen nucleophile
( in this case B-peifatin 3 ) to give the desired 0-glycoside.

| Tetra—O—adety]-a-D-q]ucop&ranosy] bromide 46 was prepared in’
54% yield from anhydrous'D-g]ﬁcose in the presence of acetic anhydride,
perchloric acid, red phodphorus and bromine following the procedure
of Lemieu}x.-41 The physical properties ( melting point, optical
rotation,) of 46 correspondgg to those repofted by Lemieux. All
other data co]Tected for&thishomoounq;izse'in agreement wi;h the
assigned structure ( §ée'Experimenta1 Section ). The'corre;pondinq
phenyl thioglycoside 43 was prepared by dropwise add{fioh of gg in
THF to a solution of thiophenol and. powdered KOH jn methano?t,
Normal workup followed by bTLC {( 1/2 ethy] acetate/hexanesI)'afforded
43 in 5% yield.

.......



HO OH . .+ " AcO OAc ot
HO o ACZO’ HC'qu;k. g . AcO o PhSH -
P{red), Br2 ) KOH/MeOH
OH —OH 3 . AcO
- Br
46

- Ao OAc
NBS - AcO 0 ]
CH,C1,/ 25° | ( N\Fr
. AcO
o R @

SCHEME 5 ° LP ~ ocw,
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Following Nicolaou's prqcedure { as dischssed aﬁove } we
atté%ptéd to prepare the tetra-acetyﬁ'g]ucoside 42 of B-peltatin
fr0m'8—pe1tatin 3 and the phenyl- thioglycoside 43. The progress
of the reaction was monitored by TLC. No further change in the
TLﬁ was obsérved after 6.5 hours so the reaction mixture was’
washed with a saturated sodium sulfite solution then worked up in
the nbrma] way. Purification by PTLC (I2/3iethy1 acetate/hexanes )
yielded three components. The most mobile component was identified
' as the starting phenyl thioq]ycbside 43. Neithe} of‘phe nmr spectra
of the other two components indicated the presence of both the

g-peltatin moeity and the acetylated glucose moeity. Unfortunately

time did-not permit any further attempts Lo perfect this reaction.
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EXPERIMENTAL
GENERAL

Me]tigﬂ‘ﬂ%nts were determined on a Gallenkamp melting point
apparatus and are ﬁnéorrected.*Optica] rotations are for chiomgform
solutions {unless otherwisé indicated ), apd were obtained usi:z\gf
Eerkin-Elmer 241 polarimeter. TH nmr spectra were obtained on
Varian XL 200, EM 360A and T-60 spectrometers. 13¢ nnr spectra
were obtained on a Varian FT-80 spectrometer. A1l spectra were
taken using deuteroch]ordform (CDC13) as solvent (unle;s ptherwise
indicated)“and tetramethylsilane (TMS) as the 1nterna].standé?d.

" The chemica]'shifts are're1é;ivé to the internal standard, TMS.
The coupling patterns are notéd as singlet (s), doublet (d),

triplet (t), quartet (q), doublet of doublets (dd), doublet qf

“triplets (dt), doublet of quartets (dq), broadened {br) or multiplet {m).

Mass spectra were obtained on a VG-7070F instrument.

. Thin layer chromatography {TLC) was performed on Merck 60F 254
precoated silica plates of 0.25 mn thickness. Preparative thin
Tayer chromatOgrapﬁy (PTLC) was carried out on glass plates coated
with a 1.0 mm 1ayér of_Kiese]ge] 60 GF 1254. Column chromatography -
was performed using Baker 60-200 mesh sj]ica gel as the adsorbant.
High perforhance liquid chromatography (HPLC) was carried out usinj'

PrepPaktm

-500/silica cartridges on a Waters 500 instrument. Micro-
analyses were carried out by Canadian Microanalytical Service Ltd:,

Vancouver, B.C.

e

———

7
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Tetrahydrofuran (THF) was a]wayé distilled over sodiuno
benzophenone under a nitrogen apmosphere immediately prior to use.
A11 other-solvents were digtilled or of reagent grade quality.

. Normal workup involved pduring the reaction mixture into a
water or saturated.ammonium chloride solution, extfacting three
times with methylene chloride, drying fhe organic extracts wifh

-

magnesium sulphate and evaporating the solvents on a ropary
evaporator, :

In the ]H nmr spectra, the values given to three decimal places
were obéained from the computer printout of the XL 200 sﬁectrometer
and are considered_accﬁrate to + 0.001 ppm. Thus, the coupling-
constants obtained from these values are.considered accurate to
+ 0.4 Hz. The values given to two decimal p]ace§ refer either to

" multiplets obtained from the XL 200 or to data obtained from the

EM 360A spectrometer.

<
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Preparation of Chloroform-soluble Fraction of Podophyllum Resin

Podophy]]um resin ( 10.2q, Uni;ed States Biochemical } was
added-to 50 ml CHCIs. The resulting mixture was shaken-overnight
after which time the undissolved residue w;s filtered off. The
residue was then extracted twice more with 50 ml CHC5 and the

comb1ned extracts were evaporated to yield a wellow- brown foam

( 5.86 9 57% ).

Tsolation of 2 and 3

Pure 2 and 3 were obtained by column chromatography ( 100 g

silica gel ) on 2.0 g of the chloroform-sdluble fraction of podophyllum

resin using 40 ml fractions and 400 ml of eééh of the following .
solvents: CH,Cl,, 2% EtOAc/Q CH2C12, 5% EtOAc/95¢ CH2C12, 7% EtOAc/
Qif CH2C12, 9% EtOAc/91% CH2C12, 10% Et0Ac/90% CHZC12. Fractions

30~ 34 yie]dgd 0.208 g of pure B-peltatin 3 after recrysta]lizétion
from benzene while fractions ﬂ7—60 yielded 0.222 g of pﬁre a-peltatin
2 after PTLC ( 2/1 ethyl acetate/hexanes; 2 runs ). The overall

yields of a- and B-peltatin from podophyllum Eesin were 6.4% and 6.0%,

respectively.

/ . OH
-0
. <i' o
/
? " 0 = I’lr/
2 | = 0
21 Ho00g

400.39 :

- _ o CH,0” OCH,
MP  241-243°C ( Tit. MP 230.5-232.5°C) . OH \

b
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N .
T4 nmr § (ppm) 2.514 (dd, 4=10.5, 16.1 Hz, 1H), 2.62-2.82
(?cﬂt°"e)_ (m, 28), 2.84-3.01 (br, 2H), 3.234 (dd, J=4.0, 15.2 Hz,
H), 3.692 (s, 6H), 3.992 (dd, J=8.4, 9.6 Hz, 1K),
4.454 (dd, J9=6.4, 8.2 Hz, 1H), 4.521 (d, J=4.4 Kz, H),"
5.905 (s, 2H), 6.162 (s, 1H), 6.410 (s, 2H).
M.S. m/e 400 (M%)
[ (MeOH) = -115.8, c=1.02 (Tit. [ (alc.)= -115° , e=1.0m)10
Analysis Calcd. for c2]H2008 : C, 63.00; H, 5.04.
Found : C, 63.22; H, 5.21.
v
OH
_ @)
<:: o)
0 Sld
3 . ' = o
C2aM22% o N
414.41 " : CH,0 OCH,
Mp 235-238°C (1it. Mp.231-238°C)'0 OCH;
Y nir § (ppm) “2.516 (dd, J=10.8, 15.8 Hz, 1H), 2.63-2.89 -
(acgtone) . (1 24y 2.92-3.05 (br, 1H), 3.243 (dd, J=4.0, 15,4 Hz,
1H), 3.665 (s, 3H), 3.686 (s, 6H), 3.995 (dd, J=8.5,
) 9.7 Hz, TH), 4.456 {dd, J=6.5, 8.5 Hz, 1H), 4.544
(d, J=4.4 Hz, TH), 5.907 (s, 2H); 6.156 (s, WH),
6.426 (s, 2H).
M.S. S m/e 414 (M%)
C B ) ) 10 —_
o j (MeOH) = -100, ¢=0.99 (Tit. o] (ale.)= 21157, €=1.07)
Analysis Calcd. for C22H2208 : C, 63.76; H, 5.35..

Found : C, 63.96; H, 5.51.
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Preparation of the trianion of a-peltatin and subsequent reaction with

hexachloroethane

A solution of a-peltatin g'(0.12§ g, 0.32 mmol} in 5 ml dry THF
was added slowly to-a cooled {-78") solution of LDA (3 equivalents)
under NZ’ prepared from diisop%opy]amine (0.16 ml) and n-Buli (0.56 ml, .
1.9 M in hexanes) in 15 ml dry THF. By the end of the addition a
gelatinous mixture had formed so the flask was transferred to an ice
bath and stirred for a %urthe} 0.5 h at wh%ch time a solution_of
hexachloroethane (629 mg, 2.65 mmol) in 1 m) dry THF was slowly added.
The mixture was stirred overnight at RT then washed with satﬁrated
ammonium chloride and satgrated sodium suifite solutions, dried over
‘MgS0,, filtered;and the solvent evaporated to yield 153 mg of a brown
solid, Parti§1‘pufificétion by PTtC (1/1 ethyl acetate/hexanes; 2 runs)
afforded two_products with very similar Rf values. Complete purification
and identification of these two components was never made. However,
it was postulated that the more mobile component (45 mg) was probably
‘the trans. isomer 21 of 2-chloro a-peltatin while the less mobile

component was probably the corresponding cis isomer 22 (63 mg) ..

more mobile component

lﬁ nmr oy 8 (ppm).-2.5—3.5 {m, 3H}, 3.77 (5§, 6H), 3.9-4.6 {m, 2H),
4.70° (s, TH), 5.90 (s, 2H), 6.18 (s, 1K), 6.38 (s, 2H).
M.S. m/e 434, 436 (3:1 ratio)

less mobile component .
]H ninr & (ppm) 2.5-3.5 (m, 3H), 3.80 (s, 6H}, 4.0-4.4 {m, TH),
4.85°(s, TH), 4.5-4.9 (m; ), 5.79 (s, 2H), 6.27 (s, TH),

—— .

6.45 (s, 2H).
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Preparation df the Crude Peltatin Mixture

Partial separation of the chloroform-soluble fraction of podophyllum
resin (6.0 g) was obtained by passing it through a short silica gel

column (5 g silica / 1 g mixture} using 200 ml each of the following

soglvents:

»

Fraction 1 hexanes

2 - 20% CH,C1,/8 o hexanes
3 - 40% CH2C12/60% hexanes
4 - 60% CH,C1,/40% hexanes

5 - 80% CH2012/20% hexanes

6 - CH2C12
7 - 2% EtOAc/98% CH2C12
of . o
Q - 4% -Et0Ac/96% CH2912
"9 - 6% EtOAc/94% CH2C12 .

10- 8% EtOAC/92% CH2C12

Fractions 5-10 yielcad 3.5 g of the cryde peltatin mixture.

Isolation of the Silylated Peltatins _ ’

The crude peltatin mixture {2.380 g). imidazole (1.609 g, 0.0236 mol),

and t-butyldimethylsilyl chloride (1.709 g, 0.0113 mol) wefé combined

-with 11 m1 DMF, heated_overnight at 55° then poured into water. Workup
yielded a yei]ow-brown foam (3.296 g) which was purified by HPLC (1/9

ethyl acetate/hexanes}) affording two componenfs, the disilyl ether of
a-peltatin 23 and the silyl ether of B8-peltatin 24. Recrystallization

of 23 from hexanes yie]déﬁ 0.987 g of a fine white powder. Compound

24 was obtained as a coarse off-white powder (0.630 g) after recrystal-
lization from CH2C12/hexanes. The yields of 23 and 24 from podophyllum

_?esin werella% and 9%, respectively.
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OTBDMS
O
< 0
(o) ”"’l(
23 = ©
SPUT ISP |
628.91 | MeO OMe
MP  136-138°C ' OTEDMS
W nor 5 {(ppm) 0.101 (s, 6H), 0.240 (s, 3H), 0.288 (s, ),
0.985 (s, 9H), 1.028 (s, 9H), 2.406 (dd, J=11.2,
16.0 Hz, TH), 2.58-2.72 (m, 2H}, 3.10-3.24 (m, 1H),
3.679 (s, 6H), 3.918 (dd,-J=8.9, 10.1 Hz, 1H), 4.463
(dd, J=6.2, 8.4 Hz, 1K), 4.566 (d, J=3.4 Hz, M),
5.890 (d, J=1.4 Hz, TH), 5.910 (d, J=1.4 Hz, 1H),
6.266 {s, 1H), 6.303 (s, 2H). o
B3¢ nur 5 (ppm) -4.56 (q), 4.04 (q), 18.57 (s), 18.66 (s),
25.82 (q), 25.93 (q), 28.16 (t), 32.30 (d); 43.77 (),
47.43 (d), 55.92 (q), 72,3 (t), 100.83 (t), 104.26_(d),
108.39 (d), 122.07 (s), 131.96 (s), 133.24 (s),
133.82 (s), 135.45 (s), 136.48 (s), 147.53 (s),
150.80 (s), 175.10 (s). | |
M.s. m/e 571 (M4-§;BU)

[0 (cHC1,) = -106] c=1.00

Ana]xsm_ . Calcd. for C33H480851'2 : C, 63,02; H, 7.69. -

Found : C, 62.93; H, 8.05. ' -
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OTBDMS

2
Cogl360g% | . -
528.67 o - MeO OMe
MP 172-174°C ' " OMe
T4 nmr 5 (ppm) 0.244 (s, 3H), 0.290 (s, 34}, 1.031 (b\ 9H)
2.421 (dd, J=11.6, 15.8 Hz, TH), 2.54-2.73 (m, 2H).
3.181 (dd, J=4.1, 15.5 Hz, 1H),|§l7§1.(s, 6H), 3.802
(s, 3H), 3.938 (dd, J=8.8, 10.2 Hz. 1H), 4.492 (dd,
J=6.3, 8.5 Hz, 1H), 4.586 (d, J=3.8 Hz, TH), 5.895
(d, 9=1.4 Hz, TH), 5.913 (d, J=1.4 Hz, TH), 6.256
(s, TH), 6.350 (s, 2H).
B3¢ e "5 (ppm) -4.04 (q), 18.56 (s), 25.93 {q), 28.13 (t),
32.42 (d), 63.91 (d), 47.29 (d), 56.20 (a), 60.71 (q),
' 72.41 (t), 100.89 (t), 104.18 (d), 108.23 (d),
122.07 {s), 131.59 (s), 135.58 (s), 136.38 (s),
136.51 (s). 137.00 (s}, 147.64 (s), 152.48 (s),
| 175.04 (s).
M.S. m/e 528 (M*)

[, (CHC15) =-106", c=1.00.

Analysis  Calcd. for C,H : C, 63:61; H, 6.86.

2gH160g51
Found : C, 63.47; #, 7.00.



63

=

-

Preparation of the enolate anion of 23 and subsequent reaction with

water |

Treatment of 23 (202 mg, 0.32 mmol).with 1 equivalent of LDA in
10 ml dry THF'at —78‘lwa§ followed by warming of the solution to
aone 0", addition of water and, after 1 minute of stirring, guenching
with a saturated ammonium chloride éo]ﬂtion. Normal workup afforded
a beige foam which was separated intd twé components -by PTLC ( 1/5
ethyl acetate/hexaﬁes; é runs). The major and less mobiié product
(158 mg, 78%) was identified as the cis isomer 26 of silylated
a-peltatin. The minor comporient (39 mg, 19%) was identified as the

starting material 23.

OTBDMS

2 = 1
(33808572 |

628.9] : ; ' - . MeO OMe
MP 140-142°C o QTBDMS .
' o § (ppm) 0.105 (s, 6H), 0.184 (s, 3H}, 0.206 (s, 3H),

0.988 (s, 9H), 0.995 (s, 9H), 2.63-2.71 (m, 2H),
| 2.92-3.05 (m, TH), 3.329 (dd; J=2.8, 9.6 Hz, TH),
3.692 (s, 6H), 3.892 (dd, J=3.4, 9.0 Hz, TH); 4.350

i

(d, J=2.6 Hz, 1H), 4.416 (dd, J=7.6, 9.2 Hz, 1H),

5.860 (d, J=1.4 Hz, 1H), 5.904 (d, J=1.4 Hz, TH),
' 6.273 (s, 2H), 6;325 (s, TH). |

, .
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Ta

Beamr s (ppm) -4.58 (q), -4.24 (q), 1848 (s), 18.69 (s),
24.80 (t), 25.83 (q), 32.61 (d), 45.44 (d), 46.28 (d),
55.85 (q), 75:07 {(t), 100.68 (1), 103.89‘ (d), -
105.00 (d), 120.98 (s), 131.57 (s), 133.09 (s).
134;’94 (s),7136.01 (s)'. 136.65 (s), 147.25 (s},
181.59 (s), 178.59 (s).

& m/e 571 (M*it;Bu) ]

[cﬂD (CHC1,) = 4.7, c=0.958
Analysis Caled. for Cyq,004S1, : C, 63.02; H, 7.69.
Found : C, 62.06; H, 7.49. '

Trapping of the enolate anion prepared from 24 with water

Treatment of 24 (202-mg, 0.38 mmol) with 1 equivalent of LDA.in
10 ml dry THF at -78° was followed by.warming of thé solution to
above 0°, addition of water and, after 1 minute of stirring, quenching
witﬁ a2 saturated ammoniumvch1oride so]u;ion. Normal workup afforded
two components on purification By PTLC ( 1/6 ethyl écetate)hexanes;
3 runs ),.identified as the starting material 24 (40 mg, 20%) and the

.§1ight1y less mobile cis isomer 28 (130 mg, 64%) of silylated B-peltatin.

OTBDMS

C28H36085i

528.67 : MeO OMe

WP 55-60°C " OMe
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B nmr & (ppw) 0.212 (s, 3H), 0.226 (s, 3H), 1.013 (s, 9H),

L]

2.705 (dd, J=1.5, 5.9 Hz, 2H), 2.92-3.10 (m, 1H),
3.318 (dd, J=2.8, 9.6 Hz, H), 3.777 (s, 6H), 3.825
(s, 3H), 3.926 (dd, J=3.4, 9.0 Hz, TH), 4.364

(d, J=3.0 Hz, 1H), 4.432 (dd, J=7.3, 9.3 Hz,'1H),
5.874 (d, 9=1. 4 Hz, TH), 5.915 (d, J=1.4 Hz, M),

'\l‘.

6.313 (5. TH); 6,338 (s, 20).
13¢ nmr (bpit) -4.24 (q), 18.46 (s), 24.78 (t), 25.83 (q),
32.61 (d), 45.54 (d), 46.39 (d), 56.16 (q), 60.85 (q),
73.01 (t), 100.73 (t), 103.77 (d), 104.94 (d),
120.99 (s}, 131.11 (s},7136.05 (s), 136.66 (s),
136.79 (s), 138.37 (s), 147.34 (s), 153.34 (s),
178.41 (s). |
géé; . m/e 528 (M%)
[, (CHC1,)= 3.8, 5;1;64
Analysis Caled. for C,oH. 0,51 @ C, 63.615 H, 6.86.

283678
Found : C, 59.89; H, 6.49.

Preparation of 2 from 23

rreatment of a cooled (0°') solution of 23 (322 mg, 0.51 mmol)
in 10 m]idry THF‘wfth 4 equivalents of TBAF (2.0 ml, 1.0 M in THF}
was followed, after 5 minutes bf stirring, by quenching with a
saiurated ammbhium chioride solution. Normal workup was foilowed
by column chromatography on silica gel using the following so]vénts:
300 ml of CHZCIZ, 100 m1 each of 10% ttOAc/QO% CH C12,
80% CH2C12, 30% EtOAc/70% CH,C1,, 40% EtOAc/60% CH2C12. The fraction

20% EtOAc/

-
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size #as 15 ml. Fractions 21-30 yielded 162 mg (79%) of pure 2.
A1l data collected for 2 obtained by the desalv1at1on route were

in agreement with prev1ous data obta1ned for a- pe]tat1n (see pages

57 and 58).

Preparation of 3 from 24 ' o L _ oo

. Treatment of cooled (0"} solution of 24 (222 mg; 0.42 mmol)

1n’i0 ml dry THF with 2 equivélents bf TBAF {0.85 mli, 1.0 M in THF)
was followed, after 5 minutes of stirring, by quenching with a
saturated ammonium chloride solution. Normal workup was followed by
column chromatography on éi]ica gei~using 20 m]lfractions and 200 ml.
of each of fhe following solvents: CH2C12, 107, EtOAc/90% CH2C12.

20% EtOAc/BO“ CH2C12, 30% EtOAc/70% CHZC]2 Fractions 13-22 yielded

93 mg (53%) of pure 3. All data collected for 3 obtained by the

\.—

f

desilylaticn route were in agreement with previous data obtained

for B-peltatin (see page 58).

* Trapping of the enolate anion prepared from 23 with methyl iodide

‘Compound-gg_(SIO mg, 0.81 mmo]):was dissolved ih 5 ml dry THF
and added slowly to a cooled (-78"7 solution of LDA {1 equivalent),

prepared from diisopropylamine (0.12 m1} and n-Buli (0.41 w1, 2.0‘M;‘,

[N

in hexanes) in 10 m1 dry THF. The bluq_soﬁution was stirred for .

15 minutes, at -78° then exéess CH, ! was added (0.5 ml). The

resulting sq]ution was warmed to RT and stirred overniéht (22 h).
Normal workup affdrdéd two cémponents-after PfLCA( 1/7‘ethyl 3cetate7

hexanes; 4 runs). The more mobile component was identified as
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“5':_-_\-1{' ‘ .
2-methyl silylated a-peltatin (trans) 29 (200 mg, 38%) while the
less mobile component was identified as the corresponding "g‘ﬁ

-

isomer 30 (292 mg, 56%). =N '. . . .

29 - '
Cogfsg0gST, G s 5
642.94 B "MeO " “OMe _
wp 75“33% ' - OTBDMS
‘]__H__r]y[ & (ppm) 0.097 (s, 6H), 0.243 {s, 3H), b.273 -(s, 3H),
| 70.982 (s, ), 1.032 (s, 9H), 1.220 (s, ), 2.355 -
- L (dd, J=12.6, 16.2 Hz, 1H), 2.69-2.92 (m, TH), 3.014 -

(dd, J=5.3, 16.3 Hz, 1H), 3.675 (s, 6H), 3.984 (dd,

J=8.4, 11.0.Hz4 ), 4.2197(<, 1M}, 4.28-4.40 (m,

1H), 5.897 (s 2H) 6.230 (s, M), 6.296 (s; 2H).

o e 0 5 (ppm) <455 (q), -4.06 (q) 16.35 (q), 18.66 (s),
23.12 (t), 25.81 (q), 25.94 (q), 34.30 (d), 46.07 (s),

52.26 (d), 55.97'(q). 70.08 (t), 100.82 (t),

~ 105.22 (d), 109.07 (d), 120.91 (s), 131.34 (s), e
©133.36 (s), 135.42 (s), 136.34 (s), 147.76 (s),
. ¢ - . . !
N~ -160.57 (s}, 178.59 (s). R
M.S. . " m/e 642 (M'), 585 (M*-t.Bu)
[ (cuciy) = =102, c=l.n0 ~ , ' ’
Analysis Calcd. forT;P:;O\BSiZ : G 63.52; H,.7.84. - .,
) Found : C, 62.46; H, 7.4. - . .
L _ » \ -
<> PN . i\ - ~ - e
. - ' f
\
1 , R
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OTBDMS

30

C34M5005515

642.94 MeO OMe
MP  69-75°C 3 S | QTBDMS
]H nmr & (ppm) 0.111 (s, 6H), 0.212 (s, 3H)}, 0.241 (s, 3H),

0.994 (s, 9H), 1.026 (s, 9H), 1.190 {s, 3H),
2.2572.75 (m, TH), 2.99-3.09 (m. 2H), 3.712 (s, 6H),
'3.988 (dd, J=2.9, 9.1 Hz, 1H), 4.175 (s,.1H), 4.484

(dd, J=6.9, 9.1 Hz, TH), 5.850 (g, 2H), 6.301 (s, .2H),

6.353 (s, 1H),

%

34507872
Found : C. 62.45; H, 7.95.

139_3@[ § (ppm) ~4.58 (é), -4.}7 (q), 18.49 (s), 18.67 (g),
f e 22.87 (g), 25.84 (q), 26.98 (t), 39.66 (q), 47.04 (s), -
o 5127 (é{h 55.79 (q), 73.50 (t), 100.64 (t), 103.57
‘ (d), 106.86 (d), 119.56 (s), 132.26 (s). 132.56 (s),
T 185.74 (s), 136.29 (s), 147.31 (s),.151.24 {s),  -~_
| 169.31 (s), 181.39 (s). | -
_:S. ; . m/é 585 iM}-é-Bu) e
] (CHE1 ) = -106, c=1.00 |
Analysis Calch. for CygHei0.51, - C, 63.52; H, 7.84.
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Trapping of the enolate anion prepared from 24 with methyl iodide

Treatment of 24 (544 mg, 1.03 mmol)} with 1 equivalent of LDA in
10 ml dry THF at -78°, followed by trapping with excess methyl jodide
(0.5 ml), warming of the solution to RT, stirring overnight (22 h)
and -normal workup afforded a yellow-brown foam. Purification by

PTLC { 1/5 ethyl acetate/hexanes; 2 runs) yielded two components

which were identified as 2-methyl silylated B-peltatin (trans) 31

(292 mg, 52%) and the corresponding cis isomer 32 (258 mg, 46%).

OTBDMS
O
¢ A

0 Ty
n = o .
Coghag0gSt
242.70 R ' MeO OMe
MP  76-82.5°C | "~ OMe
4o o (PPM) 0.253 (s, 3H), 0.280 (s, M), 1.037 (s, 9H), -

1.242 (s, 3H), 2.380 (dd, J=12.4, J6~2 Hz, TH),

2.70-2.92 (m,-1H), 3.040 (dd, J=5.4, 16.4 Hz, 1H),

3.787 (s, 6H), 3.797 (s, 3H)}, 4.011 (dd, J=8.6,

11.3 Hz, H), 4.243 (s, 1), 4.366 (dd, J=7.4,

8.2 Hiz, TH), 5.900 (s, 2H), 6.226 (s, 1H), 6.346 (s, 2H).
3¢ mir, 6 (ppm)- -4105 (q), 16.37 (q), 18:59 (s), 23.05 (1),

25.94 (q), 34.42 (d), 45.94 (s), 52.38 (d), 56 #5~(q),

60.68 (a), 70.10 (t); 100.87 (t), 105.12 {d},
108.82 (d}, 120.87 (s). 130.91 (s), 135.53 (s),
136.37 (s), 136.51 (s), 136.90 (s), 147.84 (s),

152,24 (s). 178.54 (s).



M.S. m/e 542 (M) . \ s
[ (CHC1,) = -107, ¢=1.01 |
Analysis Caled. for Coghl3g0gST : C, 64.185 H, 7.06.

Found : C. 59.71; H, 6.47.

OTBDMS

2 : 1

CpgH3g0gS1 ‘

542.70 | , - MeO OMe

P n-75°C | . OMe

Yo s (ppm) 0.212 (s, ), 0.244 (s, ), 1.026 (s. 9H).
1.232 (s, 3H), 2.64-2.77 (m, 1H), 3.015 (d, J=5.4 Hz,
2H), 3.785 (s, 6H), 3.814 (s, 3H}, 4.007 (dd, J=3.1,
9.3 Hz, 4.205 (s, 1H), 4.506 (dd, J=6.9, 9.3 Hz, 11},

| 5.852 (s, 2H), 6.345 (s, ).

3¢ nar 6 (ppm) -4.17 (q). 18.49 (s), 22.83 (q); 25.87 (u),
26.91 (t), 39.64 (d), 46.97 (s), 51.38 (d), 56.10 (q). r
60.79 (q), 73.43 (t), 100.67 {t), 103.44 {d), 106.80
(d), 119.56 (s), 132.19 (s), 135.50 (s), 135.80 (s).
113634 (s). 137.02 (s), 147.39 (s), 152.94 {s),
181.21 (s). |

M.S. m/e 582 (M%)

[o] p (EHCI;) = =107, c=1.00°

+ Analysis Caled. -for Coghya0gSi & C,'69.18; H, 7.06.  »

- Found : C, 61.19: H, 6.57.

-

Y A

F<
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Y

Trapp1ng of the eno]ate anion prepared from 23 with hexachloroethane

) Treatment of 23 (426 mg, 0.68 mmo]) with 1 equ1va]ent of LDA in °
10 m1.dry THF at -78° followed by trapping with excess. hexachloro-

ethane (1.288 g), warming of the solution to RT, stirring overnight

(22 h} and normal workup afforded a/bdige fdam. Purification of the
crude product by PTLC ( 1/6 ethyl acetate/hexanes; 1 run ) yielded
two comporents, Z-chloro silylated a-peltatin (trans) 33 (414 mg,

92%) and a small proportion of the corresponding cis isomer 34 -

t

(19 mg, 4%). il
1
OTBDMS
o o
<<: )
. 0 ””l‘(
3 I o0
.'ﬁ
. C33H47OBS12CI
%335. . _ Y MeQ” OMe
MP 79-86°C . _ : . ©OTBDMS
’ L@
W onme 5 (ppm) 0.097 {5, 6H), 0.255 (s, 34), 0.285 (s, 3H),

0.979 (s, 9H), 1.037 (s, 9H), 2.652 (dd, J=10.9,
15.7 Hz, 1H), 2.82-3.00 (m, 1H), 3.083 {dd, J=5.6,
Cw 15.6 Hz, 1H), 3.678 (s. ae), 4.163 (dd, J=8.5,
9.7 Hz, 1H), 4.400 {dd, J=6.7. 8.5 Hz, 1H), 4.726
(s, TH);'5:902 (d, J=1.4 Hz, TH), 5.928 (d. J=1.4 Hz,-
M), 6.259 (s, 1K), 6.340 (s, 2H).
B3¢ § (ppm) -4:54 (q), -4.02 (q), 18.66 (5), 23.47 (t), ",- -
25.76 (n), 2594 (a), 368 (d), 53.29 (d), 55.97 (a}, |
70.57 (t), 71.53 (s), 100.99 (t), 104.61 (d), 109.05

(d), 120.28 (s), 129.45 (s), 130.98 (s), 134.15 (s),
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135.84 (s), 136.30 (s), 148.01 (s), 150.94 (s),
170.93 (s).

M.S. m/e 605 (M*-t-Bu)

@D (CHCI3): -116, ¢=1.01 . _ . /
Analysis Caled. for C33H4708512C1 :‘CL‘SQ.YS; H, 7.14.

Found : C, 59.21; H, 7.38.

A

'OTBDMS

34 .
8 C331g 70651 | o MeO ~OMe
.663.35 ‘ ‘OQTBDMS
_ J .
Th e § (ppm) 0.115 (s, 6H), D.207 {s. 3H), 0.235 (s, 3H),

0.994 (s, 9H), 1.014 (s, 9H), 2.95-3.40 (m, 3H), 3.725
(s, 6H), 4.171 (d, J=9.0 Hz, 1H), 4.475 (s, 1H}, 4.738

(dd, J=4.9, 8.9 Hz, 1H), 5.881 (s, 2H)., 6.358 (s, 1H},
6.421 (s, 2H). ¥

Faa

N .
Trapping of tHKe enolate anion prepared from 24 with hexachlorcethane

\ln
Treatment o\\;g-\(rtss mg, 0.88 mmol) with 1 equivalent of LDA in

<10 mi dry THF at -78" foi lowed by trapping aith excess hexachlorO'--‘
_ethane (1.627 g), warming of the solution to"_RT, stirring overnight.

+ {22 h) and normal workup afforded two components on purification by

PTLC ( 1/5 ethyl acetate/hexanes ), 2-chloro silylated B-peltatin

.p.

(trans} 35 (409°mg, 83%) and a sma]i-‘proportion of the correspond‘i ng

.
cis isomer 36 (27 mg, 6%).

f
“

(

ra

~ O\
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N

1

\ L OTBDMS.
. o - o)
~ Soae
‘ o nmn/
3 | R = ©
C28H35985TC]. ‘ | |
563.12 . h . MeO” OMe
MP ae-215c - OMe
_Heomr -8 (pﬁm) 0.262 (s, 3H), 0.288 (s::;h), 1.040 (s, 9H),
| L 2,670 (dd, 9=110, 15.6 Hz, TH), 2.80-3,04 (m, TH),
\\\\;e/ f' ' 3,102 (dd, J:é:S, 15.7 Hz, TH), 3.749 (s, .6H), .8.%00
(s, 3H), 4.185 (dd, J=8.7, 9.7 Hz, 1H), 4.427 (dd,
J=6.6, 8.4 Hz, 14), 4.750 (s, 1H), 5.907 (d, J=1.4 Hz,
1H), 5.930 (d, J=1.4 Hz, H), 6.252 (s, TH). 6.387 -
(s, 2H). - ‘ z
6 . 5 {ppm) -4.03(q),?;i5é(s), 23.41 (1), 25.93 (q).,
| 36.81 (d), 53.38 (d), 56.25 (q)."60.72 (q), 70.60 (t),
71.24 (s, 101.02 (t), 104.53 (d), 108.&3 (d), 120.25
(s), 129.09 (s), 134:12 (s), 135.92 (s), 136.34 (s),
137.50 (s). 148.04 (s), 152.61 (s}, 163.85 (s),
L 190.87 (s). " | . |
ms. m/e g62 (M) L ‘ N
[ g (;Hc13i:: -133} c=0.992 " . ' ' -
Analysis v - Caled. for 628H350851C1 ; C? 59.72; H, 6.26.
S Found : C, 59.78; W, 6.36. - * )
N -
. .

Vy
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: e

39; .

CpgH50g53CT | . MeO OMe

563.12 ' OMe

T 5 (ppm) 0.212 (s, 3), 0.239 (s, 3H), 1.007 (s, 9H),
2.9753.36 (m, 3H), 3.799 (s, 6H), 3.830 (s, 3H), 4.183
(d, J=9.0 Hz, 1H), 4.508 (s, ), 4.753 (dd, J=5.2,
9.0 Hz, H), 5.864 (d, J=1.4 Hz, 1), 5.883 (d,
J=1.4 Hz, TH), 6.345 (s, WH), 6.465 (3, 2H).

M.S. - m/e 562 (M¥) -

Preparation of 2-methyl a-peltatin (trans) from 29

Treatment, of a cooled (0°).solution of 29 (220 mg, 0.34 mmol} in

-

5 ml dry THF with 4 equiva]enés o'f" TM37 ml, 1.0 M in THF) wés
followed by immediate quenching with a sa%o al!nnqnf,um Ichloride -
solution. Normal workup afforded é-methy] u-peltatin (trans) 37 |
(100 mg, 71%) after PTLC ( 2/1 ethy) acetate/hexanes; 2 runs ).

L]

C 0

2222% R
41441, ST . CH.,0 ~ TOCH,
MP 228-233°Cv - - .7 . o OH

.
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'Honmr 6 (ppm) 1.2527(se 3H), 2.455 (4d, J=12.4, 16.2 Hz,
M), 2.70-2.96 (m, 1H), 3.083 (dd, 0=5.4, 16.2 Hz,
1H), 3.789 (s, 6H), 4.023 (dd, J=8.6, 11.2 Hz, 1H),
4.251 (s, H), 4.30-4.40 (m, 1H), 5.367 (s, ),
5.443 (s, TH), 5.939 (s, 2H), 6.192 (s, 1H), 6.364
(s, 2H). |

M.S. m/e 414 (M)

- fa]p (MeOH) = -123, ¢=0.968

222278 -
Found : C, 63.48; H, 5.28,

Preparation of i;Ts£g¥1 a-peltatin (cis) from 30 -
Treatment of a cooled (0"} solution of 30 (575°'mg, 0.90 mmol) in

Analysis Caled. for C,H,,0, : C, 63.76; H, 5.35.

5wl dry THF with 4 equivalents of TBAF (3.6 ml, 1.0 M in THF) was

followed by immediate quenching’with a saturated ammonium chloride
solution. Normal workup afforded 2-methyl a-peltatin {cis) 38
(319 mg, 86%) after PTLC-( 2/1 ethyl'acetate/hexanes; 3 runé\) and

recrystallization from CH2C12/hexanes’as.fine beige needles.

i

38
C22122% - o
a4y . - S CH,0” ° OCH; -
MP_ 108-111°C B P - OH
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”

"M nmr 5 (ppm 1.199 (s, 3H), 2.81-3.25 (m, 3H), 3.789 (s, 6H),
(acetone) 4.092 (dd, J=2.2, 9.4 Hz, TH), 4.137 (s, 1H), 4.580
'(dd, J=6.2, 9.2 Hz, 1H),"5.616 s, 2H), 5.840 (d,
J=1.0 Hz, ), 5.851 (d, J=1.2 Hz, H), 6.2689 (s, H)"
6.538 (s, 2H). t
MS. m/e 414 (M*) .
[d]D (MeOH) = -104, c=1.01 : o a
Analysis Caled. for CpHy,00 1 C, 63.763 H, 5.35.

Found :-C, 54.08; H, 4.92.

Preparation of 2-methyl g-peltatin (trans) from 31

Treatment bf'a coo]éd (0°) so]ution.of 31 (169 ﬁg, 0.31 mmol) in
10 m1 dry THF with 2" equivalents TBAF (0.63 ml. 1.0 M in THF) was
ollowed by immediate guenching wifh a saturatéd ammonium ch]oriQe
sb]ution; Normal wo;kup‘foT1owed by PTLC ( 3/2 etﬁy] acetate/hexanes;
1 Trun )_and rec}ystallization from CH2C1é/héxahes éfforded 2-methy] .

R-peltatin (trans} ggri 39 ﬂ.,‘75%).

N

C232408
428.44 ,
M 242-284°C - . . - . © . OCH,
| 1ﬂ%ﬂmﬁ | | § (ppm) - 1.256 (s, 3), 2.457 (dd, J=12.4, 16.4 iz, H),
2.75-2.98'(m, 1H), 3.082 (d&, J§5.33-f6L1 Hz, 1H),
3.753 (s, 6H), 3.80% (s, 3H), 4.022 (dd, J=8.7,"
. 113 Hes M), 4.756 (s, THY, 4.31-4.45 {m | TH), -
: A e

L » -,
. DR
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5.490 {br, 1H), 5.923 (s, 2H), 6.191 (s, TH),
6.355 (s, 2). . -

M5 m/e 428 (M*)
[, (CHCT;) = -119, ¢=0.995 - - |
Analysis Caled. for CyqH,,00.: C, 64.48; H, 5.65.

Found : C, 64.59%; H, 5.82.

Preparation of 2;methy1 B-peltatin (cis) from 32

Treatment of a cooled (0"} solution of 32 (258 mg, 0.47 mmol) in
10 m1 dry THF with 2 equivalents TBAF (0.95 ml, 1.0 M in THF) was
followed by immediate quenching with a saturatedﬁammonium chloride
solution. ﬁoﬁmal workup followed by PTLC { 11/9 ethyl acetate/heganeS;
3 runs ) and.recrygtallizatiod from CH2C12/hexanes afforded 2-methyl

B-peltatin (cis) 40 (137 mg, 67%) as yellow prisms.

OH

O .
<10 0
3 -7 0 -—
40 | - =_ O
P 4
“23124% ‘ -
©. 428.44 S CH,0 OCH,.
MP 127-130°C - N OCH,
Moo s (ppm) 1.237 (s, ), 2.67-3.11 (m,.3H), 3.785°

(5. 6H), 3.815 (s, 3H), 4.080 (dd, J=2.8, 9.4 Hz,

H), 4.195 (s, TH), 4.522 (dd, J=6.7, 9.1 Hz, 1H),
%5.299 (s, M), 5.846 (d, J=1.4 Hz, TH), 5.870 (d.
S J=1.4 H;, M), 6 3]4 (5, H), 6.362 (s, 2H).

-

M.S. ¢ mfe 428 (M%)
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[, (CHCTS) = -113, ¢=0.992

Analysis Ca}cd. for C‘23H2408 : Cf 64.48; H, 5.65.
Found : C,.61.01; H, 5.57. °

.Preparation of 2-chloro a-peltatin (trans) from 33

Successive treatment of a cooled solution (0°) of.gg'(ﬁo mng,
0.091 mmo]j in 5 ml d;y THFrw{th 0.1 ml acetic écid‘and_4 equibajeﬁts
of TBAF (0.35 ml, 1.0 M in THF':) was followed by washing with |
saturated ammonium chloride an?'sodium bicarbonate solutions. Normal

workup followed by RTLC ( 3/2 kthy] acetate/hexanes; 1 run ) afforded

2-chloro a-peltatin (trans) 21 (38 mg, 96%) as pale yellaow prisms,

o .

. . - 0

+ N <’0 . U,t‘(
| -~ 0

2 . =
3 C21.H19\08C]l
434.83 L CH.0 ocH,
MP  208-210°C " o © OH
H e .6 (ppm) 2.740 (dd, J=11.0, 15.4 Hz, 1H), 2.84-3.06
(m, 1H), 3.157 (dd, 9=5.4, 15.6 Hz, 1H}, 3.784 (s, 6H),
4.19_’1 (dd, J8.5,79.7 Hz, 1), 4:409 (dd, J=6.8, 8.4 Nz,
", ), 4.753 (s, H}, 5.930 (d, J=1.4 Hz, H), 5.957 (d,
J=1.4 Hz, 1), 6.215'(5,;1}*), 6.405 (s, 2H).
S, o w/etdd (MM, 308 (M-HC) L |
[a], (MeOH) ‘= -136, c=0.966 ' ) .
CAnalysis® ‘Calcd. for Cayfig0gl! : ¢, 58.01; H. 4.40.

P

‘ "Found : T, 57.70; H, 4.31. . :
. o >
. I -
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Preparation of 2-ch16ro B-peltatin (trqﬁs) from 35

S‘.’ucce\ssive treatment of a cooled solution (0°) of 35 (115 mg,
6.20 mmol) in 5 ml dry THF w1th 0 2 m] acetic acid and 2 equwa]ents
of TBAF (0.42 ml1, 1.0 M in THF) Was foﬂowed by washing with
saturated amermum ch]omde and sodium bicarbonate solutions. Normal
workup followed by PTLC { 3/2 ethy] acetate/hexanqs, 1 run ) afforded
2-chloro B-peltatin {trans) 41 (84 mg, 91%) as pale yeHow ﬂakes:

41 - ‘ ]
CagHp10gl] | |
448.86 R , " CH,0 OCH,'
MP 182-184°C T SN O0CH,
LH nmr & (ppm} 2.745 (dd 'u 1’1 1, 15.7 _Hz-, H): 2.85-3.05 )
(w; W), 3.162 (dd, J=5.3, 15.7 Hz, H), 3.756 (s, 6H),
3.807 (s, 3H), 4.201 -(dd, )=8.7, 9.5 Hz, 1H), 4.429
(dd, J=6.7, 8.5 Hz, 1H), 4.765 (s, 1H), 5.926(d
« o J=1.4Hz, )| 5.953 ('d', J=1.4 Hz, 1H), 6.220 (s, lH); o
| . 6.398 (s, 2H). | ~ O\
M.S. . n/e 448 (Mhy «
o i"Me_Oﬁ_) = -129, ¢=1.01 * SR -
Analysis  Calcd. for " Cophan0gCl ¢ C, 5B.87: K, 4.72,_ |
Found : C, 56.85; H, 4.67. S T
) _ - ;
"'"'h. l
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- Preparation of Tetra-Oeacetjggi D- g]ucopyranosy1 bromide

: Perchloric acid (0.23 m1 71-73%) was added dropwise to a cooled

(0°), stirred solution of a;etic'anhydride (40 ml) ind the resfiting
mixture was warmed to'hT; Anhydrous D-gtucose {10.0 g, 0.055% mo]i was
added at su&h a rate as to keep the reaction tempetature between 30-40°.
The.so1ution was then cooled to 20° and red phosphorus (3.1 g, 0.10 mol)
was added. Bromine (5.8 h]) followed by H20 (3.6 ml) was added at such

a rate as to keep the temoerature below 20°. The reactlén mixture was,
5t1rred for 2. 5 h at RT after which time 30 m} CHC] was added The
.m1xture Was f11tered washed with water (O') and extracted three t1mes
with CHC]3 The orqan1c extracts were then washed with water, satyrated

"““—.
sodium b1carbonate and saturated sod1um chloride so]ut1ons dried

’
over Mg504, fT]tered and the Solvent evaporated(f”‘yleld a yellow,

viscaus oil- Crystallization was ach1eved by d1sso]v1ng the '0il in
‘ K -'D.
a small volume of CHC]3 and adding an equal “volume of petrpleum

&
ether.‘Recrysta11ization from ether atfordedfthe glucosyl Bromide
. A
46 (5.31 g, 23%) as thin white needles:
- AcD
46 '
— ‘ : n AcO) \
CratigOgfr ) |
411.20 '
' -» 4 Br
MP §9.5-91°C (lit. MP 88-89°¢)"
W e 5 (ppm) 1.97_(s. 3H), 2.00 (s, M), 2.03 (s, ),
' A \ 1
N E 2.05 {s ! 3H), 3.80-5.70 {m, 6H}, 6.57 (d, J-4.0 Hz,
R - | )
M. §_ . ._m/e 331 (M""- Br) ‘ \/'\_k .- R
ﬁlg (CHOI.D = 193, ¢=2.00 (1it. .4, (Cuc13)=19e‘,‘g=2i4]‘1
Y -
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~ Preparation of the Phenyl Thioglycoside,43

Thiophenol (0.14 m1, 1.36 mmol) was added t0'a stirred solution of
powdered KOH (0.075 g, 1.34 mmol} and absolute methanol {10 ml) under
a nitrpggn atmosphere then a solution of gg_(g.soz g,-1.22 mwol) in
2 ml dry THF was added dropwise. The reaétion.ﬁixture was stirred for
4 h then worked up as for 46 to afford 43 (2;;\ﬁ§? 514} as.a;whiﬁe

powder after PTLC ( 1/2 ethyl acetate/hexanes; 4 runs ).

AcO OAc
43

—_— ‘ . + b 0 —-—
AcO

ConHos0S : .
330 2479° : _ ‘  acd \\aﬁ\\
40.46 . _

50 SPh
MP 97-100" (1it. MP 91-92°C)

T4 nor § (ppm) 1.92-2.10 (m, 12H), 3.46-3.85 (m, 1H),
4.06-0.25 (m, 2H), 4.86-5.33 (my 4H), 7.10-7.62
{m, 5H}.

M.S. m/e 33 (M*- sph).

N
e
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Attempted Preparation of the Tetra-acetylated Glucoside-of B-peltatin

Compound 43 (257 mg, 0.58-mﬁolfland B-pe]fatin (302 mgq, b.73 mmo1)
were azeotrppidg11y dried three t%mes with beqzene %heq 5 ml CH2C12 '
and 156 mg pulverized 4-A molecular sieves wére added. The resulting
mixturq was stirred under N2 for 0.5 h then recrysta]fized NBS (CH2C12/
hexahes).(]ZO mg, 0.68 mmol) was added. The progress of the reaction
was monitored by TLC. After 6.5‘H when no further change was oEserved
in'the TLC, the reaction mixture was dﬁ]dted with CH2C12, filtered
and quh?d with a saturated sodium sulfite solution. Normal workup
followed by PTLé (2/3 ethyl acetate/hexanes; 6 runs) afforded 3 majbr
components. The most mobile component was identified as the starting
pbenyl thioglycoside 43. Nq attempt was made to identify the other

two components as neither of the 1

H nmr spectra of these components
indicated the presence of both the B-peltatin moiety and the acetylated

glucose moiety.
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& ADDENDUM

Attempted Synthesis of Phenylsubstituted Benzocyclobutenols

1]

Model studies of a potentially stereospecific synthesis of

33 -

podophyllotoxin were reported by Glinski in 1982.°° These studies

were based on the thermolysis of the benzocyclobutenol derivative

L

31.
Thermolysis of 47 in refluxing toluene in the presence of
K2C03 gave the tetracyclic adduct 48 in 75% yield. The stereachemistry

of 48 was assigned on the basis of the diaxial coupling constants

J (10.0 Hz) and J (11.6 Hz). ]
Ha'Hb ‘ Hb-Hc
: o) 0 |
o)
110"
' | to] 7¥%.,C0 >
0 oluene/ 2¢03
CO,Et -
47 48

occur in a conrotatdry manner42 to yield the orthoquinodimethane 50 -
which should then cyclize to form the pentacyclic adduct 51 (Scheﬂe 6).
Compound 51 has the correct relative sterqothemistry.for all of the

chiral centres in podophyllotoxin i. Conversion of 51 to 1 would



"=

require saponification of ;hé'gster group and hydrolysis of the

!

acetal function :;(form the hydroxy acid 52. In his synthesis of

odrigo has reparted the conversion of 52 to 1

podophyllotoxin,
via DCC-promoted lactonization.?3
g DN
: 0O (o
0,/“*~0 &
0 ‘ . o 2
CJOd ¢y — < —>
0 8 ! 0
A CO,Et CO,Et
Ar .
49 ‘50

2un
>
-

51 . 52

pcc

1

SCHEME 6 =~ | \
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Unfortunately, Glinski was unable to complete the s&nthesis of
podophyllotoxin based on this approach due to the unavailability of
the precursor of 49, the 2-af§Tbenzocyc105uteno] 53. It was found

- _that the synthesis of benzocyc]gbuteno]s from o-halostyrene oxides

developed by Durst et al a4 was not suitable for the preparation, of
compounds- such as 53. In fact a careful search of the literature has
failed to reveal any evidence that compounds such as 53 have been

synthesized.

R ‘ |
O . nBui R
o O R=H or alkyl
Br 2. Mgbr, -. - OH .
Ph -
o Ph
. N=bub
e 2 (@) 53
Br 2..MgBr2 . OH
-
} Ph
CHO

It was our intention to develop a new synthesis of compounds suc@ -
as-53 and apply these to the synthesis of podophyllotoxin and its

analogues.



Our approach to the synthesis of 53 inéo]ved several attempts at
S, _

intramolecular carberde C-H insertions. - .«f\\\
Ph g Ph
\NZ s J'. -~ Ph.
1) — |
NS
CH, \CH3
‘r’
54 , 55 56
Ct n-Buli -,
2 —> P —— 56
Ph Ph
57 58

The possibility that 54 mTght be converted into 56 was suggested

45

“in a report by Zimmermann and Paskovich™~ in which they stated that

photolysis or thermolysis of 59 afforded 60 in fair to good.yield.

\y.

= N, ~ X
~
b "N
59 ‘ " 60 48% (hv)

SN e ()
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» 1

In addition, Taber reported that when a-diazo B-keto esters ‘such

A

as 61 were treated with Rh(OAc)2 in CH2C12, cvclopentanones such

as 62 were obtained in 50-60% yield as a result of C-H insert{on.46

0 0o = 0 0
: Rh({0Ac) 2 _ !
EtO > EtO R=alkyl or
ZR H (H,C1, R vinyl
H
61 . 62 (~ 50%)
5 .4

Thé diazo compound 5& Qas prepéréd.in routine fashion'47 as
'1ndicated below and was obtained as a dark red liquid after-
purificétion by cﬁrbmatqgraphy'on basic alumina using hexanes as
eluant. The ]H nmr showed a sharp singlet (éH) at 2.26 ppm in

addition to a multiplet (9H) from 6.88-7.63 ppu.

-

A]C] NH NH

benzene 2. HgO

Reaction of 54 with Rh(OAc)2 in CH2C12 resulted in disappearance
_of the red colour of the starting material within 30 minutes and
formation of a product with a m/e peakbat 388. The ]H nmr shpwed a
' sharp ging]ep (3H) at 2.25 ppm in addition fo the aromatic multiplet.

{9H) from 6.?R—7.63 ppm. These data are consistent with the formulation
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Vel .
of this product as the substituted tetraphenylazine 63.

Ph
C=N
\Nzc/

Ph

63
- - -q. - . )
The exact stereochemical assignmént of {63 is not known. However,
the product appears to be a -single Stereoisomer due to the presence

]H nmr spectrum of the crude

af only one sharp methyl sfng]ét.'The
eaction mixture indicated 3 sharp singlets at 1.93, 2.10 and 2.25
pbm in the ratio of 1:1:2, assignable to the méthyT groups of the 3
possible stereoisomers of 63. The yield of 63 after purification by
=‘:‘ccﬂu‘mn chromatography on basic alumina (1/3 ethyl acetate/hexanes)
ywas essent1a11y quantitative indicating that 1somer1zatﬁon to the
most stable stereo1somer probably occurred on the a]um1na column.
It appears that the proposed carbene or a:rhodium comp]ex
thereof, if formed, does not readyﬂy insert inté a C-H bond of the

o-methyl .group but reacts instead with the starting diazo compound

‘to furnish 63. ' -
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) Ph -

\

| |
e.
. ) (\_- . Ph
\ T O :N=N=C/

A flash vacuum thermolysis of 54 was also'attempted. Compound 54
was volatilized at 90-100" then passed through a 10 cm tube at 450°

under 0.3 mm Hg vacuum and trapped on a cold finger (478'). Under

—

these, conditions some of the diazo compound decomposed.prior to
volatilization. Examination of this residue by 1H nmr indicated the
presence of essentially pure azine 63. The yellow material collected
on the cold finger was shown to be-a mixture of Q,Lﬂidihydroqn-
thracene 64 and anthraceng 65 by comparison of the ]H-nmr with thoée

of authentic compounds (A]drich).48

The ratio of 64 to 65 was
approximately 1:1 based on’ the relative integrals of the singlet at
3.85 ppm due to the benzylic hydrogens of 64 versus the singlet at
8.37 ppm due to the C9 and Cio hydrogens of 65. A plausible mechanism

for the formation of 64 and 65 is shown in Scheme 7.
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In a third attempt to profuce 56, the benzyl chloride 57,
. ’ . . . . ——— T
prepared frém the commercially availabie benzyl alcohpl 66 upon
treatment bith HC1 in ether, was reacted with n-Buli in THF at 0°

1

for 2 h. The 'H nmr spectrum of the crude product showed two singléts

at 3.94 and 2.76 ppm and n-butyl peaks, .in -addition to the aromatic
protons. Part of the material crystallized from the crude reaction
product. This crystalline material, obtained ih-about 50% yield

based on the !

H nmr, showed the above two dinglets #in addition to
aromatié hydrogen absorption (relative area 2:2:9). The mass spéctrum
showed a strong molecular ion ﬁeak at m/e 362 tonsistent with the
formula C28H16' The important fragmentation peaks occurred at m/e

271 and 181 (base peak). These data are consistent Qith the formulation

_of the product as 67. A reasonable mechanism for the formation of 67

o
is shown below.

OH HC1 Cl n-Buli

ether

Ph Ph

CH,Li

Ph

-

-
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92
- e + ’ .
-91
N
m/e 362 ° ’ -
1. +
-181 CH, ~
Ph

m/e 181

Based on these results, it appears that n-BulLi was not a
suitable base for the proposed a-elimination reaction. Instead
halogen-metal exchange to form the benzylic carbanion 68 occurred

preferentially. A better base woufd have been lithium tetramethyl

piperidide 49 which has been shown to be an excellent reagent for

carbene gengration.
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Preparation of 2-methyl Benzophenone Hydrazone

A so1u£ion of 2-methyl benzophenone (6.5 g, 0.033 mol) in 36 ml
99% ethanol was refluxed with 100% hyéraiine i4.1, 0.13;m81) for
15.5 h then cooled on ick. Addjtidh of distilled water {130 ml)
followed by suction %i1tratiqn afforded the desirea—hy;razone
_(6.2 g, 89%) as a pale vellow -powder. The 1'H nmr showed a sharp
singlet {3H) at 2.13 ppm, a‘broadened peaﬁILZH) at.5.27 and ‘a
multiplgt (9H) from 6.90-7.93 ppm. )

Preparation of 54

The above hydrazone (4.3 g, 0.020 mo]d'and red Hg0 (4.5 g, 0.02]

mol) were combined with 30 ml hexanes and stirred for 98 h. The red

solution was filtered to remove any Hg, rotoevaporated to remove the
sonent-theﬁ placed in the refrigerator to allow any unreacted
hydrazone to crystallize out. Half of the filtrate (i.e. 2 g) was
purified_ by column chromatography on basic alumina using'hekanes as
the eluant to afford pure diazo compound 54 (0.96 g, 46%) as a dark
red liquid. The 4 nmr showed a sharp singlet {3H) at 2.26 ppm in
addition'to a muftip]ét (9H) ffom 6.88-7.63 ppm.

Reaction of 54 with Rh(OAc)2

To a #tirred solution of 54 (0.11 g, 0.53 mmol) in 10 ml CH,CT,
was.édded 11.3 mg Rh(OAc)z.‘After stirring for 0.5 h, the solution
was filtered to remove any rhodium salts. The ]H nmr of the crude
product {0.10 g) showed three sharp singlets.at 1.93, 2.10 and.-2.25

ppm in the ratio of 1:1:2. Purification by column chromatography
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A
on basic alumina (1/3 ethyl acetate/hexanes) afforded 63 (0.10 g,

W nimr of 63

49%) as a pale yellow solid (MP 141.5-144°T}. The
showed a sharp singlet (3H) at 2.25 ppm in addition to the aromatic
mﬁltiplet (9H) from 6.78-7.63 ppm. The mass spectrum indicated a -

strong molecular ion peak at m/e 388,

Pyrrolysis of 54 A ) -

Compound 54 was volatilized at 90-100" then passed through a 10.
cm tube at 450° under 0.3 mm Hg vacuum and trapped on a cold finger

(-78"). The |

H nmr of the residue (MP 127-136°C) remaining in the
reaction flask was identical to that of 63 while the 4 nir of the
yellow solid collected on the cold finger indicated a 1:1 mixture
of 9,10-dihydroanthracene 64 and anthfaéene 65 (comparison with

Aldrich spectra).

Preparation of 57

Concentrated HCI (10 m1) was added slowly to a solution of
o-benzylbenzyl alcohol 66 (0.486 g, 2.46 mmol)} in 10 ml etHer. The
resulting solution was stirred for 24 h then worked u; in the usuaf™
way using ether: Qurification by column chromatography on silica gel
(1/7 ethyl acetafe/hexanes) using 15 m} fractions afforded pure 57
(0.32 g, 60%) from fractions 2-4. The ]H nmr showed sharp singlets
at 4.20 (2H) and 4.58 (2H) in addition to the aromatic multiplet
(éH) from 7.04-7.67 ppm. -

Reaction of 57 with n-Bubi

Treatment of a cooled {0°) solution of 57 (0.362 g, 1.6 nmol} in

\
/
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15 ml dry'THF with 1.1 equivalents of ﬁ-BuLi (1.0 nﬂ, 1.9 M in

hexanes) was followed by stirring of the solution for 2 h. Normal
workup afforded a pale yellow oil {264 mg) which crystallized on
standing. The ]H nmr of these white crystals showed two singlets

at 2.76 and 3.94 ppm in addition to ihe aromatiC‘ST§ﬁ§1 from

6.86—?.56 ppm (re1ativg area 2:2:?). The mass“;bectrum showed a ;
strong molecular ion peak at m/e 362 as well as peaks at m/e 271

and- 181 (base peak). The yield of the.crystalline dimer 67 (MP

95-97°C) was estimated to be about 50-60% based on the 'H nmr.



- CLAIMS TO ORIGINAL RESEARCH

’

-A simple method of isolating pure a- and B-peltatin (yncon-
taminatea by the ogher peltatin) via their E-buty]dimethy{
silyl ethers was deve]Oped.‘. _
The synthesis of Cz~substituted peltatin derivatiﬁés from —
the TBDMS ethers of o- and B—peltaggn was repdrted a]ong'

with the biological test results of thé 2-methyl derivatives
against P388 leukemia.

The following is a 1ist of the new coﬁpounds that were prepared
and complete]y"théracteyized including elemental analysis:

1. silylated a-peltatin (trans), 23

2. silylated B—pe]tatin'(gzggg), 24

3. silylated a-peltatin {cis), 26

4. silylated B-neltatin (Eii),.gg

5. 2-methyl silylated a-peltatin (trans). 29

6. 2-methyl silylated a-peltatin (cis), 30

7. 2-methyl silylated B-peltatin (trans), 31

8. 2-methyl silylated B-peltatin {cis), 32

cis
3. 2-chloro silylated a-peltatin {trans), 33
Cis

10. 2-chloro silylated a-peltatin (cis), 34

11. 2-chlore silylated R-peltatin {trans). 35

12. 2-chloro silylated g-peltatin (cis), 36

13. 2-methyl o-peltatin (trans), 37

— _

14, 2-methyl a-peltatin (cis), 38

i | ¢§F | ;.



15.
16.
7.
18.

2-methyl B-peltatin (trans}, 39
2-methyl g-peltatin (cis), 40
2-chioro a-peltqtin-(trans) , 21

2-chloro B-peltatin (trans}),.41
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