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ABSTRACT

The first “part of this thesis deals with an approach to the
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utilized »y D. Macdenaléd <for the svathesis of Hocdophyllotoxin

The scheme reguires the aldehyde be converteéd to the hydroxy
i3

sulfon=2 via irradiation in the presence of S50zx. Ccupling wizth an

appropriately substituted isocvanate would yield a urethane

he Tricvclic compound thus formed could De converted via a

he secend part deals with the attempts made in The synthesis

0of a- and p-peltatin. The methedology was based on the Glinski

- — o < - NN - - - - - ey -7 e oy -
coupling reaction and msiilfications ~hereci  Lavilving 2
“ ~ H ] 3 . —-— 1A
ZasstLTuT=sx :en:a_den}:e ancd a oTenVv.Lll La.Llle.
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PART I

INTRCDUCTION

The lignan lactone, podophyllotoxin 1, is the aglvcone of the
anticancer drugs Etoposide or VP-16 2 and Teniposide or VM-26 3.

[1] ., Etoposide is currently in clinical use in North America,

i1

urcope, and Japan for treatment of a variety of human cancers such

as leukemia., breast, and thvroid.
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"Lignan" Qas a term first used by Héworth [2] to describe a
class of optically active plant products which coﬁtain a 2,3-di-
benzyvlbutane skeleton. fhé? are assumed ToO Dbhe dérived biogen-

genetically by the dimerization of two aryl propane units at the

<
B - carbon units of each of the two side chains. The skeletons of
the resulting natural products c¢an Dbe represented by three

structure tvrcs 4, 3, and 5.
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Lignans are abundant in the heartwood and resin of Conifer-

acege. They have also been isolated in the wood, roots. seeds,

and rhizomes of other plant .families including Piperaceae, Qlea-

ceae, and Berberidaceae.

Podophyllum is the dried roots and rhizomes of the pedophyllum,

~

species (family Berberidaceae). Podophvllum peltatum Linnaeus,

3
commonly known as the May Apple. * American Mandrake, Indian Aapple,

"

Wild Lemon, or Duck's Foot, is found in North America.[3] Podo-
phyilum emodi Wallich is <the Indian counterpart and grows .n the

Himalavan Mountains. A third species growing in that region was

discovered by Chatterjee and Mukerjee and is named Podophvllum

sikkimensis R.Chatterdfee and S§5.X. Muker-see. These plants have been

known for centuries for their medicinal and toxic properties.[3]
When the podophyllum i1is extracted with alcohol the resin thus
‘ - _

produced is called podophyllin or podephvliium resin. It. was first
prepared in 1835 by King.([4]

Podophyllum and podophyllin were used. in the nineteenth cen-
Tury as cathartics and for various other medicinal purposes.Podo-
phyliin was included in <the United States Pharmacopeia from 1863

until it was removed in 1942.[3]7 In the latter vear, Kaplan re-

newed interest 1in these compounds when he was able to cure the
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venereal wart Condvloma Acuminatum.[6] Up-to l&ﬁO. podop%?lliﬁ was

-
i
I

studieé as a possible agent for many clinical! conditions.[7] How-

-

ever, the resin showed 1little, if any, therapeutic effect outside

of Condvloma Acuminatum.

A number of researchers directed their efforts to the isola-
tion and . characterization of the constituents of podophyllin.

Podophylliotexin L . a white, c¢rystalline substance, was first

~

isolated by Podwyssotzki in 1880.78] Between 1947 and 1950,

Hartwell ané workers isolated three new lignan lactones.[9,10,11]
The peltatins ( a - and 5 - ) were isolat§§ from Podophvilum

Perratum and 1 -demethylpodophvllotoxin was isolated from Podo-

phvllum Emodi. By 1938, sixteen compounds (Table 1), ranging from

. k4
f£rlavenolz tTo glyvcosviated lignans, had been isolated and

T4

922, the structure and configuration of podophvlilotoxin

m
3]
m

established byfHartwell and Schrecker.[3] They postulated that the
antimitetic and antitumor activities oI the podophylium lignans

were closely related to their cis-(l:2)~trans-(2:3)-trans-(2:4)

configuration, and alse to its highly strained, trans-fused V-
5
i .

lactone ring. Uncder mild base catalysis "~ podophvllotoxin spimerizes

To picropodophyvllotoxin 13 which shows very little cvIotoxic



TABLE 1 : COMPQUNDS ISOLATED FROM PODOPHYLLIN

NAME R2 R3
podophyllotoxin 1 OH H CH3
a-peltatin 7 H CH H
8-peltatin 8 H OH CHy
&'-demethylpodophyllotoxin S OH H H
deoxypodophyllotoxin 10 H H CH3
podophyllotoxin glucoside 11 O-glucosyl H CH3
c-peltatin glucoside 91____2_ H O-glucosyl H
B-peltatin glucoside i3 H 4 O0-glucosy!l CH3
4'-demethylpodophyliotoxin glucoside 14 0-glucosyl H H

0H
= MeO
segs
= ]
= C
MeC OMe
OMe.
picropodophyllotoxin 15 tetradehydropodophyllotoxin 16
R,
\_CH
HO @
OR,
T OH
NAME 7 Rl R2
quercetin 18 H g4
isorhamnetin 18 H OCH3
quercetin 3-galactosice 20 galactosyl OH
kaempfero] 2L H H

OMe

sikkimotoxin 17
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activity.[2a,34] o ‘ &///

A scale- Dreiding' model © of podophyllotoxin or the peltatins

« "

containing the trans-fused VPV -lacteone ring shows a st;ained in-
flexible molecule. A‘ model of picropodephyllotoxin or of the
peltatins containing the cis-fused lactone shows considerably less
™ .

strain and rigidity and may exist in several “ixed and inter-
convertible forms. n podophyllotoxin, the trimethoxyaryl ring is
essentially perpendicular to the plane of the other rings whereas
in the flexible picropodophvllotoxin this is so in only cne of the
cenformations.

In 1950, Greenspan and coworkers investigated the effect of

podoﬁhvllotoxin and the

peltatins on transplanted tumors in
mice.[12] The a -peltatin displayed the Jgreatest activity. EZn-
couraged by these results, a -peltatin was administered intra-

venously to patients with advanced neoplasms.{13] Some temporary
response was observed but no long tTerm activity was attained. The
8 -peltatin was also shown tc be ineffective when oral doses were

given to patilent

U]

with leukemia andéd neurcblasdoma.[14] ¥uhn and
von Wartburg of Sandoz Laboratories developed’ a methed for

synthesizing podophyllogfxin and epipodephyllotoxin glycosides

(Scheme 1).[15,16] Clinical testing of both these structures gave
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disappointing results. Further modification bv converting the 4,6-
di;l of the glucoside into an acetal or ketal gave no dramatic
increase in biological activity. However, removal of.thg 4’ ~methoxyv
group vielded a series of compounds which displaved a high in vitro
aq;ivity against mouse lymphocvytic leukemia L-1210.{17] Two of the
derivatives were selected for clinical testing and were.found to be

-

Al 3 . .
very useful in treating a wide wvariety of cancers including
bladder, brain, non-lymphatic leukemia, small-cell lung, breast,

Thyreid, and Hodgkin's disease. The compounds selected were

i'demethyl-1-0-(4.¢-0-ethylicdene- g -D glucopvrangesyl) epipodo-

tr

phyllotoxin (VvP-16 or toposide”) and 4'-demethyl-1-0-41,6-0-(2-
thienylidene)- g -D-glucopyranosyl) epipodophyllotoxin (VM-26 or
"Teniposide™).118]

The activity of podophyvllotoxin r2sults from its interaction

with microtubules [7,191 which are holliow, tubelike filaments

essential for mitosis. Microtubules arse feormed by reversihle
polymerization of alterrnating a- and B - tubulin dimers into a

rhelical array.
Since 1835, it has been known that colchicine 22 disrupted
microtubule function and assembly, and as a result, the division of

cells in metaphase is halted.[20] This results from the non-

rd
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covalent binding of colchicine to a high-affinity binding site on
3 3 “ . 3

tubulin whick would prevent any tubulin _polvmerization. It was

initially thought <that this high-affinity site was also a binding

00 arrested metaphase and produced

rt

site for pecdephyvlilotoxin as it
similar effects as the <c¢clchicine.[19] However, it was shown tha=z

the binding site for pddophylloteoxin is not identical <to that of

~

colchicine but rather the two éfe cverlapping. The overlapping site

- =,

is thought to be where the trimethoxy aryvl ring of bhoth compounds

hinds.[21]

NHCOCH,
CH,0
CH,0
~ N CH.0 | ’
~o
22
Flow cvyvtometry studiss indica

te that Extcposide ;;d*iagiposide

;

delay the transit of cells through the lat2 S cor early G- phase of

W
[ )
&)
|52
[ ¥
n

they possess a mechanism of actioen

~

the c¢ell c¢ycle.[22,2
" different from podophyllotecxin.

It has been proposed that the antitumor effects of VM-26 and VP-



"hreaks and rejoins DNA strands,

10

16 result froem their ability to induce DNA breakage. Several groups

havé shown that Etopoéide does induce damagé in mouse L-1210 and

human lung adenoccarcinoma cells.[24,25,26]

Evidence suggests that . DNA topoisomeraée IZI, an enzyme that

mediates this DNA cleavage.[27] It
is believed in the presence of the epipodophyvllotoxins a complex is
formed between the enzyme and DNA by intercalation which, when
exposed to a denaturing agent, fesults in cleavage of the DNA
strands.[28] This hvpothesis is supported by the work of Rowe and
coworkers. [29]

Sinha and workers ([21] studied the activity of Etopdside bv
t e
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iver microsomes in the presence of

incubation resulted in O-demethylation of the 3'-

methoxy greup. This O-demethylation would resulct

derivative 22 which could be oxidized to

rt

he o-guinocne 21

(Scheme

bind to cellular macromolecules and

\

cyrtotoxicity. In VP-16 was also found to be

microsomal lipid peroxidaticn while the parent

pocdophyllotoxin had little effect on this peroxidafion. From their
data the authors suggested that both a 4 -hvédroxyl group and an

¥ 0 4 - > :
adjacent oxyvgen substituent was essential for cytotoxicity. In
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another study [30] it was shown that YP-ls forms an oxvgen-
centered free radical of unknown structure when activated by
horseradish peroxidase in the presence of .hydrogen peroxide. This
species too could bind to celluiar comp&nents and result in cell
destruction. Their mo3t recent study [32] demonstrates that an
active. intermediate of VP-1% does bind irreversibly to both DNA and
microsomal proteins. Whether it is the free radical species (or a

derivative) or the o-guinone structure which binds to cell macro-

——
o~

molecules is not known. These studies, however., lead one to believe

that these types of binding may play a major role in the activicy

-~ —»’_’/-
of the epipodophyvllotoxins.
OH .
CH
CH OCH ! o -
“li] _—
23 24
OH , | 9
CH,0 OH -
- < _
- _ R —
r  PROTEINS o
CH,
HO
OH

SCHEME 2 PROPOSED METHOD OF ETOPOSIDE ACTIVITY
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In order to examine the validity of these suggestions and
possibly gain some insight into the mode of action offthese
compounds it was decided to synthesize analogues with different
oxygen substitution patterns in rings . B and E. Ideally; the
synthetic sequence would be versatile and efficient to enable one
to prepare sufficient 'quantities. of several analogues for.bio--
logical investigation.

AT :he time this work was bHegun only three syntheses of'podo—
phyllotoxin had been reported. The first two by Gensler [33,34] and
by Xende [33] were ccnsidered unsuitable sinEe they produced the
epimeric picrepoddphyllotoxin. This reguired an inefficient epi-
merization te preduce the trans-fused- VY -lactone of podophyilo—
toxin. Their svntheses are shown in Scheme 3 and Scheme . Furt&er—
more, separation of the podophvilotoxin from the picropodophvllo-
toxin thus produced requires careful column éhromatography énd
There was no'guaraqtee that analogues ¢f the two compounds would be
separable. »

The Rodrigo ~svnthesis [36] publishe 1980 avoided the akove

e
l-l
3

contra-chermodynamic epimerization and 1

0]
e
3

1 principle suitable for

th preparatio{ of podophvllotoxin analogues. The synthesis is

-
~

shown in Scheme 5. Lithiation of 6é-bromopiperonal dimethyl acetal
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followed by reaction with 3,4,5-trimethoxybenzaldehyde afforded the
hydroxy acetal 25.([37] The isobenzofuran derivative 26 was formed

from 215 by treatment with acetic acid in situ. Subsequent trapping

by dimethyvl acetylenedicarboxylate vielded 27. Catalytic hvdro-

gena®fon, epimerization, and ester reduction resulted in the

-formation of the bicyclic hydroxy ester 28. Upon hvdrogenation, the

. “*-‘\

tetralin 29 was produced.and\cgﬁwerted to an acetonide. Subseguent
saponification to give the acid 30 -qilowed by acid treatment gave
: j )

(:)-neopodophylloth{n 21.[38] This was converted to podophyllio-
Toxin 1 by cpening the lactone ring' to give the ac:id and re-
lactonization witﬁ DCC.r3§] The overall vield of podophvllotoxin

In the Rodrigd synthesis replacement of either 6-bromopiper-
cnal dimethwvl .acetal or the trimethoxy benzaldehvde by analogues
in the first step would lead <o pocdophvllotoxin analogues. This

-
V

criteria of versatility and
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A project directed toward a new syvnthesis of podophvllctoxin was
nearing completion and has since been completed by Dwight Macdonald
in our laboratories (Scheme 6)}.[40] Data available suggested that

it would have a versatility similar to that of the Rodrigo



svnthesis and would reguire

—decided to attempt the

a

14

¥

similar number of steps. It was

preparation of analogues following the

»

Macdonald route or a variation thereof. oo
L
* “\ r
:“.\
.
\
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RESULTS AND DISCUSSION

‘The Macdonald and Durst synthesis (Scheme 6) of (:s-podo-
phyllotokin required the initial preparation of a trans-l-aryl-
benzocyélobuten-l—ol 33 which éas prepared via an eight step
sequence from the diester -2.[41] o

qhe appropriate cyclobutenol (frans-2-(3',3 ,53 -trimethoxy-
phenyl)-4,5-methylenedioxybenzocyc}obutyl alcohol) was converted
to-a urethane 34 by.re@ction ‘with the isocvanate of methyl-4-
aminocroteonate [42] in methylene chloride using triphenyltin
acetate, a mild Lewis acid. as the catalvst.[43] The connection
netween the benzocyclobutenel and the c¢rotonate ester would

.

ensure the desired regiochemistry i

3

the Diels-Alder reaction and
éhculd generate all four chiral centres in podophyllotoxin in a
single step. The nitrogen function of the urethane could also
prove useful in the final ¥y -lactone construction. This con-
nection could have been made via a variety of functicnal groups
such as a mixed caﬂ%onatg or mixed aceral. However, the Eijpar—

ation of .these latter c¢ompounds usually regquires basic reacticon

conditions which are not tolerated by the trans-l-arvibenzo-

‘cvclobutenol.

i

Hvdrolysis of the methyl ester 34 was performed using an
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‘aqueous solution of lithium hydroxide in tetrahydrofuran to yield
the acid ;é. Hydrolysis was neceéésary prior to the thermoiysis
since hydrolysis of tﬁétfricyclic methyl esfer caused consider-
able-epimerization at'é—g{and thus eventually yielded a mixture
of podophyllbt;:xin and .picropodophyllotoxin.

Heating the acid 35 in nitromethane at 80-90° afforded the
infefmediate o—quinodimethane 36 via a conrotatory opening of the
cyclobutene ring. A subsequent intramclecular Diels-Alder reac-~
tion gave a 5:1 mixture of the tricyclic acids 37a and 37b.
Hydrolysis of the urethane was carried out with lithium hydroxide
in aqueous THF and gave the amino acid 38 without epimerization
at C-2. Thus the epimerization cbserved above occurred prior to
the conversion of the methyl ester into its ca:box&late salt. The

-
amino acid was diazétized with sodium nitrite at pH¥4 to give
directly (X)-podophyllotoxin with an overall yielé of 11% from
trans—z-(B',4',5'-trimethoxyphen§i)—4,S—methylenedioxybenzo-
cyclobutfl acetate.

It was also demonstrated by Macdonald that the tricyclic ure-
thane 37 suitable for the synéhesis of a podophyllotoxin analogue

devoid of aromatic substituents could be prepared from either

trans-2-phenylbenzocyclobutenol 39 or gis-l1-hydroxy-3-phenyl-
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1,37dipydro-benzo[c]thiophene—z,2-dioxide 40 (Scheme 7). The gis
i . ) - et

sul?one 40 is ‘available in one step via the photolysis of 2—T
. N . e

Lt

benzylbenzaldehyde in +he presence of éulfur dioxide. The ure-
thanes 41 and 42 were derived from 12 and 40 via the isocyanate
N ‘
coupling reaction described above. .Thermolysis of the cis-
urethane sulfone 42 resulted in a suprafacial.cheletropic loss of
sulfur dioxide to yield the o—quinodimethané derivative 43; ‘this

intermediate was also formed upon -heating 41 to 100°. A sub~

sequent Diels-Alder reaction resulted in the formation of the

‘.
\

tricyclic ester 44, which upon demethylation with lithium iodide
in DMF gave the acid 45. The urethane ring was then hydrolyzed
with lithium hydroxide in agqueous THF to afford éhe amino‘acid 46
which was diazotized to give the podophyllotoxin analogue 47.
<

qu'this thesis, we chose to prepare the podophyllotoxin ana-
logues 48 and 49 utilizing the hydroxy sulfone route. This se-
queﬂée would require the fe#est steps from the appropriately o-
substituted benzaldehyde to a podophylloto#in analogue.

The podophyllotoxin analogues we had hoped to prepare were
chosen on the basis of the dataj;vailable on the mechgnism'of
action of Etoposide presented eérlier. Since the’methylenedioxy

L

functiohality on the B ring does not appear to have any direct



QH (E)H ’
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MeO OMe MeO OMe
OMe OH
18 49

correlation to the activicy of Etoposide, it was not Included in
the B ring cf our proposed analogues. In 19, the 4’ '-methoxy g?oup
was replaced by a hydroxyl group. since biochemical studies
indicate that a 4'—hydrox§ groeup on the E ring is essential for

cyvtotoxicity.

rh

ing materials o

rt
1

The star our proposed synthesis of certain

xin analogues are specifically substituted ortho-

b

podephyvllic:

8]

benzyvl benzaldehydes. A search ¢ the l:iterature showed that a

-

these compounds needed %o be

o

reliable multigram preparation o
&

developed. ™ : N

Glinski developed a cuprate route (Scheme B8) to these types of

orthoe substituted benzaldehydes and claimed an overall vield of
84z of 74 based on, and starting from 6-bromopiperonal dimethyi
acetal.[44] ATtenpis to. repeat this reaction gave variable

results, in particular, when performed on gram-scale guantities.
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Very recently, Charlton and Alauddin [45] published a synthesis

4 .
¢

of 6—(3,4—dimethoxy\§nzyl)—veratraldehyde usina a modification of
the Glinski 'coupling. These authors also report problems with

feproduciblity and could carry out the reaction on no more tham a3

one gram scale.

CHs o BuLi/THE/~78
<0 H; n-Bu,PCul o
o Br ArCH,Br |

72

SCHEME 8 GLINSKI'S SYNTHESIS OF ORTHO-SUBSTITUTED BENZALDEHYDES

An earlier synthesis by Sammes f46] of this aldehvde re-

gquired six steps starting from 6-bromopiperonal “ethvliene ketal

and occurred in 27z overall vield. Thus, an alternate route was
. I

investigated as a more reliable and efficient synthesis of these
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aldehydes. This route is shown below in Scheme 9.
N -
L3 ~
Parham and coworkers [417] reported that o-bromobenzoic acid
! could be dimetallated with n-butvllithium in tetrahyvdrofuran at

-100°. to give the dianion 30 which when trapped with acyl halides

}le ded o-benzovlibenzoic acids.

rh

this dianion were guenched
with an aldehyde, the key lactone 51 should ke formed upon treat-

ment cf the initial condensation preduct with HCL.

" COOH 2 n-Buli/ ' 00~ COOH

THF C) ArCOX
) 50 Ar
50 ArCHO' HCi [::[ib 10%Pd/C OOH
. O S
-5t 52
CH.OH
z PCC HO
Ar Ar’ Ar =
23 54 _ CH,
|

SCHEME 9 PROPOSED SYNTEESIS aF CRTHO-SUBSTITUTED BENZALDEEYDES
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?he dianion 30 was generated according to Parham and reacted
with 3.4,5-trimethoxybenzaldehyde. The crude addition product was
quenched with 6N HCl and alléwed to warm ToO room temperature.
Workup followed by recrystallizaFion from ether /hexanes afforded
the lactone 31 as a white solid (mp 123 --127°) in 6432 vield.
" This regction was repeated'several times including a twelve gram
batch, all with comparable vields.

The 300 MEz proton XNMR spectrum of 51, shown in Figure 1,

shows singlets at s 3.84 (BH, 2 -0OCHs)., 3.86 (3H, -OCH5),
.6.353 (1H, -CHO-), 6.48 (2H, aromatic H's on trimethoxy ring): the
remaining 4 H's on the disubstituted ring appear as two doublets
-and two triplets. The individual assignments are shown on Figure
1. The IR spectrum showed a carbonyl absorption at 1740 cm-2,
indicative of a conjugated f£ive membered lactone. The mass
spectrum gave a strong molecular iom at m.'e 3200 (calculated M~=
200). The initial lossz of CO:z to m/e 236 is as expected.
The next step was the conversion of the lactone to the o-

i
benzylbenPwic acid 52. We chose to utilize a process known as

catalytic transfer hydrogenaticn [48] in which an organic mole-

cule acts as the hydrogen donor (e.g. cyclohexene) in the pre-

sence of a cétalyst {e.g. P& /C}. The process has been utilized
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51

THE LACTONE

1H NMR SPECTRUM OF

FIGURE 1
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successfully for'the hydrogenation of .a variety o¢f functional
P
groups including Kketones, nitriles, and nitro compounds, and for
the hydrogenolyvsis of benzyl;c halides, amines, and esters.

The lactone 31 was then refluxed in toluene in the presence of
10z palladium on charcoal and excess c¢vclohexene fo; 22 hours.
The catalyst was removed by'filtration and the solvent evaporated
to give the acid 32 as colourless crystals in quantitative vield.
The IR showed absorptions at 1705 cm-: (s) and 3290 cm-* (5").
The mass spectrum gave a molecular ion at m /e of 302 (calculated
M= of m/é 3C2). The proton NMR showed singlets at § = 3.83 (6H,
2 -0CHs), 3.85 (2H,-OCHs)., 4.39 {2H, benzvlic CH:}. 6;41 (2H,
aromatic H's on trimethoxy ring): the four H's of ?pe_ B ring

appear in the region %.23 :5-'5.2 as  two doublets and two
The acid was reduced with lithium aluminum hvéride in tetra-
hyvdrofuran to give the alcohel 33 in 91z vield. This alcchol was
characterized by 1its proton NMR (& = 3.83 /(8H), 3.85 (32¥), 4.35
2H), 3.63 (2H), 6.40 (2H}), and 7.21 - 7.99 {(4H)), its IR (3650
cm~*), and its M.S. (M* = 288 m. e).
Two methods were utilized to oxidize the alcohol to the alde-

hyde 34 with similar results. Both pyvridinium chlorochromate
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(PCC) and manganese dioxide were used as oxidizing reagenté anq,s’//

.
gave 34 in 93% and 94% respectively. PCC is, however, the reagent

of choice since rather large quantities of MnO=: and long reaction

- -

zimes are reguired to complete the oxidation and the activity of
the catalysi decreased greatly with its age. The aldehvde, iso-

lated as a white, powder, mp 143.3-146.0°, gave a molecular ioq}%t

m,/e 286 in its M.S. The IR spectgum displaved a carbonvi ab-

sorption at 1698 c¢m~* indicating the presence of a conjugated

,

-

carbonyl group. The proton NMR spectrum, reproduced in Figuré 2

shows singlets at $ = 3.83 (8H, 2 -0QCHz)., 3.86 (2H, -CCHs),

1.37 (2H, benzylic CHz), 6.40 (2H, aromatic E's on trimethoxy

. . <
ring), and a singlet at & = 9.2 due to the aldehydic proton. The
LY

aromatic hydrogens are between & = 7.23 - 8.00.

This method provides an eificient method of synthesizing the

-

o-benzvlbenzaldehyde 34 from o-bromobenzoic acid with an overall

vield of 54% in only four steps. Although each intermediate was

|
purified at each step no purification is actually necessary.(fﬁ?‘
crude lactone obtained from the dianion reactien <can be
hydrogenolvzed and the acid formed separated from impurities by a

simple acid-base extraction, reduced, and the alcohol thus

produced oxidized to 54. ¥When such an operation was cargied out,
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the.yield of the aldehyde 54 from o-bromobenzeic acid was 602.

To demonstrate the generality of the above method for pre-.
paring o-benzylbenzaldehydes, the lactonés 55 and 36 were pre-
pared, the latter by L. Breau.[64] Both were subseguently hydro-
genated to their respective acids 57 and 58. The latter acid_

could serve as a precursor to the Glinski aldehyde 74 (Scheme 8,

N

ha
page 23) subsequently used in her siynthesis of epiisopodophvllo-

toxin.[44]
r

The dianien of o-bromobenzoic acid was agaln generated as des--

cribed above. Addition of pipercnal and quenching of the reaction |

L3
mixture with 6X HCl vielded, after recrvstallization from ether/

hexanes, the lactone 53 as a white soll in 62% yield. The IR
showed the expected carbonyl absorption at 1735 cm~*. The mass
spectrum gave a molecular ion at m'e of 234 (calculated M~ of m-e

of 254). The *H XNMR shows signals at & =

i

.24 (s.2H)., 6.34 (s,

1¥), 6.45 -6.68 (m, 3H), 7.10-7.25 (m, 2

e
HH

Y. 7.29-7.42 (m, 1H],

and 7.98 - 8.01 (4, 1H).

was refluxed in toluene along with excess

~The lactone

[BH}]
w

|

¢yclohexene and 10% palladium on charcoal as was earlier des-
4 :

[61]
L |

cribed.- Workup furnished the acid {99%) as white prisms. It

was characterized by its M.S5. (M= = 236). IR (3630 cm-*), and *H



33




34
NMR (&= 4.36 (s. 2H), 5.98 (s. 2H), 6.48 - 6.70 (m, 3H), 7.16-
7.30 (m, 2H). 7.40 - 7.46 (m, 1H), and 7.98 - 8.02 (a4, 1E) ).
The next' step in the synthesis of 19 was the preparation of
the i:dréxy ;ulfone 39. The mthod utilized was based on work by

Durst and Charlton.[49]

The first major hurdle was encountered at this stage. 2-(3°

4‘,5'-Trimethoxybenzyl)-benzaldeh?ﬁe was photolyzed in the
~ R : 7 .
presence of sulfur dioxide. After 3 hours, the TLC indicated the
absence of aldehyvde and the formation of a slower moving compound
presumed te be the sulfpne. Also Qisible on the TLC was a fast
moving fluorescent material. The benzene.was evaporated and the
rasulting ©0il was washed several times with hexane. after much
effort the sulfone was isolated in 53z vield as a 2:1 mixture of
diastereomers as supported by the spectroscopic data. The dia-
stereocmers were not separated. Isomer 1 cdisplayved signals at J =
3.78 (s, 3H)}, 3.80 (s, 5H}).5.32 (s, lH), 5.72 (3, lEJ, and 7.20-

L
7.98 (m, 4H). Isomer 2 gave signals at & = 3.79 (s, 3H), 3.83

(s, 6H), 3.47 (s,1H), 3.68 (s, 1H), and 7.19 - 7.98 (m, 4H). The

-

’
+

IR spectrum of the mixture displaved bands at 35300 cm-*, 1330
cm-*, and at 1310 c¢m-*. The mass spectrum did not give a

molecular ion but showed an m'e of 288 (M+ - SOa:) as its base
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. peak. The'facilg loss of sulfur dioxide from the molecular ion
peak was not unexpected as Macdonald observea similar results
with his sulfones.[41]

The sulfone 38 was found to be very unstable. Gentle heating
or in . fact merely sitting at room temperature would cause its
decomposition. The sulfcone was alse very inscoluble in most
solvents.

The fl§3§escent bypreoduct obtained in the photolysis of 54
was isolated in 29% vield and characterized as the trimethoxy
anthracene derivative 539 shown bhelow by its NMR ( {§ = 4:02 {s,
3y, 4.06 (s, 3H), 1.32 (3, 3H), 7.44-7.47 (br, 2H), 7.88-8.21
(m, 3H). 8.54 (s. 1H), and 8.68 (s, 1¥) ), and its M.S. (m’e of

268). A proposed mechanism for its formaticn is shown helow.

OCH,
OCH,

OCH,
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Based on earlier studies in our laboratory by D. Macdonald, we

expected that the coupling reaction bgtween the isocvanate 60 and

the sulfone 39 would proceed without much difficulty. In an in-

-

triphenvltin acetate was added to a

rh

tial attempt 10 mole = o
suspension of the sulforne in methylene <chloride. After several

hours the methvliene chloride was removed at 25 to furnish a

Eor
<r

viscous oil. an IR spectrum of the o0il showed a strong peak at
* L

t

/‘ e .
0 . . A L)
chloride was added to the reaction flask and the)suspenSLOn was

220 cm-® indicating the presence of isocvanate. Thus methylene
~

kept at room temperature for several hours at which time the

-

solvent was again evaporated. This process of evaporation and
dilution was repeated for several davs until the IR had indicated

that the starting isocvanate had disappeared. Finally, the crude

.

product was passed through a silica gel column using varyving

mixtures o hexane and ethyl acetate. Unfortunately, none of the

-

desired material was Isolated. Many further attempts were made v
varying seclvent type (acetonditrile, methylene chloride) and cat-
alyvst amounts ﬁfroﬁ 10 mole * To 2 mole eguivalenfs]. In one
experiment (1 mole % triphenvltin acetate, methyvlene chloride,
i8h), a compound suspected to be the desired urethane was

isolated in 10% vield. This material showed 2y NMR ‘peaks at ¢ =

4
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3.72 (s, SH?, 3.767(s, 3H), 3.81 (s, 6H), 1.02 (m, 2H), 4.91 {m,
- . .

NH). 5.43 (s, 1E}, 5.95 (4, 1lH)., 6.40 (d., 2H)., 6.59 (s, 1H), 6.85
{(dt, 1H), and 7.20-7.99 (m, 4H). Comparison of these data with
those of the known urethane'structure 34" whose individual proton
assignments are at § = 3.73 (s, 3H), 4.07 (m. 2H), 5.17 (m. NH).
3.23 (s, IZ), 6.00 (ét, 1H)., 6.67 (s, 1H) 6.92 (adt, 1), ard 7.0

-776 (m. 9E) allowed us to draw the \EE?ye conclusion concerning
_‘-‘/

-'\ .
t“% identity of our coupling product.
A
\ .-
j
!
0 - o

The reason for the poor vield (at best) of the coupling pro-

duct is probably due to the instability ané insolubilty of the
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sulfone .59. Because of these two factors the sulfone may have

.

undergone decomposition prior to significant reaction with the
isocvanate. In the “end the isocrvanate itself was probably
-

destroved by the presence of adventitious water resulting from

the many solvent manipulations. A 10x vield at this stage would

]
(o]
rt
(a3
[
4]
[
(R
th
¥
)]
'—l
m
rt

Z¢ allow Us to generate sufficient guantities

1

of the desired podophvllotoxin analogue and thus,the approach had

to be abandoned.

wWe then turned To the benzocvclobutenel apprcocach shown in
. - -

Scheme 7 (page 22). This would involve preparation of the sulfone

P .
acetatge 592 {Scheme 10) fo2llcwed by thermolysis <to the

- -

’

. =

bDencecyclobutyl acetate 59b. A large excess of acetic anhydride

was added to the =sulfone and the reaction mixture was kept at

N

room temperature for 3 hours. Trequent TLC meonitoring indicated

the formatien of considerable amgunts of th= anthracene
; : : - . £ - : S A ‘
derivative described above. The NMR of the crude reaction mixture

obtained after evaporation ¢f the acetic anhvdride showed that

extensive decompeosition had occurred, and gave no evidence Ifor
che Iormation 0f the desired acetate 5%9a. At this point., the

synthesis of the podophylilotoxin analogues 3

o
o]
u
Al
w
§
{v
rt
12
19

benzothiophene sulfone route was abandoned.
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PART II

. !
In 1947, Hartwell and workers isolated o -peltatin 7 and B -

peltatin 8 from Podophvllum peltatum. (8,9,10] It was initially

thought that Dboth peltatins were isomeric to podophyllotoxin 1
[10] bur it was- later shewn that the empirical formula <for a -

ltatin was Cz2i1H2o00s [50] while <that of B - -peltatin was

U
10

Hz20s. [9,10]

O
n
2]

The peltatins are known to be biologicaliy very active and
highly toxic. [8.9,1C.51] A combination of pocr response in can-
cer patients and a high toxicity resulted in these compounds

being virtually ignored by researchers after the work of Green-

w
rt
rt
62
12

‘g

resent time, no total synthesis ¢f either o -pelta-
tin or f -peltatin has been reported. Brown, Loriot, and co-
workers have reported a svnthesis of (-)-iso- B =-peltatin 61 and

the methyl ethers of both (*)-iso- o -peltatin 62 and 3 -

3

r 63.

eltat:

U
—
[8]]
LY
(9]
w
[

-

A syvnthesis of J -peltatin starting from
pocdophivllotoxin has alse been reported. (53]
AT the Dbeginning of this thesis work a project directed to-

wards the svnthesis of both ¢ - and S -peltatin was initiated.
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The proposed scheme (Scheme 11) shown below is analogous to that

Macdonald was simultaneously investigating for the synthesis of

podophyvllotoxin. (Scheme 6, page 19)

- 62 =
OCH Me P
3
CYprete  SH—=( S0, e~
0 Ar .
64 Ar -
o)

SCHEME 11 PROPOSED ROUTE FOR TEE SYNTHESIS OF THE PELTATINS -
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In order to proceed, a route to the aldehyde 64 was required.

In the follqwing pages, an unsuccessful approach to this compound
based on the Glinski coupling reaction described earlier and
variétions thereof 1is described. Unfortunately, the development
of a svynthesis of such aldehydes, which is described in Part I,
came at a significantly later stage and time did not permit the

,

application of <this new methodology to the synthesis o? 7 or 8.

Based on experience, there appears to be no reason why 64 should

not be available via tRe seguence shown below.

o)

COOH 2”BUL" " AFCHO _ HCI___ °© \ 10%Pd/C

Br -100 () O ’
Ar’

OH
. 4
Ar’ , Ar
= [ @ HO
o
. Ar’
Ar' =
: CH.Q OCH,

OCH,



43 _ )

The question of whet£er 64 could be converted via the hyvdroxy
sulfone to the desired compound remains unanswered in view of the
probiems associated with dealing with the corresponding sulfone
58 in the podophyllotoxin series.

The first stage of the preoiect involved the formation of 2-
hydroxx riperonal Qi. It was initially thought if the dianion of
‘pipéronal 635 could be formed., guenching with oxvgen would pro?ide
a'simple route to the aldehyde 67 as shown below. The dianion 53

was previously prepared by Durst and workers and subsequently

trapped with SOz to give the sultine £3. [53]

H,OH ~_ ~CH,0~

2n-BuLi/
THF/ 0° '< O

o ! 0 CH.OH
Il o
sfg
o 69
o
68
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Piperonol, dissolved in &ry THF, was cooled to 0°, rTwo.equiv-

1

alents of n-Buli were added slowly. After two hours, oxvgen was

bubbled directly iIntoc the reaction mixture. Examination of the

crude reaction mixture by NXMR and TLC indicated the presence of a

complicated mixture. None of the desired phenol could be isolated

-~
from the crude reaction mixture either by chromatography or after

attempted separaticn of the reaction mixture into acidic and non-

acidic components by extraction with 10: KOH solution. This

reaction was repeated several times by varying tE? temperature

tor dianion reaction with cxvgen from -78< to 0° and the reaction:

)

solvent from THF to ether.
A subsequent approach involved reaction of the dianion 85 with

1

I. as szhown below. The expectad iodide £8 could eventually be

-

[§]
(8]
o]
-~
m
ry
i
1]
[¥N
rt
@]
rt
]
(4
]
1]
{0
£
be
8]
(1]
[oh
(s}
8]
w
]
(8]
b
LA
3
rh
Q
"
rt
[
o |
6]
it

2lyv, tTreatment of 63

[y

:ith one eguivalent of I-. at Q-

-

th
O

Jot
™

. . i ..
owad by warming the reaction
+

mixture to room temperature and subsegquent treatment with NasS0,

id not afford the desired preduct. Several medificaticons con-
cerning reaction <times, Temperature, and zclvent alzo proved

unsuccessiul.

o

e
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N

Adesomoju and coworkers [56] have reported thé preparation of

v
2-methoxypiperonal -70. a compound potentially useful for the
peltatin svnthesis. This svnthesis, shown in the segquence below,
was successfully repeated. The ‘overall vielad qf 2-methoxy-
piperconal 70 from piperonal via its cylclbhexylimine as an ortho
metallating group., was a useful 535:. {56,57] The physical and

spectral properties of 70 and all intermediates were in agreement

with the literature values.

NC(H,
< CHO ‘ ’ |
—— ‘"*'BU.LI/ A
(o) < = I:-HF/ 8,
H,
N X

" ' | CsH, CH,0 :“CGH..
< Cul/N.OCH, _ 0 HCl _

o . CH,OH

Reaction of 70 with bromine in glacial acetic acid [58] gave

6-bromo-2-methoxypiperonal 71, mp 138.2 - 139.8,( A max = 1690

Py
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“

cm-f) 2s a white so0lid in 73% vield. The 300 MHz proton NMR
showed singlets at § = 3.97(3H, -CCH5), 5.9% (2H, -0OCH:0-). 6.82
(1H, arematic H), and 10.48 (lH., <CHO). The presence ¢f a mole-

cular ion "doublet” at m e 238 and m/e 260 confirmed the presence

0f hromine.

‘70 HOAc o
Br, : <

The bromo derivative 71 is now susceptible to halogen-metal

.

exchanges which would allow us To join the second aryl coroup to

ring B. The goal of this par

rt
]
Eh
rt
¥
(1

rciect was to devise a

reliable method of attaching the arvl group

l‘\"
(]
"
rt
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14
wn
1Y
0]
rt
£
L
+
D
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6-bromopiperonal and 3,.4,3-trimethoxybenzene derivative

0
Cad
m
"
m

chosen as model components because of thelr ready aval

b4
b
L
o3
i
b=
ya
rt

[
L]

The Glinski coupling reacticon discussed earlier was £

8]
o
M
g
]

plored as described.

L]
b
ol
v
(8]

—

Particular care was taken to en-

sure the purity of all starting materials. They were carefully
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retrystallizgd and dried prior to use.-A solution of 6-bromo-

- L -\I

pipéroﬁal dimethyl acetal 72 in dry THF was treated with nBuli at
o
. -78°. This was followed by the addition &f (nBu)aPCul and then
. ) ~
3,4.5-trimethoxvbenzyl bromide. The reaction mixture was then
. ’ 4
. R . *

warmed tP reom temperature and stirred for 18 hours. However,

none of the coupled product 71' was ~iseclated upon workup and

™ column chromatography. .
13
'/E *  nBull/THF/-78
< H; »-Bu,PCul H*
. ¢ o
R ArCH,Br
0] Br 2
72
.
~
h
Many additional attempts were made in order te match the
Glinski result. These included the additicn of TMEDA <o the re-
action mixture with the hope of stabilizing the intermediate aryl
™ .
? anicn and possibly iImprove the coupling reaction. Under the best
conditions (TMEDA, (nBu)oPCul,nBull (-7€<.10min), 3.4,3-trimethoxv-

vield of ‘31’ was obtairned aiter extensive chromatographic

separation. We decided to abandon this approach because of the
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inconsistency of the results obtained from the experiments.

Several months

\

.coupling reaction on 71a and also

ZJuring the

benzvlic bromide a

information came

later, Charlton also attempted the Glinski

experienced many difficulties.
course oI his studies several conclusions were
benzyl bromide

was most

had 'to be reacted with the

(28
it
14
]
rt

in

imest Iimmediately  a: fermation. This

at such a later date that due to lack of time

and other cepmi;tments. his reaction condition was not attempted

-

A
[

";hloride first at

cith ocur compounds.
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MeO (o)
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r
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N
;ng'régbtio“ was unsuccessiul, the two sTep
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-78° and then at 253° did not affcrd the expec-
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attempted purification indicated none of the desired product had
been formed. There was also evidence that enly 10%f of the
starting material was’ Present and that extensive decompesition
nad also occurred. Presumably, the same instability of the aryl

anion as suggested by Charlton is responsible for this negative
One f£inal attemp:t was mada involvin Tthe Zformation of the
cescribed earlier. Cne =2quivalent of 2,1,5-trimechony tenzal-

dehyde was added. After nermal workup. the NMR o0f <he crude pro-

duct was. quite complicated. Column chromatagraphy of the crude

2 .
eil gave no product resembling the desired alcohol 76. This
result could also point to the instability of the arvl anion.

Zased on the above results which were obtained pricr =o the
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failure of <these reactions was due to the instability of 6-
“Thicpiperonal dimethyl acetal, possibly by rearrangement to the

acetal anion gz and subseguent decompesition.

/ADhﬂe

@ ~oM. -~-=—ELIM. » CARBENE - ~OMe

Based on work Dby Eliel [67]., we decided to make the 1,3

Zioxane derivative of S-bromopizersnal ~ .. Eliel studied lith-
~aticn reactions cf confcrmationally fimed 1.2 Zithianes. Hs
found that deuteravion of 2-lithio-2-methyl-cis-4 dimethvl 1,3

dithiane involved =guatorial attack by deuterium. H= alzo con-

cluded the lithium salt was formed more rapi idly when the Z-methyl

rt
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-
group is axial (i.e. an equatorial hyvdrogen is more readily ab-
stracted). Based on his results on the dithianes, we rationalized
that the Dbenzylic hydrogen of the dimethvl acetal might be more

susceptible teo lithiation than the same hvdrogen in 77. This

would cause the iInstabilty we encountered. However, in 77 the
preferred conformation places the benzyvlic hvdrfogen in the less

acidic axial’ pesition which might make it less susceptible o

Buli

faster - Me
S Li
Buli o

slower

D,O
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The 1,3 dioxane derivative of 6-bromopiperonal 77 was prepared

by refluxing piperonal with trimethylene glvcol and a catalytic
amount of p-toluenesulfonic acid. Workup gave the desired ketal
as whité needles (mp 110-112°) in 88% vield.

was found az a singlet at 4 = 6.00 in the NMR:; the other peaks

are as expected and are
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low vwields of the expected coupling product could be attained.

0}
o]
™
0
rt
<
L
B
[Ty
[}
-
14
A1)
s |
]
&3
0]
8]
"
‘0
rt
[
o]
o J
41}
rt
L)
[0
w
Q
O
=
'
M
v

¢ 300 MHz proton NMR

-~
gave signals at ¢ 2.8Y {z, 3H), 2.82 (s, 6H), 6.01 (s,-1%),

|
/ ;
/
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6.14 (s,2H), 6.38 (s,28), 6.48 (s, 1H), 7.1C (s, 1¥), and 7.°1

. “' “
{s+1H}. This result allows one to concluéde that the anion ex-

1
change reaction has worked but ‘that <the coupling with the

benzvliic halide is poor. 7

n-Bul/ THF/-78
MeO HO

; MeC
- OMe

-
.o
The hydreogenclysis og 78 to 79 was attempted using cvclohexene

and palladium on charcoal in refluxing toluene. The progress was
monitored by TLC. After- disappsearance ¢f the starting material,
the catalyst was removed Zv  fillrtration and tThe tcluene

evaporated. Examination of the product by NMR showed almost the

complete absence c¢f any aromatic hvdrogens suggesting that hyvdro-

genatvion of the aromatic ring had taken place. A similar resuls

was subsegquently obtained by W. Brown [63] with a related com-

pound. No explanation for this surprising result can be cffered.
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78 PYRIDINE - <

78 105 Pd /C -

into either 3 <chldricde (SCCl:. pyridine) or a mesylate (mesvl
chioride, triethwvlamine) at low temperature. The product of each

was reaction was not isolated and reduced directly with LAH since

we expected these compcunds tfo have limited stability. Neither o

Theze cenditions afforded 79 setT th TLT and 1Y NMR indicated
-«
That ZecomposiTion had parans osccurred.

SOCH;
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78 MsClI - < © LAH —t— _72

o Ms

" CH,0 OCH,

he failure of these zeguences mav be due to the susceptibilty
chloride or mesyliate toward solvolvsis with participation
of <the <dioxolane oxyvgens followed by further reaction of the

resultant tricyclic oxonium anion.

The Barton-McCembie resacticn [61,82], a method for t
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This method, as shownr below., involves <—he

Tial fermation 92f an xanthate by addition of carbon disulfide

and then methyl iodide to the oxygen anion. Subsequent reduction



with tributyltin hvdride

56

results in the deoxygenated derivative.

CH.I - R—H
3
The alcchol 78 was added o a suspension of sodium hydride and
imidazole in THF. The mixture was brought o reslux. Carbon
disulfide and CHuI were added sequentially and the reésultant
solution was refluxedé for two hours. {he r;action mixture was
washed with water and the solvent evaporated yielding a brownish

£

0ll which zhowed a singlec

ztage.

at § = 2.88 assignable to the S-Me
. A sgluzien ol the crude product in
luning zeolution of sributhlisin hydride
0o the solvent after several heours at
NMR of this crude o0il indicated that
* had formed. ) -
the =zldehvde 731 were abandoned at this
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EXPERIMENTAL

GENERAL
Melting points were determined on a Gallenkamp melting point
.

apparatus and are uncerrected. *H NMR spectra were obtained on a
Varian XL 300 MEz spectrometer. All spectra were taken using
deuterochloroform (CPCl;) as solvent (unless otperwi;e indicated)
and tetramethvlsilane as the internal stanéard {TMS). The
chemical shiits given are relative to the TMS. The coupling
patterns are given as singlet (s), doublet (&), doublet of
doublets (dd), doublet of triplets (dt), broadened (br), or

multiplet (m). Mass spectra (EI) were obtained on a VG-7070E

instrument.

u
BY

Tetrahydrofuran (THF) was always distilled over benzcphenone

scdium under nitrogen immediazelr pricr to use. ALl  other

solvents were of reagent grade guality or distilled.

Thin layer chromatography (TLC) was gerfcrmed on Merck 60F
2534 precocated silica plates of 0.25 nm thickness. Column
chromatography was performed using 3Baker $0-200 mesh zilica gel

as the adsorbent. Microanalyvses were carried out by Guelph

Chemical Laberatories Ltd. in Guelph, Ontario.

Normal workup involved pouring the reaction mixture into water



or saturated ammonium chloride, extracting three times with ether

or methvlene chloride, drving the organic extracts with magnesium

U}

sulfztc and 2vaporating the 'solvents on a rotary evaporator.
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Preparation of the 3—(3,4J5—t£imethoxvphenv1)Dhthalide 51

0
O

“OMe
OMe

= MeO

n-Butyllithium (10.9 ml,25.3 mmol).

was added dropwise to a stirred solution. of o-b

(2.22 g, 12.5 mmol) in 30 ml cf dry THF at -100<
under No. After s;irrlng Jor 5 minutes at -~100<,.
benzaldehyvde (2.46 g, 12.3 mmol) dissolved in
added dropwise. The ﬁixture was stirred f;r a
minutes at -~100° and <hen the cold bath was
further 15 minutes, 6N HC1 (75 ml) was added
mixture was warmed to room temperature. Ether w

layers were separated. The agueous laver was extr

s0lvent and recrystallizatio

T}

cteone 531 (2.41 g,

Ci1v7H160s:

as a solution in

hexane,
romobenzoic acid

(etherCO2 bath)

. -

1, J

3. trimethoxv

-

THF

0

0 mi was

n additiecnal 13

removed. After a

and .the entire
as added and the

acted with sxther

. hexane aft

Y

forded
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60

mp. 125-127=
2g NMR: Jipprm) o 3.84 (s.6K), 3.85 (s5,3H), 6.35 (s.,1H}
§.48 (s,2H), 7.23 - 8.27 (m,dH}
M.S. me 300 (M)
IR (CHCID} -l s < (Cm-lj 1785 :s)
Analvsis: Calculated: C: 67.99 Found: C:
' H: 3.327 H:
Preparaticn of o-{3.31.5-crimethoxvbenzvllhenzoic acid 32
s
Me Me
OMe
»Ioh2 lactone 31 (2.1l g, 8.03 mmol) was dissolved in 30 ml
uene. Excess cyclohexene (13 ml) ané 10z P4'C {3500 mg) were
and the solution was refluxed for, 22 hours. During th=
Time an additional 10 ml of cyvclohexene was added. After coo
filtering, and rotary evapcration of the =sclvent, the ac

—~

2.10 g, 98&. was isolated as

-
-

%)

’
H
o
2]
[¢1

68.06

5.42

it
8]
P

t—l

e

6]
(o]

s
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52 CivH:a0s 302.33
mp. 141.6-143.5° ~
1H NMR: d (ppm) 3.83 (s,6H), 3.85 (s,3H), 1.39 (s,2H
: 6.41 (s,2H), 7.19 - 8.07 (m,4H) '
M.S5.: m’e 202 (M=)
IR:{CECl;) A max LCmTE) 2300-3290 (Brz), 1703 (33
Analvsis Calculated: C: 67.52 Found: Z: 87.60
E: 6.00 H: 6.09
L]
Preparation of o-({3.4.5-trimethoxvbenzvlibenzvl alcohol 33
H,OH
, -
e |
o
MeO Me
Me

The acid 32 (2.00 g,%.5 mmol) was dissolved in 25 ml THF and
added slowly to 2 ztirred solution of LAE (.23 g. -5 mmel) in
2 ml of THF at 0°. The reaction mixture was stirred for 20 min-
utes at room temperature and subsequently refluxed for 2 hours.
Workup in the usual manner afforded a vellex o0il. The - 0il was



. : &2
dissolved in ether and the alcohol 33 was precipitated as 2
vellow solid by the addition of hexane. The yield was 91%

(1.73g).

33 CivH200s 288.34

mp . 138-14d1° ) —

AH NMR: § (oem) .83 {(s,6H), 3.85 {(=5,3¥), 4.35 (s.2H)
1.83 (s,2H), 6.40 ({(s.2®H), 7.22 - 8.C1
{m,4H)

M.S.: m,e 288 (M=+; =

IR:{CECLL} 1 mamx LCmT1} 2450 - 3630 (o)

Preparacion of o-(3,4.5-trimethoxvbanzyilbenzaldehvde 34

b The alcohel 33 (1.66 g, 5.76 mmol) was dissolved in 23 ml

CHz2Cl: and added dropwise to a suspension of pyridinium chloro-
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-

chromate in 10 ml CHaCl, at 0°. The reaction mixture was warmed

o room temperature and stirred overnight. Evaporation of the

solvent resulted in a2 solid which was purified via column

-

chromatography (l1:2 ethyl acetate.hexane). Recrystallization from

ether hexane aiforded <the aldehyde 34 (1.32 g, 93.2%) as white

'3
81
.J
n
2]
4]

} Freshly prepared MnC, (2.00 g) was added To a.solution of the
‘alcohol 33 (1.32 g, 35.28 mmol) in 23 ml CHzCl: and subseguently

. stirred at room temperature for § hours. The reaction was

* ? - Lo - - : - .
filtered and “fresh catalyst (300 mg) was added. Stirring for an
. - ‘- P -
addizional 8 hours was <feollzwed by fils¥ation  and removal of
zelvent in wvacuo. The solid this obtained was recrystallized from

34 CivH1a05 286.23 -

mo. T 133.434-136.0°

*E NMR: f (ppm) 3.83 (=.,8H), 3.86 (g.32H), 1.37 (s,1H)
5.4C {s.2H), 7.23 - .00 (m,1H)., 9.70
fs, 1H)

IR: (CHC1l,) A max {(Cm™T) 1668 (s) i
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Preparation of the 3-(3,4-methvlenedioxvphenvliphthalide 55

o) S s

The lactene 2% was prepareld as descrized above for the pre-

saration of 3. The reagents and their iggyﬁrsused weres: n-

o
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acid (4.91g,

24.4 mmel) in 100 ml of dry THF, piperonal {3.70 g, 24.4 mmdl) in

40 ml ¢ dry THF, and 1530 ml . 6N HCL. Normal workup and recrys-
tallization <from ether hexan afforded <the lactcne 23 (3.2i1g,
¢
52+ as & whitve sclid.
- LY
5 . CLSHL004 :5'}.:‘1
mR. - 161.2 - 163.1 =

¥
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1]
~!

Preparaticn of o-(3,d-methvienedioxvbenzyvl)benzoic acid

COH N

The acid 37 was prepared in the same manner as the acid 32.

The reagents and amcunts used were: lactone 33 (1.05g, 4.2 mmol}

in 30 ml of toluene, cyclohexene (12.3 ml), and 10: Pd,C (250
’ . .

mg). Filtration and solvent removal furnished the acid 57 {1.06g,

N9r) as white prisms.

iz CiaH:2Ca 236.23
mp. 116.2-118.3°
18 NMR: $ {ppm) 1.36 {s,2H), 5.98 (=,28), 5.48 - 5.70
(m,28), 7.16 - 7.30 (m,2H), 7.40 -
. 7.46 (m., 1lH), 7.98 - 8.02 (&, iL#).
M.S.: m/e 236 (M=)
IR:(CECls) A max (CH™2) 2630 (s)
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Direct conversion of o-bromobenzoic acid to the acid 52

L] -

COOH

MeQ DMe
OMe

7
The procedure used for the preparation of the lactone 31 was

mmol), n-Buli (4.7

A

follewed using o-bromobenzeoic acid (1.08¢g., 35

ml,_11.3 mmol)., and 2,4,5-trimethoxvhenzaldehyvde (1.05g, 5.4
- .

mmol}. Workup and 2vaporation were Immeciately folleowed by the
i
hiydrogenclivsis reac:ionf\\\Thus the crude o1l obtairned was

dissolved in 40 ml of toluene and cyclohexene (10 ml) anéd 10«
P3 C ° (220mg) were added. The mixture was refluxed cvernight,

iltered, and the solvent was removed in vacuo. The oil remaining

was Taxa2n up in  ether (10ml) and washed with.3: _NaHECO, (2 X 13
: »
ml). The agqueous laver was acidified <o vieléd a white pre-

cipitate, which when dried. was characterized as ¢
vield was 60xr (0.962g) starting from o-treomobenzolic acid. all

spectral data were identical to that preszniz2d earlier
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"Preparation of (z)1-hvdroxv-3-(3,4.35-trimethoxvphenvl}-1,3-

dihvdrobenzofc]thiophene-2. %2.dioxide

-
The aldehyde 34 (0.24g, 1.22 mmol) was dissolved in 50 ml

Fh

benzene and placed in a guarzz <tibe. The solution was flushed

irradiated for 3 hours after which +the solvent was remouved.

= sl B B ooy S T e
22 12,2335, 3% as a Drouwnizh zoliil.
-1 H H - - — - N W e e e +
The h2xane laver was  evagporated in 3cuo Tto  leave 3 wh
[

.
i) © v Ci17H100s8 350.39
mp. 15.4-16.3° (dec.)
19 NMR:
N

£ 4 fz2pm) 2.78 (=,3H)., 3.80 (3.5H), 5.32 (s,1H)
{ 5.72 (5,18}, 7.20 - 7.98 (m,4H)

ith nitrogen and then =zaturated with S0-. The mixture was



Isomer 2:

é (ppm}

68

. 3.83
. 7.18

(s,6H),
7.98

M.S.: m e 286 (M=)
IR:{CHC1L) Al max (Cm—?! 3300 (s) and 1330
59 CivH1a0n 258.32
1T ANMR: d {ppm} 4.6G2 (s.,38), 4.06 (s,3E}, 1.52 {(s,3H),
J.44 - 7.47 (br,2H), 7.88 - 8.21
(m, 2H), 8.564 (s.13), 8.88 (s.1H)
M.3.: m e 268 [(M*)
Attempred coupling of 59 with the Isocvarnate ¢f methvi d4-amino-
croLonate .
) ’ (\ i
- - = i 2. - .
i) The hyvdroxy sulfcre 9 (Z0mg, 2.131 mmol) was dizzolved in
THzCl: {(10ml). The isccvanate {20.1 mg, 0.1i3mmecl) and triphenyli-
Tin acetates  (5.8mg., 0.Clzammol, 10 molz) were added. The reaction
mixture was stored at room  Temperature  for  several hours an
subseguently the minture was concentrated down Tc an oil.
Methylere chloride (10 =ml) was added and again the reacticn
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vessel was stored at room temperature for several hours. This

-

procedure of concentration and dilution was repeated several
times. The progress of the reaction was followed by IR until the
band at 2240-2270 cm~* had totally disappeared. The CHa2Cl. was

removed and the resulting o0il was purified via column chroma-

tography using ethyl acetate as the solvent. A small amount {6.1

2]
Te]

1o
(@]
y

o]

Ih
21

w

t
[t

rial suspected to be the urethane 63 on the basis

0f the XNMR was isolated.

e
Y NMR:  .f (zppm) 3.72 [(s5.3¥), 3.76 (s.2E), 3.81 (s.6H)
=.02 {(m,2H), 4.3% (zZ,lH), 4.91 (m,1lH)
5.323 (4, lH), 3.93% (4.1H), 7.20 - 7.99
(m, 4H) ’

i1} The above procedure was repeated on the zullone 39 (53 mg).,
the Isocyanate (1 eq.., 26.24 mg), and triphenvltin acetate (1.2

2¢.., 91.1 mg} in CHaC

H
(2]
W
bh
rt
@
ry

0
c
"
a
iy
'l

caticn, none of the desired

iii) The procedure was again repeated using the sulfone 39
(13 mg). the isocyanate (1 eg.. 5.04 mg) ané 10 mole

percent of <triphenyltin acetate (1.7 mg) in acetonitrile.
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After purification, no urethane was isolated. :

?

iv) The procedure was again repeated using 51.4 mg of sulfone,

20.% mg of iscocyanate, and 5 mg of the catalvst in CHxCl:. The

reacrTtion Temperature was adjusted To 30®. X¢ urethane was
]
isolated after =zzlumn chromatograghy eof the crude reaction
mixture. )

o~

Attempted preparation of l-acetyvl-2-(3,3,5-trimethoxvphenyi)-_,3-

dihvérobenzolclchiopnene-2 2-dionide

ané allowed to stand at room temperature for 2 hours. TLC and 3*E

NMR Indicated that extensive cdecomposition had occurred.

[
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71

(o)
~1

Attempted preparation of 2-hyvdroxv-piperonol

=
w

Piperonol (500 mg., 3.2 mmol) was dissolved in ml of dry THF

e

and cooled <=To 0° under nitrogen. A sclution ¢f n-Buli in hexane

kY
(2.89 ml, 2.2 eg.. 2.4 M) was udded dropwise. After two hours
cxygen was bubbled <directly into the reaction mixture. Normal
)
0% KOH soluticn (2 x 10

=)

workup was followed by extraction with a
The organic solvent was dried and removed in vacuo. None of

the desired phenol was obtained after chromatographic separation,

0 CHOH

Piperonal (330 mg, 3.5 mmecl) was diszolved in 15 ml of dry TEF

arnd cooled to 0®. The dianion was generated under nitrecgen as

~
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described for the attempted preparation of
2Rh, 0=)

THF.

67 (aBuli (3.06 ml},
and was reacted with iodine (1 eqg., 140 mg) dissolved in
Normal workup followed by treatment with
vield the expected iodide.

Na=50, did not

—
. -J- - > -
Praevaration ¢f S-bromo-2-methoxv-nineronal 71
OCH,
o c -
< R
o Br
2~Mathoxy-pipercnal [L1.13g, £.4 mmol) was treated with 1.2 g
28 bremine in glacial acetic acid. Th2 reaction mixture was
=Tirred a2t room temperature. IZor 4 hours. Precipivation with
water and filtration afforded a crude =clidéd that was recrystall-
ized from CE2Cl:. hexane o wield 1.245 (73:) of 71 as colorless
zrwztals.,
T CQH'?O.;B: 259.02 -
o
mp. 138.2-139.8°
tz NMR:  § (ppm) ~3.97 (s.3H), 5.95 (3,2H
N . ve
—_ N0.48 (s.15)
IR: (CHCl,)

i}, 6.82

,LH)
1690 (s)
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v

Preparation of 6-(3,3,5-trimethoxvbenzvl)pineronal dimethvl

acetal via d . _coupling reaction

6-Bromorizcercna i ‘ {450, mg, 1.6 mmci) was
dissolved in 10 ml of dry THF and cooled to -78° under Np. n-Buli
2 ml, 1.1 2g., 2.6 M in hexane! was added and the solution
was stirred Ier 10 minutes. TMEDA (1 2g., ©.24 ml) and then n-
BusPCul (313 mg, 0.8 mmol) were added sequentially in a small
volume of TJ?. l-Bromomethyl-3,4,5-trimethoxyvbenzene (0.21g, 0.9

1

HF was next added and zthe reaction mixture was stirred

colorless oil.

74 C2oHz2204 371.33

1H NMR: d‘(ppma) : 3.27 (s.3H), 2.80C (3,9H), 3.92 (z,2m)
5.89 (=,2E), .92 (5.1}, 6.33 (=,2E},
.43 (s, 1H), 7.10 fg,lH}
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~rempted preparation of 6-benzovi-3,4-methyienedioxy

menzaldehvde dimethv acetal 75

OMe

<° Me

T
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e
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dissolved in 13 ml of dry TEF. Under nitrcgen, the soluticn was

cooled <©o -78<_. n-3uli (20.34 ml,

nexane) was added drcopvizes and the mixture was  stirred Zoz 13
.
“—
minutes at -78°. Freshly dizzilled benczovl chloride was added and

“he zolutien wasz allswsz2d o warm S0 rocm  temperature. Neormal
corkup Sollowed By ccolumn :n:bﬂatograpny 2Ther. hexane sthyl
L 4

acetate} gave ncene of the desired ketones 3.

H

trremnred preparation 0f B-‘a - hyvdroxyv 2.3 .353-trimethexvbenzl

baan Y

LG-methyioanadiouy benzaliczshvde dimeth+l az2sa
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w

The anion was prepared as described for the attempted
Freparation of 75 using the following reagents: 6-bremo-piper-
onal dimethyl acetal (363 mg, 1.3 mmol), n-Buli (1.l eg., 0.36

ml}). The anion was reacted at -78° with 3,i.3-trimethoxv-benz-

0]

’-J
L
—

ehvde (1 =2¢g.. 2IT =mg). dissolved in dryv THF. The reaction was
then warmed to recm Tamperature. Normal workup was feollowed by
attempted purificaticn. ¥ NMR indicated that none of the desired

-~

alcchol had formed.

'u
(o]
1]

paration of H-bromo-3.d-methvienedioxy Benzzldehvde

)
/

trimechyvlene ketal
I

O
| 0@““
Br

7

Bromopiperonal (10.0g., 0.04 mol} was dissclived in exgesc.
c i
Trimethylens glycol (220 ml). A zata2lwviic amcunt o0f p-TsoH

{appreox. l1: mg) was added. The mixture was refluxed for 18 heours

and normal workup afforded the ketal 77 (10.1lg, 883%) as white

cckvstals.



o 1. t.2H), 4.00 -31.28 (m,i®?

N £.00 (s,1H}, 6.13 (s,2H), 7.C9 [=z,:1H),

. 7.19 (s. 1H}

M.S.: me 287 (M7)

Prorgraticon of 5-(¢x~hvd:oxv-3.4.5-trimethovaenzVL5-3.4

methvienadiosny benzzld 73

| <
Tha keral 77 (0.535g. 2 mmol) was dissclved Iin 33 ml of THF and

caslef ¢ -78° under nizTregen. & sclution of n-Z2ull In henans
(1.2 =g’ caz added dropwise. The anlicn thuz proauced was raacted
at -78-° with 3,4,S-trimethexvbenzaldehvde (0.39z, 2 mmol)~
dissolved in THF. The reacticon mixturs was warmeZ <o Ion Tenmp-
arature. Normal workup fallowed by celumn chramatography vielded

<o

l
)

H

e
L

CJ. .LHJ_:_O.;BZ'

xMR:  § (ppm)

1

76

287.13

“

10 -1.60 (dt,

3ge.di2
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"
1y NMR: J(gpm) 1.32 -1.81 (&t.,2H), 4.04 - 4.21 (m,41H)
3.31 (s,3HE}, 3.82 (s.5H), 6.01 (s,lE)
6.24 {s.2H}), 6.38 (s,2H), 6.30 (s,2H)
T.10 (s,1H)., 7.21 (s,1H) ' ‘

The alcohol I8 was dissolved .in toluene {10 ml} and excess -

B P Sy ¢ T . -~ 3 - n d 2 3 = 3
CrC-cnexene (10 ml! waz 2di2d. To thiz sclution 23 me of 10:- 23 ¢
- e . - - . = = 3 Ry -
Was 2cas¢.  The suszpenzion Az (he ralluxed cvernight 15 kmours)

fu

th
it
i
ry

0¥

'J
)]
52
ba

rt
fv

"

rh
)+

s
rt
|1
"
[41]

.
rt
o]

a

gb

2]

O

M

it
h

0O

11}

(84
1]

"‘
‘e

[0}

it
v
£
m

O]

0

[ =
-

M

3

rt

u
0]
l1d
{2
o
0
a1
1]
rt
[{]
jo 7
[11]
3
n,
al
*
.
m
3]
e
=
o
i}
0O
h
ct
1]
14
(@]
L}
i
L
m
He ]
Lh
O
fL
99
0O
rt
'l
o]
.
b2
(9]
1]
ot
7]
93
2]
r
[\
rt

7 hadé not formed. o
< . fgn



rvridine and cooled

The

minutes.

The alcchol 78

78

mg, 0.32 mmol) was dissolved in 3 ml

mll was added

Tirred for 15

3

crucde product was

-
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s:spe:sdlh 28 LAE (24 mg. 0.£82 =mmel) in THE at 0°. After the

oF

bubbling ha

alcohol 78 ¢

TH2CL. and: cooled to
0.27 mmol. 1.3 2g) was
“rizathvlamine (0.068
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iv) Barton-McCombie reaction v

The alcohel 78 (223 mg, 0.37 rmmol) was dissolved in THF

and added to a susbension of NaH (20 mg, 1 eé.) and imidazcle (38

mg} in THF at 0°. Af

rt

2

b |

the addition was complete, the soluti

(%)
O
3

vas refluxed for 20 min. after which carbon disuléfide (1 ml) and

~ . ; X . . . .
methyl 1odide were added in succesicon. This solution was then
> -

refluxed for two hours. The reaction =mixture was cooled and

washed with water. The zolwvent was removed to yield a brownish

refluxing solution .0f tributyltin hydride (166 mg) in toluene.

i

Aaiter S hours, the toluene was removed. The H NMR indicared rone
: a
oI the desired.product Rnad formed.
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{ .
CLAIMS TO ORIGINAL RESEARCH

5

i
“An efficient method for the preparation of aldehydes of the tyvpe
(1) starting with gortho-halcaromatic acids was developed.

Br

The photolysis of (i) R=H, Ar=3,4.5-trimethoxyphenyl was
carried cut In the precence of SO-. An unstable ~hvdroxy-
sulfone. the result of the trapping of an ortho-quino-
dimethane with SC.., was isoclated. )

Iii) S-3romo-I-methoxy-3.4-methyvlienedioxy benzaldehvde, a potential
intermediate iIn the synthesis of -peltatin, was prepared.
Halogen m2tal e-schange in S-bremepirercnal trimethviene netal
was studied. The 6-lithio derivative prepared from the
Ttrimethyiene ketal was Iounéd to be mere stable than that of
the dimethyl ketal. - A





