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SUMMARY
PART I

In order to determine the extent of anhydride participation in the
epoxidation of bicyclic systems, a study was undertaken, using bicycle-
(2.2.2)FS-oétene—Z,3—g£ggﬁgi§;dicarboxylic anhydride (XIX) as a model sys-
tem. Féllowing treatment of (XIX) with trifluoroperacetic acid, two epo-

xides could be ebtained; namely,-3—0xatricyclo(3°2,2.02’4 EEE-)nonane-

5,6-endo,cis~-dicarboxylic anhydride (XX) and 3—0xatricyclo(5,2n2.02’4 EEEEJ—
nonane-5,6-endo,cis-dicarboxylic anhydride (XXI). Quanti£ative deter-
mination of the products using gas-liquid chromatography revealed that the
ratio of endo to exc epoxidation was 1/3 at room temperature. Although
cooling increased the amount of exo-epoxide, dilution caused no signifi-
cant change in the ratio. Lactone XXVII was subjected to epoxidation
conditions which gave only the exo-epoxide. From this study it was con-

cluded that anhydride participation need not be involved to explain the

stereochemistry; the stereochemistry is governed by steric factors.

f o Ay

XIX XX XX1I XXVII
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PART 11

A suitablé synthesis leading to the formation of isotrachylobane
(VIII) was -sought, using maleopimaric acid as a starting material. Al-
cohol XXII, obtainec by a reaction sequence, was treated with mixed-hy-
dride reagents (lithium aluminum hydride and aluminum chloride) in an
attempt to form the cyclopropane ring. The products isolated from the
reaction mixtures were isemeric, unsaturated compounds which were charac-

terized and shown tco be unsaturated isomers of isotrachylobane.

HO

L7 L1

VIII XXII

Camptothecin (XXXIII), a rare natural product, is a very powerful
tumor inhibitor. Primary oxidation reactions were attempted in an effort
to generate a suitable intermediate, capable of being cenverted, even-
tually, into camptothecin. After many unsuccessful attempts, LIV was

formed which could conceivably be a useful precursor. of camptothecin.

_ CO,CH,CH,,
[ = L .

XXXIII LIV
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CHAPTER 1
INTRODUCTION

The ozonolysis of methyl maleopimarate (I) was first investi-
gated by Wienhaus and Sanderman in 19341u Subsequently, the reaction
was reinvestigated in 1940 by Ruzicka and I.',a-Lza.ndta'2 and in 1965 by
Zalkow, Kilkarni, and Girotras? From these investigations, three

ozonolysis products have been isolated and the structures elucidated:

COZCH

OZCHS

II1 IV




3a 3a,5

4 III, m.p. 289-200°C°2 and IV, m.p. 250°C %5

IT, m.p. 226-227°C

An investigation of III proved to be of interest. It was found
that III could also be generated from I by the action of trifluoro-
peracetic acidsabut was produced only very slowly in the presence of
m-chloroperbenzoic acidSb. Treatment 6f III with diazomethane-methanol
was ineffective in contrast to the facile esterification of I undex the same
conditions. It has been found recently that treatment of V with trifluoro-
peracetic acid resulted in the formation of VI via the intermediate
epoxide which was isolated when m-chloroperbenzoic acid was usedSb.

CO,CH,

co CH3

VII

VI

In contrast, the treatment of VII with trifluoroperacetic acid
resulted in the isolation of a hydroxy y-lactone rather than an epoxide.
Structure VIII was assigned to the resulting hydroxy lactone, postu-
lated as arising via intermediate epoxide VIIa, followed by a trans

opening due to participation of the ester group.




Vila

The stereospecificity of the epoxidation was explained as
follows. In the case of V,the face of the double bond anti to the
angular C-10 methyl group is the least hindered side due to the fact
that the C-15 carbomethoxy group is down. In VII the anti face is the
more hindered side due £0 the cis carbomethoxy groups. In the case of
I, it was postulated that the anhydride moiety might be converted, by
ozone in acetic acid or trifluoroperacetic acid, into an intermediate
peroxide, such as IX, which could then undergo an intramolecular reaction
to form III.

The idea of intermediate peroxide formation from an anhydride
group was first postulated by Henbest6 to explain the cis epoxidation
of Ei§7A4—tetrahydrophtha1ic anhydride, X. Gray énd Heitmeierymain-

tained that the observed stereospecificity arose because the cyclohexene




cis

\
A\ 6

trans
ring in.cis-A4-tetrahydrophtha1ic anhydride exists as an "equatorial half-
boat' (as shown in X) and exe attack occurs in the same manner as in nor-

bornyl anhydrides. Norbornyl anhydrides and imides are reported to yield

exclusively exo epo.xid'es7

However, in a series of studies it has been reported that the epoxi

dation of XI gave a quantitative yield of trans epoxide8a while XII8b and

XIIIBC, substituted,cis-A4—tetrahydrophthalic anhydrides, gave a cis:trans

ratio of 1:2 and 1.2:1 respectively. It is difficult to ratienalize these
results on the basis of steric ground or on the assumption of the forma-

tion of intermediate cyclic peroxides.

) A

‘ Co,H

XI XII XIII

In 1953 Bartcmg stated that the opening of an. epoxide rinﬁ always
occurs by a backside attack, resulting in a trans-diaxial product.
This fact was further substantiated in 195910“ Langlois and Gastambide
postulated the first exceptien to the rule in 1965113. These workers

maintained that, since the infrared spectrum indicates intramolecular

hydrogen bending (3460 cm 1) and the hydroxyl function could be oxidized




in good yield only under strenuous conditions, the hydroxyl grouping
was both endo and sscondary. Thus the compound represented by VIII
should properly be represented as XV. It was rationalized that XV,
obtained both by the action of methanol-sulfuric acid upon III and by
the action of p-nitroperbenzoic acid upon VII, arose via the inter-
mediate XIV which undefgoes cis opening of the epoxide ring. Recentlyllb
an epoxide has been isolated by treatment of VII with m-chloroperbenzoic
acid which, upon exposure to trifluoroacétic acid was converted into

the same Hydroxylactone as was obtained directly from VII as described
above. Hence, if Langleis and Gastambide1la are correct, this must be
the syn epoxide rather than the anti epoxide VIIa. (Oniy one other
report of cis opening of an epoxide has been observed in the litera-
ture)lz. In a study of the model system XVI, it was found that treat-
ment with p-nitreperbenzoic acid gave a crude product which was devoid

of any y-lactone functionslla.

+ ﬂ 0.,CH
H _Co-H 273
COZCHS COZCH3

XI1v XV XvI




The epoxidation of the tricyclic compound XVII was fouﬁd to yield
a single epoxide which was endo to the anhydride system (XVIII)13, Theb
stereospecificity of the reaction was attributed to hindrance of the B*
face due to the cyclopropane ring. It is of interest that the epoxide

ring of XVIII was unaffected by acidic or basic solutions.

B
A
T \

0 9]

XVII XVIII

Purpose of the Investigation °

In view of the arguments presented pertaining to the epoxidation
of methyl maleopimarate (I), trimethyl maleopimarate (VII}, and tri-
methyl fumarcpimarate (VI), it seemed of interest to obtain more in-
formation regarding intramolecular epoxidations. As ; model system,
bicyclo(2.2.2)-5~0ctene-2, 3-endo,cis-dicarboxylic anhydride (XIX) was
chosen, due to the resemblance of this system with the bicyclic portion
of methyl maleopimarate.

The purpose of this investigation was to determine whether the

anhydride moiety participates in an intramolecular epoxidation of the

*The aB-nomenclature follows established usage14




bicyclic double bond by observation of the stereochemistry of the

products.

XIX




CHAPTER II
INSTRUMENTATION AND EQUIPMENT

Melting points were determined on a Thomas-Hoover apparatus and
are uncorrected. Infrared spectra were recorded with Perkin-Elmer
237B and Beckman IR-5 spectrophotometers with solids in the form of
potassium bromide pellets and liquids as thin films on sodium chloride
plates. Nuclear maﬁnetic resonance spectra were recorded with a
Varian A-60 spectrometer using the solvent specified. Chemical shifts
are reported in ppm downfield from the internal standard, tetramethyl-
silane. The abbreviations s,d,t,q, and m refer to singlet, doublet,
triplet; quartet, and multiplet, respectively; coupling constants are
reported in cycles per second. Gas-liquid chromatography (glc) was per-
formed using an F § M BioﬁedicalWGas Chiomatograph, Model 400, with a
glass column and a hydrogen flame detector. All glc analyses were
accomplished,usiné & 6 ft by 1/8 in. glass column packed with 10 percent
SE-30 on 100-120 mesh Gas-Chrom Q at 190°C with a helium flow rate.of
88 ml/min unless st;ted otherwise, Mass spectra were recorded using a
Varian M-66 mass spectrometer. Thin-layer chromatography (tlc) was per-
formed using silica gel coated microscope slides. Visualization was
accomplished using iodine vapors. Carbon and hydrogen microanalyses
were performed by Alfred Bernhardt Microanalytical Laboratories, Mulheim,

West Germany.




CHAPTER III
EXPERIMENTAL

Preparatien of Bicyelo{2.2.2)-5-octene-2,3-endo,cis-dicarboxylic

Anhydride (XIX)

Bromination of Cyclohexene

Following a previously described procedurels, a three-necked,
three liter, round-bottomed flask, equipped with a magnetic stirrer,
dropping funnel, and thermometer, was placed in a dry-ice-acetone
bath. Cyclohexene (723 g) was added to the flask followed by addi-
tion of liquid bromine until a slight color persisted. Caution was
taken that the temperature of the reaction material remained below 0°C.
When a definite bromine color persisted, the addition was stopped and
the resulting solution was stored in the refrigerator. After 12 hours
the entire solution solidified in quantitative yield (2100 g). This
solid was allowed tc melt at rodbm temperature and the resulting liquid
was used in the next reaction without purification.

Dehydrohalogenation of Dibromocyclohexane. Formation of 1,3-Cyclo-

hexadiene.
Using the method of Hine, et al.ls, a three-necked, three liter,

round-bottomed flask, equipped with a dropping fumnel, a ground glass

stirrer, a thermometer in the liquid, a fractionating column, .and a

10

fractionating head equipped with a cold-finger condensor and thermometer,

was charged with one liter of ethylene glycol and 500 g of sodium
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hydroxide. This mixture was heated to and maintained at 220°C. Cyclo-
hexene dibromide (615 g) was slowly dropped into the hot solution at a
rate such that the distillate vapors maintained a temperature of less
than 100°C. The distillate consisted of a water layer, which was dis-
carded, and an organic layer, which was dried over magnesium sulfate.
After removal of the drying agent, the organic layer yielded 150 g of
75 percent 1,3-cyclohexadiene as determined by glc.

Formation of XIX

Employing the procedure of Diels and Alder 16, maleic anhydride
(24 g) was added to a solution of 1,3-cyclohexadiene (25 g; 75% purity),
prepared as previously described, in 60 ml of dry benzene. The reaction
vessel was allowed to stand at rcoom temperature for 20 minutes at which
time a very vigorous, spontaneous reaction took place. After the re-
flux had ceased, the reaction material was allowed to coocl to room
temperature whereupon crystals of the addition product precipitated
from the mother liquor in quanfitative yield. Recrystallization from

16

benzene gave XIX, m.p. 145-147°C (lit. - 147°C).

Preparation  of Authentic Samples of'3-0xatricyc10(3.2,2.02’4 EEEJnonane-

4 endo
5,6-endo,cis-dicarboxylic Anhydride §X)and 3—Oxatricyclo(3.2.2.2.0% —)-

nonane-5,6-endo,cis-dicarboxylic Anhydride (XXI) and the Correéponding

Dimethyl Esters

A mixture of XIX (8.90 g; 0.05 meales) and anhydrous disodium hydro-
gen phosphate (28.0 3z; 0.20 moles) in 50 ml of methylene chloride was
cooled to ice-bath temperature. To this was added at 0° a solution of

trifluoroperacetic acid, prepared by the dropwise addition at 0°C
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of 90 percent hydrogen peroxide (2.1 ml; 0.07 moles) to a suspension of
trifluoroacetic anhydride (19 ml; 0.09 moles) in 25 ml of methylene
chloride., After the addition was complete, the reaction mixture was
allowed to warm to room temperature with stirring for 24 hours.

The mixture was filtered and the solid thus obtained was washed
with several portions of methylene chloride. The combined filtrate
was washed with water, dried over anhydrous magnesium sulfate, and con-
centrated to give the crude product. Additional material was obtained
by dissolving the original solid in a five percent sodium carbonate
solution and extracting with methylene chloride. A total of 7 g of
product was collected. Recrystallization from acetone gave, first,
square crystals of E;-oxatricyc10(3.2.2.02’4 Efganonane-s,é—ggggjgiﬁ;
dicarboxylic anhydride (XX) which sintered at 208°C and 217°C and
melted at 221-223°C (lit.13 207-208°C); vﬁii 1830, 1775, 1250, 1215,

1080, 950, 915 cm_l; nmr (CF3C02H) §: 1.43 (d, H J=11 cps), 1.92

7a,8a,
(d, H?s,Ss, J=11 ¢ps), 2.96 (Z2H, W1/2h = 9 cps), 3.44 (2H, w1/2h = 4
cps), 3.64 (2H, wl/Zh = 6 cps).
Anal. Calcd. for C10H1004: C, 61.91; H, 5.20

Found: C, 61.87; H, 5.20
Treatment of XX with diazomethane in methanol-ether gave the
dimethyl ester, XXII, m.p. 93-94°C from ether; vﬁgi 1733, 1235, 1205,
1167 cm_l; nmr (CDCls), §: 1.18 (2H, d, J=11 cps), 1.88 (2H, d, J=11
cps), 2.50 (2H, W

= 8 cps), 3.05 (2H, W 3 cps), 3.44 (2H,

1/2h 1/2h ©

W1/2h = 8 cps), 3.60 (6 H).
Continued concentration of the acetone gave diminishing amounts

of the square crystals until the mother liquor gave needle-like crystals
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of 3-oxatricyélo-(3,2.2.02’4 EEEIE-]hbnaﬁe--s,6-endo,cis—dicarboxyl‘1c

anhydride (XXI). Recrystallization from acetone gave the analytical

sample of XXI, m.p. 183-185°C; vKBr 1860, 1835, 1785, 1250, 1100,
max

970, 915 cm‘l.

Anal. Calcd. for C10H1004: C, 61.91; H, 5.20

Found: C, 61.99; H, §5.17

Treatment of XXI with diazomethane in methanol-ether gave the
dimethyl ester, XXIII, m.p. 83-90°C from ether; vﬁgi 1724, 1224, 1188
cm_l; nmr (CDC1,) §: 1.61 (4H, W1/2h = 4 cps), 2.50-2.80 (broad signal
upon which a sharp signal is superimposed, total area corresponds to 4),
3.22 (2H, w1/2h = 7 cps), 3.64 (6H).

Thin -layer chromatography of the crude recovered product using a
1:1 ethyl acetate:benzene eluent solution indicated three spots (when

visualized with iodine vapors) with Rf values of 0,65 (XIX), 0.58 (XX)

and 0.42 (XXI). Tlc¢ of the dimethyl esters, formed by treatment of a

f

0.68, 0.61 and 0.40, respectively, under the same conditions as above.

sample of crude product in methanol-ether with diazomethane gave R

" Preparation of Hydroxylacténic Ester XXV

A solution containing 3.0 g of m-chloroperbenzoic acid (85%
pure, FMC Corporaticn) in 25 ml of methylene chloride was added to a
solution of XXIV ©2.6 g) dissolved in 25 ml of methylene chloride. After
stirring at room temperature for 48 hours, the solution was washed with
10 percent sodium nitrite solution followed by 10 percent sodium carbonate

solution and finally dried over anhydrous magnesium sulfate. Removal of
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the solvent gave 1.62 g of neutréi material, m.p. 64-66°C. Tlc of the
recovered material using a 1:1 ethyl acetate:benzene solvent system in-
dicated two spots (when visualized with iodine vapors) with Rf 0.36

(XXV) and 0.64 (XXIV). The nmr of the recovered product in chloroform-d
indicated a 90 percent abundance of XXV by virtue of the methyl ester
signal in the & 3;50-3,64 region. Following recrystallization from ether
and drying at 60°C and 29 mm pressure for five hours, pure XXV was obtain-

L3 h.p. 93-94°C); VFBT 3472,
max

ed giving a melting point of 89-91° (lit
3370, 1775, 1730 cm >; nmr (benzene) §:3.50 (3H), 3.95 (He,Jg o = 4.5
3

cps), 4.38 (H6)°

Epoxidation of XIX Under Standard Conditions. Quantitative

Determination of Products

Epoxidation at Reflux Temperature

To a mixture of XIX (1.78 g) and anhydrous sodium sulfate (5.7 g)
in 50 ml of methylene chloride was added a solution of trifluoroperacetic
acid prepared as previously described with trifluorcacetic anhydride (2.5
ml) and 90 percent hydrogen peroxide (0.5 ml). After addition was com-
plete, the mixture was heated at reflux for 30 minutes followed by stir-
ring at room tempefatufe for 12 hours. .The solution was filtered using
the water aspirator and the remazining solid was washed with twe 15 ml
portions of methylene chloride. The filtrates were combined and concen-
trated to near dryness using a rotary evaporator. Benzene (50 ml) was
added to the semi-solid product followed by reconcentration to dryness.
The last traces of solvent were removed by a vacuum bump to give 1.98 g

of solid crude product.
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If this crude product was esterified using a methanol-ether solu-
tion of diazomethane within one hour of workup, there resulted the fol-
lowing product retention times and percentages, using a 6 ft x 1/8 inch
glass column packed with 10 per cent SE-30 on 100-120 mesh Gas-Chrom Q
at 190°C with a helium flow rate of 88 ml/min: 1.3 min (0%; XXIV),
1.8 min (45%; XXII), 2.6 min (24%; XXIII) and 3.6 min (29%;
XXv).

However, when the crude recovered product was allowed to stand
open to the atmosphere at room temperature for four weeks and then es-
terified, the following results were obtained by glec under the same ceon-
ditions as above: 1.3 min {0%), 1.8 min (2%), 2.6 min (26%)
and 3.6 min t?O%).

Epoxidation at Ice-bath Temperature

To a mixture of XIX (1.78 g) and anhydrous sodium sulfate (5.7 g)
in 50 ml of methylene chloride, cooled to ice-bath temperature, was added
over a period of 20 minutes, a solution of trifluoroperacetic acid, pre-
pared as previously described with trifluoroacetic anhydride (2.5 ml) and
90 per cent hydrogen peroxide (0.5 ml).in 15 ml of methylene chloride. The
resulting mixture was allowed to stir at ice-bath temperature for four
ﬁours and then allowed to warm slowly to room temperature. The solution
was then filtered using the water aspirator. The remaining solid was
washed with methylene chloride. The filtrates were combined and concen-

trated to near dryness using a rotary. evaporator. Benzene (50 ml) was

.added to the semi-solid followed by reconcentration to dryness. The

last traces of solvent were removed by vacuum pump te give 2.05 g of

crude, solid material.
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Esterification within one hour of workup of a sample of the crude
recovered product using a methanol-ether solution.of diazomethane result-
ed in the following product percentages as determined by glec, using the
exact conditions given above: 1.3 min (48%; XXIV), 1.8 min (41%;
XXII), 2.6 min (5%; XXIII) and 3.6 min (6%; XXV).

When the crude recovered product was allowed to stand open to the

atmosphere at room temperature for four weeks and then esterified, the

folldwing results were obtained by glc: 1.3 min (47%), 1.8 min
(3%), 2.6 min (6%}, 3.6 min (34%) and 3.7 min (10%; unidenti-
fied).

Preparation of Diol XXVI and Lactone XXVII

Following a previously reported procedure17, selid XIX (17.8 g)
was added to a solution of lithium aluminum hydride (4.6 g) in 200 ml
of diethyl ether. After three minutes the mixture began to effervesce
spontanecusly. When effervescence had ceased, the reaction vessel was
heated at reflux for 3.5 hours. Wet ether and water were cautiously
added to the cooled solution. The mixture was then acidified with an
aqueous 10 percent hydrochloric acid solution and extracted with three
50 ml pertions of ether. The combined ethereal extracts were washed with
a cold 10 percent aqueous sodium hydroxide solution until the base solu-
tion was no longer colored. The ether solution was then washed with wa-
ter, dried over anhydrous magnesium sulfate, and concentrated by use of
a rotary evaporator to give 11 g of crude neutral material. Recrystalli-

17 104-106°c); V<P

zation from ether gave XXVI, m.p. 103-105°C (lit o

T 3250,
X

1655, 1605, 1350, 1050 em™?

e — e s
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The sodium hydroxide wash solutions were‘écidified to pH 2 with a
10 percent hydrochloric acid solution and theﬁ extracted with ether. The
organic layer was washed with water, dried over anhydrous magnesium sul-
fate, and concentrated to dryness by rotatory evaporator giving 2.8 g of

solid material. Recrystallization from ether-petroleum ether (30-60°C)

17 KBr

91-92.5°C); v
max

gave crystals (2.5 g) of XXVII, m.p. 90-91°C (lit

1750, 1630, 1605 cm >.

Epoxidation of Lactone XXVII

To a mixture of XXVII {0.82 g) and anhydrous sodium sulfate (2.8 g)
in 50 ml of methylene chloride was added a solution of trifluoroperacetic
~acid, prepared from trifluoroacetic anhydride (1.25 ml) and 90 percent
hydregen peroxide (0.25 ml) in 10 ml of methylene_chloride° After addi-
tion was complete, the selution was refluxed for 30 minutes. Filtration,
followed by removal of selvent, gave 0.9 g of the product, the glc (See
Chapter II) of which showed 25 percent unreacted XXVII and 75 percent
exo epoxide XXVIII. Slow recrystallization from ether gave pure XXVIII,

m.p. 175-176°C; vﬁii

1755, 1185 cm™ Y3 nmr (d,-acetone) 6:1.08 (d, J=10
cps, H, Hg ), 1.50 (d, J=10 cps, H,_, Hg ).

Anal. Calcd. for € H ,0,: C, 66.72; H, 6.72

Found: C, 66.59; H, 6.54

Epoxidation Using Trifluorocacetic Acid and Hydrogen Peroxide

. Epoxidation of XIX with Trifluoroacetic Acid as Solvent

To a solution of XIX (1.8 g) in trifluerocacetic acid (6 ml) at
room temperature was added 90 percent hydrogen peroxide (0.5 ml). After

two hours of stirring, a sample of the reaction mixture was quenched with
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a methanolic-ethereal solution of diazomethane. Analysis of the mixture
using a 6 ft by 1/8 in. glass column packed with 10 percent SE-30 on
100/120 mesh Gas Chrom Q at 200°C with a helium flow rate of 88 ml/min
gave four peaks with retention times and percentages of 1.8 min (4%),
2.6 min (22%), 3.7 min (22%), and 4.7 min (52%). Retention
times correspond to authentic samples of XXIV, EEE epxoide XXII, endo
epoxide XXIII and hydroxy-lactone XXV, respectively, alone and admixture
of authentic samples.

Epoxidation of XIX without brying Agenﬁ

Hydrogen peropxide (90%;.0.5 ml) was added to a solution of XIX
(1.8 g) .in 50 ml of metHylene‘chloride éontaining 3.0 ml of trifluoro-
acetic acid at room temperature. A sample was taken after two hours of
stirring and quenched witﬁ a me£hanolic-etherea1 diazomethane solution.
Analysis of the reaction material by glc using a 6 ft by 1/8 in glass
column packed with 10 percent SE-30 column at 200°C and a helium flow
rate of 88 ml/min led to retention times and percentages of 1.5
(59%), 2.6 min (15%), 3.7 min (11%) and 4.5 min (11%) corre-
sponding to XXIV, XXII, XXIII and XXV, respectively.

Epoxidation of a 2 x. 107M Solution of XIX

To a mixture of XIX (1.8 g) and anhydrous sedium sulfate (5.7 g)
in 50 ml of methylene chloride and 3.0 ml of trifluorocacetic acid at
room temperature was added 90 percent hydrogen peroxide (0.5 ml). After
stirring at room temperature for 48 hours, a sample was withdrawn from
the reaction vessel and treated with an excess of methanolic-ethereal
diazomethane. Analysis of the esterified mixture by glc (See Chapter II)

using a 10 percent SE-30 column at 205° gave retention times and percent-

4
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ages of 1.4 min (67%), 2.4 min (14%), 3.6 min {8%) and
4.4 min (11%) corresponding to XXIV, XXII, XXIII and XXV, respectively.

Epoxidation of a 1 x 107 Solution of XIX

Hydrogen peroxide (90%; 0.5 ml) was added to a mixture of XIX
(1.8 g) and anhydrous sodium sulfate (5.7 g) in 100 ml of methylene chle-
ride containing 3.0 ml of trifluorcacetic acid. The mixture was allowed
to stir at room temperature for one week. A sample was then removed from
the reaction vessel and treated with a methanolic-ethereal solution of
diazomethane., Analysis of the sample by glc (See Chapter II) using a 10
percent SE-30 column at 200°C gave retention times and percentages of
1.4 min (68%), 2.6 min (17%), 3.6 min (8%) and 4.4
(7%) correspending to XXIV, XXII, XXIII and XXV, respectively.

After standing for 19 months, the esterified sample was again
analyzed by glec. Peaks corrésponding to XXIII and XXV were observed with
retention times of 2.6 min  and 4.4 min, respectively, in a ratio of
1:3.5.  No exo epoxide was observedf

Epoxidation of a 5 x 107 °M Solution of XIX

In the same manner as above, a mixture of XIX (1.8 g) and anhy-
drous sodium sulfate (5.7 g) in 200 ml of methylene chloride and 3 ml
of trifluorocacetic acid was treated with 90 percent hydrogen peroxide
(0.5 ml), After stirring at room temperature for one week, a sample
was taken, treated with a solution of methanolic ethereal diazomethane
and analyzed by gle (see Chapter II) using an SE-30 column at 180° to
give peaks with retention times and percentages of 3.4 min (23%),
4,3 min (21%) and 6.1 min (56%) corresponding to XXII, XXIII and

XXV, respectively.
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Epoxidation of a 2.5 x 107°M Solution of XIX

In the same manner as above, XIX C1.8 g) and anhydrous sodium sul-
fate (5.7 g) in a solution of 400 ml of methylene chloride and 3 ml of
trifluoroacetic acid was treated with 90 percent hydrogen peroxide. Af-
ter one week of stirring, a sample was taken, treated with methanolic
ethereal diazomethane and analyzed by glc (See Chapter II) using a 10
percent SE-30 column at 190°C. Peaks were observed with retention times
and percentages of 3.2 min (21%) and 4.6 min (79%) corresponding
to XXIII and XXV, respectively. No exo epoxide was observed.

Attempted Epoxidation of XIX with 30 percent Hydrogen Peroxide

To a mixture of XIX (1.78 g) and anhydrous disodium hydrogen phos-
phate (6.5 g) in 50 ml of methylene chloride was added 30 percent hydro-
gen peroxide (1.8 ml) over a 30 minute period. The mixture separated
into a clear soluticn and a white precipitate. After stirring for eight
hours, the liquid was decanted from the precipitate. The gummy solid
was washed with several portions of methylene chloride which were com-
bined with the original solution. After concentratioen to near dryness
on the rotary evaporater, benzene was added and removed to leave a solid
residue (1.7 g). A sample of the residue was treated with a methanolic
ethereal solution of diazomethane and analyzed by glc (See Chapter II).
Only one peak with a retention time of 1.4 minutes, corresponding to the
dimethyl ester of XIX, was observed.

Attempted Epoxidation of XIX with 90 percent Hydrogen Peroxide

Hydrogen peroxide (90%; 0.6 ml) was added to a mixture of XIX
(1.7 g} and anhydrous disedium hydrogen phosphate (6.5 g} in 50 ml of

methylene chloride. The combined mixture was allowed to stir at room
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temperature for 30 minutes. After heating at reflux for 30 minutes, the
mixture was allowed to cool te room temperature with stirring for 12 hours.
The selution was then filtered and the residue was washed with methylene
chloride. After concentration of the combined filtrates by rotary evap-
orator, 1.56 g of material remained. An additional 0.05 g of material

was recovered by dissolving the solid residue in water and extracting

with methylene chloride and ether. An infrared spectrum of the combined
solid material exactly matched a spectrum of authentic starting material.

Attempted Epoxidation of XIX with 90 percent Hydrogen Peroxide Using p-

Toluenesulfonic Acid as Catalyst

To a selution of XIX (1.8 g) in 50 ml of methylene chloride con-
taining anhydrou§ sodium sulfate (5.7 g) and a catalytic amount of_g-
toluenesulfonic acid (0.1 g) was added 90 percent hydrogen peroxide (0.5
ml). The mixture was stirred at room temperature for 30 minutes and then |
refluxed for 30 minutes. A sample taken from the cocled reaction solu- i
tion was analyzed by glc, using a 6 ft by 1/8 in glass column of 10 per-
cent SE-30 at 200°C with a helium flow rate of 88 ml/min showed only
one peak with retention time of 1.4 minutes corresponding to the di-

methyl ester of the starting compound XXIV.

Hydrebromination of Bicyclo(2.2.1)-5-Heptene-2;3-endo,cis-dicarboxylic

Anhydride XXIX. Formation of XXXI.

Follewing a published procedurels, XXIX (5 g) was heated in 250 mi
of water until the mixture became homogeneous. Bromine was then added
to the cooled solution until a slight coloration remained. A gquantita-

tive recovery (7.95 g) of crystalline brome-alcohel XXX was obtained




22

from the cold aqueous solution. After drying the crystals in the air,

XXX gave m.p. 116-117 (lit18 116°C). A portion of the bremo-alcohol was

esterified with ethereal diazomethane to give the bromolactonic ester

XXXI. Recrystallization from petroleum ether (60-90°C) gave crystals

18 KBr 1

of m.p. 76-77°C (lit™ " 77°C); vmax 1730, 1780 cm

Treatment of XXXI with Sodium Methoxide

Methanel, which was dried by'refluxing‘ever magnesium methoxide,
was distilled directly into a dry three-necked round-bottomed flask, e-
quipped with a pressure equalizing addition funnel under a nitrogen at-
mosphere. Distillation was ceased when ca. 15 ml of liquid collected in
the additien funnel and ca. 100 ml had collected in the flask. Metallic
sodium (0.69 g) was introduced inte the additien funnel and allowed to
react with the methznol while XXXI (8.25 g) was added to the methanol in
the flask. After cooling to room temperature, the sodium methoxide-
methanol selution was slowly added to the liquid in the flask. .Upon com-
pletion of the addition, the solution was heated to reflux for ene hour
and then allowed to stir at room temperature for 16 hours. Following the
-addition of 100 ml of benzene, the solution was concentrated by means of
a rotary evaporator until a fine white precipitate formed. Removal of
the sqlid by vacuum filtration gave a quantitative yield (3.25 g) of so-
dium bromide as determined by the water solubility and the formation of
a precipitate with a silver nitrate selution.

The remaining filtrate was concentrated to near dryness to give
7.02 g of a gummy material which still contained some selvent. Crystal-
lization of the gum from a small amount of ether gave 2.5 g of XXXII as

KBr

white crystals, m.p. 130-131.5°C; v_-> 3375, 3080, 2920, 2620, 1720,
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1760 cm’l; nmr (CD3CNJ 6:1.53 (2H,t,J=1.5 cps) 1.8-2.1 (complex quartet,
total area corresponds to 2H), 2.37 (1H,m), 2.86 (1H,d,J=1.5 cps), 3.63
(3H,s), 3.97 (1,t,J=1.5 cps). The mass spectrum failed to give a molec-
ular ion. The first observable peak appeared at M'-18 = 194.0443 (Calc.

for C.. . H, O M+ = 194.0579). A tentative structure was assigned. Upon

1071079
melting, an effervescence was noted and a new liquid, XXXIII was formed,
b.p. < 145°C; v§§§ 1795, 1730, 1440, 1270, 1210, 1130, 980 cm . The
mass spectrum gave the parent peak at M = 194. The infrared spectrum

was identical in all respects with an authentic sample of XXXIII obtained

by other wérkers.19
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CHAPTER IV
DISCUSSION OF RESULTS

As stated in Chapter I, the purpese of this problem was to study
the possible intramelecular participation of a nearby anhydride moiety
in the epoxidatien of a double bond. It was anticipated that, by observa-
tion of the stereochemistry of the products arising from the epoxidation
of bicyclo(2.2.2)-5-ectene—2,S-Eggg)gii-dicarbexylic anhydride (XIX), the
extent of the participation coﬁld be determinedad

The preparﬁtion of XIX was accomﬁlished by formation ef 1, 3-
cyclohexadiene via the route described by Hine, gE_Elals, followed by
treatment of the diene with maleic anhydride, in the manner of Diels

16

and Alder- The resulting product was purified by recrystallization

. . 16 . . .
frem benzene until the literature  melting point was obtained.

XIX XX XXI

In order to study the stereochemistry of the epoxidation preducts
. of XIX, it was necessary to obtain authentic samples of XX and.XXI. Both

epoxides were isolated from the reaction mixture resulting from the treat-
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ment of XIX with triflueroperacetic acid20 in the presence of disodium
hydregen phosphate. The crude product was slowly recrystallized from
acetone to yield square crystals of :’>—oxatri<:y<:1<a(I’:.2.2.02"4 EE9-)nc>nane-
5,6-5293351§:dicarboxylic anhydride (XX) which gave infrared absorptions
for the anhydride function at 1830 and 1775 cm;l. An absorption at 1250
cm'1 was assigned to the epoxide functionZID Treatment of the anhydride
with diazomethane resulted in the formation of ester XXII which exhibited

absorption in the infrared spectrum at 1733 cm_l,

Centinued concentration of the mother liquor, after removal of XX,

resulted in fine needle-like crystals of 3—oxatricyclo(3.2.2.02’4 EEEE@-

nonane-S;6—endo,cis-dicarbbky1ic anhydridé‘(XXI) which showed absorptiens
in the infrared spectrum for the anhydride function at 1835 and‘1785_cm_1

and for the epoxide function at 1250 Cm_l. The infrared spectrum of the

dimethyl ester showed absorption for the ester functiens at 1724 cm_le
CO,CH, CO,CH,
C02CH3 COZCH3
XXII XXIII

The stereochemistry of the endo and exo epoxides was determined

from the nmr spectra which exhibited the chemical shifts indicated in
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Table 1. An investigation of the chemical shifts of the bridge protons
at C-7and C-8 was of particular interest. Compound XX, possessing an
Egg_epexide ring, exhibited the resonance signals for the C-7 and C-8
anti protons at ca. 30 cps higher field than the C-7 and C-8 syn protons.
The dimethyl ester XXII gave the resonance signals for the anti protons
at ca. 42 cps higher field than. the syn protons. On the other hand, the

syn and anti bridge protons were magnetically equivalent for both the

endo epoxy cempounds, XXI and XXIII. These differences in chemical shifts
are in line with the observations of Tori, 33_31.22’ in which it was

found that XXXV and XXXVI (Table 1) gave similar results, due to the long-
range anisotropic shielding effect of an epoxide ring. This effect has
been noted in other tricyclic systems and has been attributed to ring

current effect as shown be10w23,

The epoxidation of the unsaturated dimethyl ester XXIV with m-

chloroperbenzoic acid resulted in the formatien of hydroxy lactenic ester

XXV. The infrared spectrum showed absorptiens at 3472 and 3370 em™? for

the hydroxyl group, at 1775 c:m_1 for the y-lactone, and at 1730 cm-1 for
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Table 1. The Chemical Shifts of the Protons of Seme Bicyclic Compounds

Containing an Epoxide Ring.

§ in ppm
Compound Solvent Hl' H.4 HZ’HS 7a,H8a H?s’HSS HS’H6 —OCH3
XIX cpcl, 5.15  3.16  1.62 1.37  6.25  -eo-
XX CF,COH  2.96  3.44  1.43 1.92  3.64  -——-
XXI DMSO-d,  2.75  3.05 1.6 1.6 3,37 oee-
XXXIV CC1324 2.92 3.00 1.55 1.27 6.33 3,58
XXII ol 2.56  3.05  1.18 1.88  3.44  3.60
XXIII e, 2.65  2.70 1.6l 1.61  3.22  3.64
XXXV ooc1,” 533 - 2.03 1.04  3.33  ———_
XXXVI el ”® 341 o 17S 1.39  3.41" .-
/

XXXv -

et al.z5

*
The numbering system has been altered from that given by Teri,

et al.<”, to allow the protons on the oxirane ring to correspond with
the previous compounds.
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the ester. A possible explanation for the formation of XXV is shown be-

low (Scheme 1).

Scheme I

H H
— —
co_CcH CO,CH,
273 Kf;;:-ocn3 5 —T0CH, o
CO,CHy 0% A.!io |
H/O\H H
XXIV XXV

It was found that epoxidation XIX with trifluoroperacetic acid
in the presence of anhydrous disodium hydrogen phosphate resulted in
less than a quantitative recovery of reaction product despite repeated
washings of the solid precipitate with methylene chloride. For this
reason the epoxidations were done in the presence of anhydrous sodium
sulfate, Analysis of the crude reaction products was first accemplished
by observation of the ester resonance signals in the nmr spectra but a
more satisfactory methed of analysis was attained by use of gas chroma-
tography (glec). Thus, a typical procedure of epoxidation was dissolu-
tien of the reactant (0.01 mele)} in methylene chloride centaining a sus-
pensien of anhydrous sedium sulfate (0.04 mele) to which a solution of
triflueroperacetic acid was added (ca. 0.01 mole). Following removal

of the precipitate and cencentration of the solvent, the crude reaction

8

0.,CH
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product was treated with diazomethane and subjected te analysis by glc.
The results of the epoxidation studies by this method are summarized in

Table 2.

Table 2. Epoxidation with Trifluoreperacetic.Acid26

-

Percent Products

Hydroxy-
Run Alkene Starting Material Endo Epoxide Exo Epoxide lactone

1 XIX 0 24 45 29
2 XIX 0 26 2 70
3 XIX 48 5 © 41 6
4 XIX 47 6 3 34
5 XXIV 0 21 2 66
6 XXVII 25 0 75

Using the standard conditions (See Chapter III)}, XIX was treated
with trifluoroperacetic acid fellowed by 30 minutes of heating at reflux.
Analysis of the esterified product mixture showed the preduct composition
to be 45 percent exo epoxide XXII, 24 percent endo epoxide XXIII, and 29
percent hydroxy lactone XXV (Run 1, Table 2). The crude reaction product
which remained follewing removal of the solvent was allewed to stand open
to the atmosphére for four weeks. Esterification of a sample of the ma-
terial after this time, followed by glc analysis; revealed that the rela-
tive amounts of products had changed; e.g., 2 percent exo epoxide XXII,

26 percent endo epoxide XXIII, and 70 percent hydroxy lactene XXV (Run 2,
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Table 2). It is obvious by a comparison of the relative percentages that
the exo epoxide, XX, was cenverted, upon standing, to the hydroxy lactone
XXXVII. A plausible explanation, due te the fact that traces of tri-

fluorcacetic acid and water were present, is shown below.

Scheme 2

0.,H

XX XXXVII

The epoxidation of XIX was repeated at ice-bath temperature. Anal-
ysis by glc of the esterified product revealed that the relative values
were 48 percent unsaturated XXIV, 41 percent exo epoxide XXII, 5 percent
gﬂgg_epoxide XXIII, and 6 percent h;droxy lactone XXV {(Run 3, Table 2}.
As in the previous case, the product ratios were altered when the crude
material was allowed te stand in the solid state for four weeks. Analy-
sis by glc after this time gave 47 percent unsaturated XXIV, 3 percent
exo epoxide XXII, 6 pércent endo epoxide XXIII, and 34 percent hydroxy
lactene XXV. In additien, an unidentified compound was observed with a
peak area of 10 percent (Run 4, Table 2),

The dimethyl ester, XXXIV, was epoxidized using the standard cen-
ditions given above. Analysis of the reaction product by glc gave 2

percent exo epoxide XXII, 21 percent endo epoxide XXIII, and 66 percent




31

hydroxy lactene XXV. Thus, the transformation of the exo epoxide inte
the hydroxy lactene, which eccurs over a period of days in the case of
the anhydride XIX, requires only a very shert period of time in the case
eof the dimethyl ester (Run 2, Table 2).

As stated previously, the exo epoxide XX is converted into hydroxy
lactene XXXVII upon standing in the solid state, as shown by the data in
Table 2. Therefore, a more meaningful compariscon is provided by the

ratio

percent ende epoxide _ @ attack
percent exo epoxide + hydroxy lactone B attack

Thus from Takle 2 it can be seen that the dimethyl ester (Run 5)
gives the same ratio (1/3) as does the anhydride XIX (Runs 1 and 2) on
epoxidation in refluxing methylene chloride, but at 0°C the ratio for
XIX (Runs 3 and 4) drops to 1/7.

In order to gain further insight into the function of the anhydride

- moiety, it was determined that the epeoxidation of lactone XXVII would pro-

vide useful information. The reduction of XIX, reported previously by
Birch, 23_513,17 was accomplished using lithium aluminum hydride. From
the neutral reactien prdduct was obtained diol XXVI which exhibited no car-
benyl in the infrared but showed absorptions at 3250, 1350 and 1050 cm_1
for the primary alcohols. From the acidified base-soluble portion of the

reaction product was obtained lactone XXVII which exhibited an infrared

band at 1750 c:m'1 for the y-lactene.
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" OH
- 0H

XXVI : XXVII XXVIII

Lactone XXVII was then treated with trifluoroperacetic acid in the
usual manner to yield a single epoxide, XXVIII (Run 6, Table 2). The
epoxide ring was exc as shown by the nmr spectrum in which the C-7 and
C-8 anti protons appeared at ¢ 1.08 (d,J=10 cps) while the C-7 and C-S
. syn protons appearec.at & 1.50 (d,J=10 cps), in line with the data shown
for the exo epoxides shown in Table 1.

An attempt to epoxidize diol XXVI under the standard conditions
given above resulted in a very complex mixture of products (as deter-
mined by beth glc and tlc), presumably due to oxidation. of the alcehol
functiens.

It was reasoned that, if the anhydride moiety forms an intermed-
iate peroxide which accounts for the endo epoxidation, then in the pres-
ence of only hydrogen peroxide, the endo epoxide should be the major
product26. The addition of 30 percent hydrogen peroxide to a methylene
chloride solution of XIX resulted in recovery of the starting material.
The attempt was repeated using 90 percent hydregen peroxide, again with

no apparent reaction. A third attempt was made in which a catalytic
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amount of E:tolueneﬂulfonic acid was added te the selution of 90 percent
hydrogen peroxide and XIX. Analysis of thé reaction mixture revealed
only starting material.

Since the solubility of E;tolueneéulfonic acid is not very great
in methylene chloride, it was tﬁought that ‘a more soluble acid might
accomplish the desired epoxidation. Foer that reasen trifluoreacetic acid
was used. Addition of 90 percent hydrogen peroxide to a selution of XIX
in trifluereacetic acid, followed by analysis of an esterified sample
showed 22 percent exo epoxide XXII, 22 percent ende epoxide XXIII and 52
percent hydroxy lactone XXV, which was not significantly different from
epoxidation using the standard cenditions.

The result of the above epoxidation may be interpreted in one of
two ways. Either the anhydride moiety formed an intermediate peroexide
which then reacted intramolecularly to form the endo epoxide and, because
of the lew dilutien, alse reacted intermolecularly to form the exo epox-
ide, or the trifluoreacetic acid reacts with hydrogen peroxide to form
tfifluoroperacetic acid which then reacted with the double bond in the
regular manner. Emmons and Pagahozo have found that an equilibrium exists

between trifluoreacetic acid and hydrogen peroxide.

—
CFSCOZH + H202 CFSCOSH + H20

In order to evaluate the possibilities, dilutioﬁ studies were car-
ried out in which the coencentration of the intermediate peroxy-anhydride,
if formed, would be sufficiently low enough to minimize the intermelecular
reaction and maximize the intramelecular reaction. Conversely, if the

epoxidation arises solely via triflueroperacetic acid, the ratie of the
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epoxides should remain essentially constant.

The dilution studies are summarized in Table 3. From the results

Table 3. Epoxidatien of XIX with Hydrogen Peroxide and
Trifluoroacetic Acid.

Percent Products

a Hydroxy
Run Coenc. of XIX~ Starting Material Endo Epoxide Exe Epoxide Lactone

1 1.66 M° 4 22 22 52
2 2x10t 59 11 19 11
53 2x10im 67 8 14 -1
4 1x 10w 68 8 17 7
5 5x 107%™ -- 21 23 56
6 2.5x10°°M -- -- 21 79

%In methylene chloride containing anhydrous sedium sulfate unless other-
"wise specified.

bTrifluoroacetic acid as sole selvent; no anhydrous sodium sulfate.

CNO anhydrous sulfate.

it caﬁ be seen that epoxidation. of XIX occurs in the presence of tri-
flueroacetic acid and hydrogen peroxide in essentially the same &/B

ratio as ebserved using triflueroperacetic acid generated from.trifluoro-
peracetic acid anhydride and hydrogen peroxide (See Table 2). Moreover,
the dilution of XIX resulted in a siight decrease of the a/Bf ratio rather
than an increase expected. fer an intramolecular participatien of the an-

1

hydride moiety. Thus at concentrations of 1 x 10~ te 5 x 10-2 to 2.5 x
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10_2 M, the o to B ratio varied from 1:3 to 1:3.5 to 1:3.7, respectively.

In an attempt to form 3e0xatricyclc(3.2.1.02’4 EﬂégaoctaneeS,Gr
Egggjgiirdicarboxylic anhydride (XXXVIII), XIX was treated with bromine
and water to give a quantitative yield of brome-alcohol XXX. A pertion
of the bromo-alcohel was esterified with diazomethane te give XXXI, a

known compoundls, which gave infrared bands at 1780 cm’1 for the lactone

and 1720 cm_1 for the ester.

HO

XXIX XXXVIIT XXX

Treatment of XXXI with an equivalent amount of sodium methoxide in
methanol resulted in a quantitative recovery of sodium bromide following
the addition of benzene to the reaction mixture. Removal of the solvent
gave an o0il thch was crystallized from ether to give crystalline XXXII.
The structure was assigned from the following. The infrared spectrum
gave absorptions at 3375 em L (hydroxyl), 1720 — {ester), and 1700 em” L
(acid). The mass spectrum did not give a parent ion but a peak appeared

at M'-18 = 194.0443 which was shown by exact mass determination to be
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C10H1004. ‘Upon melting, during which.effervescence was noted, an oil

was formed.

An infrared spectrum of the oil was identical in all respects with
the infrared spectrum of an authentic sample of XXXIII obtained by other

workers'?, A mass spectrum of XXXIII gave a molecular ien at MT = 194,

Scheme 3

CO,CH
2¥3 COZCH3
COZCH3
0 CO.H 0

XXXI XXXII XXXIII

Thus from the above evidence, XXXII was assigned the structure shown
above.

Since the conclusion of this study Zalkow and Baxter™ have ob-
served that epoxidation of XIX with m-chloroperbenzeic acid can be
accemplished in 85% yield at room temperature after twelve days in
methylene chloride to give essentially the same ratio of cite B attack

| (73% exo, 22%, ende and 5% lactene).

*Private communication.
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CHAPTER V
CONCLUSIONS

The epoxidation of bicyclic anhydride XIX resulted in the forma-
tion of both endo- and exo-epoxides.

Dilution caused no significant change in the ratic of a to B
epoxidation of XIX.

Under fhe conditions utilized; lactone XXIII gave solely B epoxi-
dation due to-steric interaction. :

The stereochemistry of the bicyclic systems studied was due to

steric factors rather than anhydride participation.




1.

2.

10.

11.

38

BIBLIOGRAPHY™

H. Wienhaus and W. Sandermann, Chemische Berichte, 69, 2202 (1936).

L. Ruzicka and W. A. Lalande, Helvetica Chimica Acta; 23, 1357 (1940).

a) L. H, Zalkow, M, V. Kulkarni, and N. N, Girotra, Journal of
Organic Chemistry, 30, 1679 (1965).

b) Private Communication, E. Stamatakis and L. H. Zalkow.

a) L. H. Zalkow, R. A. Ford, and J. P. Kutney, J. Org. Chem., 27,
3535 (1962).

b) L. H. Zalkew and D. R. Brannon, J. Org. Chem., 29, 1296 (1564)..

L. Ruzicka, A. G. R. Bacon, R. Lukes, and J. D. Rose, Helv. Chim.
Acta, 21, 583 (1938).

H, B. Henbest, Proceedings of the Chemicél.Society (London), 159
(1963).

A, P, Gray and D. E. Heitmeier, J. Org. Chem., 30, 1226 (1965).

a) V. F. Kucherov, G. M. Segal, and I. N. Nazarov, Izvestia Academii

Nauk SSS5R, Otdelenie Xhimicheskikh Nauk, 673 (1959) ; .Bulletin. of the

Academy of Science of the USSR, Division of Chemical Science, 644
1959). — il

b) V. F. Kuchersv, V. M. Andreev, and I. N. Nazarov; Izv. Akad.
Nauk SSSR, 0td. Khim. Nauk, 1262 (1959); Bull. Acad. Sci. USSR, Div.
Chem. Sci., 1217 (1959).

¢). V. F, Kucherov, G. M. Segal, and I. N. Nazarov, Izv. Akad. Nauk
SSSR, 0td. Khim. Nauk, 682 (1959); Bull. Acad. Sci. USSR, Div.. Chem.
Sci, 652 (1959).

D. H. R, Barton, Journal of the Chemical Society (London), 1027 (1953).

R. E. Parker and N. S, Isaacs, Chemical Reviews, 59, 737 (1959).

a) N. Langlois and B. Gastambide, Bulletin de la Société Chimique
de France, 2966 (1965),

b) Unpublished Results, E. Stamatakis and L. H. Zalkow.

*Journal title abbreviations used are listed in "Index of Periodicals,"

Chemical Abstracts, 55 1 J (1961).




12.
13,
14,

15.

le,

17,
18.

19,

20.

21,

22,

23,

24.

25.

26.

39

N. G. Bisset, Tetrahedron Letters, 3107 (1968).

G. I. Fray, R. J. Hilton, and J. M.gTeire,'J. Chem. Sec. (C), 592

(1966) ..
H. B. Henbest and B. Nicholls, J. Chem Soc., 221 (1959).

J. Hine, J. A. Brown, L. H. Zalkow, W. E. Gardner, and M. Hine,
Journal of the American Chemical Society, 77, 594 (1955).

0. Diels and K. Alder, Annalen der Chemie, Justus Liebigs, 460, 98
(1928).

S. F. Birch, N. J. Hunter, and D. T. McAllen, J. Org. Chem., 21,
970 (1956).
K. Alder and G. Steln Ann. Chem., 504, 216 (1933).

a) C. Kennedy, Ph.D. Dissertation, Oklahoma State University, 1963,
p- 93.

b) A. Winston and P. Wilder, Jr., J. Am, Chem. Sec., 76, 3045 (1954).

W. D. Emmons and A. S. Pagano, J. Am. Chem. Soc., 77, 89 (1955).

L. J. Bellamy, "The Infra-red Spectra of Complex Molecules," John
Wiley and Sons, Inc., New York, 1954, p. 102,

K. Teri, K. Aono, K. Kitahonoki, R. Muneyuki, Y. Takane, H. Tanida,
and T. Tsuji, Tetrahedron Letters, 2921 (1966).

A. C. Oehlschlager, Ph.D. Thesis, Oklahoma State Univeréity, 1964,
p. 40.

K. Tori, Y. Takano, and K. Xitahonoki, Chem. Ber., 97, 2798 (1964}.

K. Tori, K. Kitahonoki, Y. Takane, H. Tanida, and T. Tsuji, Tetra-
hedron Letters, 559 (1964).

L. H. Zalkow and S. K. Gabriel, J. Org. Chem., 34, 218 (1969).




PART II

40




CHAPTER I
INTRODUCTION

In 1955 Wenkert postulated the biogenetic pathway for the forma-
tion of tetracarbocyclic diterpenes and diterpenoid alkaloids in which
he suggested that cyclization of a pimaradiene-type cation preceeds via

a bridged carbonium ion as illustrated in Scheme ll.

Scheme 1

41
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Since the postulation, atisirene2 (n), hibaene3 [II),.kaurene4
(I11), and trachylobane5 (IV) have been iselated from n;tural sources,
lending support to the idea. Furthermere, the in vitro synthesis of
hibaene from a pimaradiene precursor has been reported6.

Investigations into the acid-catalyzed skeletal rearrangement of
the diterpene hydrocarbons have been conducted under various coenditions
in an effort to interrelate the compounds via the pestulated inter-
mediate. _Although hibaene (II) would not rearrange in hydregen chloride
solution; of iight petroleum, diethyl ether, or ethyl acetate, it was
found that hibaene would rearrange in acidic soelutions of benzene, chloro-
form, or acetonitrile to form the kaﬁrene skeleton (III)7n In hydroegen
chleride-chloreform solutions, trachylobane (IV) formed the atisirene
(I) and kaurene (III)} skeletons8 in a 24:1 ratio while in acetic acid-
acetic anhydride-perchloeric acid solution, hibaene (II) was obtained in
additien to atisirene and kaureneg° It was found that kaurene rearranges
in acidic chloroferm to the extent of ca. four percents, It was con-
cluded that a common intermediate was not attained; however, the role
of the solvent system seems to be a very important consideration in the
rearrangement.

An extension of Wenkert's postulation te inqlude precursors of
the isopimarene type would lead to the formation of neoatisirene. (V),
isohibaene (VI), phyllecladene (VII}, and isotrachylobane (VIII)S’lo.
0f this group, only the phyllocladene skeleton has .been found in nature.
However, the in vitro syntheses of isohibaene and isohibane from iso-

12

. . 11 .
pimaradiene precursors has been reported ™’ and the synthesis of




- . 10
neoatisirene has been accomplished .

Scheme 2
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&b A .

v VI VII VIII

It is of interest to note that the acetolysis of the epimeric p-
toluenesulfonates of 17-norkauran-16-o0l has been reported to form six
acetates, three of which have been converted, respectively; inte
phyllocladene (VII), atisirene (I), and neecatisirene (V)ls. Thus, in
the absence of the C-17 methyl grouping, rearrangement has interrelated
skeletons arising from both postulated biogengtic pathways as shown

in Scheme 3.

43
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Scheme 3 -

Rationale to the Proposed Synthesis of Isotrachylebane

The original goal of this portion of the thesis was the synthesis
of the enantiomer of trachylobane (IV), the parent hydrocarbon of a

group of compounds isolated from the seed pods of Trachylebium verrucosum

Olivs’g. The importance of the hydrocarbon stems from the fact that
its discovery in ndture completes the set of naturally occurring com-
pounds which may be derived by Wenkert's postulated bioegenetic pathway.
Maleopimaric acid (IX), which is commercially available, was
selected as the starting material. The stereochemistry of maleopimaric

acid has been firmly established, as shown14ﬂ Thus, the A, B, and C

rings are stereochemically correct for the synthesis. Transformation
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of IX into IV was seen to involve removal of the isopropyl group of ring
C, removal of the anhydride moiety of ring D, and reduction of the acid
function of ring A, which had been accomplished~previously14, followed
by the placement of a methyl group at C-16 and finally, formation of the
cycleopropane ring.

Before the synthesis was completed, Herz and co—-workers15 re-
ported the synthesis of trachylobane via a different but similar route.
Thus, the attention was diverted from the original goal.

It was anticipated that an intermediate in the originally pro-

posed synthesis, X, could lead to isotrachylobane VIII, postulated as a

/7

COH

possible product arising from an isopimaradiene precursor as mentioned
previously. Placement of a methyl group at C-14 and generation of the
cyclopropane ring would result in the formation of isotrachqubane.

Thus, the purpose of this work was to study reactions whiéH to;1d lead

to the synthesis of isotrachylobane.
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CHAPTER II
INSTRUMENTATION AND EQUIPMENT

Melting points were determined on a Thomas-Hoover apparatus ,and
are uncorrected. Infrared spectra were recorded with Perkin-Elmer 237§
and Beckman IR-5 spectrophotometer with solids in the form of petassium
bromide pellets and liquids as thin films on sodium chloride plates. Nu-
clear magnetic resonance spectra were recorded with a Varian A-60 spec-
trometer using the solvent specified. Chemical shifts are reported in
ppn downfield from the internal standard, tetramethylsilane. The abbre-
viations s,d,t,q, and m refer to singlet, doublet, triplet, quartet, and
multiplet, respectively; coupling constants are reported in cycles per
second. Gas-liquid chromatography (glc) was performed using an F § M
Biomedical Gas Chromatograph, Model 400, with glass column and a hydro-
gen flame detector. Mass spectra were recorded using a Varian M-66
mass spectrometer. Thin-layer chromatography (tlc) was performed using
silica gel-coated microscope slides. Visualization was accomplished
using iodine vapors. Ozone was produced using a Welsback Model T-408.
Laboratory Ozenator which produced ca. 8 g of ozone per hour. Carbon
and hydrogen microanalyses were performed by Alfred Bernhardt Micro-

analytical Laboratories, Milheim, West Germany.
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CHAPTER II1

EXPERIMENTAL

Formation of the Trimethyl Ester (XI) of Maleopimaric Acid

Phosphorous trichloride (225 ml) was added to maleopimaric acid
(48 g, Eastman, practical grade). Following three hours at reflux tem-
perature, the excess phosphorous trichloride was removed on a steam
bath using a water aspirator. The residue was washed with anhydrous
ether (150 ml) and cencentrated te dryness under vacuum. Methanol
{300 ml) was cautiously added to form a yellow solution which was
stirred at reflux for 48 hours. The warm solution was vacﬁum filtered
and allewed to coeol to room temperature.: Upon standing, crystals formed
in the filtrate. Recrystallization froﬁ methanol gave the crystalline
product XI (35.4 g) whiéh-was dried for 24 hours at 50°C'under reduced

16 .p. 100-103°C) VRBT 1

nax 1725 ¢m

pressure to give m.p. 100-103°C (lit.

Dzonolysis of Trimethyl Ester XI

Ozonelysis of XI for 48 hours

A stream of ozone (ca. five percent in oxygen} was passed through
a solution of trimethyl ester XI (35.4 g) in glacial acetic acid (287
ml) at room temperature for 48 hours. After the addition of water (30
ml), the solution was stirred for three hours and tﬁen concentrated to
a2 viscous gum by means of a rotary evaporator. The residue was dis-
solved in ether (350 ml) and extracted with portions of an ice-cold

five percent sodium hydroxide selution until all the aqueous layer
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remained colorless. After washing with distilled water (100 ml), the
organic layer was dried over anhydrous magnesium sulfate. Cencentration
te dryness by rotary evaporator gave 13.5 g of non-acidic material.

Separation of Ketones XII and XIV

The non-acidic fraction of the ezonplysistixture (13.5 gj was
refluxed for ehe hour in a solution of methanel (140 ml), glacial acetic
(4.1-g), and Girard's T reagent (5.4 g). The cooled solution was then
poured inte a solution of sodium bicarbonate (5.6 g) in water (560 ml).
The slightly basic solution was extracted with ether until the aqueous

- layer was colorless. The ether extract was dried over anhydrous mag-
nesium sulfate and concentrated te give non-crystalline non-ketonic
material (4.6 g).

The aqueous solution was then acidified with 6 N hydrochloric
acid (28 ml). After standing for 2 hours, a precipitate formed (5.33 g)
which was removed by filtration. Recrystallization of the precipitate

from methanol gave XII with m.p. 165-167°C (lit17

1

168-169°C) ; v BT 1725,
max
1665 cm’
The aqueous filtrate which remained turned red upon standing open
to the atmosphere at pH 1. Chloroform extraction gave a red organic
layer which was washed with water and dried over anhydrous magnesium sul-
fate. The chloroform was removed to give 2.9 g of non-crystalline ke-

tone. Crystallization from methanol gave XIV with m.p. 193-194°C (lit17

193-194°C) ; voT 1745, 1740, 1725 cm L.
max

Ozonolysis of XI for 12 hours

A stream of ozone (ca. five percent in oxygen) was passed through

a solution of trimethyl ester XI (30.0 g) in glacial acetic acid (230




- Qzonolysis of XI for 24 hours
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ml) at room temperature for 12 hours. After the addition of water (15

ml), the solution was stirred for three hours and then concentrated to

a viscous gum by rotary evaporator. The residue was dissolved in ether

and extracted with an ice-cold five percent solution of sodium hydroxide
until the aqﬁeous.solution remained colorless. The organic layer :was
washed with water, dried over anhydrous magnesium sulfate, and con-
centrated by rotary evaperator te give 28.1 g of neutral material.
Separation of the ketonic preducts frem the non-ketenic products with

Girard's T reagent as described above gave 12.7 g of ketonic preduct.

A stream of ozone was passed through a solution of trimethyl !
ester XI (30.0 g) in glacial acetic acid (230 ml) at roem temperature !

for 24 hours. Following the procedure as described above, 22.3 g of

neutral material was recovered. Separation of the ketonic portion

from the non-ketenic portion as described previously gave 14.2 g of

ketonic material.

Re-ozonolysis of Nen-ketonic Neutral Ozonelysis Fraction.

The non-ketene fraction (30.0 g}, obtained from the Girard's T

reagent separation of the 12 hours eozenolysis described above, was dis-

solved in glacial acetic acid (230 ml). Using the procedure given
above, neutral material (27.9 g) was ebtained which was separated as

above to give 9.2 g of the ketone mixture.
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Baeyer-Villiger Reaction on XII

A solution of trifluoroperacetic acid” was added dropwise over
a 15 minute period to a stirred suspension of dry, finely ground di-
sodium hydregen phosphate (31.0 g) and XII (14.8 g) in methylene chloride
(45 ml). When addition was complete, the mixture was heated at reflux
for one hour. After cooling the selution it was filtered by vacuum and the
residual inscluble inorganic salts were washed with methylene chloride.
The organic layer was washed with 10 percent sodium carbonate, dried
over anhydrous sodium sulfate, and concentrated using a rotary evapora-
tor to give the crude enol acetate XIII (9.2 g). vﬁi 1725, 1670
em™ L.

The ¢rude material was stirred with methanol (200 ml), diexane
(200 m1), and 6 N hydrochloric acid (100 ml) for 10 hours at room tem-
perature. Water (1200 ml) was then added and the resulting solid was
collected by filtration. After one crystallization from methanol,
ketone XIV (7.97 g) was recovered to give m.p. 193-194°C, (lit.17

191-193°C), identical in all respects with XIV as described above.

Alkaline Epimerization of XIV

To a solution of XIV (9.0 g) in methanel (40 ml) was added a 6.5
percent selution of sodium hydroxide (150 ml). After three hours at
reflux, the solution was coeled, diluted with water (350 ml), then

acidified with ice-cold 50 percent hydrechleric acid and extracted with

Prepared in situ by dropW1se addition of 9.0 ml of trifluoro-
acetic anhydr1de to a suspen51on of 1.4 ml of 90 percent hydrogen
peroxide in 15 ml of methylene chloride.
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ether. The organic layer was washed with water, dried over anhydrous
magnesium sulfate, and concentrated via rotary evaporator te give a
viscous gum. This material was treated with an excess of an ethereal

KBr

solution of diazomethane to give 7.74 g of crude product; Viax 1,

1725 cm
The crude product (7.74 g) was heated at reflux in a solution of
water (38 ml), sodium hydroxide (1.45 g), and methanel (20 ml). After
30 minutes at reflux, the soluticn was cooled and diluted with water
(500 ml). The basic selution was extracted with ether. The aqueous
solution was then acidified with 6 N hydrochloric acid and extracted
with 500 ml of ether, The latter ether extract was washed with water,
dried over anhydrous magnesium sulfate, and concentrated by rotary
evaporator. The crude residue was recrystallized from acetone-ethyl
14

260-268°); v oT

acetate to give XVI (7.34 g) of m.p. 260-268°C (lit. nax

1725-1700 (broad).

Lead Tetraacetate Oxidative Bis-decarboxylation of XVI

The diacid ester ketene XVI (8.1 g) was dissolved in anhydrous
pyridine (150 ml) at 70°C under a nitrogen atmosphere. Lead tetra-
acetate (8.1 g) was added to the stirred solutien. After 10 minutes,
when the initial reaction had subsided, an additional 4.1 g .of lead
tetraacetate was added and the solution was refluxed for 1.5 hours.

The pyridine was removed via rotary evaporator leaving a viscous brown
gum. The residue was acidified with a cold 6 N hydrochleric acid and
extracted with portions of ether until the organic layer remained
colorless. The organic layers were then combined and washed with water

until the aqueous layer was neutral to pH paper. The organic layer was




then dried over magnesium sulfate and concentrated by rotary evaporator

to give 7.8 g of brown residue which was crystallized frem benzene-

14

ether to give 1.7 g of XVII with m.p. 158-160°C (lit. 166-168°C) .

Preparation of Ketal XVIII

To a round-bottomed flask equipped with a Dean-Stark water

separator, was added a mixture of XVII (9 g}, benzene (75 ml), freshly
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distilled ethylene glycol (8 ml), and p-toluenesulfonic acid monohydrate

(0.05 g}. After 30 hours of reflux, the mixture was allowed te cool and

then poured into an excess of five percent sodium carbonate. The organic

layer was washed several times with water, dried over anhydrous mag-

nesium sulfate, and concentrated by rotary evaporator. Following tri-

turation with petrolsum ether (30-60°C}, the gum (10 g) crystallized to

Br
ax

give XVIII which had m.p. 94-95°C (lit,18 98-99°C); vﬁ 1725 cm™ .

Reduction of Ester XVIII

A solution of XVIII (3.5 g) in dry diethyl ether (40 ml) was
added dropwise to a well stirred suspension of 0.5 g of lithium

aluminum hydride in 50 ml of anhydrous diethyl ether. After addition

was complete, the reaction mixture was heated at reflux for five hours.

Ethyl acetate was added to the cooled solution, follewed by slow addi-
tion of water. After wﬁshing with a saturated ammonium chloride solu-
tion, the organic layer was removed and the aqueous layer washed with
five portions of ether. The combined‘organic layers were washed with
water, dried over anhydrous magnesium sulfate, and concentrated to
dryness by rotary evaporator to give known, non-crystalline XIX (3.2

film . -1
gm); v " 3350, 1605 cm
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Oxidation of XIX. Preparation of Aldehyde XX

A complex of chromic anhydride (10.7 g) in anhydrous pyridine
(60 ml) was added to a solution of XIX (7.8 g) in anhydrous benzene (30
ml). The mixture was allowed to stand at room temperature for 12 hours
and then poured into ice-water. The organic layer was separated and the
aqueous layer was extracted several times with ether. The combined
erganic layer and ether extracts were washed several times with water,
dried over anhydrous magnesium sulfate, and concentrated to give alde-
hyde XX (5.4 g). Recrystallization from ether-petroleum ether (30-60°C)

gave m.p. 127-128°C; kBT

2780, 2680, 1723, 1621 cm'l; nmr (CDCl.,) &:
max 3

1.07 (S, 3H), 1.12 (5, 3H), 3.88 (S, 4H), 6.04-6.10 (2H), 9.26 (5, 1H).
Anal. Calecd. for C21H3003: C, 76.36; H, 9.09
Found: C, 76.16; H, 9.08

The mass spectrum of this compound showed the parent peak at

m/e 330 (<5%) and the base peak at m/e 244 (M -86).

Reduction of XX

A mixture of XX (5.4) gm., diethylene glycol (80 ml), 95 percent
hydrazine (12 ml), and potassium hydrexide (10 g) was heated gently to
dissolve the potassium hydroxide and then refluxed fer four hours. Ex-
cess‘water and hydrazine were removed by vacuum distillatioen after which
more 95 percent hydrazine (12 ml) was added. The solution was then
heated at reflux for six hours. Upon cooling to room temperature, the
reaction mixture was diluted with 200 ml water and extracted three
times with 100 ml portions of ether. The combined organic layer was

washed with water until the was was neutral to pH paper. After washing
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with a saturated brine solutioen, the organic layer was dried over anhy-
drous sodium sulfate and concentrated by rotary evaporator to give 5.3

g of crude XXI. Recrystallization from methanel gave crystals of

m.p. 99-100°C (1it.'® 90-90.5°C); VT 1620, 1095 cm

ax

Hydrolysis of Ketal XXI

Concentrated hydrochloric acid (1 ml) was added to a solutien of
XXI (5.2 gm) in 50 ml of methanol, 100 ml dioxane, and 15 ml of water.
After standing at room temperature for one hour, the solution was di-
luted with ca. 200 ml of water followed by extraction with three 100 ml
portions of ether. The combined ether extracts were washed successively
with six 75 ml portions of water, one portion of saturated brine solu-
tion, and finally dried over anhydrous sodium sulfate. Fellowing re-
moval of the solvent by rotary evaporator, there remained a selid
material which was recrystallized from methanol to give 2.90 gm of

19 KBr

crystalline X, m.p. 118-119°C (lit.” 123-124°C); v ~° 1712, 1610,

705 cm—l.

Reaction of Ketone X with Methyl Magnesium Bromide. Formation

of Tertiary Alcohol XXII

*
To a stirred solution of X (3.6 gm) in 150 ml of anhydrous ether,
under a dry nitrogen atmosphere and coocled to solid dry ice, was slowly

added 11 ml of 1.3 M methyl magnesium bromide in anhydrous ether.

*
Freshly distilled from lithium aluminum hydride under a nitro-
gen atmesphere.

*

* _
Gratefully obtained from Dr., F. Walker.
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Following completion of the addition, the reaction vessel was repacked
in dry ice and allowed to warm slowly to room temperature over a 12
hour peried. A saturated aqueous ammonium chloride solution (ca. 50 ml)
was added until hydrolysis was complete. The mixture was then washed with
two portions of water, dried over anhydrous sodium sulfate, and concen-
trated by rotarf evaporator. Following removal of the last traces of sol-
vent in vacuo, there remained 4.0 g of crude solid material.. Glc analysis
of the crudé material using a 6 ft by 1/8 in glass column containing 5 per-
cent Carbowax 20 M on 90-100 mesh AS at a temperature of 220°C and a heli-
um flow rate of 88 ml/min indicated three compounds with retention times
and percentages of 2.0 min (1%), 9.3 min (89%), and 11.4 min (1%). The
compound with a retention time of 11.4 min was identified as X by com-
parison of the retention time with a known sample, both separately and
upon admixture. Thin-layer chroematography (tlc) of the crude solid
using chloroform indicated three cempounds, when visualized with iodine
vapors, with Rf values of 0.12, 0.58, and 0.87, respectively. Known sam-
ples of XXII and X had Rf values of 0.58 and 0.87, respectively, under
the same conditions.

The crude material was recrystallized from petroleum ether (30-

KBr~

60°C) to give 3.4 g of crystalline XXII, m.p. 121-122°C; v < 3330, 3040,

ma
1615, 1370, 1125, 690 cm'l; nmr (CDC13) § 0.83 (s, 3H), 0.87 (s,3H), 1.13
(s,3H), 1.18 (s,3H), 1.78 (s,1H, disappears upon additioen of DZO)’ 5,77-
6.24 (complex signal, total area corresponds to 2H).

Anal. Calcd. for C20H320: C, 83.28; H, 11.18

Found: C, 83.39; H, 11.39
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Attempted Formation of the p-Nitrobenzoate of XXII

In a dry bex which had a dry nitrogen atmosphere, a solution of
1.6 M n-butyl lithium (Foote) in hexane (1.25 ml) was added to a solu-
tion of XXII (0.580 g} in 200 ml of hexane. After the mixture was al-
lowed to stir at room temperature for 30 minutes, a hexane selution of
0.370 g of E;nitrobedioyl chloride was added. The reaction mixture was
allowed to stand with periodic stirring as a yellew precipitate slowly‘
formed. After five hours the reaction vessel was removed from the dry
box, and the reaction material was vacuum fiitered to give a clear solu-
tion and a yellow residue. The solvent was removed from the filtrate to
give 0.5 g of solid crude material. Glic analysis, using 5 percent
Carbowax 20 M under the same conditions given previously, gave retention
times and.percentages of 3.9 min (26%) and 9.7 min (73%). The compound
with a retentien time of 9.7 minutes was shown to be unreacted XXII.

The crude recovered material was resubjected to the reaction con-
ditions. Fellowing workup in exactly the same manner as above, the crude
mixture gave the same glc analysis as above when the same glc conditiens
were used. The crude recovered material was resubjected to the reactioen
conditions a third time using 4 ml of 1.6 M n-butyl lithium and 0.370 g
p-nitrobenzoyl chleridé. Analysis of the crude recovered material using
a 6 ft by 1/8 in glass column packed with 3 percent Ucon LB-550-X on 100/
120 mesh Gas Chrom Q at 188°C and a helium flow rate of 88 ml/min gave
retention times and percentages of 5.3 min (25%) and 23.3 min (75%). Un-
der the same conditions a known sample of XXII has a retention time of
23.3 minutes. Investigation into the formation of the ester was discon-

tinued,
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Treatment of Tertiary Alcohel. XXII with Lithium Aluminum Hydride and

Aluminum Chloride (1:3)

Aluminum chloride (0.145 g; 1.12 x 10_3 mole)” was added to a 15 ml
portion of di-n-butyl ether™ under a nitrogen atmosphere. Te the re-
sulting mixture was added 0.014 g (0,36 x 107° mole) of lithium aluminum
hydride*** followed by dropwise addition of a solution of XXII (0.100 g)
in 5 ml of di-n-butyl ether. When addition was complete, the reaction
mixture was heated at reflux for three hours. The reaction vessel was
then cooled to ice-bath temperature and wet diethyl ether was added until
the mixture separated into a clear solution and a flecculent precipitate.
The clear solution was separated from the precipitate via vacuum filtra-
tion and the residue washed with three portions of diethyl ether. The
combined filtrated was washed once with water and then dried over anhy-
drous magnesium sulfate. The solvent was removed via high vacuum distil-
lation at room temperature with the collector trap in a dry ice-acetone
mixture, leaving 0.09 g of a residual liquid.

Glc analysis of the liquid, using a 6 ft by 1/8 in glass column
packed with 5 percent Carbowax 20 M on 100/120 mesh Gas Chrom Q at 200°C
and a helium flow rate of 88 ml/min indicated a single produce with a
retention time of 2.3 minutes. Upon standing, XXII solidified, m.p. 78-

KB

82°C; v T 2920, 2860, 1650, 1450, 690 cm'l; nmr (c014)'6:**** 0.87

ax
(s,6H), 0.97 (s,3H), 1.11 (s,3H) 5.1-5.6 (complex signal, total area

*Fisher anhydrous, sublimed, technical grade.

**Freshly eluted through acid-wash alumina.

***Ventron, Metal Hydrides Division.

****CHC13 used as internal standard (8 7.26) relative to TMS.
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corresponds to 3H). The mass spectrum gave the parent ion at M' = 270

+

{(Calc. for CZOHSO’ M = 270.)

Treatment of Tertiary Alcohol XXII with Lithium Aluminum Hydride and

Aluminum Chloride (1:1)

Aluminum chloride (0.139 g; 1.08 x 107°

mole) was added to a 15
ml portion of di-n-butyl ether under a ﬁitrogen atmosphere. To the re-
sultihg mixture was added 0.041 g (1.08 x 10'3 mole) of lithium aluminum
hydride followed by the addition of a solutionef XXII (0.100.g; 0.36 x
10'3 mole) in 10 ml of di-n-butyl ether. Following three hours at re-
flux temperature, cecoling, and addition of wet ether, the clear solution
was concentrated to give 0.09]1 g of nonvolatile liquid. Analysis ef glc,
using a 5 percent Carbowax column at 200°C under the conditions given
above, showed peaks with retention times of 2.0, 2.2, 2.8, and 3.0 minutes,
respectively. Using the same column at 140°C and a helium flow rate of
160 m1/min gave retention times and percentages of 5.7 min (16%), 6.7
min (20%), 853 min (22%) and 11.9 min (42%). Separation of the mixture
(0.15 g) by preparative thin-layer chromategraphy on silica gel (1 mm)
using hexane as a liquid phase indicated four bands, when visualized
using a berberine hydrochleride-methanol spray (1.5% solution) and ultra-
violet light, with Rf 0.68, 0.60, 0.48, and 0.28, respectively. Fol-
lowing removal and elutien with diethyl ether, the band at Rf 0.60 gave
KBr 1

nax 2930, 1640, 875 c¢cm ~; nmr

(cCl,) 8:* 0.85 (s,3H), 0.90 (s,3H), 0.93 (s,3H), 4.50 (broad, IH), 4.72

0.019 of crystalline XXIV, m.p. 65-69°C; v

(broad, 1H), 6.04 (broad, 2H). The mass spectrum gave the parent ion at

M+ = 270 (Calc. for C20H30, M* = 270). The pure sample of XXIV was found

*Chloroform used as internal standard; (8§ 7.26) relative to TMS.
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to have a retention time of 11.9 minutes when subjected to the 5 percent
Carbowax column at 140°C and a heliumn flow rate of 160 ml/min,

The above reaction was rerun using larger quantities. To aluminum
chloride (0.695 g; 5.4 X 10—3 mole) in 75 ml of di-n-butyl ether was added
solid lithium aluminum hydride (0.205 g; 5.4 x 10-3 mole) followed by addi-
tion of XXIT (0.500 g; 1.8 x 10“3 mole) in 5 ml of di-n-butyl ether. Fol-
lowing the given procedure, removal of the solvent from the filtrate gave
0.5 g of a liquid. Glc analysis of the liquid, using a 5 percent Carbowax
20 M column, as above at 155°C and a helium flow rate of 110 ml/min gave
retention times and percentages of 4-5 min (1%), 6 min (58%), and 7.3 min
(41%) . The compound with a retention time of 7.3 min was identified as
XXIV. Separation of 0.1 g of the mixture by preparative thin-layer chroma-
tography on silica gel (1 mm), using hexane as the liquid phase and vis-
valized with berberine hydrochloride-methanel and ultraviolet light as be-
fore, gave two distinct bands at Rf 0.60 and 0.54, respectively. Removal
of the band with Rf 0.60, followed by elution with diethyl ether, gave
0.045 g of XXV which crystallized upon removal of the solvent by rotary
evaporator, m.p. 59-60°C; vizi 3030, 2930, 1650, 1600, 790 cm-l; nmr (CCL4)
§:* 0.61 (s,3H), 0.85 (s,3H), 0.93 (s,3H), 1.13 (d,J=1.5 cps,3H), 5.50
(s,1H), and 5.90-6.30 (m,2H). The mass spectrum gave the parent ion at
"+

MY = 270 (Calc. for 020H30, M

retention time of 6 minutes using a 5 percent Carbowax 20 M celumn and

= 270). Glc analysis of pure XXV gave a

conditions given above.

*CHC13 used as internal standard; (8§ 7.26) relative to TMS.




CO.H IX

“—
\\-‘ C 02CH3
COZCHS
XV
—

\\_, \COZH

co 2H
XVI

Scheme 4

0
— OZCHS — ' Z
—t— L AN 0 Y - \‘_\_. —C0 _CH

/ o 2’3

COZCH3 P
\\_ ‘ COZCHS \
XIv XIII
I
‘ 1]
—
\\_, \’\.«
XVII ’/ XVITT

(continued)

0%



CH..OH
2 XIX

/7
/

1 product

Scheme 4 (Continued)

— 4 H — gD

XXI1I

4 products

CHO CH

XX XXI

19



62

CHAPTER 1V
DISCUSSION OF RESULTS

As mentiened previously, the goal of this portion of the thesis
was to study a sequence of reactions which could lead to the synthesis
of isotrachylobane using maleopimaric acid as a starting material as
shown in Scheme 4. The generation of intermediate X from maleopimaric
acid was accomplished using procedures given in a series of publica-
tions 14:16,17,18

The trimethyl ester of malecpimaric acid (XI) was formed using
phospherous trichloride and methano}6 . Ozenelysis of XI in acetic acid
resulted in an acidic poertioen and a neutral pertion of reaction pro-
ductsl7. From the neutral portion two ketones, XII and XIV were obtained
using Girard's T reagent to achieve separation. It was found in the cur-
rent investigatien that when IX in glacial acetic acid was exposed to
eozone for varieus perieds of time, the amount of the neutral fractien ob-
tained varied as did the amount of ketones formed as shown in Table 1.
From Table 1, it may be seen that either 12 hours (with re-ozonolysis of
the neutral non-ketcnic material) or 24 hours exposure to ozone results
in ca. 50 percent recovery of ketoenic material. However, 48 hours ex-
posure results in only ca. 15 percent ketonic material. Thus a period of
lenger than 24 hours appears to destroy the desired ketones.

Treatment of XII, using Bayer-Villiger conditiens, en61 acetate

XIII which was hydrolyzed under acidic conditions to give ketone x1vi’,
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Table 1. Ozc-molysisa of XI for Various Perieds of Time.

weight in grams

Time, hours XI Neutral fraction ketones
12 30 28.1 12,7
12° -- 27.9 9.2
24 30 22.3 14.2
48 30 13.5 4.6

a .
In each case the stream of oxygen contained ca. 5 percent ozone
and the solvent was 230 ml of glacial acetic acid at room temperature.

b ; .
Re-exposure 0 ozone of the neutral non-ketonic portion re-
covered from previous 12 hour ezonolyses.
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Alkaline epimerization of XV, followed by treatment with diazomethane,
resulted in a trimethyl ester which was selectively saponified, using two
equivalents of base, to give XVI. Bis-decarboxylation of XVI with lead
tetraacetate in pyridine resulted in keto-ester XVII. In order to pro-
tect the ketene function during the reduction of the A ring ester, the
ketal of XVII was formed using ethylene glycol and p-teluenesulfonic
acidls, Lithium aluminum hydride reduction of XVIII resulting in forma-
tion of ketgl—alcohol XIX which was subsequently oxidized, using chrom-

ium trioxide in pyridine to form the aldehyde, XX.

Recrystallization of XX from ether-petroluem ether gave crystals
which showed absorptions in the infrared for an aldehyde (2780, 2680, and
1723 cm'l) and a double bond (1621 cm'l), The nmr spectrum exhibited
resonance signals & 1.07 and 6 1.12 (tertiary methyl groups), & 3.88 (the
ethylene portions of the ketal), 6.04-6.10 (vinylic protens), and 9.26 |
(aldehyde). The mass spectrum of the compound showed the parent ioen at
M' = 330, The data is consistent with the structure xx18 in Scheme 1.

Reduction of XX, using the Huang-Minlon modification of the Wolff-
Kishner method, resulted in the formation of XXI. Acid hydrolysis re-
moved the ketal protecting group to give the unsaturated ketone, X,
shown in Scheme 1, which had been prepared previouslylo’la’19

Treatment of X with methyl magnesium bromide at dry ice temperature
led to the formation of essentially one product, as determined by glc and
tlc. Recrystallization of the solid reaction product from petroleum ether
gave crystalline XXII. The structure was assigned as follows: The in-

1

frared spectrum (Plate 1I) shows absorptions at 3330, 1370, and 1125 cm

as would be expected for a tertiary alcohol, and at 1615 cm'1 for the dou-
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ble bond. The nmr spectrum {Plate II} showed two singlets at § 0.83 and
0.85 for the two C-4 methyl groups, a singlet at § 1.13 for the C-10 methyl
group, which is deshielded due to the hydroxyl groupls, and a singlet at
¢ 1,18 for the C-14 tertiary methyl group. Moreover, the stereochémistry
assigned was to be expected from steric arguments. Approach to C-14 from
the side of ring A is inhibited by the proximity of the C-10 angular methyl
group while appreach from the side of the double bond presents little or
no steric hindrance.

In a publication by McCrindle and.co-workerszo, it was shown that
tricyclo(3.2.1.02’7]9ctane {XXVI) can be formed by treating the bicyclic

tosylate XXVII with lithium aluminum hydride (Scheme 5).

Scheme 5

Tos 0O«

Ay —

XXVI XXVII

Since. XXIT possessed a similar system, an attempt was made to
form the tertiary p-nitrobenzoate which could then be treated with
lithium aluminum hydride in the same manner to form the desired cyclo-
propane ring.” Fellewing the procedure given by Brown and co-workers
for the formation of p-nitrobenzoates of tertiary alcohols, XXII was

treated with one equivalent of n-butyl lithium. followed by the addition
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of one equivalent of p-nitrobenzoyl chloride. The procedure was repeated

- several times, inclucding the addition of excess reagents. The best result

was the formation of 25 percent of a product which could not be separated
from the starting material by recrystallization. Further investigation
inte the formation or separation of the product was terminated.

In light of the difficulty encountered in the attempted formation
of the p-nitrobenzoate, a new route was sought to form the cyclopropane
ring. It was thought that possibly a suitable complex could be formed
using mixed hydride reduction which weuld lead to formation of the de-
sired product.

With this in mind, an investigation of the mixed-hydride reductien
of XXII was begun. Treatment of XXII with a 1:3 lithium aluminum hydride:
aluminum chloride mixture led to the formation of a single preduct as
determined by glc. Upon standing, the neat reaction product solidified
to give crystalline XXIII. The infrared spectrum showed the absence of
a hydroxyl band but the presence of unsaturation (1650 cm_lJ, The nmr
spectrum showed signals for two tertiary methyl groups at § 0.87, one at
§ 0.97 and one at & 1.11. Three vinylic protons appeared in the range
¢ 5.1-5.6. The mass spectrum gave the parent ion at M" = 270. From the
data, a tenative structure (which could arise from rearrangement of the

bicyclic system as shown in Scheme 6) was assigned to XXIII.

XXIII




Scheme 6
RG +
—_— —

XXII XXIII

Treatment of XXII with a 1:1 lithium a2luminum hydride:aluminum
chloride mixture resulted in the formation of four products in the ratie
of 16:;20:22:42, as determined by glc. By mixed injectien it was shown
by glc that XXIII was not prééent in the mixture. The major component
was isolated using preparative chromatography plates, and upon standing,
XXIV crystallized. The infrared spectrum showed the absnece of a hy-
droxyl functien but revealed the presence of unsaturation (1640, 875 cm-l).
The nmr spectrum showed three tertiary methyl groups at § 0.85, § 0.90,
and 6 0.93, respectively; signals at & 4.50 and § 4.72 were due te two
exomethylene protons. The mass spectrum showed the parent ion at MY =

-+

270 (calculated for C HSO’M = 270). These facts are consistent with

20

the structure shown which arises from simple dehydration ef XXII under

the reaction conditions.
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XX1V

When the preceding reaction was re-run on a five-times larger
scale, two products were obtained in a 58:41 ratio as determined by glc.
Mixed injection of a known sample revealed that XXIV was present in the
reaction mixture as the minor component. Isolation of the major compon-
ent using a preparative chromatography plate gave crystals of XXV. The
infrared spectrum showed the absence of a hydroxyl group but the presence
of unsaturatien (1650, 1600 cm_l)n The nmr spectrum showed three terti-
ary methyl groups at § 0.61, 0,85, and 0.93, respectively, and a doublet
at 6 1,13 (J=1.5 cps) for a methyl on a double bond. Signals were also
observed at & 5.50 for a single vinylic proton and in the range of § 5.90-
6.30 for two vinylic protons. The signal at § 0.61 was due to the C-10
angular methyl group which is shielded b} the presence of the endocyclic

14

A” "-double bond. The mass spectrum showed the parent ion at M = 270

(Caled. for C H30’ Mt = 270) which is consistent with the structure

20

assigned.

XXV
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CHAPTER V
CONCLUSIONS

Optimum yields of ketonic products, XII and XIV, are obtained
when maleopimaric acid ester (XI) is exposed to ozone for periods of
less than 24 hours.

Mixed hydride treatment of the unsaturated tertiary alcchol XXII
leads to rearrangement of the bicyclic system when a 1:3 lithium alumi-
num hydride:aluminum chloride mixture was employed.

Mixed hydride *reatment of the unsaturated tertiary alcochol XXII
leads to dehydration when a 1:1 lithium aluminum hydride:aluminum chle-

ride mixture was employed.
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CHAPTER VI

INTRODUCTION

Camptothecin

Cambtothecin (XXViII) was isolated in 196622-25 from the stem

wood of Camptotheca acuminata, Decaisne (Nyssaceae), a rare plant

native to mainland China. Due to preliminary activity in Carcinoma

755, further testing was conducted which revealed that camptothecin was
effective against lymphoid leukemia L-1210 in mice, giving life pro-
longation as high as 100 percent on a daily dose of 0.25 to 1.0 mg/kg?ﬁr
Concentrations as low as 1.25 mg/kg gave significant inhibition of growth
against Walker 256 (intramuscular) tumors in rats and moderate cyto-

toxicity was shown against KB cell culture, ED 0= 0.07 ng/ml. It was

5
also found that the sodium salt of camptothecin has the saie order of

. . _— . 23
antileukemic activity as camptothecin

Isolation and Structure of Camptothecin

The dried stem wood of Camptotheca acuminata was continuously

extracted with a hot hexane-heptane solution followed by continuous ex-
traction with hot 95 percent ethanolzz. The concentrated ethanol ex-
tract was partitioned between chloreform and water. The methanol-
insoluble portion of the chloroform extract was chromatographed on a
silica gel column to give camptothecin which was recrystallized from
methanol-acetonitrile to give pale yellow needles having a melting point

of 264-267°C with decomposition. The melecular weight was determined




71

by mass spectrometer to be 348.1117 with a molecular formula of
C20H16N204. The infrared spectrum showed absorptions at 3440 (hydroxyl),
1760-1745 (lactone), 1660 (lactam), and 1610, 1585 cm_1 {(aromatic).
Ultraviolet absorptions were observed at 220 mu (e 37,320}, 254 mp

(29,230), 290 mu (4,980), and 370 my (¢ 19,900).

XXVIII R = OH

XXIX R = OCOCH3
XXX R =101
XXXIT R = OCOCHZI
XXXIII R = 0C0CH2C1

- \\\//’\\N OH
-~ H
N -
|’ OH
XXXI
0
N Nj/\o
R—E | | |
-
N e \\Ex<:kbo
[ YoH
XXXIV R = OH
XXXV R = OCH
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The fact that the molecule possessed at least one asymmetric
center was shown by the melecular retation, [a]g5 + 31,.3° (CHCL3 - MeOH,
8:2). The nmr spectrum of the compound in dimethyl sulfoxide—d6 showed
signals at § 0.91 (3H, triplet) and 6 1.90 (2H, multiplet), indicating
an ethyl side chain. Additional signals at & 5.28 (2H) and § 5.45 (2H)
were assigned to a benzylamine- and a benzyether- type moiety, respectively.

It was found that camptothecin does not form stable salts with
acids but prolonged treatment with acetic anhydride-pyridine at 25°C
gives the acetate, ¥XIX (M' = 390.1217, C gt gNy05, m.p. 271-274°C).

The infrared spectrum gave absorption at 1770-1750 cm-l (acetate and
lactone) and the ultraviolét spectrum showed absorptions at 220 mu

| (€39,010), 254 (28,740), 290 (6160) and 360-370 (22,000). When treated

with thionyl chloride and pyridine in benzene, camptothecin formed

chlorecamptothecin (XXX), m.p. 248-250°C.
Exhaustive hydrogenation of camptothecin in acetic acid with

Adams catalyst gave the dodecahydro derivative XXXI (C20H28N204, M =

360). The infrared spectrum showed absorptions at 3460 and 3250 cm_1
(hydroxyls) and 1650 <:m-1 (lactam). The nmr spectrum showed resonance

signals at 8 5.25 for two benzylamine protons and at & 7,20 fer one

aromatic proten,

Conclusive proof of the structure was obtained from an X-ray
22,23,27

analysis conducted on iodeacetate XXXII Camptothecin was

(C22H17N205C1, m.p. 245-248°C, dec) which was then treated with sodium

[

|

‘ treated with chloroacetic anhydride to form the chloroacetate XXXIIl
| iodide in acetone to form XXXII (C22H17N2051, m.p. 238-240°C).

i
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Additional compounds, XXXIV and XXXV, also possessing anti-tumor

activity, have been isolated from Camptotheca acuminata28

The numbering system given for camptothecin is based upon its

[
probable biogenesiSZJ

An approach to the Synthesis of Camptothecin

A synthetic approach by Wani, Kepler, and Wallso, invelved the
condensation of the tricyclic compound, XXXVI, with the carboxylic acid,
XXXVII, forming the amide linkage necessary to generate XXXVIII. Hydroly-
sis of the ketal in XXXVIII, followed by refluxing the ketone in triethyl-

orthoformate and acetic anhydride was anticipated to give a key

-

Syt HO OCCH
]
N
CH,CH,0 OCH CH
XXXVI XXXVII
H

~ N OCCH,,
N// N/tJ

CH ,CH0 OCH cﬁ\

XXXVIII

XXXIX XL
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intermediate, XXXIX, necessary for the success of the synthesis; however,
only XL was obtained. At this point, reinvestigation of the ring
closure was begun.

Rationale to the Proposed Synthesis of Camptothecin

Due to the high level of leukemia and tumor inhibition shown by
camptothecin and considering the difficulty of obtaining large quanti-
ties of plant material from mainland China, the interest in developing
a synthetic sequence, capable of expension to a large scale, commercial
process, hardly seems to need justification.

In the projected synthesis of camptothecin, as in any efficient
and economical process, the intermediates should be readily obtainable
in large quantities from commercially available starting materials.
This qualification may be met by division of the synthesis into two
parts, followed by condensation of the intermeaiates. In studying the
molecule, it was determined that a natural division would separate
the molecule into a nitrogen-containing portion and an oxygen-containing
portion which could later be fused together to form the 3-14 and 4-16a
bonds .,

This section of the thesis deals with studies necessary for
formation of a useful intermediate leading to the oxygen-containing

portion.
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‘tallized upon ceoling to give XLII with m,p. 85-87°C (lit.

CHAPTER VII -

EXPERIMENTAL

Preparatioﬁ‘of-gisal,Z-Dibromocyclobutane-l;2—dicarboxylic(Acid

Dimethyl Ester, XLII.

Following a published procedure31, bromine :(70 g} was.added to

a finely ground, ice-cooled mixture . of transel,2-cxclébutahedicarbbiylicr

75

acid, XLI; (10 g; Aldrich) and-amorphous.phOSPhofqus (3 g). When addi-

tien was.complete, the mixture was heated.on-a éteam;bath;~causing‘
gredt amounts .of hydrogen bromide to be evolved; éfter-four hours;
the ‘reaction vessel was.cooled toMice?bathutemperature-and-an‘addif
tional 2.5 gm of amorphous phosphorous.was added. Following -the addi-
tion-of another 70 g of‘bremine,_the~reactionwvessel‘ﬁasuagain placed
on.theﬁsteém bath and allowed to heat for lsrhdurs and‘then.allowed-
to cool to room temperature. The excess bromine was -removed from the
reaction vessel'by~b16ﬁipg;dry*air-thrqugh the mixture; the remaining

materialrwés then poured into-excess methanol (800 ml}. After the

solution had cooled, the methanolic solution was concéntrated by rotary

evépérator=to ca: 200 ml, some water was added, and the solution was
eitracted-with'ether. The ‘ether solution wasu#ashed-with’water, a
five- percent sodium-carbonate solution folloﬁedAByua séturated brine .
solution, and.finally dnied-over‘anhydrouskmagngsiﬁm*sulfate. The re~
covered material, after—removal‘ofrsolvent,~wqighed:17;qwg and crys-.
31 -gg_go°Cy;

Vﬁgi 3030; 2990, 2950, 2850, 1740, 1310 cm '
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Preparation of Dimethyl Cyclebutene-l,2-dicarboxylate, XEIII _

Potassium iodide (4 g) was added to a solution'of-xﬁllR(I;Q~g}-
in -absolute ethanél (20 «¢c), then the-mixfure was-heafed=at;reflux-fér
two hours. using a Staam bath and cooled to room'températﬁre: Water
(léijl)=was»added*tm\thevblack soiutionrfoilowed;by'extréctién‘wiﬁh-
five 50 ml portions of'ethern The poiored‘éthér-layer.was waéhed'
with five percent=sodium=$ulfite solution until both.layers~wénehcolor-
less.. The -organic layer was then washed with fresh‘water fqllowedvbyn
a-séturated-brine?sdlution and-fina1ly-dfied.dver‘anhydrous magnes ium

sulfate. Following.concentration by rotary evaporator, there remained.

‘a brown oil which could be crystallized usihg~petroleum~éther'[30;60’C)r

31

to give 1.g of XLIIT with m.p. 39-41°C (kit.” 44-46°C).

Attempted;Thermai Rearrangemenﬁ“of;XLLIl

A solution of XLIII (OLSOQ-gj-in 15 ml of benzene was piacéd-in
aiglasé tube and sealed-under»a‘nit;égen atméspheref After:the*sampie:
had been heated -at .170°C for 15 hours, the tube was .opetied -and thé con=

tents wele concentrated by the -use of dry compressed air. : Distillation-

,o£~therre5idue}résultedﬁin%Z'&fdps;of-viscous-oil-whiéh-diétilied~at;anA

film-

ax’ 2980, .2950; 2825,

1845, 1770, 1725, 1640 cm L.

The nmr.spectrum in deuterochloroform did
not reveal exomethylene protons  and the-iﬁ;egration of fhe-spectrum

indicated that the sémple was & mixture. .

Feiﬁafiﬁn:of-Dimeﬁh&l1Itacénatéw‘XLVt
To a solutien of commercial itaconic‘acid;1XLfV (li;g; Eastman) ;

in ether-containing & small amount of methanol was-added an ethereal
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solution of diazomethane until the selution remained colored for ca. 5
seconds, The solutioen was then concentrated by rotary evaperator until

a clear, colorless oil of low viscosity was all that remained. The last

traces of solvent were removed under high vacuum and the remaining mater-

ial was-cooled to dry ice temperature. The solidified mass was allowed

to warm to near room temperature and then filtered by vacuum to yield

32 38°C); vfllm

10.3 g of white crystalline XLV with m.p. 33-34°C (lit. nax

2990, 2950, 2840, 1725, 1645 cm ', Glc of the product using a 6 £t by
1/8 in. glass column packed with 3 percent SE-30 on 100-110 mesh Gas
Chrom Q at 110°C and a helium flow rate 88 ml/min gave one peak with a

one minute retention time.. .

. Attempted Eormatien.of.Fulgenic:Acid.Dimethyl.Ester,‘XLVI

In the manner of Koelsh and Richterzz, a hot mixture of dimethyl
itaconate, XLV (4.8 g; 0.03 moele), and paraformaldehyde (3g; 0.09 mole)
was dropped, under a nitreogen atmosphere, inte a flask containing dry
sodium methoxide (formed by the actien of metallic sodium (1.4 g) upen
anhydrous methyl alcehol). The reaction mixture formed a black tarry
mass which evolved a gas. After three hours of heating at steam bath
temperature, a five percent sodium hydroxide solution was added. Fol-
lowing 12 hours at reflux, the basic solution was allowed to cool to
room temperature and then extracted with chloroform and benzene to re-
meve any neutral material. The remaining aqueous solution was made
acidic using an ice-cold five percent hydrochloric acid selution
followed by ether extraction with feur portiens of ether. The ether

extracts were combined, washed with water, dried over anhydrous
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sodium sulfate and finally cencentrated to give a black eil (1 g). An
nmr spectrum of this crude material gave no evidence of the desired

material, XLVI (ne-.excmethylene protons present).

. Formatien of sym-Tetraethyl Ethanetetracarboxylate, XLVII

Fellowing a published preceduress, an alcoholic solution of so-
dio-malonic ester (formed by the addition of 25 g of sodium to 190 g
of Fisher purified ethyl malonate in 450 ml of ethyl alcohol) was formed
in a five liter separatory.funnel to which 1000 m1 of anhydrous ether
was added. The contents of the separatory funnel were treated with
large portiens of an ether solution of iedine (127 g of well-ground
iedine in 600 ml of anhydrous ether) at such a rate that the tempera-
ture never rose above 30°C. After all of the iodine seolution had been

added, the reaction mixture was allowed to stand for two hours with

- periodic shaking. During this time, a large amount of sodium iodide

precibitated out of the solution.

The contents of the separatory funnel were washed with~300 ml of
water, followed by washing with 3 portions of 150 ml each of 20 percent so-
dium thiosulfate solutien. The organic layer was then washed with a sat-
urated brine solution, dried over anhydrous sodium sulfate and concentrated
by rofary evaporator at 60°C to give.ca. 450 ml of residual oil which
formed cyrstals upon cooling in the refrigerator. The crystals were
filtered under vacuum, washed with a 1:1 petroleum ether (30-60°):
ether solution and then recrystallized from the same solvent system

to give 133 g of white, crystalline XLVII with m.p. 73-75°C (lit.33

76°C) ; uﬁii 2980, 2940, 1735, 1720 cm .
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Treatment of XLVII with‘Formaldehydefin the Presence of Base

To a mixture of XLVII (117 g; 0.37 mole), finely powdered paraformal-
dehyde(23 g; 0.77 mole), ethyl acetate (100 ml) and ethyl alcohol (40 ml)
was added a catalytic amount of sodium ethoxide (0.03 mole formed by the
action of metallic sodium (0.69 g) with 10~m1 of abselute ethyl alcohol).
The reaction mixture was maintained at 55°C for 3°hours and then allowed
to cool to room temperature. The mixture was then acidified with 25 ml
- of 10 percent hydrochloric acid and mixed with three times its volume
of ether. The mixture was then washed with two 30 ml portions of water,
30 ml of saturated brine solution, and finally dried over anhydrous
sodium sulfate. Concentratien by rotary evaporator gave an 0il (crude
XLVIII) weighing 116 g which was used in the next reactlion without
fil 1

n 3640, 3550, 2980, 2945, 1775, 1750-1725 ¢m ~; nmr

i F4 . .
purification; \)max

(neat) & 1.03 (9H,t, J = 6.5 cps), 3.6-4.8 (complex group of signals

which cerresponds to 11 .H)..

. Forﬁation.ofxtheuLactone.ofAquydrexymethyl-Bacarbexyparaconic

Acid, XLIX

To a solution of 25 percent hydrochleric acid (900 ml) was added
89 g of the crude XLVIII from the previous reaction. After heating at
609l:;4°c for 55 hours, there remained a small amount of a green oil
which was insoluble in the aqueous sclution. Following decantation of
the aqueous layer, the oil was discarded and the aqueous layer was con-
centrated by rotary evaperator at 60°C to give a viscous oil .(ca. 65 g)
which formed crystals upon standing. Removal of the crystals by vacuum

filtration followed by washing with cold water (5 ml), methyl alcohol
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(5 m1) and ethyl ether (20 ml) gave 7.1 g of XLIX with m.p. 182°-184°C

33 KBr

178°C); v ax 3480, 3010, 2630, 1780-1740 (broad); nmr (acetone-

(1lit. -

d6) §: 3.56 (doublet of doublets, J = 2.6, 5.8 cps, 1H), 4.02-4,13 (m,
corresponds to 4H), 7.97 (S, 1H). The mother liquor was not investigatéd

. further (see Chapter VIII),

. Formation of the Lactone of .o-Hydroxymethylparaconic Acid, L

Crystals of XLIX (7 g) were heated using an oil bath at 185 & 2°C
under a nitrogen atmesphere for 15 minutes to give 5 g of crude material

which selidified upon cooling, Recrystallization from an acetone-ether

solution gave 3.7 g of L with m.p, 125-128° (litfgs 128°C; 11¢,34 138°C)
vﬁii 2980, 2930, 1775, 1760 em”; nmr (acetone-d,) §: 3.65-3.90 (corres-

ponds to 2H), 4.4-4.83 (corresppndsffo 4H) . The mass spectrum gave a
parent ion at M = 142 and the bas peak at 69 mass units. The ultra-

violet spectrum gave absorption of 209 mu (e 84).

Attempted Oxidative Decarboxylation of XLIX Using Lead Tetraacetate

To a solution of XLIX (1.86 g) in 20 ml of anhydrous pyridine
at 50°C, which had been degassed with dry nitrogen, was added lead
tetraacetate (4.9 g). The mixture was heated to 70°C at which time
gas evelution was noted. After 10 minutes at this temperature, the
reaction mixture was removed from the heat source and the solvent
was remeved by rotary evaporator. To the thick residue was added an
ice-cold 50 percent sclution of nitric acid (20 ml). A white precipi-
tate formed which would not melt below 360°C; it was discarded. The

remaining acidic solution was neutralized with a 5 percent solution
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of sodium carbonate until a pH of 6-7 was obtained as determined by
pH paper. Removal of the water by rotary evaporater gave a residue
which was washed with ethanel. The ethanel insoluble portion was dis-
carded and the ethaneol-soluble portion was‘sﬁbjected to glc analysis
using a 6 foot by 1/& in. glass column packed with 3 percent JXR on
Gas Chrom Q at 135°C and a helium flow rate of 88 ml/min which gave
peaks with retention times and percentages of 1L6 min .(7%), 2.1 min
(66%), 3 min (24%) and 3.5 min (3%). The compound with a retention
time of 2.1 min corresponded to the dilactone, L, as determined by
mixed injectien,

Addition of ether to the ethanol-soluble portion resulted in
the formation of a precipitate (0.96 g) which when redissolved in
ethanol, gave the same glc analysis as reported above, using the same

conditions. Further separation was not attempted..

Attemptéd.Dehydraggpation of Dilactone L using 2,3-Dichloro-

5,6-dicyanobenzoequinone . (DDQ)

Te a solution of L (1.0 g) in 250 ml eof dry dioxane was
added solid DDQ {1.76 g). After a peried of one hour at roem temperature,

the solution was heated to reflux. Glc analysis of the solution after

- 50 hours, using a 6 ft by 1/8 in., glass column packed with 3 percent JXR

on Gas Chrom Q at 125° C and a helium flow rate of 88 ml/min, gave only
one peak at a retention time of 2.8 minutes corresponding to L. An

additional 1.8 g of DDQ was added and reflux temperature was maintained
for a total of six days. A sample of the solution was analyzed by glc

using a 6 ft by 1/8 in.glass column packed with 3 percent SE-30 on 100-120
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mesh Gas Chrom Q .at a temperature of 122°C and a helium flow rate of

- 88 ml/min. Only one peak appeared at a retention time of 4.4 minutes

which corresponded.to-L as.determined. by mixed injection....

. Attempted-Déhydqggenatidn:of Dilactone L with Palladium

An intimate mixture of L-(0n142 g) and 10 percent palladium on
carbon (0.250 g) under a nitrogen atmosphere was heated at 160 + 4°C for
one hour. Upon cooling, the solid material was washed with three 10 ml
portions of ether. The combined ether extracts were subjected to glc
analysis on both 3 percent SE-30 and 3 percent JXR columns, using
the same condition given in the previous paragraph. In each analysis,

only unreacted. L was obsexrved..

_.Attempted Dehydrogenation of Dilactone L with Palladium in p-Cymene

A well-ground mixture of L (0.142) and 10 percent palladium
on carbon {0.250 g) in undistilled p-cymene (3 ml; Eastman) was heated
at reflux under a nitrogen atmosphere for three hours. Glc analysis
of the liquid portion of the misture, using a 3 percent SE-30 column

at 122°C and the conditions given abeve, showed many peaks with a

- retention time of less than two minutes and were identified as being

present in the freshly distilled selvent by mixed injectien. The only
additional peak present had a .retention time of 4.4 minutes and was

identified as unreacted L.

. .Epimerization .of L with Agueous Base

Following a published procedure34, an aqueous solution of 2 N

sodium hydroxide (42.5 ml) was added to L (6 g) followed by heating at
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reflux for 30 minutes. Upon cooling in the refrigerator, crystals
formed which were isolated by vacuum filtration to give a hydrated
sodium saltzs,

After drying at 80°C under 20 mm vacuum for twe hours, the
crystals were suspended in -ether while gaseous hydrogen chloride
was bubbled through the suspension, The clear solution was decanted
from the white precipitate and fresh ether was added to the solid.
Again, gaseous hydrogen chloride was bubbled through the suspension.
After repeating the process a third time no erganic material was present
on evaporation of the ether, The ether solutions were combined and coen-
-.centrated by rotary evaporator to give solid LI weighing 2.3 g with'm.p.

34

119-121°C (1it.>" 122°); v§“3°1 3480, 1765, 1720 cm !, The methyl

ax

ester, LII, formed by reaction LI with an ethereal solution of diazo-

methane, was not crystalline but gave the expected infrared spectrum

1

CoEiIm 3450 2050, 1765, 1725 em” P,

max

Attempted Oxidation of LI Using Chromic Acid

To a solutien of LI (0.080 g) in acetone (2 ml) which was cooled
to ice bath temperature was added 2 drops of Jones Reagent. After five
minutes, during which time a green precipitate had formed, isopropyl
alcohol was added to destroy the excess reagent. The solution was de-
canted from the precipitate and concentrated by rotary evaporator. The
residue which remained was washed with several portions of ether which
were combined and concentrated te give 0.060 g of unreacted LI as de-
termined by the infrared spectrum and the melting point, 119-121°C.

. The attempted oxidation was repeated using 0.060 g of LI in 2 ml
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of acetone at room temperature. An excess of Jones reagent (4 drops)
was added and the solution was allowed to stir at room .temperature for
one hour. Isepropyl alcohol was then added until excess reagent had
been destroyed; the solvent .was decanted from the precipitate and con-
centrated as aboveu,\Ihg%residu§}w§§ washed with several portions of
ether which-werehtheg combined and concentrated to give 0.050.g .of an
oily product which flowed freely at 40°C. Glc analysis of the oil
using a 6 ft by 1/8 in. glass column packed with 3 percent SE-30 on
100/120 mesh Gas.Chrom Q at 155° and a helium flow rate of 88 ml/min
gave retention times,and,pgrcéntages ef 1.1 min (72%), 2.1 min (2%) and
2.8, 3.0 and'3.4.min,Eane591v§d peaks; total area corresponds to 26%).
The peak with a retention ‘time of 2.1 min corresﬁends to unreacted LI.
The oil was soluble in ligrein and inseoluble in ether. An attempt to
form a 2.4—dinitropheny1hydr;zone deri&ative féiled and the oil was net

further investigated.

. Attempted Oxidation .of LI Using Dimethyl Sulfoxide -and

- N,N'-Dicyclohexylcarbodiimide

N,N-Dicyclohexylcarbodiimide (1.77 g, Eastman) and pyridinium
phosphate* (0.26 g) were disselved in a 1:1 dimethyl sulfoxide-benzene

selution (8 ml).** After the resulting solution stood at room tempera-

*Prepared by adding 0.11 mole of anhydrous pyridine te 0.10
mole of 85 percent phosphoric-acid:(with cooelingy™. The resulting semi-
solid was dried in vacuo at 60° for 4 days immediately prior to use.

**Prepared by drying a 1:1 solution of anhydrous benzene and di-
- methyl sulfoxide-under a Dean-Stark trap for 4 days prior to use32
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ture for 30 minutes, LI (0.480—g)\wa5 added. The resulting solution
changed through the colors of the spectrum, beginning with a light red
and eventually turned black. After 15 minutes, the reaction vessel was
placed in an ice Bath&irIsopropyi-alcohol-(19,4:ml) was added to the
reaction mixture follewed by warming to room temperature for four
hours. The resulting solution was lyopholized at pressures below

150k until a black semi-solid remained. This semi-solid was trans-
ferred to a continuous extractor and extracted with ether for three
days. The only material obtained by concentration of the ether extract
‘was pure.N,N;-dicyclnhexylurea‘(0.50 g) with m.p. 220-221 (litFSb
222,5-223°C). ‘The mass spectrum of N,N'-dicyclohexylurea gave M¥ =

Mt -
224 (Calcd for C15H24N20, MY = 224).

Oxidation of LII With Dimethyl Sulfoxide .and ‘Acetic Anhydride

To a solution of ester LII (1.067 g, 88 percent pure) in 18.5 ml
of dry dimethyl sulfoxide® was added 12 ml of acetic anhydride. The
reaction mixture was allowed to stand at room temperature while the
progress of the oxidation was followed by -glc using a 4 ft by 1/8 in.
glass column packed with 3.8 percent UC-W98 on 100-120 mesh Diatoport
S at a temperature of 128°C and a helium flow rate of 88 ml/min. Under
these conditiens, the starting material gave two peaks with retention
times and percentages of 2.1 min (12%) and 2.5 min (88%). After five

hours, the solution had become blue and the glc analysis gave retention

* h N s
. Obtained by removal of the benzene in vacuo from a solution of
benzene-dimethyl sulfoxide which was dried as previously described.
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times and percéntages of 1.2 min (9%), 2.0 min (11%), 2.5 min (5%), 4.4
min (30%j, 7.0 min (27%) and 10.9 min (18%).  The peaks at 2.0 min and
2.5-min were identified as being present in the starting material. Fol-
lowing addition of isopropyl alcehel (15 ml), the reaction/mixture was
allowed .to stand 12 hours. The solvents were then removed under a high
vacuum on the steam bath. A check of the distillate by glc using the
same conditions, revealed only the solvent peak. The residue (1.35 gm)
contained solvent which could not be remeved. A 0.35.g sample of the
residue was Séﬁéféféd by means of a 1 mm thick silica gel G (Mallinkcrodt)
preparative chromatography plate using a-solvent system of 90:10 benzene-
acetone mixture which was allowed to develop for a distance of 20 cm.
Visualization, was added by -ultraviolét 1light, which indi-
cated bands .at Re 0.65 -and R 0.50 and a blue band between Re 0.0 and
Rf 0,35, The silica gel containing each band was removed separately,
washed with ether and filtered. The solvent was then removed by rotary
evaporator, Froﬁ the band at Re 0.65 was isolated 0.068 g of material
which, when analyzed by glc using the conditions given above at a tem-
perature of 125°C, gave one major peak with retention time of 13.4 min-
utes; u;:im 2950, 2910, 1780, 1735, 1430, 1175, 1075, 1010 en~l. No
structure was assigned.

From the band at Rf 0.50 was isolated 0.157 g of material which
was shown by glc, using the conditions given above .at 125°C, to be
a mixture of compounds with major peaks at 5.2 min and 8.4 min and minor
peaks at 2.2, 2,5, 4,0 and 13,5 minutes, respectively; viiim 2950, 2915,

1780, 1735, 1685 cm_l. The nmr, which was taken on the neat oil, was
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very_complicated for the meost part; however  resonance signals were ob-
served at ¢ 9.35 and 10.07, respectifely,”indicating possible aldehyde
protons.

From the area of Rf 0.0-0.35 was isolated 0.086 g of material
which was shown by glc to be a mixture of three compounds with retention
times of 2.0 min, 5.2 min and 8.4 min, under the same conditions as

given above 125°C,

Attempted Condensation of LIII with the Crude Aldehydic Reaction Material

From the preceding reaction, 0,450 g of the crude reaction oil
was dissolved in one ml of acetic‘anhydride and to this solution was ad-
ded 0.564 g of LIII*, The combined solution was heated at reflux for
14 hours -and then allowed to cool to room temperature. Thin-layer
chromatography of the reaction mixture on silica gel G (Mallinckrodt)
for a distance of 14.5 cm using 90:10 benzene-acetone as the liquid
phase, when visualized using Dragondorff's Reagentsﬁ, revealed
tiree spots at Rf 0.27, 0.45 and 0.55 respectively. No visualization
was obtained by the use of a 2,4-dinitrophenylhydrazine spray followed
by a 10% aqueous potassium hydroxide spray.

Following removal of the solvent in vacuo at 60°, a partial
separation of 0.380 § of crude reaction material was obtained by the
use of a preparative chromatography plate (1 mm) with silica gel G
as the immobile phase and a 90:10 benzene-acetone solution as the

mobile phase, developed for a distance of 16,5 centimeters. Visualiza-

"The author is indebted to Mr. J. B. Nabors for the sample of com-
pound which was prepared by procedures similar to those given by G.
Kempter and S. Hirschberg, Chem. Ber., 98, 419 (1965).
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tien was obtained by spraying the plate with a 1.5 percent solution of
methanolic berberine hydrochlofide followed by viewing under ultra-
violet light. 1In this manner bands were cbserved at Rf 0.91, 0.77, 0.61,
0.43 and 0.24, respectively. Removal of the silica gel in a band of R,
0.85-0.70 followed by extraction with ether, filtration and finally re-

- movel of solvent gave 0.113 g of an oil which boiled at 85°C and 0.15

VHCl3 2945, 2010, 2845, 1760 en™!; mmr (CDC1;) and 1.38 (3H), 3.90

mm
(3H) 4.92 {2H). Glc analysis of the oil, under the conditions given
above, using a 3.8 percent UC-W98 -column at 130°C, showed only one peak
- at 1.3 min. The mass spectrum gave M* = 156.0422 (Calcd. for C,HgO,,
M" = 156,0422). Structure LIV was tentatively assigned to this com-

pound.
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CHAPTER VIII
DISCUSSION OF RESULTS

As stated in Chapter I, the primary purpose of this work waé to
investigate means of synthesizing the oxygen-containing right half of
camptothecin and suitable functionality for joining with the nitrogen-
containing left half.

In an effort to generate LV, which, it was anticipated, can be
transformed by suitable reactions into LVI, it was decided that a possi-
ble pathway might be the well-precedented iodolactonizat‘ion37 of & suit-

able di-B,y-unsaturated acid; namely, fulgenic acid, an ester of which
H
OZCCH3 CH

LV LVI XLV1

is XLVI. Mechanistic considerations indicate that the iodolactenization

should readily proceed by the method shown.

Scheme 6

S I’KO;—,O\“I&/O'_; S0y — w
Oﬁf’ - Tp
0 o % 0 1
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Dimethyl cyclobutene-1,2-dicarboxylate, reported by Perkin31 in

38 to give dimethyl fulgenate, trapped as

1894, has been shown by Vogel
the maleic anhydride adduct, in an 80 percent yield when heated at 160°C

for 15 hours. Using the procedure reported by Perkin31 for the formation
of dimethyl cyclobutene-1,2-dicarboxylate. (XLIII), commercially available
trans-1,2-cyclobutane dicarboxylic acid (XLI) was treated with bromine in

the presence of amorphous phosphorous. The resulting dibromide was re-
acted with methanol to give crystalline dimethyl c¢is-1,2-dibremocyclo-
butane-1,2-dicarboxylate (XLII), which exhibited the ester band at 1740

cm'l in the infrared,

, Br co

o ,CH,
2 ' Br
AN ; , \
o | Q Co,CH, co.cx,
o . ICO,CH,
XLI XLII XLIII

Treatment. of XLII with potassium iodide :resulted in bis-halogena-
tion to give dimethyl cyclobutene-1,2-dicarboxylate (XLIII), identified
by its melting.point and method of preparation.

In an attempt to form XLVI, the method of Vogel o was modified,
omitting the trapping agent from the pyrolysis tube. The initial attempt
at the pyrolysis resulted only in a black, granular solid, probably due

to the presence of oxygen in the sealed tube. A repeated attempt, in

ocH
XLV1 _ ocH
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which the atmosphere of the tube was displaced with dry nitrogen just
prior to sealing, resulted in a viscous oil which gave a small amount of
distillable product. The distillate, which was a mixture of products as
evidenced by the nmr integration, gave nmr resonance signals for Fhree
different methoxyl groups in the region § 3.6-3.9 with no indication of
any exomethylene protons in the region § 5.3-6.25, where normally expect-
ed. For this reason the reaction was not investigated further.

Compound XLVI, dimethyl fulgenate, is the dimethyl ester of the
simplest member of a family of compounds. An extensive study of the sub-
stituted fulgides was conducted by Stobbe39 and modifications of the ori-
ginal synthetic method for the preparation of fulgides have appeared32’4on
It appeared feasible that dimethyl fulgenate might be generated by the
addition of formaldehyde to easily accessible dimethyl itaconate, using
a modification of the procedure of Kolsh and Richter32

Dimethyl itaccnate (XLV), formed by the addition of diazomethane
to commercially available itaconic acid (XLIV), was treated with para-
formaldehyde in the presence of sodium methoxide. A black tar resulted
which was treated with a basic solution to hydrolyze the ester function
followed by acidification. An nmr spectrum of the resulting black oil
indicated that the double bond had migrated to the more substituted posi-
tion, showing a resonance signal at § 2,68 for a methyl group on a dou-
ble bond and at § 6.36 for a proton on a trisubstituted double bond. In-

vestigation of this route was discontinued.
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Due to the lack of success in ?he formation of fulgenic acid,
another method was sought to form LV. It was found that the interesting
compound, L, results as an acid-catalyzed degradation product of sesamo-
lin and other closely related naturally occurring compounds4ln It was
anticipated that by the use of the proper dehydrogenating conditions,
one could introduce & double bond and thus convert L into LV, Of further
interest was the fact that the synthesis of L had been reported34, in one
instance, to occur in an overall yield of 64 percent from dimethyl malo-
nate, Thus, it was determined to synthesize L and try to find conditions

whereby. LV could be generated.

Following the procedure of Piskovss, commercially available di-
ethyl malonate was condensed to its dimer, sym-tetraethyl. ethanetetracar-
boxylate (XLVII), by the formation of the sodium salt. of diethyl malonate

followed by treatment with iodine. Following the removal of the sodium
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iodide which precipitated from the solution, a 71 percent yield of
XLVII was obtained which exhibited two carbonyl bands in the infrared spec-

trum at 1735 and 1720 cm'} due to both symmetric and asymmetric stretching.

CH3CH202C (COZCHzCH3 0 0
\CO . CHSCH2C02 CHZOH
CH,CH,0,C
37272 2772773 ,CHSCH2C02 5C02CH2CH3_
XLVII XLVIII

The addition of formaldehyde to XLVII in the presence of a
catalytic amount of sodiﬁm-ethoxide gave, after. acidification, an oil
which exhibited infrared bands at 3640 and 3550 cm'l, due to hydroxyl
absorptions, a sharp absorption at 1775 t:m_1 (due to a y-lactone) and
a broad absorption between 1750 and 1725 cm'1 (due to ester functions).
The nmr of the neat o0il exhibited a trii'prlet.at § 1.03.(J = 6.5 cps)
which corresponded to 9 protons of the ethyl esters: A very complex
group of signals in the range of § 3.6-4.8 corresponded to eleven pro-
tons and was assigned, in general, to the remaining protons of the
molecule. Since Piskpv reported‘the yield of XLVIII as being 90
percent after distillation,ranq since the spectra corresponded to the
expectéd product, the_pil was used in thgrneﬁt'gteprwith§ut\fu:thqrﬂ
purification. o | - o

The oil ;éhfioﬁed aﬁgvé“;égmﬂééf;d‘in“;ﬁ-aéidiﬁ aqﬁeous solu-
tion using a Thermowatch regulator which kept the temperature within

a range. of 56-64°C for 2 days. Vigorous stirring was applied.to keep
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the two-phase solution well mixed. At the end of the heating period,
a small amount of a green oil remained, separated from the bulk of the
solution as a heavier-than-water liquid. The aqueous portion was re-
moved from the oil (which was discarded) and concentrated by rotary
evaporator to give a viscous oil which”partially crystallized upon
standing., Separation of the crystals from the remaining oil, followed
by a water wash (20 ml) gave the lactene of a-hydromethyl-fS-carboxy-
paraconic acid (11% by weight of viscous o0il) which was identified as

33

XLIX by its melting point (182-184°C; 1lit 178°C) and infrared spectrum

which showed a broad absorption at 3480 <:m_1 for an acid and a broad,:

peorly resolved absorptioen in the range of 1780-1740 Cm'l,
H
% o,
4
2.
H3 5 H - 0
6] 0
H

XLIX

The nmr spectrum in acetone-d6 exhibited a doublet or doublets

at § 3.56 due to H5 which is split by beth H, (J = 2.6 cps) and H, (J =

5.8 cps), a complex multiplet in the range & 4.02-4.33 due to protons

H, , and a singlet, which disappeared upon addition of deuterium oxide, |

1-4
at 8§ 7.97, due to the carboxylic acid proton.

Although the yield of XLIX was 11 percent, Piskov33 reported a
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yield of 84 percent for the same reaction using the same conditions.
The reaction was repeated four times with.ca. 10 percent yield of
XLIX in each case. The mother liquor which remained after removal of
the crystals was not immediately investigated but a partial investiga-
tion will be discussed later.

When heated above the melting point for 15 minutes, XLIX spon-
taneously decarboxylated, giving as the product the lactone of -
hydroxymethylparaconic acid (I) in a 69 percent yield. It was found
that heating under a nitrogen atmosphere gave a slightly better yield
with less coloration of the product, Recrystallization from an acetone-
ether solution gave crystals which showed absorptions in the infrared
spectrum at 1775 and 1760 Cm'l, due to symmetric'aﬁd asymmetric carbonyl
stretching. The nmr spectrum of the compound in acetone—d6 exhibited
a complex signal in the range of § 3.65-3.90, assigned to the two
bridge-head protons, and a complex signal in the range of § 4.40-4.83
which was assigned to the four protons next to the oxygen. The complex
spectral pattern is due to the rigidity of the conformation, creating
complicated coupling patterns.

Since the oxidative decarboxylation of tertiary carboxylic acids
using lead tetraacetate has been shown to introduce unsaturation into
fused five-membered rings42, it was thought that by decarboxylation of
XLIX, the formation of LV could be achieved. Introduction of XLIX into
the decarboxylating medium resulted in the evolution of a gas. When
subjected to analysis by glec it was found that the major amount of the
crude reaction mixture (66 percent) corresponded to the non-oxidative

decarboxyliation product, I, which previously had been obtained by
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heating XLIX. The identificationiof the three other products was not
pursued due to the fact that only one product {7%) had a shorter re-
tention time (1.6 min) than L (Z.iumin). It should be expected, consi-
dering polarity and, to a lesser extent, molecular weight, that LV would
have a shorter retention time than L.

As previously stated, it was anticipated that L could be dehydro-
genated, under suitable conditions, to yield LV. It was felt that the in-
troduction of a double bond would be facilitated by the extended conjuga-
tion which would result. In this connection, 2,3-dichlore-5,6-dicyano-
benzoquinone (DDQ)} has been used. extensively in the dehydrogenation of
carbonyl systems43 moreover, saturated steroid &-lactenes have been con-
verted to &,B-unsaturated lactones by prolonged exposure to DDQ in diox-
ane44. An attempt to dehydrogenate L with DDQ in a refluxing dioxane
solution over a period of six days resulted in no reaction, glc analysis
of the reaction solution showing only the presence of starting material.

The lack of success in the dehydrogenation. of L using DDQ can
possibly be explained by the observation that in A4?3-keto steroids,
dehydrogenation .occurs mainly by an ionic trans-diaxial loss of the la
2@-hydrogen atoms45, although cases have been observed in which DDQ re-
acts to produce radicals?®, An examination of a molecular model reveals
that the melecule, L, must necessarily exist in the conformation shown.
Thus the bridge-head hydrogens are cis and eclipsed with one another, a

fact which should facilitate the removal of the hydrogens by a catalytic

method.

The dehydrogenation was thus attempted using 10 percent palladium
en charcoal.. In the initial attempt, solid catalyst and support was
intimately mixed-with solid L and then the mixture was heated under a

nitrogen atmosphere.. Upon extraction of the cooled solid mixture with
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ether, it was .determined by glc,. using twoe. different columns, that the
only compound present: was unreacted L. Due to the failure of the solid
mixture to’ﬁﬁdergo dehydrogenation, it seemed advisable to use a
solvent to obtain better mixing thus insuring better centact. A well-
blended mixture of L and palladium on charcoal was refluxed in p-cymene
for three hours. Analysis of the liquid pertion by glc showed a great
number of peaks whose retention times were less than four minutes.
An analysis of the undistilled p-cymene also showed & large number of
peaks whose retention times were less than four minutes. The reaction
was repeated using freshly distilled p-cymene. Glc analysis after three
hours showed three short-retention peaks and a peak corresponding to
unreacted L. By mixed injection it was determined that the peaks with
short-retention time were also present in the freshly distilled
p-cymene, Thus it was determined that no reaction had occurred.
Following the unsuccessful attempts at dehydrogenation, it was
decided that L could be epimerized, uéing the procedure of Michael and
RossS4, and anticipated that, by oxidation of the resulting trans

alcohol-acid lactone, LI, aldehyde LVII.could be obtained. It was hoped

0
=

LI R

LII R LVIII

n
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that LVIII could then be condensed with the nitrogen-containing portien,
LIII, to form an intermediate, LIX, which could be converted inte campto-
thecin. A condensation similar to this has been reported. (See
Chapter VI.
Epimerization of L was cbtained by refluxing in an aqueous basic

solution, The crystals which: formed upon cooling were previously iden-

. tified by Michael and RoSs34 as being the octahydrate disodium salt of
LI. After drying under vacuum, the salt was suspended in ether by
means of rapid stirring and gaseous hydrogen chloride was bubbled
through the suspension.. Evaporation of the resulting:ether solutien
resulted in crystals of LI which showed a broad infrared absorption
around 3480 cm'1 for the alcohol and acid groups and carbonyl ab-
sorptions at 1765 (y-lactone) and 1720'cm—1.(acid). It was found that
acidification of the salt with concentrated hydrechloric acid soelution
resulted in a selutien from which LI could.not be extracted.using ether,
presumably due to. the great solubility of LI.in aqueous.acid.

In hn.atfempt to. oxidize LI te LVII, Jones reagent was added

. to a cold, acetone solutien of LI. Due to the precipitation of a green
chromium salt within five minutes,; the reaction was assumed to be com-
plete. However, the material isolated from the selution was shown to be
unreacted LI by virtue of the infrared.spectrum and melting poeint. The
procedure was repeated at room temperature for an -hour. Again green
chromium salts precipitated and were separated-ffom the solutien by
decantation. Removal of the solvent gave an oil which, by glc analysis,

contained five components.-.The-major component (72%) had a retention
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time of 1.1 minutes while the unreacted material was shown as only 2 per-
cent of the -total product with a retention time of 2.1 minutes. Three
components appeared as three unresolved peaks at 2.8, 3.0 and 3.4 -minutes
retention time and an area .of 26 percent of the total area of the products.
In an attempt to determine the presence of an aldehyde; the oil was sub-
jected to a 2,4-dinitrophenylhydrazine solutien which gave no indicatioen
of the presence of an aldehyde. Investigation of the complex oil was
terminated,

In 1963 Pfitzner and Moffatt47 found that the addition of N,N'-
dicyclohexylcarbodiimide teo a solution containing pyridinium-phosphate,
dimethyl sulfoxide and an alcohel resulted in selective. oxidation of the
alcohol to an aldehyde. in high yield. - 'McGonigal?® used similar reaction
conditions to oxidize an alcohol which resisted many of the classic oxi-
dation methods. The oxidation of LI was attempted using the methed re-
ported by McGonigal in which freshly prepared pyridinium phosphate, N,N'-
dicyclohexylcarbodiimide, and a 1:1 dimethyl sulfoxide-benzene mixture
were combined. To this clear solution was added LI with the almost in-
stantaneous formation. of a red.coler. The color centinued to become
darker until, after & perioed of 15 minutes, the solution had become opaque
and black. Following the addition. of isepropyl alcohel. to destroy the
excess oxidant, the solution was concentrated by lyophilizatien until a
black paste remained. In an attempt to obtain the product from the crude
mixture, the viscous black material was distributed:on-the walls of a
continuous extracter unit. and. continucusly. extracted with ether for three
days. Removal of thepsalvent gave only pure N,N'-dicyclohexylurea which

was identified by the melting point and the mass spectrum which gave M' =
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224. Due to the fact that neither starting material nor oxidatien pro-
duct could be extracted, another method of oxidation was.souéht.

Inﬂthe previous oxidation, it seemed possible that the presence of
the pyridinium phosphate prevented the extraction of the reactant and/or
the oxidatien product. For this reason, a combination of acetic anhydride
and dimethyl sulfoxide was selected as the oxidation mediUm4g. The methyl
ester, LII was introduced into the oxidation medium and the progress of
the reaction was followed by glc analysis for a period of five hours
using a 6 £t by 1/8 .in glass column packed with 3 percent UC-W98 on 100-
120 mesh Diatoport S at 128°C and a helium flow rate of 88 ml/min. Anal-
ysis of the starting reactant, methyl ester LII, showed two peaks with a
retention time of 2.1 min (12%) and 2.5 min (88%). Immediately following
the introductien of LII into the reaétion.solution, the glc indicated
peaks with retention times of 1.2 min (14%), Zﬁl.min (9%), 2.6 min. (43%),
4.5 min (30%) and 7.1 min (4%). The comﬁoﬂndsiﬂi{h;retention times of
1.2, 4.5 andkj.l,minutes,wgrexfound to be present in a control solution
of dimethyl sulfoxide-acetic anhydride. After a period of two hours, the
reactien solution-began te turn blue. ‘Also, the glc of the crude solution
indicated the formation ef a new compound which had a retention time of
10.5 minutes. By comparison of the peak area of this new compound with
the peak area at 2.6 minutes (due to LII) it was found that at 2, 3, 4, and
5 hours, the ratie of Rt2.6:Rt10.5 was 8:1, 7.7:1, 1:1 and 0.26:1, re-
spectively. -At:the end of five hours, the oxidation was quenched by the
addition of isopropyl alcohol. A sample of the residue which remained
after removal of the solvent was partially separated on a thin-layer plate.

Visualization with a spray-mist of 2,4-dinitrophenylhydrazine solution
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revealed a diffuse spot which indicated the presence of an aldehyde. A
partial separation of a portion of the residue by means of thin-layer
chromatography resulted in three fractions, one of which had Rf0u65 and
was shown to be nearly pure by glc. The infrared spectrum of this frac-
tién indicated the absence‘ef a hydroxyl group but indicated that the vy-
lactone (1780 cm-l) and the ester (1735 Cm_l) were still present. An nmr
spectrum oftthe.impure 0il obtained from the band at Rf0.50 revealed sev-
eral complex signals. However, signals were observed at § 9.35 and §
10.07 which indicated the possible presence of aldehyde protons.

Due to the indicated presence of an aldehyde in the crude reaction
material mentioned-above; an attempt was made to condense the non-iso-
lated aldehyde with LIII. The crude solution from the attempted conden-
satien was separated by thin-layer chromatography and visualized using
Dragondorff's Reagent which revealed three orange spots, indicative of
the presence of>alkalaid536. No visualization was obtained by spraying
with a 2,4-dinitro§heny1hydrazine solution, indicating the absence of
an aldehyde. A partial separation of the crude mixture was obtained by
the use of a preparative thin-layer chromatography plate. Separation of
the plate into bands allowed the iselation of an.eil which could be shown
by glc give a single peak, The oil had a boiling point of 85°C at 0.15
mm and was assigned structure LIV due to the following observations. The
mass spectrum gave a parent ien of M = 156.0336 which is indicative of

a molecular formula of C7H804 (M = 156.0422). The infrared spectrum show-

ed absorptiens at 1760 cm-l, indicating an.a,B-unsaturated y-lactone, and
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. N-CO.CH,CH
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1725 cm’l, indicating an @,B-unsaturated ester functien. The nmr spec-
trum of the oil in chloreform-d revealed a triplet at § 2.22 (3H,J=
2.5 cps) which was assigned to the methyl group on double bond with the
splitting due te leng range coupling with pretons on the vinylic methy-
lene group. A singlet at § 3.90 (3H) was assigned to the methyl ester
and a quartet at ¢ 4.92 (2H,Av=4.5 cps, J=2.5 cps) was assigned to the
vinylic methylene protons with the coupling due to long range splitting
with the vinyl methyl group. The unsaturated lactone LIV undoubtedly
arises by dehydration of LI during the attempted oxidation teo LVIII.
Although the condensation was not attained, it was anticipated

the oxidation of the vinyl methyl group of LIV to an aldehyde could yield

. LX, a desirable material which could then be. condensed with LIII. How-

ever, an investigatiem50 of the mother liquor from which XLIX was iso-

lated, revealed that LIV was present in a 15-20 percent yield.
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CHAPTER IX

CONCLUSIONS

Several systems were studied in an effort to produce a desirable
intermediate for the formation of camptothecin.
The formation of the intermediate unsaturated lactone ester LIV

was accomplished,




1.

2.

10.

11.

12,

13,

14,

104

BIBLIOGRAPHY”

E. Wenkert, Chemistry and. Industry (Lendon), 282 (1955).

A, H. Kapadi, R. R. Sobti, and Sukh Dev, Tetrahedron Letters, 2729
(1965) .

a) Y. Kitahara and A. Yoshikoshi, Tetrahedron Letters, 1771 (1964).

b) P, R. Jefferies, R. S. Rosich, D. E. White, and M. C. Woods,
Australian Journal .of Chemistry, 15, 521 (1962).

L. H, Briggs, B. F. Cain, B. R. Davis, and J. K. Wilmhurst, Tetra-
hedren Letters, B8 (1959},

G. Hugel, L. Lods, J. M, Mellor, B. W. Theebald, and G. Ourisson,
Bulletin Ei.li Société Chimique 23 France, 2282, 2888 (1965).

W. Herz, A. K. Pinder, and R. N. Mirrington, J. Org. Chem., 31, 2257
(1966) . - ) -

A. J. McAlees, R. McCrindle, and R. D. H. Murray, Chem. Ind. (London),
240 (1966).

R. A. Appleton, A. J. McAlees, A. McCormic, R. McCrindle, and R. D.
H. Murray, Journal of the Chemical Society (C), 2319 (1966} .

G. Hugel, L. Lods, J. Mellor, and G. Ourisson, Bull. Soc. Chem. Fr.,
2894 (1965),

L. H. Zalkow and A. C. Oehlschalager, J. Org. €hem., 32, 808 (1967).

~E. Wenkert, P. W. Jeffs, and J. R. Mahajan; Journal of the American
Cheimical Soc1ety 86, 2218 (1964),

W. Herz, D, Melchior, R. N. Mirrington, and P. J. S, Pauwels, J.
Org. Chem., 30, 1873 (1965).

R. A. Appleton,_Pr A. Gunn, and R. McCrindle, Chemical.Communicatins,
1131 (1968).

L. H. Zalkow and N. N. Girotra, J. Org: Chem., 28, 2037 (1963).

*Journal title abbreviations used are listed in "Index of Periodi-

cals,'" Chemical Abstracts, 55 11J (1961} .




15,

16,

17,

18,

19,

20,

21,

22.

23,

24,

25.

26,

27,

28,

29.

30,

31.

32.

105

Presented in part at the 19th Southeastern Regional Meeting of the
American Chemical Society, November, 1967, Atlanta, Georgia. See
also a) W, Herz, R, N, Mirrington, and H. Young, Tetrahedron Letters,
405 (1968); b) W, Herz, R. N. Mirrington, H. Young, and Y. Y. Lin,

J. Org. Chem., 33, 4210 (1968).

L. H. Zalkow, R. A. Ford, and J. P. Kutney, J. Org. Chem., 27, 3535
(1962) . - -

L. H. Zalkow and N. N. Girotra, J. Org. Chem., 28, 2033 (1963).
L. H. Zalkow and N. N. Girotra, J. Org. Chem., 29, 1299 (1964).

W. A, Ayer, C. E. McDonald, and G. G. Iverach, Tetrahedron Letters,
1905 (1963). -

R. A. Appleton, J. C. Fairlie, and R. McCrindle, Chemical Communica-
tions, 690 (1967).

H. C. Brown, F. J. Chloupek, and M, H. Rei, J. Am. Chem. Soc., 86,

1248 (1964).

M. E. Wall, K. H. Palmer,; M. C. Wani, C. E. Cook, G. A. Sim, and
A. T. McPhail, Abstracts,. 4th International Symposium on Natural

Products, IUPAC, Stockholm, June, 1966, p. 103.

M. E, Wall, M, C, Wani, C. E. Coek, K., H. Palmer, A, T. McPhail,
and G. A. Sim, J. Am. Chem. Soc.,. 88, 3888 (1966).

Chemical.and.EEgipeering,News, ﬂﬂ_{ZS), 19 (1966).

. -Chem. Eng. News, 44 (51), 65 (1966).

R. E. Perdue, Jr., M. E. Wall, J. L. Hartwell, and B. J. Abbott,

‘Lloydia, 31 (3), 229 (1968).

A. T. McPhail and G. A. Sim, J. Chem. Soc., (B}, 923 (1968).

M. C. Wani, M. E. Wall, G. S. Abernethy, Jr., and H. L. Tayler,
Abstracts, 19th Southeastern Regional Meeting of the American
Chemical Society, Atlanta, Georgia, 1967, p. 230.

M. Shamma, Experientia, 24, 107 (1968).

W, C., Wani, J. A. Kepler, and M. E. Wall, Abstracts 156th American
Chemical Society Meeting, Atlantic City, New Jersey, 1968, M-6.

W. H. Perkin, Jr., J. Chem. Soc., 950 (1894).

C. F. Koelsch and H. J. Richter, J. Org. Chem., 3, 473 (1938).




106

33. V. B. Piskov, Zhurnal Obshchei Khimii, 32, 2046 (1962);
Journal of General Chemistry of the USSR, 32, 2026 (1962).

34. A. Michael and J. Ross, J. Am. Chem. Soc., 55, 3684 (1933).

35. a) W. E. McGonigal, Ph.D. Thesis, Georgia Institute of Technology,
1965, p. 52.

b) ibid., p. 65.

36. K. Randerath, '"Thin-Layer Chromatography,' Academic Press, New
Yerk, 1963, p. 74.

37. H. 0. House, R. G. Carlson, and H. Babad, J. Org. Chem., 28, 3359
(1963) .

38. E. Vogel, Annalen der Chemie, Justus Liebigs, 615, 14 (1958).

39. H. Stobbe, et al., Ann. Chem., 380, 1-129 (1911).

40. W. S. Johnson, J. Peterson, and W. Schneider, J. Am. Chem. Soc.,
69, 74 (1947). .

41. M, Beroza, J. Am. Chem. Sec., 77, 3332 (1955).

42. G. Buchi, R. E. Erickson, and N. Wakabayashi, J. Am. Chem. Soc.,
83, 927 (1961).

43. D. Walker and J. D. Hiebert, Chemical Reviews, 67, 153 (1967).

44, B, Berkoz, L Cuellar, R. Grezemkovsky, N. V. Avila, and A. D.
Cross, Proceedings of the Chemical Society (London), 215 (1964).

45, a) H. J. Ringold, M. Gut, M. Hayano, and A. Turner, Tetrahedron
Letters, 835 (1962).

b) H. J. Ringold and A. Turner, Chem. Ind. (London), 211 (1962),

46. D. H. Reid, M. Frazer, B. B. Molloey, H. A. S. Payne, and R. G.
Sutherland, Tetrahedron Letters; 530 (1961).

47. K. E, Pfitzner and Moffatt, J. Am. Chem. Soc., 85, 3027 (1963).

48. W. E. McGonigal, Ph.D. Thesis, Georgia Institute of Technology,
1965, p. 53.

49. W. W. Epstein and F. W. Sweat, Chem. Rev., 67, 247 (1967) and ref-
erences therein.

50. J. B. Nabors, private communication.




107

oare. P Tuly 19AS

C0H,
waven R0 . - -
mewrmaATU |- - (- - o
Fater BANDWIETH | _ € o | — | g
LA FED - L — ]
TWEL TM - P
W Wiome Feo_ o _ e
wor ot |- _ (- - - L
s awe % |
wetomaL Amr. | S0 | _ }
»i
L | . i 1 [ I - I
1 ) 1 n T ) I -~ 1
8.0 70 6.0 5.0 PP T3] 4.0

Plate II. Nmr Spectrum of 3-Oxatricyclo(3.2.2.0%** &% nonane-5,6-

endo,cis-dicarboxylic Acid Dimethyl Ester (XXII})

APPENDIX I
40, I’“:C:‘?ﬁfl 'sghari ) 60 70 80 ”"C"?Ns 10 M0120 . 140
= g E=Emas 100
= = 80
s SE
= === 40
= =220
P T i e o
1400 1200 1000 800
. 2,4 exo
| Plate I. Infrared Spectrum of 3-Oxatricyclo(3.2.2.0 ——)nonane-
5,6-endo,cis-dicarboxylic Anhydride (XX)
206 30 40 50 Pemir) 40 7.0 1.0 9.0 ib.
| : I i 1 : ] ! - L T I T | T I T i I
fopo b T
HY
a0 400 300 00 10 a4 s
230
L] i
® |
RN, Pate T .. L



http://HO.~t.la.TJt.JJ
http://BMt.J-1.Xllf.t9iS

APPENDIX I (Continued)

40 MICRONS 5o
WA O T

108

FI TR
2000 1800 1600 1400
oucy Iown
wut o Plate TT  |scanseeso faad [ormaror
| con ABr T pare b Jun 1968
X cemm_ . |eemaess
MFETEnCE . SRRl Y

2,4 endo

Plate III. Infrared Spectrum of 3-Oxatricyclo(3.2,2.0 )nonane-
5,6-endo,cis-dicarboxylic Anhydride (XXI)
20 3.0 a0 50 PPMIT) 80 70 20 9.0 T L]
I T I T T T T i 1 T T LM T I v T
w0 . —
00 G 00 200 o0 [
& i
£ [
e Plate IV ... :
o mam 20Ty (%5 i
. |
| |
i )
&%«« |
o i
I i
| 1 :
SOUVENT COPh .~ - ‘i‘
sttt i el ‘;
LF. ALD -/ 9 (Y v
wiks tme L0 | |-
SWEE WIDTH -1 R Y |
SWERF OFET [ _ | o o cpa L
srrcTRUM AW, |- D |- - o
INTEGRAL AMP. - ¥ .
\ 1 . ] b ] . I . Ll i \ ]
I L 1 1 | " I 1L L 1 1| H 1 " 1
7.0 7.0 &0 30 FM{] 4D 30 20 i 9 o

Plate IV. Nmr Spectrum of S-Oxatricyclo(S.Z.Z.Oz’4 E—r-lgg-]nonane-s,é-

endo,cis-dicarboxylic Acid Dimethyl Ester

(XXIIID)




109

APPENDIX II

25 30 35 40 MICRONS 5, 40 70 8o MICRONS 190 ngo 120 16.0
= _ = = 100

it

|
|

LT
i

%$‘

Begzao = 0
= E =0 = = 0
180¢ 1600 400 1200 1000 803
HEGUINCY {Cal}
jcumve no..Plate X e |scaw o faal |oemaror
cone,_ M Br S oate b Y Tufy 1148 |
A CeLL PATH [
FarEERNGE 160id | -

Plate I. Infrared Spectrum of Alcohol XXII

20 20 40 so  PeM(T) &0
] ]

12 B_B

MR | T LA | T —
” T T - t T
0 “on 200 200
o
o
3

et Plate T

¥
=
'

| . | L L L [N I ! L 1

I f
8.8 7.0 50 0 WRITAe

Plate II. Nmr Spectrum of Alcohol XXII




110

VITA

Sammy Karl Gabriel, son of Mr. and Mrs. Albert Gabriel, was born
on August 9, 1942, ncear Hennessey, Oklahoma. He attended the Hennessey
public schools, receiving his high school diploma in May, 1960. 1In
September, 1960 he entered Oklahoma State University, Stillwater, Okla-
homa and received the Bachelor of Science degree with a major in chemis-
try in June, 1964. Graduate work was begun at Oklahoma State University
in September, 1964, under the direction of Dr. L. H. Zalkow.

In September, 1965 graduate work was continued at Georgia Institute
of Technology under the direction of Dr. Zalkow.

In December 1368 he accepted a postdoctoral position with Dr.

G. R, Pettit at Arizona State University, Tempe, Arizona.
He is married to the former Glenda Beth Gritz and has one daugh-

ter, Sami René Gabriel.

e 1




