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INTRODUCTION

'*Several classes of substances found In nature 
are compounds from the hydrocarbon cyclopentanoper- 
hydrophenanthrene, which for the sake of simplicity 
are called steroids**.1 These natural compounds are 
oxygenated, alkyl-substituted derivatives of the 
parent hydrocarbon, and have the ring system given 
in the structure below.

R*

Ring System of the Steroid Group

The recognised members of this group are ster
ols, like the bile acids, the cardiac glycosides, the 
genins of the toad poisons, the digitalis sapogenins, 
the sex hormones, certain adrenal substances, and a 
few other compounds which are not easily classified.

Variations within the group Include changes in 
R and R*, spatial configuration of the nucleus and 
its substituted groups, the number and position of 
the hydroxyl groups, and in the position and degree 
of unsaturation.
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Since the structure of the substance attempt

ed to be synthesized here has a more direct relation 
to the sex hormones, and as long as ring B (Structure 
V-Flow Sheet-page 5) is not completed, this thesis 
will be concerned primarily with the latter.

Of the many phenanthrene and hydrophenanthrene 
derivatives that occur in nature, the majority are 
steroids and dlterpenes. These substances, such as 
are shown on page 1, have ring systems that are 
either exclusively or predominantly allcyclic and 
they contain angular methyl groups that prevent 
full aromatlzatlon under conditions short of drastic 
degradation that expel the obstructing groups.

The total synthesis of estrone, and hence of 
the more useful estradiol and estriol, has been the

Ogoal of many investigators since the elucidation 
of the structure of the hormone. The problem is 
rendered particularly difficult by the fact that 
estrone is one of sixteen possible stereoisomers.
The synthesis of a natural product of such complex-' 
ity has been a prominent target of synthetic chem
istry, particularly in view of the prospect of use
ful application to the pharmaceutical Industry.
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Squilenin, which contains only two asymetrlc 

carbon atone and is therefore on© of only four stereo
isomers, presented the obvious target for the initial 
synthetic attack. The problem was solved by the syn- 
theais of Squilenin by Bachmann^, Cole and Wilds in

A1939 by one method and by W.S. Johnson , Peterson, 
and dutch© in 1945 by another method. Squilenin, 
does not possess sufficient estrogenic potency to be 
of any value therapeutically but it is found to have 
tremendous value synthetically.

There have been various approaches to the meth
ods of synthesizing steroids* In general* most ap
proaches have Included an aldol condensation of an 
ester with a cyclic ketone or dlkotone. Many other 
methods, particularly for hydroindone-1 and substi
tuted compounds, include the intramolecular acyla
tion of cyclic compounds having suitable side chains*

In many cases, investigators have tried to syn
thesize simpler molecules containing functional groups 
similar to those of estradiol and estriol* Struc- ' 
ture III (Plow Sheet) could also be used for the 
preparation of substances related to the hormones 
since the latter has essential parts of the steroid 
system.
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Papadakls^ and Greenfield have prepared /3-chloro- 

propionyl derivatives of structure III (Flow Sheet)
In this laboratory and have also attempted to cycl- 
Ize them by the Grignard reagent* It was pointed 
out at that time that the Grignard reagent could re
act with other carbonyl groups of structure III shown 
in the flow sheet.

In the preparation of the jS-chloropropionyl 
halide derivative, the question arose as to whether 
the compound was an 0-Acyl or a 0-Acyl. To prove 
this point, Papadakls^ and Seigllano made a series 
of 0-Acyl and G-Acyl compounds by the Dleckman and 
Stein method as well as by the Claissen method. They 
found that the 0-Acyl derivatives of structure III 
(Flow Sheet) gave an immediate red-purple color with 
the ferric chloride test, while the C-Acyl derivative 
gave a negative test. Then they proceeded to pre
pare a C-Acyl derivative of l-(p-acetoxyphenyl)-2,6- 
dlcarboethoxycyclohexanedlone-3,5 (Structure Ill- 
Flow Sheet) with p-carbomethoxypropionyl chloride. 
This gave them a product which analyzed well and was 
also shown by the ferric chloride test to be the C- 
Acyl derivative (Structure IV-Flow Sheet).
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At that time It was noted that cycllzatlon by 

the Grlgnard method led to too many complications. 
Compound IV (Flow Sheet) has too many carbonyl groups 
which could react with the Grlgnard of another mole
cule and the interference of the bulky carboethoxy 
groups could cause steric hindrance* To avoid an
other molecule reacting and to have the Grlgnard re
act with the neighboring carbonyl of the hexanedlone 
ring, it was necessary to carry on the reaction in a 
very dilute solution* A compound was obtained by 
this method by Papadakis^ and Scigliano, which, except 
for the carbomethoxy group (GOOR*), would seem to be 
identical to structure VI of the flow sheet* Their 
compound gave a melting point of 198°C* Because of 
the melting point of their compound and the similar
ity of the melting point of the compound assumed 
obtained in this report (Structure V-Flow Sheet), it 
is reasonable to assume that the compound made by the 
methods used in this research (Chart IV) is closely 
related to the compound of Papadakls and Scigliano ' 
in physical properties.

Therefore, the object of this thesis is to at
tempt to complete the cyclization of the propionyl 
compound (Structure IV-Flow Sheet) to a structure
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such as V (Flow Ghost) by methods other- than that of 
the G-riguard reagent (Chart XV).

The first essential step, in the research of 
this investigation, is the acylation, as shown in 
the flow sheet in going from structure III to struc
ture IV by the Claicoen method. The Clalesen method 
of acylation yields two products, an 0-Acyl and a 
C-Aeyl. It was previously found in this laboratory" 
that a longer period of heating favors the C-Acyl 
derivative.

The second step, in this study, is really an 
aldol condensation, which, since the succinic rad
ical is used, may be considered similar to the Stobb© 
reaction# To bring about the eyciization of struc
ture IV (Flow Sheet) we have used not only the ter
tiary butoxides as Stobb© did but other methods and 
condensing agents as shown in chart IV.

The Stobbe condensation Is the ‘'reaction of al
dehydes or ketones with an ester of succinic acid to 
form alkylarylidene succinic acids or isomers formed 
by a tautomeric shift of hydrogen"^. This type of 
condensation can be observed in chart I, page 8, for 
the synthesis of tetrahy&rolndanone.



CHART I
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According to this procedure10 (Structure II- 

Shsrt I) a mixture of the ketone, diethyl succin
ate, potassium t-butoxlde In t-butyl alcohol vra.3 
allowed to stand in the cold for periods ranging 
from several hours to days. The solution was then 
refluxed on an oil bath (110°0) for forty minutes. 
After cooling, the mixture was acidified, and the 
solvent was evaporated to dryness. The residue was 
extracted with ether. Schemes A, B, and C (Chart 1) 
have no application here because of the use of 
different condensing agents than that of this in
vestigation.

Other experiments involving this type of con
densation11*12 have been performed in which a ketone, 
diethyl succinate, and sodium ethoxide in ether were 
used and the mixture allowed to stand for several 
days to weeks, The mixture was then heated for a 
short period of time. These studies showed that 
satisfactory yields were sometimes realised if eth
anol was substituted for ether. Although sodium 
methoxide largely eliminated the oxidation-reduc
tion complications, it was a weaker condensing agent 
than sodium ethoxide and was therefore not found in 
general use.





CHART III
JOHNSON'S TOTAL SYNTHESIS OF EQ.UILENIN

H

RsCoHcR's CH3dl-Equilenln
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In Bachmann*©1^ total synthesis of Equilenin 

(Chart II) and in Johnson’s ^  total synthesis of 
Equilenin (Chart III), there were two different ap
proaches* B&chmann utilized the Reformatsky re
action whereas Johnson utilized the Stobbe conden
sation* In both cases the reaction was initiated 
by the action of the one and only carbonyl group 
with the active methylene group of the succinic 
ester*

In this Investigation, however, this type of 
reaction cannot be initiated without running into 
innumerable complications. It can be seen in struc
ture III (Flow Sheet), that there are five carbonyl 
groups, all of which are capable of condensing with 
the active methylene group of the succinic ester. 
Consequently, in this study, an acylation is pre
ferred first, followed by the aldol condensation.

This method can be best explained by means of 
the fact that an acylation takes place readily at 
carbon four, which is between the two carbonyl groups 
of the hexanedione ring of structure III (Flow 
Sheet), and that a condensation (which should take 
place secondly) would most probably occur at either 
of the two carbonyl groups in positions 3 and 5*
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Following th© acylation In this Investigation, 

various methods of aldol condensation were Involved 
In the attempt to complete cyollzation (See Chart IV).

fhe results of this investigation found in meth
ods A to S (Chart IV} of the experimental part of 
tills thesis showed that the products which were ob
tained were not the expected substances; the per
centage of carbon being correct but the percentage 
of hydrogen being eight-tenths per cent different from 
that calculated, as in the case of method 0. It would 
seem possible, In view of the percentages found In the 
analysis, that there is a mixture of the compounds 
represented by structure IV and V of the flow sheet,
This type of mixture would undoubtedly be difficult to 
separate because of their many similar functional groups.

In view of the evidence found in the experimental 
procedure, it Is not unreasonable to assume that con
densation could take place in another way. As the 
equation shows In the flow sheet of th© condensation of 
structure IV to VII, It might be possible for methyl 
alcohol (R 1 OH) to spilt off instead of water. If this 
be the case, then the analysis obtained by method C 
(Chart IV) would be within experimental error* This 
typd" of structure would undoubtedly be very difficult
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to prove, because of Its similarity of functional 
groups to those of structure V of the flow sheet.

In conclusion, it can bo said, that a cycliza- 
tlon of structure IV (Plow Sheet) should take place 
as was the intent of this investigation. However, 
in view of other Stobbe condensations previously 
discussed in this research, it would appear to be 
more probable for cyclisation to take place if 
struct tire IV (Flow Sheet) were decarboxylated. This 
would eliminate completely the C-Acyl derivative from 
reacting with other functional groups within the 
molecule and therefor© forcing it to react with 
either of the two carbonyl groups of the hexanedione 
ring of structure IV (Flow Sheet).

1



CHART TV

Attempts to prepare 5-(p-acetoxyphenyl)-3-carbo- 
methoxy-4,6-dicarboethoxy-hexa-hydroindanedione- 1>7-zV' " by various methods.

Method Reflux
time

24 hrs.

hrs

Condensing
agent

sodium
t-butoxide

Source of heat

oil
bath

Solvent

water i 
bath ether

t-butyl 
alcohol

50 hrs sodium
methoxide water-

bath ether

48 hrs oioeridine

24 hrs

water
bath

diethyl amine water
bath

methanol

methanol
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1 RPreparation of p-Hy&roxy Benzal Malonate -(I-Flow- 

Sheet).
Treated 500.5 gms* of practical pure hydroxy benzalde- 
hyde with 625 cc of diethyl malonate (4.1 m) and added 
50 cc of piperidine (condensing agent). Heated the 
mixture on a water bath for 5-6 hours. Cooled over
night in the ice-box. Scratched sides of beaker, 
crystals began to precipitate, which were filtered and 
dried. Crystals are dull red brown in color. First 
crop weighed 690 gms.; filtrate again cooled and cry
stals Induced. Second crop weighed 210 gins. Precipi
tation was slower the second time# Yield 85$.

Preparation of Ethyl-p-Acetoxy Benzal Malonate -(II- 
Flow Sheet).
Treated 898.5 gms. of p-hydroxy benzal malonate with 
641.2 gme. (660 cc) of acetic anhydride and heated with 
reflux on an oil bath for 5 hours (150-155°C), filtered, 
and cooled at room temperature. Filtered crystals as 
formed. First crop weighed 755 gms. The filtrate was 
diluted with water and cooled with stirring. Second 
crop weighed 100 gms. Recrystallized from 95$ ale.

Preparation of l-(p-Acetoxyphenyl)-2,6-Dlcarboethoxy 
C.ycIohexanedlone-3,5-(Ill-Flow Sheet)17



Treated 6.9 gms. of metallic sodium with absolute 
ethanol until dissolved. To this was added 39 cc of 
ethyl acetoacetate ester and 91.8 gms. of II (Ethyl- 
p-Acetoxy Benzal Malonate). Allowed to stand for 30 
minutes. Refluxed on a water bath with mechanical 
stirring for 5 hours» The alcohol was evaporated to 
dryness, cooled, and the chunks of sodium-salt were 
broken up. Added cold distilled water and filtered 
into some Ice. Acidified with cold 3M HG1 to approx
imate neutral point, cooled and acidified to a dis
tinct white color. Within seconds, white crystals 
precipitated* Diluted with water and allowed to stand 
overnight in the ice-box. Filtered crystals on a 
buchner funnel. Recrystallized from 95% alcohol and 
washed with ether. Yi^ld 85^. K. P. 205-210°C.

Preparation of Succinic Anhydride*1-®
Treated 56 gms. of succinic acid with 75 ml. of acetyl 
chloride* Refluxed on a water bath from one to two 
hours until all the succinic acid had dissolved* Pre-

i

caution was taken to pass the HG1 gas which was evolved 
rapidly. After refluxing, the mixture was cooled, 
afterwhlch, a precipitation occurred. The flask was 
stoppered and placed In the ice-box overnight, and then 
filtered and washed with two portions of ether. Dried

18
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In vacuo desiccator for two days. Yield 95$» M. P.
117°C,

H
HC-
iHC-
H

9C-OH 
G-OHU0

CH-rGOCl
—   i-—

H
HÇ-
lHC
H

0ii■G.
— o /II0

Preparation of P -carbomethoxyproplonyl Chloride 
A. Methyl Hydrogen Succinate

A mixture of 400 gms. (4 m) of succinic an
hydride and 194 ml. (48 m) of methanol in a 
one liter round bottom flask was refluxed on 
a steam bath. After about 35 minutes, the 
mixture was swirled frequently until it be
came homogeneous; the flask was then half im
mersed in the steam bath for an additional 
30-35 minutes,
The excess methanol was removed by distilla
tion in a vacuo from a steam bath, and the 
residual liquid was poured into an 18 to 25 
cm. evaporating dish which was cooled in a 
shallow pan of cold water. As the half-éster 
crystallized, it was stirred and scraped off 
the dish in order to prevent formation of a 
solid cake* After being dried to constant 
weight in a vacuo desiccator, the product weigh-
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ed 505 gms. (95$ yield) and melted at 57-58°CU 

B. P -Carbomethoxypropionyl Chloride*
In a one liter flask bearing a reflux conden
ser were placed 264 gms, (2 m) of methyl hy
drogen suceinate and 290 ml. (4 m) of thionyl 
chloride. The solution was warmed on a water 
bath at 30-40°C. for 3 hours. The condenser 
was replaced by a modified Claisen still head, 
the excess thionyl chloride was removed on a 
steam bath in vacuo and the p -carbomethoxy
propionyl chloride was distilled. The yield 
of colorless product was 270-278 gins. (90-93$)» 
b. p. 92-93°C./l8 mm.

H 0

Preparation of l-(p-Acetoxyphenyl)-2,6-Dlcarboethox,y- 
4-Q9-Carbomethoxypropionyl)-Cycldhexanedlone-3.5; (IV-

Treated 5*85 gms. of l-(p-acetoxyphenyl)-2,6-dicaf’bo- 
ethoxycyclohexanedione-3,5 (structure Ill-Flow Sheet), 
with .345 gms. of sodium in methanol and allowed to react. 
Refluxed one-half hour, then evaporated to dryness, 
final evaporation being done on an oil bath. Treated

Flow Sheet
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the sodium salt with anhydrous ether and 2 gms. of 
dry KI. Then 2 cc of p -carbomethoxyproplonyl chloride 
were added. The mixture was refluxed on a water bath 
for 6 hours. Afterwards, the mixture was filtered and 
the ether solution was evaporated to a minimum volume 
at room temperature. Anhydrous ether was added where
upon white crystals precipitated. This material was 
filtered and washed with more ether* These crystals 
were dried and recrystallized. Recrystalli2atlon 
was done by dissolving these crystals in absolute 
ethanol, and adding anhydrous ether to produce a super
saturated solution. This material was filtered and 
dried. It gave a yellow ferric chloride test and 
melted at 123-126°C.

Attempts.to prepare 5-(p-acetoxyphenyl)-3-carbomethoxy-
4,6-dioarboethoxyhexahvdrolndanedlone-l.7-A^~^(Struc
ture V-Flow Sheet); by various methods (Chart IV)._____
Method A (Chart IV)
Treated 3*9 gms. of l-(p-acetoxyphenyl)-2,6-dicarbo- 
ethoxycyelohexanedione-3,5 (Ill-Flow Sheet) with .23 
gms. of metallic sodium in absolute methanol. Refluxed 
one hour, then evaporated to dryness. Final evapora
tion being done in vacuo and on an oil bath. The 
sodium salt of III (Flow Sheet) was then treated with 
about 2 gms. of dry KI, 2 cc of freshly distilled /-



carbomethoxypropionyl chloride, and dry anhydrous 
ether* The mixture was then heated and refluxed on 
a water hath for 24 hours. Then the mixture was 
filtered and evaporated to dryness at room tempera
ture. The residue which was obtained was dissolved 
in anhydrous ether. White crystals resulted which 
were insoluble in ether. The material was filtered 
and dried. Then it was dissolved in methanol, 
heated, bone-blacked, filtered, and cooled. More an
hydrous ether was added until white crystals started 
to precipitate. These crystals were again filtered 
and dried. They were again recrystallized from 95% 
alcohol, filtered and dried. This material gave a 
yellow ferric chloride test and melted at 177-178°G.

Anal. Oalcd. for Cg5H26^10* 61.72; H, 5*35;
Found: 0, 61.72; H, 6.12.
Method B (Chart IV)
Treated 1.5 gms. of half-ester derivative (structure 
IV-Flow Sheet) with 2 gms. of sodium t-butoxide in 
t-butyl alcohol. The mixture was refluxed on an oil 
bath at 110°C for four hours. Afterwards the butyl 
alcohol was distilled off, the residue was chilled, 
and cold distilled water was added. Filtered insol
uble substance and dried. Boiled these crystals in
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ether and filtered off insoluble material. When dried, 
this material gave a yellow ferric chloride test and 
melted at 123°C. The melting point of the substance 
represented by structure IV in the Flow Sheet was also 
123°C. A mixed melting point of these two compounds 
gave 123°C and therefore the material was not sent to 
be analyzed.
Method C (Chart IV) (Structure V-Flow Sheet)
The sodium salt of structure III (Flow Sheet) was treat
ed with 2 gms. of sodium methoxlde, 2 gms. of dry ill,
4 cc of 0-oarbomethoxyproplonyl chloride, and anhydrous 
ether. The mixture was refluxed on a water bath for 
fifty hours. It was then evaporated. White crystals 
were obtained upon addition of anhydrous ether. These 
crystals gave a melting point of 175**179°C, This sub
stance was recrystallized from 95$ alcohol twice. The 
material gave a yellow ferric chloride test and melted 
at 180°C.

Anal. Calcd, for C25H26°10{ C* 6 l *7 2 > H » 5.35; 
Found! C, 60.99J H, 5*23*
Method C (Chart IV) (Structure VII-Flow Sheet)

Anal, Calcd. for C24H24010: C, 61.01; H, 5*12;Found: C , 6 0 .9 9 ; H , 2 3 .
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Method D (Chart IV)
Treated 1*5 sms. of half-ester (Structure IV-Flow 
Sheet) with absolute methanol and allowed to stand in 
the cold for an hour* after which time* one-fourth of 
a drop of piperidine in methanol was added. The mix
ture was refluxed on a water bath for two days, then 
evaporated to dryness. White crystals precipitated* 
Filtered off these crystals and washed them with an
hydrous ether. A mixed meUrn point was tried of this 
substance (m. p. 193°C) with that represented by struc
ture III in the flow sheet (m. p. 204°C) and a melting 
point range of 182-192°C was observed. Keorystallized 
these crystals from absolute ethanol. This material 
gave a yellow ferric chloride test and also a melting
point of 192.5-193*5°C* The analysis was too high to

*

be of any practical value here.
Method E (Chart IV)
Treated 1,5 sms. of half-ester, IV (Flow Sheet), in 
absolute methanol with one-half drop of diethyl amine. 
Refluxed on a water bath for twenty-four hours, evapor
ated to dryness at room temperature, and added anhydrous 
ether. Crystals precipitated which were white-purple in 
color. This material was filtered, washed with more 
ether, and dried. It was then dissolved in 95% alcohol
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and bon©-blacked. The solution was then filtered and 
cooled. This filtrate (cold) was added to twice its 
volume of cold distilled water. Crystals precipitated 
which were filtered and dried. This method of recry- 
stallizatlon was repeated# The substance was dissolved 
in methanol-ether mixture and petroleum ether was added. 
Crystals were formed, filtered, and dried. This mater
ial was pure whit© in color and was very soft and floc- 
culent. It gave a distinct yellow ferric chloride test. 
Dried in a vacuum dessicator for two days, these cry
stals gave a melting point of 196-197°C*

Anal# Calcd. for C25H26°10: C, 61.72} H, 5*35} 
Found: C, 62.34} H, 6.43.

«91- 5•O® rsMivxBerrY iam

90427



26

SUMMARY

1. The synthesis of l-(p~acetoxyphenyl)-2,6-dicerbo- 
ethoxycyclohexanedione-3 »5 (Ill-Flow Sheet) with some experimental modifications in steps I and II 
has been described* (Previously synthesized)"1 '

2. The C-Acyl ^-carbomethoxyproplonyl derivative of 
structure III has been described. It gives a 
yellow color with the ferric chloride test. Long
er period of heating gave a higher melting point 
than that described by Papadakls and Sclgliano.

3* The methods of cycllzatlon of l-(p-acetoxyphenyl)- 2 #6-dicarbcethoxy-4(£-carbomethoxypropionyl)- 
cyclohexanedione-3$5 have been discussed in relation to varying conditions and to the different 
condensing agents * These methods were compared 
with those of Bachmann and of Johnson.
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