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STEROID-DIHALOCARBENE REACTIONS

INTRODUCTION

The reactions of intermediates containing carbon in an abnor
mal valence state have long been a fertile field of investigation for
the organic chemist.

The chemistry of carbonium ions,

carbanions

and free radicals, species in which the trivalent carbon bears a
positive charge, a negative charge, and no charge but a free electron
respectively, have been studied extensively.

Only recently, with the

advent of modern techniques has a fourth type of intermediate, the
carbene, been shown to exist.
I
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I

+

carbonium ion

Postulated in 1862 ( 15), carbenes

I
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carbanion

free radical

\

c:

~

car bene

were not conclusively accepted until 1950 when Hine (20) proved
their existence in the basic hydrolysis of haloforms.

Since that time

numerous studies have broadened our understanding of the physical
and chemical properties of these intermediates.
Carbenes have been shown to exist in both the singlet state
with the two free electrons paired, and in the triplet state with two
unpaired electrons (19, p. 291-317).

Carbenes generated in solution

are usually in the singlet state and react in this form before decay to
the more stable triplet state.

The two common ways of generating

2

methylene, :CH , the parent member of the carbene family, are the
2
photolysis or thermal decomposition of diazomethane or ketene.
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The reactions of methylene are not of great synthetic interest
because of the large variety of products that arise from competition
between insertion and addition reactions (6, 8, 39).

However, so

called carbene complexes, such as the Simmons -Smith reagent (3 f.),
are used quite extensively to add methylene to olefins with no obser
vation of insertion products.

Considerable reference has been made

to carbene transfer reagents but the question of free carbene or carbene transfer has not been completely solved.

Miller (25) has ob

served that trichloromethyllithium, formerly believed to be a carbene precursor, is a stable electrophilic species at -100°, which
reacts with olefins to form the cyclopropyl adduct without the forma
tion of a carbene intermediate.

On the other hand, Seyferth (34) l::'".s

presented data which indicate dichlorocarbene, generated by the
thermal decomposition of sodium trichloroacetate or bromodi
chloromethylphenylmercury, is a free carbene.

Other methods for

generating dihalocarbenes are illustrated by the following equations.
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The last two equations illustrate methods of generating a
carbene under essentially neutral conditions.

Wagner (38) has shown

that the thermal decomposition of sodium trichloroacetate will give
dichlorocarbene if the acidity of the sol vent is such that the reverse
If the solvent is acidic, the

of reaction ( 1) is practically impossible.

C Cl

3

:C Cl

2

(l)

+ BH

(2)

+ Cl

reverse of reaction (1) occurs and the formation of the dich1oro
carbene is prohibited.
Using l, 2-dimethyoxyethane as the solvent, Wagner has ob
tained good yields of the dichlorocyclopropyl adducts of simple olefins.
He has also observed that the more nucleophilic olefin will give the
higher yield of addition compound, and furthermore that the yield
of the adduct was higher when the olefin was in excess.

The yield

of adduct was shown to increase on increasing the olefin to solvent

4
ratio.

These data confirm the highly reactive, electrophilic nature

of the carbene intermediate.
This method for generating dichlorocarbene has the advantage
of being applicable to base sensitive olefins.

The procedure elimi

nates competition of the electrophilic car bene with the nucleophilic
alcohol or alkoxy anion present in other methods of generation.

It

is also one of the few methods for obtaining good yields of the
cyclopropyl adduct when the olefin is not used as the solvent.
Seyferth (33) has developed a procedure which also avoids
basic conditions and gives rather high yields of the dihalocyclo
propane.

Thermal decomposition of trihalomethylphenylmercury

compounds appears to be a good method for generating dichloro-,
dibromo-, and bromochlorocarbene (eq. 3).

This method is quite

/::;.

(3)

useful in reactions with olefins of low reactivity.

Ethylene, which

will not react with dichlorocarbene generated by the classic potas
sium tert-butoxide/chloroform procedure was observed to yield
l, 1-dichlorocyclopropane in 65 percent yield (35).

One can also

reconvert the phenylmercuric bromide, which precipitates during
the reaction, into the carbene precursor.

Whereas in Wagner's

method there is the nucleophilic trichloroacetate ion to react com
petitively with the carbene, this is not the case in Seyferth's method.
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It was of interest to investigate the possibility of adding

dihalocarbene to steroids.

If addition would occur one would have a

simple one-step synthesis of small ring steroid compounds.

At the

present time there are only a limited number of available reaction
sequences which introduce a cyclopropane ring into the steroid nucleus
(2, 14, 17, 32 ).

If the car bene method would supply a convenient syn

thesis of small ring steroids it would make a study of these potentially
biologically and chemically interesting compounds more practical.
Another interesting aspect of dihalocarbene addition is the effect on
biological activity which the addition of halogen is known to have.
Fried and Saba found that introduction of a 9a -chlorine or fluorine
atom had a remarkable effect on the biological activity of cortical
hormones (12, 13, 18).

Since that discovery a number of attempts

have been made to introduce halogens in other positions on the steroid
molecule (10, p. 135-136).

The addition of dihalocarbenes to steroids

might give biologically interesting compounds, or these derivatives
might easily be converted into a whole series of halogenated products
via standard reactions.
The stereochemistry of addition and the effects of steric hin
drance would also be an interesting aspect of such a study.

The

steroid nucleus offers an ideal framework within which to study the
stereochemistry of many reactions, because of the rigid ring
structure.

One could determine if the carbene attacks from the a or

6
13 face of the molecule, or both, and also obtain data on what steric
effects the C-18 and C-19 angular methyl groups exert on the addition.
By use of available steroids containing various degrees of unsatura
tion one could also test the possibility of selective carbene addition.
It was also felt important to develop synthetic methods in

which the olefin was not present in large excess as solvent.

Such a

procedure is obviously necessary with solid compounds and would be
useful for more expensive olefins of other types.
Because of the common functional groups present on steroids,
it was also felt that this study would reveal which of these groups
were compatible with the various conditions for generating carbenes.
Compounds containing a carbonyl group were not considered because
of the known nucleophilic attack of the trihalomethyl anion upon
ketones.

Also the use of compounds containing an alcohol group pre

sents the problem of competition between attack on the carbon- carbon
double bond and on the p electrons of the oxygen atom.

Attack on the

oxygen gives rise to deoxidation products and a number of carbene
reactions with alcohols (eq. 4) giving rise to these products appear
in the literature (31, 37).
ROH + :CX

--7

2

However, no such products have pre
R

+

+CO+ X



+ HX

( 4)

viously been reported when acetates are used to protect the alcohol
group.

Protective groups for ketones are also available.

7

Since the inception of this work a number of articles con
cerning carbenes have appeared in the literature.
articles deal with carbene addition to steroids.

Several of these

Workers in the

Syntex laboratories (22) have reported various carbene additions to
steroids and have found that dihalocarbenes will add to a 3, 5-diene
system (I), with exclusive attack on the 3-4 carbon-carbon double
bond (II) when a C-19 methyl group is present in the molecule (eq. 5).

( 5)

Their explanation for this was that in order for the carbene to add to
the 5-6 double bond, the vacant orbital of the carbene must overlap
the 1r-orbital of the olefin.

In order for this orientation to be main

tained one of the halogens of the carbene is projected toward the C-19
methyl group, thus sterically inhibiting addition.
plain, however, why a attack did not occur.

This does not ex

Using the smaller di

fluorocarbene they have successfully added to the 5-6 carbon-carbon
double bond (III) (eq. 6).

For this addition they reported the sur

dY
I

prising feature of 13 (top side) attack.

f~~

( 6)

While this is not without pre

cedance, e. g. nitration (3), most reagents attack steroids, especial
ly ring B, from the a side ( 9, p. 14).

To support 13-attack they have

8
comparative molecular rotations with similar compounds, such as the
isomeric epoxides.

Nuclear magnetic resonance spectra of the

difluorocarbene adduct showed splitting of the C -19 methyl group.
If one accepts the hypothesis that cis stereochemistry is a pre

requisite for such a splitting, this data also supports the 13 adduct
structure.
Cookson (5) has successfully added dibromocarbene to the
2-3 double bond of three steroids.

It is of interest to note that he

did not determine the stereochemistry of addition but assumed the
add~ct

to be a, using the reasoning that a is the normal mode of

attack on steroids.

Muller (26) has successfully added methylene,

although in low yields, to some steroids containing an aromatic
ring A.
It was the purpose of this investigation to determine whether
conditions could be found for the addition of car bene s to various
steroid olefins.

In particular it was hoped that the general non

reactivity of steroids reported by the Syntex group (22) might be
traced to their method of carbene generation.

In case of failure of

carbene addition it was hoped that reasonable explanations could
be found; in case of addition it was hoped that definite stereochemical
assignments could be made to the products.

9

DISCUSSION

Our initial experiments were aimed at generating dihalo
carbene s by various new procedures in the hope that it might be
possible to effect addition to the 5, 6 double bond of cholesterol or
cholesteryl acetate.

Syntex workers (22), using sodium trichloro

acetate in diglyme were unsuccessful in their attempts to add to a
similarly situated olefin; therefore, our initial attempts were to add
dibromocarbene, by the bromoform/potassium tert-butoxide
procedure (7), or by the thermal decomposition of tribromomethyl
phenylmercury (33).
It was believed that the nucleophilicity of the trisubstituted

double bond of cholesteryl acetate should be such that attack of the
electrophilic carbene would occur.

A possible reason for the pre

viously observed failure in the sodium trichloroacetate case was
competition between the nucelophilic trichloroacetate anion and the
olefin for the carbene.

Using tribromomethylphenylmercury, as

the carbene precursor, the presence of a nucleophilic species in the
reaction is limited to the olefin.

When the experiments were run,

however, it was observed that only unreacted starting material was
recovered.

This confirms the observation that the 5, 6 double bond

of steroids containing a C-19 methyl group is unreactive in the
presence of dihalocarbenes other than difluorocarbene.
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The addition of dihalocarbene to another position of the
molecule was also attempted.

5, 16 -androstadiene -313 -ol (IV) was

synthesized by Barton's procedure ( 1) and subjected to conditions
under which dichlorocarbene was generated.

Thin layer chromatog

raphy of the crude reaction product showed at least seven products.
The polarity of the major components indicated that the course of
the reaction probably proceeded through a deoxidation step (eq. 7)
rather than addition.

of this reaction.

No attempt was made to separate the products

It was noted that no deoxidation products were

observed in the case of cholesterol but a number of products arose
from the carbene reaction with IV.

A possible explanation for this

is the difference in temperature at which the reactions were carried
out.

The bromoform/potassium tert-butoxide reaction was run at

0° and the decomposition of tribromomethylphenylmercury at 80°,
in benzene.

The thermal decomposition of sodium trichloroacetate

was carried out in diglyme at 130°, and also involves the presence
of a basic species which might favor deoxidation.
After these studies had shown that it was more difficult to
add dihalocarbene s to steroid olefins than expected, it was felt

11
necessary to investigate our reaction conditions on a sterically less
hindered system.

Since it had been reported (22) that dichloro

carbene added to the 3, 4-double bond of 3, 5-androstadiene-1713-ol
acetate, we studied the analogous 3, 5-cholestadiene (V) system.
Using both dichloro and dibromocarbene, generated thermally from
sodium trichloroacetate and tribromomethylphenylmercury respec
tively, addition to give mono adducts (VIa and Vlb) was successfuL
although the yields were only in the order of 30 percent.

The ultra

violet spectra of these adducts show only end adsorption, indicating

v

a) X= Cl

b) X= Br

that conjugation was no longer present in the molecule.

Support of

the mono-adduct is also shown by the presence of one vinyl hydrogen
in the nuclear magnetic resonance spectra.

The products are

assigned the 3a, 4a structure, in analogy to the assignments made
by Knox et al. (22) to similar a.dducts, though it should be re
emphasized that the stereochemistry assignments are tentative.
Naturally the position of attack was indicated by the presence of

12.

only one vinyl hydrogen in the nuclear magnetic resonance spectra
of the products.
A brief survey was made in order to find the best possible
conditions for these additions.

As suspected, slow addition of the

carbene percursor, espec1ally in the case o± sodium trichloroacetate,
appears to be critical both in maintaining a high concentration of
olefin relative to carbene, and in preventing reaction of the carbene
with precursor.

Since all of the dihalocarbenes can be generated by

the Seyferth method (33), this would appear to be the most promising
procedure for future study.

Some difficulty, however, was en

countered in separating product from phenylmercuric bromide,
also formed in this reaction.
Ergosterol acetate (VII) was also investigated because it
was thought that the side chain double bond should be relatively free
from steric hindrance.

Indeed dichloro and dibromocarbene added

cleanly to give a mono-adduct.

The ultraviolet spectra of these com

pounds indicated the surprising result that addition had occurred to
the conjugated system.

This was confirmed by the presence of the

typical trans double bond peak in the infrared spectra at 968 em -l.
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The nuclear magnetic resonance spectrum of the adduct, especially
the alcohol from saponification, shows three vinyl hydrogens,
indicating that addition had occurred in ring B.

If addition had

occurred to the side chain double bond then only two vinyl hydrogens
would have been present in the product.

An explanation for the non-

reactivity of the side chain double bond, in the presence of excess
dihalocarbene, is not immediately obvious.
While the Syntex workers (22) favored 13 attack at the 5, 6
double bond, in the case of the difluorocarbene adduct and with 19
nor-steroids, they by no means proved this and failed to explain
why the typical nature (i.e. a) of electrophilic attack at that posi
tion was not noted.

Since we were able to add the very bulky di

bromocarbene with no more difficulty than dichlorocarbene we
tentatively favor a attack in the ergosterol acetate (VII) system.
That attack in both cases was from the same side is indicated by
the nuclear magnetic resonance spectra of the two products, VIlla
and VIIIb, which are quite similar.

VII
a) X

b) X

= Cl
= Br
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One now has to explain why addition occurs at the 5, 6 position
in ergosterol acetate (VII) but not in cholesterol or cholesteryl
acetate.

One possibility is that the diene system causes enough

flattening of the ring to prevent steric inhibition by the angular
methyl group.

Another possibility is raised by the fact that in both

our work and that of Knox et al. (22), addition of dihalocarbene
other than difluorocarbene occurs in the presence of a 19-methyl
group only with conjugated dienes.

One of the classic pieces of

evidence for the singlet character of dihalocarbenes is that the
reactivity toward it of isolated olefins and conjugated systems is
of the same order of magnitude.

Were the reacting species a triplet

( diradical) attack to give the conjugated radical intermediate would
be favored.

Possibly the reacting species under our conditions was

triplet dihalomethylene though additional evidence for this postulate
would be necessary.

Franzen (11) has recently reported that he

observed l :4-addition of methylene to butadiene (eq. 8), implying some
triplet reactivity.

On the other hand, Ledewith (23) and Orchin (27)

>

(8)

6-10 percent

have reported that they observed only 1:2-addition of carbenes
with conjugated diene s.

They found no evidence for 1 :4-addition.

We can rule out 1:4-addition in our case, as the product (IX) would
have four vinyl hydrogens.

Nevertheless, a triplet species would

15

H
IX
be expected to add more readily to a conjugated diene than an iso
lated olefin, in this case by a two step process.
With successful addition to 3, 5-cholestadiene (V) and
ergosterol acetate (VII), investigation was directed toward the
4-ene system.

The reaction of 4-cholestene-313-ol (X) with both

dichloro and dibromocarbene led to facile deoxidation under condi
tions where 5 -ene -3 -ol systems were stable.

This indicates, as

expected, that deoxidation to an allylic carbonium ion (XI) is
energetically quite favorable.

:eX-:

-~-......
~~)·

It is interesting to note that this

ct

+ . . .:;

+CO

+ 1-fX +X
.

X
XI
reaction, carried out in an aprotic solvent gives a mixture of
2, 4-(XII) and 3, 5-diene (V), whereas the usual carbonium ion,

- -H-t
XI

)
XII

formed in acid media, gives only V (9, p. 263).
converts XII to V.

v
Presumably acid
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Since an allylic alcohol was readily deoxidized, a study was
made of the corresponding 4-ene-313 acetate XIII.

Suprisingly, how

ever, the major product from reaction of XIII with thermally
generated dichloro and dibromocarbene was V, resulting fro:ITl
deacetoxidation.

A reaction analogous to that of alcohol deoxidation

appears to have occurred.

XIII

The mechanism shown below seems

v

reasonable enough but fails to explain why only V is formed, and no
XII.
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CONCLUSIONS

It has been shown that the method of carbene generation is

not the cause of the surprising non- reactivity of ste raid ole fins
toward dihalocarbene s.

This is particular! y surprising in view of

the recent demonstration (34) that the methods employed involved
free carbenes and not dihalomethylene transfer reagents.

In the

case of 5, 6 olefins, one is forced to the conclusion that stereo
electronically, carbene attack can only occur from the 13 side of tht:
molecule and that the steric shielding of the C-19 methyl group is
sufficient to prevent such a reaction.

Additional studies are

necessary to determine the fate of the dihalocarbenes which do not
add to the steroid.
In contrast to such lack of reactivity was the observation of
mono -addition of dihalocarbenes to conjugated diene s.

Especially

in the case of addition to ring B of ergosterol acetate, one is forced
to the conclusion that the factors which prohibit attack in the
cholesterol case cannot be operating here.

Failure to add to the

side chain double bond in ergosterol acetate was also surprising.
Reaction of dihalocarbenes with even more hindered diene systems
is obviously the next subject to investigate.

It should also prove

relatively simple to develop this new reaction into a synthetically use
ful route to ring B substituted derivatives.

18
With one exception, isolated steroidal alcohols have been
found to be relatively non-susceptible to deoxidation reactions and
may be used without protection.

It has also been found, however,

that allylic alcohols, which give dienes via this reaction cannot be
protected as the acetate.

This interesting reaction has heretofore

not been observed.
In summary then, the hoped for general route to small ring
steroids has not been realized.

Specific cases have been discovered,

however, and promise to provide a useful starting point for such a
synthesis, as well as to provide some interesting information on the
nature of carbene addition reactions.
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EXPERIMENTAL

All melting points were recorded on a Biichii melting point
apparatus and are corrected.

Proton n. m. r. spectra were run in

carbon tetrachloride or deutero chloroform and are reported as parts
per million from internal tetramethylsilane.

Optical rotations were

run on ca. one percent solution in chloroform.

Infrared absorption

spectra were determined using a Beckman IR-8 spectrometer.

Ultra

violet absorption spectra were measured in hexane with a Beckman
Model DB recording spectrometer. "Worked up in the usual manner"
refers to washing with saturated salt solution, five percent sodium
bicarbonate, five percent hydrochloric acid, saturated salt solu
tion, water, and drying over sodium sulfate.

All chromatographies

were run using activity III acid washed Merck alumina.

T ribromomethylphenylmercury. --Into a dry 3-1. three
necked flask, equipped with an efficient stirrer, under an atmosphere
of dry nitrogen, was placed 89. 4 g. (0. 25 mole) of phenylmercuric
bromide, 252.. 8 g. (1. 0 mole) of freshly distilled bromoform, and

1. 2 1. of benzene (freshly dried by distillation).

Solid potassium

tert-butoxide [from 19.5 g. (0. 5 g. atom) of potassium] was added
with vigorous stirring and cooling (ice bath) over a 35 minute period.
The reaction mixture was stirred for an additional hour at Oo, and
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then poured into l. 5 l. of distilled water.
After l. 5 hours, at room temperature, the mixture was
filtered and the residue washed with 60 ml. of warm benzene.

Sub

sequent drying of this residue in vacuo afforded 15. 4 g. ( 17 percent
recovery) of phenylmercuric bromide, m. p. 282-285°.

The aqueous

phase of the filtrate was extracted with two 250 ml. portions of ben
zene.

These extracts, combined with the original benzene phase,

were dried over sodium sulfate, and then concentrated in vacuo at
25°.

There remained 67. l g. (49. 7 percent) of a cream white solid,

m. p. 81-97°.

Rapid recrystallization from a mixture of 250 ml.

of n-hexane and 75 ml. of chloroform at 50° yielded 19. 4 g. of a
light yellow solid.

Reduction of the mother liquor in vacuo to approx

imately one-third the original volume afforded l 0. 9 g. of a yellow
solid.

The total yield was 30.3 g. (23. 3 percent), m. p. 114-116°

(dec.), [lit. (35, p.

ll64)m.p. 119-120°].

The reported yield (30, p. 730) following this procedure was
approximately 40 percent.

It was noted at the end of this experi

ment that the stirring shaft had sheared during the reaction and it is
believed that this is the reason for the low yield.

Attempted Addition of Dibromocarbene to Cholesteryl
Acetate. --A mixture of 3. 14 g. (0. 007 mole) of cholesteryl acetate
and l 0. 8 g. ( 0. 022 mole) of tribromomethylphenylmercury in 15 ml.
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of dry benzene was heated under reflux for six hours.

The solution

was filtered and the filtrate worked up in the usual manner.

Concen

tration of the organic layer in vacuo afforded 7. 1 g. of a yellow gem.
Chromatography of this material gave 2. 9 g. (93. 5 percent recovery)
of cholesteryl acetate, m. p.
(hexane-benzene, 1:1).

112-115°, fractions 16 through 25

Further elution with benzene afforded 3. 6 g.

of a white solid, m. p. 280-284° (phenylmercuric bromide).
Identical results were obtained when dichlorocarbene was
generated in the presence of cholesteryl acetate in diglyme.

Ninety-

one percent recovery of cholesteryl acetate was obtained.
Thin layer chromatography of the crude product, benzeneethyl acetate (9: 1 ), showed only one compound present.

The Rf

value, 0. 619, was identical to that of cholesteryl acetate.

3f3-Hydroxyandrost- 5 -en-1 7 -one Hydrazone. -- A mixture 8f
15 g. (0. 045 mole) of 3f3-acetoxyandrost-5-en-17-one in 88.5 ml. of
absolute ethanol, 22 ml. of triethylamine (dried by distillation from
activity I alumina), and 64 ml. of 64 percent hydrazine was heated
under reflux for l. 25 hours.

The mixture was poured into water and

extracted with ether three times.
worked up in the usual manner.

The combined ether extracts were
Concentration of the ether in vacuo

afforded 12. 1 g. of a white solid, m. p. 197-205°.

Recrystallization

of the hydrazone from ethanol-water afforded 11. 5 g. (80. 7 percent)
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of a white solid, m.p. 210-215° [lit. (1, p. 475) m.p. 287°].
The discrepancy in the melting point could not be explained,
but using this compound in the reaction sequence gave the correct
final product.

17-Iodo-5, 16-androstadiene-313-ol. --

To 11.5 g. (0. 038mole)

of 313 -hydroxyandrost- 5 -en-17 -one hydrazone in 2 00 ml. of tetra··
hydrofuran and 2 5 ml. of triethylamine was added 15. 0 g. ( 0. 059 mcle)
of iodine.

The reaction vessel was cooled by a water bath during the

addition of the iodine and the mixture was stirred vigorously, under
an atmosphere of nitrogen.
the stirring was stopped.

When the addition of iodine was complete
The precipitate was removed by filtration

and washed with cold methanol.

Recrystallization from ethanol

water afforded 4. 4 g. (28.3 percent) of a white solid, m.p. 172-174"
[lit. (1, p. 475)m.p. 172-174°].

5, 16-Androstadiene-3f3-ol. --A solution of 4. 4 g. (0. 011
mole) of 17-iodo-5, 16-androstadiene-313-ol and 43.7 g. (1. 9 mole)
of sodium in 300 ml. of absolute ethanol was heated under reflux for
two hours (until all the sodium had dissolved).

The solvent was re

moved in vacuo to give 2. 5 g. of a white solid, m. p. 121-130°.
Chromatography on 60 g. of alumina afforded 2. 2 g. of a white solid,
m. p. 130-137°.

Recrystallization of this material from methanol

water afforded 2. 1 g. (70 percent) of a white solid, m. p. 137-139"
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[lit. (l, p. 475) m.p. 140-141° ].

Attempted Addition of Dichlorocarbene to 5, 16 -Androstadiene
3j3-ol. --A solution of 0. 425 g. (0. 002 mole) of 5, 16-androstadiene
3j3-ol and 3. 08 g. (0. 016 mole) of sodium trichloroacetate was hea_ted
at 80° under an atmosphere of nitrogen for six hours.

The solution

was poured into 500 ml. of distilled water and extracted five times
with ether.

The combined ether extracts were worked up in the

usual manner and concentration of the ether in vacuo afforded l. 1 g.
of a brown oil.

Thin layer chromatography, benzene-ethyl

acetat<~

(9:1), showed this material to be a mixture of at least seven products.
No attempt was made to isolate these compounds, though their
polarity suggested that deoxidation had been a major pathway.

3, 5-Cholestadiene. --A mixture of 10.0 g. (0. 026 mole) of
cholesterol and 20. 0 g. (0. 125 mole) of anhydrous cupric sulfate in
200 ml. of dry xylene was heated under reflux for 24 hours.

At

this time the solution was filtered, and the inorganic material
washed with xylene.

Removal of the xylene under reduced pressure

afforded 8. 25 g. of a glassy oil which solidified on standing.
Chromatography on 160 g. of alumina afforded 7. 83 g. of a white
solid, (m. p. 63-70° ), fractions 1 through 4 (hexane).

Recrystalli

zation of this material from ethanol gave 7. 03 g. (73. 3 percent) of
white needles, m. p. 77. 5-79. 0° [lit. (9, p. 265) m. p. 80°].
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3a, 4a -(Dich1oromethylene)-5-cholestene. --To a solution of
5. 0 g. (0. 0135 mole) of 3, 5-cholestadiene in 100 ml. of dry diglyme
was added 0. 58 g. ( 0. 003 mole) of sodium trichloroacetate, which
had been dried at 60° and 20 mm. for 24 hours.

This solution was

stirred at 130° for 15 minutes in an atmosphere of nitrogen.

At this

time the mixture was cooled to below 100° and an additional 0. 58 g.
of sodium trichloroacetate was added.
heated to 130°.

The mixture was again

This procedure was repeated at approximately 15

minute intervals until 7. 87 g. (0. 042 mole) of sodium trichloro
acetate had been added.
hours.

The solution was stirred at 130° for eight

The mixture was poured into 600 ml. of water and extracted

five times with ether.

The ether was washed five times with 50 ml.

portions of water and worked up in the usual manner.
the ether in vacuo afforded 5. 2 g. of a dark tar.
chromatographed on 150 g. of alumina.

Removal of

This material was

Fractions 1 through 3

(hexane) afforded 3. 24 g. of a white solid, m. p. 115-123°.

Three

recrystallizations of this material from chloroform-methanol a£
fordedl.79g. (37.4percent)ofawhitesolid, m.p. 144.5-146°.

[a]

D

-33.5°.

Anal. Calc'd. for C
Found:

H
Cl: C, 74.47; H, 9.82; Cl, 15.71.
2 8 44 2
C, 74. 56; H, 9. 89; Cl, 15. 84.

Evaporation of the mother liquor gave 1. 1 g. of a yellow oil,
the ultraviolet spectrum of which

showed~

max 235,

£

= 21,

000.
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Pure 3, 5-cholestadiene

has~

max

235,

£

= 20,

000.

The infrared spectrum of 3a, 4a-(dichloromethylene)-5
cholestene showed significant bands at 1650 em -l (w), carbon-carbon
double bond, and at 655 em -l (m) assigned to the C-Cl stretch.
The nuclear magnetic resonance spectrum showed one vinyl
hydrogen as a multiplet at 5. 8 p. p.m., and angular methyl bands
at 0. 67, 0. 83, 0. 90 and 0. 92 p. p.m.

3a, 4a -(Dibromomethylene)-5-cholestene. --A solution of
0. 31 g. (0. 84 mmole) of 3, 5-cholestadiene and 0. 43 g. (0. 8 mmole)
of tribromomethylphenylmercury in 50 ml. of dry benzene was
heated uncle r reflux, in an a tmo sphere of nitrogen, for 3 0 minutes.
At this time the mixture was cooled and an additional 0. 43 g. of
tribromomethylphenylmercury was added.
heated under reflux for 30 minutes.

The solution was again

This procedure was repeated

at approximately 30 minute intervals until 3. 52 g. (6. 5 mmole) of
tribromomethylphenylmercury had been added.

The mixture was

heated under reflux for four hours, cooled, and the mixture filtered.
Concentration of the organic layer in vacuo afforded 1. 26 g. of a
yellow solid.

The melting point, 17 3-240°, of this material sug

gested that most of it was phenylmercuric bromide.

Chromatography

of this material on 20 g. of alumina afforded 0. 502 g. of a yellow
gum, fractions 1 through 5 (hexane), which solidified on trituration
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with methanol.

On attempting to dissolve this material in chloroform

it was noted that a white solid remained.

Filtration of this material

afforded 0. 356 g. of a white solid, m. p. 280-284° (phenylmercuric
bromide).

Removal of the chloroform in vacuo afforded 0. 140 g. of

a yellow oil.

Recrystallization of this material from chloroform-·

methanol gave 0. 071 g. (24. 2 percent) of a white solid, m.p. 139

Anal. Calc'd. for

c 28 H 44Br 2 :

C, 62. 22; H, 8.20.

Found: C, 62. 56;

H, 7. 85.
The nuclear magnetic resonance spectrum showed one vinyl
hydrogen as a multiplet at 5. 78 p. p.m., and angular methyl groups
at 0. 67, 0. 82, 0. 88 and 0. 91 p. p.m.

5a, 6a -(Dichloromethylene) -ergo st-7, 22 -diene -3@ -acetate
(Tentative Structure). --To a solution of l. 1 g. (2. 5 mmole) of
ergosterol acetate in 25 ml. of dry diglyme was added 0. 52 g. (2. 8
mmole) of sodium trichloroacetate.

The solution was stirred in an

atmosphere of nitrogen at 130° for 15 minutes.

The mixture was

cooled to below 100° and an additional 0. 52 g. of sodium trichloro
acetate was added.

This procedure was repeated at 15 minute in

tervals until 3. 7 g. ( 19. 9 mmole) of sodium trichloroacetate had
been added.

The mixture was stirred at 130° for eight hours.

The

solution was poured into 500 ml. of water and extracted five times
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with ether.

The combined ether extracts were washed ten times with

50 ml. portions of water and worked up in the usual manner.
ether was removed in vacuo to give 1. 29 g. of a brown oil.

The
Chro

matography on 32 g. of alumina gave 0. 110 g. of an unidentifiable
yellow oil, fractions 1 and 2 (hexane), possibly a deoxidation product
although the ultraviolet spectrum did not show a 3, 5, 7 -triene system.
Fractions 12 through 17 (hexane-benzene, 4:1) gave 0.338 g. of a
yellow oil.
solid.

Trituration with methanol afforded 0. 211 g. of a white

Recrystallization from chloroform methanol afforded 0. 20.3 g.

(15. 3 percent) of a white solid, m. p. 149-151°.

The ultraviolet

spectrum of this compound showed only end adsorption.
H o c1 : C, 71. 23; H, 8. 90.
31 46 2 2
C, 71. 42; H, 9. 08.

Anal. Calc'd. for c
Found:

The infrared spectrum of this compound showed significant
bands at 3 010 em -l (w), vinyl hydrogen, 1645 em -l (w) as signed to
the carbon-carbon double bond, 1725 em -l (s) carbonyl peak, and
an acetate band at 1240 em -l ( s ).

There was also a peak at 968

em -l (m) which was assigned to the trans double bond.
The nuclear magnetic resonance spectrum showed three
vinyl hydrogens, as a multiplet, in the area 5. 1 to 5. 6 p. p.m.,
the C-3 hydrogen at approximately 4. 85 p. p.m. and angular methyl
peaks at 0. 58, 0. 78, 0. 88, 0. 97 and 1. 15 p. p.m.
The sample used to determine the nuclear magnetic resonance
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spectrum was saponified by heating under reflux for three hours in
methanolic potassium hydroxide.
forded a white solid.

Workup in the usual manner af

The nuclear magnetic resonance spectrum of

this material helped to confirm that there were three vinyl hydrogens
present in the molecule.

No further data were obtained on this com

pound.

5a, 6a -(Dibromomethylene) -ergost-7, 22 -diene -3f3 -acetate
(Tentative Structure). --A mixture of 2. 0 g. (0. 004 mole) of
ergosterol acetate and 6. 98 g. (0. 013 mole) of tribromomethyl
phenylmercury in 10 ml. of dry benzene was stirred under reflux in
an atmosphere of nitrogen for six hours.
and the precipitate washed with hexane.

The mixture was filtered
The combined organic layers

were worked up in the usual manner and concentration of the organic
layer afforded 3. 87 g. of a dark tar.

Chromatography of this mate

rial on 90 g. of alumina afforded 2. 64 g. of a white solid, m. p.
122°, fractions 10 through 13 (hexane-benzene, 1:1).

111

Recrystalliza

tion of this material from hexane-acetone afforded 0. 238 g. of a
white solid, m. p. 143-145°.

The ultraviolet spectrum of this com

pound showed only end adsorption.
The infrared spectrum of this compound showed significant
bands at 3010 em

- 1

(w), assigned to the vinyl hydrogen, 1645 em

(w), a shoulder band assigned to the carbon-carbon double bond,

-1
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1725 em -1 ( s) carbonyl,

1240 em -1 ( s ) acetate band, an d a peak at

965 em -l (m) as signed to the trans double bond.
The nuclear magnetic resonance spectrum showed three vinyl
hydrogens, as a multiplet, in the area 5. l to 5. 7 p. p.m., the C-3
hydrogen at approximately 4. 75 p. p.m. and angular methyl peaks
at 0. 57, 0. 78, 0. 87, 0. 97 and l. 15 p. p.m.

4-Cholestene-313-ol. --To a mixture of 20. 0 g. (0. 087 mole}
of lithium tri-t-butoxyaluminohydride (4, p. 252) in 200 ml. of
freshly distilled tetrahydrofuran was added 10. 0 g. (0. 026 mole) of
4-cholestene-3-one in 70 ml. of tetrahydrofuran.

The mixture was

stirred in an atmosphere of nitrogen for eight hours at room tempera
ture.

Excess lithium tri-t- butoxyaluminohydride was carefully de

composed with five percent acetic acid.

The solution was extracted

with ether and worked up in the usual manner.

Removal of the ether

in vacuo gave 6.71 g. ofawhite solid, m.p. 115-120°.

Recrystalli

zation from methanol-chloroform afforded 6. 43 g. (64. 0 percent) of
a white solid, m.p. 129-131° [lit. (9, p. 260) m.p. 132°].

Attempted Addition of Dichlorocarbene to 4-cholestene-313
acetate. --To a solution of 2. 5 g. (0. 006 mole) of 4-cholestene-313
acetate in 25 ml. of dry diglyme was added l. 22 g. (0. 006 mole) of
sodium trichloroacetate.
minutes.

This solution was heated at 130° for 15

At this time the mixture was cooled to below l 00° and an
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additional 1. 38 g. of sodium trichloroacetate was added.

This

procedure was repeated at approximately 15 minute intervals until
10. 93 g. ( 0. 06 mole) of sodium trichloroacetate had been added.
This mixture was stirred for eight hours at 130°.

The mixture was

poured into 600 ml. of distilled water and extracted five times with
ether.

The combined ether extracts were worked up in the usual

manner and removal of the ether in vacuo afforded 2. 47 g. of a
brown oil.

Chromatography of this material on 90 g. of alumina

afforded 1. 66 g. (77. 5 percent) of a yellow oil, fraction 1 (hexane),
which solidified on trituration with methanol.

Recrystallization of

this material afforded 0. 73 g. of a white solid, m. p. 71-7 4°.
ultraviolet spectrum of this material shows X.
Pure 3, 5-cholestadiene has X. max 235,

£

max

= 20,

235,

£

= 21,

The
700.

000 (9, p. 16), m. p.

Attempted Addition of Dibromocarbene to 4-cholestene-3j3
acetate. --To a mixture of 3. 2 g. (0. 005 mole) of .4-cholestene-3j3
acetate in 10 ml. of dry benzene was added 10. 1 g. ( 0. 019 mole) of
tribromomethylphenylmercury.

The mixture was heated under re-

flux, in an atmosphere of nitrogen for eight hours.

The solution

was filtered and the precipitate was washed with 25 ml. of benzene.
The combined benzene fractions were worked up in the usual manner.
Concentration of the benzene in vacuo afforded 3. 08 g. of a brown
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tar.

Chromatography of this material on 90 g. of alumina afforded

1. 38 g. of a yellow oil, fractions 1 through 4 (hexane) which
solidified on trituration with methanol.

Recrystallization of this

material from chloroform-methanol afforded 1. 03 g. of a white
solid, m. p. 7 5-79°.
£

= 22, 000.

The ultraviolet spectrum shows X. max 235,

3, 5-cholestadiene has A. max 235,

£

= 20, 000, m. p. 80°.

Fractions 12 through 14 (benzene) gave 0. 32 g. of a yellow oil.

The

nuclear magnetic resonance spectrum of this material showed no
vinyl hydrogens.

This material was thought to possibly be the di

bromocarbene adduct but was not investigated further.

Attempted Addition of Dichlorocarbene to 4-cholestene
313-ol. --To a mixture of 5. 0 g. (0. 013 mole) of 4-cholestene-313-ol
in 100 ml. of digl yme was added 1. 04 g. ( 0. 006 mole) of sodium tri
chloroacetate.

The solution was heated at 130° in an atmosphere of

nitrogen, for 15 minutes, and then cooled to below 100°.
tiona! 1. 02 g. of sodium trichloroacetate was added.

This procedure

was repeated until 8. 32 g. (0. 045 mole) had been added.
was stirred at 130° for eight hours.

An addi

The mixture

The solution was poured into

600 ml. of distilled water and extracted five times with hexane.

The

combined hexane extracts were worked up in the usual manner.

Re

moval of the hexane in vacuo afforded 5. 86 g. of a dark oil.

Thin

layer chromatography of this material indicated at least eight
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products.

This material was chromatographed on 90 g. of alumina.

Fractions 2 through 4 (hexane), afforded 2. 71 g. of a yellow oil,
the ultraviolet spectrum of which shows X.

X.

max

266,

£

= l,

max

235,

£

= 12, 700;

590; indicating a composition of 1. 0 g. of l, 4

cholestadiene and 1. 7 g. of 3, 5-cholestadiene.
isolate the other components was made.
methanol afforded 2. 5 g. of a brown gum.

No attempt to

Elution of the column with
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