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Dihalocarbenes have been generated mainly by thermal decom- 

position of sodium trihaloacetate and phenyl (trihalomethyl)mercury, 

and give gem -dihalocyclopropyl adducts with various steroid olefins. 

A new procedure involving the use of sealed tubes makes possible the 

addition of dihalocarbenes to sterically hindered olefins. In this man- 

ner, 7- cholestenyl benzoate when treated with PhHgCC13 furnished a 

50% yield of the 7a , 8a adduct. 

Under forcing conditions cholesteryl benzoate was found to 

undergo an insertion reaction with dichloro- and dibromocarbene to 

produce 7a -dihalomethyl -5- cholesteryl benzoate. This represents a 

reospecific dihalocarbene reaction. Dichlorocarbene was found 

to add, however, to isolated 5, 6 olefins of increased nucleophilicity 

such as 6- methylcholesteryl acetate. 

The stereochemistry of the various dihalocyclopropyl adducts 

has been demonstrated by correlation with compounds of known 
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configuration prepared via stereospecific Simmons -Smith reactions. 

Both 5a , 6a and 5p, 6p cyclopropyl analogs of cholesterol have been 

prepared along with other small, strained ring steroids. 
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DIHALOCARBENE REACTIONS WITH STEROID OLEFINS 

INTRODUCTION 

Carbenes are defined as divalent carbon species. More clearly 

this means that the carbene carbon is attached through covalent bonds 

to two adjacent groups besides possessing two nonbonded electrons 

as seen in 1. The two nonbonded electrons can exist with parallel 

X\ 
C: 

X/ 
1 

spins giving a triplet state, or can have antiparallel spins in a 

singlet state. Carbenes of many different types are known to exist. 

Indeed the field of carbene chemistry has experienced such tremen- 

dous growth in the past decade that it can no longer be adequately 

covered in a short review. Two excellent texts which are available 

are Divalent Carbon by Jack Hine (70) and Carbene Chemistry by 

Wolfgang Kirmse (84). The scope of the present discussion is 

limited to addition and insertion reactions of dihalocarbenes, and 

to .a discussion of dihalocarbenes with steroids, the topic of this 

thesis. 

Synthetic dihalocarbene chemistry had its beginning in 1954, 

In that year Doering and Hoffmann published their classic work 

concerning the addition of dihalocarbenes to simple olefins (41). 
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The 14 years which followed have seen a large outpouring of energy in 

this interesting field of chemistry. Dihalocarbenes have been shown 

to undergo both addition to olefins and insertion into single bonds. 

Their reactions with simple olefins, cyclic olefins, and many others 

O 

:CX2 

addition 

:CX2 

insertion 

X 

CHX2 

have been studied widely, but surprisingly reactions of carbenes with 

steroids have been investigated only moderately. The possible addi- 

tion of dihalocarbenes to steroid olefins would constitute a simple one - 

step synthesis of small ring steroids. The number of methods pres- 

ently available for the introduction of a cyclopropane ring are quite 

limited (5, 57, 60, 112, 132). The synthetic utility of the carbene 

method would thus make available a large number of chemically inter- 

esting steroids. In addition, this method would present a convenient 

pathway for the introduction of halogen into the steroid nucleus. This 

is a noteworthy point in light of the work of Fried and Sabo (53, 54, 

66). They were able to demonstrate the increased anti -inflammatory 

activity of 9a -chloro and 9a -fluoro substituted cortical hormones 

(53, 54). This observation, which has since been verified 

0 
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with numerous examples, draws particular attention to the area of 

dihaloca rbene -steroid adducts. It may be possible to obtain bio- 

logically active material by synthesizing such adducts. 

The rigid ring structure of the steroid framework also pro- 

vides a means for studying the stereochemistry of carbene reactions. 

Carbenes are well -known for their highly reactive nature and short 

lifetimes. Because of its random insertion reactions with saturated 

hydrocarbons, methylene, :CH2, has been termed by Doering "the 

most indiscrimate reagent known in organic chemistry" (43). In 

relation to this, dihalocarbenes which are somewhat more stable 

undergo insertion reactions only rarely. A half -life of 5 X 10 -4 sec. 

has been observed for difluorocarbene in solution (51). Thus in 

spite of their increased stability over methylene, dihalocarbenes 

are highly reactive transient intermediates. It is not at all improb- 

able for species of such high reactivity to be relatively unaffected 

by steric requirements. Therefore the systematic study of steroids 

as objects for :CX2 attack might answer many interesting questions. 

For example, most electrophilic reagents attack steroids from the 

a (bottom) side due to steric hindrance to top side (ß) approach by 

the angular methyl groups, C18 and C19. Carbenes might be less 

subject to such effects or the stereochemistry of attack might be a 

sensitive function of the nature of the X groups in :CX2. It would 

also be of interest to study the effect of hindrance of the double bond 
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a 

on the mode of attack and to ascertain what happens to the :CX2 if 

addition is impossible. A further point of interest is the possibility 

of different reactivities of the :CX2 as a function of the method of 

generation. The justification for the present work is therefore not 

solely concerned with the area of synthetic utility and with the hope 

of preparing biologically active material. 

Historical 

It was in 1862 that the intermediacy of a dihalocarbene was 

first postulated (58). In that year Geuther suggested that "carbon 

dichloride" could be formed in the basic hydrolysis of chloroform. 

Nearly 100 years later this belief was verified with the publication 

of Jack Hine's results. He was able to demonstrate that the basic 

hydrolysis of chloroform was a two -step carbanion mechanism 

CH3 
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involving the formation of dichlorocarbene (69). The first step 

was the expected abstraction of a proton by base to form the tri - 

haloca rbanion: 

- 
CHC13 + pH- fast 

CC13 + H20 (1) 

Hine and his co- workers further showed that reaction (1) is a fast 

and reversible one. This was accomplished by measurement of the 

rates of hydroxide -catalyzed transformations of the deuterated halo -, 

forms to the corresponding protonated haloforms (71, 72, 75, 76, 78). 

For the various haloforms, they discovered that the rate of basic 

hydrolysis was quite slow in relation to the exchange reaction. 

The second step, it seems reasonable to assume, would be the 

loss of halide ion from the trihalocarbanion to form the carbene: 

slow 
3 

:CX2 + X- 

If reaction (2) is the rate -determining step, the hydrolysis would 

be slowed by the addition of nucleophilic anions. Hine and Dowell 

proved this to be the case for chloroform (69, 73). They observed 

in the presence of O. 08 and 0.16 N sodium chloride that the rate of 

hydrolysis was 93% and 87 %, respectively, of that found when the 

same concentration of sodium perchlorate or sodium nitrate was 

added. 

Additional evidence has been gathered in the past decade to 

(2) CX 

. 
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confirm the existence of dihalocarbenes as reactive intermediates. 

Extension of these studies have, of course, not only shown the exis- 

tence of dichlorocarbene, but essentially that of all the dihalocarbenes 

(74, 77). 

The various properties of dihalocarbenes have been studied 

almost as widely as their reactions. One of the most fundamental 

properties of carbenes is their spin multiplicity. Simple theory 

suggests that triplet (spins unpaired) :CX2 should be more stable 

than singlet :CX2 (spins paired), and indeed this has been confirmed 

for the parent :CH2 (67, 68). 

Triplet 

H, 

H more stable than 

H 

Singlet 

Other carbenes have also been shown, largely by EPR studies, 

to have triplet ground states. In most reactions, however, the 

carbenes are generated as singlets and may be trapped prior to 

spin inversion. Much controversy is centered around questions of 

different reactivity of singlet and triplet :CX_,, and indeed it now 

appears that their chemistry can be quite similar. 

Spectroscopic studies on :CH2 trapped in a nitrogen matrix 

at low temperature suggest a triplet ground state (67). On the other 
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hand Steudel (13 7) claims to have similarly trapped :CC12 and finds 

it to be a ground state singlet. Much of the work in this area has 

been based on the feeling that singlet carbenes should add stereo - 

specifically to olefins and not insert, while triplet carbenes would 

add non - stereospecifically and would insert. A good discussion of 

this point is available (reference 84, chapter 12), and it will suffice 

here to point out that there are enough apparent exceptions that these 

rules must be applied with great caution. 

Electrophilic Character 

Although the existence of the dihalocarbene was proven in 1950, 

it was not until four years later that carbenes were put to synthetic 

use. In 1954 Doering and Hoffmann published their classic work con- 

cerning the addition of dihalocarbenes to various olefins (41), as 

illustrated below for cyclohexene and isobutylene. 

CH 

CH3 

:CX2 

X=C1, Br, I 

CHC13 
CH Cl 

_xz,.n- n CH3 Cl t BO C 

o 
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In the years that followed, many workers became engaged in this 

intriguing field of chemistry. From all this expended labor, two 

important facts have emerged: (1) dihalocarbenes behave as strong 

electrophiles; and (2) their addition to olefins proceeds in a stereo - 

specifically cis manner. 

Through competition studies, Skell and Garner (134) were able 

to obtain the relative rates of reactivity of a series of olefins for 

dibromocarbene. The relative rates of addition were shown to 

increase with increasing degree of substitution as shown in Table 1, 

thereby giving support to the hypothesis that dihalocarbenes are 

strong electrophiles. The data showed these rates to be strikingly 

similar to that shown in bromination and epoxidation. These para- 

llel reactivities added support to the belief that dihalocarbenes are 

electrophilic in nature. Doering and Henderson (40) later extended 

this study to include dichlorocarbene. They noticed that dibromo- 

carbene reacts relatively slower than dichlorocarbene toward olefins 

of higher substitution and ascribed this to a possible steric factor. 

Their results, taken in conjunction with Skell and Garner's (134), 

fully demonstrate the electrophilic nature of dihalocarbenes. 
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Table 1. Relative rates of reactivity of some olefins (134). 

Olefin Dib romoca rbene Brorrñnation Epoxidation 

Tetramethylethylene 3.5 2.5 V. fast 
Trimethylethylene 3. 2 1.9 13. 5 

Isobutylene 1.00 1.00 1.00 
asym - Diphenylethylene 0. 8 0. 5 

Cyclopentene 0. 5 2. 1 

Cyclohexene 0.4 1.4 
Styrene 0.4 0.59 0. 1 

1- Hexene 0.07 0.36 0.05 
Vinyl bromide V. slow 0. 01 

In 1956 Skell and Garner presented evidence that the addition 

of dibromocarbene proceeds in a stereospecifically cis fashion (135). 

In additions of dibromocarbene to cis- or trans -2- butene they found 

that the cis- or trans -1, 1 -dibromo -2, 3 -dimethylcyclopropane pro- 

duced from the respective olefin was free of contamination by the 

other isomer. These results were confirmed by Doering and 

LaFlamme (42). They further reduced the dibromocarbene adducts 

with sodium and methanol to afford the pure cis- and trans -1, 2 -di- 

methylcyclopropanes. The above results clearly illustrate the cis- 

stereochemisty of the addition reaction. 

CH CH3 
CH3 

Br \ :CBr2 

H 

CH3 

Br 

Na 

CH3OH 

CH3 CH2 
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Methods of Generation 

10 

The methods available for generating dihalocarbenes are wide 

and varied. The most generally used methods are outlined in Table 2. 

The last two methods in the table below deserve particular com- 

ment. Both of these methods require milder treatment and have the 

advantage of being conducted under neutral conditions. They also 

offer the advantage that competition between the electrophilic carbene 

and the nucleophilic alcohol or alkoxide anion is eliminated. In the 

case of the thermal decarboxylation of alkali trihaloacetates several 

requirements have to be satisfied. The acidity of the solvent must 

be small enough so that the reverse of reaction (3) will not compete 

against reaction (4). Also the use of ketonic solvents must be 

CHX3 + B CX3 + BH 

CX3 :CX2 + X- 

(3) 

(4) 

CH3 H 

H C 3 

, 
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Table 2. Methods of dihalocarbene generation. 

F 

Reagents used Carbene produced Reference 

C13C OCH + t -BuOK 
3 

O 
:CC12 + KC1 + t-BuO-S-OCH3 (113) 

C13C-COOH + AgNO3 :CC12 + AgC1 + CO2 + HNO3 (4) 

CC14 + n-BuLi :CC12 + LiC1 + n-BuCl (97) 

C1 C--CC1 + 2NaOCH --- 2 :CC1 + 2NaC1 + CH OóOC HM (62, 82) 3 3 3 2 3 ) 

C13C -SiC13 

hv 
or A 

(CH3)3SnCF3 + NaI 

Ph-Hg-CC13 + NaI 

CHBr3 + t-BuOK 

:CF2 + N2 ( 99) 

:CC12 + SiC14 (1 1) 

:CF2 + NaF + (CH3)3SnI (128) 

:CC12 + NaC1 + Ph-Hg-I (128) 

:CBr2 + KBr + t-BuOH (41) 

Cl C-COOEt + NaOCH 
3 

' :CC1 
2 

NaC1 + CH O--OEt 3 2 3 (109) 

C13C-COONa > :CC12 + NaC1 + CO2 ( 148) 

Ph-Fig-CC13 ' :CC12 + Ph-Hg-Cl (121) 

- 
-> 

- 

V F 1Nv 

+ 
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avoided because of their addition reaction with the trihalocarbanion. 

A suitable solvent is 1, 2- dimethoxyethane (more commonly referred 

to as "glyme "). The rates of decarboxylation of the alkali trihalo- 

acetates show the order K> Na > Li; but since the sodium salt is 

the least hygroscopic, it is the reagent of choice. Wagner (148) 

demonstrated the special advantage of this method by preparing the 

dichlorocarbene adduct of base sensitive allyl chloride in 59% yield. 

Two of the more common dihalocarbenes are usually generated in 

this manner. 

C13C-COONa :CC12 + NaC1 + CO2 

C1F2C-COONa - :CF2 + NaCl + CO2 

The thermal decomposition of phenyl(trihalomethyl)mercurials 

offers yet one further advantage over the above method. It affords 

excellent yields of the dihalocarbene adducts. Thus the rather inert 

tetrachloroethylene when treated with phenyl(dichlorobromomethyl) - 

mercury at 90° produced hexachlorocyclopropane in 74% yield. 

Other various olefins of low reactivity furnished adducts in good 

--yields by this procedure. Also the phenylmercuric halide which 

precipitates from the reaction is of good purity and can be recon- 

verted to new starting material. The two dihalocarbenes commonly 

generated in this fashion are dichloro- and dibromocarbene. An 

interesting observation is the improbability of producing 
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difluorocarbene by the organomercurial route. Since the synthesis 

of Ph -Hg -CX3 involves nucleophilic attack of CX3 on Ph -Hg -Y 

(1 1 7, 119), one cannot prepare Ph -Hg -CF2X by this route. Hine 

Ph-Hg-Y 
CHX3 + B - BH + CX3 > Ph-Hg-CX3 + Y 

has clearly shown that the carbanion route to CF2X is avoided (75), 

and instead the difluorinated haloforms undergo basic hydrolysis 

according to a concerted mechanism. 

b- S- b- 
B + HCF2X -- B . . . H . . . . . . CF2 . . . X ---0-BH + :CF2 + X 

Solvents used in dihalocarbene reactions must be aprotic and 

inert to attack. Solvents commonly employed are "glyme ", 

"!diglyme ", benzene, and the olefin itself if suitable. 

Nature of the Reactive Intermediate 

It has been well -established that the alkoxide -haloform system 

involves free carbenes, and the relative reactivities of various ole- 

fins have been measured toward this system (40, 134). Seyferth 

and Burlitch, in a similar manner, measured the relative reactivi- 

ties of a number of olefins toward phenyl(bromodichloromethyl.)- 

mercury and toward sodium trichloroacetate (118). They found 

that not only did the relative reactivities for the two systems very 

closely parallel one another as shown in Table 3, but they were 
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strongly similar to those obtained for the alkoxide -haloform system. 

Table 3. Relative reactivities of olefins toward PhHgCC12Br and 
toward C13CCOONa (118). 

Olefin 

CH3 /CH3 
C=C 

CH3 CH2CH3 

C6H5\C=CH 
2 

CH3 

(C2H5)2C =CHCH3 

C6H5CH = CH2 

cis -n- C3H7CH= CHC2H5 

trans -n -C 3H 7CH =CHC 2H5 

n-05H1 1CH =CH2 

kr PhHgCC12Br kr C13CCOONa 

23.5 24.8 

7.34 7.35 

3.55 3.52 

1.23 1.26 

1.00 1.00 

0.83 0.80 

0.52 0.52 

0. 24 0. 22 

Seyferth and Burlitch also noted that the relative reactivities 

did not parallel those observed for the Simmons -Smith reagent (1 7) 

which is believed to involve a methylene transfer reagent. Because 

of the above comparisons the preferred mechanism is thought to 

involve free dihalocarbene. It is also noteworthy that both the 
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mercurial (120) and the trihaloacetate (46) route have been found to 

insert CX2 into C -H bonds, a reaction which is currently believed 

to involve free carbenes. 

Another important question of an analogous nature to that above 

centers on the organometallic reagents. Do they generate free car - 

bene or are they organometallic transfer reagents, such as 2, often 

referred to as "carbenoids ". In the case of trichlorome;thyllithium, 

Cl Cl 

s. 
Cl 

2 

Miller and Whalen (98) have shown the latter to be the case. They 

prepared the highly reactive electrophilic reagent by adding tri- 

chlorobromomethane to a methyllithium slurry in ether at -115' . 

Warming to -100° in the presence of cyclohexene furnished a 77% 

yield of 7, 7- dichloronorcarane. When the trichloromethyllithium 

was treated to the same conditions in the absence of olefin (1 hr. at 

-100° ), it was found to be thermally stable. }òeg (81) and K6brích 

(89, 90) have also investigated the stability and reactivity of a- chloro- 

alkyllithium compounds and have found them to be remarkably stable 

in tetrahydrofuran solution. Trichloromethyllithium for example was 

found to be indefinitely stable in THE at -100°, but decomposed 

spectacularly above -65°. At temperatures below the decomposition . 

point however, added nucleophilic olefins were found to increase the 

Metal 
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rate of disappearance of the lithium reagent. Since this degree of 

disappearance corresponded to the amount of cyclopropane forma- 

tion, it was concluded that the cyclopropane compound is formed 

by a direct reaction between the olefin and the trichloromethyllithi- 

um. The electrophilic nature of the reagent was shown by its reac- 

tion with olefins of varying nucleophilicity. 

The evidence therefore shows that the cyclopropane can be 

formed by a direct reaction, bypassing any need for a free carbene. 

The favored mechanism is attack on carbon by the organometallic 

reagent with concerted elimination of halide ion. 

+ CC13Li 

Cl O 

-C1 

Cl 

-- 
Li 

Cl 
® G 

l+ Li + Cl 

In regard to the phenyl(trihalomethyl)mercurial reagents, 

Seyferth has presented evidence that they do generate free carbenes 

(1 1 8, 123, 126). In addition to the relative reactivity studies (127), 

Seyferth and his coworkers offered evidence that the mercurial 

generate dihalocarbene without prior formation of the 

t rihaloca. rhanion. It has been shown that ac rylonit rile and vinyl 

acetate undergo reaction with CX3 to produce the addition products 

CX3CH2CH2CN and CH3COOCH(CX3)CH3 (22, 128, 148), When 

these respective olefins were treated with the organomercurial 

. I 

C \,i" 
- - 

® 

. e- .gent, 

- -- 
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reagent, only the gem-dihalocyclopropyl adducts were formed (126). 

None of the CX3- 3- addition product was detected in either case. 

Thus it appears that the trihalocarbanion is not an intermediate 

in the organomercurial- olefin reaction. 

- Ph-Hg + CX3 ii Ph-Hg-CX3 Ph-Hg-X + :CX2 

A few years after the above communications appeared, 

Seyferth et al. published a detailed account of the kinetics of the 

phenyl(bromodichloromethyl)mercury-olefin reaction (123). They 

found that although the initial rates were independent of the olefin 

concentration, they were to some small degree dependent on the 

nature of the olefin. The reaction rates decreased as the relative 

rate constant (k ) of the olefin decreased. The reaction showed 

first order dependence in mercurial reagent. The initial rates 

also showed a dependence on added phenylmercuric bromide, being 

retarded by the addition of excess material. These observations 

are best accounted for by a mechanism involving rate -determining 

and reversible decomposition of the organomercurial reagent to 

give a reactive intermediate which then 1-2ridergoes a fast reaction 

with the olefin. The reactive intermediate is believed to be free 

k 
1 

(slow) 
C 

6 
H 

5 
HgCC1 

2 
Br C H HgBr 

6 5 
+ :CC1 

2 k -1 (fast).- 

+ - 

' 



:CC12 + 

k2 (fast) 
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dichlorocarbene. The fact that the phenylmercuric bromide was 

found to be kinetically active in the initial rate measurements speaks 

out against any PhHg Br -CC12 complex. If the complex were the 

case, added PhHgBr would have no effect on the initial rates. The 

results are also in disagreement with any strongly solvated dichloro- 

carbene since the reaction showed no solvent dependence between 

"glyme ", propionitrile, benzene or cyclohexane. If the carbene 

were highly solvated, it should be more so in the polar solvents, 

and consequently be more selective in its reactions with competing 

pairs of olefins. This was not the case. In considering all the evi- 

dence, the conclusion that a "free dihalocarbene" is involved in 

Seyferth's reagent is unavoidable. The transition state favored by 

the authors for this reaction involves internal nucleophilic attack 

by Br or Cl at mercury. 

C6H 

.Br (Cl) 

C -X 
X 

In spite of the close similarities which exist between the 

PhHgCX3 and the C13CCOONa routes, there are important differ- 

ences also. The first obvious difference is the higher yields obtained 
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with the mercurial reagent. It has also been shown that the mercur- 

ial reagent does not decompose via the trihalocarbanion as is the 

case with the sodium trihaloacetate reagent (148). The most impor- 

tant difference, however, is the much higher reactivity of the organo- 

mercurial derived carbene. This is exemplified by its high -yield 

reaction with olefins of low reactivity (129), and by the ease with 

which it undergoes insertion reactions (120). 

Synthetic Achievements 

Addition Reactions 

Dihalocarbenes have proven to be valuable synthetic intermedi- 

ates in preparative organic chemistry. Experience has shown that 

not only are the cyclopropyl adducts themselves important, but the 

further transformation of these adducts are also. In view of such 

importance, it seems appropriate to review some of the more inter- 

esting synthetic applications of dihalocarbenes. Due to the limitless 

boundaries of the subject matter, only the more intriguing aspects 

sl be considered here. For a more detailed description a number 

of books and review articles are available (27, 70, 84, 85, 86) . 

In the reactions of dihalocarbenes with olefins, certain func- 

tional groups can be tolerated only under special conditions or not 

at all. Thus the presence of a hydroxyl group cannot be allowed 
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because of a general deoxidation reaction. Carbonyl groups can 

® O O 
:CX2 + ROH - R -O mCX2 R m0 aCX2 

O 
H -H o X 

RO -C -X R® + CO + XO 

be tolerated under certain conditions, but may also yield the CX3 - 

addition product mentioned earlier. Since the organomercurial 

reagents do not decompose via the carbanion, they are the reagents 

of choice. 

Various other functional groups present no problem. A few 

examples of such groups which undergo no reaction with the 

carbene are esters, ethers, and ketals. The work of Parham et al. 

is characteristic of the addition of dihalocarbenes to functionalized 

olefins such as allylamines (108) and others. They found that dichloro- 

carbene generated from C13CCOOEt - NaOCH3 underwent smooth 

addition to the vinyl ether dihydropyran (115). The adduct was then 

transformed into the ring - expanded product 2, 3- dihydro- 6- chloro- 

6xepine by heating under reflux in quinoline. Similar treatment 

+ :CC12 . 
Cl 

of the enol ethers of cyclohexanone led to the formation of dihydro- 

tropone ( 1 10). 

.. 

-- Cl 

Cl 



OR 

:CC12 

Cl 
Cl 

1. Quinoline 

2. H30® 
O 
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In regard to conjugated dienes, dihalocarbenes usually add 

to only one of the olefinic centers (104, 151) . As may be expected, 

this mono -addition occurs almost exclusively at the more nucleo- 

philic double bond. This is exemplified by the addition of dichloro- 

and dibromocarbene to isoprene (93) where addition occurred exclu- 

sively at the 1, 2- double bond. 

+ :CX2 
CH3 

X 

Acetylenic centers have been shown to be much less reactive 

than olefinic centers toward dihalocarbene (36). Acetylenes, 

CH3 C = C- i =CH2 

CH3 

:CC12 

however, will undergo addition with dihalocarbene. Breslow et al. 

have used this reaction to synthesize a number of interesting cyclo- 

pr`,penones (18, 20). For example dipropylacetylene adds dihalo- 

carbene to form an adduct which upon aqueous work -up, readily 

hydrolyzes to furnish dipropylcyclopropenone. The isolation of 

this ketone is facilitated by its high solubility in acid solution. 

) 1 

CH3 -C =-C 

CH C1 
3 1 



:CC12 

CH3CH2CH2-C-C-CH2CH2CH3 --- 
Pr Pr 

Ci Cl 
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Pr Pr 

Breslow and Ryan have also synthesized the parent ketone 

cyclopropenone (19) by a route involving the addition of dichloro- 

carbene to the relatively unreactive olefin trichloroethylene (143). 

H Cl 
C13CCOONa 

Cl Cl 

2 Bu3SnH 

H H 

H20 

9 

Cl Cl 

Cl Cl 

Although most benzene derivatives are inert to attack by 

dihalocarbenes, some which possess centers of higher electron 

density will undergo addition. These addition reactions with aro- 

matic derivatives are usually accompanied by rearrangements. 

Thus Parham, Bolan, and Schweizer have found that 1 -methoxy- 

inaphthalene and 2- methoxynaphthalene furnish the dichlorocyclo- 

propyl adducts which immediately decompose to methyl chloride 

and the benzchlorotropones (106). 
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Perhaps one of the most useful processes in which dihalocar- 

benes are involved is ring enlargement synthesis. Through their 

use dihalocarbenes have made available a number of interesting 

compounds which before were very difficult to obtain. In this light 

DeSelms and Combs have been able to obtain addition of dichloro- 

carbene to both norbornylene and norbornadiene (37). The norborny- 

lene- dichlorocarbene adduct undergoes rearrangement with great 

facility to produce exo -3, 4- dichloro -bicyclo[ 3. 2. 1 ] oct- 2 -ene. 

Further transformations of this intriguing compound are indicated. 

z:6 

H20 

Cl 

MnO2 

Cl 

H Cl 

In the case of norbornadiene, vapor phase chromatography 

indicated the presence of at least six products. The major compo- 

nent was obtained in 90% purity and identified as 3, 3- dichloro -exo- 

tricyclo[ 3. 2. 1. 02' 4] oct- 6 -ene. This adduct also undergoes facile 

CHC13 

t-BuOe 

0 

Cl 

3 



conversion to the ring enlarged product. 

:CC.2 
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The strained cyclic aliene, 1, 2- cyclononadiene, can be pre- 

pared through the use of dihalocarbenes (56). Thus cis- cycloöctene 

yields a dibromocyclopropyl adduct which, upon treatment with mag- 

nesium turnings, is converted to the desired aliene. 

CHBr3 
Br M g 

t-Bu00 

Two of the more interesting compounds to be synthesized via 

a dihalocarbene are the highly strained hydrocarbons tricyclo- 

[ 4. 1. 0. 02' 71 heptane and tricyclo[ 4. 1. 0. 03' 
71 heptane (100). 

Moore et al, began by preparing the dibromocarbene adduct of 

cyclohexene. Treatment of this adduct with methyllithium produced 

the two above mentioned hydrocarbons. The authors expressed the 

belief that these two products were formed from an intermediate 

carbene which undergoes intramolecular C -H insertion. 

:CBr2 
Me Li --, c- 

. 

0 



11-27' 
2% 

Skattebol (133) prepared tricyclo[ 4. 1. 0. 04' 61 heptane in an 

analogous manner to that described above. In a transmetalation 

reaction of 1, 1 -dibromo -2 (but- 3- enyl)cyclopropane with methyl - 

lithium, two components were isolated. One was identified as the 

intramolecular carbene addition product and the other as 1, 2, 6- 

heptatriene. The relative amounts of the two isomers were shown 

to vary with the reaction temperature. 

Br 

r 
MeLi 

-30° 
+ CH2=C=CH-CH2CH2-CH=CH2 
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Two of the most general reactions applicable to dihalocyclo- 

propyl adducts are their partial reduction with tri -n- butyltin hydride 

to yield monohalocyclopropanes (125), and their full reduction with 

sodium and liquid ammonia to produce the cyclopropanes themselves. 

Seyferth has studied the former case, which is exemplified by the 

following reduction. This radial reaction will usually lead to the 
Br 

n-Bu3 SnH 

H 

'Br 

formation of both isomers where it is possible to form the cis and 

trans isomers. The reduction of gem -dihalocyclopropyl adducts 

Br 

"sv 
37 



with sodium and liquid ammonia was employed by Vogel (147) in 

his multi-step synthesis of tricyclo[ 4. 3. 1. 01,61 deca -2, 4 -diene, 

:CBr2 

Br 

Na 

NH3 

H 

H H 

H i H 

1.(CH3)2NH 

2. CH3I 

NaOEt 
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The synthesis of nonbenzonoid aromatic systems by Vogel 

et al, has been one of the most outstanding contributions to prepara- 

tive organic chemistry in the past decade. Were it not for dihalo- 

carbenes these systems might never have been synthesized. Not all 

the numerous conjugated cyclic polyenes prepared by Vogel were 

found to possess aromatic character. One which was discovered 

to be aromatic in character was 1, 6-methano[ 10] annulene (144, 

145). The synthesis of this exciting planar 107 -electron system takes 

advantage of the fact that dihalocarbenes add to the more nucleophilic 

double bond present in a polyene. Another interesting cyclic 

:CC12 
1. Na/NH3 

2. Br2 

H H Cl Ci 

Br2 

3 
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Base 

polyene prepared by Vogel was the non -aromatic anti -1, 6:8, 13- 

bismethano- 7, 14- dioxo:[ 14] annulene (146). This compound was 

prepared via a diadduct of anti configuration. 
Cl 

H 

Insertion Reactions 

C13CCOONa 

H H 

Insertion reactions of dihalocarbenes occur with much less 

frequency than addition reactions. In spite of this, dihalocarbenes 

have been found to insert into a multitude of different single bonds. 

Examples of such single bonds which have yielded the products of 

dihalocaibene insertion include the -H bond, the Si --H bond, the 

Ge -H bond, the Si -C bond, the S -H bond, the 0-,H bond, the Hg---C 

bond, and several metal-metal bonds. 

The first published account of a dihalocarbene insertion 

product involved the reaction between dichlorocarbene and 2H -1 

benzothiopyran (107). Parham and Koncos discovered that 

C 

40a 

0 0' 



dichlorocarbene, generated by the reaction of sodium methoxide on 

ethyl trichloroacetate, led to the formation of two insertion 

products with 2H- l -benzothiopyran. The occurrence of two prod- 

ucts from the allylic system suggests than an ambidient ion may be 

involved. No trace of the addition product was found. 
e 

C12 

CH3OH 
+ 

CHC1 
2 
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Dihalocarbenes have also been found to insert into the 

benzylic C -H bonds of substituted aromatic hydrocarbons. This 

reaction was observed by Fields (46) for ethylbenzene, p- diiso- 

propylbenzene, tetralin, and diphenylmethane. Best yields were 

obtained when the dihalocarbene was generated by a thermal process 

(C13 CC OONa ), indicating that the additional thermal energy may be 

needed by the insertion reaction. Seyf e rth and Burlitch (1 20) found 

C13CCOONa CHC 12 

0 
OCHS 

CHClZ 

s. 
C, 
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that the yield of insertion products of aromatic hydrocarbons was 

higher still if the carbene was generated from Ph- Hg -CX3. 

Dihalocarbene insertion products of the Si -H and Ge -H bonds 

were reported by Seyferth and Burlitch in 1963 (120). They found 

that various silanes and triphenylgermane react rapidly with phenyl - 

(trihalomethyl)mercury reagents to give in high yields (77 -90%) the 

products of insertion. They also discovered the surprising result 

Ph H 

Si 

Ph H 

1 :1 ratio 

1 :3 ratio 

Ph CHC1 

Si 

Ph H 

Ph CHC1 

Si 

Ph CHC12 

that cyclohexane will undergo an insertion reaction with dichloro- 

carbene in 32% yield. All dihalocarbene insertion reactions examined 

O 
Ph-Hg-CC12Br CHC12 

thus far, with the exception of the above, have involved somewhat 

activated allylic bonds. The fact that the insertion reaction above 

is possible might therefore be taken as evidence of the extreme reac- 

tivity of dihaloc a rbene s . 

Seyferth and Washburne (124) have recently reported a surpris- 

ing specific :CC12 insertion reaction into the 3 C -H linkages of 

/ / / / \ 
\ / / \ 
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various sila- and stannacyclohexanes. Thus 3-dichloromethyl- 

1, 1 -dimethyl -1 -silacyclohexane was obtained in 68% yield from 

reaction of phenyl (bromodichloromethyl)mercury with 1, 1 -dimethyl- 

1 -silacyclohexane. The structure of the product was unambiguously 

assigned on the basis of its NMR spectrum and its mass spectral 

fragmentation pattern. 

\ 
CH3 CH3 

/\/ CHC12 

\ 
CH3 CH3 

Seyferth et al. have also found insertion of :CC12 into the 

silicon- carbon bond of silacyclobutanes (122). This represents the 

first reported insertion of :CC12 into a strained cyclic system with 

consecutive ring 

of the reasons why 

expansion. Relief of strain is believed to 

C12HC 

Cl 
Cl 4- 

CH3 

such ease. 

be one 

CH3 

3 

less- 

Ph-Hg-CC12Br 

i- 9 CH3 

CH3 CH3 

58% 
reaction proceeds with the 

CH 

12% 

The 

strained 1, 3-disilacyclobutane was found to be completely inert 

to dichlorocarbene. 

Recently Landgrebe and Mathis (91) obtained dihalocarbene 

insertion into the C -Hg bond. They found that dialkylmercury com- 

pounds treated with C13CCOOEt and NaOCH3 at 0° furnished the 

C -Hg insertion products in good yield. With di- propylmercury, 

insertion into the ß C -H linkage was found to occur in amount equal 

ICH 
Si 



to that of C -Hg insertion. In the case of optically active D-(+)-sec- 

butyl-(±)-sec-butylmercury, dichlorocarbene yielded the C-Hg 
CHC12 

CH3CH2CH2 :CC1 
CH3CH2CH2CC12 CH3 CHCH2\ 

CH2 

Hg ` r /Hg + Hg 

CH CH CH3CH CH CH3CH CH/ 
3 2 2 2 2 

insertion product which was degraded to optically active a -methyl- 

butyric acid. It was shown that the insertion step proceeded with 

101 ± 6% retention of configuration. Two different mechanistic 
CH3 

HC-H g-CH( CH )CH2 CH3 

CH2CH3 

Br2 

CC1 

CC12Br 

CH3-C-H 

CH2CH3 

CH3 

HC CC12-Hg-CH( CH )CH2 CH 

CH2CH3 

AgNO3 

H2O 

¡ OOH 

CH-C-H 

H2CH3 

pathways can be envisioned to account for this observed 

stereochemistry. The reaction could proceed by direct electro- 

philic attack in a concerted manner (5), or it may possibly involve 

prior formation of a ylid followed by stereospecific alkyl migration 

(6). 

RR'CH HgCHR'R 

/c 

Cl Cl 

RR' CHCC12-Hg-CHR'R (5) 
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Seyferth and his co- workers have observed in numerous cases 

the products of dihalocarbene insertion into metal -metal bonds, and 

just recently have reported the synthesis of a stable insertion product 

of hexamethylditin (116). The reaction of hexamethylditin with Ph- 

Hg-CC12Br in dry benzene heated under reflux afforded bis(trimethyl- 

tin)dichloromethane in 53% yield. 

(6) 

32 

Cl 

( CH3 
3 

)3 Sn-Sn( CH3 )3 (CH3)3Sn- I- Sn(CH3)3 

Cl 

Dihalocarbenes have thus been shown to undergo insertion 

reactions with a multitude of different single bonds. In spite of 

their unpredictable nature in insertion reactions, dihalocarbenes 

have made available a number of interesting molecules which would 

otherwise be very difficult to obtain. 

Steroid -Dihalocarbene Reactions 

Addition Reactions 

In 1963 workers of the Syntex laboratories reported their find- 

ings about the addition of difluoro- and dichlorocarbene to steroid 

olefins (88). They found that although dichlorocarbene failed to add to 

/C 
C1 
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C -5 olefins bearing a C -19 methyl group, addition of difluorocarbene 

occurred with ease. They also discovered that dichlorocarbene 

C13CCOONa 

/125-150° 

\C1F2C COON' 

125- 150° 

No addition 

F 

adds exclusively to the 3, 4-position of 3, 5-dienes possessing a C-19 

methyl group. These data were interpreted to mean that the larger 
CH3 CH3 

:CC12 

Cl ! 

Cl 

dichlorocarbene is sterically hindered by the rotating methyl group 

to the degree that it prevents addition at the ß face. The steric 

interaction between the methyl group and the smaller difluorocarbene 

as it attains a position astride the C -5 double bond is of course much 

smaller. This line of argument does not, however, explain why the 

electrophilic carbene cannot add from the a side of the molecule as 

with most electrophilic reagents (47, p. 38). A feasible reason for 

this may be that a particular degree of p- orbital overlap is required 

in order to obtain addition. Perhaps the required degree 

- 
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of overlap can be attained in the ß position but not in the a position. 

This argument will have to await evaluation and at this time is just 

conjecture. 

In support of their interpretation, the Syntex workers offered 

the observation that dichlorocarbene adds to the C -5 double bonds of 

19- norsteroids. It was also found that reaction occurs exclusively 

at the C -5 double bond thereby indicating the larger reactivity of 

this bond over the C-3 double bond. 

The assignments of the stereochemistry of the above adducts 

rest to a large degree on comparative molecular rotations with the 

isomeric epoxides. The assignments were also based on the belief 

that a cis configuration is required for long -range spin -spin coupling 

between angular methyl protons and fluorine. While this is not 

without precedence (34), it by no means constitutes rigid proof of 

stereochemistry. Anet et al. have investigated the "through- space" 

mechanism for spin -spin coupling, and have concluded that the 

coupling nuclei must be appreciably close for this type of coupling 

to be measurable (2). Myhre (101), in examining coupling between 

fluorine and hydrogen separated by five bonds, obtained convincing 

evidence that a "through- space" mechanism requiring close proximity 

:CCI2 
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of the coupling nuclei was operative. Thus in those steroid-diflúoro- 

carbene adducts in which coupling of the C -19 methyl group is ob- 

served, it seems fair to assume that cis -stereochemistry is present. 

In the trans isomer the nuclei would not be close enough for coupling 

to occur. In those adducts where coupling is not observed, no con- 

clusion can be drawn. In such adducts a cis -stereochemistry could 

exist with the nuclei far enough apart so that coupling could not be 

observed. Brewer (21) has concluded that measurable "through - 

space" coupling occurs only when H and F are within 2. 5A of one 

another. Therefore there are certain dangers in assigning stereo - 

chemistry on the basis of long -range H -F coupling. 

Font (49, 50), in examining the reaction of dibromocarbene 

with the enol ether of 19- nortestosterone acetate, obtained a com- 

plex mixture of products. The principal products were formed by 

preferential attack at both faces of the 5, 6- olefinic linkage leading 

to two epimeric adducts. Application of the octant rule to the opt }cal 

CH3 
OAc 

H H H 

CHBr3 

RO tmBuÓ O i 
, 

Br 
Br 

120/ 

Br 

20% 
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rotatory dispersion (ORD) curves of the two ketones led to the assign- 

ment of their stereochemistry. The 5a , 6a -dibromomethylene adduct 

showed a positive Cotton effect curve typical of a trans fused A/B 

ring juncture, while the 5 f3, 6P- adduct showed a negative Cotton 

effect. The stereochemistry was confirmed by sodium -liquid 

ammonia reduction to the methylene adducts and observation of their 

Cotton effect curves. 

Ringold (44), in a similar manner, studied the reaction of 

dihalocarbenes with the stable enolate anions of testosterone and 

6a -methyltestosterone. Dropwise addition of chloroform to the 

stable enolate anion of 6a -methyltestosterone in basic solution 

afforded an equal mixture of the two epimeric 6- dichloromethyl 

compounds. This has direct analogy to the abnormal Reime r- 

Tiemann reaction. 

CHC12 H3 0H'3 CHC12 

CH3 

:CC12 

In mid -1965 Musa Nazer (102) published his results on the 

addition of dihalocarbenes to 5, 7-dienes. Treatment of the ring B 

dienes with dihalocarbene was shown to give a monoadduct by attack 

on the 5, 6- double bond. In apparent contrast to the Syntex results, 

®o 
K O 

CH3 
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these adducts were assigned a 5a, 6a -stereochemistry. It was 

RO 

CH 
CH3 

3 

NMR shows one 
olefinic proton 

CHBr3 
> 

t-BuÓ RO 

No olefinic protons 
in NMR 

pointed out by the author that this variance may be rationalized if 

charged intermediates of greatest stability are assumed to be in- 

volved in the mechanism of addition. An alternate explanation may 

:CX 
2 

:CX2 

-> Products 

Products 

e -I 
k 

lie in the stereochemical difference derived by increased flattening 

of i:he diene. 

The stereochemistry assigned to the 5, 6- adducts in Nazer's 

work rests on weak evidence, however. The stereochemistry was 

based on a chemical transformation which is outlined in scheme 1. 

X -C: 

Br 
Br 
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Scheme 1 
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1, 03 H202 

2. HC1 
3. CH2N2 

1. H, 

2. LiA.fH4 

3. Esterify 
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Chromatography of the final mixture of methyl esters gave a number 

of oily fractions which were characterized solely on the basis of their 

infrared spectra. A band visible at 1 770 cm -1 
was attributed to a 

y- lactone group. Formation of this lactone is possible only if the 

C -5 carboxyl group and the 3 (3- hyrdoxyl function are located on the 

same side of the molecule. In the final analysis, the stereochemis- 

try rests on a single band in the IR spectrum of an uncharacterized 

compound. 

The apparent variance in all the above discussion is obvious. 

The Syntex group claims to have obtained only the ß adducts of C-5 

olefins; Font seems to have obtained both the a and the p adducts; 

and Nazer believes he has procured the a adducts of 5, 7- dienes. 

These different observations should stimulate additional research 

- 
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in this intriguing area of chemistry. 

Birch et al, have utilized dihalocarbenes in the synthesis of 

ring -enlarged steroids (13, 15, 1 6), and in the conversion of ring A 

aromatic compounds into the C-19 methyl series (14) . 

CH 3° 

CH 

AgC1O4 

Acetone 

H2O 

+ small amount 
CH3 of bisadduct 

OH 

CH3 
O 

2-TsOH 

1. ÓH ÓH 

2. Li NH3 

3.HCL CHC13 

NaBH4 

THF 

1. McOH 

p-TSOH 

2. CHBr3 

t-BuO 
3.2-TsOH 

O 

The fact that the 5, 10- cyclopropane ring is ß cannot be ques- 

tioned because of its transformation into the known 10 n-methyl com- 

pound. In regard to the 2, 3- adducts, no proof of stereochemistry 
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CH3 

Br 

CH3 

A 
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was offered, and in one case (16) both the a and the ß adducts were 

found. 

Cookson (33) has synthesized a number of 2, 3- gem -dihalocyclo- 

propyl adducts, and has assumed their stereochemistry to be a on 

the basis of steric approach control. This was supported by com- 

parative molecular rotations of the methylene adducts with the iso- 

meric epoxides, but again no rigid proof of stereochemistry was 

offered. To point out the danger of this method of assignment con- 

sider both the a and 3 :CF2 adducts of a C -2 olefin prepared by 

Knox (87). Both of these adducts display practically the same rota- 

tion. 

H 

OAc 

:CF2 

CH3 
CH3 

F 

a] D+31° 

+ 

a] D+26° 

Stork (138) has obtained addition of dichlorocarbene to base 

sensitive enol acetates through the use of Seyferth's reagent. The 

transformation of these adducts into the products of ring expansion 

represents a general method for obtaining homologous a, p- unsatu - 

ratedketones from cyclic ketones. It is interesting to note that 

Stork makes no mention of stereochemistry. 

CH3 
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the enolic form of the ketone (7). They also discovered that addition 

:CF 

does not occur below 150° although the carbene can be generated 

at 125°. This emphasizes the need for additional thermal energy 

in order to have addition take place. 

Hodge et al. (79) obtained an unexpected 1,4-addition of 

difluorocarbene to an enone. The structure of the product was 

indicated by spectral data and was confirmed by its mass spectral 

fragmentation pattern. 

CH3O - CHO CH 

C1F2CCOONa 

3 

Two epimers 

Cook and Wall (32) obtained the epimeric adducts of a C -20 

enol acetate which contained both a C-5 and a C-16 double bond. 

This demonstrates the relative inertness of these linkages. 

H31 
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Insertion Reactions 

ClCCOONa AcÖ 3 

CH 

CH3 

Two epimers 

Cl 

Cl 

OAc 

To this date, no dihalocarbene insertion reactions with the 

steroid nucleus have been reported. 

Steroid Biological Activity 

Much of the work which has been done in steroid chemistry has 

been stimulated by the natural consequence of their biological activity. 

This is particularly true of halogenated steroids, whose significance 

began with the observations of Fried and Sabo. They discovered 

that 9a -chloro- and 9a -fluorohydrocortisone were stronger anti - 

inflammatory agents than-The parent compound (53, 54, 55), 

9 a -Halohydrocortisone 
X = Cl or F 
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The more potent 9 a -fluoro derivative was subsequently shown to 

have 13.2 times the activity of cortisone (52). This remarkable 

observation has since held true for a number of halogenated cortical 

hormones. No less than six different "unnatural" hormones have 

exhibited favorable results. An excellent discussion of this subject 

can be found in volume 10 of the series titled Comprehensive Bio- 

chemistry (1 1 1). 

Recently Wolff and his co- workers (150) discovered that certain 

cyclopropane steroids show high myotropic and androgenic activity. 

This observation is of particular merit when viewed in conjunction 

with Fried and Sabo's findings. Through a simple one -step synthe- 

sis it is possible to introduce both a cyclopropane ring and halogen 

into the steroid framework. It can be anticipated that such adducts 

may display increased biological activity. This has proven to be 

a fact in at least one instance. The Syntex workers have found that 

6, 7- difluoromethylene adducts of corticoid derivatives possess 

remarkably high anti -inflammatory activity (140). Their results 

are outlined in Table 4. 
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Table 4. Anti -inflammatory activity of above substituted 
hydrocortisones (140). 

Steroid Systemic activity Topical activity 

Hydrocortisone 1 1 

X = H; 6a, 7a -CF2 750 153 
X = F; 6a , 7a -CF2 1400 70 
X = F; 6ß, 7P-CF2 1920 110 

It has therefore been dramatically shown that steroid- dihalo- 

carbene adducts are potential biological agents. The vision of such 

productive channels for research should stimulate added labor in 

this vital area. 
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RESULTS AND DISCUSSION 

Ambiguous stereochemical assignments characterize much of 

the work which has been done in steroid -dihalocarbene chemistry. 

Additions of dihalocarbenes to steroid olefins have been interpreted 

to a large degree on the basis of steric approach control arguments. 

This has led to an assignment of a configuration in some cases 

with no supporting evidence. This type of rationalization was also 

employed by Closs (29) in his assignment of configuration for the 

products of chlorocarbene addition to unsymmetrical olefins. These 

CH3 
:CHC1 

CH3 
CH CH3 

3 

Cl Wrong 
configuration 

assignments were later shown to be in error and had to be reversed 

(30). There are other examples where assignment of stereochemis- 

try on the basis of NMR alone has proven incorrect (8, 141), so that 

an unambiguous assignment was sought, especially with cholesterol 

where the reported addition of :CF2 was ß rather than a, as invar- 

iably found with other electrophiles. It was desirable, therefore, 

to prepare as many dihalocarbene adducts as possible, and to devise 

an unambiguous chemical proof of stereochemistry. By so doing 

some information concerning the stereochemical requirements of 

carbenes should be garnered. This would help to correct the 

H / 
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present unsatisfactory situation surrounding the area. 

A second purpose of the present work was to test the synthetic 

utility of dihalocarbenes in preparation of small, strained ring, 

steroids. It was also felt that the reported unreactivity of some 

positions, such as C -5, might be traced to the method of carbene 

generation. The early reports of nonreactivity of some steroid 

olefins has certainly discouraged work in this potentially interesting 

area. As will be shown, application of recent developments in 

carbene chemistry have now overcome many of these problems. 

Addition of :CX2 to Cholestanone Enol Acetate 

Initial studies were directed toward reactions of carbenes 

with enol acetates, using the readily available derivative 1 from 

cholestanone. Enol acetates were of general interest since the 

product dihalocyclopropyl acetates would have two potential sites 

of reaction and might also lead to a convenient route to steroid 

cyclopropanols. It was found that the adducts 2, 3, and 4 could be 

prepared in good yield by slow addition of excess dihalocarbene 

reagent to a solution of the olefin heated under reflux. Best results 

were obtained by employing as high a concentrated solution of the 

olefin as possible. In this manner, a high olefin to carbene ratio 

can be maintained with little solvent dilution. It should be empha- 

sized that the solvent must be completely anhydrous to avoid 



destruction of the carbene. Since an excess of the carbene reagent 

C 1F2 CC OONa 

160° 

Diglyme 

C13CCOONa 
a 

AcO 

Cl 

2 51% 

160° 
Cl 

Diglyme 
AcO 

3 41% 

Benzene AcO 
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4 46% 

was used, it was of interest to determine its reaction. In the case 

of difluorocarbene, a white, pungent vapor escaping from the system 

was trapped in a dry ice-acetone bath. The highly volatile liquid 

was identified as tetrafluoroethylene. The :CBr2 reaction led to 

the formation of crystalline tetrabromoethylene, and in the case 

of :CC12 an unpurified white solid was tentatively identified as 

hexachlorocyclopropane. The lack of formation of hexahalocyclo- 

propane with :CF2 and :CBr2 is probably due to the volatile nature 

of tetrafluoroethylene in one case and the lower reaction tempera- 

ture in the other. 

AcO 

CH3 

Se 

CH3 `1..\ 
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The stereochemistry of the adducts 2, 3, and 4 remains un- 

known. However, an indication that they may possess a ste re o- 

chemisty was seen in the fact that the C -19 methyl resonance was 

identical in all three (50 c. p. s. ). If the adducts were ß, the differ- 

ent sizes and electronegativities of the halogen atom projecting 

toward the methyl group would be expected to have a varying de- 

shielding effect on it. In spite of the questionable configuration, 

adducts 3 and 4 were shown to have the same stereochemistry by 

reduction to a common adduct 5. The sodium -liquid ammonia 

4 

Na NH3 

NaNH3 

AcO 
s 

reduction left the tertiary acetate grouping largely intact. All 

attempts to reduce the difluoromethylene adduct in an analogous 

fashion proved unsuccessful. Further chemical transformations 

of 2 -5 proved difficult, but these adducts should prove useful for a 

more detailed study. 
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Addition of :CX2 to 7- Dehydrocholesteryl Benzoate 

Prior to Nazer's publication on dihalocarbene -ergosterol 

adducts (102), work was undertaken with the 5, 7 diene system of 

7- dehydrocholesteryl benzoate. It was discovered that smooth 

addition of difluoro- or dichlorocarbene to 7- dehydrocholesteryl 

benzoate occurred in "diglyme" solution leading to a single mono - 

adduct in each case, 6 and 7. The dibromocarbene adduct 8 was 

prepared by using the classical bromoform -potassium t- butoxide 

method at 20 -25° . Initial attempts to prepare the :CBr2 adduct 

employing Br3CCOONa or Ph- Hg -CBr3 in "diglyme" or benzene 

solution, heated under reflux, failed. This is presumably due to 

the thermal instability of the adduct which was discovered later. 

The belief that mono- adducts were formed was suggested by the 

NMR spectra which shows the presence of an olefinic proton at ca. 

. 3 b.. It was felt that the adducts were formed by reaction at the 

more reactive (i. e. hydrogenation) 5, 6 double bond. At this time 

's work appeared confirming these findings, but still leaving 

the :ate reochemist ry in doubt. 
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The stereochemistry was conclusively proven through use 

of the stereospecific Simmons-Smith reaction as outlined in scheme 

2. 

F 

Br 
Br 

8 

s. 
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Allylic bromination of chole ste ryl benzoate gave the known 

bromide 9 which was hydrolyzed in aqueous dioxane to the known 

7a -alcohol 10a. The C -6 olefinic proton of both the bromide and 

the alcohol shows coupling with its 7 p- proton to give a doublet 

(J = 5 c. p. s. ) as expected. It is a well -known fact that the Simmons - 

Smith reaction proceeds in a stereospecific manner with allylic 

alcohols, leading to a product of cis configuration between the alco- 

hol function and the newly formed cyclopropane ring (35). There- 

fore Simmons -Smith reaction on the 7a -alcohol 10a, according to 

the procedure of Ginsig and Cross (59), gave the cyclopropyl adduct 

11 of known configuration. Earlier attempts to prepare the cyclo- 

propyl derivative using standard conditions failed. The forcing con- 

ditions described by Ginsig and Cross, which involve heating in a 

sealed tube, resulted in a great improvement however, furnishing 

the adduct in 60 -75% yield. Before sealing the reaction mixture in 

a tube, it was important to concentrate the crude suspension to at 

least one -third its original volume since this removes the methyl 

iodide byproduct. 

The 5a, 6a - methylene grouping of the adduct 11 displays a 

complex pattern in the NMR spectrum spread from 2. 5 to 25 c. p. s. 

Treatment of 11 with phosphorus oxychloride and pyridine resulted 

in the formation of two products, 12 and 13a, separable by column 

chromatography. Surprisingly the major product, formed in 40% 
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yield, was identified as 7ß- chloro -5a, 6a -methylenecholestan -3/3- 

o1-3- benzoate 12. This inversion product is presumably formed by 

SN2 reaction between the intermediate phosphate ester and chloride 

ion. The assignment of the chlorine atom as 13 is based on the posi- 

tion of the C -19 methyl resonance in the NMR. The methyl group 

appears shifted considerably downfield at 90 c. p. s. due to the de- 

shielding effect of the cis oriented chlorine atom. Similar argu- 

ments were used by Ringold (44) in his assignments of configuration 

to ring B -CHC12 products. The minor product, 13a of the dehydra- 

tion reaction was the expected C -7 olefin. The methylene protons of 

the cyclopropane ring of 13a cannot be seen in the NMR due to de- 

shielding caused by the 7, 8 double bond. 

Sodium and liquid ammonia reduction of the dichloro- and the 

dibromocarbene adducts 7 and 8 of 7- dehydrocholesteryl benzoate, 

followed by benzoylation of the resulting 313-ol, afforded a single 

halogen -free cyclopropyl adduct 13b. This nicely crystalline product 

was identical in all physical and spectral properties with the adduct 

13a, derived from the stereospecific route. This therefore proves 

beyond any doubt the 5a, 6a stereochemistry of the dihalocarbene 

adducts of the 5, 7 dienes. 

The 5, 7 dienes therefore follow the normal pattern of electro- 

philic attack preferentially from the bottom side. It should be noted 

that attempts to add :CX2 to the 7, 8 double bond of 7 were 
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unsuccessful under conditions where an isolated 7 -ene did undergo 

addition, also from the a side as discussed later. Therefore the 

isolated 5, 6 olefins which either give no addition, or (3 addition, 

are the anomalous systems. 

Spectral data for the 5, 6 adducts are shown in Table 5, and 

are in agreement with the assignments. It can be seen that the posi- 

tion of the C-19 methyl varies in a uniform manner with the size, 

but not with the electronegativity, of the 5a , 6a grouping. This would 

be expected for a substituents in a crowded environment. 

Table 5. Spectral comparisons of the 5a, 6a. adducts. 

Steroid NMR in c. p. s. 

19 -Me 18 -Me 
Rotation 

a]D 

BzO 

BzO 

BzO 

BzO 

CH 

Br 'KB- r 

67 36 -65° 

70 34.5 +28° 

73 36 +34° 

67 33 _730 
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Since the stereochemistry of the :CF2 adduct of the 5, 7 diene 

system has been assigned as a, it was desirable to try to reduce the 

7, 8 double bond to 14, which would be the stereoisomer of the (3 

adduct postulated for direct attack on the isolated 5, 6 double bond. 

BzO 

BzO 

6 

:CF2 

BzO 

BzO 

14 

15 

Since the resistance of the 7, 8 double bond to hydrogenation is well 

documented (47), it was decided to try isomerization of the 7, 8 

double bond to the 14, 15 position and then to hydrogenate it. This 

reaction sequence was first tested on a 5a , 6a -methylene adduct. 

Hydrogenation of 16 over palladium on charcoal in ethyl acetate 

_e tilted in migration of the 7, 8 double bond to furnish the hydrogen- 

ation resistant 8 (14) isomer 17. All attempts to migrate the 8 (14) 

double bond to the 14, 15 position using hydrogen chloride in chloro- 

form failed. The same results were found with the difluoromethylene 

adduct 6. Failure to effect the latter isomerization has been observed 
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C13 C13 
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16 

with other examples (96). Adduct 17 shows the cyclopropyl protons 
17 

as a complex pattern from 2 c.p. s. to 28 c.p. s. in the NMR, along 

with no olefinic absorption. 

Initial attempts to carry out ring enlargement reactions of the 

dihalocarbene adducts of the 5, 7 dienes, particularly 8 were unsuc- 

cessful. Apparently ionization in the preferred disrotatory manner 

is hampered by interactions involving the leaving bromine atom. 

Reaction of :CX2 with Cholesteryl Benzoate 

In view of the fact that 5, 6 double bonds of 5, 7 dienes added 

:CX2 smoothly, it was believed that isolated 5, 6 olefinic linkages 

should also. It was felt that the failure of the Syntex group to add 

:CC12 might be traced to their method of generation. Since the 

Syntex workers employed only C13CCOONa, generation of the highly 

reactive :CX2 derived from Ph- Hg -CX3 (X =C1 or Br) was investigated. 

In contemplation of successful addition to the 5, 6 olefinic link- 

age, it was decided to prepare as reference compounds the a and (3 

methylene adducts of cholesteryl benzoate. Once prepared, these 

structural isomers could be compared to the sodium -liquid ammonia 

reduction product of the :CX2 adducts to determine their stereochem- 

istry. 

II 

14<F-1 

M 
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The 5a , 6a and 5p, 6p methylene adducts of cholesteryl benzoate 

were prepared by a procedure utilizing the familiar Simmons-Smith 

reagent. The syntheses are outlined in scheme 3. 

Allylic oxidation of cholesteryl benzoate furnished the known 

7 -keto compound 18. Sodium borohydride reduction of 18 led to a 1:1 

mixture of two alcohols. The epirneric alcohols were then separated 

by column chromatography, recrystallized, and characterized. The 

less polar alcohol was found to be the 7p isomer 19 by comparison 

with literature values, while the more polar epimer 10b compares 

well with the known 7a isomer. Methylenation of 19 according to 

the forcing conditions of Ginsig and Cross (59) afforded the 5(3, 6p 

cyclopropyl adduct 21 in 76% yield. The methylene protons of the 

cyclopropane ring appear in the NMR as a broad multiplet centered 

at 9 c. p. s. Jones oxidation of the Simmons -Smith product furnished 

the 7-keto compound 23 in excellent yield. The infrared spectrum 

of 23 shows the benzoate carbonyl at 1720 cm -1 along with the 7 -keto 

function at 1690 cm -1. This is characteristic of a carbonyl situated 

alpha to a cyclopropane ring (112). Wolff -Kishner reduction of the 

BzO 
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sterically hindered ketone 23 using forcing conditions (6) gave a 

crude alcohol which, after benzojrlation and chromatography, fur- 

nished pure 5ß, 6ß- methylenecholestan- 3(3 -o1 -3- benzoate 25. The 

NMR spectrum of 25 shows the cyclopropyl protons as a broad multi - 

plet centered at ca. 20 c. p. s. The 5a , 6a -methylene adduct 24 was 

prepared in an analogous fashion to that described above, 10b ->11 - 
22 -.24. This is the first reported preparation of the interesting CH2 

analogs of cholesteryl compounds. 

The position of the 3a -protons in the NMR of the cyclopropyl 

adducts confirm their stereochemistry. That is, the axial 3a -proton 

of 24 appears at higher field, 5. 00 6, than the equatorial 3a -proton 

of 25 which is found at 5. 20 6. An interesting feature of the two 

adducts is the position of their angular methyl groups in respect to 

each other in the NMR, as shown in Table 6. 

Table 6. NMR spectra of CH2 analogs of cholesteryl benzoate. 

BzO 

BzO 

Steroid 

CH3 

0. 
19-Me (c.p.s. ) 18-Me ( c. p. s. ) 

70 38 

55 38 
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While the position of the C -18 methyl resonance is identical for 

the two adducts, the C-19 methyl signals differ by 15 c. p. s. This is 

easily explained on the basis of the shielding cone of the cyclopropane 

ring. In the ß adduct where a syn relationship exists between the 

cyclopropane ring and the C -19 methyl group, the methyl group 

finds itself inside the shielding cone of the ring. The C -18 methyl 

groups are further removed from the cyclopropyl rings and are 

therefore unaffected. 

BzO 

25 

Because of the intriguing nature of the adducts 24 and 25, they 

were further characterized by LiA1H4 reduction to the corresponding 

alcohols 26 and 27. The respective alcohols were in turn oxidized 

with Jones reagent to furnish 5a, 6a -methylenecholestan -3 -one, 28, 

and 5[3, 613- methylenecholestan -3 -one, 29. 
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LiA1 H4 

HO 

LiA1 H4 

HO 

CH3 CH3 

26 

27 

Jones 

ones 

28 

29 

The ORD of 28 shows a single, positive, Cotton effect curve 

which is typical of trans A/B steroids. The amplitude of the curve 

is unusually strong with a value of 2726' when compared to the value 

of 1699° reported for cholestan -3 -one (38). The spectral features 

'.hese interesting strained ring steroids is summarized in Table 7. 

It has been demonstrated that the chemical shifts of angular 

methyl groups are dependent upon both the nature and orientation of 

substituent groups in the steroid nucleus (131). Furthermore, it 

has been shown that if more than one substituent is involved, their 

cH3 

«í 



63 

Table 7. Spectral properties of some strained ring steroids. 

Steroid NMR in c. p. s. 

19-Me 18-Me Cyclopropane 
Rotation 
a] D 

BzO 

BzO 

70 38 25 -39° 

66 37.5 4 -32 -50° 

77 40 5 -26 -12° 

55 38 20 + 4° 

52 38 5 -31 

57.5 39.5 2 -31 
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effects are approximately additive (31, 152). With this in mind, 

it was of interest to calculate the substituent effects of a 5a, 6a and 

5ß, 6(3 cyclopropane grouping. The values were calculated by using 

the data of Cohen and Rock (31), and are listed in Table 8. The re- 

ported values for the oxido compounds (31) are included for compar- 

ison. 

Table 8. Substituent effects of 5, 6 cyclopropane and 5, 6 oxido 
groupings. 

Configuration 19-Me (c. p. s. ) 18-Me (c. p. s. ) 

5a, 6a 
5p, 6ß 
5a, 6a. 
5ß, 6(3 

-CH2- 
-CH 2- 
-0- 
-0- 

+17 
+3 

+15 
+2.5 

-1 
-0. 5 

Having prepared the 5a, 6a and 5p, 6(3 methylene adducts, 

attention was then placed on the reaction of dihalocarbenes with 

cholesteryl benzoate. Difluorocarbene was found to undergo smooth 

addition to produce the adduct 30 as evidenced by the disappearance 

of the vinyl proton in the NMR. The 19 -Me group was buried in the 

strong methylene absorption pattern and presumably a doublet. The 

c a bon -fluorine bonds of adduct 30 proved to be resistant to repeated 

efforts aimed at reduction by employing sodium and liquid ammonia. 

Failure to reduce the :CF2 adduct leaves the stereochemistry still 

in doubt. The Syntex workers were also unsuccessful in their efforts 
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BzO 
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to reduce the C -F bonds of 5, 6 adducts (139). 

It was felt that the trisubstituted double bond of cholesteryl 

benzoate should be nucleophilic enough to add the bulkier :CC12 also. 

In their failure to obtain addition the Syntex group employed only 

C13CCOONa. The findings by Seyferth that Ph -Hg -CX3 releases 

highly reactive :CX2 were thus encouraging. Contrary to expecta- 

tions however, reaction of Ph -Hg -CX3 with cholesteryl benzoate 

in "diglyme ", heated under reflux, yielded only unreacted starting 

material. Numerous attempts to add :CC12 or :CBr2 by a variety 

of classical techniques (C13CCOONa, PhHgCC13, PhHgCBr3, 

C13CCOOEt- NaOCH3) ended in failure. This confirms the obser- 

vation that isolated 5, 6 double bonds of 19- methyl bearing steroids 

are unreactive toward dihalocarbenes with the exception of difluoro- 

ca rbene. The relative unreactivity of the 5, 6 olefinic linkage is not 

new and has been discussed by Lowenthal (95). 

In a final effort, it was decided to attempt the addition by con- 

ducting the reaction under pressure, similar to the forced Simmons - 

Smith conditions. A solution of cholesteryl benzoate and 
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phenyl(trichloromethyl)mercury in dry "glyme" was sealed in a 

heavy -walled glass tube. The tube was then placed in a pre -heated 

oil bath at 130-160° and was left for six hours. Careful work -up 

accompanied by fractional recrystallizations indeed yielded a 

halogen- containing product in addition to recovered starting mater- 

ial. Although the product analyzed correctly for C35H5002C12, it 

could not be the product of addition because of the presence of 

olefinic absorption in its NMR spectrum. The NMR spectrum shows 

the presence of three one proton multiplets at 4. 96 6, 5. 77 6, and 

6.12 6. These absorptions are in addition to the expected bands for 

the benzoate aromatic protons. The positions of the angular methyl 

groups are unchanged from those in the starting material. These 

data can be accounted for by only two possible structures, 31 or 32. 

BzO 

CH3 CH 

Ph- Hg -CC13 

15 equivalents 
Sealed tube 

CHC12 

31 

or 

BzO 

4.968 S.77 6 6. 12 6 

Only the allylic positions are believed to be involved because they 

are the only positions considered to be activated sufficiently. The 

insertion products are formulated as a because of the unchanged 

position of the 19 -Me resonance. If they were ß, the C -19 methyl 

z2 



group would be expected to appear further downfield (44). 

Dehydrohalogenation of the :CC12 insertion product would 

furnish either a cisoid or a transoid diene, depending upon the cor- 
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rect structure of the starting material. The predictable difference 

between the two dienes in the ultraviolet absorption spectrum would 

then allow assignment of the correct structure. Dehydrohalogenation 

led to a mixture of two inseparable epimeric chlorides 33. The ultra- 

violet spectrum of the mixture shows a v max 245mµ (E 14, 300), [ pre - 

dieted ymax ca. 249mµ, lit. (45, p. 14)] , thereby identifying the 

insertion product as the 7a -dichloromethyl compound 32. 

Bz0 

CH2 

32 

KOH 

EtOH 
CHC12 HO *41 

33 

H 

Cl 

The 7a -dibromomethyl insertion product 34 was obtained in a 

similar manner when cholesteryl benzoate was treated with Ph-Hg- 

CBr 
3 

in a sealed tube. The structure and stereochemistry of the 

assertion products 32 and 34 were unequivocally proven by 

chemical transformation to a known compound. Zinc dust reduction 

n ethanol of either the :CC12 
2 

or :CBr2 
2 

product furnished, in good 

yield, 7a -methyl-5-cholesten-3P-o1-3-benzoate 35. The physical 

spectral properties of 35 compared very favorably with those 

max 

CH3 

:w) 

ard 

t0 ' 



found in the literature (25). Compound 35 was then treated with 

lithium aluminum hydride in THE to afford the alcohol 36; this 

proved to be 7a -methylcholesterol by comparison with literature 

values (25). In particular, the characteristic NMR spectrum was 

superimposable with that of an authentic sample. 

BzO 

BzO 

32 

34 

Zn \ 
' CHC12 \ 

BzO 

'CHBr2 
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This represents the first reported stereospecific dihalocarbene 

insertion reaction, and illustrates that dihalocarbene insertion reac- 

tions can be subject to stereochemical control. This insertion reac- 

tion is particularly noteworthy in view of the fact that it takes place 

xri preference to addition. Such an observation emphasizes the rela- 

tive unreactivity of the isolated 5, 6 double bond. The reason behind 

the failure to observe addition is now believed to be steric in nature. 

In addition to the above results, it was found that 5- cholestene -3 P, 7a- 

diol dibenzoate gave no insertion product when treated with 

Zn l 

CH3 

,. 

CH3 
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Ph - Hg -CC13. 

The introduction of a 7a -methyl substitutent in some steroids 

results in a strong increase in their biological activity (3, 83). The 

synthetic routes available for preparing 7a -methyl steroids are not 

stereospecific, however (26, 149). Usually a mixture of the 7a - 

isomer contaminated with the 7f3 isomer is obtained; this is then tedi- 

ously purified by a variety of techniques. The dihalocarbene insertion 

reaction now makes the 7a -methyl steroids available in a stereo - 

specific manner. Since halogen has been shown to increase markedly 

the biological activity of steroids, it would be interesting to determine 

the activity of the 7a -dihalomethyl substituted steroids. Perhaps 

these derivatives will show an activity higher than their 7a -methyl 

analogs. 

Reaction of :CX2 with 6- substituted Cholesteryl Acetates 

In continuing efforts to obtain :CC12 or :CBr2 addition at the 

5, 6 double bond, it was decided to investigate the reaction of :CC12 

with 5, 6 olefins of varying nucleophilicity. The higher reactivity of 

tetraalkyl substituted olefins in relation to trialkyl substituted olefins 

is well- known. It has also been established that olefins substituted 

with electron -withdrawing substituents undergo addition only with 

difficulty. Therefore it was no surprise when 6- nitrocholesteryl 



acetate 37 failed to add :CC12 generated from Ph- Hg -CC13. 

CH3 

AcO *41 
NO2 

Ph-Hg-CC13 

Sealed tube 
1650 

No adduct formed 

70 

37 

The reaction of Ph -Hg -CC13 with 6 -methylcholesteryl acetate 

38 proved to be much more rewarding. The reaction, conducted in 

a sealed tube at an elevated temperature, furnished new material 

which analyzed correctly for C31H5002C12. The product was shown 

to be that of addition by the following arguments. The absence of a 

6.15 b band in the NMR which is typical of a -CHC12 proton ruled 

out any possibility of an insertion product. The olefinic methyl group 

of 6- methylcholesteryl acetate appears at 97 c. p. s. in the NMR. 

In the dichlorocarbene product the C -6 methyl resonance is shifted 

upfield to 73 c. p. s. , a position which is consistent with addition. 

Ac O 

CH3 CH3 

CH3 

Ph-Hg-CC13 

10 equivalents 
Sealed tube 

Ac 
CH3 

Cl Cl 

38 39 

The position of the 3a -proton in the olefin 38 is 4. 58 6. This 

proton is shifted downfield to 5. 08 6 in the NMR of the adduct 39. 
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Because of this downfield shift the stereochemistry of the adduct is 

formulated as 5a, 6a. Such a deshielding effect would be reasonable 

for the a adduct due to the close proximity of one of the chlorine 

atoms to the 3 a -proton. Although the 5a, 6a configuration leads to 

AcO 

CH3 

CH3 

a large 1, 3 diaxial interaction between two methyl groups, the 5ß, 6ß 

adduct would result in a larger and even prohibitive interaction. This 

stereochemical assignment must be regarded as tentative, however. 

The nucleophilicity of the 5, 6 olefinic linkage of 38 is there- 

fore sufficient to overcome any retarding steric effects which may 

be involved in the addition process. These results also seem to 

suggest that if the nucleophilicity of cholesteryl acetate itself were 

sufficient to permit :CC12 addition, the addition would proceed from 

the less hindered a side in contrast to the ß addition of the smaller 

t.uorocarbene. Inspection of models reveals that the degree of 

p- orbital overlap attainable between the carbene and the 5, 6 olefinic 

linkage differs depending upon which face of the steroid is involved. 

The best overlap possible is at the topside. If the attacking species 

is small enough, as with :CF2, the more efficient overlap occurs with 

39 
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P face attack. In the case of the bulkier :CC12, efficient overlap 

at the P face is prevented by steric interference encountered with 

the C -19 methyl group. Attack at the a face, where the p- orbitals 

of the olefin are tilted under the molecule, can occur only if the 

nucleophilicity of the double bond is increased. These arguments 

seem to encompass and explain the different modes of attack seen 

with the various 5, 6 olefins. 

The 6- acetoxy derivative of cholesteryl acetate was next pre- 

pared in hopes of obtaining addition with it. The diacetate was pre- 

pared by the route outlined in scheme 4. Comparison with literature 

values allowed positive identification. 

Ac O 

Scheme 4 

O 

40 

37 

41 

OAc 

Zn 

HOAc 

Stork (138) has found that sterically hindered enol acetates do 

not undergo dihalocarbene addition under typical conditions. In 
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support of this he discovered that the enol acetate of cedrene was 

recovered unchanged when reacted with phenyl(t rib romomethyl)me r - 

cury. The 5, 6 olefinic linkage of thole ste ryl derivatives has cer- 

tainly demonstrated its relative unreactivity toward :CC12 as evi - 

denced by its insertion reaction. The reaction of enol acetate 41 

with phenyl(trichloromethyl)mercury should therefore allow further 

evaluation of Stork's proposal. Treatment of 41 with 20 equivalents 

of phenyl(trichloromethyl)mercury under sealed tube conditions led 

to the formation of a halogen -containing product. In analogy to the 

6- methylcholesteryl acetate results, the addition product 42 was 

assigned a 5a, 6a configuration. Again this stereochemical assign- 

ment must be regarded as tentative. 

AcO 

CH3 CH3 

41 

OAc 

Ph-Hg-CC13 

Sealed tube 

42 

In contrast to Stork's results, dihalocarbene addition has thus 

been achieved with a sterically hindered enol acetate. Undoubtedly 

one of the reasons for the success of this reaction is the forcing 

conditions employed. The fact that the sealed tube reactions do 

constitute forcing conditions has been overwhelmingly demonstrated 

in these laboratories. Dihalocarbene reactions conducted in open 
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systems have been found to result in extensive darkening. The 

sealed tube reactions did not show any such darkening, and further- 

more, they usually gave significantly higher yields. Further applica- 

tion of this technique should be quite rewarding. 

Reaction of :CX2 with 7- Cholestenyl Benzoate 

Since the relatively hindered trisubstituted double bond of 

cholesteryl benzoate was not attacked by :CC12 or :CBr2, it was of 

interest to extend the studies to an even more hindered trisubstituted 

double bond, such as that found in 7- cholestenyl benzoate. The rela- 

tive inertness of this bond to all types of electrophilic attack is well 

documented (95). Indeed, as mentioned earlier the 7, 8 olefinic link- 

age cannot be reduced under normal catalytic conditions. With 

7- cholestenyl benzoate there was the possibility of allylic insertion 

at C -6, and it was of interest to see whether attack occurred a as 

with cholesteryl benzoate, which in this case would require inser- 

tion into an equatorial rather than axial bond. 

Synthesis of 7- cholestenyl benzoate was achieved by selective 

hydrogenation of 7- dehydrocholesterol using W -2 Raney nickel fol- 

lowed by benzoylation of the resulting 7- cholestenol 43. 
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Surprisingly, 7- cholestenyl benzoate 44 was found to undergo 

ready addition with both difluoro- and dichlorocarbene as evidenced 

by the absence of vinylic absorption in the NMR of the products. The 

yields in these addition reactions were quite high. In the case of 

:CC12, addition was also successful in an open system, but the 

product was contaminated with starting material and required a 

tedious purification. Under sealed tube conditions the yield was 

significantly higher, and no starting material was left unreacted. 

BzO 

44 

C1F2CCOONa 

/15 equivalents 
Bz O 

45 

Ph- Hg -CC13 
CH3 

15 equivalents 

Sealed tube 
BzO 

46 

F 

`-- Cl 

Cl 

83% 

50% 

Raney Ni 

H2 H 

il 
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Sodium and liquid ammonia reduction of the dichorocarbene 

adduct 46 followed by benzoylation of the crude alcohol furnished the 

cyclopropyl adduct 47 in good yield. The angular methyl groups of 

46 are seen in the NMR at 49 c.p. s. (18 -Me) and 55 c.p. s. (19 -Me). 

The position of the angular methyl signals of 47 are also found at 

49 c.p. s. and 55 c.p. s. This is good evidence in favor of a 7a', 8a 

configuration. If the stereochemistry of the adducts were (3, a 

significant shift to downfield positions would be expected for the 

angular methyl groups of the gem- dichloropropyl adduct. This 

stereochemical assignment is not surprising since it is in agree- 

ment with the known examples of electrophilic attack on 7, 8 olefins 

(47, p. 243). The assigned a stereochemistry of the difluorocarbene 

adduct 45 also gains support from its NMR spectrum since the 19 -Me 

group appears as a sharp singlet at 57.5 c.p. s. The (3 adduct would 

be expected to display the 19 -Me signal as a doublet due to long - 

range, spin-spin coupling. 

BzO 

46 

1. Na-NH3 

2. BzC1 

pyridine 
BzO 

47 

To prove conclusively the stereochemistry of the carbene 

adducts a stereospecific synthesis of 47 was needed. Initial efforts 

31. 
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to achieve this end result are outlined in scheme 5. Hydroboration 

of 7- dehydrocholesterol was accomplished from the less hindered a 

side of the molecule (24) to give the organoborane which was 

Scheme 5 

CH3 CH3 

HO 

1, B2H6 

2. H2O2 

NaOH 

BzO 

47 

Selective 

benzoylation 

CH2I2 

Zn-Cu 

BzO 

OH 

50 

1. Jones 

2. Wolff- Kishner 
3. BzCl- pyridine 

oxidatively cleaved to furnish 7- cholesten- 3(3, 6a -diol 48. The fact 

that alcohol activated 7, 8 double bonds of steroids will undergo addi- 

tion with the Simmons-Smith reagent has been demonstrated by 

Laurent et al. (92). Methylenation of 48 therefore produced the 

cyclopropyl diol 49. The methylene protons of the cyclopropane ring 

appear as a broad band in the NMR at ca. 15 c. p. s. Of the two 

secondary equatorial alcohols in 49, it was felt that the 6a -OH would 

be more resistant to attack 'Ts steric environment. All 

Th_.\ 

-r: a c 3f its 

ÇH31 

=-rH 
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H 



78 

efforts to prepare the monobenzoate 50 by selective benzoylation 

proved fruitless, however. Treatment of the diol 49 with one equiva- 

lent of benzoyl chloride gave a complex mixture from which the de- 

sired benzoate could not be separated. 

Recently Ringold (23) published a convenient procedure for 

hydroborating 7- dehydrocholesteryl acetate which left the acetate 

function largely intact. By this procedure the desired monoester 

was prepared, allowing a stereospecific synthesis of 47 as outlined 

in scheme 6. Hydroboration of 7- dehydrocholesteryl acetate at 0°, 

Scheme 6 

AcO 

ÓH 
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followed by rapid treatment of the organoborane with a solution of 

1% sodium hydroxide containing 30% hydrogen peroxide, furnished 

51 in 12% yield. Stereospecific Simmons -Smith treatment of 51, 

followed by Jones oxidation of the resulting adduct 52 afforded the 

a methylene adduct 53. The infrared absorption spectrum of 53 

shows a carbonyl band at 1692 cm -1, characteristic of an a, ß- cyclo- 

propyl ketone. Wolff -Kishner reduction of 53 yielded a crude alcohol 

which was benzoylated in the usual manner to give 7a , 8a -methylene- 

cholestan- 3(3 -o1 -3- benzoate 47. The cyclopropyl protons appear as 

a complex pattern spread from -5 c.p. s. to 30 c.p. s. in the NMR. 

This cyclopropyl compound of known configuration was identical in 

all respects with the methylene adduct obtained from the dichlo ro - 

carbene addition product. This conclusively proves that the direction 

of dihalocarbene attack on the 7, 8 olefin occurs from the less hin- 

dered side of the molecule. 

It is now clear that the manner of dihalocarbene attack on 

7, 8 olefins differs dramatically from that observed with 5, 6 olefins. 

A possible answer to this difference can be garnered from close 

BzO X=C1orBr BzO 

CH3 

2 



AcO 

BzO 

:CC12 

AcO 

:CX2 

X=F'orC1 BzO 
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inspection of molecular models. In the 7, 8 olefins the p- orbitals of 

the olefinic linkage are tilted outward from the bottom side of the 

molecule. Because of this tilted configuration, the p- orbitals are 

easily accessible to the incoming carbene at the a face of the mole- 

cule, thereby giving efficient overlap, and addition occurs with ease. 

The ß face of the molecule is protected by the two angular methyl 

groups. With the 5, 6 olefins the geometry is such that the p- orbitals 

are tucked back under the a face. This results in a lower degree 

of overlap because of steric hindrance and presents a larger energy 

barrier to addition. In the case of 6- methylchole ste ryl acetate the 

energy barrier is lowered by increasing the nucleophilicity of the 

5, 6 double bond. These results clearly show that in spite of their 

highly reactive nature, dihalocarbenes are subject to steric inter- 

ference. Pictorial illustrations of the isolated 5, 6 and 7, 8 double 

bonds can be seen in Figures 1 and 2 on the following page. 
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Figure 1. Molecular model of the isolated 7, 8 double bond. 

Figure 2. Molecular model of the isolated 5, 6 double bond. 
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Reactions of :CX2 with Other Olefins 

The 6, 7 olefinic linkage of steroids was next investigated. 

Synthesis of 6- cholesten- 3p -o1 -3- 1:enzoate 54 was accomplished by 

the procedure of Caglioti (24) as follows: 

BH 
2 6 

25° HO 

BzC l 

Pyridine BzO 

54 

H 
® 

Ac2 0 

165° 

The NMR spectrum exhibits the two olefinic protons as a doublet 

(J.7 c.p. s.) centered at 5.42 6. 

Treatment of 54 with phenyl(trichloromethyl)mercury resulted 

in formation of a single adduct 55 in 53% yield. The NMR spectrum 

of 55 shows the angular methyl groups at 42 c.p. s. (18 -Me) and 

51.5 c.p. s. (19 -Me) along with no olefinic absorption. The angu- 

lar methyl signals of 54 are visible at 43 c.p. s. (18 -Me) and 51.5 

c.p. s. (19 -Me). Although the stereochemistry of adduct 55 is 

unknown, a 6a , 7a configuration is favored because of the close 

CH3 

--a 



BzO 

54 

Ph-Hg-CC13 

10 equivalents 
Sealed tube 

BzO 
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comparison in the position of the angular methyl signals with that of 

the starting olefin. The close proximity of the electronegative chlor- 

ine atoms to the C-19 methyl group in a f3 adduct would certainly 

result in a significant deshielding effect on the methyl protons. 

It should, however, be emphasized that a 6a, 7a configuration 

remains unproven. 

Difluorocarbene was found to react smoothly with 20 -5 a -preg - 

nene -3(3, 20 -diol diacetate 56 to form a mixture of the two epimers 

57a and 57b. The C-20 epimeric mixture was purified and obtained 

AcO 

CH3 I 

OAc 

56 

-í 

C IF2 CC OONa --. 
165° 

AcO 

57a + 57b 

crystalline, but no attempt was made to separate one epimer from 

the other. 

CH 

SS 
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Spectral Data of the Prepared Cyclopropyl Adducts 

NMR shielding data has been used extensively during the 

course of the present work for the correlation of the stereochernistry 

of the prepared cyclopropyl adducts. For this reason a tabulation 

of the data is presented in Table 9. Also included is the optical 

rotation of .the cholesterol derived adducts. 
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Table 9. Spectral data of the prepared cyclopropyl adducts. 

Steroid NMR( c. p. s. ) Rotation 
18-Me 19-Me 3 a-H a I 

D 

F 
F> . 

AcO 

C1),,- 

Cl 
Ac 0 

Br 

Br '' 
AcO 

BzO 

BzO 

BzO 

39 50 +190 

39 50 +27° 

39.5 50 4430 

39.5 55 +33° 

36 67 300 -65° 

35 70 298 +280 

36 73 312 +34° 

H 

AcO 

F - F 

-- 

-- 
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Table 9. Continued 

Steroid NMR (c. p. s. ) 

18 -Me 19 -Me 3 cä. -H 
Rotation 

Bz O 

Ac O 

HO 

BzO 

BzO '> CHBr2 

33 67 303 _730 

33 63 209 -122° 

32.5 64 289 -126° 

35 68 +17° 

40 Buried 309 +10 

41 64 290 -70° 

41 64 295 -57° 

a ] 

Hh H 

SO 'CHC12 
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Table 9. Continued 

Steroid NMR ( c. p. s. ) 

18-Me 19-Me 3 a-H p,1 

Rotation 

BzO 

BzO 

BzO 

HkH 

BzO 
OH 

37.5 69.5 305 -65° 

41.5 67 303 +29° 

38 70 300 -39° 

37.5 66 232 -50° 

40 77 -12° 

39 37 308 +40° 

D 

I-ír H 

H-'(H 
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Table 9. Continued 

Steroid NMR ( c. p. s. ) 

18 -Me 19 -Me 3 a -H a ] 
D 

Rotation 

BzO 

BzO 

H 

H H 

AcO 

Cl 

38.5 69 307 -14° 

38 55 312 +4° 

38 52 

39.5 57.5 

32.5 90 322 +34° 

38.5 69 305 -12° 

BzO 

-- -- 

-_ 
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Table 9. Continued 

Steroid NMR (c. p. s. ) Rotation 

18 -Me 19 -Me 3 a -H a. 1 

Ac O 

BzO 

BzO 

BzO 

H 
H 

Cl 

41 6S 286 

50 57.5 297 +11° 

SO 55 294 _39° 

50 55 295 +9° 

42 51.5 304 _70 

BzO 

D 
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Conclusions 

The present work has fully demonstrated the synthetic utility 

of dihalocarbenes in preparing small, strained ring steroids con- 

taining halogen. A new procedure involving the use of sealed tubes 

has been discovered which results in cleaner reactions character- 

ized by higher yields. The important aspect of stereochemistry 

has been evaluated, showing that dihalocarbenes are subject to 

steric hindrance in their reaction processes. In addition, the ster- 

eochemistry of a number of dihalocarbene-steroid reaction products 

has been unequivocally proven. Two areas which remain to be evalu- 

ated are the biological activity of the prepared adducts, preferably 

in a more active system, and a study of further chemical transforma- 

tions of the adducts. 
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EXPERIMENTAL 

All melting points were recorded on a Buchi" melting point 

apparatus and are corrected. The analyses were performed by 

Galbraith Laboratories, Inc. , Knoxville 21, Tennessee. Infrared 

absorption spectra were determined using a Beckman IR -8 spec- 

trometer. Ultraviolet absorption spectra were measured in cyclo- 

hexane or 95% ethanol with a Beckman Model DB recording spec- 

trometer. Proton nuclear magnetic resonance spectra (NMR) were 

run in carbon tetrachloride or deuterochloroform on a Varian Model 

A-60 instrument. The chemical shifts of the steroid methyl groups 

are reported as cycles per second (c. p. s. ), while all other chemical 

shifts are reported as parts per million (6) from the internal standard 

tetramethylsilane. Optical rotations were run on ca. one percent 

solution in chloroform using a Perkin -Elmer Model 141 polarimeter. 

All chromatographies were run using Merck acid washed activity II 

alumina unless otherwise stated. Thin layer chromatographies were 

run on Brinkmann silica gel G plates with a thickness of ca. 275p.. 

The ether solvents, "glyme" and "diglyme ", were dried by distilla- 

tion from metallic sodium and then from lithium aluminum hydride. 

Ethyl trichloroacetate. A solution of 454 g. (2. 78 moles) of 

trichloroacetic acid in 1500 ml. of absolute ethanol was heated under 

reflux overnight. The ethanol -water azeotrope (95:5) which boils at 
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78.2' was distilled until the temperature exceeded 80' . The remain- 

ing liquid was then transferred to a smaller flask and fractionated. 

The ethyl trichloroacete fraction boiling between 166-169° was col- 

lected to give 317 g. (60%) of pure product [ lit. (80, p. 774) b. p. 

168`). 

Phenyl (trichloromethyl)mercury. Into a 5 -1. three -necked 

Morton flask equipped with an efficient stirrer were placed 132 g. 

(O. 37 mole) of phenylmercuric bromide, 240 g. (1.26 moles) of ethyl 

trichloroacetate, and 2000 ml. of anhydrous benzene. The mixture 

was stirred and cooled in an ice bath for 30 minutes, and then 84 g. 

(1.54 moles) of sodium methoxide (freshly prepared) was added in 

one portion. The resulting gray- colored suspension was rapidly 

stirred for 90 minutes at 0°. After addition of 2000 ml. of water 

the suspension was filtered under vacuum. The separated benzene 

layer was washed with water, and the water layer was washed with 

two 200 ml. portions of benzene. The combined benzene layers were 

then dried over magnesium sulfate. The solvent was removed by 

passage of a stream of air over the solution while standing overnight 

in a hood. Crystallization of the residue from chloroform- hexane 

(1:4) gave, in two crops, 107 g. (73%) of phenyl (trichloromethyl) - 

mercury, m.p. 112-114" [lit. (1 14) m.p. 114-1151 This com- 

pound should he handled with extreme caution since contact with the 

skin results in painful blisters. 

. 
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Phenyl(tribromomethyl)mercury. Into a 5-1. three necked 

Morton flask equipped with a high -speed stirrer and a dry nitrogen 

source were placed 179 g. (0.50 mole) of phenylmercuric bromide, 

506 g. (2. 0 moles) of freshly distilled bromoform, and 2200 ml. of 

anhydrous benzene. After stirring and cooling in an ice bath for 30 

minutes, potassium t- butoxide (freshly prepared from 40 g. of potas- 

sium metal) was added in small portions over a three hour period. 

After stirring for an additional hour at Oa , the resulting suspension 

was poured into 2500 ml. of water. The mixture was then filtered 

and the benzene phase of the filtrate separated from the aqueous 

phase. The benzene phase was washed with two 250 ml. portions 

of water, while the aqueous phase was extracted with two 150 ml. 

portions of benzene. The combined benzene layers were then dried 

over magnesium sulfate. Removal of the solvent was accomplished 

by passage of a stream of air over the solution while standing in a 

hood overnight. The residue was crystallized from chloroform - 

hexane (1 :4) to afford 58. 6 g. (22%) of phenyl (tribromomethyl)mer- 

cury, m.p. 113-115' (dec.) [lit. (1 19) m.p. 119-120' (dec. )] . This 

compound causes painful blisters when brought in contact with the 

skin and thus should be handled with extreme caution. 

Cholestan- 33-ol. Hydrogenation of 30.0 g. (0. 0778 mole) of 

cholesterol over platinum oxide (0. 75 g. ) in ethyl acetate (630 ml.) 

containing six drops of 70% perchloric acid at room temperature and 
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45 pounds gauge pressure for six hours resulted in saturation of the 

5, 6 double bond. The solution was then filtered, washed several 

times with water, dried over magnesium sulfate, and the solvent 

removed in vacuo at aspirator pressure to give 30 g. of white solid. 

Recrystallization from chloroform -methanol yielded 29. 1 g. (96 %) 

of cholestan -3P.ol as flat plates, m. p. 142-143° [ lit. (65) m. p. 

139 -141 ° 

Cholestan -3 -one. Into a two liter three -necked flask, equipped . . 

with a dropping funnel, was placed a solution of 42. 0 g. of sodium 

dichromate dissolved in 180 ml. of distilled water with 54 ml. of 

concentrated sulfuric acid and 30 ml. of glacial acetic acid added. 

To this solution was added 29. 0 g. (O. 075 mole) of cholestan- 3(3 -ol 

in 500 ml. of benzene over a two hour period. During the addition 

the solution was kept at 0-10° and was rapidly stirred with a mechan- 

ical stirrer. After addition had been completed the solution was 

allowed to come to room temperature slowly with stirring over- 

night. The organic layer was then separated from the dark red acid 

layer, washed with 10% sodium bicarbonate solution, 5% hydrochloric 

acid solution, saturated salt solution, and dried over magnesium 

sulfate. The solvent was removed from the filtered solution in vacuo 

to afford 29 g. of white solid. Recrystallization from chloroform - 

methanol yielded 22.7 g. (79 %) of cholestan -3 -one collected as a 

fine white powder, m. p. 128-129° [ lit. (136) m. p. 128-129°] . 

Cholestanone enol acetate 1. Into a 500 ml. three -necked 
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flask equipped with a water condenser was placed 6. 05 g. (O. 016 

mole) of cholestan -3 -one followed by 200 ml. of redistilled iso- 

propenyl acetate. After the magnetically stirred solution was brought 

to a low reflux, 0. 70 g. (0,004mole) of p- toluenesulfonic acid was 

added. The clear solution was heated under reflux for 14 hours 

during which time the solution turned slightly yellow. The reaction 

solution was then cooled and poured into ether. The ether solution 

was washed with 10% sodium bicarbonate solution, saturated salt 

solution, and dried over magnesium sulfate. The solvent was re- 

moved from the filtered solution in vacuo using a Duo -seal high 

vacuum pump. The 6. 8 g. of brown -white solid thus obtained was 

recrystallized from acetone twice to yield 6. 0 g. (89%) of cholestanone 

enol acetate 1. The product collected as large needles showed a 

m, p. 89-94' exhibiting red and green fluorescence at the melt 

[ lit. (105) m. p. 89-901 ] . 

Reaction of Cholestanoneenol acetate 1 with Difluorocarbene. 

Into a 500 ml. three -necked flask was placed a solution of 6.42 g. 

(0. 015 mole) of cholestanone enol acetate 1 in ca. 100 ml. of anhydrous 

"diglyme ". The magnetically stirred solution was heated under reflux 

in an atmosphere of dry nitrogen. Sodium chlorodifluoroacetate (1 1. 4 

g. , 0. 075 mole) was added to the solution in small portions from an 

addition tube connected to the flask by large diameter rubber tubing. 

After the two hour addition period was complete, the solution was 
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heated under reflux for an additional 30 minutes. During the addi- 

tion period a pungent white vapor believed to be tetrafluoroethylene 

was noticed escaping from the system. After cooling the resulting 

black suspension was filtered through celite, and concentrated in 

vacuo using a Duo -seal high vacuum pump to give 8. 0 g. of brown 

oil. Chromatography over 150 g. of alumina using hexane as eluent 

gave, in the first three fractions, 7. 28 g. of a clear white oil. Crys- 

tallization from chloroform -methanol gave 3. 66 g. (51%) of the diflu- 

orocarbene adduct 2 collected as fluffy needles, m.p. 120-123°. 

Recrystallization provided the analytical sample, m.p. 124.5-126° , 

a] + 19° . 

Anal. Calc. for C30H48O2F2:C, 75. 27; H, 10.11; F, 7. 94 

Found: C, 75.05; H, 9.91; F, 7,68 

The infrared spectrum displays major absorption bands at 2945, 

2890, 1755, 1475, 1465, 1455, 1370, 1240, 1220, 1155 and 1105 cm 1. 

The NMR spectrum shows the acetate methyl group at 2.028, 

and the other methyl groups at 39 c.p. s. (18 -Me), 50 and 55 c.p. s. 

(26- and 27 -Me), and 50 c.p. s. (19 -Me). 

Chromatography and repeated recrystallizations conducted on 

the residual oil from the above reaction in attempts to isolate the 

adduct of opposite stereochemistry gave only impure solids. 

Reaction of Cholestanone enol acetate 1 with Dichlorocarbene. 

Into a 500 ml. three-necked flask equipped with an addition tube and 
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two water condensers (fitted with a nitrogen inlet and outlet system) 

was placed 5. 0 g. (O. 012 mole) of cholestanoneenol_ acetate 1 followed 

by ca. 70 ml. of dry "diglyme ". A clear solution resulted when the 

magnetically stirred suspension was heated to a low reflux. To this 

solution, under reflux, was added 32.46 g. (0.176 mole) of sodium 

trichloroacetate in very small portions over a period of 45 hours. 

The resulting black reaction mixture was filtered through celite 

with added chloroform, washed numerous times with distilled water, 

dried over magnesium sulfate, and concentrated in vacuo at aspirator 

pressure to give ca. 25 ml. of a dark brown oil. Chromatography 

of this oil over 180 g. of alumina gave in the early fractions 6. 3 g. 

of a light brown oil. Fractions two through seven were shown to 

contain product by thin layer chromatography on silica gel. These 

fractions were therefore combined, dissolved in chloroform, decolor- 

ized with norite, filtered, and concentrated in vacuo using a Duo -seal 

high vacuum pump to give 5. 6 g. of a light brown oil. A second 

chromatography over 200 g. of alumina collecting 100 ml. fractions 

in hexane -benzene (1:1) gave in fractions five through nine 4. 49 g. of 

a yellow -white oil which solidified on standing. Recrystallization 

from chloroform -methanol yielded 2.45 g. (41 %) of dichlorocarbene 

adduct 3 collected as flat prisms, m. p. 127-128° , a ] + 27° . 

Anal. Calc. for C30H48O2C12: C, 70.43; H, 9.46 

Found: C, 70. 73; H, 9.57 
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The infrared spectrum exhibits absorption peaks at 3090, 3030, 

2900, 2880, 1755, 1450, 1360, 1170, 1025, and 863 cm -1. 

The NMR spectrum shows the methyl groups at 50 and 55 c. p. s. 

(26- and 27 -Me), 39 c. p. s. (18 -Me), 50 c. p. s. (19 -Me), and the 

acetate methyl at 2. 00 6. 

Reaction of Cholestanone enol acetate 1 with Dibromocarbene. 

A solution of 8.10 g. (0.019 mole) of cholestanone enol acetate 1 in 

100 ml. of dry benzene was placed in a 500 ml. three -necked flask. 

To the stirred solution at reflux under nitrogen was added 35.0 g. 

(0. 066 mole) of phenyl (tribromomethyl)mercury in four equivalent 

portions approximately three hours apart. The suspension was then 

heated under reflux for an additional four hours. The resulting dark 

brown suspension was filtered through celite with added benzene to 

remove the precipitated phenyl mercuric bromide. The benzene was 

then removed in vacuo to give 19 g. of a viscous dark black oil. Chro- 

matography over 200 g. of alumina with benzene gave in fractions two 

through six 17.2 g. of brown oil identified as crude product by thin 

layer chromatography. A second chromatography over 240 g. of 

alumina using hexane -benzene (4:1) as eluent and collecting 100 ml. 

fractions gave in fractions five through nine 8. 65 g. of yellow oil. 

This oil solidified on standing. The second fraction of 1.51 g. of 

white crystalline solid showed a melting point of 54-57° and was 

tentatively identified as tetrabromoethylene [ lit. (63) m. p. 56°1 . 



99 

This white solid also showed no carbon -hydrogen absorption peaks 

in its infrared absorption spectrum. Recrystallization of the crude 

product from chloroform -methanol yielded 5. 19 g. (46 %) of the 

dibromocarbene adduct 4 as flat prisms, m. p. 138-139° , a] D+ 43° . 

Anal. Calc. for C30H48O2Br2: C, 60. 00; H, 8. 06; Br, 26. 62 

Found: C, 59. 86; H, 8. 08; Br, 26. 56 

The infrared spectrum exhibits absorption peaks at 2940, 2885, 

1755, 1450, 1360, 1205, 1165, 1075, and 885 cm 1 

The NMR spectrum shows the acetate methyl at 2.07 6 and 

the other methyls at 50 and 56 c. p. s. (26- and 27 -Me), 39.5 c. p. s. 

(18 -Me), and 50 c. p. s. (19 -Me). 

2 , 3 -Methylenecholestan -3 -o1.-3- acetate 5. Into a 500 ml. 

three -necked flask equipped with a dropping funnel and a cold finger 

(filled with dry ice and acetone) was placed ca. 100 ml. of anhydrous 

liquid ammonia. To this magnetically stirred solution, kept in a dry 

ice -acetone bath, were added a few small pieces of freshly cut sodi- 

um metal. As soon as the resulting blue color became uniform, 

0.500 g. (0.00083 mole) of 2 , 3 -(dibromomethylene) -cholestan- 

3 -o1-3-acetate 4 dissolved in 70 ml. of anhydrous ether was added 

dropwise. During the 30 minute addition period more sodium metal 

was added in small pieces until a total of 0.600 g. (0.026 mole) was 

consumed. The resulting blue solution was allowed to stir for two 

hours, and then solid ammonium chloride was added in sufficient 
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quantity to destroy the blue coloration. The dry ice -acetone bath 

was then removed and the ammonia allowed to evaporate overnight 

with stirring. The residue was dissolved in chloroform and washed 

with 5% hydrochloric acid solution, 10% sodium bicarbonate solution, 

saturated salt solution, and dried over magnesium sulfate. The 

solvent was removed from the filtered solution in vacuo at aspirator 

pressure to furnish 0.53 g. of a light yellow oil. Adsorption on 15 g. 

of alumina and elution with hexane-benzene (1':1) afforded in fractions 

eight through ten 0.122 g. of white solid. Crystallization from ace- 

tone produced 0. 103 g. (28 %) of 2 , 3 8.- methylenecholestan -3 -ol- 

3-acetate 5 as flat plates, m. p. 122-123°, a ] + 33°. 

Anal. Calc. for C30H50O2 
2 : C, 81. 39; H, 11.38 

Found: C, 81.33; H, 11.25 

The infrared spectrum exhibits major absorption bands at 2950, 

2860, 1745, 1450, 1370, 1220, and 1170 cm 1. 

The NMR spectrum displays the methyl groups at 39.5 c. p. s. 

(18 -Me), 50 and 55 c. p. s. (26- and 27 -Me), and 55 c. p. s. (19 -Me). 

The acetate methyl is seen at 1.90 6. The methylene protons of the 

cyclopropane ring appear as a multiplet centered at 22 c. p. s. 

Sodium and liquid ammonia reduction of 1.02 g. (0. 0020 mole) 

of 2 , 3 8- (dichloromethylene) -cholestan -3 .,-(31-3-acetate 3 in an 

analogous manner to that described above provided, after the stand- 

ard work -up, chromatography, and crystallization from acetone, 

E 
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0. 0 74 g. (9 %) of 2 ,, 5 3 -methylenecholestan -3 -o1-3-acetate 5, 

m.p. 120 -122 °,a] + 33 °. 

The methylene adducts obtained from the dichloromethylene 

and dibromomethylene adducts of cholestanone enol acetate were 

identical in all respects. This proves that the stereochemistry of 

the two dihalocarbene adducts, although still positively unknown, 

is identical. 

5a , 6a -(Difluoromethylene) - 7- cholesten -3 j3 -o1 -3 -benzoate 6 . 

A 500 ml, three -necked flask was fitted with two water condensers, 

an addition tube, and a nitrogen inlet and outlet system for sweeping. 

Into the flask was placed a solution of 14.6 g. (0. 030 mole) of 7 -de - 

hydrochole ste ryl benzoate in ca. 150 ml, of anhydrous "diglyme ". 

To this magnetically stirred solution heated under reflux was added 

22.9 g. (0. 150 mole) of sodium chlorodifluoroacetate in small por- 

tions over a period of two hours. As addition of the sodium salt 

progressed a pungent white vapor was noticed escaping from the 

system. This foul smelling vapor was condensed and collected as 

a clear liquid (ca. 7 ml.) in a dry ice-acetone trap. Upon removal 

from the dry ice -acetone trap the liquid immediately boiled away 

and most probably is tetrafluoroethylene [ lit. (80, p. 990) b. p. - 

78.4 ° ] . After addition of the sodium salt was complete the reaction 

was heated under reflux for another two hours. The resulting black 

solution was cooled, filtered through celite with added chloroform, 
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washed with cold water, and dried over magnesium sulfate. The 

filtered solution was then concentrated in vacuo at aspirator pressure. 

The resulting dark solution when allowed to stand in the cold over- 

night yielded 8. 0 g. of crystalline solid which was collected by filtra- 

tion and washed to whiteness with methanol, m.p. 193-195°. Re- 

crystallization from chloroform- methanol gave 7. 15 g. (45 %) of 

5a , 6a -( difluoromethylene ) -7- cholesten- 3p -o1 -3- benzoate 6 as thin 

flat plates, m.p. 195 -197 °,a] -65 ". 

Anal. Calc. for C35H4802F2: C, 78. 03; H, 8. 98; F, 7. 05 

Found: C, 78.32; H, 9. 25; F, 7. 05 

The infrared spectrum displays peaks at 2940, 2865, 1725, 

1450, 1375, 1265, 1220, 1110, 1045, 940, and 710 cm -1. 

The NMR spectrum shows the aromatic benzoate protons as 

two multiplets centered at 8. 05 5 and 7.47 8, the olefinic C-7 proton 

as a broad multiplet centered at 5.30 6, and the 3a -proton as a 

multiplet at ca. 5.00 5. The aromatic protons, the C -7 proton, 

and the 3a -proton integrated to give a ratio of 5:1:1, respectively. 

The methyl groups are visible at 67 c.p. s. (19 -Me), 55 and 50 c.p. s. 

(26- and 27 -Me), and 36 c.p. s. (18 -Me). 

The carbon -fluorine bonds of the product proved to be resistant 

to repeated attempts at reduction with sodium and liquid ammonia. 

Sa , 6a -(Dichloromethylene) -7- cholesten- 3ß -01 -3 -benzoate 7. 

A solution of 19. 52 g. (0. 040 mole) of 7- dehydrocholesteryl benzoate 
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in 150 ml. of anhydrous "diglyme" was placed in a three -necked flask 

equipped with an addition tube and two water condensers. The mag- 

netically stirred solution was heated under reflux in an atmosphere 

of dry nitrogen. From the large bore addition tube was added 3 7, 0 g. 

(0. 200 mole) of sodium trichloroacetate in small portions over a 

period of four hours. After completion of addition and heating for 

two additional hours, the dark solution was cooled and filtered through 

celite. Evaporation of the solvent in vacuo using a Duo -seal high 

vacuum pump gave 49. 8 g. of reddish -brown oil. The addition of 

250 ml. of petroleum ether (b. p. 30-60' ) caused the separation of 

6.27 g. of crystalline solid, m. p. 209-211' (dec. ). Recrystalliza- 

tion from chloroform -methanol yielded 6q 0 g. (26 %) of fluffy needles 

of 5a , 6a -(dichloromethylene)m7-cholesten-313-o1-3.-benzoate 7, m. p. 

211-212. 5 ° (dec. ), a ] + 28° . A second recrystallization for an 

analytical sample gave highly pure product, m. p. 214.5-216° (dec. 

Anal. Calc. for C35H48O2C12: C, 73. 53; H, 8.46; Cl, 12,41 

Found: C, 73. 80; H, 8. 59; Cl, 12, 23 

The infrared spectrum exhibits absorption peaks at 2960, 2880, 

) 

1725, 1450, 1380, 1275, 1110, 1070, 1030, 863, and 710 cm -1. 

The NMR spectrum shows the aromatic benzoate protons as 

a pair of multiplets centered at 7.82 6 and 7. 22 6, the olefinic C -7 

proton as a multiplet at 5. 33 6, and the 3a -proton as a broad band 

at ca. 4. 97 6. The above described peaks were integrated to give 
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a ratio of 5:1:1 respectively. The methyl groups are seen at 70 c. p.s. 

(19 -Me), 49 and 54 c.p. s. (26- and 27 -Me), and 34.5 c.p. s. (18 -Me). 

Treatment of 2.41 g. (0. 0042 mole) of the dichlorccarbene ad- 

duct 7 in 200 ml. of anhydrous tetrahydrofuran with 1. O g. of lithium 

aluminum hydride gave, after work -up and recrystallization from 

chloroform -methanol, 1.46 g. (75 %) of 5a , 6a -(dichloromethylene)- 

7- cholesten -3p -ol as long needles, m.p. 167 -169° , a ] + 17° . 

Anal. Calc. for C28H44OC12: C, 71. 92; H, 9.49; Cl, 15.17 

Found: C, 72. 27; H, 9. 66; Cl, 15.21 

The infrared spectrum shows absorption peaks at 3630, 3400, 

2950, 2880, 1465, 1380, and 1040 cm -1. 

The NMR spectrum exhibits the vinylic C-7 proton as a multi- 

plet at 5.45 8 and the 3a -proton as a broad band at ca. 3. 93 6 in a 

ratio of 1:1. The methyl groups are seen at 68 c.p. s. (19 -Me), 50 

and 55 c.p. s. (26- and 27 -Me), and 35 c.p. s. (18 -Me). 

Acetylation of 0.610 g. (0. 0013 mole) of the alcohol in 30 ml. 

of dry pyridine and 1. 0 ml. of acetic anhydride gave, after work -up 

and recrystallization from acetone, 0.37 g. (56 %) of the acetate, 

m.p. 153-155' . The acetate has major absorption bands in the 

infrared spectrum at 2950, 2880, 1730, 1450, 1360, 1235, and 

1030 cm-1. 

5a, 6a. -( Dibromomethylene ) -7- cholesten- 3ß -ol -3 -benzoate 8. 

A suspension of 30.0 g. (0. 0615 mole) of 7- dehydrocholesteryl 
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benzoate and 160 g. (0.633 mole) of bromoform in 2.0 1. of dry 

pentane was stirred with a high speed mechanical stirrer in an at- 

mosphere of nitrogen. To this suspension was added 40 g. of potas- 

sium t- butoxide (powder, freshly prepared) in five equivalent por- 

tions over the next three hours (reaction temperature, 20 -25° ). The 

suspension was then allowed to stir for an additional three hours; 

after which it was poured into a 4 1. beaker containing 600 ml. of 

5% hydrochloric acid solution and stirred. The flask was rinsed 

several times with chloroform and the rinsings were added to the 

beaker. The organic layer was siphoned off the top, and the bottom 

water layer was extracted twice with chloroform. The combined 

organic extracts were then concentrated in vacuo at aspirator pres- 

sure to a volume of ca. 500 ml. This dark yellow solution was 

washed with 5% hydrochloric acid solution, 10% sodium bicarbonate 

solution, saturated salt solution, and dried over magnesium sulfate. 

The filtered solution was then dried by a Duo -seal high vacuum pump 

to give 60 g. of a dark brown oil. Adsorption on 600 g. of alumina 

and elution with hexane-benzene (1:1) gave 45.1 g. of yellow oil. 

Crystallization and recrystallization from chloroform- methanol 

yielded 8. 73 g. (22 %) of 5a , 6a -(dibromomethylene)-7- cholesten- 

3p -ol -3- benzoate 8 collected as flat needles, m.p. 159-160' (dec.), 

a ] + 34° . Further recrystallization for an analytical sample gave 

highly pure product as long thin needles, m.p. 161-162° (dec.). 
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Anal. Calc. for C35H48O2Br2; C, 63. 64; H, 7.32; Br, 24. 20 

Found: C, 63. 59; H, 7. 50; Br, 24. 04 

The infrared spectrum shows absorption peaks at 2960, 2880, 

1720, 1600, 1465, 1445, 1380, 1315, 1265, 1243, 1195, 1170, 1111, 

1068, 1025, 1007, and 710 cm -1. 

The NMR spectrum exhibits the aromatic benzoate protons as 

a pair of multiplets at 8. 06 6 and 7.47 6, the olefinic C -7 proton as 

a multiplet at 5. 55 6, and the 3 a. -proton as a broad band at ca 5. 20 6 

in a ratio of 5:1:1, respectively. The 26- and 27 -Me groups are visi- 

ble at 50 and 55 c. p. s. , and the two angular methyl groups are at 

36 c. p. s. (18 -Me) and 73 c. p. s. (19 -Me). 

5a , 6a -Methylene -7- cholesten -3p -ol 16. Into a 1-1. three- 

necked flask equipped with a dropping funnel and a cold finger (filled 

with dry ice and acetone) was placed 400 ml. of anhydrous liquid 

ammonia. To this magnetically stirred solution, kept in a dry ice - 

acetone bath, were added a few small pieces of freshly cut sodium 

metal. As soon as the resulting blue color became uniform, a solu- 

tion of 7. 3 g. (0. 013 mole) of 5a , 6a -( dichloromethylene)- 7- cholesten- 

313 -o1 -3- benzoate 7 in 200 ml. of anhydrous tetrahydrofuran was in- 

troduced dropwise. During the two hour addition period more sodium 

metal was added in small pieces until a total of 7. 3 g. (0.32 mole) 

was consumed. The resulting blue solution was allowed to stir for 

five hours, and then solid ammonium chloride was added until the 
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blue color was discharged. The dry ice -acetone bath was removed 

and the ammonia allowed to evaporate overnight with stirring. The 

residue was dissolved in chloroform and the chloroform solution 

washed with 5% hydrochloric acid solution, 10% sodium bicarbonate 

solution, and saturated salt solution. After drying over magnesium 

sulfate, the solvent was evaporated in vacuo to afford 7 g. of a yellow- 

white solid. Chromatography over alumina and recrystallization from 

chloroform- methanol furnished 4.16 g. (82 %) of 5a , 6a -methylene-. 

7- cholesten- 3(3 -ol 16 as short needles, m.p. 159 -161 ° , a] 

Anal. Calc. for C28H46O: C, 84.35; H, 11.63 

Found: C, 84. 63; H, 11. 77 

The infrared spectrum has major absorption peaks at 3630 

(sharp), 2960, 2890, 1465, 1380, and 1040 cm -1. 

The NMR spectrum displays the 3a -proton as a singlet at 

3.48 6 and the C -7 olefinic proton as a multiplet centered at 5.47 6 

in a ratio of 1:1. The methyl groups can be seen at 33 c. p. s. (18- 

Me), 49 and 55 c. p. s. (26- and 27 -Me), and 63 c. p. s. (19 -Me). The 

methylene protons of the cyclopropane ring are not visible and are 

presumably deshielded by the shielding cone of the 7, 8 double bond. 

Acetylation of 0. 900 g. (0. 00226 mole) of the alcohol 16 in 

10 ml. of dry pyridine and 2 ml. of acetic anhydride gave, after 

work -up and recrystallization from acetone, 0. 79 g. (79 %) of the 

acetate as thin flat plates, m.p. 151-153° , a ] D 126° . 

D-122°. 

- 
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Anal. Calc. for C30H4802: C, 81. 76; H, 10. 98 

Found: C, 81.63; H, 11.04 

The infrared spectrum shows major absorption bands at 2950, 

2890, 1725, 1450, 1360, 1240, and 1028 cm -1. 

The NMR spectrum displays the acetate methyl as a singlet at 

2,00 6, the 3a -proton as a broad band centered at ca. 4. 82 8, and 

the olefinic C -7 proton as a multiplet centered at 5.47 6. The 

methyl groups are visible at 32.5 c.p.s. (18 -Me), 49 and 55 c.p.s. 

(26- and 27 -Me), and 64 c.p. s. (19 -Me). 

Benzoylation of the alcohol 16 (0. 062 g. , 0. 00016 mole) in 4 

ml. of dry pyridine and 0. 5 ml. of benzoyl chloride gave, after 

work -up and recrystallization from acetone, 0. 055 g. (71 %) of 

5a , 6a -methylene -7- cholesten- 3p -ol -3- benzoate 13b as small 

needles, m. p. 143-145' , a] - 73°. 

The infrared spectrum shows absorption bands at 2960, 2890, 

1720, 1600, 1585, 1468, 1450, 1380, 1370 1315, 1272, 1175, 1112, 

1096, 1070, 1028, and 710 cm -1, 

The NMR spectrum exhibits the 3a -proton as a broad band 

centered at ca. 5. 05 6, the olefinic C -7 proton as a multiplet cen- 

tered at 5.47 6, and the aromatic benzoate protons as a pair of 

multiplets centered at 7.47 6 and 8. 05 6. The methyl groups are 

seen at 33 c.p. s. (18 -Me), 49 and 55 c.p. s. (26- and 27 -Me), and 

67 c. p. s. (19 -Me). 
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Sodium and liquid ammonia reduction of 2. 00 g. (0. 00303 mole) 

of 5a , 6a -(dibromomethylene) - -7- cholesten- 3[3 -01 -3 -benzoate 8 in a 

similar fashion to that described above for the dichloromethylene 

adduct gave, after the usual work -up, 1.6 g. of a yellow oil. Treat- 

ment of this crude alcohol with 25 ml. of dry pyridine and 2 ml. of 

benzoyl chloride gave, after work -up, chromatography over alumina, 

and recrystallization from acetone, 0. 51 g. (34 %) of 5a , 6a -methyl- 

ene- 7- cholesten- -3- benzoate 13b as small needles, m. p. 142- 

145', a] - 73 

Anal. Cale. for C35H50O2: C, 83. 61; H, 10.02 

Found: C, 83. 35; H, 10.22 

The infrared spectrum and the NMR spectrum are identical 

to those of the benzoate prepared from the dichloromethylene adduct. 

The above results prove that the stereochemistry of the dichlor- 

omethylene and dibromomethylene adducts is identical. 

7a -Bromo -5- cholesten- 3(3 -o1 -3 .benzoate 9. To a rapidly 

stirred solution of 66.0 g. (0. 135 mole) of cholesteryl benzoate in 

750 ml. of carbon tetrachloride heated under reflux was added 29. 0 

g. (0. 163 mole, 20% excess) of N- bromosuccinimide in one portion. 

The solution was kept refluxing for exactly 25 minutes, and was then 

removed from the oil bath and cooled as quickly as possible. The 

heating period should never take longer than 30 minutes as the 

7 -bromo compound is extremely labile to heat. The gold -colored 

°. 
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suspension was filtered to remove the succinimide which was col- 

lected and dried to a weight of 16.0 g. (theoretical 16.2 g. ). The 

resulting filtrate was concentrated in vacuo at room temperature to 

give 124 g. of a yellow oil. The oil was then dissolved in acetone 

(ca. 300 ml.) and allowed to stand in the cold overnight. Collection 

of the precipitate by filtration afforded 32.6 g. (42. 5%) of 7a -bromo- 

5- cholesten- 3p -o1 -3- benzoate 9 as a gray -white powder, m.p. 131- 

132° (dec. )[ lit. (10) m.p. 142-1431 . The product was shown to 

contain a small amount of starting material by thin layer chromatog- 

raphy, but was not recrystallized because of its sensitive nature. 

The product also gave a positive sodium fusion test for halogen. 

The NMR spectrum exhibits the angular methyl groups at 43 

c.p. s. (18 -Me) and 66 c.p. s. (19 -Me) and the olefinic C -6 proton 

as a doublet centered at 5. 78 6 (J=5.5 c. p. s. ) . The 7p .proton ap- 

pears as a doublet centered at 4.58 6 (J =5 c. p. s. ), the 3a_ proton as 

a broad band at ca. 4. 87 6, and the aromatic benzoate protons as a 

pair of multiplets centered at 7.45 6 and 8. 00 6. 

5- Cholestene -3(3, 7a - diol -3- benzoate 1Oa. A solution of 9. 0 g. 

(0, 0158 mole) of 7a -bromo -5- cholesten- 3ß -o1 -3- benzoate 9 in 350 

ml. of dioxane was treated with a solution of 5. 0 g. of potassium 

bicarbonate in 30 ml. of water. The vigorously stirred solution was 

warmed ío'50 ° after ten hours and continued at this temperature for 

38 hours. The reaction suspension was then concentrated in vacuo 
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to a volume of ca. 75 ml. and the product isolated by extraction 

with chloroform. The combined extracts were washed with saturated 

salt solution, dried over magnesium sulfate, filtered, and the solvent 

evaporated in vacuo to give 11.4 g. of yellow oil which solidified on 

standing. A very careful chromatography over 250 g. of alumina 

(Merck acid washed activity IV) gave in the benzene -ether (10:1) 

fractions 4. 14 g. of 5- cholestene -3p, 7a -diol -3 -- benzoate 10a. Re- 

crystallization from acetone yielded 3. 59 g. (45 %) of pure product 

as flat prisms, m.p. 163-167°[ lit, (12) m.p. 165-1661 ] 

The infrared spectrum shows absorption peaks at 3630 and 

3490 cm -1 (alcohol OH stretch) along with normal benzoate bands. 

The NMR spectrum exhibits the angular methyl groups at 41 

c.p. s. (18 -Me) and 63 c.p. s. (19 -Me) and the olefinic C -6 proton as 

a doublet centered at 5.67 8 (J= 5 c. p. s. ). The 7p- proton appears 

as a broad band centered at 3. 80 b, the 3a -proton as a broad band 

centered at 4. 95 6, and the aromatic benzoate protons as a pair of 

multiplets centered at 7.47 8 and 8. 01 6. 

5a, 6a - Methylene -8(14) -cholesten -33 -o1 17. Under a hydrogen 

pressure of three atmospheres, 3. 00 g. (0. 00754 mole) of 5a, 6a - 

methylene -7- cholesten -3p -ol 16 and 2. 0 g. of 5% palladium on char- 

coal in 250 ml. of ethyl acetate was shaken vigorously for 36 hours. 

After filtration, the solvent was evaporated in vacuo to give 3. 0 g. 

of white solid. Recrystallization from chloroform -methanol afforded 

. 
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2. 22 g. (74 %) of 5a , 6a -methylene -8(14) -cholesten -3p -ol 17 as 

small needles, m. p. 143-145° , a ] 29° . 

Anal. Calc. for C28H46O: C, 84. 35; H, 11.63 

Found: C, 84, 24; H, 11.45 

The infrared spectrum displays absorption bands at 3630, 3340 

(broad), 2950, 2880, 1465, 1445, 1380, 1370, and 1035 cm* 

The NMR spectrum exhibits the methylene protons of the 

cyclopropane ring as a complex pattern spread from 5 c. p. s. to 31 

c. p. s. No olefinic absorption is seen in the NMR. 

5- Cholesten- 3p -o1 -7- one -3- benzoate 18. To a suspension of 

52.0 g. (0. 106 mole) of cholesteryl benzoate in 1 1. of glacial acetic 

acid was added 37.0 g. (0.370 mole) of chromium trioxide in small 

portions over a four hour period. The suspension was vigorously 

stirred with a mechanical stirrer and the temperature was controlled 

at 52-56' with a hot water bath. After stirring for an additional 12 

hours at 53 ° , methanol (25 ml.) was added to destroy the excess 

chromic acid. To the resulting dark green solution was added ca. 

100 ml. of water and the solution allowed to stand in the cold over- 

night. The crystalline material thus obtained was collected by filtra- 

tion, washed with 85% acetic acid, distilled water, and dried to a 

weight of 21 g. Two recrystallizations from chloroform -methanol 

afforded 11. 7 g. (22 %) of 5- cholesten- 3p -o1-7 -one -3- benzoate 18 

as long needles, m. p. 158. 5 -160 ° (1 75 °) [ lit. (9) m. p. 159-161' 

D 
- 
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(174° )] . 

The infrared spectrum displays major absorption bands at 2970 

cm -1, 1 722 cm -1 (benzoate carbonyl), 1675 cm -1 (a ,p-unsaturated 

ketone), and 1270 cm -1 (benzoate) along with the usual expected bands 

of a steroid. 

5- Cholestene- 3(3 -(7a - and 7p)- diol -3- benzoate 10b and 19. A 

suspension of 8. 0 g. (0. 21 mole) of sodium borohydride in 450 ml. 

of dioxane and 75 ml. of water was added dropwise to a refluxing 

solution of 10.6 g. (0.021 mole) of 5-cholesten-33-o1-7- one -3- 

benzoate 18 in 600 ml. of dioxane and 75 ml. of water. Vigorous 

effervescence persisted during the addition period; afterward, the 

reaction solution was heated under reflux for 30 additional minutes. 

The solution was allowed to cool, treated with 500 ml. of saturated 

ammonium chloride solution, and poured into 2 1. of cold water. 

After allowing the steroidal product to precipitate, the solid was 

collected by filtration, washed with water, and dried to a weight of 

1 1. 3 g. , m.p. 178-190' . Chromatography over 400 g. of alumina 

gave, upon elution withbenzene -ether (10:1), 4. 11 g. of the 7p -ol as 

a white solid. Further elution with benzene -ether (1:1) gave 3.46 g. 

of the 7a -ol as a crystalline solid. Recrystallization of the 7ß -ol 

from acetone yielded 2. 63 g. (25%) of 5- cholestene -33, 7p diol -3- 

benzoate 19 as thin rodlets, m.p. 191-194' [lit. (9) m.p. 190.5- 

192' ] . The 7a -ol was recrystallized from acetone also to afford 
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2.53 g. (24 %) of 5 -cholestene -3r3, 7a -diol -3 -benzoate 10b as compact 

needles, m.p. 166-168° [lit. (9) m.p. 168-1691 ] 

All spectral properties of both alcohols were in accord with 

the assigned structures. 

5a , 6a -Methylenecholestane -3(3, 7a - diol -3- benzoate 11. Into a 

500 ml. round- bottom flask were placed 14.5 g. of zinc -copper couple 

[ lit. (130)] , 41.0 g. (0.15 mole) of methylene diiodide, and ca. 40 

ml. of anhydrous ether. The suspension was heated under reflux 

for 40 minutes, and then 3. 0 g. (0. 006 mole) of 5- cholestene -33, 7a. - 

diol -3- benzoate l0a suspended in ca. 100 ml. of anhydrous ether 

was added during 90 minutes. After heating under reflux an addi- 

tional 60 minutes, the suspension was concentrated to one -fourth 

volume by removal of most of the solvent through distillation. The 

syrupy suspension was then quickly transferred into a heavy -walled 

glass tube followed by ca. 50 ml. of fresh ether, and the tube was 

sealed. The sealed tube was kept in a steam bath for 85 minutes. 

After cooling the tube was opened and the contents poured into a 

saturated ammonium chloride solution along with additional ether. 

The ethereal solution was decanted from the aqueous layer, filtered, 

and washed successively with saturated ammonium chloride solution, 

10% sodium bicarbonate solution, and saturated salt solution. After 

drying over magnesium sulfate, the solvent was evaporated in vacuo 

to give 3. 3 g. of cream -white solid. Crystallization from acetone 
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yielded 1.85 g. (60 %) of 5a , 6a -methylenecholestane -3p, 7a -diol -3- 

benzoate 11 collected as long white needles, m. p. 181-184.5°. Re- 

crystallization from acetone provided the analytical sample, m. p. 

185-186°, a] - 65°. 

Anal. Calc. for C35H5203: C, 80. 72; H, 10. 07 

Found: C, 80. 64; H, 10. 24 

The infrared spectrum shows absorption bands at 3630, 3090, 

2970, 2890, 1720, 1600, 1465, 1450, 1380, 1332, 1315, 1272, 1175, 

1120, 1095, 1070, 1051, 1026, 1011, and 710 cm -1. 

The NMR spectrum displays the 7p- proton as a broad band 

centered at 4.12 6, the 3a -proton as a broad band centered at 5. 08 6, 

and the aromatic benzoate protons as a pair of multiplets centered at 

7.45 6 and 8.03 6 in a ratio of 1:1:5 respectively. The methyl groups 

are visible at 37.5 c. p. s. (18 -Me) and 69.5 c. p. s. (19 -Me). The 

methylene protons of the cyclopropane ring appear as a complex 

multiplet spread from 2. 5 c. p. s. to 25 c. p. s. 

Reaction of 5a , 6a -Methylenecholestane -3ß, 7a - diol -3 -benzoate 

11 with Phosphorus oxychloride and Pyridine. A solution of 0. 300 g. 

(0. 00058 mole) of 5a , 6a -methylenecholestane -3p, 7a -diol -3- benzoate 

11 in 11 ml. of dry pyridine was cooled to 0'. The solution was treat- 

ed dropwise with 0. 8 ml. of freshly distilled phosphorus oxychloride, 

and then allowed to warm to room temperature. After stirring for 

48 hours, the excess phosphorus oxychloride was destroyed by the 
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slow addition of cold water. The resulting red solid was dissolved 

in chloroform and water, and the steroid isolated by extraction with 

chloroform. The combined extracts were washed with 5% hydro- 

chloric acid solution, 10% sodium bicarbonate solution, saturated 

salt solution, and dried over magnesium sulfate. The solvent was 

then removed in vacuo to yield 0.35 g. of a white foam. Crystalliza- 

tion from acetone provided 0.125 g. (40 %) of 7p- chloro -5a , 6a. - 

methylenecholestan -3 (3 -01 -3 -benzoate 12 as needles, m. p. 142-144° , 

a]D+34°. 

Anal. Calc. for C35H51O2C1: C, 77. 96; H, 9.53; Cl, 6.57 

Found: C, 78. 05; H, 9. 78; Cl, 6.56 

The infrared spectrum shows major absorption bands at 2960, 

2890, 1720, 1625, 1470, 1450, 1375, 1315, 1275, 1175, 1112, 1095, 

1070, 1026, and 710 cm -1. 

The NMR spectrum displays the aromatic benzoate protons 

as a pair of multiplets at 7.49 8 and 7. 99 b, the 3a -proton as a 

broad band centered at ca. 5.37 b, and the 7a. -proton as a singlet 

at 3.04 b. The angular methyl groups are at 32.5 c.p.s. (18 -Me) 

and 90 c.p.s. (19 -Me). 

The mother liquor from the above crystallization was then 

concentrated in vacuo and the residue chromatographed over 15 g. 

of alumina to give, in the benzene fraction, 0. 048 g. of white solid. 

Two recrystallizations from acetone-methanol furnished 0. 025 g. 
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(9 %) of 5a , 6a -methylene -7- cholesten- 33 -o1 -3- benzoate 13a as 

needles, m.p. 142 -144 °, a] - 75 

The infrared spectrum and the NMR spectrum cf the dehydra- 

tion product of known stereochemistry are identical to those of the 

5a , 6a -methylene -7- cholesten- 3p -o1 -3- benzoate obtained by sodium 

and liquid ammonia reduction of the dihalocarbene adducts 7 and 8. 

The above physical and spectral data conclusively proves the 

alpha stereochemistry of the dihalocarbene adducts of 7- dehydro- 

cholesteryl benzoate. 

5a , 6a -Methylenecholestan- 3ß -ol -7 -one -3 -benzoate 22. A solu- 

tion of O. 760 g. (0.00146 mole) of 5a , 6a -methylenecholestane -3(3, 

7a -diol -3 -benzoate 11 in 65 ml. of acetone (distilled from potas- 

sium permanganate) was treated dropwise with O. 75 ml. of Jones 

reagent. The magnetically stirred solution, kept at 18° , was then 

stirred for an additional ten minutes. Methanol was added until a 

green color developed, and the suspension was poured into water. 

The product was isolated with ether, and the ether extracts were 

then washed with water, 10% sodium bicarbonate solution, saturated 

salt solution, and dried over magnesium sulfate. Evaporation of the 

solvent in vacuo and recrystallization from acetone yielded 0.635 g. 

(84%) of 5a , 6a -methylene -cholestan- 3p --o1 -7 -one -3 benzoate 22 

collected as short needles, m, p. 1 75 -1 78°. A second recrystalliza- 

tion from acetone provided the analytical sample, m.p. 178-179' , 
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a] D+ 29 °. 

Anal. Calc. for C35H5003: C, 81. 03; H, 9. 72 

Found: C, 80. 66; H, 9. 82 

The infrared spectrum shows absorption bands at 1720 cm-1 

(benzoate carbonyl) and 1688 cm -1 (carbonyl situated alpha to cyclopro- 

pane ring) along with the usual expected bands of a steroid. 

The NMR spectrum exhibits the aromatic benzoate protons as 

a pair of multiplets at 7.50 6 and 8. 03 6 along with the 3a -proton as 

a broad band centered at 5. 05 6. The methyl groups are visible as 

sharp singlets at 41.5 c.p.s. (18 -Me), 49.5 and 55 c.p.s. (26- and 

27 -Me), and 67 c. p. s. (19 -Me). The methylene protons of the cyclo- 

propane ring are presumably deshielded by the shielding cone of the 

C -7 carbonyl, and consequently cannot be seen. 

5a,, 6a -Methylenecholestan- 30 -o1-3- benzoate 24. Anhydrous 

hydrazine (prepared by heating under reflux 30 ml. of 100% hydrazine 

hydrate over 30 g. of sodium hydroxide pellets for five hours) was 

distilled directly into a solution of 1.0 g. of sodium metal in 75 ml. 

of diethylene glycol until the solution was refluxing lightly at 180° 

(ca 2. 5 ml. was added). The reaction was conducted under nitrogen, 

and great care was taken to maintain anhydrous conditions. After 

the hydrazine was added the solution was allowed to cool, and 0.423 

g, (0. 00082 mole) of 5a , 6a -methylenecholestan- 43 -o1 -7 -one -3 - 

benzoate 22 was added very quickly. The light yellow solution was 
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then heated under heated under reflux at 203° (internal) for 24 hours. 

At the end of this period the excess hydrazine was removed through 

the use of a Dean -Stark trap. The solution temperature rose to 

237° (internal) and was maintained at this temperature for 24 hours. 

The orange solution was then allowed to cool, poured into water, and 

the steroid isolated with ether. The ethereal solution was washed 

with 5% hydrochloric acid solution, 10% soidum bicarbonate solution, 

saturated salt solution, and dried over magnesium sulfate. The 

solvent was removed in vacuo to afford O. 76 g. of dark brown oil 

which solidified on standing. Adsorption on 15 g. of alumina followed 

by elution with ether gave 0.43 g. of white solid. Treatment of this 

solid with 0.5 ml. of benzoyl chloride and 20 ml. of dry pyridine 

overnight gave, after the usual work -up and crystallization from 

acetone, 0.312 g. (76%) of 5a , 6a -methylenecholestan- 3p -o1 -3 - 

benzoate 24 as flat plates, m.p. 132.5-134° (153° ), A second 

recrystallization from acetone provided the analytical sample as 

fine needles, m.p. 139 -140° (157 0),a 
D 

-39 °. 

Anal. Calc. for C35H52O2: C, 83. 27; H, 10. 38 

Found: C, 83.43; H, 10.42 

The infrared spectrum shows major absorption bands at 3090, 

2970, 2890, 1720 1600, 1465, 1450, 1380, 1370, 1333, 1315, 1272, 

1175, 1117, 1097, 1070, 1027, 1015, 1000, 966, 942, 935, 925, 908, 

and 710 cm -1. 

I 
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The NMR spectrum exhibits the 3a -proton as a broad band 

centered at ca. 5. 00 6, and the aromatic benzoate protons as a pair 

of multiplets centered at 7.47 6 and 8. 01 6. The methyl groups are 

seen at 38 c. p. s. (18 -Me), 49 and 55 c. p. s. (26- and 27 -Me), and 

70 c. p. s. (19-Me). The methylene protons of the cyclopropane ring 

are visible as a complex multiplet centered at 25 c. p. s. 

5a , 6a -- Methylenechole stare -33 -ol 26. A solution of 0.080 g. 

(0. 00016 mole) of 5a , 6a -methylenecholestan- 33 -o1 -3- benzoate 24 

in 50 ml. of tetrahydrofuran was added dropwise, with stirring, to 

a suspension of 0. 100 g. (0. 0026 mole) of lithium aluminum hydride 

in 100 ml. of anhydrous tetrahydrofuran. The resulting suspension 

was heated under reflux for three hours, allowed to cool, and the ex- 

cess lithium aluminum hydride destroyed by the slow addition of 

methanol. The steroid was isolated by extraction with ether, and 

the combined extracts washed successively with 5% hydrochloric 

acid solution, 10% sodium bicarbonate solution, saturated salt solu- 

tion, and dried over magnesium sulfate. The solvent was evaporated 

in vacuo, and the residue chromatographed over alumina to give in 

the benzene -ether (1:1) fraction 0. 067 g. of the crude alcohol. 

Crystallization from methanol yielded 0.045 g. (71%) of 5a , 6a - 

methylenecholestan -3ß -ol 26 as long needles, m. p. 150 -151.5 ° , 

a] - 50°. 
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Found: C, 83.92; H, 11.86 

The infrared spectrum exhibits absorption bands at 3630 (sharp), 

3400 (broad), 3090, 2980, 2890, 1460, 1380, 1088, 1052, and 1035 

-1 cm . 

The NMR spectrum shows the 3a -proton as a broad band cen- 

tered at ca. 3.87 b. The methyl groups are visible at 37.5 c. p. s. 

(18 -Me), 50 and 55 c.p. s. (26- and 27 -Me), and 66 c.p. s. (19 -Me). 

The methylene protons of the cyclopropane ring appear as a com- 

plex pattern spread from 4 c. p. s. to 32 c. p. s. 

sa , 6a -Methylenecholestan-3-one 28. To a solution of 0. 092 g. 

(0. 00023 mole) of 5a , 6a -methylenecholestan -3ß -ol 26 in 100 ml. of 

acetone (distilled from potassium permanganate) was added five 

drops of Jones reagent. After ten minutes of vigorous stirring, 

15 ml. of methanol was added to destroy the excess oxidizing reagent. 

The resulting green suspension was poured into water and the prod- 

uct isolated by extraction with ether. The combined ether extracts 

were then washed with 10% sodium bicarbonate solution, saturated 

salt solution, and dried over magnesium sulfate. Evaporation of the 

solvent in vacuo gave 0. 107 g. of white solid. Crystallization from 

acetone yielded 0. 067 g. (73%) of 5a, 6a -methylenecholestan -3 -one 

28 collected as long flat plates, m. p. 142-143° , a ] - 12 ° . 



Anal. Calc. for C28H460: C 84. 36; H, 11. 63 

Found: C, 84. 60; H, 11. 86 

The infrared spectrum shows major absorption bands at 2950 

2880, 1710, 1460, 1380 and 1370 cm-1. 

The NMR spectrum exhibits the methylene protons of the 

cyclopropane ring as a multiplet spread from 5 c. p. s. to 26 c. p. s. 

The methyl groups are seen at 40 c.p. s. (18 -Me), 50 and 55 c.p. s. 

(26- and 27 -Me) and 77 c.p. s. (19 -Me). 

The ORD curve (conc. , 0. 0065 g. /5 ml.) shows points 

of a] 589 
- 12 ° a ] 360 + 109°' a ] 311 

+ 1103° (peak), al 280 - 
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1007° , a ] 260 - 1623° (trough), a] 225 - 1269°. 

513, 613- Methylenecholestane -3(3, 7(3- diol -3- benzoate 21. Into a 

100 ml. round -bottom flask were placed 8. 5 g. of zinc -copper couple 

lit. (130)] , 25.0 g. (0. 09 mole) of methylene diiodide, and ca. 40 

ml. of anhydrous ether. After heating under reflux for 30 minutes 

with stirring, 1.50 g. (0. 003 mole) of 5- cholestene -3(3, 7(3- diol -3- 

benzoate 19 suspended in ca. 60 ml. of anhydrous ether was added 

dropwise during two hours. The resulting suspension was heated 

under reflux for an additional 30 minutes, and then concentrated to 

one -fourth volume by removal of most of the solvent through distilla- 

tion. The syrupy suspension was then quickly transferred into a 

heavy -walled glass tube along with ca. 40 ml. of fresh ether; the 

tube was sealed and allowed to stand in a steam bath for 80 minutes. 

[ 
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After cooling the tube was opened and the contents poured into a 

saturated ammonium chloride solution. Additional ether was added 

and the ethereal solution was then decanted from the aqueous layer, 

filtered, and washed successively with saturated ammonium chloride 

solution, 10% sodium bicarbonate solution and saturated salt solution. 

After drying over magnesium sulfate, the ether was removed in vacuo 

to give 1.52 g. of white solid. Adsorption on 40 g. of alumina fol- 

lowed by elution with benzene -ether (5:1) gave 1.3 g. of crude prod- 

uct. Crystallization from methanol yielded 1.17 g. (76 %) of 5ß, 6p- 

methylenecholestane-3p, 7p- diol -3- benzoate 21 as needles, m. p. 

142.5-144°, a] + 40°. 

Anal. Calc. for C35H5203: C, 80. 72; H, 10. 06 

Found: C, 80. 74; H, 10. 14 

The infrared spectrum shows major absorption bands at 3630, 

3500, 3090, 2980, 2880, 1720, 1600, 1465, 1450, 1380, 1333, 1315, 

1270, 1175, 1111, 1097, 1070, 1028, and 710 cm -l. 

The NMR spectrum exhibits the 7a -proton as a broad band 

centered at 3.69 5, the 3a -proton as a broad band centered at 5.13 6, 

and the aromatic benzoate protons as a pair of multiplets centered at 

7.45 5 and 8.02 5. The methyl groups are seen at 39 c. p. s. (18 -Me), 

49 and 55 c. p. s. (26- and 27-Me), and 57 c. p. s. (19 -Me). The 

methylene protons of the cyclopropane ring appear as a broad multi- 

plet centered at 9 c. p. s. 
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513, 6p- Methylenecholestan- 3p -o1- 7 -one -3 -benzoate 23. Into 

a solution of O. 640 g. (0.00123 mole) of 5p, 6p- methylenecholestane - 

3p, 7p- diol -3 -benzoate 21 in 100 ml. of acetone (distilled from potas- 

sium permanganate) was added O. 70 ml. of Jones reagent. The re- 

sulting suspension, kept at 15° , was stirred vigorously with a 

magnetic stirrer for ten minutes. The excess oxidizing reagent 

was then destroyed by the addition of methanol and the green sus- 

pension was poured into cold water. The product was isolated with 

ether and the combined ether extracts washed with water, 10% sodium 

bicarbonate solution, saturated salt solution, and dried over mag- 

nesium sulfate. The solvent was removed from the filtered solution 

in vacuo to yield 0.698 g. of white solid. Crystallization from ace- 

tone afforded 0.583 g. (92 %) of 5p, 63- methylenecholestan- 3p -o1 -7- 

one-3-benzoate 23 as fine needles, m. p. 168-169.5°, a ] - 14°. 

Anal. Calc. for C35H50O3: C, 81. 03; H, 9. 72 

Found: C, 80. 79; H, 9. 99 

The infrared spectrum shows absorption bands at 1720 cm-1 

(benzoate carbonyl) and 1690 cm -1 (carbonyl situated alpha to a 

cyclopropane ring) along with the usual expected bands of a steroid. 

The NMR spectrum exhibits the aromatic benzoate protons as 

a pair of multiplets centered at 7.50 6 and 7. 99 6 and the 3a -proton 

as a broad band centered at ca. 5.12 6. The methyl groups are seen 

at 38.5 c.p. s. (18 -Me), 49 and 55 c.p. s. (26- and 27 -Me), and 69 
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c.p. s. (19 -Me). The methylene protons of the cyclopropane ring are 

presumably deshielded by the shielding cone of the C-7 carbonyl, 

and consequently cannot be seen. 

5ß, 6ß- Methylenecholestan-3ß-o1-3- benzoate 25. Anhydrous 

hydrazine (prepared by heating under reflux 30 ml. of 100% hydrazine 

hydrate over 30 g. of potassium hydroxide for six hours) was dis- 

tilled directly into a solution of 100 ml. of diethylene glycol contain- 

ing 1.0 g. of freshly cut sodium metal until ca. 9 ml. was added. 

Great care was taken to maintain anhydrous conditions, and the re- 

action was conducted under nitrogen. After the hydrazine was added 

the solution was allowed to cool, and 0.443 g. (0.00086 mole) of 

5ß, 6ß- methylenecholestan- 3ç3 -o1- 7- one -3 -benzoate 23 was quickly 

added. The clear solution was then heated under reflux at 192° 

(internal) for 24 hours. At the end of this period the excess hydra- 

zine was removed through the use of a Dean -Stark trap and the tem- 

perature rose to 240° (internal). The solution was maintained at 

this temperature for 24 hours and then allowed to cool. The resulting 

orange -colored solution was poured into water, and the crude product 

isolated with ether. The ethereal solution was washed with water, 

5% hydrochloric acid solution, 10% sodium bicarbonate solution, 

saturated salt solution, and dried over magnesium sulfate. The 

ether was removed from the filtered solution in vacuo to give O. 81 g. 

of dark brown oil. Chromatography of this oil over 20 g. of alumina 
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gave in the benzene-ether (1:1) fraction 0.39 g. of light yellow oil. 

Treatment of the crude alcohol with 0.5 ml. of benzoyl chloride and 

20 ml. of dry pyridine overnight gave, after the usual work -up and 

chromatography over 15 g. of alumina, 0.47 g. of clear oil. Crys- 

tallization from acetone -methanol yielded 0.293 g. (68%) of 5p, 63- 

methylenecholestan 

m. p. 90-91° a 

3p-o1-3-benzoate 25 collected as small prisms, 

]D +4 °. 

Anal. Calc. for C35H52O2: C, 83.27; H, 10.38 

Found C, 83. 54; H, 10. 11 

The infrared spectrum shows major absorption bands at 3090, 

2980, 1720, 1600, 1465, 1450, 1380, 1370, 1333, 1315, 1275, 1250, 

1175, 1115, 1098, 1070, 1026, 1000, 900, and 710 cm* 

The NMR spectrum exhibits the 3 a- proton as a broad band 

centered at 5.20 6, and the aromatic benzoate protons as a pair of 

multiplets centered at 7.47 6 and 8. 03 6. The methyl groups are 

seen at 38 c.p. s. (18 -Me), 49 and 55 c.p. s. (26- and 27 -Me), and 

55 c.p. s. (19 -Me). The methylene protons of the cyclopropane ring 

are visible as a broad multiplet centered at ca. 20 c. p. s. 

Treatment of 0. 126 g. (0. 00025 mole) of 5p, 613- methylene- 

cholestan- 3í -o1 -3- benzoate 25 with 0.10 g. of lithium aluminum 

hydride in 100 ml. of dry tetrahydrofuran gave, after the usual 

work -up and chromatography over alumina, 0.112 g. of the alcohol 
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as a clear oil. All attempts to crystallize the 5P, 6ß-methylenechol- 

estan -3ß -ol 27 failed. Only gelatinous semi- solids were obtained 

which upon collection turned to oil. 

5(3 -6(3- Methylenecholestan -3 -one 29. Six drops of Jones reagent 

was added to a stirred solution of O. 112 g. (O. 00028 mole) of non- 

crystalline 5(3, 6(3- methylenecholestan -3ß -ol 27 in 100 ml. of acetone 

(distilled from potassium permanganate). After ten minutes of vigor- 

ous stirring, the excess Jones reagent was destroyed by the addition 

of 10 ml. of methanol. The green solution was then poured into wa- 

ter, and the steroid isolated with ether. The ether solution was 

washed with 10% sodium bicarbonate solution, saturated salt solu- 

tion, and dried over magnesium sulfate. The ether was removed 

from the filtered solution in vacuo to give 0. 107 g. of sweet smelling 

oil. Chromatography over alumina yielded O. 092 g. of clear oil 

which resisted all attempts at crystallization. The oil was shown to 

be homogenous by displaying only one spot on thin layer chromatography. 

The infrared spectrum exhibits major absorption bands at 3090 

(weak), 2965, 2880, 1715, 1460, 1445, 1400, 1380, 1370, 1360, 1315, 

and 1022 cm 1. 

The NMR spectrum shows the cyclopropyl protons as a com- 

plex pattern spread from 2 c. p. s. to 31 c. p. s. The angular methyl 

groups are visible at 39. 5 c. p. s. (18 -Me) and 57. 5 c. p. s. (19 -Me). 

Reaction of Cholesteryl Benzoate with Difluorocarbene. Into a 
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500 ml. three -necked flask fitted with an addition tube and two water 

condensers was placed 9.80 g. (0. 020 mole) of cholesteryl benzoate 

followed by 150 ml. of dry. "diglyme ". A clear solution resulted 

when the magnetically stirred suspension was heated under reflux 

under nitrogen. To this re--fluxing solution was added 24.4 g. (0.16 

mole) of sodium chlorodifluoroacetate in small portions over a three 

hour period. After addition had been completed the reaction was 

heated under reflux for an additional two hours. The resulting black 

solution was cooled, filtered through celite with added chloroform, 

and washed numerous times with cold water. After drying over 

magnesium sulfate, the filtered solution was concentrated in vacuo 

using a Duo -seal high vacuum pump to give ca. 40 ml. of a black 

oil. This oil was chromatographed over 160 g. of alumina using 

hexane as eluent to yield in the first four fractions 7. 78 g. of semi - 

crystalline white solid. Crystallization from chloroform -methanol 

yielded 6. 73 g. (62%) of the difluorocarbene adduct 30 collected as 

a white granular powder, m.p. 100-102". A second recrystalliza- 

tion gave analytically pure product, m.p. 103-105' , a ] 

Anal. Calc. for C35H50O2F2: C, 77. 73; H, 9. 32; F, 7. 03 

Found: C, 78. 02; H, 9. 40; F, 7. 05 

The infrared spectrum has absorption peaks at 2960, 2885, 

1725, 1460, 1380, 1315, 1270, 1220, 1175, 1110, 1070 1028, and 

-1 
110 cm. 

+ 1' . 
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The NMR spectrum exhibits the aromatic benzoate protons as 

two multiplets centered at 7. 99 5 and 7.41 8 and the 3a. -proton as 

a broad band at ca. 5. 15 8. The methyl groups were found at 40 

c.p. s. (18 -Me), and 49 and 55 c.p. s. (26- and 27 -Me). The 19 -Me 

group was obscured and could not be assigned. 

The carbon- fluorine bonds of the product proved to be resistant 

to repeated attempts at reduction with sodium and liquid ammonia. 

70. -Dichloromethyl- 5- cholesten.- 3ß- o1. -3- benzoate 32. Choles- 

teryl benzoate (2. 45 g. , 0. 005 mole) and phenyl(trichloromethyl)mer- 

cury (29. 7 g. , 0.075 mole) along with ca. 80 ml. of anhydrous 

"glyme" were sealed in a heavy -walled glass tube. The sealed tube 

was then placed in a pre -set oil bath at 130° for six hours. After 

cooling, the solidified yellow mass was flushed out of the opened 

tube into a beaker with the aid of benzene. The suspension was fil- 

tered and concentrated in vacuo to give 3. 2 g. of dark yellow oil. 

It should be mentioned here that the marked darkening encountered 

in dihalocarbene reactions with steroids when carried out in open 

systems did not occur in closed tube reactions. Chromatography 

of the oil over 100 g. of alumina using hexane-benzene (1:1) gave in 

the early fractions 2. 1 g. of yellow oil. Crystallization in the cold 

from chloroform- methanol gave 1.2 g. of white solid, m. p. 176- 

190° . Very careful fractional recrystallizations from chloroform - 

methanol (2 :3) at room temperature gave highly pure product. 
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The 7a -dichloromethyl- 5- cholesten- 3p -o1 -3- benzoate 32 was col- 

lected as long white needles in the amount of 0.593 g. (21 %), m. p. 

214. 5-217° (dec. ), a ] o 700. Further crystallization from the 

combined mother liquors gave 0.41 g. of unchanged starting mater- 

ial. 

Anal. Calc. for C35H50O2C12: C, 73.27; H, 8. 78; Cl, 12.36 

Found: C, 72. 98; H, 8. 70; Cl, 12.31 

The infrared spectrum shows absorption bands at 2960, 2895, 

1720, 1380, 1315, 1275, 1175, 1115, 1070, 1028, 781, 750, 710, 

and 692 cm -1. 

The NMR spectrum shows the benzoate aromatic protons as 

two multiplets centered at 8. 02 8 and 7,43 6. Three other bands in 

the ratio of 1:1:1 are seen at 6.12 6 (broad singlet), 5. 77 6 (multi- 

plet), and ca. 4. 96 6 (broad multiplet), assigned to the 7a -dichloro- 

methyl proton, the olefinic C -6 proton, and the 3a -proton, respec- 

tively. The methyl groups are found at 64 c. p. s. (19-Me), 50 and 

55 c.p. s. (26- and 27 -Me), and 41 c.p. s. (18 -Me). 

All attempts to prepare the dichlorocarbene or dibromocarbene 

addition product of cholesteryl benzoate failed. The dihalocarbene 

was generated by a number of classical methods (sodium trichloro- 

acetate, phenyl (tribromomethyl)mercury, ethyl trichloroacetate- 

sodium methoxide) but never was any trace of a halogen- containing 

product detected. Only in the case of the sealed tube reactions with 
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phenyl (trihalomethyl)mercurials was a product found, and they 

are the stereospecific insertion products not the products of addi- 

tion. 

Dehydrohalogenation of 7a -Dichloromethy1-5-cholestenm3p--o1-3- 

benzoate 32. A suspension of 0.133 g. (0.00023 mole) of 7a -di- 

chloromethyl- 5- cholesten- 3p -o1 -3- benzoate 32 in 100 ml. of 95% 

ethanol was refluxed overnight in the presence of 0.125 g. (0.0022 

mole) of potassium hydroxide. The reaction was magnetically stirred 

and kept under nitrogen. After cooling the clear solution was poured 

into ether, and the separated ether phase was washed successively 

with 5% hydrochloric acid solution, 10% sodium bicarbonate solution, 

saturated salt solution, and dried over magnesium sulfate. The ether 

was then removed from the filtered solution in vacuo to give 0. 097 g. 

of a yellow oil. A thin layer chromatography showed two overlapping 

spots whose center gave an Rf value of 0.49 in benzene -ethyl acetate 

(3:1). These two spots are probably due to the presence of the two 

expected epimers. Chromatography over 15 g. of alumina gave in 

the benzene -ether (1:1) fractions 0.095 g. of a clear oil. Crystal- 

lization from methanol yielded 0. 044 g. (44 %) of a mixture of the two 

inseparable epimers 33 collected as a white powder, m. p. 97-111 ° . 

The ultraviolet spectrum shows a X max 
245 mµ (s 14, 300), 

[ predicted X max - ca. 249 mµ, lit. (45, p. 14)] . 

The infrared spectrum shows bands at 3640, 2950, 2890, 1460, 
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1380, and 1052 cm -1. 

7a -Dibromomethyl -5- cholesten- 3f3 -o1 -3- benzoate 34. Into a 

heavy -walled glass tube was sealed 3.0 g. (0.006 mole) of cholesteryl 

benzoate, 9. 0 g. (0. 01 7 mole) of phenyl (tribromomethyl) mercury, 

and ca. 50 ml. of anhydrous "glyme ". The glass tube was then 

placed in a pre -set oil bath at 90° for a period of three hours. After 

allowing the tube to cool, the solidified contents were flushed into a 

beaker with benzene, filtered, and concentrated in vacuo to give 

9. 7 g. of a yellow solid. No extensive darkening occurred in this 

reaction. Adsorption on 150 g. of alumina followed by elution with 

hexane-benzene (1:1) gave 3. 3 g. of a yellowish solid. Repeated 

fractional recrystallizations were successful in separating the pure 

product from starting material (1.04 g. ). The fractional recrystal- 

lizations were conducted in chloroform -methanol (2:3) at 20° to 

yield 0.245 g. (6 %) of 7a -dibromomethyl-5- cholesten- 3p-o1 -3- 

benzoate 34 as long needles, m. p. 233-238° (dec.). An analytical 

sample showed a melting point of 238-242° (dec.), a ] 
D 

- 5 7°. 

Anal. Calc. for C35H5002Br2: C, 63.44; H, 7. 61 ; Br, 24. 12 

Found: C, 63.45; H, 7. 50; Br, 24.47 

The infrared spectrum shows absorption bands at 2950, 2890, 

1 720, 1450, 1 3 70, 1 3 1 5 , 1 2 70, 1250, 1 1 70 1132, 1 1 15, 1070, 1028, 

and 710 cm -1. 

The NMR spectrum displays the aromatic benzoate protons as 
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two complex multiplets centered at 7. 50 6 and 8. 07 6. Three other 

peaks in the ratio of 1:1:1 are found at 6. 17 6 (broad singlet), 5. 80 6 

(multiplet), and ca. 4. 92 6 (broad multiplet), assigned to the 7a - 

dibromomethyl proton, the olefinic C -6 proton, and the 3a -proton, 

respectively. The methyl groups are found at 40 c, p. s. (18-Me), 

49 and 35 c. p. s. (26- and 27 -Me), and 64 c. p. s. (19 -Me). 

7a -Methyl -5- cholesten- 3ß -o1-3- benzoate 33. A suspension of 

O. 104 g. (O. 00018 mole) of "la -dichloromethy3-5- cholesten- 3ß -o1 -3- 

benzoate 32 in ca. 100 ml. of 95% ethanol was heated under reflux 

for 24 hours in the presence of 2, 0 g. of zinc dust. The zinc dust 

had been activated by successive washings with 3% hydrochloric acid 

solution, distilled water, and ethanol. After cooling the resulting 

clear solution was filtered and evaporated in vacuo to leave O. 16 g. 

of white solid. Chromatography over 10 g. of alumina and crystal- 

lization from acetone yielded 0. 055 g. (60 %) of 7a. -methyl -5- 

cholesten- 3ß -o1-3- benzoate 35 as granular crystals, m. p. 165 -166° 

D 
- 56° , [ lit. (25) m. p, 168 -169° °,a]D a] D-50°]. 
Anal. Calc. for C35H52O2: C, 83. 28; H, 10, 38 

Found: C, 83, 12; H, 10. 26 

The infrared spectrum shows absorption bands at 2950, 2890, 

1720, 1450, 1370, 1315, 1270, 1175, 1115, 1070, 1027, 970, and 

710 cm 

The NMR spectrum shows the aromatic benzoate protons 

1. 
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as two complex multiplets centered at 8. 06 5 and 7.48 5, the olefinic 

C -6 proton as a doublet centered at 5. 45 5 (J = 5 c. p. s. ), and the 

3a - proton as a broad band at ca. 4. 88 6. The above bands were 

integrated to give a ratio of 5: 1: 1, respectively. The methyl groups 

are seen at 65 c. p. s. (19 -Me), 49.5 c. p. s. and 55 c. p. s. (26- and 

27 -Me), and 41. 5 c. p. s. (18 -Me). The 7a- methyl group is ob- 

scured by the other methyl peaks and consequently cannot be as- 

signed. 

Zinc dust reduction of 0.078 g. (0.000118 mole) of 7a -dibromo- 

methyl -5- cholesten- 3f3 -o1 -3- benzoate 34 in an analogous manner to 

that described above yielded 0.032 g. (54 ) of 7a - methyl -5- cholesten- 

3ß -ol -3- benzoate 35, m. p. 162 -165 °, a ]D -58 °, [lit. (25) m. p. 

168 -169 °, a ]D -50° ]. The 7a - methyl -5- cholesten- 3(3-ol -3- benzo- 

ate 35 obtained by reduction of the two different dihalcarbene inser- 

tion products were identical in all spectral properties also. 

7a -Methylcholesterol 36. To a suspension of 0.100 g. (0.0026 

mole) of lithium aluminum hydride in ca. 100 ml. of anhydrous tetra - 

hydrofuran was added dropwise, with stirring, a solution of 0. 078 

g. (0. 00016 mole) of 7a - methyl -5- cholesten- 3(3 -o1 -3 benzoate 35 

in 50 ml. of tetrahydrofuran. The suspension was then heated under 

reflux for three hours. After cooling the excess lithium aluminum 

hydride was cautiously destroyed by the dropwise addition of 
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methanol. The product was isolated by extraction with chloroform 

and the combined extracts washed with 5% hydrochloric acid solu- 

tion, 10% sodium bicarbonate solution, saturated salt solution, and 

dried over magnesium sulfate. Removal of the solvent in vacuo gave 

0.092 g. of an oily solid. Adsorption on 15 g. of alumina followed 

by elution with benzene -ether (2: 1) gave 0.065 g. of partially crystal- 

line material, m. p. 116-122°. Recrystallization from acetone - 

methanol yielded 0.047 g. (76%) of 7a -methylcholesterol 36 as a 

white powder, m. p. 124 -126 °, a ]D - 83 °,. [lit. (25) m. p. 128- 

129°, a ]D - 82° J. A second recrystallization gave pure product 

as long needles, m. p. 125-127°. 

The infrared spectrum exhibits major absorption bands at 

3640, 2960, 2890, 1465, 1450, 1375, 1055, 1047, 1040, and 972 

-1 
cm 

The NMR spectrum shows the C-6 vinyl proton as a doublet 

centered at 5. 37 6 (J =5 c. p. s. ). The methyl groups are found at 

41 c. p. s. (18 -Me), 45 c. p. s. (21- Me),49 and 55 c. p. s. (26- and 27- 

Me), 52 and 58 c. p. s. (7a -Me), and 60 c. p. s. (19 -Me). The NMR 

spectrum was identical to the NMR spectrum of authentic 7a - methyl -- 

cholesterol kindly supplied by Dr. G. A. Thompson (142). 
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Attempted Addition of Dichlorocarbene to 6- Nitrocholesteryl 

Acetate 3 7. Phenyl (trichloromethyl)mercury (16. 92 g. , O. 043 

mole) and 6- nitrocholesteryl acetate 37 (2. 02 g. , 0. 0043 mole) dis- 

solved in 150 ml. of anhydrous " glyme" and sealed in a glass bomb 

was allowed to stand for two hours in an oil bath at 165' . After 

cooling the black suspension was filtered through Celite and the 

filtrate evaporated in vacuo to yield 2. 5 g. of an ugly black oil. Of 

all of the dihalocarbene reactions run in sealed tubes this was the 

only one that gave extensive darkening. Adsorption on 90 g. of 

alumina and elution with benzene afforded 2. 2 g. of brown oil. A 

thin layer chromatography conducted in benzene showed two spots 

of approximately equal intensity. One of the spots was identified 

as starting material (Rf 0.31) while the other is a less polar mater- 

ial (Rf 0. 74). Chromatography of the brown oil (2. 2 g. ) over 60 g. 

of alumina with benzene gave 0.47 g. of the less polar material. 

All attempts at crystallization of this material yielded only yellow 

oils which eventually were discarded. 

5a , 6a -( Dichloromethylene 6(3- methylcholestan- 3p -o1 -3- 

acetate 39. Into a heavy -walled glass tube was sealed a solution of 

1.50 g. (0. 0034 mole) of 6- methylcholesteryl acetate 38 and 13.42 g. 

(0. 034 mole) of phenyl (trichloromethyl)mercury in ca. 150 ml. of 

anhydrous "glyme". The tube was then placed in a pre-set oil bath 

at 165° and left for 90 minutes. After cooling the tube was opened 
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and the contents flushed into a beaker. The suspension was then 

filtered and the filtrate concentrated in vacuo to give 2. 1 g. of a 

yellow paste. Chromatography over 60 g. of alumina with benzene 

gave 1.86 g. of a yellow oil which proved to be a mixture of starting 

material and product. A second chromatography followed by repeated 

recrystallizations from acetone afforded 0.191 g. (11%) of 5a , 6a - 

( dichloromethylene ) -6ß- methylcholestan- 3p -o1-3- acetate 39 as long 

needles, m. p. 154-159°. A further recrystallization from acetone 

provided the analytical sample, m. p. 158 -159° , a 
D 

12 °. 

Anal. Calc. fbr' C3,1P002C12: C, 70. 83; H, 9.59; Cl, 13.49 

Found: C, 70. 3 7; H, 9. 3 7; Cl, 14. 28 

The ;.infrared spectrum shows absorption peaks at 2970, 2880, 

1735, 1465, 1452, 1448, 1380, 1368, 1335, 1240, 1175, 1040, 1026, 

961, 948, and 850 cm -l. 

The NMR spectrum exhibits the acetate methyl as a sharp 

singlet at 2. 04 8 and the 3a -proton as a multiplet centered at 5. 08 5 

(shifted from its position at 4. 58 5 in the starting material). The 

methyl groups appear at 73 c.p. s. (6ß -Me), 69 c.p. s. (19-Me), 

55 and 49 c.p. s. (26- and 2 7 -Me), and 38.5 c.p. s. (18-Me). 

6- Nitrocholesteryl Acetate 37. To a rapidly stirred solution 

of 25.0 g. (0. 0584 mole) of cholesteryl acetate in 350 ml. of abso- 

lute ether, kept in an ice -salt -bath, was added dropwise 150 ml. 

of fuming nitric acid. After the four hour addition period, the 

- 
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lime -colored solution was allowed to stir one hour more. The solu- 

tion was then transferred to a separatory funnel and washed with two 

200 ml. portions of 5% sodium hydroxide solution. Since further 

washing with base is reported to result in product destruction, the 

solution was washed to neutrality with generous amounts of saturated 

salt solution. After drying over magnesium sulfate the solvent was 

removed in vacuo to give 28 g. of a yellowish -green oil. Tritura- 

tion was accomplished with methanol after some difficulty to yield 12 

g, of white solid, m. p. 95-99°, Recrystallization from methanol 

afforded 8. 7 g. (32 %) of 6- nitrocholesteryl acetate 37, m. p. 100- 

102° [ lit. (1) m. p. 101 -102 °] , 

Cholestan- 3ß -01 -6- one -3- acetate 40. A solution of 5. 0 g. 

(0.011 mole) of 6- nitrocholesteryl acetate 37 in 100 ml. of glacial 

acetic acid was diluted with 10 ml. of water. To the resulting ,sus- 

pension, with stirring, was added 10 g. of zinc dust in small par - 

tions over a period of one hour. After 30 minutes the reaction sus- 

pension was heated under reflux for five hours. The suspension w- 

then filtered and the residue washed with acetic acid. After dilution 

of the filtrate with 150 ml. of water and cooling in an ice -bath, the 

precipitated product was collected by filtration. Recrystallization 

from methanol- acetone afforded 2. 1 g. (44 %) of cholestan -3ß- 1 -6- 

one-3-acetate 40 as large flat plates, m. p. 127-128° [ lit. (39) rn, p. 

127 -128 °] . 
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5- Cholestene -3(3, 6 -diol diacetate 41. Cholestan-3p-o1-6-one- - 
3- acetate 40 (1. 21 g. , O. 0027 mole) was kept for 24 hours at 19° in 

a solution of 35 ml. of carbon tetrachloride, 2 ml. of acetic anhyd- 

ride, and O. 25 mi. of 70% perchloric acid. The product was isolated 

from the resulting dark brown solution with ether, and the ether solu- 

tion washed with saturated salt solution. After drying over anhydrous 

sodium acetate, the ether was removed in vacuo to give 1. 1 g. of 

yellow solid. Crystallization and recrystallization from methanol - 

ether afforded O. 60 g. (45%) of 5- cholestene -3f3, 6 -diet diacetate 41 

as flat plates, m. p. 104-106° [ lit. (64) m. p. 108-109'1 . 

The infrared spectrum shows absorption bands at 1730 cm 

(C -3 acetate carbonyl) and 1745 cm -1 (C -6 enol acetate carbonyl) 

along with the expected bands of a steroid. 

5a , 6a -(Dichloromethylene)-chùiestane-3p, 6ß -diol diacetate 

42. A sol-Jti-)n of 0.400 g. (0. 00082 mole) of 5- cholestene -3ß, 6- 

diol diacetate 41 and 6. 0 g. (0. 015 mole) of phenyl(trichloromethyl)- 

mercury in ca. 100 ml. of dry "glyme" was sealed in a heavy -walled 

tss tube. The tube was allowed to stand in an oil bath at 160° for 

90 minutes. After cooling the contents were removed and filtered to 

give a yellow filtrate. Evaporation of the solvent in vacuo gave 1.2g. 

of solid residue. The residue was partially dissolved in chloroform- 

methanol and filtered to give a yellow filtrate. Removal of the sol- 

vent in vacuo gave 0. 502 g. of yellow solid. Chromatography over 

-1 
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20 g. of alumina gave in the benzene fraction 0.095 g. of halogen-. 

containing solid. Careful recrystallization from acetone provided 

0.071 g. (15 %) of 5a , 6a -(dichloromethylene) -cholestane -3ß, 6(3 -diol 

diacetate 42 as short needles, m.p. 167 -1 71 ° . 

The infrared spectrum shows the two acetate carbonyls at 

1730 cm 1 -1 
(C-3 acetate) and 1 750 cm (C-6 acetate) along with the 

usual expected absorption bands of a steroid. 

The NMR spectrum shows the acetate methyl groups as sharp 

singlets at 2.05 8 (C -3 acetate) and 2.10 8 (C -6 acetate), and the 

3a -proton as a broad band centered at 4, 72 8. The angular methyl 

groups are visible at 41 c.p. s. (18 -Me) and 65 c.p. s. (19 -Me). 

7- Cholesten- 33 -o1 -3- benzoate 44. A solution of 15,0 g. (0. 0391 

mole) of 7- dehydrocholesterol in 200 ml. of p- dioxane containing 20, 0 

g. of W -2 Raney nickel slurry was shaken vigorously for 36 hours 

under a slight pressure of hydrogen. After filtration the solvent was 

removed in vacuo to give 17 g. of cream -colored solid. Recrystal- 

lization from acetone -methanol yielded 13.2 g. of 7- cholesten -33- 

of m. p. 119 -122 °, a] - 8° [lit. (48) m.p. 122 -123 °, a] 0 °] 

Benzoylation of the alcohol 43 in 100 ml. of dry pyridine and 

15 ml. of benzoyl chloride gave, after work -up and recrystallization 

from acetone -chloroform (4:1), 12.6 g. (66 %) of 7-chol.esten-3(3-ol- 

'enzoate 44 as flat needles, m.p. 154-156' (174' ), a] + 5.4' 

[lit. (28) m.p. 151.153 a] D+ 4.6` . 

- D 

i 

4> . 



141 

The NMR spectrum exhibits the angular methyl groups at 

33.5 c. p. s. (18 -Me) and 52 c. p. s. (19 -Me). 

7a, 8a -( Difluoromethylene ) -cholestan- 3ß -o1 -3- benzoate 45. 

Under an atmosphere of dry nitrogen, 2.45 g. (0.005 mole) of 7 -chol- 

esten- 3p -o1 -3- benzoate 44 was heated under reflux in 100 ml. of dry 

"diglyme" and was treated portionwise with 11.44 g. (0. 075 mole) 

of sodium chlorodifluoroacetate. After one hour the black solution 

was cooled and filtered. Evaporation of the solvent in vacuo using 

a Duo -seal high vacuum pump left 3.9 g. of black solid. Adsorption 

on 100 g. of alumina and elution with benzene gave 3. 78 g. of yellow- 

ish solid. Recrystallization from acetone afforded 2. 23 g. (83 %) 

of 7a , 8a -(difluoromethylene) -cholestan-3(3-o1d3 -benzoate 45, m. p. 

125 -126 °, a] + 11 °. 

Anal. Calc. for C35H5002F2' C, 77. 73; H, 9. 32 

Found: C, 77. 51; H, 9.16 

The infrared spectrum shows absorption peaks at 2960, 2880, 

1720, 1600, 1465, 1450, 1435, 1382, 1362, 1330, 1315, 1275, 1222, 

1210, 1195, 1175, 1156, 1137, 1115, 1070, 1026, 1008, 978, 955, 

and 710 cm-1. 

The NMR spectrum exhibits the aromatic benzoate protons 

as two multiplets centered at 8. 03 b and 7.47 6 and the 3a -proton 

as a broad band centered at 4. 95 b. The methyl groups appear at 
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50 c. p, s. (18 -Me), 50 and 55 c. p. s. (26- and 27 -Me), and 5 7. 5 

c. p. s. (19 -Me). 

7a , 8a -(Dichloromethylene) -cholestan- 3p -o1 -3 -benzoate 46. 

Into a heavy- walled glass tube was shaken 1.62 g. (0.0033 mole) of 

7- cholesten- 3p -ol -3- benzoate 44 and 19.6 g. (0.0495 mole) of phenyl 

(trichloromethyl)mercury followed by ca. 70 ml. of anhydrous 

"glyme ". The tube was then sealed and placed in a pre -set oil bath 

at 155°. After two hours reaction time, the tube was removed from 

the bath, allowed to cool, and the contents flushed into a beaker. 

Filtration of the suspension yielded a golden -yellow filtrate which 

was concentrated in vacuo to give a yellowish paste. Adsorption on 

100 g. of alumina followed by elution with benzene afforded 2. 71 g. 

of crystalline solid. Recrystallization from chloroform -methanol 

yielded 0.941 g. (50%) of 7a , 8a -(dichloromethylene) -cholestan -3p- 

ol-3- benzoate 46 as long needles, m. p. 181-182,5', a.] 
D 

- 39°. 

Anal. Calc. for C35H50O2C12: C, 73.27; H, 8. 78; Cl, 12.36 

Found: C, 72. 90; H, 8.69; Cl, 12.82 

The infrared spectrum shows absorption peaks at 2970, 2880, 

1720, 1600, 1465, 1450, 1382, 1375, 1362, 1330, 1315, 1300, 1275, 

1175, 1113, 1100, 1070, 1027, 845, and 710 cm 1. 

The NMR spectrum shows the 3a -proton as a broad band 

centered at 4. 90 5 and the aromatic benzoate protons as two multi- 

plets centered at 7.45 6 and 8.07 5 in a ratio of 1:5, respectively. 
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The methyl groups are visible at 49 c.p.s. (18 -Me), 50 and 55 c. p. s. 

(26- and 27 -Me), and 55 c.p.s. (19 -Me). 

7a , 8a -Methylenecholestan- 3(3 -o1 -3- benzoate 47. To a solution 

of ca. 0.2 g. of sodium metal in 200 ml. of anhydrous liquid ammonia 

was added dropwise a solution of 0.51 g. (0.00089 mole) of 7a , 8a - 

( dichloromethylene ) -cholestan- 3(3 -o1 -3- benzoate 46 in 100 ml. of 

anhydrous tetrahydrofuran. The deep blue solution :was magnetically 

stirred and kept in a dry ice -acetone bath. Throughout the addition 

period small pieces of sodium metal were added until 1.0 g. was 

consumed. At the end of six hours, sufficient solid ammonium chlor- 

ide was added to discharge the blue color. The dry ice -acetone bath 

was then removed and the ammonia allowed to evaporate overnight. 

The residue was taken up in chloroform and water, and the product 

isolated by chloroform extraction. The chloroform solution was 

washed with 5% hydrochloric acid solution, 10% sodium bicarbonate 

solution, distilled water, and dried over magnesium sulfate. The 

solvent was then removed in vacuo to give 0.49 g. of yellow oil. 

Treatment of the crude alcohol with 0.5 ml. of benzoyl chloride and 

15 ml. of dry pyridine overnight gave, after the usual work -up and 

chromatography over 15 g. of alumina, 0.59 g. of the benzoate as 

a clear oil. Crystallization from acetone furnished 0.29 g. (64 %) 

of 7a , 8a -methylenecholestan- 3ß -o1-3- benzoate 47 collected as 

granular plates, m. p. 91 -92 ° (1 15 ° ), a ] D + 9 ° 
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The infrared spectrum is very characteristic showing absorp- 

tion bands of 3080, 2950, 2880 1720, 1600, 1585, 1465, 1450, 1382, 

1370, 1362, 1325, 1315, 12 -(0, 1175, 1155, 1112, 1070, 1035, 1025, 

1007, 982, 965, 934, and 710 cm -1 

The NMR spectrum shows the aromatic benzoate protons as 

a pair of multiplets centered at 7.49 8 and 8. 03 6, and the 3a -pro- 

ton as a broad band centered at 4. 92 6. The methyl groups are visi- 

ble at 49 c. p. s. (18 -Me), 50 and 55 c. p. s. (26- and 27 -Me), and 

55 c. p. s. (19 -Me). The methylene protons of the cyclopropane 

ring appear as a complex pattern spread from -5 c. p. s. to 30 c: p. s. 

7- Cholestene -3ß, 6a -diol 48. A solution of 24.0 g (0. 0624 

mole) of 7- dehydrocholesterol in 600 ml. of dry "diglyme" was 

treated at room temperature, under dry nitrogen, with excess 

gaseous diborane. The diborane was generated by dropwise addi- 

tion of a sodium borohydride (4. 74 g. , 0. 125 mole) slurry in "di- 

glyme" to 23.6 g. (21 ml. , 0. 166 mole) of boron trifluoride ether - 

ate and passed into the reaction vessel through a sintered glass 

tube. After about two hours of treatment the organoborane pre- 

cipitated as a white paste. After an additional hour of treatment the 

suspension was allowed to stand for two hours. The suspension 
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was then treated with 240 ml. of 5% sodium hydroxide solution and 

60 ml. of 30% hydrogen peroxide and stirred for at least 30 minutes. 

The mixture was then extracted with ether, and the ether solution 

washed with water, 5% ferrous sulfate solution, saturated salt solu- 

tion, and dried over magnesium sulfate. Removal of the solvent 

in vacuo gave 27 g. of white powder which was difficult to recrystal- 

lize. After repeated attempts, recrystallization from ether-methanol 

was effected to yield 8. 6 g. (34 %) of 7- cholestene -3 3, 6a -diol 48, 

m.p. 189-194°, a] + 42° [lit. (24) m.p. 192°, a] + 48°] 

7a , 8a -Methylenecholestane -3(3, 6a -diol 49. Into a 500 ml. 

round -bottom flask were placed 2. 64 g. of freshly prepared zinc - 

copper couple [ lit. (94)] , a few drops of methylene diiodide, and 

ca. 50 ml. of anhydrous ether. The magnetically stirred suspension 

was heated under reflux for 15 minutes. To this refluxing suspen- 

sion was added dropwise a solution of 4. 1 g. (0.010 mole) of 7 -chol- 

estene -3ß, 6a -diol 48 and 5. 5 g. (0.020 mole) of methylene diiodide 

in ca 300 ml. of anhydrous ether. The purplish- colored suspension 

was heated under reflux for 24 hours and then allowed to cool. The 

reaction suspension was then poured into a separatory funnel con- 

taining a saturated solution of ammonium chloride and shaken. The 

product was isolated with ether and the ethereal solution washed with 

saturated ammonium chloride solution, 10% sodium bicarbonate 

solution, saturated salt solution, and dried over magnesium sulfate. 
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The filtered solution was evaporated in vacuo to dryness to give 4.0 

g. of a yellow -white foam. After some difficulty, crystallization was 

accomplished from ether -methanol to afford 2,41 g. (57%) of 7a , 8a - 

methylenecholestane -3 ß, 6a -diol 49 as a white powder, m. p. 1 78- 

186 ° . 

The infrared spectrum shows strong alcohol absorption at 

3400 cm -1 (broad) along with the usual bands of a steroid, 

The NMR spectrum shows the methylene protons of the cyclo- 

propane ring as a broad band centered at ca. 15 c. p. s. , and the 

signal for an olefinic proton is absent. 

Attempts to selectively benzoate the 313- alcohol gave complex 

mixtures of the 3@ -6a -- dibenzoate, the 3p -ol -6a -benzoate, the 3p- 

benzoate-6a -ol, and the starting diol. 

Equally discouraging was the failure of N- bromosuccinimide 

to selectively oxidize the 6a -ol to give the desired 33 -01 -6 -one. 

7- Cholestene -3ß, 6a - diol -3- acetate 51. 7- Dehydrocholesteryl 

acetate (15.0 g. , 0. 035 mole) dissolved in 1-L of anhydrous ether 

was treated with a large excess of gaseous diborane. The solution 

was stirred vigorously and kept at 0°. The diborane was generated 

in a separate vessel by the addition of a sodium borohydride (33. 5 

g., 0.88 mole) slurry in "diglyme" to 148.5 ml, (166.5 g., 1. 1 7 

moles) of boron trifluoride etherate, and passed into the reaction 

solution through a sintered glass tube. The gaseous treatment was 
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complete in 60 minutes. The ethereal solution of the organoborane 

was then poured into a 4 -1. beaker containing 250 ml. of 1% sodium 

hydroxide solution and 60 ml. of 30% hydrogen peroxide. The sus- 

pension was quickly stirred and the phases separated as soon as pos- 

sible. The ether fraction was then quickly washed with water, 5% 

ferrous sulfate solution, water, and dried over magnesium sulfate. 

The ether was evaporated in vacuo to give 14.5 g. of a white foam. 

Chromatography over 250 g. of neutral alumina with benzene- 

methanol (98:2) as eluent gave, in fractions froar and five, 6.58 g, of 

the crude product. Crystallization from aqueous acetone yielded 1.94 

g. (12%) of 7 -thole s ten..e -3(3, 6a -diol -3- acetate 51 as a white solid, 

m.p. 135-140° [lit. (23) m.p. 143-144°] 

The infrared spectrum shows both the alcohol (3450 cm -1) and 

the acetate (1 730 and 1242 cm -1) absorption bands. 

The NMR spectrum is identical to that reported for the known 

compound. 

7a , 8a -Methylenecholestane -3p, 6a - diol -3- acetate 52. A few 

drops of methylene diiodide, 2. 0 g. of zinc -copper couple [ lit. (94)] , 

and ca. 50 ml. of anhydrous ether were heated under reflux for 15 

minutes. To this suspension, heated under reflux, was then added 

dropwise a solution of 1.00 g. (0. 00225 mole) of 7- cholestene -3p, 6a - 

diol -3 -acetate 51 and 1.0 g. (0.0037 mole) of methylene diiodide in 

150 ml. of anhydrous ether. The mixture was heated under reflux 
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for 30 hours and then allowed to cool. The purple -colored suspension 

was poured into a saturated ammonium chloride solution and the 

product isolated by extraction with ether. The ethereal solution was 

washed with 10% sodium bicarbonate solution, saturated salt solu- 

tion, and dried over magnesium sulfate. The filtered solution was 

then concentrated in vacuo to give 1.1 g. of yellow oil. Chromatog- 

raphy over alumina (30 g.) gave in the benzene -methanol (98:2) 

fraction O. 70 g. of crude product as a yellow oil. Crystallization, 

although difficult, was accomplished from aqueous acetone to furnish 

0.26 g. (25%) of 7a, 8a -methylenecholestane -33, 6a -diol -3- acetate 

52 as a white powder, m. p. 167 -1 71 ° . 

The infrared spectrum shows a broad absorption band at ca. 

3400 cm -1 (6a -alcohol), a sharp band at 1 730 cm -1 (3p- acetate), 

and the usual bands of a steroid. 

7a, 8a -Methylenecholestan- 3p -o1 -6 -one -3 -acetate 53. Jones 

reagent (0.30 ml.) was added dropwise to a solution of O. 246 g. 

(0.00054 mole) of 7a , 8a -methylenecholestane -3p, 6a -diol -3- 

acetate 52 in 100 ml. of acetone (distilled from potassium perman- 

ganate). The resulting cloudy solution was stirred vigorously for 

ten minutes at 25° . Methanol was then added until a deep green 

color developed, and the solution poured into water. The steroid 

was isolated with ether and the ethereal solution washed with water, 

10% sodium bicarbonate solution, and saturated salt solution. After 
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drying over magnesium sulfate, the ether was removed in vacuo 

to afford 0.248 g. of yellow solid. Recrystallization from acetone- 

methanol provided 0.168 g. (69%) of 7a , 8a -methyleneeholestan-3ß- 

of -6 -one -3 -acetate 53 as needles, m. p. 165-168°. 

The infrared spectrum confirms the structure assignment by 

showing a sharp absorption band at 1692 cm -1 (carbonyl situated 

alpha to a cyclopropane ring). The other bands visible in the infrared 

spectrum are at 2960, 2890, 1730, 1465, 1445, 1380, 1360, 1282, 

1242, 1215, and 1035 cm -1 

7a , 8a -Methylenecholestan- 3(3 -o1 -3- benzoate 47. Into a solu- 

tion of 1.0 g. of freshly cut sodium metal in 75 ml. of redistilled 

diethylene glycol, heated under reflux, was distilled ca. 4 ml. of 

completely anhydrous hydrazine. The anhydrous hydrazine was 

prepared by refluxing 30 ml. of 100% hydrazine hydrate over 30 g. 

of potassium hydroxide. Hydrazine was added until the diethylene 

glycol solution was refluxing freely at 184° (internal). Absolutely 

dry conditions were maintained throughout the reaction, and the 

reaction was kept under dry nitrogen. The pale yellow solution 

was then allowed to cool and 0.155 g. (0.00034 mole) of 7a , 8a - 

methylenecholestan- -3 ß -o1-6-one-3-acetate 53 was added very 

quickly. The solution was heated under reflux for 24 hours and 

then the excess hydrazine was removed through the use of a Dean- 

Stark trap. The temperature rose to 230° (internal) and was 
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maintained at this temperature for 24 hours. The solution was then 

allowed to cool, poured into water, and the steroid isolated with 

ether. The ether solution was washed with 5% hydrochloric acid 

solution, 10% sodium bicarbonate solution, saturated salt solution, 

and dried over magnesium sulfate. Removal of the solvent in vacuo 

gave 0. 172 g. of crude alcohol. Chromatography over 15 g. of 

alumina yielded in the benzene-ether (1:1) fraction 0. 138 g. of yel- 

low oil. This oil was then treated with 0. 2 ml. of benzoyl chloride 

and 25 ml. of dry pyridine overnight. The usual work -up followed by 

chromatography over alumina furnished the crude benzoate as a 

yellow oil. Crystallization from acetone yielded 0. 056 g. (33 %) of 

7a, 8a -methylenecholestan- 3p -o1 -3- benzoate 47 as granualr crystals, 

m.p. 93 -95° (119 °), a] D+ 9 °. 

The infrared spectrum and the NMR spectrum are super- 

imposable with those obtained for the methylene adduct which was 

prepared from the dichlorocarbene adduct of 7- cholesten- 33 -o1 -3- 

benzoate. This data unequivocally proves the alpha configuration 

of the carbene adducts of 7- cholesten- 3p -o1-3- benzoate. 

6- Cholesten- 3p -o1 -3- benzoate 54 . A solution of 12.0 g. (0. 031 

mole) of 7- dehydrocholesterol in 300 ml. of anhydrous "diglyme" was 

treated at room temperature, under dry nitrogen, with excess gas- 

eous diborane. The diborane was generated by dropwise addition of 

a sodium borohydride (2.37 g. , 0. 062 mole) slurry in "diglyme" to 
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10.5 ml. (1 1. 8 g. , 0.083 mole) of boron trifluoride etherate and 

passed into the reaction vessel through a sintered glass tube. After 

two hours of treatment the organoborane precipitated as a white 

paste. Acetic anhydride (100 ml.) was then added and the reaction 

mixture heated under reflux for four hours to give a dark orange 

solution. After evaporation of the solvent in vacuo on a Duo-seal 

high vacuum pump, the resulting gum was dissolved in ether and 

washed with 10% sodium hydroxide solution, saturated salt solution, 

and dried over magnesium sulfate. The solvent was again removed 

in vacuo to yield 13.2 g. of a brown gum. This residue was dissolved 

in dry ether (400 ml.) and heated under reflux for four hours in the 

presence of 4 g. of lithium aluminum hydride. After cooling and 

slow addition of ethyl acetate, the product was isolated with ether 

and the ethereal solution washed with 5% hydrochloric acid solution, 

10% sodium bicarbonate solution, saturated salt solution, and dried 

over magnesium sulfate. The solvent was then removed from the 

filtered solution in vacuo to yield 14.0 g. of yellow oil. Chromatog- 

raphy on 500 g. of alumina gave, upon elution with benzene -ether 

(9:1), 4. 70 g. of the crude alcohol as a yellow oil. Benzoylation 

of the crude alcohol in 50 ml. of dry pyridine and 5 ml. of benzoyl 

chloride gave, after work -up and chromatography on 120 g. of 

alumina, 3. 1 g. of crystalline solid. Recrystallization from 

acetone afforded 1.24 g. (8 %) of 6- cholesten- 3p -ol -3- benzoate 54, 
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m.p. 136,5 -137,5° (157 °), a] D- 74° [lit. (103) m.p. 134.5- 

135.5° (1500), a] - 85° ] . 

The NMR spectrum exhibits the olefinic C-6 and C-7 protons 

as a doublet (J=7 c. p. s. ) centered at 5, 42 5 and the 3a -proton as a 

broad band at 5.07 b. The angular methyl groups appear at 43 c. p. s. 

(18 -Me) and 51.5 c, p. s. (19 -Me). 

Addition of Dichlorocarbene to 6- Cholesten- 3p -o1 -3- benzoate 

54. A suspension of 6- cholesten- 33 -o1 -3- benzoate 54 (0. 600 g., 

0.00122 mole) and phenyl (trichloromethyl)mercury (4.85 g. , 0.0122 

mole) in 50 ml. of anhydrous "glyme" was sealed in a heavy -walled 

glass tube. The suspension immediately gave way to a clear solu- 

tion upon being placed in a pre -set oil bath at 155°. After one hour 

the tube was removed from the bath, allowed to cool, and the con- 

tents flushed into a beaker. Following filtration to remove the pre- 

cipitated phenyl mercuric chloride, the solvent was evaporated 

in vacuo to give 1.2 g. of cream -white paste. Chromatography 

over 60 g. of alumina with benzene gave 0. 85 g. of crude product 

as a yellow oil. Crystallization from acetone yielded 0.373 g. (53%) 

of the dichloromethylene adduct 55, m, p. 180-185°. Recrystalliza- 

tion from chloroform -methanol provided the analytical sample as 

white needles, m.p. 189-191°, a] - 7°. 

Anal. Calc. for C35H50O2C12: C, 73. 27; H, 8. 78; Cl, 12.36 

Found: C, 73.43; H, 8.83; Cl, 12.22 
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The infrared spectrum shows absorption peaks at 2960, 2880, 

1720, 1600, 1465, 1448, 1380, 1365, 1315, 1272, 1175, 1112, 1097, 

1068, 1025, and 710 cm -1. 

The NMR spectrum exhibits the aromatic benzoate protons 

as a pair of multiplets at 7.47 6 and 8.07 6 and the 3a -proton as 

a broad band at 5.07 6 in a ratio of 5:1, respectively. The angular 

methyl groups are visible at 42 c.p.s. (18 -Me) and 51.5 c.p.s. 

(19 -Me). 

Reaction of Difluorocarbene with 20 -5a -Pregnene -3(3, 20 -diol- 

diacetate 56. A solution of 1.00 g. (0. 00249 mole) of 20 -5a -preg- 

nene -3(3, 20 -diol diacetate 56 in ca. 35 ml. of anhydrous "diglyme" 

was heated under reflux in an atmosphere of dry nitrogen. To this 

solution was added 3. 00 g. (0. 0197 mole) of sodium chlorodifluoro- 

acetate in small portions over a 45 minute period. After heating 

under reflux an additional 30 minutes, the black solution was allowed 

to cool and filtered through celite. The filtrate was concentrated 

in vacuo using a Duo -seal high vacuum pump to afford 1.8 g. of 

dark brown oil. Adsorption on 60 g. of alumina followed by elution 

with hexane- benzene (1:1) gave 1.2 g. of clear oil. Crystallization 

from methanol -ether yielded 0. 840 g. (75 %) of a mixture of the two 

C -20 epimeric adducts 57a and 57b. The C -20 epimers were col- 

lected as a white powder, m. p. 112-11 7 ° . No attempt was made 

to separate the two difluorocarbene adducts. 
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The infrared spectrum shows major absorption bands at 2940, 

2880, 1755 (acetate carbonyl at C -20), 1730 (acetate carbonyl at 

C -3), 1465, 1450, 1370, 1240, 1220, 1130, and 1025 cm -1. 

The NMR spectrum exhibits the 3a -proton as a broad band 

centered at ca. 4.63 S. The angular methyl groups are at 47 c.p. s. 

(18 -Me) and 50 c.p. s. (19-Me). The methyl groups of the acetates 

are seen at 119.5 c.p. s. (C -3) and 120.5 c.p. s. (C-20). 
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