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nitrile or acetonitrile-ether, decomposed a t  temperatures above 
300°, but did not melt below 400". 

.Anal. Calcd. for CsoH,&,OjCl: C, 60.23; H, 3.79; N, 7.02. 
Found: C, 60.51 ; H, 3.92; S ,  6.116. 

The infrared absorption spectrum showed the absence of any 
significant absorption in the carbonyl region and a definite ab- 
sorpticin a t  2.94 p assigned to the indole XH; A,,, (log e)  258 
(4.36),  268* (4.33), 380 (4.29), 405 (3.82), and 440* nip (3.49). 
3,4-Dimethoxyindolo [2,3-a] acridizinium (VIII) Perchlorate.- 

Starting with 0.8 g. of the pyridoindolecarboxaldehyde and using 
2,3-diniethoxybenzyl brcimideI4 instead of 3-methoxybenzyl 
bromide, but otherwise following the procedure used for making 
the 3-methcisy derivative \'II, the desired :3,1-diinethoxyindolo- 
acridizinium perc*lilorste VIII was obtained as a red-brown prod- 
ur t ,  m.p. about 290" de(*.; yield, 1.41 g .  (81%). An analytical 
sample, prepared by recrystallization from acxetonitrile or aceto- 
nitrile-ether, w:iu'orange, n1.p. 313-314'; A,,, (log E)  260 (4.53), 
290 (4.37), 359 (1.50), 385* (4.17) and 480 nip (3.90). 

Anal. Calcd. for C,lH1;S2C106: C ,  58.82; H, 4.00; S ,  6.53. 
Found: C ,  58.03; H, 4.05; S ,  6.53. 

The infrared ihsorption spectrum showed no significant 
absorption in the rarbonyl regicin but a strong absorption at 
2.96 M, assigned to indole S H .  
3-(3,4,5-Trimethoxybenzoxy)-4-methoxybenzaldehyde (X) .- 

Isovanillin15 (S.0 g.) was dissolved in freshly distilled pyridine 
and the solution cooled and stirred vigorously while a slight 
excess of :3,4,5-trimethoxybenzoyl chloride16 was added slowly in 
small portions. After the solution had been kept for several 
hours at room temperature, the pasty mixture was poured into 2 
I .  of 3 .I' hydroc~hloric acid cv)ntaining some ice. The precipitate 
was cwllected, washed with water, and dried, giving 5.5 g .  (81Yc7,) 
of a slightly yellow colored solid, n1.p. 145-150°, that was pure 
enough for the next step. The analytical sample formed ir- 
regular crystals, m.p. 158-160°, from benzene-petroleum ether 
(60-90°). 

Anal. Calcd. for CI8Hl80,: C, 62.32; H, 5.24. Found: 
C, 62.88; H, 5.17. 

(14) R .  11. Haworth and  UT. H. Perkin, Jr . ,  J .  Chem. Soc.. 121, 1434 
(192.5). 

(15) A. Lovecy, R .  Robinson, and  S. Sugasawa, z b t d . ,  817 (1930). 
(10) W.  A. Perkin. ,Jr.,  and C. Weizmann. $hid. ,  89, 1649 (1900). 

3- (3,4,5-Trimethoxybenzoxy)-4-methoxybenzyl Alcohol (XI) .- 
.4 pasty suspension of 3.0 g. of the aldehyde in methanol was 
added in small portions to a cooled solution (57,)  containing 1 g.  
of sodium borohydride in methanol. After the reaction was com- 
plet,e the excess hydride was destroyed by dropwise addition of 
dilute sulfuric acid. The precsipitated alcohol was collec%ed, 
washed with water, and dried; yield, 2.5 g. (82%); m.p. 120- 
125". The colorless alcohol formed irregular crystals from ben- 
zene-petroleum ether, m.p. 128-129'. 

ilnal. Calcd. for C18H2110;: C, 62.06; H ,  5.71). Found: C, 
62.46; H, 5.70. 
3-(3,4,5-Trimethoxybenzoxy)-4-methoxybenzyl Bromide (XII) , 

.-2 well stirred suspension of the alcohol XI (2 .0  g.) in dry ether 
(100 nil.) was maintained a t  0' and treated dropwise with 1.0 g. 
of phosphorus tribromide. The mixture was allowed to stand 
overnight at room temperature, and then shaken repeatedly with 
cold water until free from acid. The ethereal solution was dried, 
the ether evaporated, and the residue crystallized from benzene- 
petroleum ether as colorlessnodules; m.p. 112-113'; yield, 1 .i g. 
(74%). 

Anal. Calcd. for CI8Hl9O6Br: C, 52.57; H, 4.6H. Found: 
C, 52.56; H, 4.71. 

2-Methoxy-3- (3,4,5-trimethoxybenzoxy)indolo [2-3-a] acridi- 
zinium (IX) Perchlorate .-One gram of the pyridoindole car- 
boxaldehyde I V  was quaternized with XI1 in the usual way. To 
the crude quaternary salt in 25 ml. of methanol, 10 ml. of con- 
centrated hydrochloric acid was added, and cyclization carried 
out, as usual, except that heating was continued for 1 hr. instead 
of the usual 15 min. The acid was evaporated, the resulting oil 
taken up in methanol and precipitated as the perchlorate by the 
addition of 20(;; perchloric acid. The oily perchlorate was 
washed wit,h water and recrystallized from acetonitrile-ether. 
The product which showed some signs of decomposition during 
recrystallization consisted of a red-brown powder; m.p. 203-20.)" 
dec.; yield, 2.26 g. (737,). Alcoholic solutions of the product 
showed a very strong yellow-green fluorescence, and the infrared 
spectrum showed an absorption in the carbonyl region a t  5.75 p 
and another absorption in the 2.90-p region attributed to the XH 
peak. 

Anal. Calcd. for C30H2sS2C1010. H,O: C,  517.47; H, 4.34; 
S ,  4.47; OCH,, 19.80. Found: C, 57.41; H, 4.30; K, 4.49: 
OCH,, 20.43. 
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The hydrolysis of 4a-riiethyl~~holesteryl p-toluenesulfonate ( I X )  in 60% aqueous ac*etone in the presence of 
potassium acetate yields 55(,{, of 3 ~ , 5 ~ - ~ ~ ~ ~ ~ 1 ~ i - 3 a - n i e t l 1 ~ l ~ ~ l 1 o l e s t ~ n - G ~ - o l  (X\ ' I I I )  together with minor amounts 
of diene and unrearranged parent alcohol X. The type and distribution o f  products obtained indicate that, this 
solvolytic. reactiiin is completely anahigous to that ( i f  cholesteryl p-toluenesulfonate. In  contrast, under the 
same c~inditicins, 4~-nne t t i~~ l~~ l io l e s t e r~ l  p-toluenesulfonate (X\ ' I )  yields 80:; of 4-niet~1yl-A~~~-cholestadiene 
(SX), .i-if,C of the ring-caontrttcted alvoliol 34-( l ~ - ~ ~ ~ d r o x ~ ~ e t l r ~ ~ l ) - A ~ - A - n o r c ~ ~ o l e s t e n e  ( X I X )  and a trace of un- 
rearranged parent al~:olicil (X\ ' I I ) ;  no 3a3a-c losterol is obt:tined. Elucidation of  the structures of these 
products ;tnd :t discussion of factors wliidr ni:~!. account for  the striking diflerenre in solvolytic~ behavior of 
I S  and X\ ' I  are presented. 

The ? & h y d r o ~ y - ~ ~  system of steroids reprcsriits a 
useful substrate for the study of hoiiioallylic participa- 
tion in solvolyt,ic reactions. Under nonacidic condi- 
tions, the solvolysis of ester derivatives of this system 
yields the corresponding Iiomoallylic rearraligemclit 
product, namely, a :3a,.Sa-cyclo-C,~ substituted steroid.2 
Substantial ratr enliancemcnt also is observed3; for 
esaii~plr, tlie relative rates of acetolysis at 100' of 

( 1 ) i : d  A r k n r , n I ( . ~ l ~ ~ n o n t  is iiiatlr to tlic rionurs uf t l lcs Petiole~lni I l rsrayrh 
l:iind, a<liiiinistrwil Iiy tlir . \ i i i r i  ican Cl iP i i i i ra l  Siorirty foi. SllP[J(Jrt (Jf this 
1 , r<I lvr t  iintler (;,.ant l : i 4 7 - , \ 4 ;  ( h )  t akrn  in I n r t  f ro i t i  t l i v  r l u c t o v d  dinsri.ta- 
tion o f  I? .  11. dr Joiisa,  Tiw C'atliolir Ynivrrsity of .2iiirrica. IW:<. 

cholestaiiyl and cholesteryl p-toluenesulfonates are 
1 : 100. Itate acceleration and stereospecific formation 
of products in  the cholesteryl system may be explained 
in  terms of an activation process. involving ionizatioii 
at C-3 facilitated by participation of the C-5-C-6 
double bond. The extent of participation i i i  the 
trailsition state for ioiiizatioii depciids upon how ef- 
fectively tlie p-orbital a t  C-5 of the double hoiid can 
overlap with the developing p-orbital at C-5 Siiiio- 
iietta and Wiiistein4 have applied semiempirical niolccu- 
lar orbital calculations to the cholesteryl catioii with 
the important results that (a) a t  a normal C-3-C-5 
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distance of 2.5 A .  electron delocalization may lead to 
appreciable stabilization, and (b) with moderate com- 
pression of the C-3-C-5 distance, the 1,3-overlap in- 
tegral increases significantly. 

With a view toward learning the effect of substi- 
tuents a t  C-4 upon the 1,3-electron delocalization in 
this system, a study of the productssa and kinetic@ 
of solvolysis of 4,4-dimethylcholesteryl p-toluenesulfo- 
nate (I) was undertaken. The rate of solvolysis of this 
compound was found to be about four times faster than 
that of cholesteryl p-toluenesulfonate, while the satu- 
rated analog, 4,4-dimethylcholestanyl p-toluenesulfo- 
nate, solvolysed a t  a rate only one-third greater than 
cholestanyl p-toluenesulfonate. These results clearly 
indicate participation of the double bond in I in the 
rate-limiting ionization step. Two further inferences 
may also be drawn. l:irstly, contrary to a “flattened 
A-ring” which has been proposed by Allinger6 as a 
means of relieving the 1,3-diaxial methyl interaction 
between the methyl groups a t  C-4 and C-10 in 4,4- 
dimethyl-3-keto steroids no substantial flattening can 
exist in I. If such flattening did occur, participation 
would be precluded due to the increased C - 3 4 - 5  
distance, and the rate of solvolysis of I would, therefore, 
resemble that of cholestanyl p-toluenesulfonate. Sec- 
ondly, the rate enhancement observed for I over 
cholesteryl p-toluenesulfonate may be considered to 
arise from either a steric effect of the geminal di- 
methyl group a t  C-4, involving a Thorpe-Ingold’ 
type compression of the C-3-C-5 distance and thus 
allowing better overlap, or the methyl groups may 
stabilize the hoiiioallylic ion by an inductive mech- 
anism. A furt‘ier point of interest in the solvolysis of 
4,4-dimethylcholc~1eryl p-toluenesulfonate (I) is the 
observation that no i-steroid is formed but only ring- 
contracted diene 111 (70y0) and ring-contracted alcohol 
3-(2-hydroxypropyl)-A~-A-norcholestene (11) (2O%).5” 

r 

An obviously pertinent extension of this study is the 
investigation of the solvolytic behavior of the isomeric 
4a- and 4P-methylcholesteryl p-toluenesulfonate esters, 
I X  and XVI, respectively, which is reported in this 
paper. 4P-1’Iethylcholesteryl p-toluenesulfonate (XVI) 
resembles 4,4-dimethylcholesteryl p-toluenesulfonate 
(5)(aj R. A I .  RIoriarty and E. 8. Wallis, J .  O r g .  Chrm..  24, 1274, 1987, 

(1959); (b) W. .I. A. Vanden IIeuvel. R.  M. Moriarty. and E. S. Wallis, 
i h i d . .  27, 72.5 (1962). 

( G )  N. L. Allinger and M. A.  Da Rooge. J .  A m .  Chem. Soc., 84, 4561 
(1902). 
(7) For a recent discussion of the Thorpe-Ingold effect see: P. von R. 

Schleyer. ibid.. 83, 1368 (1961). 

(I) in that the 1,3-diaxial interaction between the 
C-4 and C-10 methyl groups is present. 4a-Methyl- 
cholesteryl p-toluenesulfonate (IX) does not possess 
this interaction, and, in this sense, resembles cholesteryl 
p-toluenesulfonate. These stereochemical relation- 
ships are depicted by structures A and B. 

TsO TeO 
CH3 H 

A B 

Preparation of Compounds.-4a-Methylcholesteryl 
p-toluenesulfonate (IX) was prepared via the steps 
outlined in Chart I. Dehydration of the 4a-methyl- 
cholestane-3p,5a-diol 3-p-toluenesulfonate (VIII) with 
thioiiyl chloride in pyridine was found to be the best 
method of preparation for compound IX.  The direct 
tosylation of the parent alcohol, 4a-methylcholesterol 
(X), gave low yields of IX. 4a-?\lethylcholesterol 
(X) has been prepared by Julia and Lavaux* by de- 
hydration of the 3-monoacetate of VI1 followed by 
saponification. An alternative method for the prepa- 
ration of X is via sodium borohydride reduction of 4- 
methyl-A3 5-cholestadien-3-ol acetate. A maximum 
yield of 12% of X was achieved by this method. The 

CHART I 

CHs 
IV 

CH3 
V 

dH3 
IX 

position of the double bond in IX was established to 
be a t  C-5-C-6 rather than the a priori more likely 
C-4-C-5 position (the hydrogen a t  C-4 and the hy- 
droxyl group a t  C-5 are trans coplanar in VIII) by the 
following data. Firstly, the n.m.r. spectrum’ ’ showed 
the absence of CHs-C=C in the 8.3-7 region and the 
presence of one vinyl proton 4.70 T .  Secondly, the 
material was levorotatory which is characteristic of 

(8) S. Julia and .I. P. Lavaiix, Compl.  r e n d . ,  264, :3702 (1902). 
(9) Uni>ublished experiment of .J. A. Feeley. This synthesis will be re- 

ported i n  a future paper dealing with the mechanism of sodium borohydride 
reduction of dienol acetates. 
(10) All peak positions are reported in r-values relative to tetramethyl- 

silane as internal reference. Carbon tetrachloride is used as solvent rinless 
otherwise stated. 
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A5 ster0ids.l' Thirdly, the same compound was ob- 
tained by tosylation of the parent alcohol X prepared 
by the borohydride reduction of the enol acetate 
mentioned beforeg or via the method of Julia and 
Lavaux.s The direction of dehydration in this case 
is probably determined by the relative stabilities of the 
products. In  the cholesteryl series, infrared olefinic 
stretching frequencies indicate that the As double bond 
(1690 cm.-') is more stable than the A4 double bond 
(16.57 cm.-l).12 

The synthesis of 4p-methylcholesteryl p-toluene- 
sulfonate (XVI) is outlined in Chart 11. Again the 
final step in this synthesis is the thionyl chloride- 
pyridine dehydration of the hydroxy tosylate precur- 
sor. 4p-Methylcholestane-3B,5a-diol (XIV) has been 
previously prepared by Julia and Lavaux,13 who also 
transformed the 3-monoacetate derivative via dehy- 
dration and saponification into 4p-methylcholesterol 
(XVII). A4-Cholesten-3p-01-acetate (XII) (allocho- 

XI 
" 

XII XIII 
13. CH,MgI 

XIV 

H O W  
CH3 
xvIr 

lesteryl acetate) was prepared in GOYo yield by lithium 
aluminum hydride reduction of cholestenone (XI) 
followed by acetylation and separation from epiallo- 
cholesteryl acetate by chromatography. The highly 
stereoselective a-epoxidation of XI1 has been discussed 
by Henbest and Wi1s0n.l~ The stereochemistry of the 
Grignard reaction product XIV is reasonable in terms 
of analogy with the course of lithium aluminum hy- 
dride reduction of epoxide XIT' to yield only choles- 
tane-3@,.5a-diol. l 4  Tosylate XVI also could be ob- 
tained from 4p-methylcholesterol (XT'II) by direct 
treatment with p-toluenesulfonyl chloride in pyridine, 
although i n  much inferior yields compared with the 
previously described method. 

Experimental Results 

The product's resulting from the buff eyed hydrolysis 
of 4a-methylcholesteryl p-toluenesulfonate (IX) and 
4~-methylcholesteryl p-toluenesulfonate (XT'I) are out'- 
lined in Chart 111. 

(11) R.  Bernstein. E. M. Hicks. , I r . ,  D. AI. Clark,  and E. 8. Tal l i s ,  J .  

(12)  R .  ii. Jones and  F. Herling. i b i d . ,  19, 1252 (1954) .  
(13) S. Julia and % J .  P. Lavaux, Compt. rend.. 261, 733 (19FO). 
(14) H. B. Henbest and R.  .1. L.  Wilson, J .  Chem. Soc.. 1958 (1987). 

O r g .  Chem.. 11, 640 (1946). 

H &E+ 
The crude product from the hydrolysis of XVI was 

readily separable by chromatography into an olefinic 
part and alcoholic part. The crystalline olefinic 
fraction accounted for 80% of the product and was iden- 
tified as 4-methyl-A3.5-cholestadiene (XX) ; m.p. 73-  

247 mp sh (ll,000).13 The alcohol part, upon rechro- 
matography, yielded 4-7% of rearranged alcohol XIX, 
CnH480, m.p. 113-14', [ a ] ~  -40'. A trace of a 
second alcohol was also obtained which proved to be 
46- methylcholesterol (XVII) . Alcohol XIX was im- 
mediately recognized as not being an i-steroid due to 
the presence of unsaturation (tetranitromethanei5 and 
bromine in carbon tetrachloride) and also due to the neg- 
ative sign of its rotation (the 3p-0l-A~ + 3a15a-cyclo-6p- 
01 transformation is invariably accompanied by a change 
in the sign of optical rotation from a negative value to a 
positive value).16 The n.m.r. spectrum of XIX showed 
absence of cyclopropyl protons in the 9.5-9.9-7 region. 
The vinyl proton at C-5 was observed a t  4.30 7 and the 
(CHJ-CH-OH methyl appeared as a doublet at 8.76 7. 

Oxidation of XIX with chromium trioxide in pyridine 
yielded a crude product which possessed infrared ab- 
sorption (CC14) at 5.83 and 5.93 p. This result cor- 
responds to oxidation of the ethanol side chain a t  
C-3 to a mixture of the unconjugated and conju- 
gated carbonyl derivative. Chromatographic sepa- 
ration yielded the pure latter compound, 1 ",'H 

257 mp ( e  13,600). The properties of t'his material are 
in agreement with those reported for 3-acetyl-A4-A- 
norch~les tene .~~ l l i ld  acid-catalyzed rearrangement 
of X I X  (filtration over acidic alumina) afforded 4- 
methyl-A3 5-cholestadiene (XX) . These data are taken 
to estahlish the structure of XIX as 3/3-(lp-hydroxy- 
ethyl)-A5--A-norcholestene. The stereochemistry of the 
hydroxyl group of the ethanol side chain is tentatively 
assigned the @-configuration (using the C-20 pregnane 
convention). This assignment is based upon the pre- 
sumed stereochemistry of attack of solvent on the in- 
termediary homoallylic ion (see discussioii section). 

74'; [CY]D - 100'; A:::" 231 sh (E 15,800), 239 (2o,ooO), 

(15) Althouah it has been rrportrd'8b tha t  cycloprol~yl containing coni- 
pounds give a faint yellolv color ait l l  tetranitromethane, the conditions f o r  
use of the reagent in the yresent study were standardized based upon tlir 
production of no color with 3a.5a-cyclocholestan-np-ol. 

( l ( i )  This conclusion is based upon a n  examination of the optical rotations 
of niitneroiis 3a,>a-cycIo-6~3 siihstituted steroids. 

( 1 7 )  S. Julia. J-P L s r a u r .  S. R.  Pathak. and G.  H. Whi tham Corm/. 
rend.. 266, 1537 (1903). 
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Julia, et d , 1 7  have also reported, in preliminary form, 
results on the hydrolysis of 4P-methylcholesteryl p -  
toluenesulfonate (XT'I). They have found the same 
products and amounts of products as obtained in the 
present investigation. They assign, without explana- 
tion, the P-configuration tn the hydroxyl group of the 
hydroxyethyl side chain of XIX. Stereoselective 
synthesis is required to establish this point of stereo- 
chemistry. 

The products from the solvolysis of I X  were sepa- 
rated into the olefinic component (20%) and the alcohol 
part (75y0) by means of chromatography. The 
ultraviolet spectrum of the dienic fraction was similar 
to that of 4-methyl-A3 5-cholestadiene (XX), although 
this material failed to crystallize. Rechromatography 
of the alcoholic fraction yielded two alcohols. The 
first of the alcohols XVIII, C28H480, m.p. 1O1-10Zo, 
[ a ] ~  +18", gave no indication of being unsaturated 
in the tetranitromethane testI5 and bromine in carbon 
tetrachloride test, and showed no olefinic absorption in 
the infrared. The saturated nature of XVIII, together 
with its positive sign of rotation and mode of formation 
indicated an i-steroidal structure for this substance. 
Further, chemical evidence supporting this conclusion 
came from the oxidation of XVIII with chromium 
trioxide-pyridine to a ketone with infrared carbonyl 
absorption (CC14) a t  5.91 p and no ultraviolet absorption 
above 225 mp. These properties are consonant with 
the properties expected for the corresponding i-ketone. 
The structure of XI'III is therefore assigned as 3a,5a- 
cyclo-4a-methylcholestane-6-~-ol. The second alcohol 
was identified as the unrearranged parent compound, 
namely, 4a-methylcholesterol (X), by comparison with 
a known sample. 

Discussion of Results 

It is clear from the identity and distribution of the 
products formed in the solvolysis of 4a- and 4P-methyl- 
cholesteryl p-toluenesulfonate (IX and XVI) that the 
configuration of the C-4 methyl group plays a key role in 
the product forming step. A reasonable description of 
the influence of the methyl group may be achieved by 
considering (a) steric strain present in the ground states 
of IX and XVI, (b) steric and electronic factors con- 
tributing to the stability of the corresponding homo- 
allylic ions derived from IX and XVI, and, (c) the steric 
factors present in the observed and possible products. 

The solvolysis of 4a-methylcholesteryl p-toluenesulfo- 
nate (IX) is completely analogous to that of cholesteryl 
p-toluenesulfonate. This is not unexpected due to the 
neutral steric influence of the equatorial methyl group 
a t  C-4. The corresponding homoallylic ion in this case 
should possess enhanced stability due to the inductive 
effect of the methyl group. The i-steroid XVIII which 
is obtained is no more strained than i-cholesterol itself. 
No conceivable alternative path of decomposition for 
the intermediary ion is open; ring contraction to a 
five-membered A-ring structure is energetically unre- 
warding both in terms of strain energy and electronic 
stability ; i.e., transformation of the homoallylic ion to 
an open secondary carbonium ion is accompanied by a 
considerable decrease in electronic stability with no 
compensating gain in steric stability. 

The solvolytic behavior of XVI is comparatively 
more complex. The ground state of XVI is strained to 

the extent of about 3.7 kcal./mole due to the 1,3-diaxial 
C-4-C-10 dimethyl interaction.6 Both the transition 
state for ionization and the intermediary homoallylic 
ion retain this steric interaction. Formation of the 
ring-contracted alcohol is clearly accompanied by a 
favorable free energy change due to removal of this 
steric destabilization. Furthermore, obtention of oiie 
alcohol is in agreement with stereospecific attack upon 
the unsymmetrical homoallylic ion C as indicated (C 
+- D). 

c D 

CH3 CH3 

+---- 
E F 

k j - y  
Also contributors E and F must be considered in de- 

scribing the homoallylic intermediate. Formation of 
unrearranged parent alcohol may derive from an un- 
symmetrical contributor such as E. 

The formation of 80% of 4-1nethyl-A~~~-cholestadiene 
(XX), to a first approximation, may be considered as a 
simple loss of a proton from the intermediary homo- 
allylic ion. Two further modes of formation which 
cannot be excluded by the present data are (a) the 
corresponding i-steroid forms but undergoes dehydra- 
tion under the reaction conditions, and (b) the diene 
originates by partial dehydration in  situ of XIX.  

The i-steroid, 3a, 5a-cyclo-4~-methylcholestan-6~-ol, 
would be expected to possess high reactivity. A 3a, 
5,-cyclosterol is estimated to be about 6 kcal./mole less 
stable than the corresponding A5-sterol.18 In addition, 
3a, ~5a-cyclo-4P-n~ethylcholestan-6~-ol would be further 
destabilized to the extent of 3.7 kcal./moleB due to the 
1,3-diaxial methyl interaction and to at least 4 kcal./ 
mole due to the additional interactions of the axial 
hydroxyl group with the two methyl groups. If eyuili- 
bration could take place under the reaction conditions 
employed for the solvolysis, rearrangement of the i- 
steroid to diene X X  would be possible. At present, this 
possibility cannot be experimentally tested due to the 
unavailability of 3a,5a-cyclo-4P-methyIcholestan-6p-ol. 
The second conceivable origin of diene X X  may be 
from dehydration of initially formed XIX via Wagner- 
Neerwein rearrangement followed by proton loss. This 
path is considered due to the facts that  (a) such a reac- 
tion has been carried out, albeit under acidic condition, 
(b) XIX undergoes mutarotation a t  room temperature 
in chloroform solution, and (c) the ultraviolet spectrum 
of XIX upon standing develops absorption typical of 
diene XX. These results point to a facile dehydration 
of XIX to XX. Such a dehydration could also occur 
under the solvolytic conditions used for its formation. 
This reaction is currently under investigation. 

A basically different explanation for predominant 
diene formation is that  the ground state coiiformation of 
the A-ring of 4P-methylcholesteryl p-toluenesulfonate 
(XVI) may exist in a boat form (G). Such a confor- 

(18)(a) C. W. Shoppee and D. F. Williams. J. Chem. Soc..  2488 ( 1 9 5 0 ) ,  
(b)  C. W. Shoppee and G. H. R. Summers,  ibid.. 3361 (1952). 
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mational change replaces the 1,3-dimethyl interaction 
by a 1,4-diaxial tosyloxy-methyl interaction and two 
sets of eclipsed hydrogen interactions a t  C-1 and C-2. 
Assuming that A-valueslg may be applied in this system, 
we may compare the A-value for tosyloxy, variously 
estimated a t  0.6, 0.7, and less likely 1.7 kcal/mole, with 
the corresponding A-value19 for methyl of 1.5-1.9 kcal./ 
mole. Furthermore, the conformational equilibria in- 
volving 1,3-diaxial dimethyl have an interaction energy 
of 3.7 kcal./mole6 while the corresponding value for 
methyl hydroxyl is 2.2-2.4 kcal./mole (the A-value for 
hydroxyl is 0.4-0.9 kcal./mole). The value for the 
two eclipsed sets of hydrogens a t  C-1 and C-2 is about 
1.8 kcal./mole. Consideration of these energy values 
3.7 kcal./mole for a chair A-ring and about 4.0 kcal./ 
mole for a boat A-ring indicate that discussion of the 
mechanism of solvolysis of 4P-methylcholesteryl p- 
toluenesulfonate (XVI) in terms of a boat form A-ring 
is not unwarranted. The value of such a formulation is 

CHa HT% 

H G  

that the trans coplanar relationship of the C-3 tosyloxy 
group and C-4 hydrogen presents the requisite stereo- 
chemistry for elimination. Furthermore, hydrogen 
participation may occur in the activation step for ioniza- 
tion. That such participation occurs and provides 
substantial anchimeric assistance is indicated by the 
relative rates of methanolysis a t  35" for cholestanyl, 
epicholesteryl, and cholesteryl p-toluenesulfonates, 
1 : 15: 100.*0 The proposal of a boat form A-ring for 
XVI and the rejection of a boat form A-ring for 4,4-di- 
methylcholesteryl p-toluenesulfonate (I) (see introduc- 
tion) is not inconsistent in that one methyl group a t  C-4 
in the geminal dimethyl case is always axially oriented 
and thus destabilized by interactions with protons on 
the a-side of the A-ring. 

Exp erimen tall 
f 

4-Methylcholestenone (IV) was prepared by the method o 
Ringold and Malhotrazz in 25% yield and had m.p. 102-103"' 

4-Methyl-P4-cholesten-3p-o1 Acetate (V) .-To a stirred slurry 
of 5.0 g. of lithium aluminum hydride in 300 ml. of 1 : 1 ether- 
tetrahydrofuran a t  reflux, 10 g. of 4-methylcholestenone, dis- 
solved in 150 ml. of ether, was added dropwise over 0.5 hr. 
The reaction mixture was kept a t  reflux for 2 hr. Excess reduc- 
ing agent was decomposed by addition of acetone followed by 
water. Extraction f i t h  ether, drying, and concentration under 
reduced pressure yielded 10 g., m.p. 132-134"; recrystallization 
from acetone yielded 8.0 g., m.p. 151-152' (lit.8 152'). 

Acetylation of this material with acetic anhydride-pyridine 
yielded 7.0 g. of acetate, m.p. 108-111" (from acetone), [ a ] D  
+40" (c 1) (lit.8 11 l0 ,  [ a ] ~  +45O). 

[a]D +108" (c I ) ,  A::" 251 mH ( 6  15,200). 

(19) E. Eliel, "Stereochemistry of Carbon Compounds." McGraw-Hill 

(20) I,. C. King and M. J .  Bigelow. J .  An. Chem. Sac., 14, 6238 (1952). 
(21) Melting points are uncorrected and were determined on  a Fisher- 

Jones melting point block. Infrared spectra were recorded on a Perkin- 
Elmer Infracord spectrophotometer. Ultraviolet spectra were determined 
on a Bausch and Lomb Model A05 recording spectrophotometer. Suclear 
magnetic resonance spectra were determined on a Varian A-GO spectro- 
photometer operating at  00.0 Mc. Optical rotations were taken in chloro- 
form solution. Anhydrous magnesium sulfate wae used as drying agent. 
Microanalysis were carried out by George I .  Robertson, Florham Park. 
New Jersey. 

Book Co., Inc. New York, N .  Y. ,  1862, pp. 236-237. 

(22) H. J .  Ringold and S. K. Malhotra. ibid., 84, 3402 (1962). 

4a,5~-0xido-4@-methylcholestan-3@-ol Acetate (VI) .-To a 
solution of 4.4 g. (10 mmoles) of compound V in 60 ml. of benzene 
was added a solution of 13 mmoles of perbenzoic acid in chloro- 
form a t  room temperature. After 8 hr. at  room temperature, 
an additional 100 ml. of benzene was added, and the resulting 
solution was washed with a solution of 25y0 aqueous sodium 
carbonate followed by washing with water. The dried benzene 
solution was concentrated to dryness zn z)acuo. The resulting 
oil, 4.3 g., showed no tendency to  crystallize. Chromatography 
on unactivated Merck neutral alumina, 140 g., yielded two 
crystalline products. Elution with pentane-benzene (8: 2) 
yielded 600 mg., of m.p. 80-81 ", which may be the corresponding 
48,5@-oxide, but this material was not further investigated. 
Elution with pentane-benzene (1 : 1, 1.3 1.) yielded product 
which after recrystallization from acetone afforded 1.05 g. of the 
desired oxide VI, m.p. 132-34', [ a ] ~  +78" (c 1) (lit.9 131", [ a ] ~  
+SO"). 

4a-Methylcholestane-3p,Sa-diol (VII) .-To a stirred slurry of 
0.6 g. of lithium aluminum hydride in 100 ml. of ether at  reflux 
was added 1.2 g. of rompound VI in 50 ml. of ether. After 2 hr. 
a t  reflux, 50 ml. of tetrahydrofuran was added, and the reaction 
was kept a t  reflux for an additional 2 hr. A t  the end of this 
period, aqueous acetone was added and the solution was ex- 
tracted with ether-benzene (1 : 1). Concentration of the dried 
combined extracts yielded 1.2 g. of crystalline solid. Recrystal- 
lization from ethanol yielded 0.90 g., m.p. 172-173" (lit.9 171'). 

la-Methylcholesteryl p-Toluenesulfonate (IX) .--Compound 
VI1 (0.9Q 9.) was dissolved in 4 ml. of purified pyridine by warm- 
ing. After cooling to 20°, 0.90 g. of p-toluenesulfonyl chloride 
was added, and the solution was swirled for about 2 min., where- 
upon the reaction mixture solidified. It was kept a t  room 
temperature for 12 hr. Then an additional 10 ml. of pyridine 
was added, the solution was cooled to O", and 2.3 ml. of thionyl 
chloride was added dropwise with stirring. The reaction mixture 
was kept a t  0" for 15 min. and then diluted with 100 ml. of ether. 
The ether solution was cautiously treated with ice to decompose 
the excess thionyl chloride, washed with saturated sodium bi- 
carbonate and water, dried, and concentrated to dryness an 
vacuo. The crude crystalline product was kept a t  45" and 0.001 
mm. for 15 min. The product was recrystallized from rigorously 
dried acetone and yielded 750 mg. of the p-toluenesulfonate 
ester IX ,  m.p. 121-122" dec., [ a ] ~  -3' (c 0.4). The infrared 
spectrum (CCla) possessed absorption bands a t  8.40 and 8.46 p 
which are characteristic of the p-toluenesulfonate ester group. 
The analytical sample was prepared by recrystallization from 
acetone. 

Anal. Calcd. for C36HS403S: C, 75.73; H, 9.79. Found: 
C, 75.71; H,  9.70. 

A4-Cholesten-3p-ol Acetate (XII) .-A solution of 2.5 g. of 
cholestenone in 30 ml. of ether and 30 ml. of tetrahydrofuran was 
added dropwise to  a stirred slurry of 0.8 g. of lithium aluminum 
hydride in 80 ml. of ether. The reaction mixture was heated to 
reflux and kept a t  reflux for 1 hr. The product was isolated in 
the usual way and acetylated directly with 4 ml. of acetic anhy- 
dride in 10 ml. of pyridine. A gum resulted which was chroma- 
tographed on 60 g. of neutral alumina. Elution with hexane- 
benzene yielded 1 .O g., m.p. 78-79'. Recrystallization from 
acetone yielded 0.74 g., m.p. 81-82' (lit.*3 85"). 
4~,5~-Oxidocholesta-3@-ol Acetate (XIII) .-This material was 

prepared in 60% yield by the epoxidation of XI11 according to  
the method of Henbest and Wilson'4 and had m.p. 11511To. 
4@-Methylcholestane-3p,5~-diol (XIV j .-To a stirred solution 

of 4a,5a-oxidocholestan-3p-ol acetate (XII I )  (11 9.) in 130 ml .  of 
anisole a t  60°, a ninefold molar excess of methylmagnesium iodide 
in ether was added dropwise. The reaction was stirred overnight 
a t  60". At the end of this period i t  was cautiously added to 0.5 
I.  of acetic acid-water solution (1:l) .  This mixture was heated 
on the steam bath for 10 min. and then thoroughly extracted 
with ether. The ether solution was washed with saturated 
sodium bicarbonate solution and water. The dried ether solu- 
tion was concentrated to dryness m vacuo and then heated a t  50" 
and 0.001 mm. to remove the residual anisole. The crude crystal- 
line product weighing 10 g. was chromatographed on 400 g. of 
Merck neutral alumina. Elution with chloroform yielded 6 g. 
of material of m.p. 179-182". Itecrystallization yielded 4.56 g., 

4P-Methylcholestane-3@,Sa-diol 3-p-Toluenesulfonate (XV) .- 
A solution of 2.0 g. of compound XIV in 3 ml. of dry pyridine was 

m.p. 181-183", [ a ] D  +18" (C 1) (ki3 181.5182.5", [ a ] U  +17' ) .  

(23) H. McKennis and G .  Gaffney, J. E d .  Chem..  176, 218 (1948) 
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cooled to 2 0 ° ,  and 2.0 g. of p-toluenesulfonyl chloride was added 
in one portion. The reaction was allowed to stand a t  room 
temperature overnight. An additional 7 ml. of dry pyridine was 
added, and a 1-ml. aliquot was removed for isolation of the 
hydroxy tosylate XV. Treatment of this aliquot with ice yielded 
solid which.was collected and dried under high vacuum. Re- 
crystallization from dry acetone yielded material, m.p. 97-98' 
dec., [CYJL)  -1.2" ( ~ 0 . 4 ) .  

dnul. Calcd. for C3sH&04: C, 73.38; H ,  9.85. Found: 
C, 73.43; H,  9.71. 

4pMethylcholesteryl p-Toluenesulfonate (XVI).-The 
pyridine solution of hydroxy tosylate XT' was cooled to O",  and 
4 ml. of thionyl chloride was added dropwise with stirring. After 
10 niin. at O o ,  100 nil. of ether was added. The ether solution was 
cautiously treated with water. The ether was washed with a 
saturated solution of sodium bicarbonate followed by water. 
The ether solution was dried and concentrated to  dryness 
in uaruo yielding a crystalline solid. Recrystallization from 
dry acetone yielded 1.4 g., m.p. 98-100" dec., [CU]D -77.8' (c 
1) .  

Anal. Calcd. for C3bHd303: C, 75.73; H, 9.79. Found: 
C ,  75.36; H, 9.53. 

Hydrolysis of 4a-Methylcholesteryl p-Toluenesulfonate (IX) . 
--A solution of 400 nig. of I X  in 60 ml. of acetone and 10 ml. of 
water containing 400 mg. of potassium acetate was kept a t  reflux 
for 12 hr. Then most of the acetone was removed under reduced 
pressure. The remainder was extracted with ether; the ether 
solution was dried and concentrated to drynesi in uacuo yielding 
300 mg. of crystalline product. This material was chromato- 
graphed upon 5 g.  of Merck neutral alumina. Elution with 
pentane yielded 60 mg. of oil which failed to crystallize. The 
ultraviolet spectrum of this oil was similar to that of X X .  
Further elution with benzeneether (1 : 1) yielded 180 mg. of 
XVIII, m.p. Y9-101D, [a]D +18" (c 1) .  The analytical sample 
prepared by recrystallization from acetone had m.p. 101-102". 

Anal. Calcd. for C U H ~ ~ O :  C,  83.93; H, 12.07. Found: 
C, 83.90; H ,  12.01. 

Elution with chloroform afforded 60 mg. of crystalline material. 
Upon recrystallization from acetone, this material had m.p. 
164-165', [CY]D -16", identical with a sample of 4a-methyl- 
cholesterol (X).  

Hydrolysis of 4p-Methylcholesteryl p-Toluenesulfonate (XVI) . 
-A solution of 2.0 g. of tosylate XVI wa8 dissolved in 300 ml. of 
acetone and 50 ml. of water containing 2.1 g. of potassium acetaLe. 
This reaction mixture was kept a t  reflux overnight. The acetone 
was removed under vacuum, and the residue was thoroughly 
extracted with ether. The ether solution was dried and con- 
centrated in uacuo to a gum, 1.4 g. Chrornat,ography upon 60 
g. of Merck alumina yielded 1.20 g. of 4-methyl-A3~5-cholesta- 

diene (XX), identified by comparison with a known sample. 
Further elution with benzene--ether (1 : 1, 3: 7) gave 110 mg. of 
crystalline material which upon recrystallization from acetone 
yielded 90 mg. of X I X ,  m.p. 113-114°, [ a ] ~  -40' (c 0 . 4 ) .  

Anal. Calcd. for CeaH480: C, 83.93; H,  12.07. Found: 
C, 84.00; H, 12.30. 

Further elution with chloroform gave 6 mg. of material identi- 
fied as 4~-methylc.holesterol (XVII) by cwmparison with a known 
sample prepared by the method of Julia.'3 

Chromium Trioxide-Pyridine Oxidation of 1X.-To a chro- 
mium trioxide-pyridine complex, prepared by portionwise addi- 
tion of 24 mg. of c*hroniiuni trioxide to 0.25 nil. of pyridine, was 
added a solution of 24 mg. of IX in 0.25 nil. of pyridine. The re- 
action mixture w w  stored a t  room temperature overnight. Ice 
was added followed by water, and the final mixture was estrncted 
with six portions of  chloroform. The combined extr:tcts were 
washed with dilute hydrochloric acid, a saturated solution of 
sodium bicarbonate, and finally with water. The organic layer 
was dried and concentrated to dryness under reduced pressure. 
The resulting gum, 27 mg., possessed infrared absorption (CCI,) 
a t  5.91 p ,  and no ultraviolet absorption above 225 mp. Chroma- 
tography upon neutral alumina (Netck) yielded 17 mg., m.p. 

ilnal. Calcd. for CIsHas0: C, 84.35; H ,  11.63. Found: 
C, 84.00; H ,  11.82. 

Chromium Trioxide-Pyridine Oxidation of X1X.-The required 
oxidizing complex was prepared by portionwise addition of 43 mg. 
of chromium trioxide to 0.50 nil. of pyridine. A solution of 43 
mg. of XIX in 0.50 ml. of pyridine was added, and the reaction 
mixture was allowed to stand a t  room temperature overnight. 
Isolation of the product by the method used yielded :I gum weigh- 
ing 47 mg. This material possessed infrared absorption (CC1,) 
a t  5.83 and 5.113 p (C=O in ratio of 2:5 ,  respectively). Chronia- 
tography upon 1Ierc.k basic :ilumina yielded 21 iiig., m.p. 97- 
9!)", 257 mp ( e  1:3,ioO). 

Anal. Cnl(8d. for CY8H460: C,  84.35; H ,  I 1  .ti:<. Found: 
C, 84.10. H,  11.40. 

Dehydration of X1X.--A !)-nig. smiple of XVIIJ i n  henzene was 
charged to a Woelm acid-washed alumina coluiiin. A-fter 0.5 
hr., elution with pentane yielded 5 nig., m.p. i1-72", unde- 
pressed upon adniisture with an authentic saniplc of &methyl- 
A3k!holestadiene (XX) . 
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11. Acylbenzene- and 
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Acylarylthiols are prepared from arylthiol precwm-s. The new procedure comprises protection of the sulfur 
atom with a carboxymethyl group, acylation of the aromatic ring, and, finally, removal of the protective group. 

An earlier paper4 described a new method of obtaining CsH5SII --f C6HsSCH2C02P X +  monohaloarylthiols from arylthiols. A summary of the - H +  
steps involved is provided by equation 1 .  

This scheme suggested an attractive means of ob- 
taining acylarylthiols, compounds previously preparable 
only by tedious, classical methods, or by the use of a 
more complex a p p r o a ~ h . ~  A survey of the literature re- 

( 1 )  This work is the subject of Canadian, United States, and other patent 
applications. 

(2) Presented at the 142nd National Meeting of the American Chemical 
Society, Atlantic City, N. J., September, 1902.  
(3) Arapahoe Chemicals, Inc.. Boulder, Colo. 
(4) D. Walker and J. Leih, J .  Ory. Chem., 11, 4455 (1962). 

vealed no examples of the Friedel-Crafts acylation of 
arylinercaptoacetic acids, though Dann and I<okorudz6 
report formation of p-acetylphenylmercaptoacetic acid 
in very low yield by the action of hydivgen fluoride on 
phenylmercaptoacetic acid. In view of the ease with 

(5) D. S. Tarbell and A.  H. Here. J .  A m .  Chem. Soc. ,  76 ,  4657 (1953) 
( 0 )  0. Dann and A I .  Ihkoruda, Chem. Ber., 86, 1449 (1953) 


