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ABSTRACT 

Direct reduction of several pivalate esters to  neopentyl ethers has been accomplished with 
boron trifluoride - s o d i l ~ n ~  borohydride. The utility of the reduction reaction was illustrated 
~vi th  esters Ic, I Ib ,  and IVa.  Under the same conditions, a selection ( I d ,  I Id ,  and I V a )  of 
carbonate esters was found to be relatively resistant to reduction. In  this respect, the carbonate 
esters resembled benzoate esters, and selective reduction of a Icetone ( I l d )  or another ester 
( I V a  --t I V b )  in their presence was possible. For comparison, one xanthate ester ( I e )  was 
allowed to react .with boron trifluoride - s o d i ~ ~ n ~  borohydride, and only the corresponding 
alcohol ( l a )  was ~solated. Raney nickel desulfurization of xanthate l a  was sho1v11 to provide 
alcohol la and hydrocarbo~l If as principal products. 

Prior studies of ester + ether reduction reactioils with diborane - boron trifluoride 
type reagents indicated that  the alcohol segment of the ester influences the yield of ether 
\vhile the carbonyl portion can influence the ease of reduction. For example, a series of 
otherwise equivalent n-, s-, and t-butyl esters, when allowed to react \\-it11 boron tri- 
fluoride - sodium borohydride, \\rere transformed to the corresponding ethers \vith marlted 
increments in yield (7-76%) as alliyl branching adjacent to the ester alcohol group 
increased (2). Under the same conditions, benzoate esters were found to be essentially 
unaffected (1). T o  define further the scope of these observations and to increase biological 
knowledge of steroidal ethers (e.g. see ref. 3) ,  \ye have examined the reaction between 
boron trifluoride - sodium borohydride and several pivalate- and carbonate-type esters. 

Appropriate esters derived froin primary alcohol Ia \Irere chose11 for initial illode1 
experiments. The requirements for 24-hydroxy-$3-cholane ( Ia)  \\.ere conveniently met 
by modifying a prior route (see ref. 2 for leading literature citations) t o  this substance. 
Cholic acid \\-as oxidized to dehydrocholic acid by a modification of the Jones' chromic 
acid technique, and after Wolff-ICishner reduction, the $3-cholanic acid \\-as reduced 
with conlmercial diborane in tetrahydrofuran.* Treating alcohol In in pyridine solution 
114th pivaloyl chloride gave ester Ib .  Previous experience (2) suggested that  reduction 
of pivalate I b  \\ould provide neopentyl ether Ic  in approxiinately 10% yield, and indeed 
13% conversion was realized. Although the actual reagent used in this experiment was 
diborane - boron trifluoride,%ll subsequent reduction reactions \\;ere carried out \vith a 
boron trifluoride - sodiulu borohydride reagent.G Next, pivalate ester I I b ,  prepared from 

'For  part XA'X i n  tltis series, refer to ref. 1 .  T h e  present contribtction i s  based o n  part of the P1z.D. dissertation 
subnaitted by W. J.  Ewers to the Graduate School, University of Maine ,  Orono, l l fa ine,  Deceniber 1964. 

ZPresent address: Departnze~zt of Clze~zistry, Arizona State University,  Tenzpe, Arisona.  
31VDEA Predoctorate Fellow, 1960-1963. 
"Carbosylic acids 7nay eoen be redrrced selectively b y  diborane i n  the presence of ketones (da). For esa?nple, 

b y  enzploying a cnlczclated a7noilnt of diborane, leuz~linic acid lzas been reduced to 4-oxopentanol (4b) .  
&Reaction between diborane, boron trichloride, and dietltyl ether or te trah~drof icran has been slzown to yield 

a dichloroborane etherate wi th  the conzposition HCI?I!,.OR2 or, nul~en a lintited anzoz~nt of boron tricltloride i s  
irsed, a ni.onochloroborane etlzerate (H?CIB .OR?) (5).  A t  roonz te?nperatzlre, chloroborane etherate wns fozrnd to 
redzcce (rapidly)  certain ketones, bzrt did not affect esters szlclz as  ethyl acetate (co~npare w i th  ref. 6) .  I?zterestln.yly, 
Brown and Tierney ( 5 a )  did not detect a similar reaction between diborane and boron triflzcoride. Boron triflz~oride 
etherate has recently been expressed (511) as  F2B[O(CHaCII,)a]2RFc. 

T h e  present series of esperinzents w a s  perfornzed b y  addzng n sokction of sodite?rt borokydride i n  d i f l y n ~ e  to 
tlze ester - boron triflzloride ?nixtzcre. Except for possible lower overall ester -+ ether conversion (cf.  ref. 2) ,  n o  
otl~er intportant differences were noted when  this  "retferse" technique w a s  zrsed. 
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3-0x0-170-hydroxy-joL-androstane and trinlethylacetyl chloride, was reduced by boroll 
trifluoride - sodium borohydride in diglyme-tetrahydrofuran. The product was subjected 
to oxidation with an S N chromic acid reagent, and neopentyl ether IIc was isolated in 
55% yield. The oxidation step eliminated separation of the 3P- and 3a-hydroxy epiiners 
fornled during reduction. Interestingly, \\;hen reduction nras repeated with diethpl ether 
in place of tetrahydrofuran, only 17% conversion into ether IIc was noted and 21y0 of 
ester 112, \\.as recovered. The lo\\-er yield suggests that the rate of reduction is temperature 
dependent, but this point \\as not pursued further. Reduction of the pivalate esters 
illustrates a new and convenient route to neopentyl ethers7 and further confir~lls that 
alkyl branching adjacent to the carbony1 moiety has little influence on the yield of 
corresponding ether(s). 

l a ,  R = O H  I l a .  R = H 

Ib. R = O C O C ( C H 3 ) 3  Il b .  R = COC(CH3I3 

I c ,  R = 0 C H 2 C ( C H 3 ) 3  11  c, R = CH2C(CH3I3 

P 9 
I d ,  R = O C O C H 2 C H 3  I l d ,  R = C-0CH2CH3 

s 
I e, R = O C S C H ~  
I f ,  R =  H 

Extending the reduction reaction to ethyl carbonate Id, prepared from alcohol Ia and 
ethyl cl~loroforn~ate,~ was expected either to yield a illethylenedioxy derivative or to 
provide an example of relative unreactivity."i~ practice, ester Id was essentially unaffected 
(98% recovery), and nhen an attempt a t  reduction was repeated with boron trichloride 
(Gb) in place of boron trifluoride, carbonate Id was recovered in 92% yield. Also, 3-0x0- 
170-ethoxycarbonyloxy-5a-androstane (IId) was prepared and reduced, and the product 
rcoxidized as with ester IIb; a significant quantity (33%) of the starting ketoester was 
recovered. Decreased reactivity of carbonate ester IId was then demonstrated by a 
selective reduction sequence. Ketone IId was reduced by sodium borohydride in methanol 

7Rece7~tly, Eliel a7ld Dnignault ( 6 a )  lznzpe applied the litilirinz alzi7ni?zil~l11 llydride - boron triflz~oridc magen t 
t o  red~~ctio7z of t l~iol  esters atid hazje, for example, co?znertcd cyclol~esyl tl~iopiz~alate illto cyclol~eryl neope?ztyl 
sttl$.de (5'37% yield). 

U rece~rt reniew of reactiows b e h e e n  cl~lorofornzates and alcohols has beelz prepared (7) .  
Vf one ass2Lt?zes a nzoleclrlar orbital pictzire for carboizate esters wi th  the carbonyl g r o ~ i p  i?z a , ~  este~zded r bo~zd 

o a e ~ l a p  systern, a redzrced rate of reaction zuitlz diborane - boro?z Irijzloride, a s  already espcrie~zced zuitk be7~zoaie 
estcrs ( I ) ,  nzight be predicted. 
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to a mixture of the corresponding C-3 epinieric alcohols. T h e  inore polar constituent, 
assunled to be equatorial alcohol 111, was isolated by colu~un cliromatography and  
treated n-it11 trimethylacetyl chloride in pyridine. Applying the same reduction conditio~ls 
(see IIb) to diester IVa gave a iiiixture composed priilcipally of ileopental ether IVb and 
starting material (IVa) in essentially equal aillouilts (approximately 20% each). Iiesults 
of the preceding reduction reactions suggest tha t  carbonate esters, like benzoate esters, 
\\-ill, in general, display reduced reactivity. 

The possibility tha t  xanthate-type esters might be of greater utility than carboilates 
\\-as discounted when thiocarbonate Ie was found to yield (82%) alcohol la .  Since the fate 
of the allcoxy group during Raney niclcel desulfurizatioil of xanthate esters has, to our 
lcno~vledge, not been determined (8), the present series of experiments was coilcluded b y  
subjecting xanthate Ie to desulfurization I\-ith an acid-washed (8c) W-4 Railey nic1;el. 
'The illajor product was alcohol I a  accompanied by 5p-cliolane (If).1° 

EXPERIMEXTXL 

All solvents were redistilled. I-\ description of reagents and pretreatment. of several solverits used in the 
present study appears in the Experimental sectioils of two prior contributions (1, 6b). Diborane (1 Jl) in 
tetrahydrofuran was employed as received from Metal Nydrides Division, Ventron Corp. Except for column 
chromatographic grade (0.02-0.5 min) silica gel (E. Mercl;, A.G.) and Mallincl~rodt chenlical silicic acid 
(100 mesh), all other chromatographic and thin-layer tech~iiques have been noted in refs. 1 and 6b. 

After a crude reaction product had been partitioned between solveilt and aqueous phase, the solvent 
layer was dried over anhydrous sodium sulfate or potassium carbonate. Each analytical sample was colorless, 
and its melting point was determined on a Icofler melting point apparatus. Unless otherwise indicated, the 
remaining melting points were determined in open Icimble glass capillary tubes immersed in a silicone oil 
bath. Optical rotation measurements (in the laboratory of Dr. C. Janssen, Beerse, Bclgiurn) were conducted 
in chloroforln solution. Infrared (in potassium bromide) and proton magnetic resonance (on a I'arian 
Associates model :\-60 iluclear magnetic resonance spectrometer) spectra were recorded by Dr. R. 11. I-Ii11, 
University of Maine. Elemental analyses were provided by Dr. A. Bernhardt, Miilheiin, Germany. 

3,7,12-Trioso-5~-clzol(~?ri~ Acid 
A solution of cholic acid (62 g) irl acetic acid (370 ml) -acetone (1.5 1) was treated (room temperature, 

stirring) with an  8 N chromic acid reagent (9) until the orange color persisted for 15 min. Exccss chromic 
acid was reduced with methanol, and solvent was removed (steam bath, ill uaczlo) until a precipitate began 
to separate. The solid was redissolved by adding acetic acid and the resulting solrition was diluted ivith 
approximately 2 1 of water. The solid product was collected, washed mith water, and recrystallized from 
methanol (SO0 1111) to yield 40 g of dehydrocholic acid melting a t  234-237' (ref. 10 reports m.p. ?:J7-2:38"). 
r .  I he product was used Jvithout further purification for rcd~rction. 

24-l-lydrosy-5~-clrolalre (Ia) 
Commercial 1 M diborane in tetrahydrofuran (15 ml) mas added to 50-cholanic acid (2.7 g) in the same 

solvent (28 rill) a t  room tetnperature. Sixteen hours later the solution was diluted mith water (15 rnl) and 
diethyl ether (100 ml). The ethereal phase was separated, washed with water, and evaporated. The solid 
residue was recrystallized from ethyl acetate to give alcohol Ia (2.2 g),  m.p. 120.5-131' (ref. 10 reports 
111.p. 130.5-132.5"). 

24-(2,B-Dinretlryl)propionyloxy-5fl-cholatre (Ib) '  
A reaction mixture prepared from pyridine (16 ml), 24-hydroxy-50-cholane (2.2 g),  and 5 rnl of 2,2-di- 

methylpropionyl chloride (11) was allowed to  remain a t  room temperature for 1 h. After dilutioil with 
water (20 1111) - diethyl ether (60 ml), the ethereal solution was washed successively with water, 10yo 
hydrochloric acid, and water. Removal of solvent (in vaczlo) gave n viscous residue (2.3 g) which was 
c~ystallized from acetone-metha1101 to yield 1.8 g, m.p. 59.5-61.5'. Two recrystallizations from the same 
solvent system gave an analytical specimen as  plates melting a t  6:3-61.', [a],2o +gc (6, 5.63) ; v,,,,, 1 730, 1 28'2, 
and 1 158 cm-1. 

Anal. Calcd. for C?~I-ISOO?: C, 80.86; I-I, 11.56; 0, 7.43. Found: C, 81.34; H ,  11.85; 0, 6.90. 

24-(2,2-Di~~tetkyl)propoxy-5,O-clrola?ae (Ic) 
Diborane (1 A [ )  in tetrahydrofuran (4 ml) was added to pivalate ester Ib (0.00 g) in tetrahydrofuran 

(10 ml) -boron trifluoride etherate (10 inl) and the solution was heated a t  reflux for 1 11. ;\fter it was cooled 

'OHydrocarbon If may have arisen by a Clrr~~aev-type elitlrination leadzng to 5p-chol-2S-e~ze, ralrich zooz~ld 
ztndergo ready Irydroge?zation i n  tlze presence of Raney nickel catalyst. 
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water was added and the mixture extracted with hesane. The combined hexane extracts were chromato- 
graphed on activated al~rmina. Elution with the same solvent gave 0.12 g of neopentyl ether Ic, which was 
recrystallized frorn acetone as  plates melting a t  69.5-70°, [a]~?o +lio (c, 1.21), v,,,, 1 120 cm-l. 

Anal. Calcd. for CnoHa?O: C, 83.58; H,  12.58. Found: C, 83.57; I-I, 12.46. 

3-Oro-17~-(2,2-dimethyh)propionyloxy-6a-androstane (IIb) 
Except for a 2 day reaction period a t  room temperature, 3-oxo-17~-hydrosy-5a-androstane (110, 2.0 g) 

in pyridine (15 ml) -diethy1 ether (20 ml) was converted into pivalate IIb with pivaloyl chloride (5 ml) 
as  noted for ester Ib. Iiecrystallizing the product from ethyl acetate-ethanol yielded 1 . 4 s  of ester IIb 
melting a t  199-200' (Fisher--Johns melting point apparatus). A pure sample was recrystallized from acetone- 
methanol as  waxy needles, m.p. 194.5-196°, [aJnZO $28" (c, 7.15); v,,,,,, 1 720, 1 282, 1 171, and 1 032 c111-'. 

i\iial. Calcd. for C?.$H3S03: C, 76.96; H,  10.22; 0 ,  12.X2. F O L I I I ~ :  C, 76.04; H ,  10.10; 0, 12.86. 

3-Oxo-li'P-(2,2-dinzethyl)plapoxy-6a-androstane (IIc) 
Sodium borohydride (0.16 g) in diethylene glycol dimethyl ether (diglyme, 6 ml) was added to an ice- 

cold solution of pivalate IIb (0.51 g) in tetrahydrofuran (20 ml) - boron trifluoride etherate (8 ~ n l ) .  Before 
the mixture was heated a t  reflux for 1 h, cooling was continued for 50 min. Nest, water was added and the 
mixture extracted with chloroform. The co~nbined extracts were washed with water and solvent removed 
,in vaclro. Residual solid (0.47 g) was dissolved in acetone (50 ml) and treated ivith an  8 N chromic acid 
reagent (9) until the orange color remained for 5'1nin. After dilution with water (50 ml) and extraction with 
chloroform, removal (in uacno) of solverit yielded 0.38 g of crystalline residue. A solution of the residue in 
benzene-chloroforni (7:3) was chromatographed on activated alulnina (13 g).  Elution with the same solvent 
mixture gave 0.28 g of neopentyl ether 116. -4 thin-layer chromatogram (13:3 hexane - diethyl ether as 
the mobile phase) of the product displa).ed only one spot, and recrystallization from ethanol-water yielded 
0.20 g i i lelt i~~g a t  1S9-191.5°. A second recrystallization from acetone gave crystals with the same melting 
point. The analytical sample exhibited +13" (c, 0.73) and v,,,,, 1715, 1 145, 1 119, and 1 102 cnl-'. 

Anal. Calcd. for C?JI.10O2: C, 79.04; H ,  11.18; 0 ,  8.88. Found: C, 79.80; 13, 11.20; 0 ,  8.82. 
When the reduction was repeated with 0.27 g of pivalate ester IIb and diethyl ether (20 ml) in place of 

tetrahydrofuran, only 0.047 g, 111.p. 188-191°, of neopentyl ether IIc was obtained. Continued elution of the 
column chromatogram with chlorofornl gave 0.06 g of starting ester IIb melting a t  193-1B5ic. 

2~-Etl1osycnrbo?zyloxy-6p-cItolane (Id) 
Ethylchloroformate (6 ml) was added during a 10 min period to 24-hydroxy-58-cholane (la,  2.0 g) in 

pyridirie (15 inl) - beuzene (40 ml). After the solutio~i had stood for 5 min a t  room temperature, water 
(20 1111) \\-as added, the aqueous phase discarded, and the benzene solution washed with 2 iV hydrochloric 
acid and water. l'he benzene solution was concentrated to arl oily residue, ivhich was dissolved in 1:1 
hexane-benzene and chrolnatographed on activated alumina (60 g). Elutiori with the same solvent mixture 
gave an oil which crystallized on standing. Recrystallizatioli from methanol-acetone yielded 1.9 g iilelting 
a t  69.5-72°. Three recrystallizations from the same solvent system gave a pure specimen as  plates, n1.p. 
69.5-7z0, [ a l ~ ? ?  +2X0 (c, 1.23) ; v,,, 1 74'2, 1 250, 1 030, 1 010, 995, 953, 875, 859, and 792 CIII-~. 

Anal. Calcd. for C2iI-I.,60a: C, 77.45 ; 13, 11.07; 0 ,  11.46. Found: C, 77.74; H,  11.05; 0 ,  11.47. 

iltten~pted Diborane - Boron Trilzalide Reduction of 24-Etlzoxycarbonylosy-6~-cIzolnne (Id) 
Procedlrre A 
Iteaction between carbonate ester Id (0.5 g) and sodium borohydride (0.11 g) -boron trifluoride etherate 

(13 g) \\.as attempted esseritially as described for ester IIb, except that the hour a t  reflus (increased reductive 
cleavage) \\.as not employed. r\fter recrystallization froin acetoile-~~lethaliol, the product weighed 0.43 g, 
m.p. 69.5-ilC, and was identical with ester Id. , 

Procedz~re B 
l'he experiiiiental approach summarized in procedure A was repeated \\,it11 boron trichloride (7 1111) in 

place of boron trifluoride etherate. Here, reaction was carried out with diglyn~e (20 ml) as  solvent and 0.59 g 
of carbonate ester Id. The product," 0.50 g, m.p. 69.5-71°, was carbonate Id. 

3-0xo-17~-ethoxyc(1rbony2ory-6a-androstane (IId) 
I'reparntion of ethyl carboriate IId (10 g crude yield, m.p. 129-136') was accon~plished b ~ .  the method 

summarized above for obtaining ester Id, with appropriately adjusted quat~tit ies of reagents. The analytical 
specimen was recrystallized from 96% ethaiiol as  fine plates, 111.p. 138-13g0, [cu]~" "27" (c, 4.76) ; v,,, 1 738, 
1710, 1 270, 1 020, 992, 972, 890, 879, and 790 cm-l. 

Allal. Calcd. for CznfI 3.i04: C, 72.89; H ,  9.45; 0 ,  17.65. Found: C, 72.80; PI, 9.20; 0 ,  17.86. 

Reaction of 3-Oro-17~-ethoxycarhonyloxy-6cu-a~zdrostze (IId) zuillz Sodirlttr Boroltydride - Boron TrifEzloride 
Ketone IId (1.1 g) was allowed to react with the boron trifluoride -sodium borohydride reagent as ~ioted 

with pivalate ester IIb. The crude product (1.1 g) \\.as reosidized with 8 N chroinic acid reagent (cf. IIb), 

was by the point and infrared spectral 
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and a solutio~i of the osidation product (0.85 g) in 17:3 benzene-chlorofor~u was chro~natographed on 
activated alumina (15 g).  Elution \vith the sanle solvent mixture gave 0.33 g of starting carbonate ester 
( I  Id). Tiyo recrystallizations from hesane gave 0.26 g of carbonate ester 1 Id melting a t  136-137°.11 Continued 
elution with more polar solvents gave fractions with a combined weight of 0.39 g, but each was shown (by 
thin-laycr chromatography) to contain substances considerably more polar than ester l Id. Thc mixtures 
were not further separated. 

S~-Ifydrosy-I7p-etAo.~yca~bo~zylosy-~a-~~~zd~oshe ( I I I )  
.-\ solution co~nposed of 3-oxo-17~-ethoxycarbonylo~y-5a-androstaie (IId, S.Og), sodiunl borohydride 

(:3.0g), and methanol (350 mi)  was allowed to remain a t  room temperature for 3 11. After diIution with N 
hydrochloric acid (250 ml) and water (750 ml), the aqueous misture was extracted repeatedly with diethyl 
ether. ?'he combined extracts were washed with water and concentrated to a crystalline residue (6.0 g). 
A thi~l-layer chromatogr;lrn (1 : l  hesane -diethy1 ether as  the mobile phase) of the residue indicated the 
presence of t\vo substances with very similar Kr values: presumably the 3a- and 38-isomers. '4 solutiol~ of 
the ~nis ture  ill hesane - diethyl ether (:3:2) was chromatographed 011 silica gel (430 g). :\ fraction eluted 
with the same solvent misture gave 7.1 g of the more polar (on a thin-layer chro~natogram) component. 
, . I wo recrystallizations from hexane-chloroform and one from acetone led to a pure specirneil of the 38-isolner 
111, m.p. 1:%2-1:33", [a]1,20 +Go (c, 1.33); v ,,,, 3 500, 1 750, 1 740, 1 265 (broad), 1 050, 1 030, 1 014, 975, 8S1, 
and 7I)O cm-I. 

r\~i;il. Calcd. for CYPI-I~~O.I:  C, 72.49; H ,  9.115; 0, 17.56. Fou~ld:  C, 72.52; H, 9.84; 0 ,  17.56. . 

S8-(2,2-Diii~etAyl)propionyloxy-I?'p-etlzosycarbonylo.vy-6a-androsta~ze (IVu) 
;\lcohol 111 (0.16 g) was co~lverted into pivalate ester IVa as described for ester 116. After recrystallization 

from 95% ethanol, ester I\Jn weighed 0.12 g and melted a t  114-117'. A secorid recrystallizatio~~ from the 
same solvent gave an analytical specimen as leaflets, 1n.p. 116-117", [a]DZO -10.9" (c, 1.83); v,,, 1 740, 1 720, 
1 280 (broad with shoulders a t  1 290 and 1 260), 1 172, 1 010, 969, 881, and 792 cm-I. 

Anal. Calcd. for C~iM.1405: C, 72.28; H, 9.88; 0 ,  17.83. Found: C, 72.51; H,  10.01; 0, 17.34. 

3P-(8,6-Dii1~etAyl)pro~osy-I7~-ethoxycnrbonylosy-6a-androsta?ze (IVb) 
lieduction of 30- (2,2-din1ethyl)propionyloxy-l7~-ethoxycarbonyloxy-5a-androsta1~e (IVa, 0.54 g) with 

boror~ trifluoride etherate (15 ml) -sodium borohydride (0.14 g) in tetrahydrofuran (25 1111) - diglyme 
(7 ml) \\as performed essentially a s  described for ester 116. I-Iowever, 15 mi11 a t  ice-bath temperature and 
45 min a t  reflus were employed here. A solutior~ of crude product (0.52 g) in hexane-benzene (1:l)  was 
chron~atographed on activated alumina (15 g). The same solvent eluted 0.1 g of neopentyl ether IVb, which 
n.as cr).stallized from ethanol-water as  fine ~~eedles ,  m.p. 98-99", [ol]~'o 0.0"; v,,, 1 740, 1 270, 1 109 (shoulder 
a t  1 1001, 1 018 (shoulder a t  1 005), 980, 880, and 795 cm-I. 

r\nal. Calcd. for Cz7H.1~0.1: C, 74.60; M, 10.59; 0 ,  14.70. F o u ~ ~ d :  C, 74.74; H,  10.59; 0 ,  14.64. 
r\ fractiol~ ellrted by 19: 1 bel~ze~~e-chloroform weighed 0.12 g and was identical" with starting diester I\'&. 

Continued elution with 9 : l  chloroform-methanol gave 0.23 g of a mixture of two alcohols (indicated by 
thi11-1al.er chromatography), apparently arising from ester cleavage; these alcohols \irere 11ot f ~ ~ r t h e r  
characterized. 

2~-~~fetRyltAioltI1io~~1rbonyloxy-jp-colae (Ie) 
:\ misture of toluene (200 ml), 24-hydroxy-58-cholane (Ia, 15 g), aild potassium (1.7 g) was heated a t  

reflus for 16 h. After the solutioi~ was cooled to room temperature, carbon disulfide (5 g) was added, followed 
in 1 h by mcthyl iodide (5 ml). When a total of 4 h had elapsed, the solution was filtered and the solvent 
coi~centr;ltcd in oac~io to a red oil. The residue in hexane-benzene (1:l) was passed through a column of 
silicic acid to yield a yellow oil, nrhich crystallized, n1.p. 84-87", upon trituration with methanol. When 
a thin-layer chromatogra~n (hesane as the mobile phase) indicated the presence of impurities, a 1.5 g portion 
of the product in hexane was chromatographed 011 acid-\trashed aluinilla (45 g). Of five fractions eluted by 
hexa~~e-benzene (9:1), the fourth was pure as  evidenced by a thin-layer chromatogram (hexane as  the lnobile 
phase) ; this fractiori was recrystallized fro111 2-propanol-hexal~e to yield 0.35 g of needles melting a t  87.5- 
SIJo, [~]D?O +17.4" (c, 1.55); v,,, 1379, 1249, 1225, 1 118, and 1060 cm-I. 

r\ilal. Calcd. for C~,IH.I.IOS~: C, 71.50; M, 10.15; 0 ,  3.66; S, 14.68. Found: C, 71.97; I-I, 10.10; 0, 3.81; 
S, 14.08. 

Kcnctio?~. of 2~-1\CetI~yLtAioltlziocarbonylo.~y-5~-~/~oLane (Ie) with Boron TrifEuoride - Sodi~inz Borohydride 
Santhatc  la (2.0 g) was allowed to react with boron trifluoride (22 ml) - sodium borohydride (0.50 g) 

as  described for lietone 116. i\ solution of crude ~ r o d u c t  (1.6 g) in benzene-chlorofor~n (4:l) was chromato- 
graphed on activated alumina. Elution with the same solvent gave 1.3 g of 24-hydroxy-54-cholane (Ia) 
melting a t  1:30-1:31° after one recrystallization from ethyl acetate." 

Rcnctio?~ of 2~-1\letl~ylthioltltiocarbo~zylo.~y-6~-cholane (Ie) with W-4 Raney Nickel 
r\ s;~il~ple (from 40 g of Raney nickel alloy) of W-4 Raney nickel (12) was washed successively with 0.4% 

acetic acid ( 2  X 500 ml), water (4 X 500 ml), 95% ethanol (2 X 100 ml), ethanol (3 X 150 lul), and 
tetrahydrofuran (3 X 150 ml). -%fter the final \vashing, a mixture of xanthate Ie (1.0 g) in tetrahydrofuran 
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(250 ml) and the niclcel was heated a t  reflux for 14 h. The nickel residue was collected and n,aslied with 
tetrahydrofuran (50 ml), and the combined filtrates were evaporated in vacz~o. Chromatographiilg the crude 
product (0.96 g) i l l  hexane on activated alumina and eluting with the same solvent gave 0.29 g of 50-cholane 
nielting a t  91-92' (homogeneous on a thin-layer chromatogram with hexane as  the mobile phase). Recrystal- 
lization from acetone gave 0.21 g, m.p. 91-92' (ref. 13 reports n1.p. 90-91") ; v,,s= 2 950,2 840, 1 450 (shoulder 
a t  1 465), and 1 379 cm-I; proton magnetic resonance (deuteriochloroform solution): broad response from 
0.5 to 2.1 6 with methyl group signals a t  0.65, 0.91, and 1.25 6. 

A series of fractions eluted by 13:7 hexane-benzene were f o ~ ~ n d  by thin-layer chromatography to consist 
of two or Inore components in srnall amounts, and were not further separated. However, the fractior~ eluted 
by chloroform provided 0.34 g of 24-hydroxy-5/3-chola11e~' which melted a t  130-131' after one recrystal- 
lization from ethyl acetate. 
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