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ABS'I'R!lCT 
Previously, reagents such as sodiu~n borohydride - boron trifluoride were shown to be 

capable of reducing typical aliphatic esters and lactones to the corresponding ether derivatives. 
Under the same reaction conditions, a variety of benzoate esters ( Ib ,  IIb, 111, and V) were 
csserltinlly unaffected. Resistance to  attacli was illustrated by conversion, \vith sodium 
borohydride- boron trifluoride, of 3-oxo-17p-benzoyloxy-5n-androstane (111) into 3p- 
hydroxy-17fl-be1lzoyloxy-ja-a1ldrostal1e ( I V )  and of reserpine ( V )  inro alcohol VI.  With 
aryl-cnrbon-oxygen bonds of the ketone V I I  or alcohol I X a  type, reaction with sodium 
borohydride - boron trifluoride was shown, in general, to cause reductive fission of the benzyl- 
oxygen linkage (e.g. X -+ X I ) .  An exception was noted in the case of tertiary benzyl alcohols 
contailling a n  available p-hydrogen (e.g. 1 x 6 ) .  Here, dehydration to yield, for example, olefin 
X I I b  appears to be the more favorable reaction course. The ~narlted difference in the reactivity 
of sodium borohydride- boron trifluoride toward benzoyl-oxygen vs. benzyl-oxygen bonds 
has been denlonstrated. 

Previous applications of diborane - boron halide1 reagents for direct conversion of 
esters into ethers have involved a variety of aliphatic-type esters and lactones. In  general, 
conversion into the ether derivative increased substantially as the alcohol seginent of the 
ester varied froin primary to  t e r t i a r ~ . ~  Two phenyl esters, however, were found (1) to 
undergo oilly hydrogenolysis t o  the corresponding alcohol derivatives. 1'Iore recently, 
Eliel and Daignault (2) have extended the reduction reaction to thiol esters and have 
obtained good yields of the corresponding thioethers. The present investigation was 
undertaken to determine whether the illesomeric effect of the aromatic ring in a benzoate- 
type ester would decrease the basicity5 of the carbonyl group enough to substantially 
reduce the rate of reduction, or whether attaclc would proceed by one or more of the 

'For part X X I X  ilz this series, see G. R. Pettit and TV. J.  Ewers, Can. J .  Cl~e?n., &, 1097 (1966). Tlre present 
study i s  based 071 bart o f  the 1'1z.D. dissertation szibmitted by G. L. Dzrnfz to the Gradtrate School, Unizlersity 
of &?aine, Or07z0, ii~ai?te; J u l y  1962. 

2Present address: Debart?~tent o f  Chemistry, Arizona State Utzicersity, Tenzbe, Arizofta. 
3 N D E A  ~redoctorat i  Fellow, i960-1962.- 
4Dr. J .  S .  E .  Holker and liis colleagues have exteftded the reduction reactzon to several steroid ring-D lactones 

derived frol~z prilizary alcolzols, and haze obtained good yields of the corresponding tetralzydropyrans. W e  are 
grateful to Dr. Holker for providing zrs with tlzis znfortnation before p~lblication. One zrnsuccessful attenzpt to 
redzice a r-lactone derived frorn a tertiary alcohol has also beex noted (Sa). I?zterestingly, extended plat inz~m- 
perchloric acid catalyzed 11ydroye?tation of Sp-acetoxy-Sor-lanost-S-e?ze has bee71 fozrnd to yield Sp-eth0z.y-5a- 
lawostane (Sb). W e  thank Professor J .  T .  Edward for bringing a stnzilar, bzct unpllblished, exa?itple to ozrr 
attentzo~t. Botlz obserrations seenz to be related to the recently reported (Sc)  firefinration of etlzers by rcductbde 
(platinu?iz-catalyzed) condensation of alcolzol-kcto?re n~ixtzires. 

5Tl1e incleased T-bond overlap resultingfrom phenyl-carbo?~yl conjz~gation wozrld be expected to inhibit associa- 
tion zvztlz boron triflzroride (cortzpare zvitlz eq. [z]). 

Tile reaction sepnence illrrstrated i n  part by ep. [i] i s  asszlnzed ( 4 )  to represent a n  ij~lportant step i n  the redz~ction of 
esters to ethers by diborane -boron trihalide reagents. 
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1284 CAN-ADIAN JOURKAL O F  ClIEbllSTKY. VOL. 4 4 ,  196b 

follo\ving pathu-ays: (a) reduction to the corresponding benzyl ether, or (b) hydrogenolysis 
to the corresponding alcohol  derivative^.^ 

Subjectiilg 24-benzoyloxy-5P-cllolane (Ib, prepared from alcohol Ia),  in diethplene 
glycol dimethyl ether (diglyme) containing sodium borohydride, to treatment with boron 
trifluoride (in tetrahydrofuran) under conditions (1 h a t  ice-bath temperature and 1 h a t  
room temperature) normally employed1 in the ester 4 ether reduction sequence led t o  
unreacted benzoate Ib (79% recovery) acco~npanied by alcohol I a  (20% yield). Extending 
the saille reaction procedure t o  30-henzoyloxy-5cu-cholestane (IID) gave colnparable 
results: unreacted ester and alcohol IIa.  Under the sanle conditions 3P-cyclohexyl- 
carbonyloxy-5cu-cholestane (IIc) \\.as easily converted, in reasonable yield (.50y0), into 
ether IId. Comparing the benzoate and cyclohexanecarboxylate esters of alcohol I Ia  
provided a vivid illustration of differences in the reaction course. 

Reduced reactivity of the benzoate esters toward sodium borohydride - boron trifluoride 
suggested that other more reactive carbonyl groups might be reduced selectively in their 
presence. Accordingly, t ~ v o  examples were studied. First, 3-oxo-l7P-benzo)7loxy-5a- 
androstane (111) \\;as reduced (68% yield) with sodium borohydride - boron trifluoride to 
3P-hSrdroxy-17P-benzoyloxy-Sa-androstkxne (IVa). 'The remaining reactioil product 
consisted primarily of diol IVb (20% yield). Sodium horohydride reduction of ketone 111 
to alcohol IVa confirmed the structural and stereochelllical assignments. The predoillinant 
fornlation of tlie C-3 equatorial alcohol when sodiunl borohydride - boron trifluoride is 
used is consistent \\:it11 an earlier observation by Jones (9) involving dibora~le - boron 
trifluoride reduction of 4-t-butylcyclohexan~ne.~ A second example of selective reduction, 
namely, conversion of reserpine (V) into alcohol VI, \\;as of more practical importance. 

"~rozotz and Subba Rao  reported ( 5 )  that reaction bet wee?^ sodiztrrz borolzydride - boron triflzroride etherate 
(ill d ig Iy~ l i e )  crnd ethyl bel~zoate ,  a s  well crs koo derivatizmes, proceeded slozi'ly, but  tlrc prod?icts were not asccrtcriaed. 
Dt~ri?zg tlze sanle period, a sitnilor stlrdy wi th  diborane w a s  szr71z?tzarized (61, and a pote?ztially important  obsere~a- 
t i 0 7 2  co?zcei?litz: the  zr7~reactioity of d iboraze  toward acid halides ( 5 ,  aftribtrtable to  the electro?r-withdrawing effect 
of the 11alogc11, thereby redzrcing attack by the Lewis  acid diboranc) %'as noted. TIre anzi?ze boraxe derired fro711 
pyridine and diborane, I~ozoeuer, appeays to  resenzble u borol~ydride ,  m7d has  been showla (7) to  redrrce be?leoyl 
cl~loride easily to benzoyl alcolrol. 

i l g a i ~ z ,  ir~ 1.960, Tarbell and his  colleagzres reduced ~ n e t h y l  be?~zoale (ii) to t l ~ e  correspondit~g bcnsyl alcolzol 
(68% yield) wi th  sodirinz boro11.yd~ide - al2rrrai~aizr?rz clzloride ( k n o w n  to generate dibora?ac), a d  the same u l ~ o h o l  
.riras obtained i ? ~  escellc?~t conoersio?~ (9370)  f rom tlie correspovdillg carbosylic acid by  e?~~plo) 'a?~g sodizi)~a 
borol~gdride - boron trifllioride ( 8 ) .  

7Dlborntie or diborane - boron triflzroride reduction of /t-t-b~rtylcyclolze~v(~~zo~~e yielded, ill eacl~ case, approxi- 
nratcly 15-16t70 of the t I i e i i~rody~za~~ l i ca[ i y  less stable ( c i s )  axial  alcohol. Interestingly, tri~rzetlz3~lnn~i?ze bora~ie  - 
boron trifllioride gnoe /tG-5,2Ya yields o f t h e  axial  crlcol~ol. 7'he stereocl~e?nical course o f  ketolre redztction b y  diborane 
( 1 0 )  appears, i ? ~  ye7reru1, to  fazlor eqzratorial alcohol for i~rat io?~,  and i l l  the case of ketone 111 n ~ n y  proceed zda on 
zvrtcrtt~cdiate szrch a s  i i i .  
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PETTIT ET AL.: STEROIDS A N D  RELATED PRODUCTS. S X X  

l o ,  R = H 

lb,  R =  

\\'hen reduction n.as attempted, in ~ l o r ~ ~ l a l  fashion, by adding a iuixt~ire of boron trifluoride 
and the alltaloid to sodiunl borohydride, a solid boron trifluoride - reserpine adduct 
separated fro111 solution. Subsequently, a procedure based on adding boron trifluoride 
etherate to a mixture of reserpine and sodiulll borohydride provided alcohol 1'1. The 
results of infrared spectral and elemental analytical deternlinations supported structural 
assignment 171. Preferential reduction a t  the carbomethoxy group provides, in effect, a 
new means of further illodifyiilg the hypotensive and central nervous systenl activity of 
reserpii~e.~ 

A t  this point, the investiqation was expanded to encompass effects of boron trifluoride - 
sodium borohydride on other types of benzyl-oxygen linltages.?Allo~~ing both 2-naphthyl- 
eth! 1 l.;etone (1711) and the corresponding alcohol (IXa) to react with boron trifluoride - 
sodium borohydride as in the case of, for example, benzoate Ib  yielded (good overall 
conversion) in both cases the product of coinplete hydrogenolysis: 2-(n-propy1)naphtha- 
lene (1'111). Benzyl alcohol IXa  nras obtained by li t l~ium aluminiuin hydride reduction of 
1;etone VII,  and an authentic specimen of hydrocarbon VIII  was prepared by catalytic 
hydrogenation (1'11 --t VIII) .  Under similar conditions, diary1 ltetone X was easily 
reduced to 3,4-methylei~edioxyphenyl-3,4,5-trii11ethoxyphenli1etlane (X1).l0 

SConsrrlt ref. 1 1  for leadi~tfi  l i teratr~re citatiolts pertinent t o  th is  point.  
"1 prel i l i~inary  accozt?zt o j  t h i s  s t?~dy has  been szl?n?~zarized in ref. 12. D z ~ r i n g  the sa?ize period Vefzkataraiiralz 

and  Iris colleagltes ( I S )  reported boron triflttoride - sodizl?n borol~ydride to  be ~csefirl for the redzlctio~t of allthra- 
qz~i?lo?zes to a?zthrace?tes, and ixdicated that the reagext w a s  also conve?tie?tt for the analo,qoz~s redrcctio?~ of 
cl~ronzones and ckronrano?~es. Loftger treat?ize?zt w i t h  diborane w a s  obsertred to giae covrparable ~esz l l t s .  Later ,  two 
additionnl eza?izples ( 1 4 )  of tlze react io ,~  wi th  respect to chrorrrano~ces were refiorted. Proposed ?izecka?lisnis for tlris 
t ype  of redztctio?~ reaction Izace been snjit?izarized ( I S b ,  l i b ) .  

'OIt slior~ld be lloted t l ~ a t  otlzer ?,zeta1 lzydride teclmiqz~es, pa~t icz l lar ly  w i th  alzl.nzi?zit~jit chlovide - litlzjz~jil. 
czlztmi?ziz~nz lzydride, have beela evzployed s ~ c c c e s ~ f i ~ l l y  for reductive cleavaye of benzy1-oxyge?t bonds i?t aarzous 
avyl ketones and in benzylic and  allyl.ic alcohols (see ~ e f .  1 6  and footnotes 2 a?zd S i?t ref. 12).  
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1 x 0 .  R = H  X l l a ,  R = CH2CH3 X  1 1 1  

IX b ,  R =  C H z C H 3  
X l l b ,  R =  0 

I X  ,. R = Q  

X I V  x V  

One limit to the utility of the hydrogenolysis reaction was found during routine exten- 
sion to several tertiary-type benzylic alcohols. Treating ketone VII with ethylmag~lesium 
bromide provided tertiary alcohol IXb. From the reaction between alcohol IXb and boron 
trifluoride - sodium borohydride, only a inixture of cis and trans olefins corresponding to 
structure XIIa  was isolated. The olefin inixture was not further characterized, but was 
instead hydrogenated in the presence of palladium on charcoal to hydrocarbon XIII.  The 
latter compound (XIII) was identical with a specimen prepared in an unequivocal manner 
(acid-catalyzed dehydration followed by hydrogenation) fro111 alcohol IXb. The analogous 
preparation (VII and phenylmagnesium bromide) of diary1 tertiary alcohol IXc and 
subsequent reaction with the hydride reagent yielded olefin XIIb. The crystalliile hydro- 
carbon was readily characterized and shown to be identical with a sample prepared by 
hydrochloric acid catalyzed dehydration of alcohol IXc. A reaction course terminating in 
dehydration was again encountered with tertiary alcohol XIV. Reaction with boron 
trifluoride - sodium borohydride gave only olefin XV, a substance previously charac- 
terized in our laboratory. The possibility of dehydration catalyzed by boron trifluoride 
taking precedence came into question when a solution of alcohol IXb in diglyme (con- 
taining sodium borohydride) was slowly treated with boron trifluoride etherate ; the same 
result ensued (production of olefin XIIa) .  These experiments also suggest that l~ydrobora- 
tion of olefins such as XI1 and XV is a relatively slow process, or that they (the olefins) 
arise a t  a terminal stage." In this regard, boron trifluoride - sodium borohydride reduction 

llOlefins are known to arise dztring l i t h i t ~ m  alztnzinit~m hydride rednclz'o?z of certain aryl ketones; for ewanzple, 
see ref. i5a.  

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
L

A
R

K
SO

N
 U

N
IV

E
R

SI
T

Y
 o

n 
11

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



PETTIT ET AL.: STEROIDS ASD RELATED PRODUCTS. XSX 1287 

of triphenylcarbinol gave, as expected, triphenylmethane; ho\vever, no further effort was 
made to delineate the mechanis~n (13b, 14) of olefin formation. 

The preceding experinlents served to extend the scope of reduction reactions \\-it11 boron 
trifluoride - sodium borohydride to selective reduction in the presence of a benzoate ester, 
and with certain limitations (tertiary benzyl alcohols bearing an available P-hydrogen 
substituent) to reductive fission of benzyl-oxygen bonds. Later, carbonate-type esters 
were found to be similar to benzoates in their resistance to attack by horon trifluoride - 
sodium borohydride; a summary of these observatioils will appear in a later paper. 

EXPERI,\IIEN'TAL1? 
24-Be?zzoyloxy-5fl-chola?ze ( I b )  

T o  a cool (ice bath) solution of 24-hydroxy-58-cholane ( l a ,  1.2 g) in pyridine (7 n ~ l ,  distilled from potassium 
hydroxide) was added benzoyl chloride (1 ml). After 8 h a t  roo111 temperature, the nlixtl~re was poured into 
water (50 nil) and estracted with diethyl ether. 'The combined ethereal extracts were washed s~~ccessively 
with saturated sodium bicarbonate solution, water, 5y0 hydrochloric acid, and water. Removal of solvent 
in vaczlo yielded a pale-yellow oil (1.7 g) ,  which was dissolved in petroleun~ ether and chromatographed on a 
column of acid-washed a l ~ ~ m i n a  (30 g). Elution with petroleum ether and 3 : l  petroleum ether - benzene gave 
a colorless oil, 1.4 g, '30y0; v:::: 1720, 1600, 1 580, 1260, and 706 cm-I. Crystallization from methanol - 
diethyl ether gave 1.35 g of crystals melting a t  44-45O. After three recrystallizatio~ls from the same solvent 
mixture, an  analytical specimen displayed the salile melting point and had [ c u ] ~ ? O  +18.5" ( c ,  1.27). A thin- 
layer chromatogram (10:l petroleum ether- ethyl acetate as  the mobile phase) showed one spot. 

Anal. Calcd. for C ~ L H . , ~ O ~ :  C, 82.61; H,  10.29. Found: C, 52.25; H, 10.67. 

Attenzpted S o d i z ~ m  Borol~ydride  - Boron Trijlzroride Redrrction of 24-Benzoyloxy-5fl-chola?ze ( I b )  
A solution of ester Ia (1.0 g) in tetrahydrofuran (20 ml) containing boron trifluoride etherate (7.5 ml) \\,as 

added to a cool (ice bath) solution of sodium borohydride (0.17 g) in 20 ml of dry diglyme. Stirring was 
continued for 1 h a t  ice-bath temperature, and during a second hour while the solution was being heated a t  
reflux. The solution was cooled (ice bath) and cautiously treated with 2 N hydrochloric acid, follon,ed by 
dilution with water and extraction with diethyl ether. The combined ethercal extracts were washed with 
saturated sodium bicarbonate solution and water, and concentrated in vaczlo to a colorless oil (1.2 g). A 
solution of the  oily product in petroleum ether was chromatographed on acid-waslied alumina (30 g). T h e  
petroleum ether and 1 : l  pe t role i~~n ether - benzene fractions provided 0.79 g, 111.p. 44-45", of ester Ia.13 A 
fraction eluted with chlorofor~n crystallized from niethanol a s  needles (0.15 g, 20y0) melting a t  127-129'. T h e  
latter product proved13 to be 24-hydroxy-58-chola~~e (Ia). 

38-Be?zzoyloxy-58-cholesta?ze ( I I b )  
Conversion of 38-hydroxy-501-cholestane (5.0 g) into benzoate ester I I b  by employing benzoyl chloride 

(8 ml) in dry pyridine (40 1111) was accomplished essentially as noted with ester Ib. The crude prod~ict 
recrystallized from diethyl ether - methanol as  colorless needles weighing 5.2 g and melting a t  137-13So t o  
a n  opaque liquid which cleared a t  158-15Yo (ref. 17 reports m.p. 133-135" to 152-156'). 

Attenzpted Redz~ct ion of 38-Benzoyloxy-5cu-cholesta?ze ( I I b )  
Method A: Sodiz~rn Boroltydride - Boro?z TriJ~roride 
A 1.0 g sample of ester I I b  was subjected to treatment with sodium borohydride (0.16 g) in the presence of 

boron trifluoride etherate (7.5 g) as described above for benzoate ester Ib. A thin-layer chromatogram of t h e  
product indicated a turo-con~ponent misture. The lirst si~bstance isolated weighed 0.92 g and provcd13 to  b e  
starting material (IIb). The remaining product was found to contain, on the basis of comparative thin-layer 
chromatograms, 38-hydroxy-5ol-cholestane. No substance corresponding to ether IId was detected. 

lZAcid-waslted alzlnzina refers to a 111erck (Ralzway) prodzlct. T h e  petrolezi?it ether enzployed was  a fractiorc 
boiling at 65-7O0. A srrntrnarized description of other general ?~zetJzods, solve?zts, ~ e a g e n t s ,  and chron~atographic  
procedr~res zrsed itz the present s t z ~ d y  appears  in aft  introdzlction to the Emperin~ental  section of part X S V I I I  irc 
th is  series (see G. R. Pettit ,  J. C. Kniclzt ,  and W. J. E e r s ,  Cult. J. Clrenl., 4, SO7 (1966)).  

Melting points reported for analytical specimens zt'ere recorded on  a ICoJer ~izeltin,o poent a p p a ~ a t z ~ s .  A l l  othei- 
~ne l l i ng  point deter?ninations were perfornzed w i th  open Kinrble glass capillaries i?z a silicone oil bat11 and are  
zrncorrected. T h e  puri ty  of all analytical santples (colorless in eaclz case) 7vas co?tjirfirmed by  thin-layer cl~ronzatog- 
raplzy on silica gel G,  and tlze plates were developed 7uitlz concentrated sz~lfairic acid. 

Proton ?nag?letic resotza?zce (see ref. 16) ,  zlltraviolet (ethanol solzltion, Perkin-Elmer nzodel 400 spectro?lzeter):. 
infrared spectra ( otassii~rn bronzide, unless  oll!.erwise noted)  and gas c l~ro?i iatog~aphic  data  were protlided b y  
Dr .  R. A. Hi l l  ?University of Maine ) .  Spen j i c  rotation ralues (chlorofornz solzition) were deterntined ii. llic 
laboratories of Drs .  Wei ler  and  Strauss ,  Oxford, Englawd, and P .  Denzoen, Ja?zssen Pl~ar?)zacezitica, Beerse, 
Belgiz~in .  Elenzental a?zalytical da ta  was  provided b y  Dr.  A .  Ber)zlzardt, Max-P lanck  Ins t i t z~ t ,  Miillteinz, Gern~crny- 

13The identity of t h i s  sllbsta?zce w a s  establislzed by  nzh ture  ?i~elti?zg point deternzinatio?t and infrared spectra2 
comparison wi th  a n  azltltetztic sample. 
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il[elhod B: Lil/tilii~t =I l~~nzini t~?~t  Hydride - Borolt TriJlzloride 
'The preceding expcritnent (:\) was repeated with lithium alumiiiiu~n hydridc (0.16 g) in place of sodiu~n 

borohydridc and \vith tetrahydrofuran (40 ml total) as  solvent (1). 'I'he principal product, 0.80 g, was 
starting material,I3 and the residual mixt~ire consisted largely of ester Ilb accompanied by a small amount of 
alcohol 1 In. A thin-layer chroinatographic study of the mixture failed to reveal ether IId. 

Sp-Cyclolte.~.ylcarbonylo.~'y-5~-cIzoleslane (IIc) 
Alfelltod -4 
Platinunl oxide (0.2 g) was added to a solution of co~iiruercial cholc.steryl benzoate (8.7 g) and 70% 

perchloric acid (3 drops) ill tctrahydroflirall (200 nll), and the mixilire nfas shaken under a slight positive 
pressure of hydrogen for 2 h. At this time, a n  aliquot sample displayed a strong tetranitronlethane tes t ;  thus, 
anothcr 0.5 g quantity of p la t i l~~tm oxide was added and hydrogenation continued. Five hours later, hydrogen 
absorption appcared to be complete, and catalyst nfas removed by filtration. Dilrltion with water led to a 
solid which crystallized from chloroforn-methanol as colorless tlccdles, 4.3 g, m.p. l(i1-162°. i l l 1  additional 
0.02 g, m.p. 159-16l0, of cyclohes~~lcarbonyloxy ester Ilc n.as obtained by recrystallization of the sccond and 
third crystal crops. 

~VIelltod B 
The cyclohexylcarbo~lylosy ester I lc  of alcohol IIa (0.5 g) was prepared from thc acid chloride (by 

employing 10 1n1 of thionyl chloride, reflux for 1.5 h )  derivative of cyclohexanecarboxylic acid (1.0 g) in 
pyridine (5 ml) as  suminarized with ester Ib. The pale-yellow solid crystallized from chloroform-~ncthanol as  
colorless ~lecdles, 0.5 g, ILI.P. lGO-lG1° (ref. 18 reports m.p. 158.5-159"). 'The identical composition of both 
csters (obtained by  neth hods X and R) was conhrnled.'3 

Yp-Cyclohesylnzellryleneox~~-6m-cltoleane (IId) 
Reduction of cyclohexylcarbonylosy ester IIc (1.0 g in 50 ml of tetrahydrofuran) with soclirlm borohydride 

(0.19 g in 20 ml of diglyme) and boron trifluoride (12 ml) was acco~nplished by the procedure illustrated with 
ester la. .4 petrole~rrn ethcr solution of crude product \\,as chromatographed on activated alumina (30 g). 
Elution with the satne solvent (400 ml) gave a fraction (0.43 g) which crystallized from chloroform-metha1101 
as colorless blades, 0.40 g, 1n.p. 157.5-158.5". IT~lrther recrystallization frolu the same solvent mixt~ire gave 
an analytical specimen with run ~~nchangcd melting point and wiLh [n]o'O +15.2" (c, 1.212) ; v,,,,, 2 900, 1 470, 
1450, 1350, and 1 120 (broad) cm-'. 

Anal. Calcd. for C3.,I-1600: C, 84.23; FI, 12.47; 0, 3.30. 1:ound: C, 84.14; 1-1, 12.39; 0 ,  3.65. 
Conti~lucd e l ~ ~ t i o ~ l  with chloroform gave 0.5'7 g of alcohol IIa. 

3-Oso-I 7p-bensoylo.~y-5a-awdros1a?te ( I l l )  
:\fter onc rccrystallizatiorl fro111 methanol, the pale-yellow solid (7.5 g, m.p. 150-160') obtained from 

3-oxo-17~-1~ydrosy-~5~~-a11cIrostane (7.0 g) and benzoyl chloridc (6 mi) in pyricli~~e (40 ntl) was dissolvcd in 1:l 
petroleum ethcr - bellzelle and chromatographed 011 acid-washed alumina. An initial fraction (0.45 g, n1.p. 
150-160") eluted \\;it11 thc same soivellt mixture was cliscarded, and subsequent fractions through 5: l  
bcnzene-chlorofor~n werc collected. The colorless solid weighed 6.3 g (6670) and melted a t  196-199". Four 
recrystallizatio~ls from acetone gave an analytical sample in the form of rods, m.p. 201-202° (ref. 19 rcports 
m.p. 201-202"), [ cu ]~ '~  +73.1° (c, 1.30); v,,,:,, 1 710, 1 280, and 720 cm-I. 

i\nal. Calcd. for C26H3.103: C, 79.14; H, 8.68. Fo~tnd:  C, 79.11; 14, 5.33. 

Sp-Hydroxy-l7p-bensoylos~~-5a-androstn?te ( I  Vn) 
1lrietltod A 
Reduc t io~~  of lietone I11 (1.0g) in diglyme (85 ml) - tctrahydrofuran (25 ml) with s o d i ~ ~ ~ n  borohydride 

(0.19 g) -boron trilluoride etherate (7.7 mi) nras conducted as  described for benzoate ester Ib. The c r ~ ~ d e  
viscous oil was chromatographed on acid-mashed alumina, and fractions eluted by bcnzene yielded a solid 
(0.73 g) melting a t  170-180'. One rccrystallizatio~~ from acctone - petroleum ether gave colorless plates 
weighing 0.68 g (GS%, n1.p. 201-202"j. Further rccrystallization from the same solvcnt mixttlre gave a pure 
specimen melting a t  202-20'3°, +53.4" (c, 1.25). 

Anal. Calcd. for CzeI-IaljOr: C, 78.74; 11, 9.15. Found: C, 78.99; 13, 8.87. 
The column was nest el~rted with chloroform and the res~llting fraction allo~ved to  crystallize from 

benzene - pctroleum ether. The speciruen of 3p,lTp-dihydrosy-5~-a11drostanc (IVb) that was obtained 
weighed 0.15 g (20%) and melted a t  164-lG5' (ref. 20 rcports m.p. 164"). 

illetlt od B 
The preceding esperiment (see rncthod :I) was repeated, omitting boron tritluoride etherate and tetra- 

hydrofuran. 'The crude viscous oil (0.95 g) crystallized r~pon trituration with methanol to  yield 0.90 g of 
crude alcohol IVa melting a t  175-185". A 0.10 g sample was purified as described above by colunln chroma- 
tography on acid-mashed alumitla (3 g). The fraction eluted by 5 : l  benzene-chloroform yielded 0.08 g of 
alcohol IVa melting a t  202-203'; v,,,,, 3 400, 1710, 1280, and 715 cm-l. The  specimen of alcohol IVn 
prepared by method B \\,as idet~tical '~ with that obtained by method A. 

Sodizcr~t Borolzydride - Borolt Tri$uo~ide Red~ictiolr of Reserpz'lte (V) 
I n  a typical esperiment, rcserpine (15.0 g) was clissolved in hot (100-110') diglylnc (750 ml) and, after the 

s o l u t i o ~ ~  nras cooled (ice bath), sodiu~n borohydridc (5.6 g) was added. Nest, a solution composed of boron 
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potassium carbonate, and water. After removal of solvent, the residue was distilled through a 6 inch Vigrei~x 
column to yield 7.7 g of tertiary alcohol I S b  boiling a t  105-106' (0.08-0.09 mm); vg:: 3 400, 3 010, 2 950, 
2 900, 2 840, 1598, 1505, 1460, 1375, 1270, 1 155, 1 132, 965, 915, 900, 860, 820, and 750 cm-l. 

Anal. Calcd. for CljHlgO: C, 84.07; M, 8.46; 0, 7.14. Found: C, 83.99; I-I, 8.22; 0, 7.63. 

5-(2-Naplztlzyl)penta?ze (XIII)  
~l le t l tod  A 
Reaction between 3-hydroxy-3-(2-naphthy1)pentane (2.0 g) and sodium borohydride (0.70 g) -boron 

trifluoride etherate (30 g) was attempted and the product isolated as was, for example, Icetone VII. Again, 
when the reaction was repeated with a total reaction time of only 20 min, the following results were observed. 
A thin-layer chromatogram (hexane as the mobile phase) of the crude oily product indicated a major compo- 
nent (assumed to be olefin S I I a )  as a mixture of the two geometrical isomers, accompanied by a number of 
more polar materials. The presence of starting material was not detected. A solution of the product in 
hexane \\.as chromatographed on activated alumina. Elution with the same solvent gave 1.14 g of an oily 
fraction displaying two spots (believed to be the geometrical isomers of olefin IXa) on a thin-la),er chromat- 
ograin (hexane as the mobile phase). The olefin nlixture was dissolved in hexane (20 ml) and hydrogenated 
(under a slightly positive pressure) in the presence of 10% palladium on charcoal (0.05 g). Nest, the solution 
was filtered and chroinatographed on activated alumina (35 g). Elution with hexane gave 1.1 g of 3-(2- 
naphthyl)pentane ( S I I I ) ;  vz,"; 3 010, 2 950, 2 900, 2 840, 1 600, 1 509, 1460, 1375, 890, 858, 820, and 
750 crn-I; proton magnetic resonance response (CDC13 solution): triplet ( J  = 7 c.p.s.) a t  0.76 and complex 
signals a t  1.40-1.87, 2.14-2.52, and 6.85-7.53 6. 

Anal. Calcd. for CI~H~S,: C, 90.85; H, 9.15. Found: C, 90.81; H, 9.13. 
Method B 
11 solution of alcohol ISb (1.6 g) in methanol (15 ml) containing 1 drop of concentrated hydrochloric acid 

was heated a t  reflux for 30 min. After dilution with water, the mixture was extracted with diethyl ether. The 
ethereal extract was washed with water and concentrated to an oily residue. A thin-layer chromatogram 
(hexane as the mobile phase) of the olefii~ mixture (SIIa)  displayed two principal spots with Rr values 
identical with those observed for the olefin described in method A (see above), and a number of lesser and 
more polar components. The crude olehn was partially purified by column chromatography and the mixture 
of geometrical isomers subjected to catalytic hydrogenation as described in the preceding experiment (see 
method A). Final p~~rification was again achieved by column chromatography with hexane as solvent and 
eluent to yield 0.68 g hydrocarbon XI11 as a colorless oil. 

Anal. Found: C, 90.88; I~I,  8.13. 
The infrared (neat) and proton magnetic resonance spectra of hydrocarbon VIII prepared by methods h 

and B were identical. 

1-(2-iVaplzthy1)-1-phenylpropa,tol (IXc) 
Conversion of 2-naphthylethyl Iretone (5.0 g) into tertiary alcohol I S c  was accomplished with the Grignard 

reagent prepared from magnesium (3.Sg) and bromobenzene (23 g) in tetrahydrofuran solution (80 ml). 
Except for a 2 h period a t  reflux and final dilution of the reaction mixture with saturated an~rnoniirm chloride 
solution, the reaction and isolation of crude alcohol were carried out as illustrated in the case of tertiary 
alcohol IXa. A pure specimen of alcohol I S c  (4.9 g) crystallized from diethyl ether - petroleum ether a s  
prismatic needles melting a t  91-92'. 

Anal. Calcd. for CIIHI~O: C, 86.98; H, 6.92. Found: C, 87.07; H, 7.04. 

1-(2-Naplztlty1)-1-phenyCprop-1-ene (XIIb) 
iMetltod A 
A sample of 1-(2-naphthy1)-1-phenylpropanol (IXc, 1.5 g) was treated with sodium borohydride (0.43 g) - 

boron triRuoride etherate (24 g) and the product isolated as summarized in the case of alcohol ISb. A solutio~l 
of the crude olefin in hexane was chromatographed on activated alumina (40 g). The fraction eluted with 
hexane weighed 0.95 g (XIIb) and crystallized from diethyl ether - petroleum ether as colorless prisms 
(0.35 g) melting a t  104-106'; A,, 239, 248, 276, 286, and 297 mp (log e 4.67, 4.64, 4.06, and 3.94); v,, 
3 000,2 S50, l  500 ,1490 , l  440 , l  360,900,850,825,818,770,755, and 700 cm-l; proton magnetic resonance 
response (CDCla solution): doublet (J = 7 c.p.s. (CH3)) a t  1.78. quartet ( J  = 7 c.p.s. (=CH-)) a t  6.33, 
and complex signals from 7.25 to 7.85 (12 aromatic H) 6. 

Anal. Calcd. for ClgHle: C, 93.40; H, 6.60. Found: C, 93.59; H, 6.73. 
illelhod B 
The acid-catalyzed dehydration of alcohol IXc (1.5 g) in methanol (30 ml) containing concentrated hydro- 

chloric acid (2 ml) and isolation of olefin were executed as described for alcohol IXb. Recrystallizing the  
crude product (1.4 g) from diethyl ether - petroleum ether led to 0.40 g of hydrocarbon XIIb melting a t  
102-106°. The ultraviolet spectra of olefin XIIb prepared by methods A and B were identical, and both  
specimens were shown'3 to represent the same substance. 

S,~-fIydroxy-24,24-diplte~tyl-~,.~,14~~-trime1I~yl-6~~-2~-cholan (X V )  
The sodium borohydride (0.008 g) -boron trifluoride etherate (0.46 g) reagent was allo~ved to  react with 

3 b ' , 2 4 - d i h y d r o x y - 2 4 , 2 4 - d i p h e n y l - 4 , 4 , 1 4 ~ - c h o l a n e  (0.06 g, XIV) and the product isolated a s  
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summarized for alcohol 1%. Crystallizir~g the crude material from chloroform-acctone gave 0.045 g of 
colorlci5 crlstals melting a t  237-230'. Recrystallization from the zamc ~o lven t  led to  a FLlre samyle of olcfin 
XV melting a t  244-246" (ref. 24 reForts m.p. 244-247"). Olefin XV \\as i~lcfitical'~ n i th  an  authentic ~arnplc.  

Tripl~e~z~~lr~zetlzane 
l'ripl~e~~ylcarbinol (1.0 g) mas easily reduced by sodiun~ borohydride (0.29 g) -boron trifluoride etherate 

(16 g) as noted above for Icetone VII. A solution of the crude hydrocarbon in hesane was chrornatographcd on 
activated a l ~ ~ m i n a .  Elution with the  same solvent gavc 0.66 g of triphenylmethane, which crystallized from 
diethyl ether - methanol as  colorless ~leeclles (0.36 g) melting a t  93-94". 'l'he hydrocarbon \\.as identical13 
with an  authentic sample. 

T h e  invest igat ion w a s  suppor ted  in p a r t  b y  Publ ic  Hea l t h  Service research g r an t s  
Nos. C-q-04074-04 to Ctl-08705-01 f rom t h e  Nat iona l  Cancer  I n s t i t u t e ,  and b y  S m i t h ,  
Icline, a n d  F rench  Laboratories .  We are also indebted  to Professor C. Djerassi  a n d  t h e  
D e p a r t m e n t  of Chenlis try,  S t an fo rd  Univers i ty ,  for providing o n e  of us  (G. R. P.) I\ i t h  

facilities dur ing  t h e  initial p repara t ion  of t h i s  manuscr ip t .  Technical  assis tance provided 
by P. -1. \\ 'hitehouse w i th  several  related exper iments  is also grateful ly acltnowledged. 

I iEFERESCES 

1. G. I<. ~'ISTTIT and D. M. I'IATAK. J. Org. Chem. 27, 2127 (1962). 
2. 1-1. L. ELIEL and 11. A. D.~IGNAULT. J. Org. Chem. 29, 1630 (1964). 
3. (a) S. RAKHIT and M. GUT. J. Org. Chem. 29, 22'3 (1964). 

(b) J.  11. CIIANLEY and T. MEZZETTI. J .  Org. Chem. 29, 228 (1964). 
(c) hl. VERZELE, 31. ~ACICB,  and $1. I~NTEUNIS.  J. Chem. Soc. 5598 (1963). 

4. G. R. PETTIT and 'r. R. I<ASTURI. J .  Org. Chem. 26, 4557 (1961). 
5. H. C. BROWN and B. C. SUBUA RAO. J .  X111. Chem. Soc. 82, 681 (1960). 
6. 13. C. UROIVN and W. I<OI~YTNYI<. J .  Am. Chem. Soc. 82, 3866 (1960). 
7. E. AI. FEDNEV-A. Zh. Obshch. I<hin~. 30, 2818 (1960). 
8. I<. I. I-I. ~VILLIA~IS,  S. E .  CREIIER, 1;. W. KENT, E. J. SEHLI, and D. S. TARBELL. J. Am. Chern. Soc. 

82, 3982 (1960). 
9. 11;. M. JONES. 1. Am. Chem. Soc. 82, 2528 (1960). 

10. H. C.  BROWN^^^ D. B. BIGLEY. J. -4m. Chern. Soc. 83,3166 (1961). \\I. b1. Jososand I-I. E. 14:1sr:, JR. 
J.  Am. Chem. Soc. 84, 997 (1962). 

11. G. R. PETTIT and i\. B. NEILL. Can. J. Chem. 42, 1764 (1964). 
12. G. R. PETTIT, B. GREEN, P. HOFER, D. C. AYRES, and P. J. S. PAUWBLS. Proc. Chem. Soc. 355 (1962). 
13. (a) D. S. BAPAT, B. C. SUBBA RAO, &I. I<. UNNI, and I<. VENI~~ITAIIA~IAN. Tetrahedron Letters, 15 

(1960). 
(b) C. J. S.%NCHOIIA\VALA, I3. C. SUBBA RAO, &I. K. UNXI, and I<. VENI~ATARALI~IN. Indian J. Chcm. 1 

19 (1963). 
14. (a) 1-1. D. 131.1~~ and I<. VENI<ATA&\XIAN. 'I'etrahcdrorr, 19, 77 (1963). 

( b )  W. J. ~VECHTER. J .  Org. Chcm. 28, 2935 (1963). 
15. (a) I<. 71'. l'orrs and D. I?. LILJEGKEM. J. Org. Chern. 28, 3202 (19G2). 

(b) J. H. BREWSTER, H. 0. UAYER, and S. F. Oslraw. J. Org. Chem. 29, 110 (1964). 
(c) 5 .  1-1. BREWSTER and H. 0. BAYEB. J .  Org. Chem. 29, 116 (1964). 
(d) E. L. ELIEL. Record Chem. Progr. Ilresge-I-Iooker Sci. Lib. 22, 129 (1961). 

16. G. R. PETTIT, J .  ;I. SETTEPANI, and 1:. A. HILL. Can. J. Chem. 43, 1792 (1965). 
17. CII. 'I':III\I and R. ALBRECHT. Ilelv. Chim. Acta, 42, 2177 (1959). W. BERGBIASN, &I. II~LTA, and 

11. J .  GIAXCOLA. J. An]. Chem. Soc. 76, 4974 (1954). 
18. J.  \\I. COOI< and 31. /I.. C. I'AIGE. J. Chem. Soc. 336 (1944). 
79. I,. I<vz~cria and >I. W. GOLDBE~G. I-Ielv. Chim. Acta, 19, 99 (1936). 
20. J .  F a j ~ o s .  Chern. Listy, 52, 1780 (1958); Chem. Abstr. 53, 5344 (1959). 
21. C. DJEIIASSI and G. R. PE'TTIT. J. Or& Chem. 22, 393 (1957). 
'32. I?. X. JONES. J. Aln. Chern. Soc. 67, "27 (1945). 
23. (a )  S. 1-1. ~ I O I I R E L L ,  G. B. PICICERIXG, and J. C. S~I ITH.  J. Inst. Petrol. 34, 677 (1948); Chcm. k\bstr. 

43, 2608 (1949). 
(b) I .  L B ~  Rrcnnstoff-Chem. 30, 'i3 (1949); Chem. Abstr. 44, 2217 (1950). 

24. G. I?. I'ETTIT, P. HOFEIZ, W. J .  BO~VYER, T. Ti. I<.ZS.TURI, R. C. BASSAL, R. E. KADUXCE, and B. GREEN. 
Tetrahedron, 19, 1143 (1963). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
L

A
R

K
SO

N
 U

N
IV

E
R

SI
T

Y
 o

n 
11

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 




