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and 9; only 8 gave the corresponding' acetonide which 

showed characteristically increased R; values on tic, and 

the chemical shift value of the 18-CH3 of 9 was smaller 

than that of 7. 

The l(i-ketosteroid 4 was synthesized from 2 which 

litis been previously described, through a three-step 

sequence involving mild hydrolysis of the isopropyli-

denedioxy group, followed by oxidation of the resulting 

HkU7/i-glycol 3 with cold dilute Jones reagent. The 

l(i-ketosteroid 4 obtained was a glassy solid as observed 

with the urinary metabolite, their ir spectra being 

stiperirnposablo. 

Experimental Section 

All inciting points were taken with a micro melting point 
apparatus and are uncorrected. The ir data were obtained on a 
Hitachi spectrophotometer. Nmr spectra were determined on a 
Varian HA 100 spectrometer in CDCls using TMS as an internal 
standard. Elemental analyses are indicated only by symbols 
of the elements, and analytical results obtained were wiihin 
=r0.4r,' of the theoretical values. 

3a,16a-Diacetoxy-5fJ-androstan-17-one t i l ) . To a cold solu­
tion of 10 (5 g) in AcOH (HO ml) was added dropwise a cold 
mixture of AcOH and GO'', IKK)., (.">:! ml). After ."> hr, the 
reaction mixture was diluted with Kt*0, washed (")', NaHOO;) i, 
and dried «XiioSO,). Evaporation of the solvent gave a solid 
which was recrystallized from M'r-jO to yield o.S g t'76',r) of 11: 
mp \<Xi 104°:*A^ r 1747, 1244 i n f 1 : nnir 0.06 (6 H, si, 2.0.*) 
(••', II, s), 2.14 C) II, s), 4.74 (1 II, septet i, .").:>,!> ppm (I H, d, ./ = 
7.."):. Anal. ((.'»Hi,0;,! C, II. 

17«-Methyl-5tf-androstane-3ff,16a,17rj-triol '6). Compound 
11 !)i.5 g) was treated with rS.O equiv of MeMgl in alts Kt,0 in 
the usual manner. The crude product obtained showed two 
spots at Hi values of 0.55 and 0.31 on silica gel tic obtained in 
(\illf, EtOAc (1:2;. The mixture was then resolved on a silica 
gel column using CJI,, .MeAc (4:1 > as an eluent : compound 6, 
the lower IU material, was obtained as (lie second eluate in 2.1 
g !7o'.'(•) yield after elation of the higher Iti material and re-
crystallized from MeOH : mp 220-221°: \,'^;:-i416, 105.S, 103!) 
cm- ' ; Anal. iC^UnO.,) C, H; nmr of diacetate 7: singlets 
<;•', ID at 0.114 (l.'l-CH:,), 0.97, 1.0!), 2.04, 2.12, septet (1 Hi at 
4.74, doublet (1 H, ,/ = !)) at 5.02 ppm. 

17,d-Methyl-5fS-androstane-3o:,16a,17a-triol (8). Compound 8 
was obtained in 0.0 g C2lr

(.) yield as the first eluate from the 
column mentioned above and recrystallized from MeAo-MeOH: 
mi)241-242°: Anal. (C.,,jH:i4()3) C, H : nmr of <liacetate9: singlets 
Ci Hi at 0.72 iKS-CH:,;, <).!)."•, 1.16, 2.0:!, 2.1.'?, multiplet (2 Hi at 
4.!)!) ppm. Treatment, of 8 with acetone containing a catalytic 
amount of IICIO4 (1 drop of the 6 0 ' , acid to 10 ml of M'eAc) 
increased its A'f value from ().:>! to 0.72 on tic obtained as men­
tioned above, while 6 showed the unchanged A't before and 
after the same treatment. 

3«,170-Dihydroxy-17a-methyl-o/i-androstan-16-one (4). A 
suspension of finely pulverized 2 l (2 g) in a mixture of 5 X HC1 
(5 ml), MeOH (50 ml), and acetone (100 ml) was refiuxed for 2 
hr. The reaction mixture, which turned into a homogenous 
solution, was neutralized (XaHC().:l) and filtered. The crude 
product obtained on evaporation of the solvent from the filtrate 
was recrvstallized fiom .MeOH-AeMe to give 3 in 1.2 g (66 r , .1 
yield: mp 245-247°; \™l 3521, 1(598, 1284, 1073, 1056, 724, 
710 r n r 1 . Anal. (C . -HKCV) C, H. Compound 3 (1.2 g) was 
dissolved in a mixture C6H6-A<"Me (1 :2: 50 ml), cooled at —3°, 
and treated dropwise under stirring with a cooled and diluted 
.Jones reagent, consisting of 160 mg of CrO;l, 1 ml of H20, 0.1 
ml of II2SO4, and Ac.Me to make a final volume of 10 ml. After 
10 min, the reaction was stopped by addition of /-Pt'OH. t sua l 
work-up followed by silica gel column chromatography of the 
crude product obtained gave 5 ami 2 in 0.2 g and 0.6 g yields, 
respectively. Compound 5, recrystallized from acetone, melted 
at I,N2-1,S3°: \,'^'34HS, 1754, 1706, 1074, 1023 cm- 1 ; nmr sing­
lets (3 II) al 0.S0, 1.11, 1.20, septet (1 II) at 4.82, singlet at 7.75 
ppm. Anal. (C'STHSBOI) (', II. Hydrolysis of 5 in a reflttxing 
mixture of acetone and methanolic KOIT gave a glassy solid 4 
in 60 mg yield. The ir spectrum of 4 was superimposable with 
the previously reported urinary metabolite.1 

.Synthesis of l-(3'-jV,A'"-Diethylaminopropyl)-2-

alkylnaphth[l,2-<2]imidazole-4,5-dione!>1 

I-'. 1. CAKHOI.I., J. T. Bi. u 'kwt.u, . \xi> H. YV.uxi. Mil. 1,1:1; 

Chemistry and Life Science* Laboratory. 
I'rsearcli Triangle Institute. 

Hen-arch Triangle Park. Xorlli Carolina r!7T0.'> 

1,'eceireel October 10, UIS:I 

The therapeutic activity of the important (i-methoxy-

8-alkylaminoquinoline antimalarial agents (J) has been 

at t r ibuted to their in riro conversion into 5,()-quinolino-

quinones (II).--3 This information in combination with 

the fact that certain imidazole and benzimidazole 

derivatives have shown slight antimalarial activity4"' 

led ns to prepare some 4-(:V-A7,A7-<liethylanunopropyl-

aniino)-r>-acy]amino-l,2-naphthoquinones (III) and 1-

Ci ' -V.A-diethylaminopropyli - 2 - a lkylnaphth[ l ,2 - - / ]-

CH.O. 

XHK 

imidazole-4,,")-diones (IV) for evaluation as potential 

antimalarial agents. 

The synthetic procedure reported earlier''1 for the 

jtrepanition of disubstituted iniphth[l,2--/]imidazoIe-

4,.")-diones and outlined in Scheme I was used to 

synthesize the compounds III and IV listed in Tables 

I and II, respectively. Specific N-monoacylation of 

3-amino-l,2-naphthalenediol hydrochloride (V) fol­

lowed by oxidation gave the 3-acylamino-l ,2-naphtho-

naphthoquinones (VI). The addition of 3-diethyl-

aminopropylamine to VI in CHC13 followed by exposure 

of the reaction mixture to 0 2 gave the addition products 

III. Treatment of III with refluxing AcOH followed 

by chromatography on A1203 afforded the imidazole 

derivatives IV. 

Compounds I l lb and e and IVa, b, d, e, and f were 

screened for potential antimalarial activity against 

Plasmodium berghei in mice.7-" Compounds I fib and 

i l l Th is inves t igat ion was carried out unde r C'ontrai'l No. DADA-17-t>S-
O-80.*.* with the D e p a r t m e n t of I.lie Army and the U. S. Army Research 
and Deve lopment C o m m a n d . This paper is C o n t r i b u t i o n \ ' o . 70S from the 
Army Research P rogram on Mala r i a . 

i.2> (a; F. Schonhofer, Z. Phyriol. Chem.. 274, 1 ily-12). (I.) X. I,. Drake 
and V. T. P ra t t , .7. Amer. Chem. Hoc, 73 , 544 l 19*)]), lc) K. S. .Joscphsoti 
J. Greenberg . D. .1. Taylor , and H. I,. Bami . ./. I'lmrmnrol. Ksp. Thrr.. 
103, 7 (1<--)]J. id) I-). S. .loseplison. D. .1. Taylor , .1. Greenberg , and A. P. 
Hay, 1'rijr. .So,-. KIII. Biol. S. ) ' . . 76, 700 (1951). 

(t>) Schonhofer po>tu]ated t'tiat the ac t ion of t>~methoxy-8-ammo,|Uinuline.-
was related to lite format ion of quinonoid p roduc t s in the hosl (ref 2ay 
In ritro st udies repor ted by D r a k e and P r a t t suppor t ed Sehonhofer ' s hypo the-
-sis (ref 2b). Addi t ional suppor t ing evidence was brought forth by Joseph son 
ft <il. {ref 2c). when they identified a highly ac t ive p a m a q u i n e metabol i te a> 
the 5 ,o-quinol inequinone der iva t ive . It. ritro tes ts showed that i is ant i ­
malar ial ac t iv i ty against / ' . yuttinaceum was about lit t imes that of pama­
quine (ref 2d i . 

14! 1". V. Wiselogk-. "A Survey of Ant ima la r i a l D r u g s : 11)41-11)1.",' 
Vol. I I . .1, W. I'd wards, Ann Arbor. Mich. , 1946. 

t.~),i 2.2 •! Viny]euedi-yj-phen,\ ' ene)bis (4-methyl imidaxole l showed a ipii 
nine equivalent of 10Q and *>-chioro- l - (4-die thylamino- l -methylhutyl i-

wed an a c t i v i t y of 0.4Q agains t I', toptmrar in dut-lv benzimida?.ole slu 
Iref 4 ' . 

(fi) F. I. Carrol l 
(7; ' r e s t ing wa< 

Miami , F'la. 
(8) T. •". Ostiet 

191)7). 

a n d . l . T . l i lackwell . to lie publ i shed in J. Ilttrraryel. ('«,.„,. 
carr ied out by Dr . L. Rane of the ltniversit>' of M i a m i . 

,e, P. H, Russell, and l.eo Rane . ./, Mr.I. Cl,<-m., 10, 4:11 
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TABLE I 

4-(3'-AT,A'-DlETHYLAMINOPHOPYLAMINO)-3-ACYLAMINO-l,2-XAPHTHOQUINONES ( I I I ) 
Compound11 

III R 

a CH3 

b CH3(CH2)4 

c C6H6CH2 

d 3,4,5-(CH30)3-
C6H2CH2 

e C 6 H 5 CH=CH 
f C6HU(CH2)3 

g C6H„ 
" A typical procedure is given in 

Recrystn 
solvent 

CH2Cl2-EtOAc 
CH2Cl2-EtOAc 

CH 2CVEtOAc 
CeHe 
CH,Cl2-EtOAc 

the Experimental Section. 
11). d These compounds were not obtained analytically pure 

Mp °C 

144-148 
149-151 

d 
d 

148-150 
127-128 
156-158 

yield6 

47 
46 

70 
40 
59 

6 Based on pure compound isolated. 

Molecular 
formula0 

C,eH25N3O3-0.5H2O 
C23H33N3O3-0.5H2O 

C26H2»N3O3-0.25H2O 
C27H39N3O3-0.25H2O 
C24H33N3OS'0.25H2O 

Analyzed for C, H, N (see ref 

TABLE II 

l-(3'-Ar,Ar-DlETHYLAMINOPBOPYL)-2-

ALKYLNAPHTH[l,2-d]lMIDAZOLK-4,5-DIONK8 ( I V ) 

Com­
pound 
IVa Mp, °C 

143-147 
138-141 
141-143 
176-179 

193-196 
119-121 
121-124 

/c 
yield6 

66 
72 
ri"1 

40d 

24 
60 
53 

Molecular 
formula2 

C19H23N302 

C23H3iN302 

C 2 5H 2 TN 3 0 2 

C2sH83N305 

C26H27N302 

C27H3,N302 

C24H31N302 

R 

a CH5 

b CH.3(CH2)4 

c C6H5CH2 

d 3,4,5-(CH30)3-

e C 6 H 3 CH=CH 
f C6Hn(CH2)3 

g CeHu 
" A typical procedure is given in the Experimental Section. 

b Based on pure compound isolated. c Analyzed for C, H, N 
(see ref 11). d The intermediate 3-alkylamino-3-acylamino-
1,2-naphthoquinone was not isolated in these cases and the yield 
is based on starting 3-acylamino-l,2-naphthoquinone. 

SCHEME I 

RCO..H 

DCI, Et,N,FeCl, 

NH3CI 0&° 
^ ^ ^ N H C O R VI 

(1) (C.H^jNfCH,),, 

NH,, CHCh 

(2) O, 

AcOH 
< 

heat 

(C2H5),N(CH2);JN-

IV 

c and IVa-f were also evaluated for activity against 
chicks infected with Plasmodium gallinaceum.7•* None 
of the structures prepared in this study were considered 
active in either the forementioned rodent or avian 
screen.9,10 

(9) Test results ivere supplied through the courtesy of Dr. B. T. Poon, 
Dr. T. R. Sweeney, and Dr. David P. Jacobus, Walter Reed Army Institute 
of Research, Washington, D. C. 

(10) In addition to the compounds prepared in this report, several 3-
acylamino-l,2-naphthoquinones, 4-alkylamino-3-acylamino-l,2-naphthoqui-
nones, and 1,2-disubstituted naphth[l,2-d]imidazole-4,5-diones described in 
an earlier publication (ref 6) -were also screened against P. berghei and P. 
galhnaceum. These classes of compounds u"ere uniformly inactive in these 
tests. 

K^o 
Y^NHCOR 
NH(CHo);JN(C,H.-,)2 

III 

Com-
pounda 

VI 

b 
c 

g 

R 

CH3(CH 
C6H5CH : 

CeHn 

Experimental Section11 

Melting points were determined on a Kofler hot stage micro­
scope using a calibrated thermometer. Uv and visible spectra 
were measured on a Cary Model 14 spectrophotometer. The 
visible spectra were obtained only in MeOH. Nmr spectra were 
recorded on a Varian Model A-60 (Me4Si). Ir spectra were mea­
sured with a Perkin-Elmer 221 spectrophotometer (KBr). 
Mass spectra were determined on an AEI MS-902 spectrometer. 
Microanalyses were carried out by Micro-Tech Laboratories, 
Skokie, 111. All uv, ir, nmr, and mass spectra are in agreement 
with the assigned structures. 

3-Amino-l,2-naphthohydroquinone hydrochloride (V) was 
prepared according to the procedure of Groves.12 A 150-g 
sample of V as well as 3-diethylaminopropylamine was supplied 
through the courtesy of Dr. B. T. Poon of the Walter Reed Army 
Institute of Research. 3-Acetamino-, 3-(3,4,5-trimethoxyphenyl-
acetamino)-, 3-cinnamoylamino-, and 3-(4-cyclohexylbutanonyl-
amino)-l,2-naphthoquinone were prepared as reported in an 
earlier publication.6 

3-Hexanoylamino-l,2-naphthoquinone.—To a suspension of 
4.24 g (20 mmol) of 3-amino-l,2-naphthalenedioMICl and 20 
mmol of the appropriate carboxylic acid in 80 ml of EtOAc was 
added 2.02 g (20 mmol) of Et3N followed by 4.14 g (20 mmol) of 
DCI. The mixture was stirred at 25° under N2 for 6 hr and filtered, 
and the filtrate concentrated on a rotary evaporator. The residue 
was dissolved in 100 ml of EtOH, cooled in an ice bath, and treated 
with a cold solution of 12 g of F e C V 6 H 2 0 in 100 ml of H 2 0 
containing 1 ml of concentrated HC1. The mixture was ex­
tracted with CHC13. The CHC13 extracts were dried (Na2S04) 
and concentrated to give the 3-acylamino-l,2-naphthoquinones 
as dark solids. The products were purified by recrystallization 
(EtOH). The new 3-acylamino-l,2-naphthoquiones prepared 
are listed in Table I I I . 

TABLE II I 

3-ACYLAMINO-l,2-NAPHTHOQUINONKS 

Mp, °C 

156-158 
174-176 dec 
153-156 

" A general procedure is given in the Experimental Section. 
b Based on pure compound isolated. b Analyzed for C, H, N 
(see ref 11). d A solution of 6 g of Na2Cr207 in 140 ml of 2 N 
H2S04 was used in place of FeCl3 as the oxidant. 

4 -(3- V,A'-Diethy laminopropy lamino )-3-hexanoy lamino-1,2-
naphthoquinone (Illb).—A solution of 4.58 g (16.9 mmol) of 3-
hexanoylamino-l,2-naphthoquinone and 2.20 g (16.9 mmol) of 
Et2N(CH2)3NH2 in 200 ml of CHC13 was stirred for 7 hr at 25°. 
I t was concentrated on a rotary evaporator and the remaining 
dark residue was dried under high vacuum. Recrystallization 
of this solid from a CH2C12 and EtOAc mixture gave 3.01 g 
(46%) of I l l b , mp 149-151°. The analytical sample prepared 

% 
yield6 

32 
37 
16 

Molecular 
formula0 

C lsH17NO 
CisHi3NO 
CI7H17NO 

(11) Where analyses are indicated only by symbols of the elements, 
analytical results obtained for those functions were within ± 0 . 4 % of the 
theoretical values. 

(12) C. E. Groves ,/. Chem. Soc, 291 (1884). 
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bv reerystallizatioii from the same solvent systems had mp loll 
l'">2°: \™l 3265 <NH), 1690 (amide I), 166.1 (C=() ) , 161.", and 
1 .MID ( C = C ) , and lo30 cni"1 (amide I I ) ; \™f,H 23SI mM u X 
I0™3 = 17.8), 278 (.18.6), and 4."i."i (3.7). 

The 4-(3-.V,A"-diethylamiiiopropylamiiio)-3-ac\'lainiiio-1.2-
naphthoquinones listed in Table 1 were synthesized by an 
analogous procedure. 

1 -(3'-A',.Y-Diethylaminopropyl)-2-pentylnaphth [ 1,2-d\ imid-
azole-4,5-dione (IVb).—A solution of 2.ol g, 6.1 mmol, of I l l b 
in 200 ml of AcOH was refluxed for ().."> hr. It was concentrated 
by freeze-dryiug and the remaining residue was chromatographed 
on 400 g of AI2O3 using CHCI3 as the elueut. A red band was 
collected. Removal of the CHCln on a rotary evaporator followed 
by recrysfallization of the remaining red crystals from EtOAc 
gave 1.69 g (72 r , ! of IVb, mp 138-141°. The analytical sample 
prepared by recrvstalli/ation from litOAe had mp 140-142°, 
v™[ 1670 c m - ' (('==(>): C ' ™ 201 mM u X H)"- 22.6). 269 
(22.21, and 449 (1.4); \['ih"n 2o3(20.2); \','.;;,;v " " 2.14 (24.0 ;; 
A""; 261 (22.8) and 26S (21.81; Xl'H; 253 (19.61: X„!;.;%

N N 

240 (17.9) and 260 (14.6!: XI' N N " " 267 (13.1.1. 
The l-(3'-A",A"-diethylamino|)ropyli-2-alkylnaphth[l,2-(/jimid-

azole-4,5-diones listed in Table II were synthesized by an analo­
gous procedure. 

Acknowledgment. - W e thank Dr. Monroe E. Wall. 
Director of this laboratory, for his kind encouragement 
and support of this work. 

Analogs of Steroid H o r m o n e s . 

III. Benz[el indene Derivatives1 -

It. E. JUDAY, BONMI: BUKW.V, 

KKNT KAISIIU, AND GORDON WIIBB 

Department of Chemistry, University of Montana, 
Missoula, Montana -5.9801 

Received August 1, VjHi) 

In view of the reported antiandrogenic activity of a 
7-acetyl-2(3H)-phenanthrene derivative,3 we became 
interested in preparing benz[e]indene analogs for 
purposes of comparison. We were also interested in 
developing methods for preparing compounds having 
angular carboalkoxy and earbinol groups. Star t ing 
with 3,4-dihydro-6-methoxy-l(2H)-naphthalenone (2), 
suitably subst i tuted benz[e]inden-2-one derivatives 
were first prepared using Scheme I. Alleviation of the 
start ing ketone with propargyl bromide followed by 
hydrat ion of the product alkyne appeared to be the 
most convenient approach for the introduction of a 
propanone side chain. The method has been used by 
Islam,4 Dauben/ ' and coworkers, but only on 3-
keto esters using alkoxide catalysts. We also wished to 
use the method on ketones such as 4, which require 
more basic conditions for alkylation. 

Catalyt ic hydrogenation of 9 and 10 produced mix­
tures from which both cis and trans isomers could be 
isolated and compared. All a t tempts to obtain both 
isomers of 11 from 8, however, were unsuccessful, 
although five different methods involving catalytic and 

G r a n t CA-05077 N a t i o n a l Cance r I n s t i t u t e , 

L. C u b b a s e , 

(1.) S u p p o r t e d , in par t 
Na t iona l I n s t i t u t e * of Heal th . 

(2.) F o r t he previous pape r of this series, see K. E . J u d a . 
J. M a z u r , and B . Bukwa . ./. Med. Chun.. 11, 872 (1968). 

(31 L. 0 . R a n d a l l a n d .). ,T. Seli t to, Endocrinology, 62, 689 (1958). 
i-ti A. M. Is lam and R. A. Raphae l , ,/. Chem. Soc, 4086 (1952). 
(.V] \V. (1. Dai lben, .1. W. M c F a r l a n d . and J. lb Roaan , J. Org. Chem 

297 (191111. 

chemical were u>ed: including one reduction in which 
the double bond was shifted to the vnrlo position/ 

These hydrogenation results are intermediate be­
tween those of simple hydrindenoncs and lti-koto 
steroid analog-. Augustine' found that the former 
formed oiih ,•;.< isomers <>ven when an angular carbo-
niethoxy uroup wa- present. Wildss and ourselves1 

have found both <-<•-•• and Iran* isomers formed from the 
hydrogenation of A1 "'-lh-keto steroids, even when no 
angular group was present. Augustine1" proposed a 
multistep process in which the catalyst substrate com­
plex is less hindered in the cis configuration. Wilds 
at tr ibuted ~oiee of his results to sterie inhibition of 
adsorption on the catalyst by the angular group, thus 
rosiilting in the formation of Irani- isomers. This could 
explain the re-ults from the hydrogenation of 9 and 10, 
but the failure to obtain any Iran* isomer of 11 by any 
of the above method.- could be explained by thermo­
dynamic control of the reduction to give the more 
stable cis isomer with the hydrogenations occurring by 
some multistep process. 

In tin attempt -o change the isomer ratios obtained, 
the hydroboratioii- of S and 9 were studied. The boron 
residues were removed by ucetolysis to produce mix­
tures of the alkene-, 14 and 15. It proved impossible 

CHs0 CH.CT 

14.R = H 

15.R = CH 
16.R = H 
17.R = CH 

to remove H without loss of the 0 fund ions. Analysis 
of 14 and 15 by glpc showed that all four possible 
isomers were pre-ent in substantial amounts in each 
case. Analysis diowed that 16 contained about equal 
amounts of the cis and trans isomers, while 17 was 70' ( 

trans. Conversion of 11 into 16 produced a single 
isomer, corresponding to the faster moving isomer on 
glpc, and thus may be assigned the cis configuration. 

The <-is and titm* isomers of 12 and 13 were dis­
tinguished by the following method. Since the trans 
isomers are more highly strained than the cis, the 
carbonyl stretch bands in the ir spectra should have the 
higher frequency.1'- The actual frequencies were 1747 
and 1741 c m 1 for the presumed trans isomers ami 
1742 and 17M7 cm"'1 for the cis isomers, respectively. 
The half-height width of the angular methyl peak in the 
nmr spectrum of the presumed trans isomer of 12 was 
also greater than the cis by 0.2 cps.12 1:1 The configura-

l.tii K. !•;, Fa i . r - i . l .o l i , . \ . C,,inpui;(ii. M. Lurie, M. W. ( lold 1, era. un.i 
R. W. Kiers lead . ./. M. •/. <:••• m.. 9, :i()4 i 1966). Th is t echn ique , used on the 
p h e n a n t h r e n e analog of 8, stave the trnus i somer exclusively. 

i7l R. b . A u K u - t m e and A. D. Hrooin, ./. Org. Chem.. 2S, 802 (196(1). 
(8) A. b . Wilds . R. Xei fche l , R. S u t t o n , a n d ,7. Johnson , Jr . , ilii-l.. 19. 

255 (1954; 
(9j R. 1\. , luda\ ami b'Umie Huk\*a. unpubl is i ied resul ts . 
UO.I Fo r more comple te d i> ru^ ion of the s te reochemis t ry of the reduct ion 

of cyclic ketones , .-.ee: a R. b. Augus t ine , " C a t a l y t i c Hydro<renation." 
Marcel Dekker , Inc . . Nov Vork. X. Y.. 1965, p p 6 1 - 6 2 ; (b) R. L. Augus t ine 
and .1. Van Peppen . .-!/.•.. V. )". Ae.ul. Sci., 158, 482 (1969): (<:) II. O. 
House . " M o d e r n Svnthe ' i - - Reac t ions . " W. A. Ben jamin , I n c . . New Vork, 
N . V.. 1965. pp 16-22. 

i l l ) X. 13. C o l t h u p . b II. Daly, a n d S. E. Wilber ly , " I n t r o d u c t i o n to 
In f ra red and R a m a n Spec t roscopy ," Academic Press , New York. X. V., 
1964, p p 2HD-241. 

(12) M. Robinson . Tit'.C.,..ro,. Lett., 1685 (1965). 
(13) K. William,-,,;, T. Howell, a n d T. Spencer , ./. Amer. Chem. Sue.. 88 , 

:S25 (1966i 


