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TABLE I 
COMPARISON OF MASS SPECTRA 

Expected 
CFzHCHCl?’ CF2ClCHClza CFBClCCl: for‘ 

m/e I I11 1-1 Mixture Ion CHF2CCls 

51 
82 
83 
84 
85 

87 

11; 
119 
121 
132 
133 
13.t 

16.3 
1 . 6  

100,o 
1 .7  

64.3 

10 5 

1 .6  
0 .3  

0 1  
2 7  

21 5 

- 

135 
13fi 

2 . 1  
13.6 

0 6  
2 0  

100 0 
2 4  

77 4 

14 4 

0 41 
0 25 
0 08 
0 6  

19 2 
0 75 

12 1 
0 3  

0.09 
27.6 
0 . 4  

17.7 
43.4 

13.8 

100 0 
94.9 
30.5 
14.6 
0.36 
9 . 4  

0.19 
1 .5  

10 2 
6 0  

100 0 
4 9  

74 9 

13 7 

26 1 
24 2 

7 6  
1 1  

46 7 
3 9  

CHF, + 

CC12 + 

CHCI? + 

CCl, + 

CHC12 + 

CF&1 + 

CHCl? + 

CF,Cl+ 
CCla + 

CC1, * 
CCll+ 
CzF2HC12 CzFzCl+ + 

C,H?F,Cl? ‘ 
CzF?CIz + 

29 6 C2HFzClz + 1 
2 0  CnFVHC1. + 

CIF;CI, +- 

167 - 0 02 97 9 4 0  C,F,Cl? + p 

169 - 0 06 93 6 4 0  CzF,Clj + S 

171 - 0 04 29 8 1 3  CzFzCli + 8 

a Peak strength relative to m/e at  83 = 100. ’ Peak strength relative to m/e n t  117 = 100. “1” indicates a majw peak 
predicted, ‘‘s” a minor peak predicted. 

= 133 and 135 particularly indicate the presence of 
11. 

The infrared spectrum of the mixture confirmed 
the presence of I11 and indicated the presence of 
another compound which was neither I nor VI. 
The weak peaks a t  m/e = 134, 136, 167, 169, and 
171 in the mass spectrum of the mixture could be 
due to  small amounts of I and VI in the mixture. 
However, as is indicated in Table I, all of the frag- 
ments could be derived from I1 so there is no reason 
to assume, by necessity, that I or VI are present. 
Conversely, there is no reason to  assume that I 
and VI are entirely absent either. 

RESEARCH DIVISION CONTRIBUTION No. 242 
ORGAKIC CHEMICALS DEPARTMENT 
JACKSON LABORATORY 
E I. DU PONT DE NEMOURS AND Co. 
\ ~ I L M I S G T O S ,  DEL. 

Synthesis and Configuration of 
cis-8-Methylhydrindane 

HAROLD CONROY’ AND ELLIOTT COHEN* 

Received August 1, 1967 

I n  connection with the determination of the 
skeletal structure of picrotoxinin we have described a 
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synthesis of ~~-cis-5-isopropyl-8-methylhydrin-4,6- 
diene (picrotoxadiene) ; 3  we now wish to detail the 
observations made in a repetition of part of this 
synthesis with optically active materials. hlthough 
an extension of this work will make possible the 
assignment of absolute configuration in the picro- 
toxin series the results herein are sufficient to allow 
such assignment for an important reference 
compound, cis-8-methylhydrindane, as well as 
some of its ketonic derivatives. 

Cis-2-met h yl-2-carboxyc y clopentane- 1 -acetic 
acid (I) , 4  prepared uia 2-methyl-2-carbethoxy- 
cyclopentylidenecyanoacetic e ~ t e r , ~ ? ~  r a s  re- 
solved with the aid of its brucine salt ; after twenty- 
one recrystallizations of this salt from water the 
rotation ([a]: +37’) of the regenerated acid 
showed no further increase. Partially resolved 
(-) acid was obtained from the mother liquors, 
The remaining transformations (to IX) indicated 
in the diagram were carried out in a manner 
similar to that described previously for the cor- 
responding racemic series; the compounds n-ere 
characterized bv their infrared spectra, in all 
cases identical with those of the racemic series. The 
optically active bicyclic hydrocarbon (X) was 
prepared from IX by the Huang-Minlon modifica- 
tion of the Wolff-Kishner reduction. 

The assignment of the cis configuration in this 
series has rested on the obtention by Errington and 

(3) H. Conroy, J .  Am. Chem. Soc., 73, 1889 (1951); 74, 
491 (1952); 74, 3046 (1952). 

(4) K. D. Errington and R. P. Linstead, J .  Chem. SOC., 
666 (1938). 

( 5 )  P. Bagchi and D. K. Banerjee, J .  Znd. Chem. SOC., 24, 
12 (1947). 
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H O O C , , r  E t O O C c , p  HOOC,.F 

H I ( + 3 i o )  11 ( +23 ") I11 

CIC,, 
H IV (+21.8") H V (+29.6') 

VI (f28.5") VI1 (114.7") 

VI11 (+29.4") IX (S15.2') X ( i 3 " )  

Figures in parentheses are [oc]O. 

Linstead4 of the diacid (I) from a bicyclo[3.3.0]- 
octanone derivative believed for good reason to  
contain the cis ring junction. Nevertheless the 
evidence may not be entirely convincing, and ap- 
parently has been the subject of recent doubt.6 
The infrared spectrum of our hydrocarbon (X) was 
identical in all respects with that of the cis-8- 
methylhydrindane (3a-methyl-cis-hexahydroindan) 
reported recently by Kronenthal and Becker7 and 
different from that of their trans modification. 
Their synthesis was based upon a Diels-Alder 
addition and is stereochemically unequivocal. 

We owe the assignment of absolute configura- 
tions depicted in the diagram for the dextrorotatory 
materials to  the powerful method of rotatory dis- 
persion as elaborated by Djerassi et ai. (Cf. ref. 6, 
etc.). A comparison of the curves for (+) cis-8- 
methylhydrindan-&one (IX) and coprostanone-3 
(A/B c is)  leaves no doubt that the immediate 
steric environments of the respective carbonyl 
groupings are similar in the absolute sense. 

EXPERIMENTAL 

Resolution of cis-8-meth yl-%car boxycyclopentane-1 -acetic 
acid (I). The racemic acid3 (m.p. 110-11lo) (459.5 g.; 
2.46 moles) was dissolved in a minimum amount of hot 
water and 1948 g. (2.46 moles) of brucine was added with 
enough hot water to dissolve it. The brucine salt separated 
when the solution was cooled; twenty-one such recrystal- 
lizations of the salt were carried out before the diacid 
regenerated by treatment of the salt with 10% hydrochloric 

(6) C. Djerassi, R .  Riniker, and B. Riniker, J .  Am. Chem. 

(7) R. L. Kronenthal and E. I. Becker, J .  Am.  Chem. 
Sac., 78, 6362 (1956), footnote 15. 

SOC., 79, 1095 (1957). 
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Fig. 1. Rotatory dispersion curves for coprostanone-3 
(in methanol; upper curve) and (+)cis-8-methylhydrindan- 
5-one (in dioxane; lower curve) 

acid and extract,ion 1%-ith ether gave a constant rotation. 
The resolved diacid (70.5 g.) had the m.p. 114" and [a]?' 
$37" (4yo in chloroform). Racemic acid (186 g.) recovered 
from the mother liquor and put through a similar treatment 
with extensive recrystallization of the brucine salt gave an 
additional 18.5 g. of resolved acid, making a total of 89 g. 
I'arbially resolved ( - )  acid (109 g.) [a]2,5' -6.4' was also 
obtained from the mother liquor. 

(+ ) Ethyl ' cis-8-methyl-2-carbethoxycyclopenfane-1 -acetate 
(11). The diester (70 g.; 68% yield) was obtained from 89 g. 
of the diacid (I) xith ethanol and sulfuric acid aft,er a long 
reflux period. It distilled at 87-89' (0.5 mm.) [a]2Djo $23" 
(7y0 in chloroform). 

(+ )cis-2-Methyl-2-carbethoxycyclopentane-l -acetyl chloride 
(IV). The oily half-ester (111) obtained by partial hydrolysis 
of 70 g. of I1 with 11.5 g. of sodium hydroxide in aqueous 
ethanol was dried by distillation with 150 ml. of benzene 
and then refluxed together with 41.8 g .  of thionyl chloride 
until the gas evolution ceased. After distillation, 59 g. 
(88.673 of acid chloride, b.p. 75-78' (0.35 mm.), n2," 1.4635 
and [ a ] y O  +21.8" (7% in chloroform) was obtained. 

(+ )ci~-b-Mtthyl-2-carbethoxycyclopentune-l -acetone (V) . 
The preparation was conducted as described previously.3 
From 58 g. of acid chloride (IV) and the sodium salt from 
101 g. of diethyl malonate and 15 g. of sodium hydride in 
benzene there was obtained after hydrolysis-decarboxylation 
30 g.  of V, b.p. 77-85' (0.4-0.8 mm.), n:7 1.4505, [ L Y ] Y O  

$29.6" (47, in chloroform). The 2,4-dinitrophenylhydra- 
zone, recrystallized from ethanol, melted at  7'2". 

(+)cis-8-Methylhydrindan-5,7-dione (VI). The preparation 
was conducted as described previously. From 36.3 g. of the 
acetonyl derivative (V), 8.3 g. of sodium hydride in 30 ml. 
of benzene there was obtained 20.5 g. (70%;) of VI, m.p. 
151-152" with   CY]^" +28.5" (39/, in chloroform). 

($)cis-5-Ethory-S-niefhylhydrind-~-ene-7-one (VII). A mix- 
ture of the diket'one (VI), 100 ml. of benzene, 40 mi. of 
absolute ethanol, and 0.5 g. of p-toluenesulionic acid was 
distilled slowly through a column packed with helices. The 
vapor temperature rose t o  67" at  t'he completion of the 
reaction when water was no longer formed. The solvents 
were removed on the steam bath, finally in vacuo, and the 
product was distilled. The yield of material, b.p. 83-84' 
(0.2 mm.), was 20.2 g. (84%); ny" 1.5085, [a ]g0 $14.7' 
(chloroform). 

(+)cis-S-Methylhydrind-6-ene-5-one (VIII). Lithium alu- 
minum hydride reduction of VI1 (20.1 g.) followed by mild 
acid hydrolysis, as previously described, gave 13.1 g. 
(84.5%) of the unsaturated ketone with b.p. 57-59" (0.8 
mm.), n y 0  1.4995 and [LY]~," $29.4" (4% in chloroform). 

(+ )cis-g-Methylhydrindan-5-one (E). Four grams of the 
unsaturated ketone (VIII) in 40 ml. of methanol with 200 
mg. of platinum oxide was hydrogenated a t  atmospheric 
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pressure; gas absorption was complete in 2.5 hr. The 
catalyst was removed by filtration and the solvent evapo- 
rated on the steam bath. The residue had n y o  1.4790 and 
[ ~ t ] y "  + 15.2". The dibenzylidene derivative had the m.p. 

(+)cis-8-il.lethylhydrindane (X). The ketone (IX) (3.5 g.) 
was refluxed for two hr. a t  135" with 4.0 g. of potassium 
hydroxide, 80 ml. of diethyleneglycol, and 7.0 g. of 85% 
hydrazine hydrate. The water was distilled off and then 
the temperature was raised to 200' for 4 hr. The mixture 
was cooled, taken up in water, extracted with pentane, 
and the pentane layer washed with concentrated sulfuric 
acid until the acid no longer became colored. The pentane 
solution was washed with water, dried over magnesium 
sulfate, and the pentane removed, leaving two grams of an 
oil whose infrared spectrum showed no carbonyl band and 
was identical with that given in ref. 7 .  The oil crystallized 
on cooling, m.p. 5 " ,   CY]^^ $3" (6% in chloroform). 
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cis-1 ,%Cyclohexanediol (I) has found consider- 
able use as a model compound for synthetic and 
mechanistic studies. I n  discussing methods of pre- 
paring I, Criegee and Stanger2 have recommended a 
four-step method starting with cyclohexene. As 
pointed out by Winstein, Hess, and  buckle^,^ how- 
ever, its success is dependent on the reaction con- 
ditions of the replacement reaction. 

We have developed a much simpler two-step 
synthesis of I from cyclohexene which requires 
about a day's time and which is amenable to large 
scale work. The method employed is that developed4 
for cis-hydroxylation in the synthetic steroid series. 
It involres the interaction of an olefin with iodine, 
silver acetate, and wet acetic acid to give, by way 
of a neighboring group replacement r e a ~ t i o n , ~  cis- 
hydroxy acetate in one operation. Subsequent 
hydrolysis yields the free diol. 

Using this technique, we have obtained after one 
recrystallization quite pure I in 66% yield. Con- 
siderable variation of the reaction conditions did 
not improve the yield. The use of iodine mono- 

(1) Thanks are due the Du Pont Co. for a Summer 
Faculty Fellowship. 

(2) R. Criegee and H. Stanger, Ber., 69B, 2753 (1936). 
(3)  S. Winstein, H. V. Hess, and R. E. Buckles, J .  Am. 

Chem. Soc., 64, 2796 (1942); S. Winstein and R. E. Buckles, 
J .  Am. Chem. SOC., 64, 2787 (1942). 

(4) R. B. Woodward and F. V. Brutcher, Jr., J .  Am. 
Chem. Soe., 80, 209 (1958). 

chloride in place of iodine decreased the yield of 
I to 32%. 

EXPERIMENTAL' 

cis-l,2-Cyclohexanediol (I). To a slurry of 16 g. (0.096 
mole) of silver acetate in 150 ml. of glacial acetic acid in a 
three-neck flask equipped with a condenser, thermometer, 
and stirrer was added 3.42 g. (0.0416 mole) of freshly distilled 
cyclohexene, b.p. 83-85'. Accompanied by vigorous stirring, 
11.7 g. (0.046 mole) of powdered iodine was added over a 
30-min. period at  room temperature. Finally, 0.67 g. (0.042 
mole) of water was added and the reaction mixture was 
heated with vigorous stirring for 3 hr. a t  90-95". After the 
reaction mixture was cooled, filtered, and the silver iodide 
precipitate washed well with hot benzene and ethyl acetate, 
the combined filtrates were evaporated a t  the water pump 
to give a yellow viscous oil which was taken up in methanol 
and filtered. The filtrate was neutralized with a few ml. of 
alcoholic potassium hydroxide, treated m-ith 3.5 g. of potas- 
sium hydroxide in 20 ml. of methanol and hydrolyzed by 
refluxing for 1.5 hr. (darkening occurred). hfter evapora- 
tion of the methanol at the water pump, the residue was 
taken up in 500 ml. of warm diethyl ether and filtered. The 
filtrate was evaporated yielding 3.92 g. (81%) of crude 
glycol. Recrystallization from carbon tetrachloride yielded 
3.2 g. (66Oj,) of white cis-1,2-cyclohexanediol, m.p. 97-98", 
lit.2 m.p. 96-98". 
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It was shown that 3-substituted rhodanines (I) 
possess pronounced antimicrobial activity. 3-5 The 
present work deals with the synthesis of some re- 
lated 4-substituted thiourazoles (11). The thioura- 

S 0 

E c! I /  
R-N-C=S RNH- --XHXH- -NH2 

I, X = S, Y = CH, TI1 
11, X = Y = NH 
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