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f,,%cy&hexadicna (Xvb). A solution of 111 g. (0.6 mole) 
of V in 1360 ml. of methanol was stirred a t  45-55' while 
68 g. (1.0 mole) of isoprene was added. The solution was 
stirred a t  50° for 1 hr., then a second mole of isoprene was 
added and stirring was continued 3 hr. longer a t  50'. The 
solution was left overnight a t  mom temperature and then 
distilled. About 47 g. of crude liquid distilled from 70" 
at 1.5 mm. to 90" a t  0.8 mm. Thin was redistilled, yielding 
26 g. (23%) pale yellow liquid XVb, b.p. 84-85' a t  3.5 mm., 
having a refractive index (nz) of 1.5302 and a density 

Anal. Calcd. for CoHloClt: C, 57.2; H, 5.3; S, abeent. 
Found: C, 57.5; H, 5.3; S, absent. 

Further distillation of the reaction mixture produced an 
additional 48.2 g. of diatillate before slow decomposition 
of the residual tar ended the distillation. R . e d i i g  this 
produced 29.5 g. (19%) of pale yellow liquid XIVb, b.p. 
133-136' at 0.6 mm., having a refractive index (#) of 
1.5550 and a density (a') of 1.4215. 

And.  Calcd. for CB1oC110B: C, 42.8; H, 3.98; 5, present. 
Found: C, 43.2; H, 3.87; S, present. 

S,6,B-Trichlorothionophthene 1,ldioZidc (XVI), 6,S,7,8- 
Idrachlwod&enwthiophas 6,6di&de (XVII), and S,3aJ6,6a- 
tetrach~~aJSb,6a,6b-tdrahydrocyc2obu (1 .d- b,S.4 - b'] dithiu- 
phew 1,1,4,4&troz&! (XIXb). A solution of 25.8 g. (0.1 
mole) of IV in 150 ml. of xylene was stirred and cooled for 
2 hr. to keep it below 30' while about 7 g. (0.4 mole; 100% 
excess) of anhydrous ammonia was bubbled through the 
solution to convert IV to V. The resulting suspension was 
heated at reflux temperature, with continued stirring, for 
1 hr. The ammonium chloride was filtered from the hot 
solution and rinsed with hot benzene. The crude ammonium 
chloride was found to contain a small amount of water- 
insoluble solid; this was recrystslhed from chloroform, 
producing colorlese needle-shaped crystals of XVII, m.p. 
380'. 

A n d .  Calcd. for GsH~C&OSS: C1, 40.0; 5, 9.1. Found: 

(C) of 1.164. 

c1, 39.7; s, 9.1. 

Chilling the xylene filtrate overnight a t  -20" caused 
2.3 g. (12%) of XIXb, m.p. 227-231', to c r p w e .  
One recrystallization from methanol, with a Nuchar treat- 
ment, afforded pure XIXb, m.p. 231.5-232". 

Anal. Calcd. for CJT4Clr&: C, 26.0; H, 1.1; C1, 38.3; mol. 
wt., 370. Found: C, 26.1; H, 1.4; Cl, 38.2; mol. wt. (6 
Raet method in camphor), 236 and 414. 

Evaporating the filtrate produced 6.6 g. (49%) of cryetal- 
line XVI, m.p. 167-171°, after recrystabation from bo- 
propanol. Two recrystdht ions from methanol, with d& 
coloriziig carbon treatments, produced pure XVI, m.p. 
170-171'. 

A d .  Calcd. for CJ&C&OrS: C, 35.7; H, 1.1; c1, 39.5. 
Found: C, 35.7; H, 1.5; C1, 39.4. 
Improved prepadion of f?,SJ7,8~rachloroben20orobmzolhioplumc 

46diozide (XVII). A solution of 22.6 g. (0.084 mole) of 
XVI in 400 ml. of 1,2,4-tricblorobenzene was stirred and 
heated a t  200-215' for 2 hr. while a eolution of 32.2 g. 
(0.174 mole) of V in 240 ml. of chloroform was added drop 
wise. Chloroform waa allowed to distill during the addition. 
The resulting solution was refluxed for an hour, then the 
solvent was distilled under reduced preasure until a solid 
began to form; about 150 ml. of material remained. Triturat 
ing this residue with 150 ml. of petroleum ether (b.p. 35- 
So') and filtering produced 15.6 g. of brown solid. A n  addi- 
tional4 g. of similar appearing solid waa obtained from the 
filtrate. This 19.6 g. of crude solid was recrystallized twice 
from benzene and then twice from chloroform, yielding a 
first crop of 9.4 g. (23%) of fine colorleas needledaped 
crystals of XVII, m.p. 380-381'. 

Aclcnowledgment. The NMR spectra and piezo- 
electric data were obtained through the kind co- 
operation and assistance of Dr. A. A. Bother-By 
of the Mellon Institute, Pittsburgh, Pa. Apprecia- 
tion for this assistance is gratefully acknowledged. 
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The Anhydrous Chlorination of Some Mercapto Acids and Analogous 
 disulfide^'**^^ 
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&Thiolbenzoic acid, m,m'-dithiodibenzoic acid, 3-thiolpropanoic acid, and 4,4'dithiodibutanoic acid react with anhydrous 
chlorine to form chloromlfinylacyl chlorides of the type ClS(0)-R-COCl by a procesa which ia believed to involve the 
intramolecular solvolyais of an intermediate organoaulfur trichloride. 

Investigations carried out in this laboratory 
have shown that certain bivalent sulfur compounds 
can be converted by the action of anhydrous 
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chlorine at  low temperaturea to the corresponding 
alkylsulfur trichlorides.' The latter compounds 
upon controlled solvolysis with water, alcohols, or 
carboxylic acids yield&dfinyl chlorides.' In view 
of these reactions, it  appeared possible that com- 
pounds containing both sulfhydryl (or disulfide) 
and carboxyl groups within their molecular struc- 
tures might form sulfur trichlorides which would 
undergo intramolecular solvolysis to form com- 

(6) K. R. Brower and I. B. Douglass, J. Am. Cham. ,!%e., 

(6) I.tB. D o u g h  and D. R. Poole, J. Org. Chm., 22, 
73,6787(1951). 

536 (1957). 
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pounds containing both s m y l  and acyl chloride 
groups. 

Price and Smiles' investigated the action of 
anhydrous chlorine on o-thiolbenzoic acid and iso- 
lated a dichloride, C7H4Cl2OZS, to which they as- 
signed an S,Sdichloro structure, (I). Hart, Mc- 
Clelland and Fowkes* studied the same reaction 
but assigned a different formula (11) to the prod- 
uct. The work in this laboratory referred to above 
suggested, however, that the dichloro compound 
of Price and Smiles might be o-chlorosulfinyl- 
benzoyl chloride (111). 

Following the procedure of Price and Smiles 
both thiosalicylic and its disulfide reacted smoothly 
with anhydrous chlorine to give a compound 
exhibiting the properties of the dichloride de- 
scribed. This dichloride underwent rapid hydrolysis 
to o-sulfinobenzoic acid and reacted with benzene- 
sulfonamide to give a product identical in melting 
point to the 2-keto-l-benzenesulfonyl-l,2,-dihy- 
drobenzisothiazolone-S-oxide (IV) , obtained by 
Hart, McClelland, and Fowkes in the same man- 
ner. Excess methyl mercaptan reduced the com- 
pound to o,o'dithiodibenzoic acid, a reaction 
strongly indicative of a chlorosuliinyl group, as 
methanesulfinyl chloride behaves in an analogous 
manner.9 

The infrared spectrum of the dichloro compound 
showed absorption bands at 1778 cm.-' and at  1158 
cm. -l characteristic of the chlorocarbonyl10 and 
chlorosulfinyl" groups, respectively. 

An alternative synthesis of o-chlorosubyl- 
benzoyl chloride waa achieved by low temperature 
chlorination of o,o'dithiodibenzoyl chloride in 
the presence of two equivalents of glacial acetic 
acid, a reaction known to convert disulfides to 
sulfinyl chlorides.12 The product obtained in this 
way had properties identical to those of the di- 
chloro compound originally obtained from thio- 

(7) W. B. Price and S. Smiles, J. C h .  Soc., 2858 (1928). 
(8) L. E. Hart, E. W. McClelland, and F. S. Fowkes, J. 

(9) I. B. Douglaea and B. S. Farah, J .  Org. Chem., 23, 

(10) R. S. Rasmuasch and R. R. Brattam, J .  Am. C h .  

(11) S. Detoni and D. Hedzi, J .  C h .  Boc., 3163 (1966). 
(12) I. B. Doughs and B. S. Farah, J .  Org. Chem., 23, 

C h .  Soc., 2114 (1938). 

805 (1958). 

Soc., 71,1073 (1949). 

330 (1958). 

salicylic acid. There seem no reason to doubt, 
therefore, that the dichloro compound of Price 
and Smiles is o-chlorosulfinylbenzoyl chloride, 
(111). 

In order to disprove further the cyclic structure 
the reaction waa extended to m,m'dithiodibenzoic, 
which could not conceivably form a cyclic dichloro 
derivative. This reaction produced an oil which 
could not be distilled but which responded to 
tests indicating that it was m-chlorosulfinylbenzoyl 
chloride. This product gave an infrared spectrum 
similar to that of the ortho compound with ab- 
sorption bands near 1782 and 1158 cm.-l It fumed 
in moist air, reacted readiiy with aniline to form a 
dianilide, and waa hydrolyzed rapidly in cold 
water to m-sulfinobenzoic acid. The latter com- 
pound, on heating in alkaline solution with benzyl 
chloride, readily formed the sulfone, m-benzylsul- 
fonylbenzoic acid. 

The investigation was extended further to the 
products obtained by chlorinating the aliphatic 
mercapto acids and their disulfides. 3-Thiolpro- 
panoic acid and its disulfide and 4,4'dithiodibu- 
tanoic acid reacted with anhydrous chlorine to 
yield undistillable oils showing the properties of 
3-chlorosulfinylpropanoyl chloride, ClSOCH2CH~ 
COC1, and 4chlorosul6nylbutanoyl chloride, Cl- 
SOCHzCH2CH2COCl, respectively. These products 
had infrared spectra with absorption bands near 
1800 and 1150 cm.-' as expected for the chloro- 
carbonyl13 and chlorosulfinyl groups. They also 

formed dianilides, C&&NHS (CH2),CONHCaHa, and 
upon hydrolysis and heating with benzyl chloride, 
formed benzylsulfonyl derivatives, C~H&H~SOZ- 

The process by which the chlorosulfinylacyl 
chlorides described above are formed can best be 
explained if one assumes the following series of 
reactions. 

SH 

0 
t 

(CHa) .COOH. 

/ B 
Cll 2Clr + (-S-R-COOH)'+ 

\ 

COOH 
0 
bCl 
/ 

R + R O  -. 

'COOH Y C I  

This conclusion is supported by the fact that or- 
ganosulfur trichlorides react readily with car- 
boxylic acids to form sulfinyl chlorides and acyl 
chlorides6 and by the fact that a mixture of methyl- 
d i s a d e  and glacial acetic acid reacts nearly 
quantitatively with anhydrous chlorine to form 
methanesubyl chloride and acetyl chloride. l2 

(18) L. J. Bellruny, The Infrarea' lspedra of Complez 
Molcculas, J. Wiley and Sons, New York, N. Y., 1959, p. 125. 
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The lack of visual evidence for the formation of 
the intermediate sulfur trichloride is understand- 
able when one considers the ease with which 
carboxylic acids react with organosulfur trichlo- 
rides. When a mixture of methyldisulfide and gla- 
cial acetic acid is chlorinated there is likewise no 
separation of solid methylsulfur trichloride and 
the mixture remains a single phase throughout 
the reaction.12 

EXPERIMENTAL 

Chlorination of &thiolbenzoic acid. The chlorination was 
carried out in a manner identical with that described by 
Price and Smiles except that methylene chloride was sub- 
stituted for carbon tetrachloride. A suspension of 3.08 g. 
of Zthiolbenzoic acid in 30 ml. of methylene chloride was 
chlorinated until solution was complete, after which the 
resulting solution WELB filtered and evaporated to dryness 
under vacuum. The residual solid, which weighed about 3 
g. (65-75% yield), melted a t  62-64' and had to be protected 
from moisture until used. Price and Smiles' reported a mele 
ing point of 62' for their product. A carbon tetrachloride 
solution of the compound showed strong absorption a t  
1778 cm.-1 and 1158 em.-' The compound was formed 
equally well by the chlorination of 1,l '4ithiodibenzoic acid. 

Hydrolysis of the chlorination product. The residue from a 
chlorination, carried out as described above, was added to 
ice cold water and yielded 2.9 g. of o-sulfinobenzoic acid 
melting a t  125-126' after recrystallization from methanol. 
By the same procedure Price and Smiles obtained o-sulfino- 
benzoic acid melting a t  126'. 

Reaction of the dichloride with benzenesulfonamide. The 
product of another chlorination was heated with 3.0 g. of 
benaenesulfonamide in 10 ml. of pyridine. On pouring the 
reaction mixture into 1N hydrochloric acid a solid separated 
which melted a t  181-182' after recrystallization from aque- 
ous methanol. Hart, McClelland, and Fowkess report a 
melting point of 182' for 2-keto-l-benzenesulfonyl-1,2- 
dihydrobenzisothiazole-S-oxide obtained by this same pro- 
cedure. The compound was identified further by oxidation 
to Zketo-l-benzenesulfonyl-l,2-dihydrobenzisothiazole-S,S- 
dioxide, m.p. 202.8 

Reaction of the dichloride with methanethiol. The product 
from another chlorination was dissolved in methylene chlo- 
ride and treated with a slow stream of methyl mercaptan 
until the evolution of hydrogen chloride ceased. A precipitate 
of o,o'-dithiodibenzoic acid was obtained in 90% yield and 
melted at 289-290' both alone and when mixed with an 
authentic sample. 

Alternative synthesis of o-chlorosulfinylbenzoyl chloride. A 
suspension of 2.4 g. of o,o'-dithiodibenzoic acid in 20 ml. 
thionyl chloride was refluxed vigorously until solution was 
complete. The excess thionyl chloride was then removed a t  
reduced pressure and the residue extracted with benzene. 
On concentrating and cooling the benzene solution there 
was obtained 2.1 g. (80% yield) of o,o'-dithiodibenzoyl chlo- 
ride, melting a t  155-156' after recrystallization from a mix- 
ture of benzene and petroleum ether (b.p. 30-60'). Chatterja 
and PrasadX4 report a melting point of 154' for the same 
compound obtained by the action of thionyl chloride on 
2-thiolbenzoic acid. 

Anal. Calcd. for Cl&C1202S1: C, 48.97; H, 2.35; C1, 20.66. 
Found: C, 48.72; H, 2.26; C1,20.82. 

A suspension of 1.0 g. (0.003 mole) of the o,o'-dithiodi- 
benzoyl chloride in 30 ml. dry methylene chloride containing 
0.36 g. (0.006 mole) of glacial acetic acid was treated with 
anhydrous chlorine until there was a faint yellow of excess 
chlorine. The product obtained, after removal of the solvent 

(14) J. N. Chatterja and I(. Prasad, J .  Indian Chem. Soc., 
31,203 (1954); Chem. Abstr., 49, 9614 (1955). 

and acetyl chloride under vacuum, melted at 62-65' both 
when alone and when mixed with the product obtained by 
chlorinating o-thiolbenzoic acid., 

m-Chbrosulfinylbenmyl chloride and derivatives. when 3.06 
g. of m,m'-dithiodibenzoic acid was chlorinated in the same 
manner as described for o-thiolbenzoic acid 4.8 g. of a pale 
yellow oil was obtained which fumed in moist air and decom- 
posed on attempted distillation. Because of its instability 
the product could not be purified for analysis but the follow- 
ing tests identified it as m-chlorosulfinylbenzoyl chloride. 
The infrared spectrum of the oil resembled that of o-chloro- 
sulfinylbenzoyl chloride with strong absorption bands a t  
1752 cm.-l, 1782 em.-' and 1158 em.-' 

On treatment with cold water the oil from a similar chlo- 
rination was converted to m-sulfinobenzoic acid (3.1 g., 
83% yield) which melted at 197-198' and did not depress 
the melting point of an authentic sample prepared by the 
reduction of m-chlorosulfonylbenzoic acid with sodium 
sulfite according to the method of Smiles and Davis.16 
When 1.8 g. of this acid was reffuxed with 1.3 g. benzyl 
chloride and excess 5% sodium bicarbonate for 3 hr., there 
was obtained 2.1 g. of mbenzylsulfonylbenzoic acid, m- 
CeH5CH~S02C~4COOH, melting a t  211-212' after recrys- 
tallization from alcohol. 

Anal. Calcd. for C14HlZ04S: C, 60.85; H, 4.38; S, 11.60. 
Found: C, 61.19; H, 4.40; S, 11.58, 11.66. 

Approximately 3.0 g. of the product from another chlorin- 
ation, dissolved in 30 ml. of methylene chloride, was added 
slowly to 7.5 g. of aniline in 100 ml. .of anhydrous ether a t  
-20". The resulting precipitate, after washing free of ani- 
line hydrochloride and recrystallizing from dilute methanol, 
melted at 157-158' and corresponded in composition to 
m-anilinosulfinylbenzanilide, mCeH,NHSOC&CONHCs 
H5. The yield was 80%. 

Anal. Calcd. for C ~ D H ~ ~ N ~ O ~ S :  C, 67.83; H, 4.79; N, 8.33; 
S, 9.53. Found: C, 67.70; H, 4.87; N, 8.21; S, 9.36, 9.55. 

Chlorination of 3-thwlpropanoic acid. A solution of 10.6 g. 
of 3-thiolpropanoic acid in 50 ml. methylene chloride was 
chlorinated at -10" to the faint yellow color of excess 
chlorine. After removing the solvent under reduced pressure 
approximately 16 g. of an oil remained which decomposed 
rapidly upon attempted distillation. The infrared absorption 
spectrum of the product from another chlorination showed 
bands at 1152 and 1800 cm.-l These characteristic bands 
and the following testa indicated that the undistillable oil 
was 3-chlorosulfinylpropanoyl chloride, ClSOCH&H&OCl. 

PAnilinosulfinylpropananilide. Approximately 6 g. of the 
chlorination product was added to 19 g. of aniline in 100 ml. 
of methylene chloride a t  -20'. The resulting solid, after 
washing free of aniline hydrochloride and recrystalling 
from dilute methanol melted a t  137-138'. The analysis 
corresponded to 3-anilinosulfinylpropananilide, C6HsNH- 

Anal. Calcd. for CUHIBNZOZS: C, 62.48; H, 5.59; S, 11.12. 
Found: C, 62.20; H, 5.81; S, 11.0. 

3-Benzylsulfonylpropanoic acid. The chlorination product 
obtained from 10.6 g. of 6-mercaptopropionic acid was added 
to cold 5y0 sodium bicarbonate. Upon refluxing the resulting 
solution with benzyl chloride and acidifying the reaction 
mixture, 17.5 g. of 3-benzylsulfonylpropanoic acid precipi- 
tated. After recrystallization, the product melted a t  177- 
178' and unchanged when mixed with an authentic sample 
prepared by the method of Holmberg and Schjanberg." 

Chlorination of 4,4'-dithiodibutanoie acid. Chlorination of 
1.19 g. of this acid, .prepared from 4-chlorobutanoic acid 
by way of the isothiouronium salt, gave about 1.8 g. of 
an undistillable oil. The infrared spectrum of the oil showed 
absorption bands a t  1792 and 1150 em.-' which, together 

SOCH2CHzCONHCeH6. 

(15) E. G. D a h  and S. Smiles, J .  Chem. Soc., 1294 (1910). 
(16) B. Holmberg and E. Schjanberg, Arkiu, Kemi. 

Mineral. (feol., 14A, No. 7 (1940); C h m .  Abetr., 35, 2113 
(1941). 
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with ita chemical behavior, identified it aa 4-chloroauEnyl- 
butanoyl chloride, ClSOCH&H&H&OCi. 

4 - B e n z y k r u & " l &  acid. The chlorination product 
just described was readily hydrolyzed by cold water and 
when ita sodium bicarbonate solution was refluxed with 
benzyl chloride for 2-3 hr. and then acidified, 4bemyl- 
sulfonylbutyric acid, CsHaCH~O~CH~CH~CHiCOOH, sepa- 
rated. This acid, after recrystallization melted at 150-151' 

(17) B. Holmberg and E. Scbjanberg, Ark&. Kemi. 
Minerd. GaZ., 14A, No. 8, (1940); C h .  Ab&., 35, 2114 
(1941). 

and unchanged when mixed with an authentic sample p m  
pared by the method of Holmberg and Schjanberg." 
4-Anilinorrulfiny~unil~. The oil from the chlorina- 

tion of another sample of 4,4'-dithiodibutanoic acid was 
added slowly to an ether solution of aniline at -20'. The 
resulting precipitate, after washing free of aniline hydro- 
chloride and recrystallization from dilute methanol, weighed 
2.6 g. and melted a t  132-133'. The analysis oorreaponded 
to the dianilide, C&NHSOCH&H&H&ONHCsHr. 

Anal. Calcd. for ClsHl~N,OS: C, 63.55; H, 6.00; N, 
9.26; S, 10.60. Found: C, 63.53; H, 6.18; N, 9.06; S, 10.07. 

OBONO, ME. 
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Reductive thiolation of highly fluorinated acidd, acyl chlorides, aldehydea, and ketones provides a general method for 
the synthesis of a-hydrofluoroalkanethioh. The physical properties and some reactiom of these thiola are described. 

Although great advances have been made in 
recent years in the chemistry of organic fluorine 
compounds, highly fluorinated thiols are virtually 
unknown. Apparently, only four such compounds 
have been reported : trifluoromethanethiol,' per- 
fluoro-l-propanethiol,2 2,2,2trifl~oroethanethiol,~ 
and 1,1,7 - trihydrododecafluoro - 1 - heptanethiol.' 
The methods used for their preparation were either 
narrow in scope or involved,multistep low-yield 
routes. 

It has now been found that the reductive thiola- 
tion of fluorinated acids, acid chlorides, ketones, 
and aldehydes (or their hydrates) provides a con- 
venient route to  a variety of highly fluorinated 
thiols: 

R L X  + H a  4 R,CHaH + S + HX + HIO (5) 
X - Cl, OH; R, fluomalkyl 

( 6 )  
R< 

R, ic1 -R'+&S--t  C H S H + S + H &  

0 

/ R 
R' = H, fluoroalkyl 

The reactions were generally carried out a t  
temperatures in the neighborhood of 200' in pres- 
sure autoclaves. Autogenous pressures were sufE- 
cient in the reactions of the aldehydes and their 
hydrates, but pressures of 2000-3000 atmospheres 

(1) E. L. Muetterties, U. S. Pat. 2,729,663 (1956). 
(2) R. N. Hasaeldine and J. H. Kidd, J. Chem. Soc., 3871 

(3) J. T. Barr and F. E. Lawler, U. 8. Pat. 2,894,991 

(4) P. D. Faroute and J. A. O'Rear, J. Am. clicm. &e., 

(1955). 

(1959). 

78, 4999 41956). 

and temperatures of 200-250" were required with 
the ketones, acid chlorides, and acids.' The yields 
of the thiols ranged from 2@-60%. In some of the 
reactions, the corresponding di- and trisulfides 
were obtained aa byproducts. In the acid chloride 
reactions, there were also obtained considerable 
quantities of the corresponding acids, presumably 
resulting from hydrolysis of part of the starting 
material by water formed in the reaction. 

It is interesting to note that fluorinated carbonyl 
compounds appear to undergo reductive thiolation 
much more readily than their hydrocarbon coun- 
terparts. Thus, the reductive thiolation of ordinary 
aldehydes and ketones has been effected only with 
the aid of sulfactive catalysts,@ while alkanoic 
acids were resistant even to the catalytic process. 

Physical properties. These fluorinated thiols 
are colorless liquids with characteristic odors 
similar to those of the corresponding hydrocarbon 
thiols. p K a  measurements in 50% aqueous ethanol 
indicate that they are considerably more acidic 
than their hydrocarbon analogs. For example, 
the p K a  of the primary thiol, 1,ldihydrohepta- 
fluoro-1-butanethiol, was found to be 8.3, while 
that of 1-butanethiol has been reported to be 12.4' 
(also in 50% aqueous ethanol). The p K a  of 3- 
monohydrodecafluoro-3-pentanethiol was 4.6, indi- 

(5) In one example, an acid chloride was reductively 
thiolated a t  autogenous pressurea in the presence of aobelt 
polysulfide. At autogenous presaures without a catalyst, the 
acid or acid chloride yielded the corresponding thiolacid 
[W. A. Sheppard and E. L. Muettertiea, J. Org. Chem., 25, 
180 (lSsO).l 

(6) M. W. Farlow, W. A. Lazier, and F. K. SignaigO, 
I d .  Eng. Cham., 42,2547 (1950). 
0 J. Maurin and R. A. Paris, Cmpt .  rend., 232, 2428 

(1951). 


