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those cases it was very conveniently purified by passing its 
solution in benzene over a column of alumina.'' The same 
weight of alumina as of compound was sufficient to  remove 
any color from .the ketone. Elution with benzene and 
benzene-ether gave the perfectly white ketone (V) m. p. 
99-100",1*6 which was thus obtained in 85% yield. 

~-(6-Methoxy-l,2,3,4-tetrahydro-l -naphthylidene) - 
butyric Acid (VIII).-Attempts to add only one mole of 
hytlrogen to I\' werc unsuccessful with Adams platinum 
oxide catalyst a:; well as with a 570 palladium-barium 
sulfate catalyst. Raney nickel proved satisfactory for our 
purpose: To a solution of 0.23 g. of ester (IV) in 10 ml. 
of absolute alcohol was added 0.21 g. of Rancy nickel 
catalyst18 (wet with alcohol) and the mixture was reduced 
with hydrogen in a low pressure apparatus. After half an 
hour, the theoretical quantity of hydrogen for reduction of 
one double bond had been absorbed and the rate of hydro- 
genation had sloi.red down considerably. 

After removal of the catalyst, the ester was hydrolyzed 
and worked up exactly as described above for the ester of 
VI ,  giving 0.16 g. of the acid (VIII), m. p. 73-74'. The 
absorption spectrum of this compound is shown on Fig:l, 
curve 2. 

Anal. Calcd. for CljH18O3: C, 73.14; H, 7.37. 
Found: C, 73.22; 13, 7.65. 

1 -Keto-7-methoxy-l,2,3,4,9,lO-hexahydrophenanthrene 
( V I I )  .-A solution of 50 mg. of y-(6-methoxy-1,2,3,4- 
tetrahydro-1-naphthylidene) -butyric acid (VIII) in 0.5 
1111. of glacial acet.ic acid and 1 ml. of acetic anhydride was 
treated with 0.5 i d .  of an acetic acid solution containing 20 
mg./ml. of zinc chloride (fused)" and heated under nitro- 
gen for four hours. The mixture was evaporated on the 
steam-bath after addition of methanol, and the residue was 
heated on the stea.m-bath under nitrogen for thirty minutes 
with 8 ml. of 5% potassium hydroxide solution. The lion- 
acidic, insoluble material was taken up in ether, and the oil 
remaining after evaporation of the solvent was heated for 
thirty minutes with an excess of semicarbazide hydrochlo- 
ride in methanol in the presence of a little pyridine. In 
this manner, 35 mg. of semicarbazone was obtained, XI. p. 
248-249", dec. (when introduced in the heating-bath at  
210'). This i s  higher than the m. p. previously reported 
for this compound (238-240", dec.)lg so that it was con- 
sidered necessary to prepare the 2,4-dinitrophenylhydra- 
.- 

(17) Aluminum Co. of America, grade F-20, minus SO mesh. 
(18) "Organic Syntheses." Voi. 21, John Wiley and Sons, Inc.. 

(19) Robinson ant1 Walkw,  J .  Chem. Soc., 60 (1937). 
New I'ork, N. Y., l!lil, p. 1.5 

zone of the ketone: The semicarbazone obtained above 
was heated for a few minutes with 12y0 hydrochloric acid 
on the steam-bath, and the yellow, fluorescent solution was 
extracted with ether. The oil remaining after removal of 
the ether was evaporatively distilled under a high vacuum, 
but the ketone (VII) obtained in this way was still an oil 
(the difficulty of crystallizing the ketone has been noted 
previouslyl5-18). Treatment with 2,4-dinitrophenyl- 
hydrazine in alcohol, in the presence of a trace of sulfuric 
acid, gave after short heating on the water-bath the iodine 
colored, characteristic dinitrophenylhydrazone, rn. p. 245- 
247'. On recrystallization from toluene this gave small 
needles, m. p. 250-252' (reported m. p. 2X0,15 253- 
255'20). To remove any doubts about the identity of the 
substance, it was analyzed with the following results: 
Calcd. for C21H&105: C, 61.75; H, 4,93. Found: C, 
61.49; H, 5.17. 

Acknowledgment.-The author wishes to 
thank Dr. Elkan R. Blout of Polaroid Corpora- 
tion for arranging for the determination of the 
absorption spectra reported in this paper. 

Summary 
Methyl y- (6-methoxy- 1,2,3,4-tetrahydro- 1- 

naphthy1idene)-crotonate has been prepared by 
the reaction of 6-methoxy-a-tetralone and methyl 
y-bromocrotonate in the presence of zinc. This 
compound was isomerized to methyl y-(G-meth- 
oxy-1-naphthyl)-butyrate by heating with pal- 
ladium-charcoal. The acid obtained from that 
compound on hydrolysis was cyclized with hydro- 
gen fluoride to the equilenin intermediate l-keto-7- 
methoxy- 1,2,3,4-tetrahydrophenanthrene. 

Partial reduction of methyl y-(6-methoxy-1,2,- 
3,4-tetrahydro-l-naphthylidene)-crotonate was 
successfully accomplished with Raney nickel a t  
atmospheric pressure and room temperature, and 
the resulting ester was hydrolyzed and cyclized to 
1 -keto-7-methoxy- 1,2,3,4,9, lo-hexahydrophenan- 
threne. 

CAMBRIDGE, MASS. 
(20) Hewett, J .  Chem. Soc., 50 (1936). 
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[CONTRIBUTION FROM THE RESARCH LABORATORIES OF PARKE, DAVIS AND Co.1 

8-R-Thio- and 8-R-Sulfonylcaffeine Derivatives 
BY LOREN 

During the course of our search for compotmds 
possessing anticonvulsant activity, i t  became de- 
sirable to synthesize a number of 8-substituted 
caffeine derivatives of the type represented by 
(I) and (11) where R may be a simple alkyl, sub- 
stituted alkyl or an aryl group. 

s--R 

I I1 
Numerous cyclic ureides such as barbituric 

acids and hydantoins exhibit the property of rais- 

M. LONG 

ing the convulsive threshold in animals in which 
convulsive seizures are electrically induced. -41- 
though most of these compounds contain a t  least 
one phenyl radical, there are several which con- 
tain only simple alkyls as substituents. More- 
over, the substitution of a methyl radical on the 
urea portion of the molecule has a t  times proved to 
be advantageous2 That substitution in the 8-PO- 
sition of caffeine does not necessarily yield physio- 
logically inert compounds is evidenced by the 

( 1 )  Merritt and Putnam, Epilepsia,  3, 51 (1945). 
(2) Lascalzo, J .  Neraous Menfa2 Disease, 101, 537 (1945); Good- 

man and Manuel, Ped. Proc., IV No. 1, 119 (1945); Everett and 
Richnrdr, ibid., I V  No. 120 (1946). 
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TABLE I 
SR-THIO- AND 8-R-SULFONYLCAFFEINE DERIVATIVES 

,- 8-R-Thiocaffeiue --R-Sulfonylcaffeine 
Nitrogen, yob Yield, M. p,,  Nitrogen, % b  Yield, M. p., 

R'  % OC. Formula Calcd. Found Rn % 'C. Formula Calcd. Found 
Methyl" 65 185 CgHlzN4OzS 23.32 23.36 Methyl 60 219 C8H12N404S 20.58 20.53 

n-Propyl 74.5 131 C11Hl&02S 20.88 20.60 n-Propyl 75 133 C I ~ H ~ ~ N ~ O ~ S  18.66 18.64 
Isopropyl 73 12@-128 c&l&o~S 20.88 20.92 Isopropyl 73 153 C11HleN404S 18.66 18.48 

Benzyl 89 149.5 CI&BN~O~S 17.71 17.75 Benzyl 92 209 C15HlsN404S 16.08 15.93 
Phenyl 90 147 C14H14N40& 18.55 18.39 Phenyl 87 230 C14H14N404S 16.76 16.91 
jj'-Aminc,-j3- ' 

Ethyl' 70 138-139.5 CioH14N402S 22.03 22.11 Ethyl 68 157.5 ClaHl4NdOdS 19.57 19.55 

n-Butyl 80 70-73 CizHisN4OzS 19.84 19.94 n-Butyl 80 127.5 C ~ ~ H ~ ~ N I O ~ S  17.82 17.85 

carboxyethyl 57 297 (dec.) CllH15Nr04S 22.35 22.20 
See formulas I and 11. * The analytical data reported in this paper were determined by Miss Constance Turner. 

e See ref 6. 

activity of 8-ethoxycaff eine, a compound possess- 
ing analgetic and local anesthetic properties. 

An appreciable number of caffeine derivatives of 
the type represented by (I) in which sulfur is re- 
placed by oxygen has been prepared. Fischer4 
and especially Huston5 have investigated the 
preparation and properties of these compounds 
rather thoroughly. However, very few of the 
8-R-thiocaff eines and none of the 8-R-sulfonyl- 
cafTeinrs have been prepared. Biltz and co-work- 
ers6 habre prepared 8-methyl, S-ethyl, 8-allyl and 
8-carboxymethylthiocaffeine as well as the cor- 
responding 2-thio derivatives of the first three. 

Although Biltz prepared the 8-R-thiocaffeine 
derivatives from 8-caff einethiol and alkyl halides, 
i t  was thought that a modification of the method 
used by Fischer* for the preparation of 8-alkoxy- 
caffeine would be more suitable. Accordingly, 8- 
chlorocaffeine was treated with the sodium salts 
of mercaptans using 50% aqueous ethanol as the 
solvent. The yields obtained were good, indicat- 
ing again that, unlike the preparation of alkoxy 
compounds which often requires anhydrous rne- 
dia5 synthesis of alkylthio derivatives proceeds 
withoui: difficulty in aqueous solvents.' A sum- 
mary of the compounds thus prepared is given in 
Table I .  

Oxidation of the 8-R-thiocaffeine derivatives to 
the corresponding sulfones was accomplished by 
the use of hydrogen peroxide in glacial acetic acid 
and acetic anhydride. Oxidation of the cysteine 
derivative was not attempted because of the 
presence of a free amino group, though such a re- 
action is sometimes successful since acetylation of 
the amino group occurs during the oxidation. 

Pharmacology.-Preliminary investigation in- 
dicates that both the 8-R-thio- and the 8-R- 
sulfonylcaffeine derivatives are inactive in giving 
protection against electrically induced convul- 
sions. 

(3) Filehne, Arch. A n d .  Physiol.,  133, 84 (1886). 
(4) Fischer, Ann., 215, 267 (1882). 
(5) Huston and Alien, THIS JOURNAL, 66, 1356 (1934). 
(6) Biltz and Beck, J .  ProRL. Chcm., 118, 198 (1928); Biltz and 

Suer, Bcr., 64, 752 (1931); Biltz and Rakett, i b id . ,  61, 1409 
(1928). 

(7) Long, THIS JOURNAL, 68, 2159 (1946). 

Experimental 
S-Chloaocaffeine.-The method employed is essentially 

that of Fischer and Reese.8 A mixture of 194 g. (1.0 
mole) of dry caffeine and 1200 ml. of chloroform was pre- 
pared in a flask fitted with an inlet tube and a reflux con- 
denser and heated to reflux. A fairly rapid stream of dry 
chlorine was passed into the hot solution until the solid 
which first precipitated had dissolved (one and one-half 
hours). Most of the solvent was distilled off on the 
steam-bath and the remainder was removed in BUCUO. 
The residue represents an almost quantitative yield of 8- 
chlorocaffeine and is suitable for use as an intermediate 
without further purification. 

S-n-PropylthiocaiTeine.-To a cold solution of 8 g. (0.2 
mole) of sodium hydroxide in 350 ml. of 50% aqueous 
ethanol was added 15.2 g. (0.2 mole) of 1-propanethiol. 
The solution was stirred and 46.7 g. (0.2 mole) of 8-chloro- 
caffeine was added rapidly. On heating to reflux a clear 
solution was obtained which was refluxed for an hour. 
When the solution was cooled in an ice-bath, the product 
precipitated as a crystalline solid. It was filtered off, 
dried in vacuo a t  60°, then recrystallized with small loss of 
material from aqueous ethanol. 
8-( 8-Amino-8-carboxyethyl) -thiocaffeine.-Eleven and 

four-tenths grams (0.05 mole) of 8-chlorocaffeine was 
added to a solution of 7.9 g. (0.05 mole) of cysteine hydro- 
chloride in 100 ml. of 50% aqueous ethanol. Six grams 
(0.15 mole) of sodium hydroxide was quickly added and 
the mixture was refluxed for an hour. The hot mixture 
was filtered and 0.05 mole of dilute hydrochloric acid was 
added to the filtrate. There was no precipitation. The 
filtrate was diluted with 500 ml. of ethanol and left in the 
icebox for several days. A solid precipitated which was 
filteredooff and dried. I t  weighed 10 g. and decomposed 
a t  290 . Recrystallization was carried out by solution in 
200 ml. of boiling water, charcoaling and filtering. On 
cooling, the product crystallized in needle form. 

8-n-Propylsulfonylcaffeim-Thirteen and four-tenths 
grams (0.05 mole) of 8-n-propylthiocaffeirie was mixed 
with 100 ml. of glacial acetic acid and 25 ml. of acetic 
anhyaride in an Erlenmeyer flask. To the mixture was 
added 25 ml. of 30% hydrogen peroxide. The tempera- 
ture slowly increased to 60" a t  which point the flask was 
cooled in an ice-bath enough to keep the temperature be- 
low 80 . After two hours the clear solution was diluted 
with two volumes of cold water. Since precipitation of 
product did not occur after extensive cooling, the solution 
was evaporated to  dryness on a water-bath at  reduced pres- 
sure. Care must be taken not to apply excessive heat as 
the residue may contain acetyl peroxide. The solid resi- 
due was recrystallized from 95% ethanol. 

Summary 
A series of eight 8-R-thiocaffeine derivatives has 

been prepared and, with the exception of one 
(8) Fischer and Reese, Ann., 221, 336 (1883). 
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member, oxidized to the corresponding sulfone 
series. convulsions. 

Preliminary testing indicates that the com- 

pounds are inactive against electrically induced 

DETROIT, MICHIGAN RECEIVED MAY 14, 1947 
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[CONTRIBUTION FROM THE RESEARCH LABORATORIES OF J .  T. BAKER CHEMICAL CO.] 

A New Synthesis and Confirmation of the Structure of Amidonel 
BY NELSON R. EASTON, JOHbr H. GARDNER .4ND JOSEPH R. STEVENS 

The original procedure for the synthesis of the 
new German analgesic, Amidone or 10820,2 in- 
volves some technical difficulties due to the forina- 
tion of isomeric aminonitriles in approximately 
equal a m o ~ n t s . ~  A new synthesis which avoids 
this difficulty has been developed. 

Diphenylacetonitrile was condensed with pro- 
pylene oxide in the presence of sodium amide 
to yield 3,3-diphenyl-5-methyltetrahydro-2-fura- 
noneimine (I) , which was isolated as the hydroclilo- 
ride. On treating this compound with phosphorus 
tribromide, 4-bromo-2,2-diphenylpentanenitrile 
(11) was formed. The analogous chlorine com- 
pound (111) was prepared in a similar manner. 
Either of these halonitriles, condensed with di- 
methylamine, gave 4-dimethylamino-2,2-dipheriyl- 
pentanenitrile ( IV), from which Amidone was pre- 
pared by the action of ethylmagnesium bromide, 
as  in the original synthesis.2 

(C~HF,)~C-C=NH (C6Hs)zC-c~ 
I 1 '>o CHaCHXCHa 

CH?--<HCH~ I1 S = Br 
I 111. x = c1 

IV. S = X(CHJ2 

The yields in the formation of the aminonitrile 
from either of the halonitriles under the conditions 
tried so far have been below 10%. This reaction 
is being studied further. There was always 
formed as a major product an unsaturated nitrile, 
presumably 2,Bdiphenyl-3-pentenenitrile (V) or 
a mixture of that with 2,2-diphenyl-4-penteneni- 
trile (VI). The product agreed with the latter in 
all properties except refractive dispersion. 

As an incidental part of this work, the structure 
established for Amidone by Schultz, Robb ;ind 
Sprague was confirmed by a new series of reac- 
tions. 4-Dimethylamin0-2~2-diphenylpentane-ni- 
trile (IV) was degraded by exhaustive methyla- 
tion to an unsaturated nitrile3 (V, V I  or a mixture) 
which was hydrolyzed without purification to the 
lactone of 2,2-diphenyl-4-hydroxypentanoic acid 
(VII). The same lactone was also formed by 
the hydrolysis both of 2,2-diphenyl-4-penteneni- 
trile (VI) and of the unsaturated nitrile obtained 
as a by-product in the new synthesis of the arnino- 

(1) Presented before the Division of Medicinal Chemistry, Aneri- 

(2) Office of the Publication Board, Department of Comm(rrce, 

(3) E. M. Schultz, C. hl. Robb and J. M. Sprague, TEIS JOURNAL, 

can Chemical Society, Atlantic City, N. J., April 16, 1947. 

Report PB 981, p. 96. 

69, 188 (1947); W. R. Brode and M. W. Hill, ibid. ,  69, 724 (1947). 

nitrile (IV). The hydrochloride of 3,3-diphenyl- 
S-methyltetrahydro-2-furanoneimine (I) gave the 
satne lactone on long standing in aqueous solu- 
tion. These facts can only be accounted for by a 
straight chain structure for the aminonitrile (IV). 

I 
(CsHdzC-CN ( C~HFJ~C-CN 

I 
CHzCH=CHz i CH=CHCHa 

" \  
steps (C6H.j)zC-C=0 I ' O  +I.HCI / I V  -----+- 

CHz-CHCHj 
VI1 

Experimental 
3,3-Diphenyl-S-methyltetrahydro-Z -furanoneimine 

Hydrochloride (I) .-To a well-stirred suspension of 20 g. 
of sodium amide in 100 ml. of benzene there was added 96 
g. of diphenylacetonitrile. The mixture was heated t," 
40-45' for one and a half hours and then cooled to 20 ~ 

29 g. of propylene oxjde then was added, with the tempera- 
ture kept a t  20-25 . The mixture was then boiled for 
fifteen minutes and poured into a large excess of water. 
The benzene layer was separated and dried over magnesium 
sulfate. The mixture was filtered and 75 g. of a 38y0 
solution of anhydrous hydrogen chloride in absolute alcohol 
and 500 ml. of anhydrous ether were added to the filtrate. 
The mixture was placed in a refrigerator for sixteen hours 
and then filtered. The yield of material melting a t  220- 
222" with decomposition was 114 g. (80%). 

Anal. Calcd. for Cl7HI8NOC1: N, 4.87; C1, 12.32. 
Found: N, 4.87; C1, 12.20. 

A portion of the hydrochloride was suspended in water 
and an excess of sodium hydroxide was added. A solid 
separated which melted a t  11 5-116' after crystallization 
from methylcyclohexane. 

A n d .  Calcd. for C1?H17r\;0: C, 81.24; H,  6.82; N, 
5.57. Found: C,81.45; H,6.81; K, 5.55. 
4-Bromo-2,2-diphenylpentanenitrile (11) .-A mixture of 

112 g. of the hydrochloride (I) and 224 g. of phosphorus 
tribromide was refluxed for thirty minutes. After cooling, 
200 cc. of benzene was added and the mixture was filtered. 
The filtrate was poured into an excess of water, the ben- 
zene layer separated, washed with water and dried over 
magnesium sulfate. The benzene solution was then evapo- 
rated to dryness under reduzed pressure, leaving 107.6 
g. of material melting at  41-42 . Analysis showed that this 
material was quite pure. 

Anal. Calcd. for C1,Hl6NBr: C, 64.98; €1, 5.13; N ,  
4.46. Found: C, 65.05; H,  5.05; N, 4.52. 
4-chloro-2,Z-diphenylpentanenitrile (111) .-A mixture 

of 24 g. of the hydrochloride (I) ,  40 ml. of phosphorus 
trichloride and 40 ml. of phosphorus oxychloride was 
heated in sealed tubes a t  175" for three hours. The tubes 
were opened and their contents poured into water. The 
resulting mixture was extracted with benzene. The ben- 
zene layer was dried over magnesium sulfate, filtered and 
evaporated to dryness under reduced pressure. The yield 


