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of cupric bromide and 60 g. (0.50 mole) of potassium 
bromide in 200 d. of water and the mixture was allowed to 
stand at room temperature for 65 hr. The crystalline 
product was collected by filtration, washed with concd. 
potassium bromide solution, and recrystallized from metha- 
nol-water to give 37.1 g. (85%) of 2-brom+5,5-dimethyl- 
cyclohexane-1,3-dione (VII), m.p. 177-178'. The melting 
point was not depressed by admixture with VI1 prepared 
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Isocyanates and isothiocyanates react with azomethines to yield triaaones and. thiotriazones and with enamines to produce 
substituted ureas. 

The electrophilic character of isocyanates and 
isothiocyanates, as indicated by their ready re- 
action with a variety of electron rich species, is 
well known.' Enamines have been shown by Stork, 
et a1.2 to react by nucleophilic attack of their @- 
vinyl carbon atom upon some electrophilic sub- 
strate, the facile alkylation of the enamine I1 with 
methyl iodide being an excellent example of this 
situation. The nucleophilic nature of imines is also 
well known. These facts, coupled with our knowl- 
edge of the zinc chloride catalyzed reaction of 
ketene with N-t-alkylazomethines3 have lead us to 
study the reactions of N-alkylazomethines and 
enamines with isocyanates and isothiocyanates. 

Isocyanates and isothiocyanates react smoothly 
with a variety of N-alkylazomethines to produce 
triazones or thiotriazones of the general structure, 
I.' The physical properties and analytical data for 
the compounds are listed in Table I. The structure 
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of two representatives of the series, If and Ii, was 
confirmed by independent synthesis from the cor- 
responding urea or thiourea, formaldehyde, and 
the appropriate primary amine. The reaction is 
seen to be quite general with phenyl isocyanate 
(see Ig) and cyanic acid (see Ia) as well as alkyl 
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isocyanates and isothiocyanates reacting smoothly 
with a variety of t-alkylazomethines and N -  
alkylazomethine trimers. 

The reactions of the enamine I1 with ethyl 
and n-butyl isocyanates and with ethyl isothio- 
cyanate as well as the reaction of the enamine V 
with n-butyl isocyanate were also studied. In each 
case a smooth exothermic reaction took place to 
give a moisture sensitive product. In two cases, 

the products were solids and could be isolated and 
characterized. Analysis and neutral equivalent 
were in agreement with the proposed structures. 
All products of the type I11 were very readily hy- 

(111, R = --CzHs, X = 0 ;  R = --CzHs, X = S) ,  
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drolyzed by dilute acid or even moist air to the 
corresponding ketones, IV. The ketones IV ab- 
sorbed at 1705-1711 cm.-l in the infrared, a be- 
havior characteristic of six-membered ring ketones. 
The corresponding ketone prepared from the five- 
membered ring enamine V absorbed a t  the higher 
frequency, 1750 cm.-1 as would be expected for 
a five-membered ring ketone.' The ketone structure 
was further confirmed by the preparation of repre- 
sentative 2,Pdinitrophenylhydrasones. Finally, vig- 
orous acid hydrolysis of IV (R = --C2Hs, X = 0) 
gave cyclohexanone, indicating for it a structure 
which would lead on hydrolysis to a &keto acid. 
Only such a material would decarboxylate readily 
to cyclohexanone, 

It is interesting to speculate on the mode of 
formation of 111. The enamine, 11, in the contribut- 
ing form VI might be expected to react with two 
moles of isocyanate to yield a zwitterion of the 
type VII. This ion could easily stabilize itself in 
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two ways; by proton abstraction via six-membered 
cyclic transition state to produce I11 or by cycli- 
zation to produce VIII. That the former course was 
the one followed is indicated by the ultraviolet 
spectrum of 111, which absorbs at 295 mp (E 
5250). Opitz, et ul.6 have established a range of 
220-235 mp (e 3500-9960) for a large number of 
enamines and amide substitution as in I11 would 
be expected to shift the absorption to higher wave 
lengths. VI11 would not be expected to have any ' 
ultraviolet absorption of high intensity. 
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EXPERIMENTAL 

1 , 6 - D i m e t h y l l $ .  Potassium cyanate (16.2 g., 0.2 
mole) waa dissolved in 20 ml. of water and 17.2 g. (0.13 
mole) of 1,3,5-trimethyltriatine added. A white solid, prob- 
ably potassium cyanate, crystallized. The slurry was stirred 
and cooled in ice while 20 g. of concd. hydrochloric acid was 
added dropwise. After stirring for 3 hr. the reaction mixture 
was extracted with methylene chloride, the methylene 
chloride layer dried and the solvent distilled under reduced 
pressure. There remained 4 g. (47%) of crude 1,5dimethyl- 
triazone-2. After recrystallization from benzene it melted 
a t  113-116'. 

Typical preparation of a biazone OT thbtriuzune of the Type 
I. To a stirred mixture of 0.3 mole of the N-akylazomethine 
and 0.3 g. of zinc chloride waa added slowly 0.15 mole of the 
alkyl isocyanate or isothiocyanate. The reaction waa cooled 
in ice when necessary to keep i t  a t  20-25'. After the initial 
exotherm waa over the reaction mixture WBB heated 3 hr. 
on the steam bath and then distilled or recrystallized. 

I,S,b-Tti-n-butyltriaw8. A mixture of 34.4 g. (0.2 mole) 
of N,N'-di-n-butylurea, 14.6 g. (0.2 mole) of n-butylamine 
and 33.4 g. (0.4 mole) of 36% formaldehyde solution were 
heated on the steam bath overnight with stirring. The 
reaction mixture WSB extracted with methylene chloride 
and the organic layer dried and distilled to yield 30.4 g. 
(56.5%) of 1,3,5tri-n-butyltriazone-2, b.p. 136-140' (0.3 
mm.), ng 1.4683. The infrared spectrum of this material 
waa identical with that of 1,3,5tri-n-butyltriazone-2, pre- 
pared from n-butyl isocyanate and 1,3,5-tri-n-butyltriazine. 
f,S,6-Trkthylthbtn'aMnrc-d. A mixtuie of 18 g. (0.13 mole) 

of N,N'diethylthiourea, 22 g. (0.26 mole) of 36.6% formal- 
dehyde and 8.1 g. (0.13 mole) of 72% ethylamine waa stirred 
and heated on the s t e r~n  bath overnight. The mixture was 
extracted with methylene chloride, the extract dried and 
the methylene chloride removed by distillation, leaving 15.6 
g. (60%) of 1,3,btriethyIthiotriazone-2 melting a t  50-55'. 
After two recrystallizations from methanol at -70' it  
melted a t  57-59' and gave no depreesion on admixture and 
melting with a ssmple of the material prepared from 1,3,5 
triethyltriasine and ethyl bothiocyanate. The infrared 
spectra of the two aamplea were. also identical. 

N-I-PyrdidinocycloheunsboytN,N 'dislhylurea. To a 
mixture of 7.1 g. of ethyl iaacyanate and 20 ml. of chloro- 
form WBB added 7.5 g. of 1-pyrrolidinocyclohexene and the 
mixture stirred at room temperature for 3 hr. Isooctane 
waa added to incipient cloudiness and the N-l-pyrrolidino- 
cyclohexene-hyl-N,N 'diethylurea allowed to crystallize. 
After drying 1.5 hr. at 70' (0.5 mm.) i t  melted a t  162-164', 
A, 295 mp ( e  5250). 

Anal. Calcd. for C1&N&: C, 65.49; H, 9.28; N, 14.33; 
neut. equiv. 293.4. Found: C, 65.82; H, 9.59; N, 14.13; 
neut. equiv. 296.0.b 

N-&Kdbcyclohezarnyl-N,N 'dkthylurea. To a etirred mix- 
ture of 7.1 g. (0.1 mole) of ethyl isocyanate and 25 ml. of 
isooctane was added dropwise 7.6 e. (0.05 mole) of 1- 
pyrrolidinocyclohexene. The reaction became quite warm 
and after about 10 min. a white solid product was filtered 
off, washed with isooctane, and air dried. It weighed 11.1 
g. and melted a t  143-165' after standing overnight exposed 
to the air. An 8.5-g. sample of this material was treated 
with an excess of dilute hydrochloric acid and filtered to 
give 5.2 g. (equivalent to 57% yield) of N - 2 - k e h y c b  
hexanoyl-N,N'diethylurea, m.p. 200-202'. After re- 
crystallization from methanol it melted at 203-205'. 

Anal. Calcd. for C&ON&~: C, 59.98; HI 8.39; N, 11.66. 
Found: C, 59.92; H, 8.55; N, 11.50. 

The 2,edinitrophenylhydraeone' of N-2-ketocyclohex- 
anoyl-N,N 'diethylurea after recrystallization from meth- 
anol melted at 193-195'. 

Anal. Calcd. for ClaHs4N&e: C, 51.42; H, 5.75; N, 19.99. 
Found: C, 51.12; H, 5.95; N, 19.99. 

N-8-KelocyclohezanobLNJN '-di-n-butylwea. To a stir- 
red mixture of 19.8 g. (0.2 mole) of n-butyl isocyanate and 50 
cc. of iso-octane waa added dropwise 15.1 g. (0.1 mole) of 
1-pyrrolidinocyclohexene. After about 1 hr. an excess of 1N 
hydrochloric acid was added, the mixture stirred for a few 
minutes and then filtered to yield 22.7 g. (77%) of N-2- 
ketocyclohexanoyl-N,N'-di-n-butylurea. After recrystal- 
lization from ethanol it melted a t  206-208". 

Anal. Calcd. for ClaHaN& C, 64.83; H, 9.52; N, 9.45. 
Found: C, 64.83; H, 9.68; N, 9.40. 

N-&Ketocydopenlano&N,N '-di-n-butyturea. To a stirred 
mixture of 19.8 g. (0.2 mole) of n-butyl isocyanate and 25 
ml. of isooctane was added 13.7 g. (0.1 mole) of l-pyrroli- 
dinocyclopentene. After Rtirring for 3 hr. the reaction mix- 
ture had separated int? two layers. An excess of 1N hydro- 
chloric acid was added and the layers separated. On stand- 
ing overnight the aqueous layer precipitated 19.5 g. (69%) 
of N-Zketocyclopentanoyl-N,N'di-n-butylurea. After re- 
crystallization from ethyl acetate it melted a t  130-132'. 

Anal. Calcd. for C l ~ & 0 8 :  C, 63.70; H, 6.54; N, 18.17. 
Found: C, 64.04; H, 6.61; N, 18.29. 

The d,~-diiritrophenylhydrazone' of N-Zketocyclopen- 
tanoyl-N,N'-di-n-butylurea after recrystallization from 
methanol decomposed at 200". 

Anal. Calcd. for G&"b: C, 54.54; H, 6.54; N, 18.17. 
Found: C, 54.24; H, 6.61; N, 18.29. 

N-6Pyrolidinocyelohexene-1-thwyl-N ,N' - dkthylthiourea. 
To a stirred mixture of 17.4 g (0.2 mole) of ethyl isothio- 
cyanate and 30 ml. of isooctane was added 15.1 g. (0.1 
mole) of 1-pyrrolidinocyclohexene. During 4 hr. a t  room 
temperature there ~ry~tsllized 11.3 g. of N-2-pyrrolidmo- 
cyclohexene-1-thioyl-N ,N'-diethylthiourea, m.p. 110-119". 
After recrystallhation from ethyl acetate it melted a t  124- 
126'. 

Anal. Calcd. for C,&N&: C, 59.02: H, 8.36: N, 12.91; 
5, 19.70. Found: C, 59.10; H, 8.66; N, 12.98: S, 19.69. 

N-Cyclohezanone-6thioyGN ,N '-diethylthiuurea. A 5-g. 
sample of crude N-2-pyrrolidinocyclohexene-1-thioql- N ,N '- 
diethylthiourea was heated on the steam bath for 1 hr. with 
20 d.. of dilute hydrochloric acid. The aqueous layer was 
decanted from 3.6 g. of oily cryatala and a 1.0 g. sample of 
these cvstala chromatographed on 0. F. Smith 50-200 mesh 
Silica. Elution with methylene chloride and 5% ethyl acetate 
in methylene chloride removed a small amount of oil. Elution 
with 5% methanol in methylene chloride gave 0.9 g. of N- 
cyclohexaoone-%thioyl-N,N'diethylthiourea. After recrys 
talliiation from ethyl acetate i t  melted a t  118-121". 

A d .  Calcd. for ClsHtdN&O: C, 52.90; H, 7.40; N, 10.29; 
S, 23.64. Found: C, 52.59; H, 7.65; N, 10.29; S, 23.46. 

CycIohezanm $,4dinitrophenylhgdraataeonc. A mixture of 
1.5 g. of N-Zketocyclohexanoql-N,N'diethylurea and 20 
CC. of 5Oy0 s ~ l f u r i ~  acid were heated under reflux for 8 hr. 
An excess of 2,44nitrophenylhydrazine reagent' was added 
and the mixture heated on the stearn bath for 10 min. On 
cooling there crystallized 0.70 g. of cyclohexanone 2,P 
dinitrophenylhydrazone, m.p. 152-155'. After recrystal- 
lization from an ethanol-ethyl acetate mixture. it  melted a t  
157-159' and gave no depression on admixtue and melting 
with an authentic ssmple of cyclohexanone 2,Pdinitro- 
phenylhydrazone. 

PlilLADELPEIIA 37, PA.  

(6) The neutralization equivalent waa determined by 
potentiometric titration with 0.1 N perchloric acid in acetic 
acid. 

(7) The Systematic Idatification of Organic Cotnpwnda, 
R. Shriier, R. Fuson, and D. Curtin, Fourth Ed., John 
Wiley and-Sons, Inc., New York, ??, Y., 1956, p. 219. 


