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A new series of urea derivatives was prepared by condensing cyclohexanonc with urea, 
thiourea, and their monosubstituted derivatives. 

A new series of urea derivatives was prepared by condensing urea, thiourea, and their 
monosubstituted derivatives with cyclohexanone in the presence of acid. 'The derivatives 
for~lled by the coildeilsatioil of 2 inole equivalents of cyclohexanone with the ureas and 
thioureas were forimed also by condensing 2-cyclohexylidene-cyclohexai~one with the * 

saille ureas and thioureas. Thc new compouncls prepared in this study are described in 
Table I. 

Two structures (I and 11) were coilsidered for the product fro111 the condensation of 

cyclohexailoile with urea. If one assumes the substituted N atom to be equivaleilt 
to carbon for calculating the ultraviolet A maxirna of these unsaturated structures 
then the calculated values for structures I and I1 are 239 inp and 326 mp respectively 
(I).  The observed A,,, of 238.5 n ~ p  given in Table I1 is in good agreement wit11 the cal- 
culated value for structure I. This structure was confirmed by an i1.m.r. spectrum of the 
compound. The vinylic protoil peak a t  4.G7 p.p.m. definitely excluded structure I1 
from consideration. A peak a t  7.99 p.p.m. is assigned to the four hydrogens of the 
methylene groups which are unshielded by the dieile system. The rest of the hydrogen 
atoms of the remaining inethyleile groups gave a peak a t  8.4 p.p.111.~ 

The infrared spectra listed in Table I11 show that all of the urea and thiourea derivatives 
possess this salne general structure 111. The bands between 3060 and 3080 cm-l are 

R = hydrogen, aryl, cyclohex-1-enyl, or allcyl 

assigned to  C-I-I stretching vibration of the -C=C-H group. The strong absorptioil 
band between 1673 and 1685 cm-' is tentatively assigned to the stretching vibrations 

'Contrib~rtiolz No. 56. 
?S,ixty-megacycle n.m.r. spectrum was ?izeaszrred with Varia?t n~odel  HR-60  higli-resolzltio?~ spectrometer. 
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TABLE I 

Urea and thiourea derivatives 

- u 
R S RI1.p. ("C) Yield Formulae Calc. Found Calc. Foul~d Calc. Found w C 

Z 
I-Iydrogen 0 234235" 16.3" C ~ ~ H ~ O N ~ O  70. (35 71.10 (3.16 9.18 12.73 12.56 * t- 
Hydrogen S 274-276" (57.01 CI~I-II?ON?S GG.05 66.01 8.53 8.46 11.86 11.740 o 
Ethyl 0 1G41GGb 88.0' ClaI124N10 72.53 72.48 9.74 $1.76 11.28 11.56 7 
Ally1 0 154155" 85.51 CloIl,rN?O 73.80 73.97 9.29 9.2') 10.7G 11.05 C 
Pllenyl 0 233" 31.21 C I ~ H ? ~ N ~ O  76.99 7(j, 78 8.16 8.24 9.45 0.40 n * 

Phenyl S 105 (decomp.)~ 37.51 C19HxNPS 73.03 73.32 7.74 7.93 8.97 9.13" 
4-Chlorophenpl 0 241-343c 42.41 CIQII,~CIN?O 68.97 (j8 . 0 1  7.01 G.99 8.47 8.Gci 
4-Chlorophenyl S 211 (decamp.)" 62.01 (18.4~) CI~I-I,~CIX?S 65.78 (j5.76 6.68 6.G6 8.08 8.35f 

2 
w 

4-Hydroxyphenyl 0 268-269" 68 .31 CI,II?,NIO~ 73.05 73.08 7.74 7.71 8.97 8 .  96 5 
3,4-Dichlorobenzyl 0 243-244" 86.81 (73.3') C?06IzaCl?N20: 63.32 63.13 6.38 6.24 7.39 7.48" 
3,4-DichlorophenyI 0 228-229" 31.0" C I ~ H ~ ~ C I ~ N I ? O ?  62.47 62.75 6.07 6.25 7.67 7.92' 2 
a-Naphthyl 0 257a 37. 61 C~~I- I?~NI?O 7!1.73 79.65 7.5G 7.52 8.00 8.14 r 

-5 
"Crvstallized from ethanol. 
bFr6m aqueous ethanol. #- a 

Tram benzene-ethanol (1:l). n 
LO 

d ~ i r o n ~  butyl cellosolve. 
'Method B. 
/Method A. 
US calc 13.56%, found 13.29%. 
'1s calc: 10.2G%, ioul~d 9.96%. 
tC1 calc. 10.72%. found 10.80%. 
'CI calc. 10.22%, found 10.00%; S calc. 9.21%. iou~ld  8.93%. 
"1 calc. lS.GO%, found 19.01 %. 
'C1 calc. 19.41%, ioun<l 19.GO'/o. 
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PODISSVA ET AL.: URE.1 DERIVATIVES 

Ultraviolet absorptionn 

R S Xmsr (111/1) 6 n z x  

Hydrogen 0 238.5 3,865 
Cyclohex-1-cnyl 0 33-3 (5,670 
Phenyl 0 24ib 5,850 

220 . -- End absorption 
I-lydrogen S 2 / 0  9,020 

356 9,580 
320 End absorption 

Phenyl S 3 0 3  10,280 
220 Encl absorption 

"The ultraviolet spectra were determined on ethaoolic solutions of the com- 
ponntls with a Beckman DK-1 recording spectrophotometer. 

h ~ h e s e  absorption bands were broad and unsymmetrical. The phenyl groups 
contribute to the general absorption in the region covered by tl~ese broad bands. 

of the -NI-I-C=C-C=CI-I or -NI-I-C=C- group. The CRR=CI-IR group gives 
an absorption band around 1670 cm-' (2). This absorptiorl is generally weal;. Coiljugatio~l 
in a dieile system shifts the absorption solne 30 an-' to a lower frequency but the intensity 
of the band is generally increased considerably. In aliphatic co~ljugatioll of C=C bonds 
splitting of the two double-bond absorption bands usually occurs (2). In inost of the 
compounds in Table I11 the band assigiled to the -C=O group appears as a strong, 
separate band ~vllile in 2-c~~clohex-1-enyl cyclohex-1-enyl-~~rea, 1-(cyclohex-1-eny1)-3- 
(2-cyclohex-1-enyl cyclohex-I-eny1)-urea, and 1-(4-11g~droxyphenyl)-3-(2-c~~clohex-l-eny1 
cyclol~ex-1-eny1)-urea the C=O absorption band has coalesced with the strong band 
tentatively assigned to the conjugated unsaturated group. 

During this study 1,2-dicyclohexylisourea was prepared. This compound gave a 
strong, broad infrared absorption band a t  lG30 cm-' which includes the C=N stretching 
and IS-1-1 bending modes. 

2 - C y ~ ~ 0 ~ 2 ~ . ~ y ~ i d e 1 2 ~ - ~ ~ ~ 1 0 ~ 1 ~ . ~ ~ 7 ~ 0 l t ~  
2-Cyclohexylidenc-cyclohesanone (b.p. 153-155" a t  20 mm) xvas prepared in 697; yield by the method of 

Gault et al. (3). 

S,/t-Dichlorobe~rsylzrrea 
3,4-Dichlorobenzylurea (m.p. 104-165") was prepared in 82% yield fro111 3,4-dichlorobenzylamine hydro- 

chloride and sod i~ l~n  cyanate by the general procedure described by Vogel (4). rlnal. Calc. for CsHsCI2NpO: 
C, 43.86; H, 3.68; C1, 32.37; N, 12.7970. Foilnd: C, 4 . 0 4 ;  I-I, 3.77; CI, 32.38; N, 12.55y0. 

Etlzylenedizrrea 
Ethylenediurea (m.p. 199" clccomp.) was prepared in 73% yield by a ~nodification of Volhard's (5) nlethod. 

Sodium cyanate was used in place of silver cyanate. 

Preparation of 2-Cyclohex-I-enyl cyrlo7ze.v-I-enyl Derivatives of Ureas atzd Tlzioureas 
The con~pounds described in Table I were prepared by either of the processes given in detail below for 

the ~ r e ~ a r a t i o n  of 1-(3,4-dichlorobenzyl)-3-(2-cyclohex-1-enyl cyclohex-1-enyl)-urea. 

31111 melting points were deternzi~zed o n  san~ples  sealed i n  evnczlated capillary tzrbes. T h i s  ierlztzique w a s  
essential i n  obtaining reprodzrcible 91zelting points. .l~irroatzalyses were determined by Micro-Teclz Laboratories, 
Skokie, Illinois. 
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TABLE 111 

llnlfrarcd absorptio~nl band (cm-1) assiglnllnl1cntsa 

-- 
w 
z 

Stretching motles > r 

R S N-~H Other bands 
0 
'il 

1-1 ydrogcn 
Allyl 
Cvclohes-1-envl 
I'flenyl 
4-Chlorophenyl 
3,4-Dicl~loroplienyl 
a-Naphthyl 
4-I-l ydrosypl~enyl 
3,4-Dichlorobcnzyl 
1-(2-Cyclolics-1-e11yl cyclolics- 

1-enyl)-ureidoctl~~~lenc 
Hydrogen 
4-Chlorophcnyl 

aAbsorptior~ spectra on hTujol mulls of the crystalline 

:3o(io (c=cM~, l(j20 (c=c) m z 
3070 (C-Cl-I), 1023 (C=C) t; 
3075 (C=CI-I), 1623 (C-C), 15515 (aryl) 4 

1623 (C-C). 15'33 iarvl) 5 
~, 

305:) (C=CI~ j; 15'34 iaryl) ' ' 3 
3080 (C=Cl-I), 1628 (C=C), 1502 (aryl) r 
3060 (C-C1-I), lGl0 (aryl) o 6 - 
3060 (C=CI-I) a m 

3060 (C=CM), 1553 (XI-I), 1366 (C=S) " 

1610 (aryl), 1366 (C--S) 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

T
E

M
PL

E
 U

N
IV

E
R

SI
T

Y
 o

n 
11

/1
3/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



PODESVI\ ET XL.: UREA DERIVATIVES 1407 

1Mel/tod A 
i-1 niisti~re of 3,4-dichlorobenzyl~~rea (10.25 g, 0.047 mole), cyclohexanone (49 g, 0.5 mole), and con- 

centrated hydrochloric acid (5 g, 0.05 mole) \vas refluxed for 30 minutes. Crystals separated from the 
solution during the refluxing period. These were separated and washed with ethanol, yield 15.4 g (86.8?6). 
The melting point (343-244") was not altered by further crystallization. 

111elhod B 
This procedure was the same as given in RiIethod A with the exception that  2-cyclohexylidene-cyclo- 

hexanone (17.8 g, 0.1 mole) was used instead of cyclohexanone. The yield of product (n1.p. 243-244") was 
13 g (73.370). 

I,2-Dicyrlohexylisoz~rea 
A solution of bromocyanogen (5.3 g, 0.05 mole) in ether (50 ml) was added dropwise over a period of 

35 minutes to a cold (-5 to 0') solution of freshly distilled cyclohesyla~nine (9.9 g, 0.1 mole) in ether (50 nil). 
After the mixture was stirred for an additional 30 minutes, the precipitate of cyclohesylamine hydrobromide 
was re~noved by filtratio~i and the filtrate a t  OD was treated with cyclohexanol (50 g, 0.5 mole). The solution 
was stirred for 90 minutes, after which dry MCI gas (5.7 g) was added. This solution was allowed to stand a t  
roo111 teluperature for 5 days a ~ i d  then the ether and excess cyclohexanol were removed i7t vacuo. The resid~re 
was suspended in water (20 ml) and the pH of the suspension was adjusted to 10 with sodium hydroxide 
solution. A crystalline suspension was obtained after the mixture had remained a t  roo111 temperature for 
4 days. The crystals (m.p. 78") were recovered by filtration, yield 1 1 . Q  (10070). Two crystallizations from 
petroleum ether (b.p. 65-110") (5 ml/g) raised the melting point to 96', yield 73.3Y0. Anal. Calc. for 
C13H?.iN?O: C, 69.60; I-I, 10.78; N, 12.49yG. Found: C, 69.80; H ,  10.76; N, 12.51%. 

1,I'-Bis-(2-cycloher-I-enyl cyclohcx-I-c7tyl)-elhj~lc~tcdiz~i.ca 
Etliylenediurea (14.G g, 0.1 mole), cyclohexanone (58.8 g, 0.6 mole), and concentrated hydrochloric acid 

(0.2 mole) were heated under refli~s for 75 minutes. Tlie crystals were re~noved from the cool solutioll b y  
filtration, yield 35.1%. These crystals clid not ~ n e l t  below 300" and they were very insoluble ill the common 
organic solvents. Anal. Calc. for CzvIH.I?NjO?: C, 72.05; H,  9.07; S, 12.00%. Found: C, 72.18; H, 9.06; 
N, 12.337;. 

I-(C~~cloAe.v-l-e~~yl)-5-I2-cyclohen.-l-eityl cyrlohex-1-e7tyl)-z~rea 
Urea (GO g, 1 mole), cyclohexanone (98 g, 1 nlole), and concentrated hydrochloric acid (100 g, 1 mole) 

were heated i~nder  reflus for 90 minutes. After cooling of the mixture to room temperature the organic 
layer was separated and the unreacted cyclohexanone, together with sonle water, was removed in i~ar710. 
The oily residue was diluted wit11 ethanol (25 1111) and the solution pourecl into water (400 ml). This mixture 
was neutralized with aqueous soclium hydroxide, after which the oil solidified. The product (n1.p. 180-200') 
was separated by filtration and washed with water, yield 08 g (98%). Two crystallizations from ethanol- 
benzene (1:l) raised the melting point to a constant value of 221-223". In some preparations a crystalline 
modification melting a t  238' was obtained. The infrared spectra of these tnro crystalline modifications 
were identical. Anal. Calc. for Cl9H?8N?O: C, 75.9G; H, 9.39; N, 0.33'jc. Found: C, 75.62; H, 9.40; N, 9.14%. 
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