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Previous papers in this s e r i e ~ ~ ~ ~  describe the reaction of ammonia and aliphatic amines with carbon monoxide arid sulfur 
giving urea and 1,3-dialkylureas and hydrogen sulfide. 

0 
II 

RSH2 + CO + S + RKH-C-XHR + HZS 

Aromatic amines react only slightly under conditions which produce high yields of dialkylureas. Howevrr, in the absence 
of a solvent and with a tertiary amine catalyst, high yields of several diarylureas have been achieved. A study of the reaction 
conditions arid the preparation of a variety of diary1 ureas are reported in this paper. 

Reactton conditzons. The location of optimum re- 
action conditions for the preparation of 1,3-di- 
phrnylurea is an example of the utility of statis- 
tically designed experiments for this purpose. Early 
work with this reaction showed very little promise 
of a satisfactory preparation of arylureas. Very 
low yields were obtained in the absence of a 
catalyst and even with a variety of basic catalysts 
and a wide rangt. of reaction condition, yields no 
better than 50% were obtained. 

An experiment was designed to study the effects 
of fivc reaction variables on the yield. The design 
was a one-half replicate of a 25 factorial experiment 
with four factor interactions confounded with 
main effects. It was intended that the second half 
of this design be run if interactions were important 
cnough so that a more precise knowledge of thc 
crror term was needed. Howeoer, the results of the 
firBt Llork (if 16 runs mas conclusive enough to make 
thc vcond block superfluous. The variables chosen 
for study wcrc temperature, time, carbon monoxide 
presurc, amount of catalyst, and amount of sulfur. 

Thc variables and their levels chosen for study 
n we. 

TABLE I 
'!?HE lTARIABLES A S D  THEIR LEVELS 

Trinpernt,ure. . . . . . . . . . . . . .  100" to  160" 
Time . . . . . . . . . . . . . . . . .  . 1 . 5  and 3 hr. 
Carlmn monoxid(b pressure. . ,300 t o  600 p.s.i.g. 
l'riethylmiinr to  aniline 

ra t io . .  . . . . . . . . . . . . . . . .  .0.1:1 a n d 0 . 3 : l  
.\ri\ount of sulfur.  . . . . . . . .  , I  and 3 times stoichiomctry 

Table I1 shows the yields for each run and the 
conditions under which i t  was made. The runs 
were made in a randomized order. Yields are based 
on the amount of aniline added. The exact procedure 
is described in the experimental section. 

TABLE I1 
DIPHENYLI:REA YIELDS, (i; 

3 0 Hours __ Catalyst 1 5 Hours 
Ratio Sulfur 100" 160' 100" 160" 

0 .1 : l  1:l 37.1a 24 .8  46.1 25.5a 
2 : l  45 .6  31.ga 5 9 . 7  30.8 

0.:3:1 1:l 34.7 38.ga 4 6 . Y  24.3 
2 :  1 4 5 . 7 a  37.0 52 .9  39.0a 

a CO pressure 600 p.s.i.g., ot)her 300 p.s.i.g. 

The results of the analysis of variance are shown 
in Table 111. 

TABLE I11 
<INALYSIS OF \-ARIAWE MEAN  SQUARES^ 

Trm- Cat. I'rra- 
perature Time Sulfur Ratio siirt' 

Temperature 9'33. 8b 
Time 127.57'' 96.  16d 
Sulfur 1 .09 1 .80  351.60b 
Cat. ratio 37.60d 2.39 2.16 3.38 
Pressure 0.12 14.60 0 . 2 4  1.02  20.46 

~ 

a Principal diagonal elements are main rffwts, others are 
first ordrr interactions. Significant a t  the 99.9% conti- 
dencr level. Significant a t  the !NTc confidence level. Sig- 
nifirnnt :tt the Xi?', confidence level. 

(1)  Lion Oil Co. 
( 2 )  ;\lidwest Rcscwrh Institute. 
( 3 )  13. .I. Franz anti F. :!pplegnth. ".\ S ( , w  Uw:L Syn- 

thesis: Th(. liwction of :\niniunin, C:trl)on llonoside 
Siilfur." I'rwt~ntcd before tht. Southwest I tqjonal  l l c  
of the .4mc,ric:rrr Sociclty, I1cwnll)t.r 1, 1!)GO, Oklahoma City, 
()kI : t .  
(1) I t .  ;\, F r m z ,  T'. T'. Llorriss, and F'. Ihiocchi. . I  .\-e7i 

S!jnlhesis of LTreas: I I .  T h e  Ileaction of Primary .lliphniic 
. I  tililies wilh Cnrboiz .Ifonoxide nnd Sitlfur. In  press. 

In the statistical analysis, the main effccts were 
iqolated and Cochranls test of the largest variance 
(time X temperature) was applied to the two factor 
interactionq. This provcd to bc significant a t  the 
5% level of significance. The reniaining nine inter- 
actions had a mean square of 6.82. This compared 
favorably with the 6.51 (10 d.f.) error found pre- 
viously for duplicate runs. Thereforc, it was decided 
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TABLE I V  
DESIGN AKD YIELDS (%)" FOR SERIES NO. 2 

Time, 2: 1 Sulfur 4: 1 Sulfur 
Hr. 100" 115' 130' 145' 100" 115' 130' 145' 

0 .50  49 .9  58.2 
1 . 2 5  56.0 51 .7  61 .5  64.3 
2.00 65 .6  67 .2  56.8 77 .7  76.9 62 .8  
2.75 55.6 68.0 65 .9  67 .2  82 .7  84 .2  
3 .50  62 .3  70.2 71.9 8 6 . 2  
4 .25  66 .6  73 .6  

" 95% confidence limits * 8.13. 

to  use the 6.51 error for limits and tests of signifi- 
cance and on this basis the following conclusions 
were drawn. 

There is no effect in tripling the catalyst ratio or 
doubling the GO pressure. Temperature interacted 
significantly with the catalyst ratio but the magni- 
tude (3.9%) was small enough to possibly consider 
as due to experimental variation. I n  all cases, 
doubling of the sulfur increased the yield with an 
over-all average increase of 9.3%. Time, tempera- 
ture, and their interaction were significant with the 
combination of 100' and 3.0 hr. giving the best 
yields in all cases. The sulfur effect appears com- 
pletely additive with these factors. 

Since the initial series had shown that only time, 
temperature and amount of sulfur were important 
variables, a second series was designed to find 
the optimum values for these factors. An orthogonal 
design not previously described in the literature was 
outlined (see Table IV). The design resembles a 
full replicate for one factor at four levels (tem- 
perature), one at six levels (time), and one a t  two 
levels (amount of sulfur). The major difference is in 
the omission of half the runs, namely those known 
to produce low yields, low temperature combined 
with short time, and high temperature combined 
with long time. 

The yields produced in each run are shown in 
Table IV. Although the experimental times were 
not long enough to encompass the maximum, the 
results are quite conclusive. Increasing the sulfur 
ratio from 2:  1 to 4:  1 gave an average increase 
of llyO yield with 95% limits of 8.7 and 13.3 and the 
increase seemed to be independent of other con- 
ditions. 

High and low temperatures (e .g . ,  100" and 145") 
are significantly less favorable to the reaction than 
either the 115" or 130" temperature. 

The yield surface was adequately fitted by a 
quadratic function of the two variables; the masi- 
mum was found to  be a t  about 116" for three hours 
thirty-three minutes. The yield a t  this point a t  a 4:  1 
sulfur level is estimated to be 83.2% with 95% 
confidence limits of 78.5 and 87.5%. 

Further experiments indicated that extra time 
did not appreciably change these yields nor were 
larger amounts of sulfur beneficial. 

Although the amount of catalyst was not ef- 
fective in changing the yields of diphenylurea within 
the limits of these studies, later experimentation 
over a wider range of conditions showed that very 
small amounts of tertiary amine do not give satis- 
factory reaction rates. Very low yields were ob- 
tained if the catalyst to amine ratio was cut by a 
factor of ten and in general a ratio of about 1/10 
was used. A variety of catalysts mere investigated 
but only very basic, soluble compounds were ef- 
fective. Besides the tertiary aliphatic amines the 
other catalysts which produced moderate yields 
were potassium hydroxide, and calcium oxide or 
magnesium oxide in methanol. 

Solvents generally were detrimental to good 
yields. Methanol, petroleum ether, benzene, and 
pyridine all produced yields about 10% lower than 
similar runs without solvents. 

The effect of substituents on yields. After the opti- 
mum conditions were obtained for preparing di- 
phenylurea, a variety of aromatic amines were in- 
vestigated under the same set of conditions. Table V 
summarizes the data from this study. 

Five of the ureas have not previously been re- 
ported. The proof of structure depends upon ele- 
mental analysis, general similarity of physical 
properties to other ureas and in two cases, mixed 
melting points with the products prepared by better 
known methods. 

(5)  E. Koenigs and E. Rupprlt, -‘inn., 509, 14" (1934). 
(6 )  A. Vittenet, Bull. SOC. 131, 21, 302 (1907). 
(7)  G. V. Jadhav, J .  Ind. Chent. Soc., 10, 391 (1933). 
(8) A. Sonn, Ber., 47, 2440 (1914). 
(9)  A. Struvc and 11. Itadenhausen, J .  Pr., (2)  52, 238 

(10) Th.  Zincke and Br. Helnwr, .Inn., 291, 331 (1896). 
(11) A. Barr, Ber., 19, 1769 (1886). 
(12)  A. E. Ilixon, J .  C'hcm. SOC., 79, 103 (1901). 
(13) G. Hagelloch, Ber., 83 ,  258 (1950). 
(14) P. C. Taussig, Vonatsh., 25, 381 (1894). 
(15) 1'. Cazeneuve and Morcau, Compl. revd . ,  124, 1103 

(10) F. Binder, Ber., 12, 536 (1879). 
i l i )  R. 1). Desai, It. F. Hunter, and RI. A. Kureisky, 

(18Y5). 

(1897). 

J .  Chem. Soc., 1668 (1'330). 
118) H. K. Sen and U. Baser, J .  Inti. Chem. Soc., 6 ,  316 

( l i29) .  
(19) F. Zetzsche and W. Nerger, Rer., 73B, 467 (1940). 
(20) M. H. Werther, Rev. trav. chins., 52, 657 (1933). 
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The yield. raiiged from 927, to  zero. The major 
.tructural factor5 affwting the yields appear to be 
ortho-substitution and substitution with electro- will be reported in a subsequent paper. 
negative group<. In every case where an ortho- 
substituent was present low yields w r e  obtained. 
ai yield of 6574 was obtaiiied from p-chloroaiiiline 
but 3.1-dichloroaiiiline gave oiily a 20% yield. 

cases. Several other substituriiti did ciitcr i i i t o  
reartioii iii oiie way or aiiothcr aiid thtie rcactioib 

The nitro, amino, aromatic hydroxyl, and thiol 
groups all were altered by the reaction urider certain 
circumstances. 

The reaction of 2,1- or 2.~,G-trichloroaniliiie pro- EXPERIMENTAL 
duced no urea and no hydrogen sulfide 

S o  cataly-t was required for the reaction of p -  
amiiiopheuyl. The higher basicity may account for 
tht. reactivity of p-aminophcnol but S,N-dimethyl- 
p-phenylcncdianiii~e gave only 3% yield without a 
catalyit and N,S-dirthyl-p-phenyleiiediamiiie gave 
only a 27Yc yicld. 

The low yields of 1,2-di-cu-naphthSrlurca and I ,3- 
di-P-iiaphthylurca arc partly explained 011 the basis 
of iidc rcactioiis which apparently produce amino 
t hiolr N hich react further to produce thiazoloncs. 
1;urthw data O I I  this side reacbtioii nil1 be presented 
i l l  a future puhlication. 

So cvidcnw it a. obtained for direct interference 
i l l  the reaction hy carbonyl or carbalkoxy in thr 
para-position hut the urea yields werc low in both 

The conditions for all  the rwctions reported dupliratcd 
those described for thc b:%t prcparation of dipheny1ure:i 
except that different solvents \rere uscd in purification. 

Diphsnylitrea.  ..\niline (50 9. )  and sulfnr (34.4 g.) w r r  
placed in a 1-1. llagnrdash autocluve Lvith 4.4 g. of triethyl- 
amine. The aiitochve \vas evaciiatcd ant1 them prclssiirizcd 
to  500 p.s.i.g. \vith carbon rnonozide and hratrd rapidly 
to 130’ for 3.5 hr. The prc”ssure was rpleased and thc, prodiicts 
rinsed from the vessel with ethanol. The c.th:inol wits cvapo- 
rated to ahout 50 i d . ,  cooled :tiit1 thtx solid filt8crcd oB. 
The white prodnet (48.3 E.) melted at  295-288”. A s v r o n d  
crop (0.9 g,) was obtained by ev:iporating the c.thxno1 and 
imshing the residue \vit,h dilutc hydrochloric :rrid. It r n c ~ l t t d  

-230” and this  melting point \ v a ~  not lo\v.r:rrtl 1)y mixing 
with pure diphenylurea. The total j-ield \VRS 86.2‘. L8 k ) a d  on 
snilirrc. 

iiromatic Nitroso Compounds. I .  A New l,4-Rearrangement1 

~-Si t ro- - l -c l i lo rc , r i i i t ro~~l ) t~r iz~nc  and %-nitro-j-chIoronitrosohen~~rle hnve lwen pr(1p:ired. T’.c nonirlcntity of thrsc two 
cwinpoiincls rules out a conreivable s t ructure  for this type of molecule in whirh the nitro  id nitroso groups romhne  to 
give, :I ,s,vnimetrical “henzofurazan dioxide” t>-pe of heterorycle. However, evidence has h r w i  ohtained for th r  rristericc of 
tliic; 1iitht.rto iinltnown heteroryrlic configuration as an unstable intermediate or transition state in thc high-tcmpcratlira 
isoint7rization of eitlirr of thrse nitroso compounds to  a mixt,rire (approximately 1 : 1) of the two .  This reaction is an example 
of i t  new typr of 1,l-rearrangenlent involving t!le transfer of an oxygen atom between two nitrogen atoms. 

I t  is gciicrally  accepted?^^ that the cry5tallirie. 
yc~llow compomd with formula C6H1?;202, origi- 

iially thought‘ t o  be o-diiiitrosobellzciic, is better 
described a. the S-oxide of the known (loinpound 
bcnzofurazan (I), niid niay he i m n d  bcnzofurazan 
oxide (11). The question of the possible existence 
of beiizofurazaii dioxides (111) has apparently not 
been previously iiivestigntid. 


