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bottle for 8 hr. After cooling, the precipitate was removed, 
washed with water, dried, and recrystallized from ethanol-ace- 
tone. The product, N,N'-dibenzenesulfonyl-N-ethoxycarbonyl- 
methyl-o-phenylenediamine (XVI) , was obtained in 63.2% 
yield, m.p. 186-188'; 3220 (m), 1733 (s) (COO), 1343 (s) 
(SOZN), 1200 (s), and 1160 (s) (SOZN) cm.-l. 

Anal.  Calcd. for C Z ~ H ~ ~ N ~ O ~ S Z :  C, 55.68; H ,  4.67; N, 
5.90; S, 13.51. Found: C,55.70; H,4.72; N, 5.76; S, 13.82. 

The filtrate from above was evaporated to dryness and the 
residue was recrystallized from acetone to give a small amount of 
ethyl 2-benzimidazolecarboxylate. It was then recrystallized 
from acetone and ligroin, m.p. 225-226" dec. 

Anal.  Calcd. for CIOH~ONZOZ: C,  63.15; H ,  5.30; N, 14.73. 
Found: C,  63.03; H ,  5.16; N, 14.62. 

The infrared spectrum was identical with that of a sample 
prepared by the method of Copeland and Days9  

Conversion of N,N'-Dibenzenesulfonyl-N-ethoxycarbonyl- 
methyl-0-phenylenediamine (XVI) to Ethyl 2-Benzimidazole- 
carboxylate (XVII).-XVI (2.37 g.) was suspended in 50 ml. of 
dry tetrahydrofuran. Sodium (0.5 8.) was dissolved in 25 ml. 
of dry ethanol and added to the above mixture. Everything 
went into solution. This solution was heated a t  100' in a 
pressure bottle for 1 day. On cooling, 1 g. of material precipi- 
tated which has not been identified up to now. The filtrate was 
evaporated to dryness and the residue was extracted with acetone. 
The residue proved to be sodium sulfinate. The acetone extract 
was then evaporated and the residue was extracted with a mixture 
of acetone and ligroin and filtered. Evaporation of the filtrate 
gave XVII. It was recrystallized from acetone-ligroin, yield 
0.45 g. (47'33, m.p. 224-225" dec. Comparison of its melting 
point and infrared spectra with that of an authentic sample 
established its identity. 
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Potassium fluoride has been shown to convert N-chlorobenzamide into X-benzoyl-N'-phenylurea. 
proton abstraction by the fluoride followed by a Hofmann-type rearrangement gives phenyl isocyanate. 
tion of a second mole of the amide to the isocyanate with subsequent hydrolysis yields the product. 

Initial 
Addi- 

Potassium fluoride has been reported to catalyze 
several reactions. These include the decarboxylation 
of adipic and 2,2,5,5-tetramethyladipic acids to the 
corresponding cyclopentanones, the synthesis of 1 ,- 
2,3,4,5,6-hexaphenylpentalene through the Michael 
addition of 1,2,3-triphenyl-l,3-~yclopentadiene to 1,- 
2,3-triphenyl-2-pr0pen-l-one,~ the decarboxylation of 
certain acids,4 and various Knoevenagel 
I n  addition, a preliminary communications reported 
that  anhydrous potassium fluoride functions as a 
base in the Hofmann reaction converting K-chloro- 
benzamide to  phenyl isocyanate. This paper describes 
the mechanism of that reaction and the subsequent 
formation of N-benzoyl-N'-phenylurea. 

When dry N-chlorobenzamide (I) was refluxed in dry 
benzene with anhydrous potassium fluoride, K-benzoyl- 
N'-phenylurea (11) was obtained in high yield. The 
amount of I1 formed was found to depend upon the con- 

W 
III 

(1) Ethyl  Research Fellow, 1962-1964. 
(2) L. Rand, W. Wagner, P. 0. Warner, and  L. R. Xovac, J. Org. Chem., 

(3) E. Le Goff, J .  Am. Chem. Soc., 84, 3975 (1962). 
(4) A. N.  Nesmeyanov, K. A .  Pecherskaya, and G. Y. Uretskaya, Izv .  

Akad .  Nauk.  SSSR,  Otd. Khim. Nauk ,  240 (1948). 
(5) (a) H. Raba, H. Midorikawa, and S. Aoyama, J .  Sei. Res. Inst. 

(Tokyo),  62, 99 (1958); (b) H. Igarashi, H. Midorikawa, and S. Aoyama, 
ibid., 62 ,  105 (1958); (c) A. Sakurai, H. Midorikawa, and S. Aoyama, ibid., 
62, 112 (1958): (d) H.  Yasuda, H. Midorikawa, and  S. Aoyama, ibid., 6S, 
19 (1959); (e) A. Sakurai, ibid.. I S ,  250 (1959). 

(6) L. Rand.  J. V .  Swisher. and C. J. Cronin, J .  0 7 0 .  Chen., 27, 3505 
(1962). 

( 7 )  R .  J. Dolinski, M.S. Thesis, University of Detroit, 1963. 
(8) L. Rand,  and Ivl. J. Albinak, J .  Ow. Chem.. 26, 1837 (1960). 

27, 1034 (1962). 

centration of potassium fluoride, 2 equiv. of I reacting 
with 1 equiv. of the fluoride. Severe etching of the re- 
action flask was noted indicating the formation of hy- 
drogen fluoride. This is in contrast with the results ob- 
tained in the Knoevenagel reaction where it was shown6 
that an equimolar amount of the catalyst was not 
necessary although a practical lower limit to the con- 
centration that could be used was reached. I n  this 
reaction, potassium fluoride presumably abstracts a 
proton from the active methylene-containing compound 
with subsequent protonation of the condensed anion to 
form the alcohol. With N-chlorobenzamide, however, 
abstraction of the proton by the fluoride results in for- 
mation of hydrogen fluoride and potassium chloride. 
The calculated amount of the chloride was realized from 
an alkali extract of the reaction mixture. Alterna- 
tively, I1 was obtained in high yield when equimolar 
amounts of I and phenyl isocyanate were reacted. S o  
reaction occurred when benzamide was refluxed in ben- 
zene with potassium fluoride.9 

These observations were taken as evidence for an ini- 
tial Hofmann rearrangement of 1 mole of K-chlorobenz- 
amide (I) to form the isocyanate. Addition of the 
second mole of N-chlorobenzamide to phenyl isocyanate 
followed by hydrolysis yields the product (11). How- 
ever, on the basis of these considerations, two mecha- 
nisms can account for the formation of 111. In order-to 
differentiate between reactions 3 and 4, N-chloro-iY- 
methylbenzamide (IV) and potassium fluoride were re- 
fluxed in benzene, The fluoride and unchanged IV were 
recovered quantitatively. Also, when cesium fluoride, 
which was shown to be a more effective catalyst in the 

(9) J. A. Young, W. S. Durrell, and R. D. Dresdner. J .  Am. Chem. Soc., 
82, 4553 (1960). Trifluoroacetamide and AgFl react vigorously to form 
the corresponding isocyanate by initial hydrogen abstraction and either 
stepwise abstraction of the second hydrogen or fluorination and concerted 
loss of HF.  Subsequent internal rearrangement of this electron-deficient 
intermediate yields the  isocyanate. However, we have found that potas- 
sium fluoride does not react a t  all with benzamide. This is apparently due 
to the inability of the weakly acidic N-H bond t o  react with fluoride. 
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I + F- - O C - - N  - 111 (4) - 
Iinoc~vc~nagc~l reactioir,6 was substituted for potassium 
fluoridc, no rcaction occurrcd with I V  arid the starting 
materials again wcr(' recovered uiichaiiged. This cvi- 
drircca tcmds to eliminate S-flriorot)erizamidc as the inter- 
mcdiatv s~iiec S-fluoro-S-mcthylbei~zamidc or its deg- 
radatioii products would have twcri expected if reaction 3 
werc thc reaction path. 011 the other hand, the in- 
ability of 11' to undergo the reaction is best cxplaiiied by 
assuiiiiiig an airioniO in the transition state which can- 
not form from thc S-mcthylamidc. 

IV v 
.L\ccording to the normal mode of addition of amides 

to isocyanates, S-benzoyl-S-chloro-S '-phenylurea 
(\') should he ai1ticipatc.d from the rcactioii bctwcen I 
aiid 111. I t  would be expected that the hydrolysis of 
this S-chlorourra to S-bciizoyl-S'-phciiylurra (11) 
would rapid.I3ei4 Indred, whrn moisture was riot ex- 
cludcd from thr systc.m, chlorine was evolved via hy- 
drolysis of 1' and thr formation of hypochlorous acid. I s  

Evidcricc~ for thc formation of V w.as obtained by react- 
ing 1 a d  I11 uiidvr complctcly anhydrous conditioiis. 
T h ( >  solid so ohtaiiicld was hydrolyzed with a dilute 
sodium hydrosid(1 solution followcd t)y an iodomctric 
dctc~rmiiiatioii of hypochloritoi6 whose coriccmtration 
corrcspoiidcd to thc amount of I1 isolated after hydroly- 
sis 

I t  is intcrcsting to note that Sticglitz aiid Earlel' re- 
ported tho isolation of S-bciizoyl-S'-(.l-chlorophriiyl)- 
I1rt.a from the reaction of I and 111. IIowever, we have 
obtaiiirtl quaiititatiw amouiits of I1 precluding the 
formation of sigirificaiit amounts of S-beiizoy I-S '-(4 
chlo~ophc~~iyl)urea 

Experimental 
Materials.--I 'otiuIii fluoride wua obtained from Baker and 

Adanison and cesium fluoride was obtained from American 
I'otrish and ('heniic.iil (:orporution. Phenyl isocyanate w w  
.. . .. 
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distilled before use and anhydrous benzene waa used t ~ 3  a solvent. 
h'-Chloro\)enzariiide waa dried in a herrtcd vacuuin desiwator 
prior tc) use. 

N-Benzoyl-N'-phenylurea (11). A. - A  mixture of 15.5 g. (0.1 
mole) of N-c.hloroberiziirnide, ot)tiiinetl by thi: method of l~;lliot,17~ln 
and 2.9 g. (0.05 mole) of pi)tr~ssirim f ~ i i o r i d ~ ~  wzu refluxed in  h n -  
zene for 12 hr. The pield of product, ret~rystdlized from ethanol- 
water, wua 1 1 . 1  g. (95(;;), m.p. 208 .20'Jo ( l i t . l o  n i .p .  2(Hi0!. 

With an e x ( w a  of ~ - c ~ h ~ o r i ~ ~ ~ : n z i t r t i i ( ~ e ,  the yield did r i o t  in- 
creuse but w w  equal to the coweritrut ion of the fluiiride. 

In order tc) determine the conwntriition of chloride fornird in 
the reacttion, the product wua hydrolyzed wi th  dilute SuOII,  
filtered, and the filtrate WIU diluted t o  eswtly 100 ml. A :WrnI. 
aliquot was treuteci with 1 1 2 0 2  to reduc*e the hypoc*hlorite to rhlo- 
ride.20 A gr:rvinietric tietcwiiinjiticm gi1vt3 W . ~ 5 7 c ' ~  of the espctrtwl 
chlorine. A secwnd 3O-ml. aliquc)t W I L ~  thcn andyzed iodo- 
metrically . 

Anal. Cahd.:  (:I, 50.0; HCIO, 50.0.  Found: (:I, 51 .98; 
HCIO, 47.61. 

B.---A mixture of 15.5 g. (0.1 mole) of S - c ~ h l ~ ~ r o t ~ e n z : t r i i i ~ l ~ ~  rind 
1 1  ,!) g.  ( 0 . 1  mole) of ptienyl isoryunttte wiis refluxed in 100 nil. 
of benzene for 2 hr. to yield 23.0 g. ( ! X i . l ( ' ; )  of N-benzoyl-N'- 
phenylurea after recrystallization froni ethanol. 

Attempted Reaction of Benzamide and Potassium Fluoride.-- 
I n t o  a 2Wml .  Haak equipped with u conderiser and protected from 
mol ture  with n cd(-ium chloride tube waa added 12.1 g .  (0.1 
mole) of txnzrmide, 2.1) g. (0 .05  mole) of potassium fluoride, 
anti 100 nil. of anhydrous benzene. The mixturc W ~ L S  rc~flusetl 
for 2-5 hr., cooled, and filtered. The solid wru wu8tic.d wi th  ( ~ 1 1 d  
water anti dried to give a recovery of 12.0 g. ( 
amide. 

N-Methy1benzamide.-- This (*ompourid waa prepared in 40r; 
yield following the procdure of Brady and I)unn,*' m . p .  81-82" 
(lit." 1n.p. X o - x z " ) .  
N-Chloro-N-methylbenzamide (IV) .-The method of h r s t a l l ,  

el a/.,?* was followed to yield !MC; of the product. 
Attempted Reaction of N-Chloro-N-methylbenzamide. A .  

With Potassium Fluoride.-Into a 2o()-ml., one-necsked flrlvk 
equipped with a cwndenser and a rnlciuni c*hliiride drying tube 
waa added 2.8 K .  (0.016 mole) of S-chloro-S-metti).I\,eri7.alnitic, 
1 g. (0.017 mole) of potassiuni Hrioritie, itrid 75 ml. of dry hen- 
zene. The niixturc wua refluxed for 1.5 hr., cwolcd, rind filtc~rc~d 
to yield 1 .O g. (IOW'; of pot:miurn fluoride. The t)cnz(:nc 
solution waa evaporated to yield 2.5 g .  (!18.1 ('; ! of tin oil idrntified 
aa starting msiterial by c-omparison of its infrared spwtrrini wi th  
an authentic, sumple. 

With Cesium Fluoride.-The sctmc pr i i (~4ure  as :it)ovch 
waa followed. Recwery of 2.4 g .  (97.2('; ) of the :imide rind 2.4 
g .  (lOOr;) of the fluoride rceulted. 

N-Chloro-N-benzoyl-N'-phenylurea (V).---The retwtion be- 
tween S-c)ilorot)enaarriide and phenyl isoc~yari:ttc~ w:is run in  the 
indicated mitnner under nitrogen undrr unliydrotis conditions. 
The reaction mixture was filtcwd to yield :I srilitl, ri i .1).  1x2 -1X!)O 
dec. 

Analysis waa acv*ornplisheti by wnrniing 0.9074 g. (0.00364 
mole) of the solid i n  50 r n l .  of a 1 .\ Sa011 Rolution :ind filtering. 
Filtration afforded 0.87:N K .  (O.OK364 n i o l i s !  of S-t)enzoyl-S'- 
phenylures, m.p .  207-L'OXo. The filtrttte wris dilute11 to c~srictly 
lot) ml. and t i  25-ml. aliqtiot WLS a c i d i f i c 4  in ttiv prcwnw of  
potaeasium iodide. The lit)cr:itecl iiidinc. w:is titr:tttd wit ti 111i 

0.1000 . \  sodium thioaulfjite solution wi th  at:irc,h HY un iniii(,:itor. 
A n d .  ('cilcti. for C 1 4 1 ~ i l ~ ~ l S 2 0 ~ :  ( ' I ,  l 2 . ! j l .  I J i l u n d :  ( '1, 

12.22. 
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