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to give 4.3 g (22%) of 6,  mp 141-143". Two recrystallizations 
from CHCl, gave mp 142-143'; nmr (CDClz) 6 1.61 (s, 6, 

OCH3), 3.74 (s, 3, OCH3), 3.84 (s, 3, OCH3); ir (CC14) 5.76-5.90, 
6.23, 6.51, 6.79 p ;  uv max (MeOH) 271 nm (e 1.10 X l O 4 ) ,  354 

Anal .  CalcdforC13H~4N208: C, 53.12; H,  6.29; N ,  7.29. 
Found: 

Irradiation of 6.-A solution of 0.5 g of 6 in 350 ml of dry ether 
under Nz was irradiated with a 450-W Hanovia "L" lamp, using 
a Pyrex well, for 50 min. Solvent was removed at aspirator 
pressure, and nmr indicated a 407, conversion into 7.  Recrystal- 
lization from CCl, gave 7: mp 110-112" (resolidified and re- 
melted 141-143'); nmr (CDCL) 1.79 (s, 3, -CCH,), 2.07 (s, 3, 

OCH,), 3.72 ( s ,  3, OCH,); uv (MeOH) 282 nm (e 7.8 X loa), 349 
(3.2 x 103). In deuteriochloroform, the half-life for cyclization 
of 7 to 6 is about. 55 hr at room temperature. 

Irradiation of 6 for 24 hr gave other materials; the only one 
investigated (8 j had an nmr spectrum very similar to that of 7, 
though shifted--(CCl,) 6 1.90 (s, 3, =CCH3), 2.24 (s, 3, =CCH3) 

(s,3, OCH3), 3.78 (s, 3,OCH3). Heating a mixture of 6 , 7 ,  and 8 
in chloroform with refluxing acetone for 3 hr converted the 7 into 6 
without affecting the 8. We never obtained 8 in crystalline form. 

Dimethyl N-Isopropylidine-N-dimethylamino-2-aminomaleate 
(9).-The carbon tetrachloride solution from which 6 had been 
filtered (see above) was concentrated and distilled (short path, 
decomposit,ion was apparent), giving an oil, bp 110-115" (1 mm). 
Redist,illation through a 6-in. T'igreux column (bp 112-115', 0.25 
mm) gave an oil still contaminated with 12. A sample collected 
180'; decomposition is extensive) crystallized in needles from 
carbon tetrachloride-pentane at, -25' after 3 weeks (mp 48-50"). 
The distillate crystallized when seeded. The analytical sample 
decomposed in transit, but gave for a parent peak m / e  242.1258 
i 0.0022 (calcd for CI1HlaNnO4, 242.1266); mass spectrum (70 eV) 
m / e  (relative intensity) 242 ( l ) ,  199 (16), 184 ( l l ) ,  166 (21), 140 
(85) ,  109 (loo), 108 (72), 107 (40); nmr (CCl,) 6 5.18 (m, 1, 
vinyl), 4.93 (m, 1, vinyl), 4.61 (s, 1, vinyl), 3.75 (s, 3, OCHI), 
3.53 (s, 3, OCH3), 2.55 (s, 6, X(CH3)q); ir (CCl,) 5.72, 5.86, 6.29, 
6.97 p .  

C(CH3)2), 2.87 (s, 6, N(CH3)z), 3.62 (5, 3, OCH,), 3.68 (5, 3, 

(5.8 x 103). 

C, 52.93; H,  6.26; N,  7.26. 

=CCHa), 3.06 (s, 6, N(C3)H2), 3.61 (s, 3, OCHa), 3.66 (s, 3, 

3.01 (s, 6, N(CHs)e), 3.60 (s, 3, OCHa), 3.66 (s, 3, ()CHI), 3.71 

Dimethyloxalacetate Dimethylhydrazone (lo).-A solution of 
4.26 g of 2 in 20 ml of ether was dripped into 1.8 g of N,N-di- 
methylhydrazine in 10 ml of ether. When the refluxing had 
stopped the yellow solution was decanted from a black residue, 
concentrated, and distilled, bp 90-95" (0.5 mm), 2.1 g. This 
material was not obtained pure, but gave a parent having m/e 
202.129 =t 0.037 (calcd for CsH14N~04, 202.095); nmr (CC14) 6 

N(CH3)2; ir 5.78-5.87, 6.35, 6.93 p ;  uv (CHaOH) maximum 291 
nm (e 6.3 X 103). This material had spectral properties identical 
with that isolated from reaction of 1 and 2 by tlc on silica gel 
which destroys 9) followed by vpc on a 10 ft X 0.25 in. 10% FFAP 
column. The presence of 10 in the reaction mixtures w&s demon- 
strated by nmr of the methylene chloride solution before any work- 
up. 

Methyl Dimethylacetylenedicarboxylate N,N-Dimethylhy- 
drazide.-When 4.26 g (0.03 mol) of 1 and 1.80 g (0.03 mol) of 
N,N-dimethylhydrazine were allowed to react in 15 ml of meth- 
anol at -30" for 7 hr, 2.3 g of a solid, mp 170-193 dec, was 
isolated after evaporation. Two crystallizations from chloroform 
gave colorless rods: mp 200" dec; nmr (CDCL) 6 7.05 (s ,  1, 
NH), 3.94 (s,  3, OCH3), 3.50 (s,  6, N(CH3)l); ir (CHC13) 3.0 
(w, broad), 5.78,6.04,6.20 p.  

Acetone dimethyl 2-aminomaleate imine (13) was isolated in 
small amounts by collection from a 10 ft X 0.25 in. 10% SE-30 
vpc column when 9 was injected. Thermal decomposition of 9 
in a flow system (230-265') or neat (250') gave only traces of 13: 
nmr (CC14) 6 5.91 (s, 1, vinyl H) ,  3.77 (s, 3, ()CHI), 3.67 (s, 3, 
OCH3), 1.98 (6, NCCH3)z); ir (CCL) 5.73, 5.89, 6 . 3 2 ~ ;  uv (CH3- 
OH) 282 nm (e 8.8 X lo3); mass spectrum (70 eV) m / e  (relative 
intensity) 199 (3), 167 (12), 141 (13), 137 (13), 123 (149), 109 
(loo), 108 (31), 183 (13). 

Registry No.-1, 762-42-5; 2, 13483-31-3; 6, 

3.73 (s, 3, OCHI), 3.66 (s, 3, OCHa), 3.57 (s, 2, CHz), 2.88 (s, 6, 

19987-67-8; 7, 19988-62-6; 9, 19988-63-7 ; 10, 19987- 
68-9; 11,19987-69-0; 13,19988-64-8. 
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The polar cycloaddition reaction of arenesulfonyl isocyanates (1) with dialkylcarbodiimides (2) gives rise to the 
formation of six-membered ring cycloadducts 6 and 8. The latter compound arises from interception of an 
acyclic polar 1 : 1 adduct by arenesulfonylalkylcarbodiimide (9), which is generated via an exchange sequence. 
Simultaneous cycloaddition of 1, 2, and 9 forms cycloadducts 6, 8, and 12. Cycloadduct 12 is a 2: 1 adduct of 
9 and 2. All cycloadducts readily thermolyze above 100' to lose alkyl isocyanate and give arenesulfonylcarbo- 
diimides in good yield. 

The cycloaddition reactions of arenesulfonyl iso- 
cyanates with double-bonded substrates often occur in a 
stepwise fashion. 1-4 The initially generated acyclic 
1 : 1 adducts can undergo ring closure to produce four- 
membered ring cycloadducts or they can be intercepted 
by a double bond containing dipolarophile to yield six- 
membered ring cycloadducts. The possibility of inter- 
ception is enhanced if the lifetime of the acyclic 1:  1 
adduct is increased by effective delocalization of the 
generated charges. In  the arenesulfonyl isocyanate- 

(1) Part  of this work appeared as a communication: H. Ulrich. B. Tucker, 
and A. A. R. Sayigh, J. Amer. Chem. Sac., 90, 528 (1968). 

(2) W. Bartmann. Chem. Ber., 100, 2938 (1967). 
(3) E. J. Moriconi and W. C. Crawford, J .  OTV. Chem.,  SS, 3iO (1968). 
(4) R. Compper, A. Studeneer, and W. Elmer, Tetrahedron Lett., 1019 

(1968). 

dialkylcarbodiimide system delocalization of the gen- 
erated charges in the initially formed acyclic adducts 
can occur readily, and since sulfonylheterocumulenes 
are excellent dipolarophiles the six-membered ring 
cycloadducts are obtained exclusively. The elucidation 
of structure of the six-membered ring cycloadducts is 
complicated by the ambident character of the generated 
acyclic 1 : 1 adducts and by the possibility of addition 
across either one of the double bonds in the heterocumu- 
lene substrates. 

On mixing of equimolar amounts of arenesulfonyl 
isocyanate (1) and dialkylcarbodiimides (Z), with or 
without a solvent, an immediate reaction occurs, as 
evidenced by the appearance of two double-bond ab- 
sorptions at 1869 (medium) and 1724 em-' (strong), 
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respectively. The initially observed bands gradually 
disappear and cycloadducts 6 and 8 can be isolated 
from the reaction mixture.5 If 2 is added slowly to 
excess 1, the yield of cycloadduct 6 is significantly 
increased, indicating that 6 results from interception of 
3 by 1. The strong absorption band a t  1724 cm-I is 
indicative of an acyclic 1 : 1 adduct, as evidenced by the 
fact that the polar 1 : 1 adduct, generated by addition of 
p-toluenesulfonyl isocyanate to pyridine,& has a strong 
ir absorpt<ion at. 1724 cm-’. 

The formation of the acyclic 1 : 1 adducts can also be 
observed by nmr spectroscopy. For example, immedi- 
ately after mixing p-toluenesulfonyl isocyanate and t- 
butylmethylcarbodiimide in carbon tetrachloride the 
N-methyl signal of the carbodiimide is shifted from 6 
2.9 to 3.32 ppm, indicating attachment of the isocyanato 
group to the less sterically hindered nitrogen adjacent 
to the methyl group. The broad signal a t  3.32 ppm 
gradually decreases and new broad K-methyl signals 
appear a t  approximately 2.9 and 3.7 ppm. Simultane- 
ously, new t-butyl signals a t  approximately 1.45 ppm 
are formed. Cycloadduct 6 (R = 4-CH3CeH4; R’ = 
CH3, t-C4H9) shows bhe N-methyl signal a t  3.28 and the 
2-butyl signal a t  1.48 ppm. The observed broad N- 
methyl signals may be indicative of formation of mix- 
tures of acyclic and cyclic adducts. 

The structure of cycloadduct 8 is rather interesting 
because it is formed by interception of the acyclic 
adduct 5 by 9, the latter being generated via an ex- 
change sequence (Scheme I). Since formation of 4 

SCHEME I 
RSO,N=C=O + R’N=C=NR’ 
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is a stepwise process, ring opening may also occur in a 
stepwise fashion. Four acyclic 1 : 1 adducts are visu- 
alized, three of which are shown in Scheme I. The one 
not depicted also gives rise to formation of 9 and 10. 
Of course, the acyclic 1:l adduct 5 can be formed 
directly from 1 and 2, but the simultaneous occurrence 

(5) We had assigned an isomeric structure for compound 6 in our pre- 

(6) M. Seefelder, Chem. Ber., 98, 3243 (1963). 
liminary communication. 

of the exchange reaction seems to indicate the inter- 
mediacy of 4.7 The ir absorption at  1869 cm-’ may 
in fact be caused by 4 or the isomeric 1 : 1 cycloadduct 
resulting from addition of the C=O bond of 1 across the 
C=N bond in 2.  The formation of 9 and 10 from the 
cycloadducts 6 and 8 is unlikely because the six-mem- 
bered ring compounds are stable a t  room temperature. 

If equimolar amounts of 1, 2 ,  and 9 are combined at  
room temperature cycloadducts 6 and 8 are isolated 
from the reaction mixture. I n  addition, a new six- 
membered ring cycloadduct 12 is isolated, arising from 
the reaction of 9 with 2 .  When 2 mol of 9 is mixed 
with 1 mol of 2, cycloadduct 12 is formed almost 
exclusively (Scheme 11), which verifies the mode of 
formation of 12. 

SCHEME I1 
RSOzN=C=NR’ + R’N=C=NR’ 

9 2 

11 12 

The sulfonylheterocumulenes 1 and 9 are far better 
substrates than 2 and 10, which is readily explained by 
the enhanced electrophilicity of the center carbon 
atoms in their cumulative double-bond arrangement. 
As a result the ir absorption due to alkyl isocyanate (10) 
can be observed in the mother liquor (isocyanates 1 and 
10 can be differentiated by ir spectroscopy). Likewise, 
1 and 9 are far better dipolarophiles than 2 and 10 as 
evidenced by their preferred reaction with the acyclic 
1 : 1 adducts. Of course, reaction of 4 with 1 and 9 can 
also produce the cycloadducts 6 and 8. However, 
Huisgen and his coworkers8 have shown in a different 
system (azomethine-diphenylketene), in which 1 : 1 and 
2: 1 cycloadducts could be isolated, that the four- 
membered ring cycloadduct does not undergo reaction 
with the substrates. 

The cycloadducts 6 show characteristic ir absorptions 
in CHC1, :solution at  1754, 1721, and 1672 cm-I which 
is in line with the proposed structure. The previously’ 
proposed isomeric structure is being ruled out because 
of absence of RS02N=C stretching vibration. The 
mass spectrum of 6 (R = 4-CH3C6H4; R’ = C6HJ 
shows the expected molecular ion at  mle 600. The 
major fragments observed are the ionized thermal 
degradation products (h., m/e 278, 206, 197, and 125). 
The formation of the ion at  m/e 125, [Cf,r\T1I~Co]+, also 
seems to rule out the previously proposed structure. 

Hydrolysis of 6 (R = 4-C&C&; R’ = C&1) in 
5% sodium hydroxide (to which a small amount of 
acetone is added to assure solubility) yields the inter- 
mediate guanidine derivative 13, which is solvolyzed 

(7) W. Neumann and P. Fischer [Angezu Chem , 74, 801 (1962)l have 
poatulated that the exchange reaction of isocyanates and carbodiimides 
involves 4 as the intermediate. 

(8) R Huispen. B A Davis, and M Morikana, tbad., 80, 802 (1968) 
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by methanol to the known compounds 14 and 15 
(Scheme 111). 

The carbamate 14 was compared with an authentic 
sample prepared from 1 (R = 4-CH3C6H4) and meth- 
anol. Likewise, 1,3-dicyclohexyl-2-p-toluenesulfonyl- 
guanidine (15, R = 4-CHaCdH4; R' = CsH11) was 
synthesized independently (see Scheme IV) . 

The ir spectra of cycloadducts 8 in CHC13 solution 
differ from 6 because in addition to the C=O and C=N 
stretching vibrations at  1718 and 1672 cm-' a strong 
RS02K=C stretching vibration at  1582-1558 em-' is 
observed. In  15 (R = 4-CH3CCH4; R '  = C6H11) the 
RSO2X=C absorption occurs a t  1587-1550 cm-l. 

The mass spectrum of 8 (R = 4-CH3CBH4; R '  = 
C6H11) shows a molecular ion a t  m/e 681. Breakdown 
of the six-membered ring leads to four possible stable 
fragments which all have been observed. The inten- 
sities of these ions are small compared with those of the 
ions obtained by ejection of substituents from the 
molecular ion. One path of degradation starts by the 
loss of C6H9 to form an immonium ion and follows by 
two successive losses of CeHlo. Additional fragmenta- 
tion sequences are shown in Scheme V. 

Basic hydrolysis of 8 in 5% aqueous sodium hydrox- 
ide-acetone affords approximately equal amounts of 15 
and 16, and the hydrolysis products were identified by 
comparison with independently prepared authentic 
samples (Scheme IV). 

SCHEME I V  
0 

R'NHCNHR' + RS0,NHCONHR' 
II -co, 

RNAZ,&02R NSO,R 

15 16. 8 

TR'", tR", 

RSO,N=C=NR' RSO,N=C=O 
9 1 

Cycloadduct 12 shows only one double-bond absorp- 
tion in the ir a t  1655 cm-' (C=N) which is in line with 
the proposed structure. The mass spectrum of 12 
shows major fragments a t  m/e 278 and 206, which are 
again ions of the expected thermal fragments. Al- 
though this cycloadduct is quite stable toward base 
hydrolysis, attempted oxidation with CrO3 in acetic 
acid again yields 15 as the only isolable product most 
likely arising from acid hydrolysis of 12. 

(9) H. Ulrich and A. A. R. Sayigh, Angew. Chem. Intern. Ed., Engl., 3, 639 

(10) €1. Ulrich, B. Tucker, and A. A. R. Sayigh, Tetrahedron, 42, 1565 

(11) B. Anders and E. Kuhle, Angew. Chem. Intern. Ed., Engl. ,  4, 430 

(12) R. Neidlein. W. Haussmann, and E. Heukelbach, Chem. Ber., 99, 

(1964). 

(1966). 
(1965). 

1252 (1966). 
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Anal. Calcd for CzgH36N406Sz: c. 57.93; H, 6.03; N, 9.32. 
Found: C,57.63; H,5.94; N, 9.27. 

Evaporation of CC14 at  room temperature and trituration of 
the residue with methanol precipitates 6.9 g (67.6%) of l-p- 
toluenesulfonyl-3,5-dicyclohexyl-2-cyclohexylimino- 4 - p -toluene- 
sulfonylimimo-1,3,5-triazin-6-one (8, R = 4-CH3CeH4; R' = 
CeHlI): mp 180-182', ir (KBr) 1750 (C=O)  1690, 1580 cm-l 
(C=N); nmr (CDCl3) 6 2.43, 2.48 (2 s, 6, 2CHaCeH4); mass 
spectrum (70 e\') m/e  (relative intensity) 681 (O.l), 526 (11.5), 
518 (40), 444 (22.3), 197 (13.0), 155 (52), 125 (6.3), 91 (100). 

Anal. Calcd for C ~ ~ H ~ , N ~ O ~ S Z :  C, 61.59; H,  6.94; N, 10.25. 
Found: C,61.34; H ,  7.01; N, 9.97. 

If the reaction is conducted in benzene (Soy0 concentration) the 
obtained yields are 6 = 21.3T0, 8 = 42'%. In CClr (Soy0 con- 
centration) the yields based on the same isolation technique are 

B. Excess p-Toluenesulfonyl Isocyanate.-To 19.7 g (0.1 
mol) of p-toluenesulfonyl isocyanate slowly and dropwise 6.18 g 
(0.03 mol) of dicyclohexylcarbodiimide is added a t  2448'. 
The reaction is complete after 15 min as indicated by the absence 
of N=C=N vibration stretching at  2165 cm-l in the infrared. 
Addition to CCl, precipitates 13.45 g (757c) of 6 (R = 4-CH3- 
C6H4; R' = CeHll), mp 165-168'. 

Reaction of p-Toluenesulfonyl Isocyanate, p-Toluenesulfonyl- 
cyclohexylcarbodiimide, and Dicyclohexy1carbodiimide.-To 2.78 
g (0.01 mol) of p-toluenesulfonylcyclohexylcarbodiimide in 4.2 g 
of CC14, 1.97 g (0.01 mol) of p-tohenesulfonyl isocyanate is 
added. No reaction is noted as evidenced by infrared spectro- 
scopy. Addition of 2.06 g (0.01 mol) of dicyclohexylcarbodi- 
imide dissolved in 2 g of CCh causes an exothermic reaction. 
Filtration yields 0.3 g of 6 (R = 4-CH3C6H4; R' = C ~ H I I ) ,  
mp 164-165'. Evaporation of the solvent under vacuum and 
crystallization from methanol yields 1.0 g of 12 (R = 4-CHs 
C& ; R' = C6H11), mp 120°, and from the methanol 0.4 g of 8 
(R-4 = CH3C6H4; R '  = C6Hll) is isolated. 

l-Cyclohexyl-3,5-di-p-toluenesulfonyl-1,3,5-triazine-2,4,6-tri- 
c y c l o h e x y l i e  (12, R = 4-CHICsH4; R' = C~HI~).-A mixture 
of 2 g (0.007 mol) of p-toluenesulfonylcyclohexylcarbodiimide 
and 1.44 g (0.007 mol) of dicyclohexylcarbodiimide in 7 g of CCl4 
is kept a t  room temperature for several hours. Trituration with 
methanol yields 2.7 g (9970, calculated on p-toluenesulfonyl- 
cyclohexylcarbodiimide) of 12 (R = 4-CH&&; R' = C6Hll): 
mp 123-124'; ir (KBr) 1655 cm-l (C=N); nmr (CDCb) 6 

6 = 2770, 8 = 527c. 

2.41 (s, 6, 2 CH3CsH4). 

Found: C.64.27: H.7.61.N. 10.96. 
Anal. Calcd for C41H58Ne04Sz: C, 64.52; H ,  7.66; N, 11.01. 

A 0.3-g sample of 12 (R = i-CH&&; R' = C6HIl) upon heat- 
ing in 5 ml of glacial acetic acid in the presence of 0.2 g of Cr01 
yields a small amount of 15 (R = 4-CH&sH4; R' = C6HlL)j mp 

Reaction of p-Chlorobenzenesulfonyl Isocyanate and Dicyclo- 
hexy1carbodiimide.-To 20.6 g (0.1 mol) of dicyclohexylcarbodi- 
imide in 100 ml of benzene dropwise and with stirring 21.75 g 
(0.1 mol) of p-chlorobenzenesulfonyl isocyanate is added rapidly 
a t  28-40'. Evaporation of the solvent under vacuum and 
trituration of the residue with diethyl ether yields 9.6 g (3070,) of 
1,3-di-p-chlorobenzenesulfonyl-5 - cyclohexyl- 6 - cyclohexylimio- 
1,3,5-triazine-2,6-dione (6, R = 4-ClC6H4; R' = CeHii): mp 
150-153"; ir (CHCL) 1754, 1721 (C=O), 1672 cm-l (C=N). 

Anal. Calcd for C2,H30C12N406S2: C, 50.55; H,  4.68; N,  
8.74. Found: C,50.49; H,  5.11; N,8.60. 

On standing 8.75 g (24y0) of l-p-chlorobenzenesulfonyl-3,5- 
dicyclohexyl-2-c yclohexylimino-4 - p-chlorobenzenesulfonylimino- 
1,3,5-triazin-6-one (8, It = 4-ClCsH4; R' = C6Hll) [mp 
163-165'; ir (CHC13) 1718 (C=O), 1672, and 1582-1558 cm-' 
(C=N)] is obtained. 

Anal. Calcdfor C33H41C1~N~05S2: C, 55.03; H,  5.73; N, 9.11. 
Found: C, 55.18, H,  6.17; N, 9.11. 

If 10.3 g (0.05 mol) of dicyclohexylcarbodiimide is added to 
21.75 g (0.1 mol) of p-chlorobenzenesulfonyl isocyanate over a 
period of 4 min at  26-38", 18.5 g (57.8%) of 6 (R = 4-ClCeH4; 
R' = CeH11), mp 150-153', is obtained. 

Reaction of p-Toluenesulfonyl Isocyanate and t-butylmethyl- 
carbodiimide.-To 5.6 g (0.05 mol) of t-butylmethylcarbodi- 
imide in 100 ml of benzene dropwise and with stirring 9.85 g 
(0.05 mol) of p-toluenesulfonyl isocyanate is added over a period 
of 2 min, a t  25-32'. Evaporation of the solvent under vacuum 
and trituration with diethyl ether and benzene yields 2.95 g 
(25y0) of 1,3-di-p-toluenesulfonyl-4-t-butylimino-5-me~yl-1,3,5- 
triazine-Z,d-dione (6,  R = 4-CH3CeH4; R' = CHI, t-C4H9): 

152-154". 

mp 145-146'; ir (CHCb) 1754,1718 (C=O), 1681 cm-l (C=N): 
nmr (CDC13) 6 1.48 [s, 9, (CH&C], 2.32 (s, 3, CH3C6H4), 2.5 (s, 

Anal. Calcd for CZPH~BN~OSSZ: c, 52.17; H,  5.13; N, 11.07. 
Found: C, 51.89; H, 5.28; N,  10.84. 

Hydrolysis of 1,3-Di-p-toluenesulfonyl-5-cyclohexyl-6-cyclo- 
hexylimino-1,3,5-triazine-Z,6-dione (6, R = 4-CH3CeH4; R' = 
c6"11),-An amount of 4.0 g (0.067 mol) of the triazine deriva- 
tive is suspended in a mixture of 65 ml of 5y0 aqueous NaOH and 
30 ml of acetcne, and the reaction mixture is gently heated 
until a clear solution is obtained. On cooling a white precipi- 
tate is formed which is collected and triturated with dilute HCl. 
Recrystallization from methanol yields 1.4 g (56%) of 1,3-di- 
cyclohexyl-2-p-toluenesulfonylguanidine (15, R = 4-CH&6&; 
R' = C&): mp 158-160" (lit.l* mp 161'); ir (CHC13) 1587- 
1550 cm-1 (C=N). Evaporation of the methanol affords 0.8 
(5270) of methyl p-toluenesulfonylcarbamate (14, R = 4-CH3- 
CeH4), mp 111-113' (ki4 mp 115'), after recrystallization from 

In  one experiment a minute amount of the precursor of 14 
and 15 ( L e . ,  13, R = 4-CH&6&; R' = CBHll), mp 120-123', 
was isolated as evidenced by the C=O and C=N absorption at  
1701 and 1592 cm-', respectively. 
1,3-Dicyclohexyl-2-p-toluenesulfonylguanidine (15, R = 4- 

CHICeH4; R' = CeH11).-To 0.278 g (0.001 mol) of p-toluene- 
sulfonylcgclohexylcarbodiimide in 3 ml of chloroform 0.1 g 
(0,001 mol) of cyclohexylamine is added dropwise at  22-40'. 
Evaporation of the solvent and recrystallization from methanol 
yields 0.23 g (60.8%) of 15 (R = ~ - C H ~ C ~ H I ;  R' = C6Hll), mp 

Hydrolysis of l-p-Toluenesulfonyl-3,5-dicyclohexyl-2-cyclo- 
hexylimiino-4-p-toluenesulfonylimino-1,3,5-triazin-6-one (8, R = 
4-CH3CeH4; R' = C&l).-An amount of 2.0 g (0.003 mol) of 8 
(R = 4-CH3C6H4; R' = C6Hll) is heated in a mixture of 65 ml of 
5% aqueous NaOH and 65 ml of acetone until most of the sus- 
pended material becomes soluble. The reaction mixture is 
filtered and 150 ml of water is added to precipitate 0.85 g (75%) 
of 15 (R = 4-CH3CaH4; R' = C6Hll), mp 157-159". Neutraliza- 
tion of the filtrate with hydrochloric acid precipitates 0.66 g 
(7570) of l-p-toluenesulfonyl-3-cyclohexylurea, 16 (R = 4- 
CH3CeH4; R' = CeHll), mp 175-177' (lit.16mp 172-173'). 

The urea derivative was compared with a sample obtained from 
1 (R = 4-CH3C6H4) and cyclohexylamine; the mixture melting 
point showed no depression and the ir spectra were superimpos- 
able. 
p-Toluenesulfonylisopropylcarbodiimide (9, R = 4-CH&H4; 

R' = i-C3H7).-An amount of 6.46 g of a mixture of cyeload- 
ducts obtained from p-toluenesulfonyl isocyanate and diiso- 
propylcarbodiimide is dissolved in 35 ml of o-dichlorobenzene and 
slowly distillation over a Vigreux column affords a distillate 
containing a solution of isopropyl isocyanate and diisopropyl- 
carbodiimide in o-dichlorobenzene. Vacuum distillation of the 
residue yields 3.27 g of p-toluenesulfonylisopropylcarbodiimide: 
bp 168' (0.1 mm); n z 7 ~  1.5380; ir (CHC13) 2165 cm-l (SOZ- 
N=C=N) . 

Upon addition of a sample of p-toluenesulfonylisopropylcarbo- 
diimide to wet acetone 1-p-toluenesulfonyl-3-isopropylurea, mp 
147-148' (litJ6mp 146"), is obtained. 
p-Toluenesulfonyl-n-butylcarbodiimide (9, R = 4-CH3C6H4; 

R' = n-C4Hg).-To 4.62 g (0.03 mol) of di-n-butylcarbodiimide in 
30 ml of benzene dropwise and with stirring 5.91 g (0.03 mol) of p -  
toluenesulfonyl isocyanate is added a t  2 7 4 1  '. Evaporation of 
the benzene yields 10.5 g of a mixture of cycloadducts as evi- 
denced by complete disappearance of the cumulative double-bond 
absorptions and appearance of C=O and C=X bond stretching 
vibrations. Heating under vacuum in an oil bath results in 
complete fragmentation with formation of 1.3 g (43.7%) of n- 
butyl isocyanate, bp 114-116', and 4.27 g (42.770) of p-toluene- 
slufonyl-n-butylcarbodiimide, bp 155-158" (0.2 mm) [lit.gJo bp 
159-162' (0.2 mm)]. 
p-Toluenesulfonylcyclohexylcarbodiimide (9, R = 4-CH&H4; 

3, CHaCe&), 3.28 (s, 3, CHIN). 

CClr. 

160-162 ' . 

(13) W. V. Farrar, J .  Chem. Soc., 856 (1965). 
(14) C. F. Boehringer and Soehne G.m.h.H.. Netherlands Patent Appl. 

6,603,399 (1966); Chem. Abstr., 66, 55245 (1967). 
(15) H. Rusohig, G, Kroger, W. Aumllller, H. Wagner, R.  Weyer, .4. 

BLnder. and J. Schola, Arzneim.-Forsch., 8, 448 (1958); Chem. Abstr., 68, 1317 
(1959). 

Chem. Abstr.. 
SI, 6248 (1958). 

(16) R. Gryglemski, Dissertations Pharm., 9, 205 (1957); 
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R’ = C&L).-An amount of 8.06 g of a mixture of cycloadducts, Registry No.-6, R = 4-CHGH4; R’ = C6H11, 
obtained from p-toluenesulfonyl isocyanate and dicyclohexyl- 199781)5-3; 6, R = ~-cIc,J~~; R = c ~ H ~ ~ ,  19978- 
carbodiimide, is heated in 50 ml of o-dichlorobenzene with simul- 
taneous distillation of most of the solvent. Vacuum distilla- 
tion of the residue yields 4.6 g of p-toluenesulfonylcyclohexyl- 07-5; 8, R = 4-CHaCsH4; R’ = CBHII, 19978-08-6; 
carbodiimide: bp 203-206” (0.3 mm); mp 50-52’ (lit.17 mp 52’); 8, R = 4-CICsH4; R’ = C8Hl1, 19978-09-7; 9, R = 

06-4; 6 ,  R = 4-CH3CaH4; R’ = CHI, t-C4H9, 19978- 

ir (CHCls) 2151 cm-1 (SO*N=C=N). 4-CHaCsH4; R’ = i-CsH7, 19978-10-0; 12, R = 
4-CHaCsH4; R’ = CsH11, 19978-11-1; 15, R = 4- 
CH3CeHa; R’ = CeHIi, 908-18-9. 

(17) Farbenfabriken Bayer A. G. ,  Netherlsnds Patent Appl. 6,413,827 
(1966); Chem. Abstr., 64, 19506 (1966). 

Diaziridinones (2,3-Diazacyclopropanones). 11. la 

Synthesis, Properties, and Reactionslb 
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Reaction of l-chloro-1,3-di-t-alkylurea with potassium t-butoxide in t-butyl alcohol effects ring closure to a 
diaziridinone 1, a new three-membered ring heterocycle. Spectral data indicate a trans orientation for the 
substituents attached to the nitrogen atoms. The diaziridinones are reactive toward acids. only moderately 
reactive toward a range of nucleophiles, and function as mild oxidizing agents toward thiols, phenols, enols, and 
some hydrazines. The acids studied include hydrogen chloride, picric acid, benzoic acid, and formic acid with 
resultant ring opening of diaziridinone and formation of substituted carbazates 8a, e-e. A second method of 
formation of diaziridinones is found in the regeneration of la  by the action of potassium t-butoxide on 2,3-di-t- 
butylcarbazyl chloride 8a. Studies of the action of nucleophiles on di-t-butyldiaziridinone include t-butoxide, 
tbutyl  alcohol, methoxide, and methanol (ring opening to alkyl carbazates 8b and 8f), isopropylamine (ring 
opening to substituted semicarbazide lo), and hydrazine (ring opening and conversion to carbohydrazide). Di- 
tbutyldiaziridinone is reduced by benzylthiol (or ethanethiol) to l,&di-t-butylurea and benzyl disulfide (or ethyl 
disulfide). Diaziridinone la  is reduced to the urea rapidly by ascorbic acid and by phenylhydrazine and, more 
slowly, by phenol and by 2,4,6-tri-t-butylphenol. t-Butylhydroxylamine reacts with la  both by nucleophilic 
attack a t  carbonyl carbon with ring opening giving carbazate 17, and by oxidation-reduction giving di-t-butyl- 
urea and 2-methyl-2-nitrosopropane. The reactions described here constitute a new method for the formation 
of a nitrogen-nitrogen bond, hydrazo, and azo compounds. They also provide new routes to substituted car- 
bazates and semicarbazides. Of special interest in the chemistry of diaziridinones is the balance between 
nucleophilic ring opening with cleavage of the carbonyl carbon-nitrogen bond and oxidation-reduction ring 
opening with reductive cleavage of the nitrogen-nitrogen bond. 

I n  a search for new methods for the formation of the 
nitrogen-nitrogen bond, we have examined the effect 
of strong bases on 1-chloroureas, in analogy to the 
Favorskii reaction. Reaction occurs, a nitrogen- 
nitrogen bond is formed, and (contrary to our original 
expectations) the resulting 2,3-diazacyclopropanones 
(hereafter called diaziridinones)2 are, in a number of in- 
stances, isolable and moderately stable compounds. 
This paper describes the synthesis, evidence on struc- 
ture, and a number of reactions of this new class of 
compounds (Scheme I).3 

In  all cases examined to date, this route has suc- 
ceeded only when both R and R’ are tertiary alkyl 
groups. The 1-chloroureas may be isolated and 
characterized but in general good yields of diaziri- 
dinones are obtained without isolation of this species. 
Diaziridinones may also be prepared by reaction of the 
1-chlorourea in pentane with potassium but yields 
have been lower than by the t-butoxide route (Scheme 

Stereochemistry.-Possible spatial arrangements for 
114). 

(1) (a) Part I: F. D. Greene and J. C. Stowell, J .  Amer. Chem. Soc., 
(b) Financial support from the National Science Founda- 86, 3569 (1964). 

pl.1 u-1 

c-1 t.1 

the R groups of 1 are shown in pl-1, u-1, c-1, and t-1. 
In both pl-1 and u-1, a nitrogen lone pair of electrons 
is in a p orbital conjugated with the carbonyl a 
system. 

The usual delocalization effect in amides is a shift 
from the value of 1710 cm-l observed in simple ketones 
to 1650-1690 cm-l (1660-1695 cm-’ for ureas). An 

tion (Grant No. GP-5527) is gratefully acknowledged. amide in which delocalization from nitrogen to oxygen 
(2) For recent reviews of three-membered ring heterocyclic compounds, 

see (a) E. Schmitz, “Dreiringe mit Zwei Heteroatomen,” Springer-Verlag, 
Berlin, 1967; (b) I. Lengyel and J. C. Sheehan. AnQew. Chem., 80,27 (1968): 

(3) The methods are analogous to those used to prepare a-lactams; see 
ref 2b and H. E. Baumgarten, J. F. Fuerholzer, R. D. Clark, and R. D. 
Thompson, J .  Amer. Chem. Soc., 86, 3303 (1963). 

is d~sallowed by the orthogonality of the orbitah 
quinuclidone-2,5 shows carbonyl absorption at 1750 

Anoew. Chem. Intern. Ed. Enol., 7, 25 (1968). cm-l, -40 cm-l higher than a simple ketone. Cyclo- 

(5) €I. Pracejus, M. Kehlen, H. Kehlen, and M. Matschiner, Tetrahedron, 
(4) Nmr values are in parts per million downfield from TMS. 21, 2257 (1965). 


