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Anal. Calcd for  C I ~ H ~ ~ N O ~ :  C, 69.28; H, 8.36; N, 5.05. F o u n d  C, 
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Reactions of carbodiimide w i t h  aromatic aldehyde gave rise t o  the format ion o f  isocyanate and Schi f f  base via 
1,2 cycloaddition. In the  reaction o f  diphenylcarbodiimide w i t h  al iphatic aldehyde, n o  isocyanate a n d  Schiff base 
were obtained but 4-anilino-3-arkflquinoline (7a-c), 2,4-dianilino-3-alkylquinoline (8a,b), and 1,3-diphenyl-2,4- 
diphenylirnino-5-alkylpyrin-1idine (1 I)  were formed. T h e  format ion mechanisms o f  these products were discussed. 

Studies on the reaction of aldehydes with heterocumu- 
lenes such as isocyanates,l N- sulfinylan~ines,2 sulfurdi- 
imides,3 and ketenes4 have been reported. These reactions 
can be generalized as [2 + 21 cycloadditions to the carbonyl 
group of aldehydes, followed by decomposition into olefins. 

RN=X=Y + R’CHO --+ RN=CKR’ + Y = X d  
a , X = C ; Y = O  b, X = S ; Y = O  c , X = S ; Y = N R  

R2C=C=0 + RCHO --+ R,C=CHR’ + C 0 2  

These reactions are mainly limited to aromatic al- 
dehydes except for the reaction with ketene4 and sulfonyl- 
isocyanate.5 We now report some reactions of carbodi- 
imides with various aldehydes and the dependence of the 
reaction products on substituents in the aldehydes. 

Results and  Discussion 
Aromatic Aldehydes. The reaction of dipenylcarbodi- 

imide (la) with benzaldehyde (Za) a t  200° gave phenyl iso- 
cyanate (3a) and benzylideneaniline (4a) in 16 and 33% 
yields. The reaction using dicyclohexyl- ( l b )  and dibutyl- 
carbodiimide (IC) in place of la similarly afforded corre- 

Table I 
The Reaction of Carbodiimide with Aromatic Aldehydea 

R?;=C=iNR + ArCHO --+ RN=C=O + RNl=’CHAr 
1 2 3 4 

_ _ ~  
Yields, % *  

R Ar Time 3 4 

6 16 33 

cyclo-c&ii (lb) C&, 7 18 42 

_- 
CgH5 (la) C& (2a) 

n-C,H, ( I C )  ctiH5 7 9  20 

C6H5 4-Cl-C,H,(2b) 5 19 40 

a Reaction temperature 200”. b Based o n  aldehyde. 

sponding isocyanates, 3b,c, and imines, 4c,d, respectively 
(Table I). The formation of these compounds may be ex- 
plained by analogy with the reaction of other heterocumu- 
lenes with aldehydes. 

The significant difference in yields between isocyanates 
3 and imines 4 suggests that 3 formed initially reacts fur- 
ther with aldehydes to give 4. This is also supported by the 
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fact that the intensity of the absorption at  2275 cm-l due 
to the N=C=O group increased over a period of several 
hours and then decreased gradually in the course of the 
reaction. 

Aliphatic Aldehyde. The reaction of diphenylcarbodi- 
imide ( la )  with aliphatic aldehyde did not lead to isocyan- 
ates and imines, Quinoline and pyrimidine derivatives were 
isolated as main products. The reaction of l a  with n- butyr- 
aldehyde (2d) a t  200° for 5 hr gave 4-anilino-3-ethylquino- 
line (7b), 2,4-dianilino-3-ethylquinoline (8b), and N,N'- 
diphenylurea (9) in 30, 10, and 14% yields, respectively. 

PhN=C=NPh + RCHLCHO - zooa 

l a  2c, R = CH,(CH,), 
d, R = CaHj 
e. R = CH, WR + WNHPh R + 

NHPh NHPh 
7a, R = CH,(CH,), 8a, R = CH,(CH,), 

b, R = C,H, 
c, R = C H ,  

b, R = C2H5 

PhNHCONHPh + PhNHCXHPh 
II 
NPh 

9 10 

The structure of 7b was confirmed by comparison with a 
sample prepared by an independent method.6 

The structural assignment of 8b was based on its ele- 
mental analysis and spectral data. The mass spectrum ex- 
hibits the molecular ion at m/e 339 and nmr the spectrum 
is very similar to that of 7b except for disappearance of the 
C-2 proton at  6 8.75 and appearance of the six protons, 
which correspond to the phenyl protons ( 5  H) and anilino 
NH (DzO exchangeable) in the aromatic region. Hence the 
structure of 8b was identified as 2,4-dianilino-3-ethyl- 
quinoline. 

With n-octanal (2c) the reaction only with excess la was 
different; 1,3-diphenyl-2,4-diphenylimino-5-n- hexylpyri- 
midine ( I  I) was obtained in 29% yield along with 7a (38%), 
9 (IO%), and 10 (34%). The product 11 contains two strong 
absorption bands at  1610 and 1640 cm-l due to the C=N 
bond in the ir spectrum and two multiplets a t  6 0.70-1.40 
(13 H, methyl and methylene protons) and b 5.95-7.15 (21 
H, phenyl and olefinic protons) in the nmr spectrum. The 
mass spectrum exhibits a molecular ion peak at  mle 498 
(base peak), mle 213 (C14H17N, 51%), and other peaks as 
shown below. 

XPh 1' 
- PhNCNPh m/e 304 (24%) 

I II -- m/e 213 (51%) 

II 
Ph--N/C'C--C,H, j -phN('(Yph)yph 

* m/e 110 (5.4700) PhiY=C\ /CH -1ZPhKChTh N 

Ph 
I 

11. - molecular ion 
m / e  498 (base peak) 

(CHJ,ClI, 

-CH 
J 

m/e 455 (35%) *L m/e 441 ( 2 4 % )  2 m/e 421 (19%) 

Thus, these spectral data are consistent with structure 
11. Furthermore, the structure was confirmed by the fol- 

lowing chemical properties. Acidic hydrolysis of 11 in aque- 
ous ethanol led to 1,3-diphenyl-5-n- hexyluracil (12): nmr 
(CDC13) 6 0.65-2.50 (13 H, m, methyl and methylene), 7.0 
(1 H, s, vinylic7), 7.05-7.50 (10 H, m, aromatic); ir 1715 and 
1665 cm-l (C=O). 

Ph 
I 

II 
0 

12 

The yields of the reaction products from carbodiimide 
and aliphatic aldehydes are summarized in Table 11. 

Two pathways (path A and B) for the formation of these 
products are conceivable. As shown in Scheme I, path A 

Scheme I 

PhN=C=NPh + RCH,CHO 

1 LPhNH-CH=CHRJ 

13 16 

1 Ph--N--C=NPh /R 
PhNH-CH=C [ H ~ = ( ! R  j [ )('=XPh 

Ph--NH 
14 17 

15 

I 

r t :  

18 

I lPhN===C=NPh 

7a, R = CH,(CH,), 11, R = CHJ(CH,), b. R = C I H ,  
b, R = C,H, 
c, R =CHJ 

can be accounted for by addition of l a  to RCH,CHO, de- 
hydration, ring opening to the iminoketenimine derivative 
15, followed by intramolecular cycloaddition to give 7 and/ 
or 1,4-cycloaddition of 15 across the C=N double bond of a 
second molecule of la to afford 11. A similar mechanism 
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Table I1 
Reaction of Diphenylcarbodiimide with 

Aliphatic Aldehyde ' 

Yields, % 
-__ Molar ratio of 

carbodiimide 
No. R to aldehyde 7 a  E b  9"  10' L l b  

1t-CgH13 1:1 25 28 2 52  1 
2 Z-CsHi, 2:1 38 10 34 29 
3c CZH, 1:l 30 10 14 
5Ic C& 2:1 24 12 96 

C H3 1:l 34 6 

sealed tube. Aniline was isolated in 18% yield. 

5 C ,  d 

a Based on aldehyde. Based on carbodiirnide. c Reacted in a 

for formation of a quinoline derivative has been reported in 
the reaction of phenyl isocyanate with ynamines.8 

In path B, [2 + 21 cycloaddition of la to carbonyl group 
and subsequent ring scission of the cycloadduct would sim- 
ilarly take place to give isocyanates and imines 16. The re- 
sulting imines 16, which are in equilibrium with enamines, 
would further react with la to yield 17, followed by the for- 
mation of iminoketenimine with elimination of aniline, 
which reacts with la and generated phenyl isocyanate to 
yield triphenylguanidine (10) and diphenylurea (S), leading 
to 7 and/or 11 and intramolecular cyclization to 18 and 
subsequent oxidation to the 2,4-dianilinoquinoline deriva- 
tive 8. Since the formation of aniline and 8 is difficult to 
explain by path A, path B seems preferable. Furthermore, 
the above observation is in agreement with the fact that the 
4-anilinoquinoline derivative and aniline were obtained 
from la and acetophenone ani1 under similar ~ o n d i t i o n . ~  

Experimental  Section 

General. All melting points were determined on a Yanagimoto 
micro melting apparatus and are uncorrected. The ir spectra were 
recorded on a Jasco IR-E spectrometer. The nmr spectra were ob- 
tained on a JEOL JNM-3H-60 and JEOL JNM-PFT-100 spec- 
trometers with TMS as an internal standard. The mass spectra 
were taken with a Hitachi RMIJ-6E spectrometer. 

Materials. Diphenylcarbodiimide'O and di-n- butylcarbodiim- 
ideii were prepared according to the established procedures. 

Reaction of Carbodiimide 1 with Aromatic Aldehyde 2. All 
reactions of carbodiimides la-c with aromatic aldehydes 2a,b list- 
ed in Table I were carried out by the same procedure. Hence, the 
reaction of diphenylcarbodiimide (la) with benzaldehyde (2a) will 
be described in detail as only one example of them. 

A mixture of la  (4.90 g, 0.025 mol) and 2a (2.70 g, 0.025 mol) was 
heated at  200' for 6 hr without solvent under nitrogen atmosphere 
and then distilled. The first fraction, bp 82-90' (29 Torr), contain- 
ing phenyl isocyanate (3a) and unreacted 2a was refluxed for 5 hr 
in absolute methanol (30 ml). After removal of excess methanol, 
the residue was distilled to give 2a (1.6 g, 59%, bp 84-86' (32 
Torr)) and 0- methyl-N- phenylurethane (0.60 g, 16%, obtained 
from the residue after distillation). The second fraction, bp 120- 
153' (1.0 Torr), containing 4a and unreacted la, was heated with 
99% ethanol (50 ml) in the presence of CH30Na (0.1 g) for 8 hr. 
After ethanol was evaporated, the residue was washed with ben- 
zene. After the benzene insoluble product, N , N -  diphenylurea, was 
filtered off, the filtrate gave benzylidineaniline (4a, 1.50 g, 39%), 
which was recrystallized from ethanol to afford pure 4a, mp 51- 
51.5' (ELi2 52'). 

Reaction of Diphenylcarbodiimide (la) with n-Butyral- 
dehyde (ad). A mixture of la  (6.40 g, 0.033 mol) and 2d (2.16 g, 
0.03 mol) was heated at  200' for 5 hr in a sealed tube without sol- 
vent. After cooling, the reaction mixture was dissolved in benzene 
(20 ml) and chromatographed on neutral alumina using benzene 
and benzene-ethanol (98:2) as eluent. The first fraction afforded 
2,4-dianilino-3-ethylquinoline (8b, 0.50 g, 10%) which was recrys- 
tallized from benzene-hexane to give a pure sample: mp 177.5- 
178'; ir (Nujol) 3365, 1593, 1570, 1535 cm-'; nmr (CDC13) 6 1.15 (t, 
3, J = 7.2 Hz, CH3), 2.68 (q, 2, J = 7.2 Hz, CHz), 5.55 (s, 1, NH, 
DzO exchangeable), 6.5-7.9 (m, 15, aromatic protons and anilino 

NH on C-2, one Dz0 exchangeable); mass spectrum (70 eV) 339 
(M+), 324,310,219,156, 128. 

Anal. Calcd for C23H~iN3: C, 81.38; H,  6.24; N, 12.38. Found: C, 
81.82; H. 6.21; N, 12.18. 

The second fraction afforded 4-anilino-3-ethylquinoline (7b, 
2.20 g, 30%), which was recrystallized from benzene: mp 177-178'; 
ir (Nujol) 3140, 1610, 1595, 1560, 1515 cm-l; uvmaX (95% ethanol) 
249 ( t  39,500), 290 nm ( t  8100); nmr (CDC13) 6 1.23 (t, 3, J = 7.25 
Hz, CH3), 2.73 (9, 2, J = 7.2 Hz, CHz), 6.02 (s, 1, NH, Dz0 ex- 
changeable), 6.6-8.15 (m, 9, aromatic protons), 8.75 (s, 1, proton on 
C-2;13 mass spectrum (70 eV) m/e 248 (Mc), 233, 219, 271, 156, 
128. 

Anal. Calcd for C17H16N2: C, 82.22; H, 6.50; N, 11.28. Found: C, 
82.48; H, 6.44; N, 13.43. 

The third fraction afforded 9 (0.90 g, 14%); mp 234.5-235' (lit.15 
234-235'). 

The reaction using la  in double the molar quantity of 2d gave 
Sb, 7b, and 9 in 12, 24, and 96% yields, respectively. 

Reaction of Diphonylcarbodiimide ( la)  with n-Octylal- 
dehyde (2c). The reaction was carried out as described above 
using la (7.80 g, 0.04 mol) and 2c 95.10 g, 0.04 mol). After similar 
treatment, 2,4-dianilino-3-n- hexylquinoline (8a), 4-anilino-3-n- 
hexylquinoline (7a), 9, and 10 were obtained in 2.20 g (28%), 3.00 g 
(25%), 0.09 g (2%) and 3.00 g (52%) yields, respectively. 

8a had mp 128-129'; ir (KBr) 3365,2940,1593,1570,1500 cm-'; 
nmr (ccl4) 6 0.5-2.7 (m, 13, n-C6H13), 5.49 (s, 1, NH), 6.4-7.8 (m, 
15, aromatic protons and one NH). 

Anal. Calcd for C27H29N3: C, 81.98; H, 7.39; N, 10.62. Found: C, 
82.17; H, 7.50; N, 10.42. 

7a had mp 140.5-141O; ir (KBr) 3160, 2940, 1598, 1563, 1520 
cm-I; nmr (CDC13) 6 0.6-2.7 (m, 13, n-CsH13), 6.13 (s, 1, NH), 6.6- 
7.75 (m, 9, aromatic protons), 8.78 (s,1, proton on C-2). 

Anal. Calcd for C21H~4Nz: C, 82.82; H, 7.95; N, 9.20. Found: C, 
83.02; H, 7.68; N, 9.20. 

The reaction using la  in double the molar quantity of 2c gave 
1,3-diphenyl-2,4-diphenylimino-5-n- hexylpyrimidine (1 1) in 29% 
yield along with 7a (38%), 9 (lo%), and 10 (34%). 

1 1  had mp 105-106'; ir (KRr) 2940, 1640 (C=N), 1610 (C=N) 
cm-'; nmr (cc14) 6 0.8-1.6 (m, 13, n-C6Hi3), 5.95-7.1 (m, 21, aro- 
matic protons and a proton on C-6); mass spectrum (70 eV) mle 
498 (M+), 455,441,427,413,304,213,110. 

Anal Calcd for C34H34N4: C, 81.89; H, 6.87; N, 11.24. Found: C, 
82.02; H, 6.86; N, 11.19. 

Acid Catalyzed Hydrolysis of 11. A solution of 11 (1.0 g, 0.002 
mol) in ethanol was refluxed for 10 hr in the presence of concen- 
trated hydrochloric acid (0.5 ml). After removal of solvent, the res- 
idue was extracted with benzene, washing with water, and dried 
over sodium sulfate. 'The benzene layer gave 1,3-diphenyl-5-n- hex- 
yluracil (12) in 0.75 g (100%) yield: mp 116-117'; ir (Nujol) 1713 
(c=0) ,  1665 (c=o) cm-'; nmr (cc14) 6 0.75-2.5 (m, 13, n-C~H13), 
7.00 (9, 1, vinylic proton), 7.05-7.65 (m, 71, aromatic protons); 
mass spectrum (70 eV) mle 348 (M+), 229,202, 146,119. 

Anal Calcd for CzzHz402Nz: C, 75.83; H, 6.94; N, 8.04. Found: 
C, 75.57; H, 6.96; N, 7.64. 

Reaction of Diphenylcarbodiimide (la) with Propional- 
dehyde (2e). The reaction was carried out as described above 
using la (5.80 g, 0.03 mol) and 2e (1.80 g, 0.03 mol). After similar 
treatment, 9, aniline, and 4-anilino-3-methylquinoline (7c) were 
obtained in 0.35 g (6%), 0.65 g (18%), and 2.40 g (34%) yields. 

7c had mp 204-205'; ir (Nujol) 3136, 1610, 1560, 1545, 1513 
cm-l; uv,,, (95% ethanol) 251 nm ( t  33,000), 291 ( t  8500); nmr 
(CDC13) 6 2.28 (s, 3, CH3), 6.15 (s, 1, NH, D20 exchangeable), 6.6- 
8.15 (m, 9, aromatic protons), 8.68 (s, 1, proton on C-2); mass spec- 
trum (70 eV) m/e 234 (M+), 219, 157,128. 

Anal. Calcd for C16H14N2: C, 82.02; H, 6.02; N, 11.96. Found: C, 
82.27; H, 6.24; N, 11.90. 

Preparation of 2-Anilino- and 4-Anilinoquinolines. These 
quinoline derivatives were prepared from quinoline 1-oxide, ani- 
line, and p- toluenesulfonyl chloride according to the method of 
Hamana and coworker.6 After a solution of quinoline 1 oxide (1.40 
g, 0.0097 mol), p-toluenesulfonyl chloride (1.90 g, 0.01 mol), and 
aniline (1.80 g, 0.019 mol) in chloroform (50 ml) was allowed stand 
at  room temperature for 24 hr, chloroform was removed in uacuo 
and to the resulting residue was added exces8 aqueous sodium car- 
bonate, followed by extracting with ether. The ether extract was 
washed with aqueous 10% HC1 solution and the aqueous portion 
was neutralized with sodium carbonate, followed by extraction 
with ether. After removal of ether, the residue was chromato. 
graphed on alumina to give 0.88 g (40%) of 2-anilinoquinoline (mp 
98" (lit.6 98'); nmr (DMSO-de) 6 6.0-8.0 (m, aromatic protons and 
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NH proton)) and 0.26 g (12%) of 4-anilinoquinoline (mp 196-197O 
(lk6 196-197’); nmr (DMSO-de) 6 6.9-8.2 (m, 11, aromatic pro- 
tons and one NH proton), 9.4 (s, 1, a proton on C-2)). 

Preparation of Authentic 4-Anilino-3-ethylquinoline. The 
reaction was carried out as described above using 3-ethylquinoline 
1-oxide (1.70 g, 0.0098 mol), p-toluenesulfonyl chloride (1.90 g, 
0.01 mol), and aniline (1.80 g, 0.019 mol). After similar treatment, 
4-anilino-3-ethyl-qinoline, which was consistent with 7b obtained 
above, was isolated in 0.56 g (23%) yield. 
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A series of 4-acyl-1-methylthiabenzene 1-oxides are prepared by the reaction of 3-ethoxymethylene-2,4-pen- 
tanedion’e, ethyl 2-(ethoxymethylene)acetoacetate, diethyl ethoxymethylenemalonate, and 2-acetyl-3-methoxy-2- 
cyclohexen-1-one with dimethyloxosulfonium methylide. Spectral (ir, uv, and nmr) and chemical (deuterium ex- 
change, bromination, and nitration) studies suggest that the 1-oxides are represented by cyclic ylidic structures, 
in which a negative charge is located on the C-2, (2-4, and C-6, and the carbonyl oxygen atom, but both the car- 
banionic and betaine-like characters are considerably lowered. 

1-Methylthiabenzene 1-oxides (l) ,  characterized as het- 
erocycles with six 7r electrons in the ring, were first pre- 
pared in 1965 from acetylenic ketones and dimethyloxosul- 
fonium methylidel and later by utilization of acetylenic es- 
t e m 2  More recently, it  has been shown that some @-dike- 
tones3 or @-ethoxyvinyl ketones4 can also. be used in place 
of acetylenic compounds. Hortmann and Harris1 have sug- 
gested cyclic ylid structures for 3,5-disubstituted thiaben- 
zene 1-oxides (1) on the basis of the nmr (lH and 13C) spec- 
tral and chemical (deuterium exchange) investigations. Es- 
sentially the same conclusion has been reached by Kishida 
and Ide, who have investigated 6-benzoyl-3-hydroxyl-l- 
methyl-5-phenylthiabenzene 1-oxide and its derivatives by 
nmr spectroscopy and deuterium exchange studies2 as well 
as X-ray a n a l y ~ i s . ~  These results are in fundamental con- 
trast to those of thiabenzenes which have been believed to 
have aromatic character.6 

In connection with our interest in the chemistry of the 
ylides stabilized by a,@-unsaturated carbonyl groups,7 we 
have synthesized a series of 4-acyl-1-methylthiabenzene 1- 
oxides (2).8 These compounds have been found to have in- 
teresting spectral and chemical properties which provide 
further information on the electronic nature of the thiaben- 
zene 1-oxide nucleus. 
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Syntheses 

4-Acyl-1-methylthiabenzene 1-oxides (6 and 7) were syn- 
thesized by reaction of 3-ethoxymethylene-2,4-pentane- 
dione (3) and ethyl 2-(ethoxymethy1ene)acetoacetate (4) 
with 2 M equiv of dimethyloxosulfonium methylide (5) in 
dimethyl sulfoxide a t  room temperature in 33 and 12% 
yields, respectively. This method could be successfully ap- 
plied to the synthesis of thiabenzene 1-oxide 12 by the use 
of 2 M equiv of dimethyloxosulfonium carbethoxymethyl- 
ide (10) in place of 5. 

If equimolar quantities of 5 and 3 were used, the thi- 
abenzene 1-oxide 6 was not formed, but instead, methyl 
2,3-dihydro-3-ethoxy-5-methyl-4-furyl ketone (8) and 
methyl 2-methyl-3-fury1 ketone (9) were obtained in vari- 
able yields. The longer reaction time increased the yield of 


