
373K, and 1.63 cal K - '  mol- '  at 393K. The broken 
curve goes through the smoothed values from Table I V  of 
Criss and Cobble (3), represented by the circles. Any 
smooth curve through these points must have a peculiar 
inflection near 323K. 

The agreement between the values of Criss and Cobble 
and those computed from experimental heat capacities 
and our equation is remarkable. Even more remarkable is 
that when calorimetric quantities at 298K are omitted and 
all of the parameters of our equation are determined from 
solvent activities, the maximum deviation from Criss and 
Cobble is only 3.0 cal K-' mol- ' .  This requires that the 
fourth derivative of G E / R T  with respect to temperature be 
approximately correct. This is possible only for an equa- 
tion derived from accurate solvent activities over a wide 
temperature range. 
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Synthesis and Spectral Data for Some Derivatives of 
N-Aryloxamic Acid Hydrazides 

Richard J. Cremlyn 
Department of Chemical Sciences, The Hatfield Polytechnic, Hatfield, Hertfordshire, England 

By condensation of diethyl oxalate with aromatic amines, 
21 ethyl N-aryloxamates were prepared. Subsequent 
reaction with hydrazine afforded the corresponding N- 
aryloxamic acid hydrazides; these were converted into 80 
hydrazones, 10 N-phosphoryl, 26 N-sulfonyl, nine N, N- 
dimethylcarbamoyl, and six N-ethoxycarbonyl derivatives. 
The ir and nmr spectral data of the various compounds 
and their biological activities are presented. 

condensation of the arylamine with diethyl oxalate fol- 
lowing the method of Pierce et al. (22): 

RNH 
(C02C2H& 1, R*NH*COCO2C2H5 + RNHCOCONHR 

(11) (IV) 
y 2 H 4 H * 0  

R'R"C0 
RNHCOCONHN=CR'R" - RNHa.COCO.NH,NH2 

(111) (1) 

The N-aryloxamic acid hydrazides ( I )  (Table I I )  were The hydrazides ( I )  were converted into hydrazones 
( I  I I )  (Table I I I )  by treatment with the appropriate carbon- 
yl compound: the reaction was catalyzed by a trace of io- 

obtained by hydrazinolysis of the appropriate ethyl N-aryl- 
oxamate ( 1 1 )  (Table I )  ( 2 4 ) .  The latter were prepared by 
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dine (27). o-Nitrobenzaldehyde, benzylideneacetone, and 
cinnamaldehyde oxanilic acid hydrazones were photo- 
chromic (white or cream - yellow or orange on expo- 
sure to uv light). 

Some of the hydrazides (I) were converted into the 
corresponding N-phosphoryl (Table IV ) ,  N-sulfonyl (Table 
V), N,N-dimethylcarbamoyl (Table V I ) ,  and N-ethoxycar- 
bony1 derivatives (Table V I ) .  These derivatives were, re- 
spectively, of interest as potential insecticides ( 9 ) ,  fungi- 
cides ( 8 ) ,  and herbicides ( 7 7 ) .  

The ir spectra of ethyl N-aryloxamates (Table I )  
showed a strong, generally sharp, N-H stretching ab- 
sorption in the region 3370-3220 cm- '  (3) and two 
strong carbonyl bands at 1740-1 715 ( C O Z C ~ H ~ )  and 
1715-1690 (CONH) cm- ' .  The slightly higher value of 
the frequency of the latter absorption (3) is probably due 
to the presence of the aromatic ring on the amide nitro- 
gen atom. 

The N-aryloxamic acid hydrazides (Table I I )  showed 
two strong N-H stretching bands in the regions 3360- 
3280 and 3330-3180 cm-  l ,  together with a generally 
single amide carbonyl absorption appearing at a lower 
range of 1690-1665 c m - I  as compared with the oxa- 
mates, probably associated with the more effective elec- 
tron-releasing power of the hydrazino group. 

The corresponding hydrazones (Table I I I )  exhibited 
two similar N-H bands in the same regions, indicating 
that these absorptions are probably associated with the 
amide and hydrazino NH groups rather than the NH2 
group; the amine carbonyl band is similar to that of the 
hydrazides so that both the hydrazides and the hydra- 
zones generally only show one carbonyl ir band. The N- 
phosphoryl derivatives (Table IV )  showed additional 
bands at 1240-1220 (P=O) or 740, 710 (P=S) ( 4 ) ;  oth- 
erwise, the NH and CO bands are similar to those of the 
hydrazides. 

The ir spectra of the N-sulfonyl derivatives (Table V)  
contained two additional bands at 1365-1330 and 11 75- 
1160 c m - I ,  arising from the S-0 stretching vibrations 
in the SO2 group (5). These compounds also usually 
showed two carbonyl bands in the regions 1730-1710 
and 1690-1670 c m - I ,  indicating that the introduction of 
the arylsulfonyl group has sufficiently altered the envi- 
ronment of the two carbonyl groups so that they give rise 
to two distinct absorption bands. 

The N,N'-dimethylcarbamoyl derivatives (Table VI)  
also showed two carbonyl bands, though at lower 
frequencies (1690-1675 and 1670-1650 c m - l ) .  The eth- 
oxycarbonyl derivatives (Table V I )  showed only one 
N-H stretching absorption in the region 3290-3280 
c m - I ,  reflecting the much more similar environment of 
the NH groups in these compounds, which also showed 
two carbonyl bands at 1730-1725 ( C O Z C ~ H ~ )  and 1680- 
1655 c m - '  (CONH). 
No clear correlation could be observed between the 

nature of the substituents attached to the aromatic nucle- 
us and the carbonyl stretching frequencies, owing to the 
complex nature of the spectra, as has been observed (6) 
with substituted urea derivatives. 

The nmr spectra of the ethyl oxamates ( 1 1 )  (Table I) 
showed normal signals for the ethyl group, but the NH 
proton signals appeared at very low field (0.6-0.9 T ) .  

This results from the deshielding effect of the aromatic 
nucleus which is enhanced by the powerful electron-with- 
drawing influence of the adjacent carbonyl function, and 
the introduction of electron-withdrawing substituents into 
the aromatic nucleus moved the Nt-J proton signal slightly 
further downfield (Table I ) .  In the N-aryloxamic acid hy- 
drazides (Table II) ( I) ,  the proton (Ha) of the amino 
group directly attached to the aromatic nucleus is more 
strongly deshielded than the proton (Hb), and these two 
protons generally give separate signals in the regions of 

Table I. Physical Properties and Spectral Data for Ethyl N-Aryloxamatesa 
R-NH-CO . C02C2Hj 

( 1  1) 

I r  spectra Nrnr spectrab 
Molecular Yield, -~ 
formula R MP, "C % vN--H,crn-' vC=O,crn-l NUT Are T 

66-68 [lit. (22) 66-67] 
33-40 [lit. (21)  401 
60-61 [lit. (18) 60-611 
67-69 [lit. (19) 66-67] 
112 [lit. (12) 112-1131 
151-152 [lit. (1) 147-149.51 
168-169 [lit. (23) 170-1711 
83-85 [lit. (16) 83.51 
96-98 [lit. ( 1 7 )  971 
105-108 [lit. (26) 107-1091 
50 [lit. (14) 42-45] 
110 [lit. (23) 113-1141 
150-152 [lit. ( 7 )  1551 

118-119 [lit. ( 7 )  1191 
178-179 [lit. (2 )  1741 
72-73 [lit. (19) 71-73] 

160-1628 

212-214 
226-228 
163-165 
120-122 [lit. (25) 112-1131 

64 
34 
37 
35 
90 
64 
41 
52 
67 
88 
16 
87 
75 
55 
50 
60 
43 
48 
10 
51 
62 

3370 br 
3365 
3360 
3360 
3220 br 
3280 
3340 
3380 
3370 
3280 
3310 
3330 
3270 
3350 
3340 
3340 
3220 br 
3330 
3200 br 
3340 
3370 

1730, 1710 0.8c 
1740, 1715 0.8d 
1740, 1715 0.8d 
1740, 1715 0.9"e 
1730, 1700 0.6 
1730, 1700 0.7 
1730, 1710 0.66 
1725, 1710 
1725, 1710 
1730, 1715 
1715, 1710 0.7 
1715, 1700 0.8 
1725, 1690 0.7e 
1730, 1705 
1725, 1700 0.6 
1730, 1700 0.7 
1740, 1710 0.6 
1730, 1715 
1725, 1710 
1725, 1700 
1740, 1705 

2.2-2.8 (5) 
2.1-2.8 (4) 
2.1-3.9 (4) 
2.3-3.1 (4) 

1.4-2.6 (4) 
1.6-2.2 (4) 

1.2-2.0 (4) 

2.2-2.8 (4) 
2.2-2.9 (4) 
2.2-2.8 (4) 

1.6-2.1 (3) 
1.7-2.2 (3) 
2.1-2.8 (4) 

a Elemental analyses (C,H,N) in agreement with theoretical values were obtained and submitted for review. All compounds 
showed ethyl groups as a quartet C H ?  (5.5-5.6 T )  and a triplet C H 3  (8.6-8.7 T ) .  N,Nl-diphenyloxamide by-product had signals at  -0.8 7 

(2 NH) and 2.0-2.97 (10ArH). d Methyl groups attached to aromatic nucleus signal at 7.77. e A r H  signals as two characteristic doublets. ' Obtained by nitration of ethyl oxanilate (12) .  Q Fawn plates. 
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-1.4 to -0.5 and -0.8 to -0.2 7, respectively. The sig- accordingly signaled at appreciably higher field (5.0-5.4 
nals for Ha generally moved slightly further downfield 7). 
when electron-withdrawing substituents were present in The nmr spectra of the acetone oxamic acid hydra- 
the aromatic nucleus (Table 1 1 ) .  The protons of the pri- zones (Table I l l )  showed an additional sharp doublet 
mary amine group ("2) are much less deshielded and (7.9, 8.1) owing to the protons of the (C&)?C= group. 

Table II. Physical Properties and Spectral Data for N-Aryloxamic Acid Hydrazidesn 
R-NH.CO.CO. NHb-NHz 

(1) 

Ir spectra 
~ Nrnr spectra, T 

Molecular Yield, vN-H, 
formula R MP, "C % cm-l ~C=O,cm-l NE, NHb Nlj? ArE 

C8HoN802 CgHj 214-215 [lit. ($4) 217) 68A 3330, 3310 1670 -0.6 -0.3 5.4 2.0-2.8(5) 
CgHiiN302 2-MeCsH4 154 73A 3325, 3300 1720, 1675 -0.7 (2)b 5.5 2.2-2.9 (4) 
CgHiiN302 3.MeCsH4 152-153 906 3320, 3310 1670 -0.5 (2)b 5 .4  2.3-3.1 (4) 
CoHiiN302 4-MeCsHd 218-220 [lit. (20) 212-2131 89A 3320, 3280 1670 -0.6* -0.2 5.3 2.1-2.9(4)~ 

CsHgNaOi 3-NO?CsH4 224-225' 79C 3325, 3280 1670 -1.0 10.5 5.3 1.6-2.4(4) 

CsHsCIN302 2-cIc~H4 154-156 [lit. (20) 150-1521 70A 3300, 3250 1695 -1.1 -0.6 5.3 1.6-2.2 (4) 
CBHsClNaOy 3.CICsH4 198 [lit. (20) 199-2011 856 3340, 3290 1660 -0.8 (2) 5.3 1.8-2.3 (4) 
C3HaCIN3Oj 4.CICsH4 273-275 [lit. (20) 265-2681 75D 3350, 3330 1700, 1670 -1.0 (2) 5.3 2.0-2.7 (4)c 

CBHsN4Oa 2-NOzCsHa 258-260d 28C 3300, 3260 1665 -1.2 -0.7 5.0 1.2-2.0 (4) 

CsHrN404 4.NO2C6Hf 243-244d [lit. (24) 2731 43C 3280, 3180 1670 br -1.1 -0.6 5.2 1.3-1.7 (4)c 

CoH11N30, 2-MeOC6Ha 167-170 [lit. (20) 162-1631 62B 3360, 3310 1700,1670 br 
CgHllN303 3-MeOC6Ha 154-155 86A 3315, 3280 1670 
CBHllN303 4-MeOCGH4 236-238 [lit. (20) 228-2301 88A 3325, 3290 1670 
Ci4H 13N:Oz 4-CsH iNzCsH4 270-272e 70A/E 3340, 3300 1670 
CsH7CI2N30? 2,4CI2CsH3 230-231 (lit. (20) 221-2231 70A 3300, 3240 1690 
CsH$IzN30? 3,4CI&sH3 253-255 70A 3320, 3280 1700, 1660 

C,HsN40z 4.Pyridyl 148-150 456 3330, 3280 1680 
C11H10N402 3.Quinolyl 218-220 776 3320, 3260 1690, 1665 
C14H 13N30? 2- Diphenyl 162-164 61A 3320, 3280 1665 

C7HsN402 2-Pyridyl 190-193' [lit. (20) > 3001 65A 3340, 3280 1685 -1.4 -0.8 5.1 2.3-2.9(4) 

Elemental analyses (C,H,N) in agreement with theoretical values were obtained and submitted for review. bAr-CH3 signals at 
Melts and resolidifies to a solid mp > 300". 7.7-7.8 T .  ArH signals as two characteristic doublets. 

Solvents used for crystallization: A, EtOH; 6, MeOH; C, dioxan; D, tetrahydrofuran; E, dirnethylformarnide. 
Cream prisms. e Orange plates. 

Table 111. N-Aryloxamic Acid Hydrazonesit 

R' . .  

~ N H ; C O C O N H b -  N=CR2R3 

Molecular 
formula R' R2 R3  

Yield, I r spectra 

MP, "C % vN-H, cm-l vC=O, crn-1 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
2-Me 
2-Me 
2.Me 
3-Me 
3-Me 
3-Me 
3.N02 
2-CI 
2-CI 

Me Me 
H 2- NOzCeH 4 

-(CHz)s- 
Me CsHj 
H CeHjCH=CH 
Me C6HsCH=CH 
H 4-NOsC6Hr 
H 2-OHCsHa 
H 3,4ClzCsH3 
H 4.OHCsH4 
Me Me 
H 2- N O K  gH 4 

-(C H?):- 

-(C H 2)s -  

Me Me 

H 2- NOzCeH 4 

Me CeHj 
Me Me 
H 2-N OBC~H 4 

200-201 [lit. (24) 2lOI5 
250 
189-191 
233 [lit. (24)  2371 
228 
233-224 
225 
158-159 
166-168 
180-181 
1 4 1 c  
260-262 

174-176 
161-162 

173-174 
206-207 
221-224 
131-132 
229-231 

68 3300 br 1670 
61 
72 
53 
52 
69 
61 
47 
55 
70 
29 3280 br 1670 
82 
42 
66 
85 
90 
37 
41 3320, 3290 1670 
52 
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Table 111. (Continued) 

Molecu la r  
f o r m u l a  R1 R2 R3 

2-CI 
3-CI 
3-C I 
3-CI 
3.CI 
4-CI 
4-CI 
4-CI 
4-CI 
4-CI 
4-CI 
4-CI 
4-CI 
4-CsHjN2 
3 -Me 
3.Me 
3 -Me 
3 -Me 
4 -Me 
4-M e 
4-Me 
4-Me 
4-M e 
2-NO. 
3-NO2 
4-NO2 
3-NO2 
3.NOZ 
4-CijHjN? 
~ - C B H : N ~  
4-CaH :N 2 

2 - M e 0  
2 - M e 0  
2 - M e 0  
2 - M e 0  
2 - M e 0  
3 - M e 0  
3 - M e 0  
3 - M e 0  
3.Me0 
4 - M e 0  
4 - M e 0  
4-M e0  
4 - M e 0  
2-CsH: 
2-CsH; 
2-CsH; 
2 - M e 0  
3 - M e 0  

2-Pyr idy l  
2-Pyri d y l  
2-Pyr idy l  
2-Pyr idy l  
3-Qu i noly l  
3-Qu i noly l  
3.Qu i noly l  
3.Qu i noly l  
3,4CI 2CeH3 
3,4c I .?c 6 H 3 

3,4CIiCsH3 
2,4CI?CsH, 
2,4cI 2CsH3 

MP, OC 

121-123 
218-220 
227-228 
210 
200 
266-26 8d 
256-258 

269-270 
290 
259-260 
278 

292-294 

281-282 
259-260 
192-193 
197 
214-216 
250-252 
200-201 
265-266 
199-201 
220 
275-276 
241 
250-255 
243-244 [lit. (24) 3101 
250 
242 
263-264 
236-239 
266-268 
125 
233-234 
235-238 
159-160 
208-210 
186-187 
178 
220-221 
191-192 
220-222 
196-198 
251-252 
227-228 
161-163 
198-199 
214-215 
265 
225 

Othe r  N-ary loxarn ic  a c i d  hydrazoneso 
R'-N H COCON H-NzCRzR3 

M e  M e  146-147 
H 3,4cI?C~H3 221-223 
H 2-N02CsH4 215-216 
-(C H 2)4- 171-172 

M e  M e  232-235 
-(C H 2)4- 235-236 

H 3,4ClzCsHj 310-312 
M e  M e  235-237 

H 2- N o ? C  sH 4C H=C H 270 

H 3CsH3 250 
-(C H 2):- 219-220 

M e  M e  231-233 
H 2-NOrCsHc 250 

Yield,  
% 

35 
75 
88 
55 
55 
62 
73 
84 
85 
76 
84 
89 
77 
86 
82 
68 
90 
65 
83 
87 
92 
75 
93 
67 
65 
84 
81 
85 
90 
82 
73 
45 
72 
86 
65 
80 
76 
75 
86 
80 
58 
55 
77 
60 
57 
85 
85 
70 
65 

~ 

86 
75 
85 
70 
85 
70 
88 
87 
73 
84 

62 
45 

Ir spec t ra  

uN-H, c rn- l  vC=O, c r n - l  

3300, 3280 

3320, 3280 

3340, 3300 

3280 b r  

3320, 3250 

3330, 3260 
3300, 3260 

3320, 3270 

3360, 3290 
3320, 3280 

3340, 3270 
3310, 3280 

3360, 3340 

3340,3310 

3300, 3200 

3310, 3260 

3340, 3260 

3280 br 

1665 

1670 

1670 

1680 

1670 

1670 
1665 

1670 

1680 
1665 

1670 
1675 

1685 

1680 

1670 

1665 

1680 

1665 

a Elemen ta l  analyses (C,H,N) i n  a g r e e m e n t  w i t h  theore t ica l  va lues were  o b t a i n e d  a n d  s u b m i t t e d  fo r  review. Nrnr spect ra:  -0.8 T 

(NH, 2), 2.0-2.9 (Arf i ,  5) d o u b l e t  8.0-8.1 T [(CH:J2C=]. -0.2 ( N H  &), 0.6 (NHbJ, 2.0-2.8 (ArH, 4) d o u b l e t  7.9-8.1 7 l(CH3)?C=l. -1.0 ( N E ,  21, 
2.0-2.7 (ArH,  4), d o u b l e t  7.9-8.1 T [(CH,),C=]. 

- 
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The N-aryloxamic acid hydrazides and their derivatives 
have been screened for bactericidal, fungicidal, and in- 
secticidal activity. There appeared to be no particular 
dangers in handling these compounds since they have 
comparatively low mammalian toxicities. 

Experimental 

Ir spectra were measured as Nujol mulls with a Perkin- 
Elmer 257 spectrometer. Nmr spectra were determined 

Table IV. N-Phosphoryl N1-Aryloxamic Hydrazidesa 

R1 X 
I1 I ,  

NH-CO-CO-NH -NH-P--R22 

with a Varian A60A spectrometer with tetramethylsilane 
as internal standard; the solvents used were: for the ethyl 
oxamates, CDC13; oxamic acid hydrazides, (CD3)2SO; 
and for the acetone hydrazones, C'DC13. Melting points 
were determined with a Kofler Hot-Bench apparatus and 
are uncorrected. Elemental analyses were performed by 
Imperial Chemical Industries Ltd., England, and the Na- 
tional Physical Laboratory, Teddington, England. (Ele- 
mental analytical results for the compounds have been 

Molecular Yield, l r  spectra 

Mp, "C '% vN-H, cm-l L = O ,  cm-1 Vp=o, cm-1 formula X R' R 2  

0 H 
0 H 
S H 
0 H 
0 H 
S H 
0 H 
S 4-CI 
0 H 
0 4-CI 

197-198 
326-330 

202 
310-312 
198-200 
239-240 

278 
260-262 

250 
220-222 

35 
54 
65 
26 
58 
40 
45 
51 
32 
30 

3350, 3290 
3340, 3300 
3340, 3300 
3320, 3290 
3380, 3300 
3340, 3290 
3360, 3280 
3360, 3300 
3350, 3280 
3330, 3290 

1665 
1670 
1670 
1670 
1670 
1670 
1675 
1670 
1670 

1730, 1660 

Elemental analyses (C,H,N,P) in agreement with theoretical values were obtained and submitted for review. 

Table V. N-Arylsulfonyl-N'Aryloxamic Acid Hydrazidesa 

1230 
1240 

1240 
1235 

1240 

1235 
1220 

770, 710 (PS) 

771, 710 (PS) 

170 (PS) 

Ir spectra 
Molecular Yield, 
formula R' R2 MP, "C % vN-H, cm-l uC=O, crn-l vSO?,  cm-l 

1710, 1675 CisHiaCl Na04S 4.CICsHi Me 210-212 80 3290,3220 
CisHiiNaOsS 4-MeOCsH4 Me 200-201 64 3280, 3200 1660 
C 1 BH i i  N r OsS 2-MeOCeHa Me 210-212 53 3300, 3200 1705, 1670 
ci6H17N~OjS 3-MeOCeH4 Me 180-182 86 3360, 3330 1685 
C I~H~~CIN~O~S 3-CICeH4 Me 215-216 85 3280, 3220 1710, 1670 
C i  jH 14Cl N304S 2-CICsH4 Me 230-231 57 3340, 3260 1730, 1690 

1725, 1680 
C16H iiN304S 4-M eCsH4 Me 226-230 45 3280, 3180 1680, 1660 
C16HiiNx04S 2-MeCsH4 Me 196-1 97 44 3360, 3230 1680, 1670 
CalHii NjOaS 4-CsHjN2 Me 220 45 3250 1670 br 
CijHi4NaOsS 2-NO&6H4 Me 256-258 82 3280, 3220 1700, 1670 
CljHi4N406S 3-NOzCsHo Me 264-265 52 3300 1730, 1680 
CI~H l4N406S 4.NO?CeH4 Me 310-311 55 3300 1700 br 
Cl~Hi~Cl2Ns04S 2,4CI?CeH3 Me 205 60 3300, 3220 1680 
CijHisNa04S C6H5 Me 215-217 70 3280, 3225 1710, 1670 
CziH 19N304S 2.Biphenyl Me 251-252 65 3330, 3240 1730, 1680 
CiaHle"04S 3-Qui nolyl Me 282-285 50 2180, 3220 1715, 1670 

42 3290, 3220 1700, 1680 c 1 sH isN 4 0  js 
ClsHisCI N40,S 4-CICsH4 AcNH 255 60 3300, 3260 1710, 1690 
Ci7Hi~N406S 3.MeOC6H4 AcNH 245-247 75 3350, 3300 1690 
CiiHuN406S 4-M eOCeH4 AcNH 239 70 3280, 3200 1705, 1680 
c 17 H i d 4 0  6s 2-MeOCeH4 AcNH 248-249 82 3300, 3180 1710, 1690 
Ci6HijCINaOsS 3-c IC gH 4 AcNH 269 85 3280, 3200 1690 br 
CI sHijNjOiS 3.NOiC6Hd AcNH 264-265 70 3300 br 1700 br 
Ci6HirCiiNaOjS 2,4ClzCsHa AcNH 265 55 3300, 3225 1680 br 
C22H 20 N 4 0  jS 2- Biphenyl AcNH 263-264 60 3340, 3260 1680 

a Elemental analyses (C,H,N) in agreement with theoretical values were obtained and submitted for review. 

3-M eCeH4 Me 243-244 50 3310, 3220 CisHnN304S 

AcNH 231-232 C6H: 

1350, 1170 
1350, 1170 
1360, 1170 
1330, 1160 
1360, 1170 
1365, 1175 
1360, 1170 
1350, 1170 
1360, 1170 

1170 
1340, 1170 
1340, 1170 
1350, 1170 
1350, 1170 
1360, 1170 
1350, 1170 
1360, 1170 
1355, 1170 
1360, 1170 
1340, 1160 
1360, 1170 
1350, 1160 
1360, 1170 
1350, 1170 
1350, 1170 
1360, 1175 
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deposited with the ACS Microfilm Depository Service.) 
Substituted ethyl N-aryloxamates (Table I ) .  These 

were prepared by the standard method (22) of heating 
the appropriate aromatic primary amine with a slight ex- 
cess of diethyl oxalate for 3-6 hr under reflux to give the 
compounds listed. The products were crystallized from 
ethanol or aqueous ethanol. As by-products in the prepa- 
ration of the ethyl N-aryloxamates, substantial amounts 
of the following new N,N'-diaryloxamides ( IV )  were ob- 
tained: 3-pyridyl ( IV,  R=3-pyridyl), mp 295-298°C; ir 
3160 (NHbr), 1690 (C=O) c m - l ;  4-pyridyl ( IV ,  R=4- 
pyridyl), mp 305-307°C; ir 3280 (NHbr), 1690 (C=O) 
cm-  l; 3-quinolyl ( IV,  R=3-quinolyl), mp 323-325°C; ir 
3200 (NHbr), 1685 (C=O) c m - l ;  and p-phenylazo (IV, 
R=p-phenylazo), mp 300-305°C; ir 3340 (NH), 1705, 
1680 (C=O) c m - l .  

Reaction of 2-aminopyridine with diethyl oxalate. 2- 
Aminopyridine (28.2 grams) was refluxed with diethyl ox- 
alate (52.5 grams: 1.2 mol equiv) for 6 hr. The mixture 
was cooled, and the solid product extracted with boiling 
ethanol to give N,Nf-di(2-pyridyl)oxamide ( IV,  R=2-pyri- 
dyl) (16.5 grams, 27%), mp 165-167°C [lit. (75), mp 
161"CI; ir 3310 (NH),  1685 (C=O) c m - l .  

When the reaction was repeated by using 2-aminopyri- 
dine (18.6 grams) with diethyl oxalate (87.6 grams; 3 
mol equiv), cooling gave the dipyridyloxamide ( IV)  (1  1.5 
grams, 25%), mp 166-167°C. The filtrate, by concentra- 
tion in vacuo, afforded ethyl N-2-pyridyloxamate (16.5 
grams, Table I ) .  

N-Aryloxamic acid hydrazides (Table 11). These were 
obtained by portionwise addition of the appropriate ethyl 
N-aryloxamate to an excess of hydrazine hydrate (3  mol 
equiv) in warm ethanol for 3 hr. On cooling, the products 
precipitated out, and they were generally recrystallized 
from ethanol or methanol. 

N-Aryloxamic acid hydrazones (Table 111). These were 
generally prepared by heating equimolar amounts of the 
hydrazide and the carbonyl compound in warm ethanol 
for 2-3 hr; in some cases, a crystal of iodine was added 
to accelerate the condensation. On cooling, the products 
precipitated out, and they were crystallized from ethanol, 

Table V 1. N,N-Dimethylcarbamoyl N-Aryloxamic Acid Hydrazides" 
R-NH.CO.CO.NH.NHCONMez 

aqueous ethanol, ethanol-dimethylsulfoxide, or ethanol- 
dimethylformamide. 

N-Phosphoryl-N'-aryloxanilic hydrazides (Table IV). 
The N-aryl oxanilic acid hydrazide was treated with the 
appropriate phosphorochloridate (1 mol equiv) in pyridine 
overnight. (If complete solution was not attained, some 
dimethylsulfoxide was added). The pyridine was re- 
moved in vacuo, and the products precipitated by addi- 
tion of ice water. The products were washed with water 
and recrystallized from ethanol or ethanol-dimethylfor- 
mamide. 

N-Arylsulfonyl-N'-aryloxamic hydrazides (Table V ) .  
These were similarly prepared by condensation of the ox- 
amic acid hydrazide with p-toluenesulfonyl chloride or 
N4-acetylsulfanilyl chloride in pyridine overnight. The 
products were recrystallized from ethanol or ethanol- 
acetonitrile. 

N, N- Dimethylcarbamoyl- N'-aryloxamic hydrazides 
(Table VI ) .  These were obtained by reaction of the oxam- 
ic acid hydrazide with N,N-dimethylcarbamoyl chloride- 
pyridine overnight. The products were recrystallized from 
ethanol or ethanol-dirnethylformamide. 

N-Ethoxycarbonyl derivatives (Table V I ) .  These were 
obtained by reaction of the hydrazide with ethyl chlorofor- 
mate-pyridine overnight. The products were recrystallized 
from ethanol or ethanol-dimethylformamide. 

Reaction of N, Nt-di(2-pyridyl)oxamide with hydrazine 
hydrate. Large excess of hydrazine. The oxamide (1.2 
grams) was boiled with 99% hydrazine hydrate (1 ml, 4 
mol equiv) in ethanol (10 ml) for 3 hr to give oxalic acid 
dihydrazide (0.8 gram), mp 242-244°C [lit. (70) ,  mp 
240-242"C]; ir 3280, 3180 (NH),  1675 (CO br) c m - l .  
Identity of product was confirmed by preparation of the 
di-3,4-dichlorobenzaldehyde dihydrazone as plates, mp 
300°C. 

Less hydrazine. The oxamide (1.2 grams) was treated 
with hydrazine hydrate (0.5 gram, 2 mol equiv) in ethanol 
(20 ml) for 2 hr to give N-2-pyridyl-oxamic acid hydrazide 
(0.4gram), mp 196-198" [lit. (20), mp 300°C.] 

The structure was confirmed by preparation of the ace- 
tone and 3,4-dichlorobenzaldehyde hydrazones which 
were identical (ir and mp) to the similar derivatives 

~ ~~~~~ 

I r  spectra 
Molecular Solvent for Yield, 

vC=O, crn -I formula R MP, "C crystallization % vN-H, cm-l 

195-197 EtOH-DMFh 45 
193-194 EtOH-DM F 40 
210-212 aq MeOH 35 
217-218 EtOH-DMSO' 30 
195-196 EtOH-DMSO 65 

205 aq EtOH 56 
183-184 E t0  H-M eC N 65 

200 EtOH-DMSO 70 
255-256 aq MeOH 65 

N-Ethoxycarbonyl N-aryloxarnic acid hydrazides" 
R-N HCOCONH-NHCOzEt 

250 EtOH-DMF 50 
333-335 EtOH-DMSO 55 

193 MeOH-Me2C0 70 
210-211 EtOH-DM F 60 
218-221 EtOH-DMSO 50 

190 EtOH-M e C O  45 

3340, 3310 
3330, 3290 
3340, 3300 
3280, 3220 
3340, 3260 
3280, 3240 
3330, 3260 

3290 br 
3340, 3280 

3290 br 
3270 
3280 
3280 
3280 
3280 

1690, 1670 
1685, 1670 
1680, 1670 
1675, 1650 
1680, 1660 
1685, 1650 
1685, 1650 
1685, 1650 
1690, 1665 

1730, 1660 
1725, 1655 
1730, 1655 
1725, 1660 
1730, 1670 
1730, 1680 

a Elemental analyses (C,H,N) in agreement with theoretical values were obtained and submitted for review. j' DMF = dirnethyl- 
formamide. DMSO = dimethylsulfoxide. 
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(Table I l l )  from the authentic hydrazide obtained from 
ethyl N- (2-pyridy1)oxamate. 
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Benzenesulfonamides of Primary Aminopyridines and 
Primary Aminoquinolines 

John W. Chitturn,' Charles G. Tindall, Richard D. Howells, Virginia Coates, and Marvin D. Shie I l l  
Department of Chemistry, The College of Wooster, Wooster, Ohio 44697 

Sulfonamides of 12 aminopyridines and aminoquinolines 
are prepared. For the preparation of these sulfonamides, 
pyridine is a more suitable solvent than acetic acid. 

The preparation of sulfonamides of primary and secon- 
dary amines is a well-known avenue to the classification 
and identification of such compounds. However, the ben- 
zenesulfonamides of a number of common aminopyri- 
dines and aminoquinolines have not been reported. 
Twelve such sulfonamides are described here. Since the 
completion of this work, three of the derivatives have 
been reported with melting points in substantial agree- 
ment with our data. They are indicated in Table I .  

Various modifications of the original Hinsberg method 
have been suggested. The ones cited here ( 7 ,  6 ,  7, 70, 
7 7 ,  73) all use nonaqueous solvents. The variants used 
by Mills and Breckenridge (7) and Shepherd ( 7 7 )  were 
the basis of the present study. The former used pyridine 
as the solvent, whereas Shepherd used glacial acetic 
acid, with sodium acetate as catalyst. While interpreting 
the reaction in relation to amine basicity, Shepherd sug- 
gested that the pyridine method might be improved by 
adding triethylamine in certain cases. 

Published procedures involve washing the product with 
acid to remove the substrate. In the present cases the 
products themselves are also basic, and the acid wash is 

I To whom correspondence should be addressed 

inadvisable. However, simple recrystallization from dilut- 
ed ethanol sufficed to produce the pure derivative in one 
to three recrystallizations. 

In addition to the new cases shown in Table I ,  we 
found that 2-aminopyridine, 2-amino-3-methylpyridine, 
and 2-amino-5-methylpyridine failed to produce the SUI- 
fonamide in glacial acetic acid, and 8-aminoquinoline 
gave 92% of crude product in the acid solvent. Table I 
shows that, with 3-aminopyridine and 3-aminoquinoline, 
the acetic acid method gave lower yields, and it failed 
entirely with four others. On the other hand, with 4-ami- 
noquinaldine, the pyridine methods (B  and C )  gave only 
intractable oils, and the acid method ( A )  gave 59% of 
derivative. Thus, in general, the observations of Winter- 
bottom ( 7 4 )  are supported: namely, that acetic acid is in- 
ferior to pyridine or entirely unsuitable as a solvent for 2- 
and 4-aminopyridines. 

The precise structure of similar derivatives of certain 
2- and 4-amino-substituted pyridines has been studied (2, 
3, 5, 72). Whether structure I or I I  applies in these cases 
is not debated here. In the cases of the monosulfonam- 
ides reported here, the products are those obtained by 
the methods indicated, and are suitable for identification 

I 
N-H 

I1 
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