
Cyanoethylation of Aromatic Amides' 

IZeceived Decettiber 20, 1957 

Very little is known concerning the cyanoethyl- 
ation of aromatic amides.2 The one report indicates 
that benzamide is cyanoethylated to give N-0- 
cyanoethjdbeiizamide, m.p. 91-93". In  our labo- 
ratory eleveii different aromatic amides (Table I) 
were cyanoethylated in the presence of an excess of 
acrylonitrile and the products uniformly contained 
two cyanoethyl groups on the amide nitrogen, as 
shomii by the following equation: 

h',~~,-Di-8-cyanoethylnzcotznamide. In a thrce-nech 300-1111. 
flask equipped with a reflux condenser, a mechanical stirrer, 
and a separatory funnel, were placed 0.2 mole (24.4 g.) of 
nicotinamide and 100 ml. of acrylonitrile. This mixture was 
stirred, and cooled by means of an external cooling bath. 
Then 2.0 ml. of 40% benzyl trimethylammonium hydroxide 
(Triton B) was added, dropwise, over a 15-min. period. 

After all the bsse had been added, the cooling bath was 
removed, and the mixture was allowed to gradually warm. 
The nicotinamide dissolved u-ith the liberation of heat, 
which was controlled by external cooling. h precipitate 
formed, and stirring and cooling were continued for 10 min., 
and then the reaction mixture was neutralized vi th  glacial 
acetic acid. The excess acrylonitrile A as removed under 
reduced pressure. 

After all the excess acrylonitrile had been removed, the 
yellow precipitate (33 g.) was separated by filtration. The 
product was crystallized repeatedly from hot water. 

-4rCONB2 + CHz=CHCPi + ArCON(CH2CH2CN)z 

This TT-M proved by analysis and by the fact that 
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TABLE I 
N,N-Di-p-CYAxOETHYL A4R.11DES 

Starting hniide 
Empirical 
Formula h1.P.. "C. Yield, % 

yo Nitrogen 
Calcd. Found 

Benzamide 
Nicotinamide 
Isonicotinamide 
o-Toluamide 
p-Toluamide 
2-Furamide 
2-Naphthamide 
o-Chlorobenzamide 
3,4-Dichlorobenzamide 
o-Iodobenzamide 
m-Bromobenzamide 

110 
104 
108 
83 
87 

112 
120 
83 

152 
99 
83 

77 
70 
67 
62 
65 
72 
75 
70 
52 
66 
62 

18.48 
24.54 
24 54 
17.42 
17.42 
19.44 
15.15 
16.06 
14.19 
11.92 
13.73 

18.41 
24.59 
24.46 
17.42 
17.29 
19.45 
15.31 
16.28 
14.33 
12.17 
13.73 

the N,N-di-P-cyanoethylbenzamide was identical 
to that produced by the reaction of benzoyl chloride 
on €lN(CH&H2CX)2.4 

Sulfonylureas and Related Compounds 

EXPERIMENTAL' 

The synthetic method given below is essentially the same 
for all the aromatic amides, and is based on a method by 
Galat .6 

(1) Taken from the 31. S. thesis of Miss Romana Jonaus- 
kas. 

(2) For leading reviews see (a) H. Bruson, Org. Reactions, 
Chapter 2 ( 1949) and ( b )  The Chemistry of Acrylonitrile, 
American Cyanamid Co. (1951), N. Y. 20, N. Y. 

(3) I. G. Farbenind. A.G. Fr. Patent 877,120 (1942). When 
the reaction was run with essentially equimolar quantities of 
benzamide (2 moles) and acrylonitrile (2.26 moles) a 5770 
yield was obtained. N o  analytical figures were given. When 
the reaction was run between one mole of benzamide and 
2.26 moles of acrylonitrile an oil was reported, and no 
physical constants nor analytical data were given. 

(4) A. N. Kost, lichenye Zapiski Moskov. Gosudarst. Univ.  
im. M .  V .  Lomonosova, No. 2, 141 (1947), Chem. Abstr., 47, 
9906 (1953). It is interesting to note that N-o-cyanoethyl- 
benzamide was reported by Goldberg and Kelly, J .  Chem. 
SOC., 1369 (1947), to melt a t  96-98', when prepared by the 
reaction of benzoyl chloride and 8-cyanoethylamine. It would 
appear that the compound reported in reference 3 was a mix- 
ture of mono- and dicyanoethylated products. 

(5) hlicroanalyses by Micro-Tech Labs., Skokie, Ill. 
(6) A. Gnlat, J .  Ani. Chem. SOC., 67, 1414 (1045). 
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ilttempts in this laboratory t o  prepare hypogly- 
cemic compounds based upon the structure of N -  
sulfanilyl-AT'-n-butylurea, also known as BZ-55 or 
Carbutamide, have led to a series of new and ac- 

H ~ N ~ S O ~ B H C O I V H C H X H ~  - cH2cH3 

tive compounds. Marshall and Sigal' have reported 
upon the variations in the arylsulfonylureas. This 
note reports the preparation of some alkylsulfonyl- 
ureas, and other varied compounds based upon 
the parent structure. The pharmacology2 of these 
compoiivtls will hc reported elcewherc. ill t,he near 
future. 

(1) F J 3Inrshall and  l f .  V. Siga!, Jr., J .  Ory. C'hem , 23, 
927 (1958). 

(2) The pharmacological testing was performed under 
the direction of Dr. M. Root. 
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TABLE I 
RSOZNHCOYHR’ 

Calcd. Found 
R R la M.P., “C. Formula C H N  C H N  

170-171.5 
106- 107 
123.5-124 
125 
114 
105 
97 
43.0-43,s 
115-117 
96-97 
111-112 
96-97 
129-131 
Liquid 
109-1 10 
91-92 
76-77 
87-89 
82-84 
131-132 
91-93 
139-140 
77-79 
95-97 
67-69 
63-65 
118-120 
164-165 
184-185 
142-144 
107-109 
133-135 
162-163 
118-120 
106-107 
101-103 
82-83 
89-90 
143-145 
98-99 
115-1 17 
106-108 
94-96 
88-89 
89-90 
161-162 
148-149 
106-107 
113-114 
159-160 
1 17-1 19 
101-102 
162-164 
84-85 
79-81 
108- 109 
146-148 
128-129 
154-155 

28.92 6.07 
37.11 7.27 
45.75 8.53 
40.38 7.75 
43.25 7.99 
45.98 8.49 
47.97 8.86 
43.22 8.16 

45.75 8.53 
45.75 8.53 
45.75 8.53 

40.59 6 .81  
47.97 8.86 
47.97 8.86 

48.39 8.12 

50.38 8.45 

53.32 6 .71  
50.30 6.33 

43.63 7.32 

45.75 8.53 

45.75 8.53 

47.97 8.86 

49.99 9.15 
49.99 9.15 

45.75 8 .53  
45.75 8.53 
47.97 8.86 

42.18 7.43 
49.99 9.15 
49.99 9.15 
49.99 9.15 
46.14 7.75 
47.46 7.97 
48.37 8.12 
50.37 8.45 

46.14 7.75 
48.37 8.12 
48.37 8.12 
50.37 8.45 
52.16 8.75 

16.86 
14.43 
11.86 
13.46 
12.30 
11.84 
11.19 
12.60 
11.60 
11.86 
11.86 
11.86 
11.86 
11.10 
10.51 
11.19 
11.19 
11.19 
11.19 
11.28 
10 59 
10. 65 
10.59 
I O .  06 
10.06 
10.06 
10.37 

13.33 
21.61 
11.86 
11.86 

11.96 
11.86 
11.19 
11.10 
11.86 
12.00 
11 19 
11 19 
11.19 
11.19 

10.60 
9.85 

11.86 
11.86 
11.19 
11.19 
11.19 
10.53 
9.84 

10.60 
10 60 
10.60 

10.06 

10.52 

10.14 

28.92 6.02 16.65 
37.02 7.40 14.67 
46.01 8.50 11.76 
40.32 7 . 9 1  13.59 
43.45 8 .20  12.49 
46.19 8.47 12.04 
48.35 9.09 11.37 
43.25 7.99 12.30 

11.42 
45.96 8.67 11.73 
46.02 8.56 11.70 
45.98 8.49 11.84 

11.93 
10.78 

40.91 6 .81  11.28 
48.26 9.07 11.10 
48.2T 8.75 10.82 

11.14 
11.51 

48.60 8.55 11.47 
10.40 

50.55 8.65 10.43 
10.42 
9.96 

10.02 
9.89 

53.54 6.79 10.64 
50.48 6.53 

13.40 
12.91 
12.15 
11.89 

43.91 7.13 
11.98 

45.86 8.55 11.82 
10.92 
10.96 

46.10 8.54 11.66 
12.01 

47.89 8.61 11.36 
11.10 
11,18 
11.09 

50.04 9.25 
50.28 8.95 10.89 

9 .61  
45.86 8.48 11.65 
45.88 8.61 11.65 
47.94 8.86 11.00 

11.23 
11.03 
10.34 

42.21 7.35 9.95 
50 16 9,49 10.89 
50.36 9.21 10.34 
49.84 9.29 10.76 
46.66 7.67 
47.97 8.16 9.84 
48.33 8.24 
50.47 8.37 

46.01 7.61 
48.32 8.34 
48.50 8.35 
50.19 8.45 
52.36 8.93 10.00 

10.66 

145-147 C;3H&:OjS 54.15 8 .39  9.72 54.29 8.65 9.50 
142-143 C,H,,,?;nO,S 45.75 8 .53  11.86 4 5 . i 6  8 .ZJ  11.65 
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TABLE I (Continued) 

R R la 

Calcd. Found 
ALP., "C. Formula C H N  C H S  

n-C4H9 74-75 Ci3HzsNzOaS 53 40 9 65 9 58 n-C8H17 
n-CloHzl CH3 103 5-104 5 C1zHzijN203S 51 78 9 42 
n-CloHzl CzHs 87-89 Ci3HzSNz03S 53 40 9 65 
n-CloHgl 71-C4Hg 90-92 CisHazNz03S 56 22 10 07 

?1-C3H7 203-205 CiiHi6N&S 51 56 6 29 
CsHsCHz n-C4H9 161 0-161 5 CizH18Nz03S 53 32 6 71 

2-T hienyl n-C4H8 151-152 CgH14X2OrSz 41 22 5 38 10 68 

C6HsCHz 

2-Thienyl n-C3H7 141-143 C8Hl2S2O3S2 38 69 4 87 

' All compounds were made by procedure 1 except as noted. Made by procedure 2. 

53.80 9.86 9.53 
52.13 9.69 
53.61 9.73 
56.13 10.01 
51.81 6.33 
53.29 6.87 
38.69 4 79 
41.24 5.54 10.29 

T.4BLE I1 
RS02SHCOOR' 

ALP., Calcd. Found 
R It ' "C. Formula C H zi C H N 

CHI C&Hj Oil C4Hgh-04S 28.75 5.43 8.38 28.72 5.28 8.46 
n-CrHg CzHj Oil CvHijS04S 40.19 7.23 6.70 40.30 7.25 6.65 
n-C4Hg n-C3H, Oila C8H16S04S?;a 39.18 6.58 5.71 39.18 6.67 5.64 
n-C4Hg n-CaH8 4 6 4 8  CSHigXO4S 5.90 6.08 
71-C4Hg n-CjH11 Oil' CIOHZOXO~SN~ 5.13 5.10 
n-CaHg n-C&3 Oil' CllH22N04SSa 45.98 7.72 4.87 45.75 7.86 5.02 
n-CjH1; CzHj Oil CsH1,XOaS 6.28 6.35 
n-CjHu n-C4H9 Oil CioHziNOaS 5.57 5.63 
n-CsH11 GC4Hg 73-75 CioHxN04S 5.57 5.42 
Cvclo-CjHg CzHj Oilb CsHi,NOaS 43.42 6.83 43.29 6.92 
n-CsH13 CzHs Oil CgHigN04S 5.90 5.74 
CyClO-C6Bii CzH5 81-83 CgHi,NO.iS 5.96 6.22 
n-C,oHzl C2H5 46-48 C I ~ H Z ~ N O ~ S  53.21 0.27 53.35 9.31 
CsHsCH2 C2Hs 101-103 CioHisNOaS 5.76 . 5 . 6 9  
2-Thienyl C2Hj 80-8 1 C7HgNOaSz 35.75 3.86 5.96 35.98 3 .64  5.89 

' Analyses were made on the crystalline sodium salts which were purified by recrystallization from ethanol-acetone. 

TABLE 111' 

' ng 1.4795. 

RSOINHCONR 'R 

hl.P., Calcd. Found 
R R' R" "C. Form u I a C H N C H N 

n-C4H9 CH3 CH, Oil C ~ H I ~ N Z ~ ~ S  13.46 13.53 
n-C4Hg CzHs CZHS Oil CgHzoN20aS 45.75 8.53 45.74 8.67 
n-CaH9 Morpholinyl 95 CgH18?1;204S 43.19 7.25 42.84 7.58 
n-C4Hg Piperidyl 37-38 C10HzoNz03S 48.37 8.12 11.28 48.27 8.39 11.09 
n-C4H9 Pyrrolidgl 125 CgH18XTzOjS 46.14 7.75 11.96 46.03 7.47 12.10 

' Compounds were prepared by procedure 1 for Table I. 

Replacement of the aryl group of the parent 
compound with an alkyl radical has resulted in the 
alkylsulfoiiylureas listed in Table I. The interme- 
diate carb:Lmates were all prepared by a general 
method3 and many were not characterized due to 
the difficulty encountered in distillation. The car- 
bamates characterized or analyzed are listed in 
Table 11. 

To complete this series several bis compounds 
were prepared : 1,G-bis(su1fonamido)hexane; 1,G- 
his(N-carh~.thos!-pulfonamido) hexane; 1 ,&his- 
(S-re-propj*lcarbanioylsulfonamido) hexane ; 1,G- 
his (N-isoamylca rl~nmoylsulf onamido) hexane ; 1, G- 

bis(n-amylsulfony1ureido)hexane; AV,S'-bis(iso- 
amylsulfony1)urea. Secondary amines were also 
used in the reaction with the sulfonylcarbamates 
leading to a series of N,N'-disubstituted n-butylsul- 
foiiylureas as listed iii Table 111. 

Variations in the basic sulfonylurea structure by 
replacement of each of the nitrogen moieties in 
turn by methylene gave the new compounds listed 
in Tables IV and V. 

EXPERIMENTAL4 

Preparation of the alkylsulfonylureas in Table I .  Procedure 
l .3e One molar part of the sulfonamide5 was dissolved in 

(3) (a)  Haark, E and Hagedorn, -4., private communica- 
tion. (b)  J .  R .  Geigy A-G., British Patent 538,884, Aug. 20, 
1941. 

(4) The melting points are uncorrected. 
(5) All sulfonamides were known compounds and mere 

commercially available or preparod by literature methods. 
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TABLE IV 
RSO2NHCOR' 

M.P., Calcd. Found 
R R' "C. Formula C H N C H pu' 

n-C4H9 n-C4Hg 61-62' CoHioNOaS 6.33 6.07 
i-CaHii n-C3H, 35-36' CsHisNOJ3 6 33 6.08 
P - C H G H ~  n-CsHI1 63-65$ ClsHig?r'OsS 57.96 7.11 5.20 58.05 7 30 5.49 

a B.p. 204-206" a t  10 mm. Hg. B.p. 200-201" a t  10 mm. Hg. Recrystallized from isopropyl ether-petroleum ether 
f30-00°. 

TABLE V 
RS02CHzCONHR' 

rt 
M.P., Calcd. Found 

R ,  "C. Formula C H N C H N 

CeHs n-C4Hg 112-113 CI1H17NO3S 56.44 6.71 5.49 56.61 6.89 5.20 
p-CHsCaH4 n-CaH7 117-118 C ~ ~ K I T N O ~ S  56.44 6.71 5.49 56.20 6.79 5.26 
.p-CH,C,H4 n-CIH8 103-104 ClsHlgIYOiS 57.96 7.11 57.72 7.12 

about 10 molar parts of dry acetone and 1.2 molar parts of 
anhydrous finely divided potassium carbonate were added. 
With refluxing and stirring 1.2 molar parts of alkyl chloro- 
carbonate were added dropwise over a period of 1-2 hr. 
The mixture was then refluxed for 15 hr. with stirring, cooled, 
and filtered. The solid was dissolved in a minimum of water 
and acidified with concentrated hydrochloric acid. Ether 
extraction of the freed carbamate from the aqueous solution 
of salts and vacuum removal of the ether gave a 6040% 
yield of the corresponding carbamate. Most of these com- 
pounds were viscous oils, which decomposed upon attempted 
distillation, and were used without further purification. A 
few representative samples of these carbamates are in 
Table 11. 

One molar part of the crude carbamate was dissolved in an 
excess of the appropriate amine forming a salt and the 
excess amine removed in vacuo. The residue was then pyro- 
lyzed in vaeuo a t  128-130' for 2-3 hr. or until bubbling had 
ceased. The product was crystallized and then recrystal- 
lized from aqueous ethanol. Yield of the sulfonylurea was 
about 60%, ranging from 37% to 94% in some cases. 

Procedure 6. One molar equivalent of the sulfonamide 
pyas treated with the appropriate isocyanate in nitroben- 
zene.O 

Preparation of the acylsuuonamides in Table IV. The com- 
pounds were prepared in the same manner as the carbamates 
of Procedure 1 above. After reflux the acetone was removed 
in  vacuo and the residue was dissolved in a minimum of 
water. Acidification of the resulting solution with hydro- 
chloric acid precipitated the new compound. Recrystal- 
lization wx from aqueous methanol. These new compounds 
are listed in Table IV. 

Preparation of the a-aryZsi~lfonyl-,li-alkylacetamides. The 
N-alkyl-a-~hloroacetamide~ (0.1 mole) and sodium aryl 
sulfinate (0.11 mole) were refluxed in 60 ml. of anhydrous 
ethanol for 16 hr. The reaction mixture was then diluted 
with 60 ml. of boiling water and the product allowed to  

(6) (a) H. Martin, R. Hirt, and A. Staub, U. S. Patent 
2,371,178, March 13, 1945. (b) Haack, E., U. S. Patent 
2,385,571, Sept. 25, 1945. (c) J. R. Geigy A.-G., Swiss 
Patent 215,241, Sept. 1, 1941. (d) J. R. Geigy A.-G., Swiss 
Patent 220,970, Aug. 1, 1942. (e) J. R. Geigy A.-G., Swiss 
Patent 260,201, July 16, 1947. 

(7) W. A. Jacobs and M. Heidelberger, J. Biol. Chem., 21, 
145 (1915). 

crystallize slowly from the mixture. The product was 
recrystallized from 50% aqueous ethanol. Yields were 
approximately 607,. 

Preparation of the "bis" compounds. The following com- 
pounds were prepared by Procedure 1 for the alkylsulfonyl- 
ureas: Starting sulfonamide, 1,6-bis(sulfonamido)hexane, 
m.p. 173-174", yield 67% from 1,6-dibromohexane.* (Anal. 
Calcd. for C&N2O4S2: C, 29.49; H, 6.60; N, 11.47. Found: 
C, 29.43; H, 6.66; N, 11.11). 1,6-bis(AV-carbethoxysulfo- 
namido)hexane, m.p. 84-85", yield 73%. (Anal. Calcd. 
for CI2H24N2O6S2: C, 37.11; H, 6.23; N, 7.21. Found: C, 
37.15; H, 6.24; N, 7.34). 1,6-bis(N-n-propylcarbamoyl- 
sulfonamido)hexane, m.p. 200-201 ", yield 85%. (Anal. 
Calcd. for C14H30N406SI: c, 40.57; H, 7.30; N, 13.52. 
Found: C, 40.73; H, 7.16; N, 13.33). 1,6-bis(N-isoamylcar- 
bamoylsulfonamidojhexane, m.p. 194-195", yield 94T0 
(Anal. Calcd. for C~BH&~O&$: C, 45.76; H, 8.50; N, 
11.88. Found: C, 45.90; H, 8.34; N, 11.73). 1,6-bis(n-amyl- 
sulfonylureido)hexane, m.p. 174-175", yield 84% (Anat. 
Calcd. for CisH38N406Sn.: C, 45.76; H, 8.50; Tu', 11.18. 
Found: C, 45.94; H, 8.53; N, 10.86). 

Preparation of N,N'-bas(isoamylsuljony1)urea. Ten grams 
(0.67 mole) of isoamylsulfonamide was dissolved in an excess 
of 10% sodium hydroxide. Phosgene was added slowly until 
a sample of the solution was acid to litmus paper. The 
product was extracted with benzene, the solvent removed 
in  vacuo and the product (10 g., 91%) distilled (b.p. 138- 
140" at 1.5 mm. Hg). 

Anal. Calcd. for C11H24N20sS2: C, 40.22; H, 8.36; N, 8.52. 
Found: C, 39.97; H, 8.46; K, 8.61. 

Upon standing the liquid crystallized to a waxy solid 
melting a t  35-36'. 
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(8) Prepared hy methods of T. B. Johnson, U. S. Patent 
2,146,744, Feb. 14, 1939. Treatment of the resulting sul- 
fonylchloride d h  anhydrous ammonia led directly to the 
bis-sulfonamide. 


