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Very little is known concerning the cyanoethyl-
ation of aromatic amides.? The one report indicates
that benzamide is cyanoethylated to give N-B-
cyanoethylbenzamide, m.p. 91-93°.2 In our labo-
ratory eleven different aromatic amides (Table I)
were cyanoethylated in the presence of an excess of
acrylonitrile and the products uniformly contained
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N, N,-Di-B-cyanoethylnicotinamide. In a three-neck 300-ml.
Hlask 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 409, benzyl trimethylammonium hydroxide
(Triton B) was added, dropwise, over a 15-min. period.

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

After all the excess acrylonitrile had been removed, the

two cyanoethyl groups on the amide nitrogen, as yellow precipitate (33 g.) was separated by filtration, The
shown by the following equation: product wag crystallized repeatedly from hot water.
ArCONH; + CH~CHCN —> ArCON(CH,CH;CN), DEPARTMENT OF CHEMISTRY

. . Loyvora UNIVERSITY

This was proved by analysis and by the fact that Cricaco 26, ILL.
TABLE I
N,N-Di-f-CYANOETHYL AMIDES
Empirieal % Nitrogen

Starting Amide Formula M.P., °C. Yield, % Caled. Found
Benzamide Ci:Hi3N;0 110 77 18.48 18.41
Nicotinamide Ci:Hi:N.O 104 70 24 .54 24.59
Isonicotinamide C1.H2N,O 108 67 24 .54 24 .46
o-Toluamide C1:HisN:O 83 62 17.42 17.42
p-Toluamide C1HisN;0 87 65 17 .42 17.29
2-Furamide CuHuNaOQ 112 72 19.44 19.45
2-Naphthamide CiHi:N;0 120 75 15.15 15.31
o-Chlorobenzamide Cy:H,,CIN;0O 83 70 16.06 16.28
3,4-Dichlorobenzamide C:H;CLN;O 152 82 14.19 14.33
o-Iodobenzamide CisHINZO 99 66 11.92 12.17
m-Bromobenzamide C,3H,,BrN;0 83 62 13.73 ©13.73

the N ,N-di-g-cyanoethylbenzamide was identical
to that produced by the reaction of benzoyl chloride
on HN(CH,CH,CN),.4

EXPERIMENTALS

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

(1) Taken from the M. 8. 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) 1. 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 579,
yield was obtained. No 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, Uchenye Zapiski Moskov. Gosudarst. Univ.
im. M. V. Lomonosova, No. 2, 141 (1947), Chem. Abstr., 47,
9006 (1953). It is interesting to note that N-S-cyanoethyl-
benzamide was reported by Goldberg and Kelly, J. Chem.
Soc., 1369 (1947), to melt at 96-98°, when prepared by the
reaction of benzoyl chloride and g-cyanoethylamine. It would
appear that the compound reported in reference 3 was a mix-
ture of mono- and dicyanoethylated products.

(5) Microanalyses by Micro-Tech Labs., Skokie, Il

(6) A. Galat, J. Am. Chem. Soc., 67, 1414 (1945).

Sulfonylureas and Related Compounds

Donawp R. Cassapy, C. Ainsworth, NELsox R. Lasrox,
MazseL Livezey, M. V. Sicay, JR., aND . VAN HEYNINGEN

Received December 30, 1957

Atterpts in this Iaboratory to prepare hypogly-
cemic compounds based upon the structure of N-
sulfanilyl-N'-n-butylurea, also known as BZ-55 or
Carbutamide, have led to a series of new and ac-

HgN—Q SO,NHCONH CH,CH,CH,CH,

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 pharmacology? of these
compourds will be reported elsewhere in the near
future.

(1) F.J. Marshall and M. V. Sigal, Jr., J. Org. Chem , 23,
927 (1958).

(2) The pharmacological testing was performed under
the direction of Dr. M. Root.
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TABLE 1
RSO,NHCONHR'
Caled. Found
R R M.P,, °C. Formula C H N C H N

CH, C.H; 170-171.5 CH)N:058 28.92 6.07 16.86 28.92 6.02 16.65
CH; n~CyH, 106-107 CsH1aN,058 37.11 7.27 14.43 37.02 7.40 14.67
CH; n~CrHis 123.5-124 CoHyN:058 45.75 8.53 11.86 46.01 8.50 11.76
n~CHy n~CiHy 114 CsH3N2058 43.25 7.99 12.30 43.45 8.20 12.49
n-CyHx n~CsHyy 105 CyHN,0.8 45.98 8.49 11.84 46.19 8.47 12.04
n~-C;H; n~-CeHy, 97 C1oH2eN:0,8 47.97 8.8 11.19 48.35 9.09 11.37
n-CiH, n-C;Hy 43.0-43.5 CsH1sN0,8 43.22 8.16 12.60 43.25 7.99 12.30
?’L-C4Hg 2‘CH3002H5 115-117 CsH15N204S 11. 60 11.42
n-C4H9 n—C4H9 96-97 CgHzoNgOsS 45, 75 8.53 11.86 45.96 8.67 11. 73
n-C;H, -C,H, 111-112 CoHyN,O58 45.75 8.53 11.86 46.02 8.56 11.70
n-CH, 2-CH, 96-97 CsHyN,0,8 45.75 8.53 11.86 45.98 8.49 11.84
n-C4Hg t-C4Hg 129-131 CgHzoNgOaS 11. 86 11.93
’FL-C4H9 1—HO—2-C¢H3 qumd CQH20N204S 11.10 10.78
n-CiH,y C,H;0,CCH,’ 109-110 CoHsN058 40.59 6.81 10.51 40.91 6.81 11.28
n-CH, n-CsHy 91-92 C1oH2eN,0O48 47.97 8.8 11.19 4826 9.07 11.10
n-CiH, 7-CsHy 76-77 CioHpN,048 47.97 8.8 11.19 48.27 8.75 10.82
n-C4H9 2-CsHu 87-89 CmszNgOgS 11.19 11.14
’VZ-C4H9 t-CsHu 82-84 CmszNgOsS 11.19 11.51
n-C4H9 CyCIO-C,ng 131-132 CwthoNgOgS 48.39 8.12 11.28 48.60 8.55 11. 47
’ﬂ-C4H9 7L—C9H]3 91-93 CuHuNzOgS 10.59 10.40
n-C4H9 C}'clo~CsH11 139-140 CuHQzNgOgS 50.38 8.45 10.65 50.55 8.65 10.43
n—C4H9 4—CH3-2-05H10 77-79 CququOsS 10.59 10.42
n-C4Hg 7L-C7H15 95-97 ClgHgsNzogs 10.06 9.96
n—C4Hg 2-C7H15 67-69 C]szsNzOsS 10.06 10.02
n—C4H§, 3-C7H15 63-65 C]zH%NgOgS 10.06 9.89
n-C4Hg p—CH3C5H4b 118—120 CuH;gNanS 53.32 6. 71 10. 37 53 .54 6. 79 10 .64
n-CH, 0-CH,0CH? 164-165 C1H1sN,0,8 50.30 6.33 50.48 6.53

n-C4Hg p‘02N05H4D 184-185 CunNaOaS 13.33 13.40
i-C4H9 n-CgH'] 142-144 CsHmNgOsS 21.61 12.91
i—C4H9 n'C4H9 107-109 CQH20N2OSS 11.86 12.15
i-C,H, t-CH, 133-135 CyHyN,0,8 11.86 11.89
CH=C(CH;)CH,— n-C;H; 162~-163 CsHisN058 43.63 7.32 43.91 7.13

CH,=C(CH;)CH,— n-CH, 118-120 CoH3N-048 11.96 11.98
2-C.H, n-CH, 106-107 CoHyoN,0:8 45.75 8.53 11.86 45.86 8.55 11.82
-C.H, -CsHy 101-103 CioH2N,058 11.19 10.92
-CH, 3-CH,0C;H, 82-83 CeHyN,OS 11.10 10.96
n-C:Hy n~CyHy 89-90 CeH2oN,0;8 45.75 8.53 11.86 46.10 8.54 11.66
7L-05H11 CHEO—CH2~ 143~145 CgHngOuS 12.00 12.01
n-CsHy n-CyH, 98-99 CroHyN-0,:8 47.97 8.86 11.19 47.89 8.61 11.35
TL-CsHu 2-C4H9 115-1 17 CmHnggOgS 11.19 11.10
n-Can i-CQHg 106-108 CmHnggOgS 11. 19 11.18
’ﬂ-CsHu t-C4H9 94-96 CnggNzO;;S 11.19 11.09
n-C;:Hy n~C;Hy 88-89 CyHaN,058 49.99 9.15 50.04 9.25

n-C;Hy ~-CsHy 89-90 CuHau N, 048 49.99 9.15 10.60 50.28 895 10.89
n-CsHu CeHsCHz* 161—162 CmHngQOaS 9. 85 9.61
-C:H,; n-C;Hy 148-149 CoHyN,0,8 45.75 8.53 11.86 45.86 8.48 11.65
-C:H; i-C;H; 106-107 CoHyN,0;8 45.75 8.53 11.86 45.88 8.61 11.65
7-C;Hyy n-CyH, 113-114 Ci1oH2N,0,8 47.97 8.86 11.19 47.94 8.86 11.00
1-CsHyy i-C.H, 159-160 CroH2N,0:8 11.19 11.23
7-CsHpy 2-CH, 117-119 C1oHaeN,O58 11.19 11.03
i-CsHy 3-CH;0C;H; 101-102 CroHxN.08 10.53 10.34
i-CsHyy 1-Cl-2-C,H, 162-164 CpuHanCIN,OsS 42,18 7.43 9.84 42.21 7.35 9.95
i—chn 7lr-CaH11 84—85 011H24N203S 49 99 9. 15 10.60 50.16 9 .49 10 .89
-C;Hy i-C;Hyy 79-81 Ci1HauN,048 49.99 9.15 10.60 50.36 9.21 10.34
-C;Hy 2-CsHy; 108-109 CuHzN:0;8 49.99 9.15 10.60 49.84 9.29 10.76
CyClO-Cng 7I-CSH7 146—148 CgH]sNzOsS 46.14 7 . 75 46.66 7. 67

CyCIO-Cng 3-CH3003H7 128—129 C10H20N204S 47 .46 7 97 10. 06 47.97 8.16 9.84
Cyclo-CsH, n-CH, 154-155 CioHyN:0O;58 48.37 8.12 48.33 8.24

Cyelo-CsH, 1-CsHyy 139.5-140.5 C;H»N,0,8 50.37 8.45 50.47 8.37

n-CGng 3-CH3003H5 71-73 C1¢)H22N204S 10.52 10.66
CyClO—Ce],’Iu CgHs 145-146 CgHmNzOgS 46.14 7. 75 46.01 7.61

Cyelo-CeHu n-C;H; 155.0-156.5  C,oHpN,058 48.37 8.12 48.32 8.34

Cyelo-CeHyy -C3Hx 151-152 CioHpN-058 48.37 8.12 48.50 8.35

C}"CIO—CG}{U n-C4Hg 133-134 CquzNanS 50.37 8.45 50.19 8.45

CyClO-Celin ’é—CsHll 121-123 C12H24NZOSS 52.16 8.75 10.14 52.36 8.93 10.00
CyclO-Ce]'Iu CyClO-CsHu 145-147 CmngNQOaS 54.15 8.39 9.72 54.29 8.65 9.50
n-CyHir H 142-143 CoH2N058 45.75 8.53 11.86 45.76 8.79 11.65
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TABLE I (Continued)
Caled. Found
R R M.P, °C. Formula C " N C H N

’n-Can n-C4H9 74—75 CmHnggOaS 53 .40 9 .65 9. 58 53. 80 9.86 G, 53
’IL—CmHz] CHg 103 .5~-104.5 C12H25N203$ 51 . 78 9.42 52.13 9.69
n-CioHn CoHs 87-89 Ci3HysNoO:S 53.40 9.65 53.61 9.73
n=CioHay n-CHe 90-92 CisH3N:048 56.22 10.07 56.13 10.01
C¢H:;CH, n-C;Hy 203-205 CrH;sN.058 51.56 6.29 51.81 6.33
CH;CH, n-C.Hp 161.0~161.5  CpHy;3sN,O58 53.32 6.71 53.29 6.87
2-Thlenyl 77,-03H7 141-143 CnggN203SQ 38.69 4.87 38.69 4. 79
2-Thienyl n-CH, 151-152 CeH1sN,0;:8: 41.22 5.38 10.68 41.24 5.54 10.29

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

TABLE II
RSO, NHCOOR/’
M.P., Caled. Found
R R’ °C. Formula C H N C H N

CH; CoH; Oil C.H,NO,S 28.75 5.43 8.38 28.72 5.28 8.46

n-CyH, C.H; Oil CH,NOS 40.19 7.23 6.70 40.30 7.25 6.65

n-CH, n-C;H; 0il® CsH;sNOSNa 39.18 6.58 5.71 39.18 6.67 5.64

’n-C4H9 TZ-C4H9 4648 CnggNO.;S 5.90 6.08

72,-C4Hg TL-Can Oil® ClnggNO.;SNa 5.13 5.10

n-CsHo n~CeHis Oil* CnH3NOSNa 45.98 7.72 4.87 45.75 7.86 5.02

’)’lr-CaHu Csz Oll CgH17NO4S 6 . 28 G . 35

?’L-C;-,Hu 7’L-C4Hg Ol] C1oH21NO4S 5.57 5.63

n-C5H11 ’i—Cqu 73—‘75 C]QH21NO4S 5. 57 5.42

C)’CIO-Csﬁg CQHE, Ollb CsH15N04S 43.42 6.83 43.29 6.92

n,-CGHw CgH5 Oll Cng 9NO4S 5 . 90 5 . 74

CyClO-CsHu Csz 81-83 CgH17NO4S 5.96 6.22

’I’Z-CloHﬂ Csz 46-48 013H27NO4S 53 .21 9. 27 53 .35 9.31

C¢H:CH, C,Hs 101-103 CpH;;NOS 5.76 .5.69

2-Thienyl C.H; 80-81 C,H,NO,S: 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.

b n2 1.4795.

TABLE III®
RSO,NHCONR'R
M.P., Caled. Found
R R’ R” °C. Formula C H N C H N
n-C4H9 CH3 CH3 Oll C7H15N2038 13.46 13. 53
n-C4H9 CgHs Csz Oll CgHgoNanS 45 . 75 8 . 53 4:5 . 74 8 . 67
n-CH, Morpholinyl 95 CH ;s N,0,8 43.19 7.25 42.84 7.58
n-C.H, Piperidyl 37-38 CiH3NoOs8 48.37 8.12 11.28 48.27 8.39 11.09
n-CHy Pyrrolidyl 125 CoH;sN:0:8 46.14 7.75 11.96 46.03 7.47 12.10

2 Compounds were prepared by procédure 1 for Table 1.

Replacement of the aryl group of the parent
compound with an alkyl radical has resulted in the
alkylsulfonylureas listed in Table I. The interme-
diate carbamates were all prepared by a general
method? and many were not characterized due to
the difficulty encountered in distillation. The car-
bamates characterized or analyzed are listed in
Table IT.

To complete this series several bvs compounds

were prepared: 1,6-bis(sulfonamidojhexane; 1,6-
his(N-carbethoxysulfonamido)hexane; 1,6-bis-
(N-n-propylearbamoylsulfonamido)hexane; 1,6-
bis(N-isoaraylearbamoylsulfonamido)hexane; 1,6-

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

bis(n-amylsulfonylureido)hexane;  N,N'-bis(iso-
amylsulfonyl)urea. Secondary amines were also
used in the reaction with the sulfonylcarbamates
leading to a series of N,N’-disubstituted n-butylsul-
fonylureas as listed in Table III.

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.

EXPERIMENTAL*

Preparation of the alkylsulfonylureas in Table I. Procedure
1.3 One molar part of the sulfonamide® was dissolved in

(4) The melting points are uncorrected.
(5) All sulfonamides were known compounds and were
commercially available or prepared by literature methods.
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TABLE IV
RSO, NHCOR’
M.P,, Caled. Found
R R’ °C. Formula C H N C H N
’I‘L-C4}[9 ’VL-C4H9 61—62“ CQH] 9NOsS 6.33 6. 07
i-CaH11 ’n-CaH'x 35*36" CgH1 gNOgS 6.33 6. 08
p-CH305H4 ﬂ—C5H11 63"656 CthgNOsS 57.96 7.11 5.20 58.05 7.30 5.49
¢ B.p. 204-206° at 10 mm. Hg. ? B.p. 200~201° at 10 mm. Hg. ¢ Recrystallized from isopropyl ether-petroleum ether
60-90°.
TABLE V
RSO,CH,CONHR’
M.P,, Caled. Found
R R’ °C. Formula, C H N C H N
CeH; n-C4H, 112-113 CHisNO;S 56.44 6.71 5.49 56.61 6.89 5.20
p-CH;CeH, n-CyH; 117-118 CiHizNO;8 56.44 6.71 5.49 56.29 6.79 5.26
p-CH,CeH, n-Cy4H, 103-104 CisH1sNO;S 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 agueous solution
of salts and vacuum removal of the ether gave a 60-80%
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 II.

One molar part of the erude carbamate was dissolved in an
excess of the appropriate amine forming a salt and the
excess amine removed n vacuo. The residue was then pyro-
lyzed ¢n vacuo at 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 949, in some cases.

Procedure 2. One molar equivalent of the sulfonamide
was treated with the appropriate isocyanate in nitroben-
zene.®

Preparation of the acylsulfonamides 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 was from aqueous methanol. These new compounds
are listed in Table IV.

Preparation of the a-arylsulfonyl-N-alkylacetamides. The
N-alkyl-a-chloroacetamide” (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. 8. Patent
2,385,571, Sept. 25, 1945. (¢) 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 509 aqueous ethanol. Yields were
approximately 60%.

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°, yvield 679 from 1,6-dibromohexane.? (4dnal.
Caled. for CeH1eN:04S,: C, 29.49; H, 6.60; N, 11.47. Found:
C, 29.43; H, 6.66; N, 11.11). 1,6-bis(N-carbethoxysulfo-
namido)hexane, m.p. 84-85° yield 73%. (4nal. Caled.
for C,HuN.O:8,: 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°, vield 85%. (Anal.
Calcd. for 014H30N40682: C, 4057, H, 730, N, 13.52.
Found: C, 40.73; H, 7.16; N, 13.33). 1,6-bis(N-isoamylcar-
bamoylsulfonamido)hexane, m.p. 194-195°, vyield 94%
(Anal. Caled. for C;HxNOS,: C, 45.76; H, 850; 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% (Anal.
Calcd. for C]8H38N40682: C, 4576, H, 850, N, 11.18.
Found: C, 45.94; H, 8.53; N, 10.86).

Preparation of N,N'-bis(isoamylsulfonyl)urea. Ten grams
(0.67 mole) of isoamylsulfonamide was dissolved in an excess
of 109, 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. Caled. for C;;HauN058,: C, 40.22; H, 8.36; N, 8.52.
Found: C, 39.97; H, 8.46; N, 8.61.

Tpon standing the liquid crystallized to a waxy solid
melting at 35-36°.
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their appreciation for the microanalyses performed
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(8) Prepared by methods of T. B. Johnson, U. 8. Patent
2,146,744, Feb. 14, 1939. Treatment of the resulting sul-
fonylehloride with anhydrous ammonia led directly to the
bis-sulfonamide.



