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l-(2-Imidazolin-2-yl)-2-pyrrolidone (9).—2-(3-Carboxypropyl-
amino)-2-imidazoline (33.7 g) was esterified according to the 
procedure described for 2, and the ester HC1 (33.7 g, oil) was 
treated with a solution of 7.9 g of NaOMe in 150 ml of MeOH. 
The NaCl was removed by filtration and the filtrate was evap
orated to dryness. The solid residue was extracted with PrOH 
in a Soxhlet extractor. The PrOH solution was concentrated to 
about 80 ml, Et>0 was added to cloud point, and the mixture was 
chilled to obtain 9.73 g of product, mp 107.5-109°. Anal. 
(GHuNsO) C, H, N. 
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Benzimidazole derivatives of type 1 where Ri = H, 
Me, Et, and «-Pr, and R2 = CH3C6H4S02, C10H7SO2, etc., 
are reported to possess hypoglycemic activity.1_3 These 
compounds when compared with chloropropamide, 
tolbutamide, etc., indicate that an aromatic nucleus 
(homocyclic or heterocyclic) carrying a side chain 
-SOoXHCOXRR' plays an important role in the pro-

TABLE I 

Xo. 

1 
2 
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C6H5 

CH3 

C2H5 

«-C3H-
w - G H <j 

Mp," °C 

147 
186 
150-151 
192 
220-222 

Recrystn 
solvent0 

A 
A 
B 
A 
A 

Yield, 

% 
65 
35 
46 
38 
42 

Formula*1 

CioHie^CVS 
C10H12N4O3S 

C11H14X4O3S 

C12H16N4O3S 

C13H20N4O4S 

" Melting points were taken in open capillaries in sulfuric acid 
bath and are uncorrected. b Analyses for C, H, N were within 
± 0 . 4 % of the theoretical values. c A = EtOH, B = dilute 
EtOH. 
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duction of potent antidiabetic drugs. The basic 
moiety seen in benzimidazoles (as is showrn within block 
lines 1) coupled with the high antidiabetic activity 
exhibited by benzimidazole2 prompted us to synthesize 
possible hypoglycemic agents derived from in the 
benzimidazole series (2) see Table I). 

2, R = alkyl or aryl 

Experimental Section 

2-Benzimidazolesulfonyl Chloride.—2-Mercaptobenzimidazole3 

(20 g) in 800 ml of 20% AcOH was cooled in an ice bath and Cl2 

was passed first slowly then vigorously for 50-55 min.4 The 
product was filtered quickly. 

Benzimidazole-2-sulfonylglycine.—The acid chloride was 
added immediately to a solution containing 10 g of glycine and 
450 ml of 10% NaOH solution. The solution was stirred vigor
ously and was kept at room temperature overnight to complete 
the reaction. I t was filtered and the filtrate was acidified to p H 2 
with dilute HC1 when sulfonylglycine precipitated. I t was 
filtered, washed (cold H«0), and collected; mp 214°. 

Benzimidazole-2-sulfonylglycamide.—A mixture of 1 mole of 
the above sulfonylglycine and slightly more than 1 mole of 
alkyl- or arylamines was refluxed for 1-2 hr. When cooled the 
mixture was washed ( 5 % Na2C03 solution, 5% HCl, H20). 

Pharmacology.—The compounds were studied for their hypo
glycemic action in albino rats of either sex weighing 150-200 g, 
fasted for IS hr (water was allowed ad lib). The blood sugar was 
determined by collecting blood (0.1 ml) from the tail of the rats 
and determined by the method of Folin and Wu.5 

A suspension of 250 mg/kg of the test compounds in gum acacia 
was administered orally to six groups of rats. The blood sugar 
was determined after 3, 6, and 24 hr. At the end of 6 hr food 
weighed in grams was given to all of the rats and 18-hr blood 
sugar was again determined, i.e., 24 hr after the drug administra
tion. All of the test drugs and the reference drug, tolbutamide, 
were administered at 250 mg/kg (see Table II) . 

Compounds 1-3 and 5 have no significant hypoglycemic action; 
compound 4 at the doses tested reduced the blood sugar signifi-

IV, John Wiley & Sons, Inc., New York, N. Y., 1963. p 569. 
(4) Richard O. Roblin, Jr., and James W. Clapp, J. Am. Chem. Soc, 72, 

4890 (1950). 
(5) O. Folin and H. Wu, J. Biol. Chem., 41, 367 (1920). 

No. of 
Test compd animals 

Control 5 
1 5 

o o 
Tolbutamide 5 

' Mean ± standard error. 

T 
B L O O D S U 

Initi&l blood suff&r 
mg/100 ml 

101.94 ± 5.2" 
104.40 ± 1.2 
103.50 ± 1.7 
101.40 ± 1.9 
97.90 ± 2.1 

107.62 ± 2.1 
94.51 ± 3.1 

ABLE I I 

GAR D E T E R M I N A T I O N 

, ' Blood 
3 hr 

98.68 ± 5.2 
99.98 ± 1.6 
99.54 ± 1.8 
98.74 ± 1.6 
90.04 ± 6.0 

106.64 ± 3.1 
95.19 ± 6.2 

r i , f 
sugar (mg/100 ml) le\ el alter 

6 hr 
97.54 ± 5.1 
98.22 ± 1.8 
98.32 ± 1.2 
97.12 ± 1.09 
79.22 ± 2.01 
(P < 0.001) 

116.60 ± 4.10 
59.56 ± 4 . 4 5 
(P < 0.001) 

24 hr 

105.5 ± 1 . 4 
99.67 ± 1.6 
99.87 ± 1.4 
99.46 ± 1.2 
95.86 ± 4.5 

110.04 ± 2.01 
84.53 ± 2.2 
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cantly after ti hr (P < 0.001) under conditions at which tolbut
amide had a very good hypoglycemic activity. 
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Iii an earlier report2 an effort was described to assess 

the conformational requirements of carbamate in

hibitors of the Hill reaction. This s tudy involves a 

similar approach which a t tempts to correlate the geom

etry of the = N C O N H P h moiety with inhibition of the 

Hill reaction. Two cyclic ureas (1, 2) with fixed con-

l.R = H 

2,R = C1 

formations were synthesized and assayed. The corre

sponding linear ureas3 m-RC e H 4 NHCbX(CH 3 ) , [R = 

H (3), R = CI (4)] were also assayed so that a direct 

comparison could be made. 

Chemistry.—Treatment of the appropriate isatoic: 

anhydride with an aqueous solution of M e N H 2 gave the 

corresponding 2-amino-X-methylbenzamide (5). Re

duction of 5 with diborane gave the corresponding 2-

amino-X-methylbenzylamine (6). Fusion of 6 with 

urea gave the desired cyclic ureas (1, 2). 

The X,X-dimethylureido group, (AIe)2XCOXH. is 

planar because of resonance and may exist in two possi

ble conformations (A, B) depending on the position of 

the C = 0 group with respect to the amido hydrogen 

(CH s) . ,XCONim =5=3= (CH 3 ) 2 NCO. \mt 
A , cis B , trans 

atom. This suggests the possibility that one or both 

conformational forms could be involved in binding to 

a receptor. In at tempting to assess this factor, two 

cyclic ureas (1, 2) which exist solely as the cis conformer 

were prepared and assayed. Compounds 1 and 2 were 

(1) (a) P re sen t ed before t he Division of Medic ina l Chemis t ry , a t t h e 
S o u t h e a s t e r n Regiona l Mee t ing of the Amer ican Chemica l Society, Rich
mond , Va.. N o v , 1969. T h e inves t ig t ions of D . E . More l and were s u p p o r t e d 
in p a r t by Publ ic Hea l th Service G r a n t E S 00044. (b) T o whom inquir ies 
concern ing this work should be addressed . 

(2) M . R. Boots , J. Med. Chem., 12, 426 (1969). 
(3) T h e l inear ureas (3, 4) were suppl ied by E. I. d u P o n t de X e m o u r s and 

C o m p a n y , I n c . Wi lming ton , Del . 

inactive at 3 X TO"4.1/, whereas 1.™ values of 1. "> X 10'"'''' 

and 2.7 X 10~B M were obtained for 3 and 4. respec

tively. The inactivity of 1 and 2 may be at t r ibuted to 

the fact that the ureido group is in a conformation thai 

prevents it from binding to the receptor. An alternative 

explanation involves the conformation of the Hi ring, 

which is restricted in the cyclic urea system. This 

restriction is not required in the linear ureas (3, 4), and 

the Hi ring may assume a conformation that allows 

binding to the active site of the receptor. 

Experimental Section^ 

2-Amino-N-methylbenzamide 15a).—The procedure of Clark 
and Wagner5 was modified. A solution of 40.S g (0.25 mole) of 
isatoic anhydride, 100 ml (1.3 moles) of 40% aqueous MeXTE, and 
400 ml of H20 was allowed to stand at 2.")° for 15 min. The 
mixture was extracted with EtOAc. The organic phase was 
washed (10% aqueous Xa2C03, FEO, saturated aqueous XaC'l) 
then dried (MgSO.i). The solvent was removed in vacuo to give 
22.3 g (60%) of 5a, nip 77-79° (lit.6 nip 79-.S0°). 

2-Amino-6-chloro-N-methylbenzamide (5b) was prepared 
analogously. The crude 5b (27 g, 50',"'). nip 126--12S0, was 
recrystallized twice from EtOAc-petroleum ether (60-75°) to 
afford an analvtical specimen as white needles, mp 130-131°. 
Anal. ( C S H B C I N J O ) C\ IT, X. 

2-Amino-N-methylbenzylamine (6a).—To a mixture of 1) g 
(0.06 mole) of 5a and 4.1 g (0.11 mole) of XaBH, in 90 ml of 
dimethoxyethane (l).MEi was added dropwise with stirring at 
25° over a 1-hr period, 20.4 g (0.14 mole) of BF 3 -E t ,0 in 30 ml of 
DATE. The mixture was stirred an additional 22 hr at 25°, 
then poured onto an ice -IICI mixture. It was extracted with 
EtsO, then the acidic aqueous phase was made basic with XaOH 
solution and extracted with EtOAc. The organic phase was 
washed (TI2O, saturated aqueous XaCl), then dried (Na..S().,). 
The solvent was removed in vacuo to afford 7.6 g of a liquid. Distil
lation yielded 4.5 g ('55',') of 6a as a colorless liquid, Up 116-1 Is" 
HO mm) (lit.7 bp 114-1 i s 0 1 10 mm) .1. 

2-Amino-6-chloro-N-methylbenzylamine (6b) iva- prepared 
similarly. Crude 6b was distilled to yield 2.2 g (65' , i of colorless 
liquid, bp 155-157° (1(1 mint. Anal. (CJInOXV) C. 11, X. 

3-Methyl-3,4-dihydro-2(lH)-quinazolinone (1). The proce
dures of Short, and Swell* and .Martell and Frost9 were modified. 
A mixture of 0.60 g (4.4 nimoles) of 6a and 0.53 g t s.s mmoles) 
of urea was heated at 195° For 40 min. The resulting white mass 
was washed (TToO), then dried to afford 0.55 g (77'"J) of a while 
solid (1), mp 19S-2050. Three recrystallizations from EtOAc 
afforded an analvtical specimen as white needles, mp 198-202°. 
Anal. (CcJToXiO) C, IT, X. 

3-Methyl-5-chloro-3,4-dihydro-2(lH)-quinazolinone CI) was 
prepared similarly. Crude 2 (2.4 g, 92%.), mp 195-200°, was 
recrystallized three times from EtOAc to afford an analytical 
specimen as white needles, mp 20X-2I20. Anal. KMECiXjO) 
C, II, X. 

Biological Assays.- -The molar concentration of the ureas 
required to reduce the photolytic activity of the isolated chloro-
plasts by 50% (Iso value) was determined bv previously described 
techniques,10 except that ferricyanide reduction was measured 
colorimetrically at 420 m/i following precipitation of chloropiast 
protein with trichloroacetic acid. 

Determinations were performed in duplicate with three sepa
rate chloropiast extractions from Alaska pea leaves [I'isuni 
sativum L.). Data are presented (see Introduction) as the 
arithmetic averages of the individual determinations. 

i4) Mel t ing poin ts , de t e rmined with a T h o m a s - H o o v e r capi l lary mel t ing 
poin t a p p a r a t u s , a re uncor rec ted . Where analyses a r e ind ica ted only by 
symbols of t h e e lements , ana ly t i ca l results ob ta ined for those e lements were 
wilhin ± 0 . 4 % of the theore t ica l va lues . I r a n d n m r d a t a of all t he com
pounds were cons i s ten t with t he proposed s t r u c t u r e s . 

(5) R. H . C l a r k a n d E. C. Wagner , ./. Org. Chem., 9, 55 (1944). 
i.6) A. Weddige a n d M . Kcirner, ./. Prakt. Chem., [2] 36, 141 (18871: 

Chem. Zentr., Zbl., 58 , 1375 (1887). 
(7) A. R. Osborn a n d K. Sohofleld, ./. Chem. Soc. 3977 (1956). 
<8) -I. H . S h o r t a n d L. R. Swet t , ./. Org. Chem., 26, 3428 (1961). 
9) A. E . M a r t e l l and A. E . Fros t , J. Am. Chem. Soc., 72, 1032 (1950). 
10) U . E . More land and K. I.. Hill, J. Agr. Food Chem., 7 , 832 (1959). 


