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tion of the residue gave a pale yellow oil, b.p.  97-102" (0.4 mm.) ,  
n z 3 ~  1.4645. 

Anal. Calcd. for ClzHzlNOz (mol. wt., 211): C, 68.3; H,  
10.0; N,6 .6 .  Found: C, 68.4; H,9.8;  N,  6.6. 
H. l-Benzyl-3,3-diethyl-2,4-pyrrolidinedione (VIII).-A solu- 

tion of 43 g .  of benzylamine in 200 ml. of ether was interacted 
with 53 g. of the bromoacetoacetate in accordance with the 
procedure described under G to give a colorless liquid, b.p. 145" 
(0.55 mm.) ,  12% 1.5235. 

Anal. Calcd. for ClsHl,NO2 (mol. wt., 245): C ,  73.5; H ,  
7.8; N ,  5.7. Found: C, 73.8; H,  8.0; N ,  5.9. 
Derivatives of 3,3-Dimethylpyrrolidinedione. A. 1-(Car- 

bethoxymethyl)-3,3-dimethyl-2,4-pyrrolidinedione (IX) .-A solu- 
tion of 30 g. of ethyl glycinate in 25 ml. of benzene wa3 treated 
with 34.5 g. of ethyl r-bromo-a,a-dimethylacetoacetate2 in 25 ml. 
of benzene in accordance with the procedure described under 
A above for the diethylacetoacetate. The product was a colorless 
liquid, b .p .  112' (0.2 nim.), n Z 6 ~  1.4634, which tended to solidify 
to-a low melting solid. 

Anal. Calcd. for CInHliNOa (mol. wt.. 213): C. 56.4: H.  . .- 

7.0. Found: C, 56.3; H ,  7.0; sapon.equiv., 188. 
B. 1-( Carboxymethyl)-3,3-dimethyl-2,4-pyrrolidinedione (X). 

-The ester ( IX ,  5 g.)  was hydrolyzed as described for the diethyl 
analog with 12 ml. of 2 'l' KaOH to give the acid in the form of 
small white needle clusters (from ethyl acetate), m.p. 128-130"; 
infrared analysis showed a band for a strained carbonyl a t  1765 
rm.-l. 

Anal. Calcd. for C,HiISOa (mol. wt., 185): C, 51.8; H ,  
5.9. Found: C, 52.0; H ,  6.1. 
C. 1,3,3-Trimethy1-2,4-pyrrolidinedione (XI).-A mixture 

of 200 g .  of methylamine in ethanol (30% solution) was dissolved 
in 1000 nil. of ether and treated with 200 g .  of the bromoaceto- 
acetate according to the procedure previously described for the 
diethyl analog to give a colorless liquid, b.p.  141-144' (46 mm.), 

12% I .4720. It was 
therefore chilled and filtered; the crystalline material was re- 
crystallized from an ether-petroleum ether (b.p.  40-60") mixture 
to give soft uhite crystals, m.p.  47-50". 

Anal. Calcd. for C7HlINOz (mol. wt. ,  141): C, 59.7; H ,  7.8; 
N ,  9.9. Found: C, 59.6; H,  7.7; S ,  9.9. 

The same compound could be made by decarboxylation of 1- 
(carboxymethyl)-3,3-dimethyl-2,4-pyrrolidinedione ( X ) .  The 
product so obtained was treated with phenylhydrazine in the 
conventional manner to give yellow flakes (from ethanol) of 
1,3,3-trimethyl-4-phenylhydrazono-2-pyrrolidone (XI) ,  m.p. 167- 
173" (with prior softening). 

Anal. Calcd. for C13H11N30 (mol. wt. ,  231): C, 67.5; H ,  
7.4. Found: C, 67.8; H,  7.6. 
D. 1,3,3-Trimethy1-4-isonitroso-2-pyrrolidone (XIII) .-A mix- 

ture of 10 g. of the dione (XII ) ,  12 g .  of hydroxylamine hydro- 
chloride, 60 ml. of pyridine, and 60 ml. of ethanol was interacted 
as described for the diethyl analog to give small white needles of 
the product (from dilute ethanol), m.p. 211-212". 

Anal. Calcd. for C ~ H ~ ~ N Z O ~  (mol. wt., 156): C, 53.8; H, 
7.7; N ,  18.0. Found: C, 53.8; H ,  7.2; N ,  18.1. 

E. 1,3,3-Trimethyl-4-phenylsulfonamido-2-pyrrolidone (XIV). 
-A solution of 8 g. of the isonitroso compound ( X I I I )  in methanol 
was reduced, and the reduction product was treated with ben- 
xenesulfonyl chloride in the manner previously described for the 
diethyl analog to give white spires (from dilute ethanol) of the 
product, m.p.  163-165". 

Anal. Calcd. for C13Hl,Nz03S (mol. wt., 282): C, 55.3; H ,  
6.4. Found: C, 55.4; H,  6.3. 

The liquid partially solidified on standing. 
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Several new 5H-1,4-benzodiazepin-5-ones were prepared from 2-aminobenzamides by ring closures involving 
intramolecular eliminations of alkylsulfonic or arylsulfonic acids, cyclodehydrochlorination, and cyclodehydra- 
tion reactions. Some chemical transformations of the new compounds are presented. 

During recent years, considerable effort has been 
expended toward the synthesis of 1 H-l,4-benzodiaze- 
pines, a group of compounds having interesting psy- 
chopharmacologic properties. In the course of our 
investigations into the preparation of centrally active 
drugs, we arrived at several routes for preparing novel 
Sf-1,4-benzodiazepin-5-ones through ring closures in- 
volving elimination reactions in suitably substituted 2- 
aniinobenzamides. 

The  first method involved the reaction of a 2-amino- 
Ar-(2-hydroxyalkyl) benzaniide (I) with a n  alkylsulfonyl 
or arylsulfonyl chloride. The method is illustrated 
best by the preparation of 1,2,3,4-tetrahydro-1-p- 
tolylsulfonyl-~5H-l,4-benzodiazepin-5-one (IIIj). 2- 

(1) (a) A.  Stempel and F. \V, Landgraf, J. O r g .  Chem., 27, 4675 (1962); 
(b) 8. C. nell. T. 8. Sulkowski, C .  Gochman, and S. J. Childress, i b i d . .  
27, 562 (1962);  (e )  S, C. Eel1 and S. J. Childress, i h zd . ,  27, 1691 (1962); 
(d)  S. C. I3ell. C. Gochman. and S. J. Childress, J .  M e d .  Chcm.. 6, 63 (1962); 
( e )  L. H. Sternbach. R .  I. Fryer. W. Metlesics. E ,  Reeder, G. Sach, G. 
Saucy, and .1. Stempel, .I. O r y .  Chem.. 27, 3788 (1962);  ( f )  L. H .  Sternbaoh 
and E. Reeder. i h i d . .  26, 4936 (1961). 

(2) RI.  UskokoviC. J .  Iarobelli. and  \V, Wenner [ i b i d . ,  27. 3606 (1963)l 
have desrribed the greparation of 3H-1.4-benzodiaaepin-2,5(lH,4H)-dionea 
froin substituted 2-ariiinobenzariiides. 

Aniino-N-(2-hydroxyethyl)benzamide (Ie), obtained 
from the reaction of 2-aminoethanol with isatoic an- 
hydride, was treated with 2 molar equiv. of p-toluene- 
sulfonyl chloride a t  0-5' in pyridine. After several 
hours, the addition of water to the reaction mixture 
resulted in the precipitation of a solid which, on heating 
in ethanol, gave IIIj. It subsequently was shown that 
the cyclization occurred during the attempted puri- 
fication of intermediate 11, since the solid initially ob- 
tained had a n  infrared absorption spectrum significantly 
different froin IIIj .  The spectrum of the rather labile 
intermediate has an amide I1 band a t  6.4 and is coni- 
patible with the open-chain structure of the p-toluene- 
sulfonate ester of 2-p-toluenesulfonamido-N-(2-hy- 
droxyethy1)benzamide. The aniide I1 band is absent 
in the spectrum of I l I j ,  as expected, since it is a cyclic 
amide. The same reaction was carried out in stepwise 
fashion using I equiv. of p-toluenesulfonyl chloride. 
The product isolated was N-(Z-hydroxyethy1)-2-p- 
toluenesulfonaniidobenzainide. When the latter prod- 
uct in pyridine was treated with a 2nd molar equiv. 
of p-toluenesulfonyl chloride and the reaction worked 
up in the customary manner, IIIj again was obtained. 
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CONHCH,CH R, '*'q OH I 
HZ 

Com- 
pound M.P.: Recryst. Yield, 7- Calcd., %- 

I Ri RP 'C. solventn % Formula C H  N c1 
a H  C1 120.5-122 C 87 CpHiiClNzOz 50.36 5.16 13.05 16.52 
b CeH6 C1 119-121 A 55 CibHiiClNzOz 61.96 5.20 9.64 12.19 
c CHa C1 109-110.5 A 83 CioHiaCIT\'nOz 52.52 5 73 12 .25  15.50 
d O-ClCsH4 C1 105-107 B-A 80 CifiH14ClNz02 55.40 4 .34  8 .62  21.80 
e* H H 90-91 B 38 CeHnXgOz 59.98 6 .71  15.55 
f o-CIC& H 103-105 B-A 55 CisHibClKzOi 61.97 5 .20  9 .63  12.19 

A = benzene, B = cyclohexane, and C = water. * D. R. Shridar and K. S. Narang [ J .  Indian Chem. 
m.p. 95' for Ie. 

-Found, %- 
C H N c1 

50 25 5 25 13 05 16 50 
62 02 5 24 9 38 12 07 
52 72 5 89 12 29 15 50 
55 71 4 25 8 38 21 50 
59 76 6 62 15 47 
62 22 5 00 9 34 11 6 

SOC., 33, 305 (1956)l reported 

CHART I 

I 

S02R3 
IIIa-j (Table 11) 

Ia-f (Table I) 

The compounds Ia-f (Table I) were converted to 
(See Chart I.) IIIa-j (Table 11) as described above. 

I n  each of these cyclization reactions, the formation of 
a 5H-l14-benzodiaxepin-5-one was accompanied by 
distinct infrared spectral changes. Compounds IIIa-j 
have only weak absorptions in the normal S H  stretch- 
ing region (3.0 p) and no amide I1 band (6.4 p). These 
bands are clearly present in the spectra of benzamides 
Ia-f. Another noticeable change is the appearance of 
a broad absorption at 3.5-3.6 p which is not present in 
the latter compounds. 

With the exception of the instance where RI = CH,, 
R2 = C1, and R, = p-tolyl in 11, none of the inter- 
mediates was sufficiently stable to be purified by re- 
crystallization. It was necessary to treat this ester with 
1 equiv. of sodium methoxide in boiling methanol be- 
fore ring closure to 7-chloro-l,2,3,4-tetrahydro- 
2-methyl-l-p-tolylsulfonyl-5H-l,4 - benzodiazepin-5-one 
(IIIc) would occur. 

I n  another experiment, treatment of 2-amino-5- 
chloro-N-(o-chloro-p-hydroxyphenethyl) benzamide (Id) 

with 2 molar equiv. of p-toluenesulfonyl chloride 
gave 5-chloro-N- (o-chloro-p-hydroxyphene t hyl) -2- ( p -  
toluenesulfonamido) benzainide instead of the expected 
cyclized product. Apparently, the 2nd equiv. of p- 
toluenesulfonyl chloride did not react with the some- 
what sterically hindered hydroxyl group of Id. When 
a more reactive reagent, methanesulfonyl chloride, was 
allowed to react with 5-chloro-N-(o-chloro-~-hydroxy- 
phenethyl)-2-(~-toluenesulfonaniido)benzaniide, ring 
closure occurred and resulted in the forniation of 7- 
chloro-2-(o-chlorophenyl)-1,2,3,4-tet r a h y d r o-l-p-tolyl- 
sulfonyl-5H-l,4-benzodiazepin-5-one (IIId). 

The foregoing experiments make it clear that the 
amino group of I reacts with the 1st equiv. of sulfonyl 
chloride, forming a sulfonamide. The 2nd equiv. 
reacts with the hydroxyl function, resulting in a sul- 
fonate ester (11). Nerely heating I1 in ethanol results 
in a surprisingly facile elimination of RBS020H. This 
elimination probably occurs by a concerted backside 
displacement of the OS02R3 anion by the sulfonaniido 
nitrogen with simultaneous abstracticn of a proton 
froin the same nitrogen atom. I n  only one experiment 
was the addition of a strong base, sodiuiii niethoxide, 
necessary to promote this elimination and concurrent 
cyclization to IIIc. It is difficult to assess the signifi- 
cance of the one exception since, in all other cases, 
elimination and ring closure occurred merely by heating 
the intermediate 11. 

N-Phenylanthranilic acid reacted with ethyl chloro- 
formate to give N-phenylisatoic anhydride. Treat- 
ment of the anhydride with 2-aniinoethanol afforded 
2-anilino-N-(Bhydroxyethyl)benzaniide. The latter 
compound in pyridine was treated with 1 equiv. of 
methanesulfonyl chloride. After standing several 
hours, the reaction mixture was treated with water, 
resulting in the separation of 1,2,3,4-tetrahydro-1- 
phenyl-5H-1,4-benzodiazepin-5-one. In this reaction 
the methanesulfonyl chloride reacts preferentially with 
the hydroxyl group, since the basicity of the amino 
nitrogen is considerably reduced by the presence of the 
two aromatic moieties to which it is bonded. 

Removal of the p-tolylsulfonyl group froin coni- 
pound IIIj was acconiplished by sulfuric acid hydroly- 
sis. The product isolated was 1,2,3,4-tetrahydro-,H- 
1,4-benzodiazepin-5-0ne. In  similar fashion, hydroly- 
sis of 7-chloro-1,2,3,4-tetrahydro-l-p-tolylsulfonyl-5H- 
1,4-benzodiazepin-5-0ne (IIIa) afforded 7-chloro-1,2,3,4- 
tetrahydro-5H-l,4-benzodiazepin-5-one. 
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Treatment of IIIj with phosphorus pentasulfide in 
pyridine gave 1,2,3,4-tetrahydro-l-p-tolylsulfonyl-5H- 
lJ4-benzodiazepine-5-thione. 
i-Chloro-2,3-dihydro-5-methylamino-2- phenyl - 1 - p -  

tolylsulfonyl-1 H-lJ4-benzodiazepine (IVc) was ob- 
tained by reaction of i-chloro-l,2,3,4-tetrahydro- 
2-phenyl-l-p-tolylsulfonyl-5H-1,4-benzodia z e p in-5-one 
(IIIb) with phosphorus oxychloride, followed by treat- 
ment of the product with methylamine. Other ex- 
amples are given in Table 111. 

Another synthetic route to 5H-lJ4-benxodiazepin- 
5-ones was through cyclodehydrochlorination. For 
example, reaction of 2-amino-5-chloro-N-(2-hydroxy- 
ethyl) benzamide with thionyl chloride gave 2-amino-5- 
chloro-N-(2-chloroethyl) benzamide. Heating the lat- 
ter compound in boiling N,  N-dimethylformamide in 
the presence of sodium carbonate gave i-chloro-1,2,- 
3,4-tetrahydro-5H-lJ4-benzodiazepin-5-one. Infrared 
spectral comparison of the latter product with the hy- 
drolysis product of IIIa, previously described, showed 
the two materials to be identical. A mixture melting 
point of the two also confirmed this identity. 

Treatment of an aqueous solution of w-aminoaceto- 
phenone hydrochloride with sodium carbonate, followed 
by the addition of 5-chloroisatoic anhydride, afforded 
2-amino-5-chloro-N-phenacylbenzamide (V). Cyclo- 
dehydration of V to 7-chloro-3,4-dihydro-2-phenyl-5H- 
lJ4-benzodiazepin-5-one (VI) was accomplished by 
heating V in boiling xylene solution. Lithium alumi- 
num hydride reduction of VI in tetrahydrofuran gave 
i-chloro-l12,3,4-tetrahydro-2-phenyl-5H-l ,4-benzodia z- 
epin-5-one (VII) by reduction of the azomethine 
bond. When a large excess of hydride was used and the 
reaction time was extended, both the azoniethine and 
lactam bonds were reduced, giving 7-chloro-2,3,4,5- 
tetrahydro-2-phenyl-1 H-1 ,.l-benzodiazepine (YIII) . 
(See Chart 11.) 

In  contrast to the present work, Sulkowski and 
Childress3 reported that the lithium aluminum hydride 
reduction of i-chloro-lJ3-dihydro-5-phenyl-2H-1 ,4-ben- 
zodiazepin-2-oneJ an isomer of VI, left the azomethine 
bond unchanged but reduced the lactani instead. The 
product of their reduction was i-chloro-5-phenyl-2,3- 
dihydro-1H-lJ4-benzodiazepine. Sternbach and co- 
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(3) T .  S. Sulkowski and S. J. Childress, J. Ow.  Chem., 88 ,  2150 (1963). 

workers4 reported the same observations but they sub- 
sequently were able to reduce the azomethine bond of 
the latter compound by a second treatment with 
lithium aluminum hydride. The greater ease with 
which the azomethine bond in VI is reduced, however, 
compared with the lactam bond is not unexpected since 
it is an anilic type. It is well established that anils 
undergo reduction readily under these conditions. 
The aromatic lactam carbonyl group, on the other hand, 
requires slightly more vigorous conditions for reduc- 
tion. 

The pharmacologic properties of these 5H-lJ4-benzo- 
diazepin-5-ones and their derivatives are currently 
under investigation. 

Experimental5 
1,2,3,4-Tetrahydro-l -p-tolylsulfonyl-5H-1,4-benzodiazepin-5- 

one (IIIj).-To an ice-cold solution of 8.4 g.  of 2-amino-N-(2- 
hydroxyethy1)benzamide (Ie)  in 30 ml. of dry pyridine waa added, 
in portions, 19 g. of p-toluenesulfonyl chloride. After stand- 
ing overnight in the refrigerator, the reaction mixture waa poured 
into 100 ml. of water. The oily residue was washed several times 
with water, affording a crystalline product (19.6 g . ) ,  m.p. 94-99'. 
This material (14.5 g.)  was added to 50 ml. of ethanol and the 
mixture waa heated for 15 min. on the steam bath.  After cooling 
in ice, the crystalline product was washed with 50 ml. of hot 
water, affording 8.5 g.  of IIIj, m.p.  192-197". The analytical 
sample obtained by recrystallization from ethanol had m.p. 197- 
199"; Amax 6.14 (C=O), 7.51, and 8.65 p (SO,). 

N-( 2-H ydroxyethy1)-2-p-toluenesulfonamidobenzamide .-To a 
cold solution of 2 g. of Ie  in 15 ml. of dry pyridine was added 2.1 
g. of p-toluenesulfonyl chloride. The mixture was allowed to 
stand 3 hr .  in the refrigerator and was then poured into 100 ml. of 
water. The viscous oil which separated crystallized on cooling 
to afford 3.0 g. of product, m.p. l l 5 - l1 i c .  Two recrystalliza- 
tions from benzene raised the melting point to 125.5-126.5' 
and gave Amax 6.15 ( C a ) ,  6.47 (amide I I ) ,  7.50, and 8.68 I.( 

Anal. Calcd. for CleHisNzOaS: C, 57.47; H, 5.43; N, 8.38; 
S, 9.59. Found: C, 57.58; H ,  5.25; K, 8.47; S, 9.3. 

5-Chloro-AT-( 2-hydroxypropy1)-2-(p-toluenesu1fonamido)benz- 
amide, p-Toluenesulfonate Ester.-To an ice-cold solution of 8.4 
g. of 2-amino-5-chloro-~VT-(2-hydroxypropyl)benzamide (IC) in 
25 ml. of dry pyridine was added 14 g.  of p-toluenesulfonyl chlo- 
ride. The reaction mixture was allowed to stand overnight a t  
room temperature and was then poured into 200 ml. of warm 
water. The oily residue which was deposited was m-ashed several 
times Kith water. The addition of a little methanol resulted in 
the formation of a crystalline solid (4.7 g.) ,  m.p.  120-123'. 
The analytical sample obtained by recrystallization from ethanol 
had a m.p. 116-118'; A~., 6.09 (C=O), 6.52 (amide 11), 7.44, 
and 8.64 p (SO2). 

Anal. Calcd. for CZ4HzSC1S20&: C, 53.67; H, 4.69; C1, 
6.60; S, 5.22; S, 11.94. Found: C, 53.90; H, 4.77; C1, 6.7; 
?;, 5.47; S, 11.9. 

7-Chloro-l,2,3,4-tetrahydro-2-methyl-l-p-tolylsulfonyl-5H- 
1,4-benzodiazepin-S-one (IIIc).-To a solution of 3.5 g. of 5- 
chloro-N-( 2-hydroxypropyl)-2-( p-toluenesulfonamido)benzamide, 
p-toluenesulfonate ester, in 25 ml. of anhydrous methanol mas 
added 0.5 g.  of sodium methoxide. The reaction mixture was 
heated under reflux for 10 min. and was then cooled in ice. The 
solid which deposited %-as washed with water. Recrystallization 
from methanol gave 1.3 g.  of product, m.p.  122-124'; A,,, 6.11 
(C=O), 7.52, and 8.76 p (SO,). 

o-Chloromandelonitrile Acetate .-A solution of 134 g. of o- 
chloromandelonitrile in 82 g. of acetic anhydride was heated 
under reflux for 2 hr.  The reaction mixture was distilled zn 
umuo through a Claisen head. The product, \\hich mas the 
fraction distilling between 109 and 111' (0.25 mm.), amounted 
to 107 g.  and had A,,, 5.67 p (C=O). 

(SO,). 

(4) L. H. Sternbach, E. Reeder, and G. A. Archer. ib id . .  28, 2456 (1963) 
( 5 )  Melting points were taken in capillary tubes (Thomas-Hoover melting 

point apparatus) and  are uncorrected. Infrared spectra were determined 
in potassium bromide pellets using a Perkin-Elmer, Model 21, spectro- 
photometer. 
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Anal. Calcd. for Cl,H&lNO,: C, 57.30; H,  3.84; C1, 16.92; 
S ,  6.68. Found: C ,  57.30; H, 3.92; C1, 17.2; N ,  6.47. 

o-Chloro-8-hydroxyphenethylaming.-To a cold, stirred sus- 
pension of 37.9 g.  of lithium aluminum hydride in 800 ml. of dry 
tetrahydrofuran was added a solution of 107 g. of o-chloromandel- 
onitrile acetate in 50 ml. of tetrahydrofuran over a period of 1 
hr. The reaction mixture was allowed to  stand for 20 min. at 
room temperature and was then heated under reflux for 2 hr.  
The aluminum complex was decomposed cautiously, after cooling 
in ice, by the dropwise addition of 100 Inl. of water followed by 
200 ml. of 20%" sodiuni hydroxide solution. The reaction mixture 
was filtered and the filtrate was concentrated by evaporation 
in vacuo on a rotary evaporator. The oily residue was distilled 
through a Claisen head, affording 56 g. of product, b.p. 108-112" 
(0.25 mni.). The product was used without further purification. 

S-Chloro-N-( o-chloro-p-hydroxyphenethyl)-2-( p-toluenesulfon- 
amido) benzamide.-To an ice-(mold solution of 20 g. of 2- 
amino-5-chloro-.~-(o-chloro-~-hydroxyphenethyl)benzaniide ( I d )  
in 40 ml. of dry pyridine was added 23 g .  of p-toluenesulfonyl chlo- 
ride. After standing overnight in the refrigerator, the reaction 
mixture was poured into 200 ml. of water. The oily layer was 
washed several times with water. The addition of a little meth- 
anol induced crystallization. The crude product amounted to 
23 g., m.p.  70-92". Several recrystallizations from benzene 
raised the melting point to 165-166" and gave A,,, 6.10 (C=O), 
6.46 (amide I I ) ,  7.42, and 8.61 ,U (SO,). 

Anal. Calcd. for CZ,HZ&NZO,S: C, 55.12; H, 4.20; C1, 
14.79; N, 5.82. Found: C, 55.28; H, 4.10; C1, 14.5; N, 
5.98. 

7-Chloro-2-o-chlorophenyl-l,2,3,4-tetrahydro- 1 -p-tolylsulfonyl- 
SH-1,4-benzodiazepin-S-one (IIId) .-To an ice-cold solution of 
5.2  g.  of 5-chloro-n'-(o-chloro-8-hydroxyphenethyl)-2-(p-toluene- 
8ulfonamido)benzamide in 10 nil. of anhydrous pyridine was 
added, dropwise, 1.26 g. of methanesulfongl chloride. The 
temperature of the reaction was kept below 20" during the 
addition. After the reaction mixture was allowed to  stand 3.5 hr.  
a t  room temperature, ice was added. The gummy residue which 
was deposited was dissolved in benzene. The benzene was re- 
moved by evaporation leaving an oily residue. Trituration of the 
residue with petroleum ether (b .p .  30-60") gave a crystalline 
product ( 2  g.) ,  m.p.  155-163'. Recrystallization from benzene- 
petroleuni ether raised the meking point to 165-166' and gave 
Amax 6.07 (C=O), 7.48, 7.56 doublet, and 8.61 p (SO,). 

N-Phenylisatoic Anhydride.-A solution of 5 g .  of .V-phenyl- 
anthranilic acid in 20 ml. of ethyl chloroforinate was heated 
under reflux for 10 hr. The excess ethyl chloroformate was 
removed in UUCZLO on a rotary evaporator. The residual solid 
amounted to  3.6 g., m.p.  172-179". Recrystallization of the 
product from ethanol raised the melting point to 177-179', 
and gave A,,, 5.64 and 5.76 p (anhydride). 

Anal. Calcd. for C14H8N03: C,  70.29; H,  3.79; N ,  5.86. 
Found: C, 70.21; H,3 .83;  S ,  5.65. 

2-Anilin0-~V-( 2-hydroxyethy1)benzamide.--To a solution of 10 
g.  of ,V-phenylisatoic anhydride in 50 ml .  of absolute ethanol was 
added 2.6 g. of 2-aminoethanol. The reaction mixture was 
heated for 10 min. on the steam bath.  The ethanol was removed 
in vacuo on a rotary evaporator leaving a solid residue (8.1 g . ) ,  
m .p.  62-70", Recrystallization from benzene-cyclohexane raised 
the melting point to 77-79" and gave A,,,, 6.16 (CEO) ,  6.52 p 
(amide 11). 

Anal. Calcd. for C1&16N202: C, T0.29; H, 6.29; N ,  10.93. 
Found: C,70.04; H,6 .11;  S, 10.92. 

1,2,3,4-Tetrahydro-l-phenyl-S H-l,4-benzodiazepin-S-one .-To 
an ice-cold solution of 2.6 g. of 2-anilino-.l'-( 2-hydroxyethyl) 
benzamide in 5 ml. of dry pyridine was added, dropwise and 
with stirring, 1.1 g .  of methanesulfonyl chloride, keeping the 
temperature of the reaction a t  0-10". hfter the reaction mixture 
had wtrmed to room temperature, ice was added. The crystal- 
line product which was deposited amounted to 2.2 g., n1.p. 60-64". 
Recrystallization from aqueous ethanol raised the melting point 
to 66-68' and gave A,;,, 6.10 p (C=o). 

Anal. Calcd. for C15H14N20: C,  75.60; H,  5.92; K, 11.76. 
Found: C, 75.57; H ,  5.92; N ,  11.53. 

1,2,3,4-Tetrahydro-SH-l,4-benzodiazepin-S-one .-A solution 
of 1 g .  of IIIj in 5 nil. of concentrated sulfuric avid was allowed to  
stand a t  room temperature for .5 days. The reaction mixture 
was then poured into 1.5 nil. of water and the solution was 
neutralized with 3 ,V sodium hydroxide solution. A crystalline 
material was deposited (0.2 g.), m.p. 52-54", Recrystallization 

from n-pentane afforded 1,2,3,4-t.etrahydro-5H-l,4-benzodiaze- 
pin-5-one, m.p.  55'; Amax 6.15 p ( C 4 ) .  

4na l .  Calcd. for CgH,,?;,O: C, 66.65; H, 6.22; N, 17.27. 
Found: C, 66.47; H ,  5.92; K,  17.06. 

1 ,2 ,3,4-Tetrahydro-l-p-tolylsulfonyl-SH-l,4-benzodiazepine- 
5-thione.-To a solution of 1 g.  of IIIj in 15 ml. of dry  pyridine 
was added 1 g. of phosphorus pentasulfide. The reaction mix- 
ture was heated under reflux for 2 hr., cooled in ice, and poured 
into 50 ml. of hot water. The aqueous solution was neutralized 
with 30% hydrochloric acid. The crystalline product which was 
deposited amounted to  1.3 g., m . p .  140-154'. Recrystalliza- 
tion from aqueous pyridine raised the melting point to  160-163" 
and gave A,,, 7.51 and 8.67 p (SO,). 

i lnal.  Calcd. for C16H16x202S: C, 57.80; H ,  4.85; X, 8.43; 
S, 1929.  Found: C, 57.91; H,4 .84;  K,8.43;  S, 19.1. 
7-Chloro-2,3-dihydro-5-methylamino-2-phenyl-l -p-tolyl-sulfon- 

yl-lH-1,4-benzodiazepine (IVc).-,4 solution of 7.7 g. of 7 -  
chloro -1,2,3,4-tetrahydro-2-phenyl-I -p-tolylsulfonyl-5H-1,4-ben- 
zodiazepin-&one ( I I Ib)  in 35 ml. of phosphorus oxychloride 
was heated under reflux for 2 hr. The excess phosphorus 
oxychloride was removed in vacuo on a rotary evaporator. 
The residual oil was cooled in ice. A cold solution of methanolic 
methylamine (10 g .  of methylamine in 25 nil. of anhydrous 
methanol) was added, dropwise, to  the residue. The reaction 
mixture was then heated under reflux for 30 min. After removal 
of the excess methylamine and solvent by evaporation, 25 ml. of 
water was added to the residue. A yellow, amorphous substance 
(9.4 9. )  was obtained which, after recrystallization from benzene, 
gave 4.5 g .  of product, m.p .  198-200"; Am,, 7.84 and 8.86 ,U 

(SO*). 
2-Amino-5-chloro-LV-( 2-chloroethy1)benzamide.-A solution of 

13.4 g .  of 2-amino-5-chloro-A--( 2-hydroxyethy1)benzamide ( I a )  
in 100 nil. of thionyl chloride u-as heated under reflux for 1 hr. 
The excess thionyl chloride was removed in uucuo on a rotary 
evaporator. The residual solid was treated with 1076 sodium 
bicarbonate solution. The solid was recrystallized from cyclo- 
hexane, affording 2.4 g. of product, m.p. 115-116'; Ama, 6.16 
(C=O) and 6.54 ,U (amide 11). 

Anal. Calcd. for C9H1OC12N2O: C, 46.37; H,  4.32; C1, 
30.42; S ,  12.02. Found: C, 46.52; H ,  4.43; C1, 30.40; N,  
12.01. 

7-Chloro-l,2,3,4-tetrahydro-SH-l,4-benzodiazepin-5-one .-To 
a solution of 6.2 g. of 2-amino-5-chIoro-AV-(2-chloroethyl)benz- 
amide in 15 ml. of S,S-dimethylformamide was added 4 g.  of 
finely pulverized sodium carbonate. The reaction mixture was 
heated under reflux for 1.5 hr .  and filtered, and water was added 
to the filtrate until precipitation of the product was complete. 
Recrystallization from n-hexane afforded 3.2 g.  of product, m.p. 
76-78"; A,,, 6.12 p (CEO). 

Anal. Calcd. for C,H,ClS,O: C, 54.97; H, 4.61; C1, 14.25; 
X,  18.03. Found: C, 55.26; H, 4.52; C1, 14.48; 1, 18.00. 

The identical product, m.p. 77-78', was obtained by hydrolysis 
of I I Ia  in concentrated sulfuric acid for 24 hr.  a t  ambient tem- . 
perature. A mixture melting point of the two materials gave 
no depression. 

2-Amino-5-chloro-h:-phenacylbenzamide (V).-To a stirred 
solution of 15 g. of w-aminoacetophenone hydrochloride in 60 ml. 
of water was added 17.3 g. of 5-chloroisoatoic anhydride, followed 
by 4.7 g .  of sodium carbonate. The reaction mixture was 
allowed to stand overnight, with stirring, a t  room temperature. 
Filtration afforded 25.1 g. of product, m.p. 130-140". Re- 
crystallization from cyclohexane-benzene raised the melting 
point to  148-150" and gave A,,, 5.91, 6.09 (C=O) and 6.62 p 
(amide 11). 

Anal. Calcd. for C15H&IX202: C ,  62.40; H, 4.54; C1, 
12.28; N, 9.70. Found: C, 62.70; H ,  4.51; C1, 12.2; S ,  
9.59. 

7-Chlor0-3,4-dihydro-2-phenyl-S H-l,4-benzodiazepin-5-one 
(VI).-A suspension of 5.9 g .  of 1- in 150 ml. of dry xylene was 
heated, with stirring, to  the boiling point. The water liberated 
was collected in a Dean-Stark water separator. The reaction 
mixt,ure was then filtered and the filtrate was cooled in ice af- 
fording a crystalline product (2.5 g . ) ,  m.p. 155-165'. Re- 
crystallization from xylene gave VI, m.p. 160-162'; Am%, 6.01 
p (C=O). 

Anal. Calcd. for Cl5Hl1C1K20: C ,  66.55; H, 4.09; Cl, 
13.10; iK, 10.35. Found: C,  66.83; H,  4.37; C1, 12.55; S ,  
10.16. 

7-Chloro-l,2,3,4-tetrahydro-2-phenyl-SH-l,4-benzodiazepin-5- 
one (VII).-To a stirred, ice-cold suspension of 1.14 g. of lithium 

The infrared spectra were identical. 
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aluminum hydride in 200 ml. of anhydrous tetrahydrofuran 
was added, dropwise, a solution of 5.5 g. of VI in 50 ml. of an- 
hydrous tetrahydrofuran. When the addition was completed, 
the reaction mixture was stirred a t  room temperature for 2 hr. 
and then was heated under reflux for 1 hr. The reaction mixture 
was cooled in ice, and 507, aqueous tetrahydrofuran (30 ml.) 
was added cautiously, followed by 25 ml. of 10% sodium hy- 
droxide solution. The reaction mixture was filtered and the fil- 
trate was taken to dryness on a rotary evaporator. The oily 
residue which was deposited was triturated with 15 ml. of ethyl 
acetate resulting in a crystalline product (1.8 g.) ,  m.p.  159-166'. 
Recrystallization from ethyl acetate afforded TII, m.p. 170- 
173"; Xmax 6.10 /.L ( ' 2 4 ) .  

A n a l .  Calcd. for C15H&lN20: C, 66.05; H, 4.80; C1, 13.00; 
N ,  10.27. Found: 

7-Chloro-2,3,4,5-tetrahydro-2-phenyl-l H-l,4-benzodiazepine 
C, 65.88; H ,  4.67; C1, 12.55; N ,  10.36. 

(VIII).-The reduction of 10.8 g. of VI with 4.6 g. of lithium 
aluminum hydride in 250 ml. of tetrahydrofuran was carried out 
a~ described in the previous example, except that  the reaction 
mixture was heated under reflux for 3.5 hr. before work-up. 
Recrystallization from methanol resulted in a hygroscopic prod- 
uct (2.5 g.), m.p. 60-68". 

A n a l .  Calcd. for C15H,5ClS2: C, 69.63; H, 5.84; S,  10.83. 
Found: C, 69.33; H, 6.13; N,  10.43. 
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Ethyl hydantoin-5-carboxylates have been prepared from ureidomalonates in the presence of sodium ethoxide. 

Hydantoins and structurally related compounds, 
natural and synthetic, are legion in the chemical 
literature. There are, however, few specific references 
to derivatives of hydantoin-5-carboxylic acid. This 
acid, as would be predicted because of its structural 
relationship to malonic and acetoacetic acids, possesses 
a reactive substituted methylene group and is difficult 
to isolate owing to ready decarboxylation. Amides of 
substituted hydantoin-5-carboxylic acid were isolated 
by both Fischers and Biltz6j7 as degradation products of 
methylated purines. In  most cases, attempts to iso- 
late acids from these amides were thwarted by decar- 
boxylation. Biltz,' however, isolated 3-methylhydan- 
toin-5-carboxylic acid which was decarboxylated when 
heated to 130'. 

Johnson and Kicolet8 prepared hydantoin-j-carbox- 
amide (VI) by the ring closure of S-carbethoxyamino- 
malonamide. The compound was not investigated 
further except to fuse it with urea in an attempt to 
prepare uric acid. Johnson and Xicolet also att'empted 
to prepare the intermediate, pseudouric acid, by the 
reaction of ethyl ureidomalonate (I) and urea in the 
presence of sodium ethoxide. An alcohol-insoluble 
precipitate formed which was described as "the so- 
dium salt of ethyl ureidomalonate." 

The potential of this latter reaction led us to repeat 
Johnson's experiment with a variety of ureidomalonates 
which were readily prepared by the addition of ethyl 
aminomalonate to the appropriate isocyanate. 

When treated with sodium ethoxide, the ureido- 
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malonates cyclize. Under these conditions, ethyl 
ureidomalonate gave the stable sodium salt of ethyl 
hydantoin-5-carboxylate (TI). The isolation of the 
parent ester was technically difficult. Initially, ring 
closure of ethyl ureidomalonate was demonstrated by 
(1) failure to regenerate ethyl ureidomalonate from 
the sodium salt on acidification, ( 2 )  conversion of the 
salt to hydantoin (IV) by digestion with concentrated 
hydrochloric acid, and (3) conversion of the salt to 
the amide (VI) by cold concentrated ammonium 
hydroxide. 

In  alcohol-water solutions, an irreversible change 
can be observed in the ultraviolet spectrum of I in the 
region 210-230 mp on treatment with base followed by 
acidification. Since no change occurs in the spectrum 
of I on direct treatment with acid, it was assumed that 
cyclization occurred on treatment with base. Cycli- 
zation occurred so rapidly in basic solution that it was 
not possible to record the spectrum of the ethyl ureido- 
malonate anion. Elemental aiialysis of the sodium 
salt and successful isolation of the ester IT1 by neutrali- 
zation with acid-form Dowex-50 resin confirmed ricg 
closure. 

The ultraviolet spectra of ethyl hydantoin-5-carbox- 
ylates have a strong maximum in the region 290- 
310 mp in basic alcohol-water solutions (Table I) .  
The maximum fades rapidly and in this respect these 
substances have spectral properties similar to those of 
diethyl malonate and ethyl acetoacetate. Ionization 
on the 5-position is indicated. The rapid fading of the 
maximum is due to the saponification of the ester to 
the corresponding hydantoin-3-carboxylate anion. 

Although in sodium ethoxide the cyclization of I 
occurred a t  room temperature, reflux was employed 
to obtain a more easily filtered product. The cycliza- 
tion of ethyl -I"-phenylureidomalonate, however, was 
a slower reaction and reflux in ethanol was necessary 
to obtain a good yield of ethyl 3-phenylhydaiitoin-5- 
carboxylate (1'111). 

K' - t e t r a -  0 - a c e  t ylglucosylureidomalonate 
formed an insoluble salt when treated with alcoholic 

Ethyl 


