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3-Ni t ro  -4 -ace t amidobenzy l  b romide ,  f rom which 2,4 -d ime thy l -  7-N-bis (fl -chloroethyl)  amino - 
m e t h y l - l , 5 - b e n z o d i a z e p i n e  was synthes ized,  was obtained by the b romina t ion  of 3 - n i t r o - 4 -  
ac et amidot  oluene. 

In a continuation of our  study [1] to seek  biological ly  act ive subs tances  we under took the synthes is  of 
2 , 4 -d ime thy l -7 -N -b i s  (/3 -chloroethyl)  aminomethy l -1 ,5 -benzod iazep ine  (I). The s ta r t ing  m ate r ia l  in the 
synthes is  of I was 3 -n i t ro -4 -ace t amido to luene  (iI), the b romina t ion  of which yielded 3 - n i t r o - 4 - a c e t a m i d o -  
benzyl  b romide  (III) [2J. This  reac t ion  p roceeds  unambiguously  without the fo rma t ion  of i s o m e r i c  sub-  
s t ances .  The s t ruc tu re  of III was conf i rmed  by p repa ra t ion  f rom it of 3 -n i t ro -4 -ace t amidobenzy l  th iocyan-  
ate ~V) and N- (3 -n i t ro -4 -aminobenzy l ) -N-b i s ( /3 -ch lo roe thy l ) amine  (VII) as well as by IH and PMR spec t ra l  
data .  The IR s p e c t r u m  of III  contains the absorpt ion  bands of CO groups and amide NH groups,  while the 
PMR s p e c t r u m  contains s ignals  f rom the protons  of CH2 groups and CH 3 groups ,  which is in ag reement  with 
s t ruc tu re  III .  

(ClCH2CH2)2N-CH2~N--~ CH3 

I 

N - ( 3 - N i t r o - 4 - a c e t a m i d o b e n z y l ) - N - b i s  ( f l -hydroxyethyl)amine (V), which was conver ted  to N- (3 -n i t r o -  
4 -ace tamidobenzy l ) -N-b i s ( i3 -ch lo roe thy l )amine  (VI) by t r e a t m e n t  with thionyl chlor ide,  was i so la ted  f rom 
the reac t ion  of III with die thanolamine.  Refluxing of VI with hydrochlor ic  acid yielded VII, the s t ruc tu re  of 
which was conf i rmed  by the absence  in its IR spec t rum of an absorpt ion  for  a CO group and by the p resence  
of p r i m a r y  amino group bands.  

An a t tempt  was made to obtain VI f rom N- (4 -aminobenzy l ) -N-b i s ( f l -hydroxye thy l )amine  (VIII) [3J. 
Compound IX, which was conver ted  to N-(4-ace tamidobenzyl ) -N-b is ( f l  -ch loroe thyl )amine  (X) by t r ea tmen t  
with thionyl chlor ide ,  was p r e p a r e d  by ace ty la t ion  of VHI. However ,  VI could not be obtained by ni t ra t ion 
of X with ni t r ic  acid in acet ic  acid under  var ious  condit ions.  

Catalyt ic  reduct ion of the ni t ro  group in VII yielded N- (3 ,4-d iaminobenzyl ) -N-bis  (fi - ch lo roe thy l ) -  
amine (XI), which was condensed with acety lacetone  without isolat ion.  The reac t ion  product  obtained is,  ac -  
cording to e l e m e n t a r y  analys is  and de te rmina t ion  of the mo i s tu r e  content by the F i s c h e r  e l e c t r o m e t r i c  
t i t r a t ion  method,  the hydrochlor ide  of I, which, depending on the drying t ime,  contains different  amounts of 
wa t e r  of c rys ta l l i za t ion .  The benzodiazepine s t ruc tu re  of I was conf i rmed  by the p r e s e n c e  of an absorpt ion 
m a x i m u m  at 510 nm in i ts  UV s p e c t r u m ,  which is  c h a r a c t e r i s t i c  for  1 ,5-benzodiazepine der iva t ives ,  and 
also by the v io le t -purp le  colora t ion  pecu l ia r  to the 1 ,5-benzodiazepinium cat ion.  In analogy with [1], one 

* See [1] for  communica t ion  VIII .  

S. Ordzhonikidze All-Union Sc i en t i f i c -Resea rch  P h a r m a c e u t i c a l - C h e m i s t r y  Ins t i tu te ,  Moscow. T r a n s -  
la ted f rom Khimiya Gete ro t s ik l i chesk ikh  Soedinenii,  No. 4, pp. 556-558, Apri l ,  1971. Original  ar t ic le  sub-  
mi t ted  March  13, 1969. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West I7th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced [or any purpose whatsoever without 
permission of the publisher. A copy of this article is available [rom the publisher for $15.00. 

519 



cannot exclude the p r e s e n c e  in I of the co r r e spond ing  monoani l ,  which is  not con t rad ic ted  by the IR s p e c t r a l  
data and the p r e s e n c e  of m o i s t u r e  (according to F i sche r )  in the hydroch lo r ide  of I d r i e d  to constant  weight.  

Compound I is  quite l ab i l e .  On s tanding in a phys io logica l  solut ion it apparen t ly  i s o m e r i z e d  to benz -  
im idazo l e ,  as ind ica ted  by the d e c r e a s e  in the i n t ens i t y  of the absorp t ion  m a x i m um  at 510 urn. 

The authors  thank Yu. N. Sheinker ,  K. F .  Turchin ,  E. M. P e r e s l e n ' ,  and Yu. N. P o m e r a n t s e v  for  t h e i r  
a s s i s t a n c e  in s tudying the IR, UV, and PMR s p e c t r a .  

E X P E R I M E N T A L  

The PMR s p e c t r a  of ca rbon  t e t r a c h l o r i d e  solut ions were  obtained with a JNM-4H-100 (100 MHz) 
s p e c t r o m e t e r  with t e t r a m e t h y l s i l a n e  as the in te rna l  s t anda rd .  The IR s p e c t r a  of m i n e r a l  oil  suspens ions  
were  obtained with a UR-10 s p e c t r o p h o t o m e t e r .  The UV s p e c t r a  in alcohol  or  in a phyiological  solut ion 
were  obtained with an EPS-3  r eco rd ing  spec t r opho t om e t e r .  

3 - N i t r o - 4 - a c e t a m i d o b e n z y l  Bromide  (III). A. An iodine c r y s t a l  was added to 10 g (0.051 mole) of II 
in 350 ml  of dry  ca rbon  t e t r a c h l o r i d e .  A solut ion of 2.5 ml (7.85 g) of b romine  in 40 ml  of carbon  t e t r a -  
ch lo r ide  was s lowly  added at the boi l ing point of the mix tu re  in the cou r se  of 3.5-4 h with s t i r r i n g  and i l -  
lumina t ion  with UV l ight .  The mix ture  was then ref luxed until  hydrogen b romide  evolution c e a s e d  (2.5-3 h). 
The mix tu re  was then cooled,  and the exces s  b romine  and solvent  were  r emoved  in vacuo.  The re s idue  
was r epea t ed ly  re f luxed  with pe t ro l eum e t h e r  (bp 40 ~ to e x t r a c t  unchanged II and the reby  obtain 9.5 g (68~ 
of yel low c r y s t a l s  of III with mp 98-101 ~ (benzene). The product  was soluble in alcohol and e t h e r  and in-  
soluble in pe t ro l eum e the r .  Found %: C 39.90; H 3.45; Br  29.21; N 10.03. C9HgBrN203. Ca lcu la ted  ~ :  C 
39.56; H 3.3; Br  29.26; N 10.25. IR s p e c t r u m  (in m i n e r a l  oil):  1710 and 3380 cm -1 (CO and NH in the 
NHCOCH 3 group).  

B. N - B r o m o s u c c i n i m i d e  [5.7 g (0.0032 mole)] and 0.01 g of f r e sh ly  pur i f i ed  benzoyl peroxide  were  
added to 6 g (0.031 mole)  of II in 200 ml  of d ry  ca rbon  t e t r a c h l o r i d e ,  and the mix tu re  was heated at 80-85 ~ 
for 18 h. It was then f i l t e r ed ,  the solvent  was r emoved  in vacuo, and the r e s idue  was t r e a t e d  as in method 
A to give 6.7 g (80%) of a product  with mp 94-95 ~ which was ident ica l  to the I obtained by method A. 

3 - N i t r o - 4 - a c e t a m i d o b e n z y l  Thiocyanate  (IV). A solut ion of 0.6 g (0.009 mole) of ammonium th locyan-  
ate in 40 ml  of g l ac ia l  ace t i c  acid  was added to 2 g (0.0073 mole) of III in 100 ml  of g lac ia l  ace t ic  acid,  and 
the mix tu re  was s t i r r e d  at room t e m p e r a t u r e  for  2 h and al lowed to s tand for  12-15 h. The ammonium 
b romide  p r e c i p i t a t e  was f i l t e r ed ,  and the mo the r  l iquor  was made alkal ine with 10% sodium carbona te  to 
give 1.6 g (87~/c) of a yel low, c r y s t a l l i n e  product  with mp 134-135 ~ (from benzene) .  The product  was i n -  
soluble  in w a t e r .  Found %: C 47.52; H 3.59; N 16.61; S 12.69. C10HgO3S 3. Calcu la ted  %: C 47.80; H 3.58; 
N 16.73; S 12.75. A v i scous ,  d a r k - r e d  subs tance  which could not be c r y s t a l l i z e d  f rom the usual  organic  
solvents  was obtained when IV was hea ted  in concen t ra ted  hyd roch lo r i c  acid.  

N -  ( 3 - N i t r o - 4 - a c e t a m i d o b e n z y l ) - N - b i s  (fl -hydroxyethyl)  amine (V). A solut ion of 7.72 g (0.028 mole) 
of III in 20 ml  of benzene was added in the c o u r s e  of 3-3.5 h to 8 g (0.076 mole)  of d ie thanolamine  in 30 ml 
of d ry  benzene at 80 ~, and the mix tu re  was s t i r r e d  at the same t e m p e r a t u r e  for  1.5-2 h and al lowed to stand 
for 12-15 h.  The benzene l a y e r  was s epa ra t e d ,  and the lower  l a y e r  was r epea t ed ly  ex t r ac t ed  with benzene.  
The benzene e x t r a c t s  were  combined,  and the benzene was vacuum e va po r a t e d  to give 5.92 g (71%) of a 
product  with mp 73-74 ~ (alcohol).  Found %: C 52.41; H 6.48; N 14.45. C13H19N305. Ca lcu la ted  ~c: C 52.52; 
H 6.40; N 14.14. IR s p e c t r u m  (in m i n e r a l  oil) :  1700 and 3380 cm -1 (CO and NH in the NHCOCH 3 group).  

N-  ( 3 - N i t r o - 4 - a c e t a m i d o b e n z y l ) - N - b i s  (fl -ch loroe thy l )  amine (VI). A solut ion of 3.5 ml  (0.049 mole) of 
thionyl ch lor ide  in 30 ml  of d ry  ch lo ro fo rm  was added g radua l ly  at 0 ~ to 5.9 g (0.02 mole) of V in 70 ml  of 
d ry  ch lo ro fo rm,  and the mix tu re  was s t i r r e d  without heat ing for  2 h and al lowed to s tand for  12-15 h. The 
solvent  was r emoved  by decanta t ion  to give an oi ly r e s idue  which c r y s t a l l i z e d  on t r i t u r a t i o n  with e the r  to 
give 6.45 g (87.77c) of the hydroch lo r ide  of VI with mp 155-156 ~ Found %: C 41.51; H 4.94; C1 29.0; N 11.24. 
C13H17C12N303 �9 HC1. Ca lcu la ted  %: C 42.10; H 4.86; C1 28.79; N 11.33. 

A solut ion of 6.45 g of the hydroch lo r ide  of VI in 100 ml of wa te r  was made a lkal ine  with sodium b i -  
ca rbona te  and e x t r a c t e d  with e the r .  The e the r  e x t r a c t  was d r i ed  with sodium sulfate,  the e the r  was r e -  
moved,  and the r e s idue  was r e c r y s t a l l i z e d  f rom h e x a n e - e t h y l  aceta te  to give 5.76 g (87%) of VI with mp 
94-95 ~ . Found %: C 46.96; H 5.05; C1 21.15; N 12.54. C13H17C12N303. Ca lcu la ted  %: C 46.7; H 5.05; C1 
21.28; N 12.54. IR s p e c t r u m :  1700 and 3380 cm -1 (CO and NH in the NHCOCH 3 group).  
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N-(3-Ni t ro-4-aminobenzyl ) -N-bis ( f i -ch loroe thyl )amine  (VII). A mixture of 1.1 g (0.0033 mole) of VI 
in 10 ml of concentra ted HC1 was heated on a boi l ing-water  bath for 30 min, cooled, neutral ized with sodium 
bicarbonate,  and ext rac ted  repeatedly with e ther .  The ether  ext rac ts  were dried with sodium sulfate, and 
the ether  was removed  to give 0.53 g (55.3%) of an oily substance which c rys ta l l i zed  on t r i tura t ion with 
petroleum ether  to give a product with mp 49 ~ (alcohol). Found %: C 45.43; H 5.18; C1 24.54; N 14.29. 
CllH15CI2N303. Calculated %: C 45.20; H 5.14; C1 24.31; N 14.38. IR spect rum:  1645 cm -1 (6NH 2) and a 
group of bands at 3200-3360-3480 cm -t (~ NH2). 

Hydrogenation of VII. A mixture of 2 g (0.0068 mole) of VII and 30 ml of 18~c hydrochlor ic  acid was 
shaken in a hydrogen atmosphere  in the presence  of 0.2 g of reduced P d / C  (5%). After  3 h, 460 ml of hydro-  
gen had been absorbed (this cor responds  to a rat io of 1 : 3). The cata lyst  was removed by filtration, and the 
solution of XI was used in the react ion with acetylacetone.  

Condensation of XI with Acetylacetone.  A solution of 1 ml (0.01 mole) of acetylacetone in 5 ml of a l-  
cohol was added to 1.79 g (0.0068 mole) of XI in 30 ml of 18% hydrochlor ic  acid, and the mixture was then 
allowed to stand at room tempera tu re  for 20-25 min, shaken with e ther  to extract  the unchanged acetylacet -  
one, and made alkaline with 10% sodium bicarbonate  with the simultaneous addition of e ther  to extract  I. 
The ether  ext rac t  was dr ied with sodium sulfate, and the ether  was removed.  The residue was dissolved in 
the minimum amount of alcohol and acidified with an ether  solution of hydrogen chloride.  A. The dihydro-  
chloride of I with mp 62-66 ~ (decomp.) was obtained on addition of e ther  to the point of complete prec ip i ta -  
tion. Found ~c: C 45.11; H 6.04; C1 33.14; N 10.07; H20 6.76 (Fischer) .  C16H20C12N 3 " 2HC1 �9 1.6H20. Cal-  
cu la ted%:  C 45 .0 ;H 5.90;C1 33.2; N9.85 .  

B. A dihydrochloride of I with mp 147-149 ~ (decomp.) was obtained on addition of e ther  until the ma jo r  
amount of product  precipi tated.  Found %: C 46.28; H 6.17; C1 34.43; N 9.60; H20 3.8. C16H20C12N3 " 2HC1 �9 
0.876H20. Calculated %: C 46.3; H 5.75; C1 34.25; N 10.10. A dihydrochloride of I with mp 150-152 ~ {de- 
comp.) was obtained after  drying over  P205 for 4 days.  Found %: C 46.4; H 5.78; CI 34.48; N 10.52; H20 
2.5. CI~H20C12N 3 �9 2HC1 �9 0.577H20. Calculated %: C 46.9; H 5.76; C1 34.8; N 10.23. A dihydrochloride of 
I with mp 154-155 ~ (decomp.) was obtained after drying over P205 for 15 days (to constant weight). Found 
%: C 48.0; H 5.9; C1 34.46; N 10.4; H20 1.4. C1GH20C12N 3 �9 2HC1 �9 0.323H20. Calculated ~c: C 47.7; H 5.65; 
C1 35.2; N 10.4. IR spec t rum:  1600, 1650, 1745, 2200-2600, and 3200-3400 cm -1 (SNH 2, C = C ,  C ~---N, CO, 
H20 , N +, ~NH2, VNH). UV spect rum (in alcohol): ) tmax 510 nm, loga  2.813. 

N-(4-Acetamidobenzyl) -N-bis( f l -hydroxyethyl)amine (IX). Acetic anhydride [0.5 ml (0.005 mole)] 
was added to 1 g (0.005 mole) of VIII [3] in 3 ml of dry  pyridine, the mixture was allowed to stand for 24 h, 
and the pyridine was removed  in vacuo. The residue was an oily substance which began to solidify on suc-  
cess ive  t r i tura t ion with petroleum ether ,  ether,  and alcohol to give 0.8 g (66.5%) of IX with mp 121-123 ~ 
(alcohol). Found%: C 61.96; H 8.00; N 10.84. C13H20N203. Calculated ~c: C 62.00; H 7.93; N 11.21. IR 
spec t rum:  1655 cm -~ (CO in the NHCOCH 3 group) and a group of bands at 3070-3260 cm -~ (NH and OH 
groups).  

N-(4-Acetamidobenzyl ) -N-bis  (fi-chloroethyl)amine (X). Thionyl chloride [5,4 g (0.045 mole)] was 
added gradual ly at 80 ~ to 1.9 g (0.0075 mole) of IX in 150 ml of dry dichloroethane, and the mixture was 
s t i r r ed  and refluxed for 1 h. The excess  thionyl chloride and solvent were removed in vacuo, and the r e s -  
idue was dissolved in the minimum amount of water .  The aqueous solution was fi l tered,  neutral ized with 
sodium bicarbonate,  and ext rac ted  with e ther  to give 8.95 g (41%) of X with mp 92-94 ~ (petroleum ether).  
Found %: C 53.72; H 6.09; C1 24.54; N 9.59: C13HisCI2N20, Calculated ~ :  C 54.00; H 6.23; C1 24.60; N 
9.68. IR spec t rum:  1700 and 3430 cm -~ (CO and NH in the NHCOCH 3 group). 

Hydrochloride of X. This melted at 167-169.5 ~ (benzene-alcohol) .  Found %: C1 32.29; N 8.90. 
C13HIsC12N20 - HC1. Calculated %: C1 32.70; N 8.61. IR spec t rum:  1700, 3120-3250 cm -1 (CO and NH in 
the NHCOCH 3 group), 2480-2680 cm -1 (N+). 
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