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The chlorination of 4 -phenyl -2 ,3 -d ihydro- lH-1 ,5-benzodiazep in-2-one  wits N-chlorosucein i -  
mide takes place at the methylene group to give mono and dichloro derivat ives.  In the react ion 
of the diazepinone with sulfuryl  chloride chlorine is incorpora ted  in the 1 or  3 position or  in 
both the 1 and 3 positions, as well as in the para position of the phenyl substituent; in the 
presence  of anhydrous aluminum chloride substitution takes place in the methylene group of 
the he teror ing  and in the 8 position of the annelated benzene ring. 

In contrast  to 1,4-benzodiazepinones,  which are  widely used in medicine,  the 1,5 analogs are  mi lder  
t ranqui l izers  and do not give r ise  to a number  of side effects [1-3]. The presence  of e l ec t ron -accep to r  sub- 
stituents in the annelated benzene ring is a n e c e s s a r y  condition of the biological act ivi ty of 1 ,5-benzodiaze-  
pinches [4]. In this connection, it seems of in teres t  to study the chlorination of 4 -pheny l -2 ,3 -d ihydro - lH-1 ,5 -  
diazepin-2-one (I) by various chlorinating agents. 

Chlorination by heating with an equimolar  amount of N-chlorosuccinimide (NCS) in carbon te t rachlor ide  
leads to the format ion of 3 -ch lo ro -4 -pheny l -2 ,3 -d ihydro - lH-1 ,5 -benzod iazep in -2 -one  (iI). 
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Bands of s t retching vibrations of free and associated NH groups, as weI1 as absorpt ion bands of C O - N H  
and C = N  groups at 1675 and 1620 cm -i, are observed in the IR spec t ra  of this compound at 3100-3300 cm -~. 
Consequently, the  product  is not an N-chloroamide.  The UV spec t rum of chlorodiazepinone II is s imi la r  to the 
spec t rum of s tar t ing diazepinone I but differs with respect  to a more appreciable hypsochromie  shift of all  of 
the bands and a significant dec rease  in the i r  intensit ies.  A singlet of one methylidyne proton at 5.7 ppm is 
observed in the PMR spectrum. The mass spec t rum of this compound in the molecular - ion  region contains ion 
peaks with m / z  270 and 272* and an intensity rat io of 3 : 1, which constitutes evidence for  the presence  of one 

* Here and subsequently, in the schemes  and in the text the numbers  that charac te r ize  the ions are the m a s s - t o -  
charge ratios.  In the case of the chlor ine-containing ions the m/z  values are  presented for  the 3~CI isotope. 
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chlorine atom in the molecule. The fragmentat ion of the molecular  ion is realized via two principal  pathways: 
with splitting out of a CHC1CO part icle  (76 amu), which is cha rac te r i s t i c  for such sys tems  [5], and by success ive  
splitting out of chlorine and a CHCO radical:  

H C6H5 
194 23~ (4) 

The chlorination of diazepinone I with 2 moles of NCS leads to 3,3-dichloro-4-phenyl-2,3-dihydro-lH-l,5- 
benzodiazepin-2-one (III). The absence of signals of protons of a methylene group in the PMR spectrum of this 
compound does not contradict the adopted structure. The most intense peak in the mass spectrum is the [M- 
CCI2CO] + ion peak, and the fragmentation of the molecular ion is also accompanied by the successive splitting 
out of a chlorine atom and a chloroketene radical: 
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Two monochloro derivat ives  with the composit ion Ct5HliC1N2O and mp 164-165~ (IV) and 206~ (V) are 
formed in the chlorination of diazepinone I with 1 mole of sulfuryl  chloride. The I1R spec t rum of diazepinone IV 
does not contain bands of s t re tching vibrations of NH groups, and this compound is converted to s tar t ing d iaze-  
pinone I upon cry~tall izat ion f rom aqueous alcohol. The PMR spec t rum of this compound contains a singlet of 
two methylene protons at 3.8 ppm. On the basis of these data it may be assumed that the compound obtained is 
1 -ch lo ro -4 -pheny l -2 ,3 -d ihydro - lH-1 ,5 -benzod iazep in -2 -one  (IV). 

The 4- (p-ch torophenyl ) -2 ,3 -d ihydro- lH-1 ,5-benzodiazep in-2-one  s t ruc ture  (V) was assigned to the second 
compound on the basis of spec t ra l  data and al ternative synthesis.  The UV spec t rum of this compound contains 
three absorpt ion maxima at 210, 260, and 320 nm. The presence  of a chlorine a tom in the para position of the 
phenyl group and its part icipat ion in the conjugated sy s t em of the molecule appreciably  increase  the absorpt ion 
intensity. A singlet of two methylene protons at 3.74 ppm is observed in the PMR spec t rum of diazepinone V, 
and the chlorine a tom is consequently contained in one of the benzene rings. Fo r  the definitive elucidation of 
the s t ruc ture  we obtaincd V by al ternat ive synthesis f rom p-chlorobenzoylacet ic  e s t e r  and o-phenylenediamine. 

Bright-yel low 1 ,3 -d ich lo ro-4-pheny l -2 ,3 -d ihydro- lH-1 ,5 -benzod iazep in-2-one  (VI) precipi tates in the 
chlorination of diazepinone I with 2 moles of sulfuryl  chloride, and 3-ch loro-4- (p-ch lorophenyl ) -2 ,3 -d ihydro-  
1H-l ,  5-benzodiazepin-2-one (VII)is  isolated f rom the fil trate.  The IR spec t rum of VI does not contain bands 
of s t re tching vibrat ions of an NIt group, and it is converted to 3-chloro  derivative II when it is purified by c r y s -  
tal l izat ion f rom aqueous alcohol. The m a s s - s p e c t r o m e t r i c  fragmentat ionof this substance confirms the presence  
of halogens attached to the 1 and 3 atoms of the heteror ing:  

c, ]+" 
, 1 + 

CGH5 CGH 5 
VI, 304 269 194 

The s t ruc ture  of diazepinone VII was establ ished on the basis of spec t ra l  data and al ternative synthesis.  
The PMR spec t rum of this compound contains the signal of one proton of a methylidyne group at 5.98 ppm. In 
addition, :his substance was obtained by chlorination of monochloro derivative V with 1 mole of NCS. 

If  the chlorination of diazepinone I is car r ied  out with sulfuryl  chloride in the presence  of anhydrous 
a luminum chloride, one can isolate 3 ,8 -d ich loro-2 ,3 -d ihydro- l ,5 -benzodiazep in-2-one  WIII), in the PMR spec-  
t r u m  of which the signal of the 3-H proton at 4.89 ppm is observed, in addition to a multiplet of a romat ic  p r o -  
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tons. This  compound was a lso  obtained by chlorinat ion of the prev ious ly  desc r ibed  [6] 8 - ch lo ro -4 -phen y l -2 ,3 -  
d i h y d r o - l H - 1 , 5 - b e n z o d i a z e p i n - 2 - o n e  (IX) with 1 mole of NCS. 

E X P E  R I  ME N T A  L 

The IR spec t r a  of KBr  pel le ts  or  mine ra l  oil suspens ions  of the compounds were  r eco rded  with a UR-20 
s p e c t r o m e t e r .  The PMR spec t r a  of solutions of the compounds in t r i f luo roace t i c  acid were  recorded  with a 
Var i an  T-60  s p e c t r o m e t e r  with hexamethyldis i loxane as the ex te rna l  s tandard.  The m a s s  spec t r a  were  obtained 
with an MKh-1307 s p e c t r o m e t e r  with introduct ion of the substances  d i rec t ly  into the ionizat ion region at ionizing 
vol tages  of 50 and 70 eV and t e m p e r a t u r e  close to the melt ing points of the subs tances .  The course  of the r e a c -  
t ions and the pur i ty  of the subs tances  obtained were  moni tored by means  of TLC on pla tes  with a fixed l aye r  of 
Silufol UV-254 s i l ica  gel in a b e n z e n e - e t h y l  ace ta te  s y s t e m  (7 : 3). The subs tances  were  purif ied with a ch ro -  
ma tograph ic  colurn, n filled with s i l ica  gel in the same sys tem,  

3 - C h l o r o - 4 - p h e n y l - 2 , 3 - d i h y d r o - l H - 1 , 5 - b e n z o d i a z e p i n - 2 - o n e  (II). A mixture  of 0.5 g (2 mmole)  of d iaze-  
pinone I and 0.268 g (2 mmole)  of N-ch lorosucc in imide  in 15 ml of carbon t e t r ach lo r ide  was refluxed for  4 h, 
a f t e r  which the prec ip i ta ted  succinimide was removed  by fi l trat ion,  and the solvent  was r emoved  by dis t i l la t ion 
in vacuo to give 0.11 g (23%) of diazepinone II with mp 185~ (from alcohol) and Rf 0.65. The product  was soluble 
in ch loroform,  d imethyl for rnamide  (DMF), acetone,  ace t ic  acid, and hot alcohol  but insoluble in wa te r  and 
hexane. Found: Cl13 .11;  N10.42%. C15Hl~C1N20. Calculated: Cl13.09;  N10.35%. IE spec t rum:  3160, 3200, 
3300 (N-H) ;  1710 (C = O); 1640 cm -1 (C =N). PMR spec t rum:  5.70 (1H, s, 3-H) and 7.01-8.36 p p m  (9H, m, 
a r o m a t i c  protons) .  Mass spec t rum,*  m / z  values ~0): 272 (3.7), 270 (10.9), 236 (8.9), 235 (3.8), 199 (3.8), 198 
(6.3), 195 (12.2), 194 (35.9), 193 (3.8), 192 (3.5), 129 (3.1), 117 (4.0), 111 (3.2), 104 (3.5), 103 (4.5); 102 (6.0), 99 
(100), 97 (3.5). 

3 , 3 - D i c h l o r o - 4 - p h e n y l - 2 , 3 - d i h y d r o - l , 5 - b e n z o d i a z e p i n - 2 - o n e  (III). A mixture  of 0.5 g (2 mmole)  of d iaze-  
pinone I and 0.58 g (4 mmole)  of N-ch lorosucc in imide  (NCS) in 15 ml  of carbon t e t r ach lo r ide  was ref luxed for  
4 h, a f t e r  which it was worked up to give 0.26 g of III with mp 197~ (f rom alcohol) and Rf 0.72. Found: C1 
23.16; N 9.34%. CltH10C12N20. Calculated:  C1 23.21; N 9.18%. IR s p e c t r u m  (thin layer) :  1620 (C =N);  1680 
(C----O); 3130, 3200, 3230 cm -i  (N-H) .  UV spec t rum,  k (log e): 104 (4.19), 246 (3.77), and 320 nm (3.28). PMR 
spec t rum:  7.22-8.79 p p m  (m, a r o m a t i c  protons) .  Mass spec t rum,  m / z  ~): 308 (2.4), 306 (13.2), 304 (20.2), 
271 (5.0), 269 (17.0), 268 (4.0), 241 (5.0), 234 (4.0), 227 (10.0), 205 (59.0), 206 (51.0), 207 (10.0), 199 (4.0), 196 
(5.0), 195 (46.0), 194 (100), 192 (6.0), 190 (4.0), 180 (5.0), 168 (10.0), 167 (14.0), 166 (22.0), 165 (29.0), 153 (9.3), 
151 (4.2), 150 (4.3), 149 (9.9), 140 (4,8), 139 (4.2), 138 (11.0), 137 (5.9), 136 (21.0), 130 (4.0), 129 (18.0). 

4-(p-Chlorophenyl)-2,3-dihydro-lH-1,5-benzodiazepin-2-one (V). A) A solution of 0.67 g (5 mmole) of 
sulfuryl chloride in 5 ml of acetic acid was added dropwise to a solution of 1.18 g (5 mmole) of diazepinone I 
in I0 ml of acetic acid, and the mixture was stirred at room temperature for 8 h. The yellow precipitate of 1- 
chloro-4-phenyl-2,3-dihydro-l,5-diazepin-2-one (IV) was removed by filtration to give 0.21 g (15%) of a prod- 
uct with mp 164-165~ (from CH3COOH) and Rf 0.54. Found: Cl 13.23; N 10.24%. CIsHilCIN20. Calculated: CI 
13.09; N 10.35%. The filtrate was poured into ice water, and the mixture was worked up to give 0.33 g (24%) of 
V with mp I06-207~ (from carbon tetrachloride) and Rf 0.44. Found: Cl 13.31; N 9.19%. CIsHIICIN20. Cal- 
culated: Cl 13.09; N 9.35%. IR spectrum: 3250, 3210, 3120 (NH); 1690 (C =O); 1620 cm -I (C =N). 

B) A solution of 6.7 g (0.03 mole) of p-chlorobenzoylacetic ester in 26 ml of xylene was added dropwise 
to a refluxing solution of 3.2 g (0.03 mole) of o-phenylenediamine in 30 ml of xylene, and the mixture was re- 
fluxed with a water separator for I h. It was then worked up to give 5.7 g (71%) of diazepinone u with nap 206- 
207~ No melting-point depression was observed for a mixture of this product with the substance obtained in 
experiment A. 

3-Chloro-4-(p-chlorophenyl)-2,3-dihydro-IH-l,5-benzodiazepin-2-one (VII). A)A 1.18-g (5 mmole) 
sample of diazepinone I was chlorinated with 1.34 g (10 mmole) of sulfuryl chloride for 8 h, after which the yel- 
low precipitate of l-chloro-4- (p-chlorophenyl)-2,3-dihydro-IH-l,5-benzodiazepin-2-one (VI) was removed by 
filtration to give 0.71 g (46.6%) of a substance with mp 150-151~ (from CH3COOH) and Rf 0.76. Found: Cl 
23.35; N 9.29%. CI5HIoCI2N20. Calculated: CI 23.25; N 9.19%. IR spectrum: 1620 (C=N) and 1680 cm -i (C=O). 
Mass spectrum, m/z (%): 308 (3.9), 307 (3.9), 306 (20.7), 304 (30.i), 271 (12.4), 270 (22.6), 269 (56.6), 268 (6.2), 
265 (17.6), 242 (i0.0), 241 (5.6), 239 (4.0), 235 (10.6), 234 (18.8), 233 (8.4), 227 (9.1), 221 (21.6), 207 (18.8), 206 
(73.5), 205 (66.0), 202 (17.2), 195 (27.6), 194 (79.2), 193 (30.1), 192 (12.8). Workup of the filtrate gave 0.32 g 

* Here and subsequently, the peaks of ions with intensities greater than 3% of the maximum peak are presented. 
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(21%) o f V i i w i t h m p l 7 6 - 1 7 7 ~  0.67. Found: C123.47;N9.2%.  C15H10C12N20. Calculated: C123.25; 
N 9.18%. IR spec t rum:  1640 (C----N), 1690 ( C =  O), and 3100-3260 crn -1 (N-H) .  PMR spec t rum:  5.98 (1H, s, 
3-H) and 6.94-7.98 ppm (8H, m, a r o m a t i c  protons) .  

B) A 0.7-g (2 mmole)  sample  of diazepinone V was chlorinated with 0.26 g (2 mmole)  of NCS in 20 ml of 
carbon t e t r ach lo r ide  for  5 h. Workup gave 0.24 g (39%) of diazepinone VII with mp 176-177~ No melt ing-point  
d e p r e s s i o n  was observed  for  a mixture  of this compound with the substance  obtained in exper iment  A. 

3 , 8 - D i c h l o r o - 4 - p h e n y l - 2 , 3 - d i h y d r o - l H - 1 , 5 - b e n z o d i a z e p i n - 2 - o n e  (VIII). A solution of 0.67 g (5 mmole)  of 
su l fury l  chloride in 5 ml  of ace t i c  acid was added dropwise  to a mix ture  of 1.18 g (5 mmole)  of diazepinone I 
and 0.51 g of a luminum chloride in 15 ml  of ace t i c  acid, and the mix ture  was s t i r r e d  for  3 h. Workup gave 0.2 g 
(13%) of yellow chlorodiazepinone VII with rnp 166-167~C and Rf 0.67. The f i l t ra te  was poured into ice wa t e r  and 
worked up by ch roma tog raphy  with a column fi l led with s i l ica  gel to give 0.35 g (23%) of VHI with mp 190-191~ 
( f rom CC14) and Rf 0.72. Found: C1 23.18; N 9.16%. CI~H10C12N20. Calculated: C1 23.23; N 9.18%. IR spec t rum:  
1640 (C~N)  and 3160-3280 cm - I  (N-H) .  PM:R spec t rum:  4.89 (1H, s, 3-H) and 6.89-7.95 ppm (7H, m, a r o m a t i c  
protons) .  Compound VIII was obtained by chlor inat ion of 0.2 g (1.5 mmole)  of 8 -ch lo ro -4 -pheny l -2 ,3 -d ihydro -  
1 ,5-benzodiazepinone [5] with an e q u i m o l a r  amount  of NCS in 15 ml  of carbon t e t rach lo r ide  by the method 
desc r ibed  above. Workup gave 0.15 g (33%) of diazepinone VII with mp 190~ and Rf  0.72. 
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A co r r e l a t i on  equat ion that  l inks the re la t ive  chemica l  shift  of the protons of the t r i az ine  ring 
with the F and R constants  of the subst i tuents  was obtained on the basis  of data f r o m  the PMR 
s p e c t r a  of solutions of s y m - t r i a z i n e  and i ts  monosubst i tuted de r iva t ives  [OCH 3, N(CII3)2, CH3, 
C6H5, COOC2H5, and CN] in d imethyl  suffoxide (DMSO). The equation was analyzed by c o m p a r i -  
son with the cor responding  equations fo r  monosubst i tu ted benzenes and pyr imidines .  

Apprec iab le  weakening of the inductive ef fec t  of subst i tuents  on the re la t ive  chemica l  shift  of the r ing p ro -  
tons adjacent  to the ni t rogen a tom of the pyr imidine  r ing was prev ious ly  noted [1, 2] during a study of the con-  
duct ivi ty of e l ec t ron ic  e f fec ts  of subst i tuents  in the pyr imidine  r ing by PMR spec t roscopy .  To a s c e r t a i n  the 
common c h a r a c t e r  of this  ef fec t  we studied the dependence of the chemica l  shift  of the protons  of the s y m - t r i -  
azine r ing on the e l ec t ron ic  ef fec ts  of the subst i tuents  in the PMR s p e c t r a  of monosubst i tuted t r i az ines  in 
d imethyl  sulfoxide (DMSO). We se lec ted  only monosubst i tu ted de r iva t ives  as  subjects  of the invest igat ion and 
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