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BROMINATION OF AROMATIC RING
OF TETRAHYDRO-1,5-BENZODIAZEPIN-2-ONES

B. Puodziunaite, R. Janciene, Z. Stumbreviciute, and L. Kosychova

Novel mono- or  dibromo-substituted  tetrahvdro-1,5-benzodiazepinones  were  obtained by direct
bromination of the corresponding 2.3.4,5-tetrahvdro-(1H)-1,5-benzodiazepin-2-ones and 3-N-alkyl (or
Jormyvl) derivatives with bromine. Substituent effects and the orientation of the entering groups in the
bromination reaction are discussed.
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To our knowledge. aromatic ring substituents in tetrahydro-1.5-benzodiazepinones can generally be
incorporated prior to the synthesis ot the desired heterocycle [1, 2], and when this is not convenient the desired
targets can be attained vie a direct clectrophilic aromatic substitution. Unlike dihydro-1.5-benzodiazepinones [3-3].,
the literature  provides no data concerming functionalization reactions of the aromatic rning in
tetrahydrobenzodiazepinoncs [6]. Therefore it was of great interest to study the directions of these reactions and to
cvaluate the orientation effects. On the other hand, we required as intermediates the novel nitro-substituted
compounds derived from 7 (or &)-halotctrahydrobenzodiazepinones which are uscful for the synthesis of a peri-
fused tricychic hetcrosystem. We describe herein the preparation of new mono- and dibrominated tetrahydro-1.5-
benzodiazepin-2-ones.
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We started with tetrahydro-1.5-benzodiazepin-2-onc 1a and 3(or 4)-methyl homologues 1b.e, which were
prepared according to the procedures described previously [7]. Treatment of compounds la-¢ with a large excess
of brominc in a mixture ot acctic acid and concentrated sulfuric acid at ambient temperature led to 6,8-dibromo
derivatives 2a-¢ (Scheme 1). We were particularly interested in obtaining the monobromo-substituted derivatives
as key intermiediates for a synthetic route to the fused system. In this context. the reaction of 1a with bromine was
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cxamined in a more detailed way. Under the samc conditions, using two molar cquivalents of the brominating
agent, dibromo-substituted product 2a was obtained with a smailler yield, while the reaction of this compound with
on¢ molar ecquivalent of bromine afforded a mixture of 8-mono- and 6,8-dibromo-substituted derivatives 2a and 3a.
It was also shown that both brominated derivatives 2a and 3a were obtained from Ia by trcatment with broming in
chloroform or with dioxanc dibromide, the crude mixturcs of the products being purified by fractional
crystallization. The reaction of compound Ib with brominc in acctic acid or chlorotorm led to a mixture of
brominated products 2b and 3b, which were not scparated. Acctylation of the preceding mixture gave 4b along
with unreacted 6.8-dibromide 2b bearing a bulky substituent in position 6. Compound 3a was converted to the
expected product 4a by reaction with acctic anhydride.
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On the other hand. the bromination of 5-N-benzyl derivative 1d [8] led to §-monobromide 5d as the main
isolated product (Scheme 2). The reaction of 5-N-mecthyl derivatives Le.f [9] with an excess of bromince attorded
8-monobrominated products Se,f which were isolated with poor yiclds. Monitoring the progress of the reactions by
TLC showed the formation of several products. [t is quitc possible that these rcactions are accompanied by
substitution in the aromatic ring of the benzyl substituent (compound 1d) or in the diazepine nucleus and the
methyl substituent in the C(3) position (compounds le.. Such a direction of the reaction was observed for the
bromination of dihydro-1,5-benzodiazepinone denivatives [4, 5]. Compound Se was also prepared from 3a by
alkylation with iodomethanc.

Howecver, we were interested in preparing compounds possessing a novel functionality on the aromatic
ring, cspecially at position 7. Therefore, we sclected the 5-N-formyl derivatives lg-i as starting materials [10].
Using two molar cquivalents of brominc in a mixture of acctic acid and concentrated sulfuric acid at room
temperature, bromination of 1g-i gave exclusively 7-bromo-substitutcd products 6g-i.

The position of the bromo-substituent in monobrominated products 3a,b was assigned by analysis of the
'H NMR spectra (sce Table 1). The presence of doublets with coupling constants of 8.6 Hz between the two ortho
protons at 6.55 ppm (CDCl;) or at 6.62 ppm (DMSO-d.) tavors the 6-H protons. Thesc data allow onc to state that
the bromo-substitucnt is in position § in these compounds. The structural identification of brominated S-formyl
derivatives 6g-i was carried out by comparison of their '"H NMR spectra with thosc of 5-N-acetyl derivatives 4a,b.
The spectra of aldchydes 6g-i indicatc a mixture of £- and Z-forms with onc form dominating (87-95%). In
DMSO-d, solution the signals ot the NH and CHi group protons were also aftected by the £/7Z isomerism.

In the 1.5-benzodiazepin-2-one system the aromatic ring is activated both by the acylamino group and
nitrogen N(5) ortho to the lactam moicty and. not surprisingly, the substitution is directed to this ring. The
oricntation ot the entering groups is strongly influenced by the competing substituent effects of these two aroups.
The greater propensity for lone pair delocalization by the N(5) atom  accounts for the &-mono- or
6.8-dibromination. In addition, the incorporation of benzylic or methyl substituents into N(5) did not change the
oricntation of the entering group in the bromination of 1d-f. It was previously reported that 2-phenyl-1.4-
benzodiazepin-5(4H)-one was chlorinated using rert-butyl hypochlorite exclusively in the fused benzene ring in
positions 7 and 9, i.c.. para and ortho to the activating heterocyclic amino group N(1) [11]. Thus, on the basis of
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our data and reported results, the oricntation of the entering bromo substituent in the bromination of unsubstituted
tetrahydro-1,5-benzodiazepinones 1a-¢ appears to follow the usual substituent effects tor clectrophilic aromatic
substitution and ditfers from the 2.3-dihydro-1.5- and [.3-dihydro-1.4-benzodiazepin-2-one systems [3-5, 12, 13].

TABLE 1. IR and 'H NMR Spectral Data for Compounds 2a-c, 3a,b, 4a.b,

700

5d-f, 6g-i

Com- . | N
IR spectrum. ¢m H NMR spectrum® & .JJ{Hz
puund spec S spectrum® o {ppm)..J/ (Hz)
2a F700, 1670 (COL | 254 2H mL CHCOR 352 02H.m, CTENY S 33 (1L br.os. NI
3350-2R0ANID TAOH A Y =22.9-00: 737 (1L d. W =2.2.7-H):
9.60 (1H. s. NHC)
2b 1670 (CO), 098 3L CHEE 2,65 011 m. CHY: 3.06-3 .60 (28 m, CH .y
3360-3200 (NI SI3ISCIH b s NID: 71000 L d, = 22.9-H):
TANCUHL G = 220 7-H: 959 (L s, NHCO)Y
2c 1670 (CON, 125 GHL L CHEY: 230 (THL dd. " = 13,00 = 7.4 CH.):
3390-3190 (NED | 247 (1L dd, =40, CHO 403 0 m, CH: 3.76 (HHL bro s  NH
TIOOH.A U =229-HE 746 00 d. V=22, 7-1);
9,72 (11 s, NHCO)y
3a 1635 (COY. 27020 CHCO) 2274 (L bro s NID: 3,63 (28 m, CHENY:
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3170 (NH) 310510021 m. CH=p: 7,05 (1L dL W = 8.6, 6-H);
T30 L 70 9= 835 L s  NHD
1b 16RO, 16304COY. | 096 (3H . CH: 1a6 (3 s, CHOCOR 2,69 (O HL m CH
3903120 N | 3.26-3.00 00H mL ClHEy: 4094 49 (1 H. L CH-);
TASTA2 GHomo AD* 981 (1L S NI
ad LORGH(CON, 2A22H b L CHLCOR 345 211 br L CHENE 427 CHO S CHEANL
J75(NID GRR (I d. /=K5 6-11); 6957 1521 m. 7-H. 9-11);
T25SH A S04 ¢TI SO NED
Se 1660 (CO). 2372 o CHCOE 276 (3 s, CHay 3410 (21 m. CHENY:
TS NI TO0CHL A, V=806, 6-Hy 700 (L d Y =22.9-1):
729 (1dd, /=80, =22 7-H):9.64 (1H. 5. NI D)
sf 1695 1 COn. 097 (3L do CHa: 2.60-3.93 (30 mL CHACHY: 273 (3HL s, CHENDG
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726 (1H.dd, =86,/ =227-1) 960 (11 s. NI
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31953120 (NH) TS (THL dd. =80, =22 81 700 (1L d. =22 6.1
825 and S3607T (1L s CHO R 9.78%7 and 9.90% (HHL s NI
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* Solvents: compounds 2a-c. 3b, 4b, Se.f, 6g-i in DMSO-d,. compound 6h

in CDCL-DMSO-d,, 9 : 1: compounds 3a, 4a. 5d in CDClx. Compound 4b

(in CDCh): 7.05 (1H. d. *J = 8.6, 6-11): 7.26-7.42 (2H, m, 7-H. 9-H).
** The minor form.
*" The major form,



TABLE 2. Physical and Analytical Data of Compounds 2a-c, 3a, 4a,b, 5d-f

and 6g-i
X oo Found. "o
Com-  Empineat . . mp. Yield.
pound  tormula (M) Caleulated, *» - tsolvent) "u
¢ 1l N Br
2a 1 CollsBraN-O (319.99) 32.67 2.82 882 008 232.234 33
; 337N 252 X735 ‘ 4994 (PrOI)
2b S ColLaBrN-O (334.02) | 36.04 298 836 4793 239.241 54
! 3596 RN %30 47 85 (PrOH)
2c D CaHoBraN-O (334.02) | 3598 | 3.23 846 4736 190-191 61
3396 303 .39 47.85 (FtOH)
3a ColLbBeNLO (241 .09) 4170 .63 1163 3264 170-173
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46.06 w2 Y.89 2822 (E10AC)
dh ColBINO, (297 16) | 4884 | 468 | 950 2737 197199
AXSG | A9 2689 0 oA Oy
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‘ 1009 | 487 | 1041 2969 | (Benzene 11-0)
6g CinHuBrN:O: {260, 10) 4484 3.61 10.25 30.13 14R-150 53
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In the casc of 5-N-formylated derivatives 1g-i. clectrophilic substitution with the formation of 7-bromo-
substituted derivatives 6g-i was not uncxpected, and the dominating para>ortho directing activating cfteet of the
acylamino group (lactamic) was accomplished. It was also reported that nitration of S-acctyl-4-methyltetrahydro-
1.5-benzodiazepin-2-one led to a 7-nitro-substituted derivative [14], and the reaction of 4-alkyltetrahydro-1.4-
benzodiazepin-2.5-diones with excess of bromine resulted also in the corresponding 7-bromo derivatives [15, 16].
In this casc. the substitution occurs at C(7). since the acylamino substituent activates the benzene ring modcrately.

In summary. our results show that novel bromo derivatives ot tetrahydro-1.5-benzodiazepin-2-ones are
obtained by dircct clectrophilic bromination of the aromatic ring in this heteroeyelic system. The orientation of the
cntering groups is strongly intluenced by substituent effects. The spectroscopic as well as physical and analytical
data of previously unreported compounds are summarized in Tables 1 and 2.

EXPERIMENTAL

"H NMR spectra were measured on a Hitachi R-22 spectrometer operating at 90 MHz (35°C). Chemical
shifts (8) arc reported in ppm from TMS. IR spectra were recorded for KBr pellets on a Specord 71 IR
spectrophotometer. TLC was performed on Silutol UV-254 silica gel plates in the system chloroform-cthyl
acctate-methanol, 14:7:1. Melting points were determined in open capillary tubes and were uncorrected.

6,8-Dibromo-3-R-4-R'-2.3.4.5—tctrahydro-lH-l.5-bcnzodiachin-2-oncs (2a-¢). General Procedure.
To a precooled (in an ice bath) and stirred solution of the corresponding compound la-¢ (10 mmol) in acctic acid
(15 m]) and concentrated sulfuric acid (1.5 ml). a solution of bromine (2.1 ml. 40 mmol) in the same solvent (5 ml)
was added slowly dropwise. The mixture was stirred at ambient temperature for 4 h and poured into water
(approximatecly 400 ml) with icc.
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After neutralizing with NH4OH the resultant precipitate was filtered off and washed with water, and the
crude products 2a-¢ were crystallized from an appropriate solvent.

According to the procedurc described above, the reaction of compound 1a (1.6 g, 10 mmol) with bromine
(1.0 ml, 20 mmol) gave 1.2 g (38%) of compound 2a as white crystals: mp was identical with that of" an authentie
samplc.

Synthesis of 6.8-Dibromo- and 8-Br0m0-3-R-4-R'-2.3.4,5-tctrahydr0-lH-l,S-bcnzodiachin-Z-oncs
(2a and 3a). A. A solution of bromine (1.0 ml, 20 mmol) in acctic acid (5 mi) was added dropwisce to a solution of
compound 1a (3.2 g, 20 mmol} in a mixturc of acctic acid (30 ml) and sulfuric acid (3 ml). and stirred at room
temperature for 4 h. The reaction mixture was pourcd into water with crushed ice, neutralized with NH;OH, and
extracted with BuOH (100 ml). Evaporation of the solvent in vacuo atforded a solid residuc which was crystallized
from PrOH to give 0.7 g (11%) of dibromo product 2a identical with an authentic sample. The filtrate was
concentrated in vacuo and a solid residuc was obtained. Crystallization of this crude residue from benzene gave
1.0 2 (21%) of monobromo product 3a as whitc crystals.

B. A solution of bromine (1.0 ml, 20 mmol) in chloroform (100 ml) was added to a stirred solution of
compound 1a (3.2 g. 20 mmol) in the same solvent (10 ml). The rcaction mixture was stirred at room temperature
for 5 h. The precipitated solid was collected by filtration and washed with saturated aqueous Na.COs solution and
water. The organic filtrate was washed with the same Na,CO; solution (3 x 30 ml) and water. Atter drying
(anhydrous MgSQ,). chloroform was removed and the solid residue combined with the precipitate was crystallized
from PrOH to give 1.9 g (30%) of compound 2a. The filtrate was concentrated to give white solid crystals.
Crystallization from benzene gave 0.5 g (11%) of compound 3a.

C. The same procedure as for method B, except that the reaction of compound la with bromine was
carried out at 5°C for 4 h and products 2a (22%) and 3a (31%) were isolated.

D. A solution of compound 1a (3.2 g, 20 mmol) in dioxanc (30 mi)} and KOH (1.1 g, 20 mmol) in water
(4 ml) was trcated dropwise with bromine (1.0 ml, 20 mmeol) in dioxanc (50 ml) under stirming. After complete
addition the mixture was stirred at room temperature for 0.5 h. The precipitated solid was collected by filtration
and washed with saturated aquecous Na>CO:s solution (2 * 20 ml) and water. Evaporation of the filtrate gave a solid
residuc which was dissolved in 1.2-dichlorocthane (100 ml). The organic solution was washed with the same
Na>COs solution (3 x 30 ml). then with water and dried. Evaporation of the solvent in vacuo gave a white solid
residuce. The latter was combined with the precipitate, recrystallized as desceribed above in method B, and gave
1.4 ¢(22%) of compound 2a and 1.3 g (27%) of compound 3a.

In all experiments, products 2a and 3a werc identified by TLC, and mixed samples of the compounds with
an authentic sample did not show depression of the meiting point.

Synthesis of 6.8-Dibromo- and 8-Bromo-3-methyl-2,3.4,5-tetrahydro-1H-1,5-benzodiazepin-2-ones
(2b and 3b). A. To a solution of compound 1b (2.64 g, 15 mmol} in chloroform (300 ml). a solution of brominc
(1.25 ml, 25 mmol) in the same solvent (10 ml) was added dropwise at a temperature of 10°C, and the mixture was
stirred at room temperature for 4 h. The precipitate was filtered oft. Further, the procedure described in method B
gave a solid residuc. The precipitate and residuc were combined (2.0 g) and crystallized subsequently from MecCN,
1.2-dichlorocthane, or i-PrOH to give a mixture (1.63 g) of products 2b and 3b which were not scparated as
individual compounds. The 'H NMR spectrum of this mixture indicated the presence of bromides 2b and 3b
{approximatc ratio 2 : 1).

B. To a stirred solution of compound 1b (2.64 g, 15 mmol) in acctic acid (30 ml), a solution of brominc
(1.25 ml, 25 mmol) in the same solvent (5 ml) was added dropwise. After stirring at room temperature for 3 h and
following the procedure described in the genceral procedure for preparation of 2a-¢, a mixture (1.3 g) of bromides
2b and 3b was obtainced.

5-Acetyl-8-bromo-3-methyl-2,3,4,5-tetrahydro-1H-1,5-benzodiazepin-2-one  (4b). A solution of a
mixture of products 2b and 3b (1.63 g) in dry |.2-dichlorocthane (80 ml) and acctic anhydride (1.0 ml. [0 mmol)
was refluxed for 6 h. After cooling, the solution was washed with water and dried. TLC indicated complete
consumption of onc of the componcnts from the starting mixture and the appearance of a new spot, while the other
component remained unchanged. Evaporation of the solvent in vacuo afforded crude solid products. Crystallization
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from EtOAc gave 0.9 g of unchanged 2b identical with an authentic sample. The filtrate was concentrated and
treated with Et;0 to give 0.35 g of compound 4b.
5-Acctyl-8-bromo-2,3,4,5-tetrahvdro-1H-1,5-benzodiazepin-2-one (4a). According to the procedure
described tor the synthesis of 4b, the reaction of compound 3a (0.3 g, 1.24 mmol) with acctic anhydnde (0.2 ml,
2.1 mmol) gave 0.24 g ot compound 4a as white crystals.
5-Benzyl-8-bromo-2,3.4,5-tetrahvdro-1H-1,5-benzodiazepin-2-one (5d). To a solution of compound 1d
(2.5 g. 10 mmol) in acctic acid (30 mi). a selution of bromine (1.0 ml, 20 mmol) in the same solvent (5 ml) was
added dropwise. The reaction mixture was stirred at room temperature for 2 h and poured into water (450 ml) with
crushed ice. After neutralizing with NH,OH, the mixture was cextracted repeatedly with EtOAc (120 ml). The
cxtract was washed with brine and dried. Evaporation of the solvent afforded a solid residue of the crude product.
Crystallization from benzene gave 0.88 g of bromo derivative 5d as gray crystals. After concentration of the
benzenice tiltrate, 0.5 g of unreacted 1d were obtained.
8-Bromo-S-mcthyI-3-R-4-R'-2.3.4.5-tctrahydro—lH-I.S-bcnzodiachin-z-oncs (Sc¢.f). The reaction of
le,f (10 mmol) with bromine was accomplished according to the gencral procedure for the preparation of
compounds 2a-¢. Compounds 5e,f were isolated with 27 and 31% yicld. respectively.
8-Bromo-5-methyl-2,3,4.5-tetrahydro-1H-1,5-benzodiazepin-2-one (5¢). A well stired mixture of
compound 3a (2.75 ¢, 11.4 mmol), NaHCO: (1.43 g, 17 mmol). and iodomethanc (2.8 mi, 45 mmol) in mcthanol
{50 ml) was rctluxed for 14 h. After cooling, the solid was collected and the filtrate was concentrated to a thick
residuec which was dissolved in 1,2-dichlorocthane (60 mi). The organic solution was washed with water
(2 » 30 ml) and dricd. Evaporation of the solvent left a crude solid residuc. Crystallization gave 1.8 g of N-methyl
derivative 5e. The mixed sample with compound Se obtained by a difterent way did not show a depression of
melting point. The IR and 'H NMR spectra were identical.
7-Bromo-5-formyl-3-R-4-R'-2 3 4,5-tetrahydro-1H-1,5-benzodiazepin-2-ones (6g-i). General Procedure.
A solution of brominc (1.0 ml, 20 mmol) in 5 ml of acctic acid was added dropwise to a stirred solution of
compound 1g-i (10 mmol) in acctic acid (30 ml) and concentrated sulfuric acid (1 ml). The mixture was stirred at
room temperature for 4 h, then poured onto water (300 ml) with crushed ice and extracted several times
(3 x 40 ml) with EtOAc. The extract was washed subscquently with saturated aqueous Na:COs solution, aquecous
Na:S-0:-5H-0 solution. and water, and dricd. Evaporation of the solvent afforded a solid residue of crude
products. Crystallization from appropriate solvents gave monobromo derivatives 6g-i as white crystals.
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