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Abstract.- The synthesis of 6-hydroxy-7-nitro-I-benzazepine-2-one 7
from S-hydroxy-1-tetralone 1 and 6-hydroxy-I-benzazepine-2-one 2 is
described. Bromination of 6-hydroxy-1-benzazepine-2-onc 2 with NBS
in ethyl acetate afforded 7-bromo-6-hydroxy-1-benzazepine-2-one 13
and 7,9-dibromo-6-hydroxy-1-benzazepine-2-one 14. Oxidauon of
benzazepinone 13 with (diacetoxyiodo)benzene provided 7-bromo-1-
benzazepine-2,6,9-trione 5.

: Much attention has been focused on 1-benzazepines a class of heterocycles
with pharmaceutical potential featuring analgesic, antidepressant, antihypertensive
and diuretic activities.! Although therc are scveral methods to prepare -
benzazepines,2 the Schmidt rearrangement? offers a simple entry (o these

heterocycles mainly due to the readiness of the precursors.

In previous work4 we have reported a facile synthesis of -benzazepine-
2,6.9-trione 3 from 5-hydroxy-1-tetralone 1 by using the Schmidt rearrangement
followed by oxidation of the 1-benzazepine intermediate 2 with the Fremy's salt® or

5

(diacetoxyiodo)benzence.© Because evaluation of quinone 3 in the NCI displayed

* To whom the correspondence should he addressed

3481



3482 PESSOA-MATIANA AND VALDERRAMA

PEOMISSOrY @0 vitro antitumor activity against a variety ol tumor cells we decided to
extend the synthetic methodology used to prepare quinone 3 to the synthesis af

new members of L-benzazepinequinone family.

Here we wish to report the synthesis of new derivatives of the 6-hydroxy-1-

benzazepine-2-one and attempts to construct the [-benzazepinetriones 4 and S.
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These quinones were selected as target compounds because of their
relationship with the active quinone 3. Firstly we explored the access to orfo-

quinone 4 through the sequence outlined in Scheme 1.
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Nitration of 1 with nitric acid in acctic acid al room temperature was
examined. The treatment afforded compound 6 in 47% yicld along with the
secondary product 10 (19%). When the nitration was carricd out with the same
reagents at reflux, heterocycles 6, 9 and 10 were isolated in 21,48 and 9% yicld
respectively. The structure of isomers 6 and 9 was mainly deduced by their TH
NMR spectra which displayed the resondnce frecucnces for the OH protons at

511.04 and 9.60 ppm. The low field signal was assigned to the chelated proton ol

the hydroxy group in 6.7
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Reagents: a) HNO;, AcOH, b) NaNj, CCIly-CO,H

Scheme 2

Tetralone 6 was allowed (o react with sodium azide in trichloracetic acid. The
(reatment afforded a mixture ol two products which were isolated by column
chromatography. These substances were characterized as the isomeric benzazepines
7 (26%) and 11 (61%). This result demonstrated that the Schmidt rearrangement of

compound 6 proceeds mainly by alkyl migration than aryl migration.
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In order to cxplore an alternative access to benzazepine 7 nitration of
benzazepine 2 was studied. The reaction of 2 with nitric acid in acctic acid afforded

benzazepine 7 (35%) along with its isomer 12 (18%) and quinone 3 (16%).
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Benzazepine 7 was then subjected to hydrogenation over Pd-C to provide
aminophenol 8 in 81% yield. Further attempts to obtain orfo-quinone 4 by oxidation
of 8 with chromium (VI) oxide were unsuccessful and the substrate was recovered

in all the expenments.

On the basis of our result on the preparation of quinone 3 by oxidation of 6-
hydroxy-1-benzazepine-2-one with (diacetox yiodo)benzenet we studied the access

to quinone 5 from bromophenol 13.

The preparation of 13 was attempted by bromination of 2 with NBS. The
reaction performed in ethyl acetate afforded a mixture of compounds 13 and 14 in
21 and 33% yield respectively (Scheme 3). When 13 reacted with the hypervalent
oxidant reagent, benzazepinetrione 5 was isolated in 72% yield. The structure of the
para-quinone 5 was supported by the presence of a vinyl proton at & 7.30 ppm, the
infrared carbony! absorption at 1680 cm-!, and the presence of two carbonyl
carbons at & 179.2 and 179.7 ppm.

Compound 14 was also reacted with the hypervalent iodine reagent however

the treatment did not lead to oxidation products and 14 was recovered in this assay.

In conclusion, our attempts to prepare an orto-quinone analog of antitumor

active quinone 3 were unsuccessful. However, we have found an access to the new
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Reagents: a) N-bromosuccinimide, AcOEt, b) (AcO),IC Hs, MeCN, H,0

Scheme 3

1-benzazepine-6,9-quinone 5. The possibility to carry out nucleophilic substitutions
of the bromine atom in 5 and the regioselective control induced by this atom 1n
cycloaddition reactions® makes the use of quinone 5 as precursor of new bioactive

benzazepines and policyclic analogs especially atractive.
Experimental

Melting points were determined on a Kofler hot-stage apparatus and are
uncorrecied. IR speeiramweiesdeiegmineds on: 4 Berkin Elmer 1310
spectrophotometer for KBr disc and wave numbcrs arc reported in ecm™!. The HH-
and 13C NMR spectra were performed on Varian X1.-100 and on Bruker AM-200
spectrometers in deuteriochloroform. Samples were dissolved in DMSO-dg, unless
otherwisc stated and chemical shifts are expressed in & scale (ppm) downfield from
tetramethylsilane. J-values are given in Hz. EIMS were recorded on VB-12-250
spectrometer. Silica gel Merck 60 (70-230 mesh) and DC-alufolien 60 Fasy were

normally used for column and TLC chromatography respectively.



3486 PESSOA-MAHANA AND VALDERRAMA

Reaction of tetralone 1 with nitric acid

Assay A.- A solution of concentrated nitric acid (1.5 mL , 22.00 mmol) in glacial
acetic acid ( SmL) was added dropwise to a cooled (5-8 C”) magnetically stirred
solution of 1 (500 mg, 3.09 mmol) in acetic acid -water (20 mL, 10:1). The
resulting mixture was stirred for 45 min, neutralized with sohd sodium
hydrogencarbonate and extracted with ethyl acetate (2x 25 mL). The extract was
washed with water, dried over magnesium sulphate and evaporated in vacuo. The
residue was column cromatographed on silica gel (CHCIg) to afford crude 3,4-
dihydro-5-hydroxy-6-nitro-2H-1-naphthalenone 6. Preparative TLC (CHCl3: CgHg
= 1:1) provided pure compound 6 (300 mg, 47%); mp 127-128° C; Anal Calcd for
C10HgOsN: C, 5797, Hi, 4338 NiL636. Eound = €, 58.00; H, 4.60; N 6.57; IR:
3400-3250, 1680 , 1520, 1360; !H NMR (100 MHz, CDCl3): 4 2.20 (quint.. 2H, J
=7, 3-H), 2.90.(t, 2H, J =#; 2Bty 3 046 2Rl =7 3=}, 7.66 (d, 1H,J=9.7 or &-
H), 8.06 (d,1H, J =9, 8 or 7-H), 11.04 (s, LH, OH); 13C NMR (50 MHz, CDCl3): &
220,228 384, 1176, 9292 262 8@ 4288 51 53 3, [96:3. EIMS i/ (%):
207 (M, 99.9), 179 (OSSN @A)

Further elution of the column (CHCl3: CgHg = 1:1) afforded 3,4-dihydro-6,8-
dinitro-5-hydroxy-2H-1-naphthalenone 10 (120 mg, 19%). mp 243-246°C
(ethanol); Anal.Calcd for C1gHgOgN9: C, 47.62; H, 3.20; N, 11.11. Found: C,
47.73; H, 3.30; N,10.85; IR: 3260, 1690,1540,1340; !H NMR : 6 2.1 (m, 2H. 3-H),
2.72 (v, 28, S =7, 2-H, 22048 2kl e =B 836 (s LH, 7-H); 13C NMR: §
21.3; 232, 37.8; 1188 Al 200 SR SIS OIS 910 | 522, 194.9; EIMS m/: (%):
252 (M*,100), 224 (64),178 (66),150 (79).

Assay B.- A solution of concentrated nitric acid (1.5 mL, 22.00 mmol) in glacial
acetic acid (5.5 mL) was added dropwise to a magnetically stirred solution of
naphthalenone 1 (50 mg, 0.31 mmol) in glacial acetic acid (5 mL) and the resulting
mixture was refluxed for 45 min. Work-up followed by column cromatography
(CHCI3:AcOEt = 1:1) afforded 6 (14 mg, 21%), 10 (7.6 mg, 9%) and 3,4-dinvdro-
5-hydroxy-8-nitro-2/{-1-naphthalenone 9 (33 mg, 48%); mp 2359-261; C1gHoO4N:
C,57.97; H, 435 N,6.76. Founet= € 58 SPEI4 05 N 6 74 fR- 3180, 1650.1580,
1350; 'H NMR (200 MHz, acetone-dg) : & 2.10 (m, 2 H, 3-H). 2.70 (1, 2H, J = 7, 2-
H), 2:950( 2H5/i=17, 4-F) a5 SIE=0a 615 - 7.35 (. IH, /=9, 7-H). 9.6 (br
5. H Q)



[-BENZAZEPINES 3487
Schmidt rearrangement of naphthalenone 6

To a heated solution of nitrotetralone 6 (200 mg, 0.97 mmol) n
trichloroacetic acid ( 2.0 gr ) was added sodium azide (94.4 me. [.45 mmol) at 65-
70 C* and the mixture was mantaining with stirring for 6 h. The mixture was diluted
with water (10 mL), neutralized with solid sodium hydrogencarbonate. and extracted
with ethyl acetate ( 2x25 mL). The organic layer was washed with water. dried over
sodium sulphate and evaporated under vacum. The crude was filtered through silica
gel to afford a mixture of isomer 7 and 11 which waus separated by column
cromatography on silica gel (CHpClo:AcOEL = I:1). Evaporation of the first
fraction afforded crude 1,23 4-tctrahydro-6-hvdroxy-7-nitro-5//-1-benzuzepin-2-
one 7 which was purified by preparative TLC (CHCI3:CoHp = [:1) Lo give pure i
(55 mg, 26%); mp 226-227 °C; Anal Caled tor CjgHgO4N2: C. 54.05: H, 4.54:
N, 12.61. Found: C, 54.13; H, 4.70; N, 11.88; [R: 3400, 3180, 1670, 1600; 'H
NMR (100 MHz): § 2.18 (m, 4H , 3- and 4-H). 2.82 (t, 2H, / = 7. 5-H). 6.68 ( d,
IH,J=9,9-H),7.96 (d,[H, /=9, 8-H). 10.8 (s.1H, NH), [ 1.60 ( s.1H. OH ); 13C
NMR (50 MHz): § 20.1, 28.8, 38.2, [16.9. 123.0. 128.6, 137.1. 142.9, 149.4 .1069.8:

EIMS m/z (%): 222 (M*, 97), 167 (100).150 (88).

Further elution of the column (CH*)CI’_}LACOE{ = 1) afforded 1,2,3.4-tetrahvdro-6-
hydroxy-7-nitro-5H-2-benzazepin-1-one 11 (130 mg. 61%); mp 247-248 CL Anal
Caled for C1oHjgOgqN2: €, 24.05; H, 4.54: ANERI Gl S Eouneles @ 4 2 A T
N 12.20; IR 3400, 3200, 1665, 1580, 1520 : LH NMR: 0 1.86 (quint. . 2H. /=7,
4-H ) .2.76-3.06 ( m A8 and Sl s a0i@hes. [, NH ). 7.13.(d, 1H. /=9, 8-
or9-H ), 792 ¢ d, IEL =99 o 8- ) 8230:(br 5, |H, OH). 3¢C NMR: & 22 4,
269, 33.9, 13,2, 226008 oSl msssp . 1735  EIMS nifz (%): 222 (M*,
106), 193.(L0), 175 (EF10E

Nitration of benzazepinone 2

Concentrated nitric acid was added dropwise (0.4 mL, 6.40 mmol) o a
stirred solution of benzazepinone 2 (180 mg, .01 mmol) in acetic acid (15 mL) al
rt. The mixture was stirred for 10 min, neutralized with aqueous saturated mdium

hydrogencarbonate, and extracted with ethyl acetate ¢ 3x30 mL). The extruct was

washed with water, dried over sodium sulphate and evaporated in vacuo. i residue
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was cromatographed (CHCl3: AcOEt = 1:1) and from the less polar fraction 1-

benzazepinguinone 3 (30 mg, 16%) was isolated.

The second fraction afforded 6-hydroxy-7-nitro-1-benzazepin-2-onc 7 (80
mg. 35%). The more polar fraction provided | 2.3.4-tetrahydro-6-hydroxy-9-nitro-
SH-1-benzazepin-2-one 12 (40 mg, 18%); mp 6SE260RE Anal Culed - Tor
CioHgO4N2: C, 54.05; H, 4.54: N, [26F Bound: C,53%6: H, 4.56; N, 12.35:
IR: 3400, 3200, 1650, 1580, 1520, 1300; 'H NMR (100 MHz) : 0 2.0-2.4 (m, 4H,
3 and 4-El); 2.86% (. 200 1= 65 1) GO (d HFL /= O, -EEE 300 (d, 1H T =9,
8-H), 7.0-8.0 (brs, 1H,NH ), 9.40 (s, I1H, OH ).

Preparation of benzazepine 8

A suspension of nitrobenzazepinone 7 ( 100 mg, 0.45 mmol), Pd-C (10%.
[0 mg) in ethanol (20 mL), was shaken under hydrogen in a Parr apparatus at 30
psi for 2 h at rt. The solution was filtered and evaporated in vacuo (o afford
compound 8. The residue was chromatographed on silica gel (CHCI3:AcOEL= [:1)
(0 afford 1,2,3 4-tetrahydro-6-hydroxy-7-amino-5H-1-benzazepin-2-one 8 (70 mg.,
81%); mp 215-216°C. Anal Caled for CjoH[202N7: G 6249 F.16.29; N, 14.57.
Found: C, 61.81; H, 6.11; N, 14.17; IR: 3550-3200, 3380-3300, 3200, 1670, 1620;
I'H NMR (100 MHz): § 2.34-2.52 (m, 6H, 3-, 4-H and NHp), g 20 un 2 5-1),
6.70-7.50 (m, 3H, 8-, 9-H, and NH); EIMS m/z(%):192 (M*, 100),164 (12),137
(41), 136 (32). |

Reaction of benzazepinone 2 and N-bromosuccinimide

A suspension of benzazepinone 2 (468 mg, 2.65 mmol), NBS (470 mg, 2.65
~mmol) in ethyl acetate (50 mL) was stirred at rt for 1.5 h. The mixture was washed
with water (2x20 mL), and the dry organic phase was evaporated. The residue was
cromatographed (CHCI3) to afford pure 7.9-dibromo-6-hydroxy-1-benzazepin-2-
one 14 (224 mg, 33%), mp 245-246°C (ethanol-petroleum cther); Anal Caled. for
C1oHgO,NBry: C, 35.85; H, 2.71; N, 4.18. Found: C, 36.82; H, 2.91; N 4.21. [R:
3200-3100, 1660 , 1570: 'H NMR (CDCl3, 200 MHz): § 1.95-2.10 (m, 4H, 3- and
4-H) ,2.50 (1, 2H, J=8.7 , 5-1), 7.69 (s, 1H, 8-H), 9.14 and 9.61 (2s, 2H, NH and
OH): 13C NMR (50 MHz): 8 24.7, 27.5, 33.0, 107.9, 1094, 126.3, 133.1, I38.2,
5 e s
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Further clution with CHCI3 alforded 7-bromo- 6-hydroxy-1-benzazepin-2-one 13
(189 mg, 21% ); mp 225-227°C (EtOH-petrolcum cther): Anal Caled. for
C1oH|002NBr: C, 47.06; H, 3.95; N, 5.49. Found : C, 46.615 1. 4.01: N, 5.57; IR:
3200-3100, 1650,1570 ; 'H NMR (CDCl3, 200 MHz): § 2.0-2.1 (m, 2H, 4-H ),
2. 74 (in - 2H. 3= and SES GG IR E=SE0 6o 91 30 (d TH, S =7.6.9-
or 8-H) : L@ NMER (GO ViEa: oesr 2y s8aie S107. 1 1150, 123.1, [30.3, 140.0,
Eyleosiviee

Reaction of benzazepinone 13 and (diacetoxyiodo)benzene

To a stirred solution of 13 (113 mg, 0.64 mmol) in acetonitrile-water (3:1;
20 mL) was added a solution of (diacetoxyiodo)benzene (350 mg, 0.99 mmol) in
15 mL of the same mixture. The mixture was stirred at rt for 30 min, diluted with
water (15 mL) and extracted with chloroform (2x20 mL). The solvent was removed
and the red oil residue was mantained under vacum for 30 min at 90°C. The crude
quinone 5 (117 mg, 98%) was cromatographed (CHCI3) to afford pure compound 5
(86 mg, 72% ) as orange solid mp 109-111°C; Anal Calced for: C{gHgO3NBr: -
44 47; H, 2.99; N, 5.19. Found: C, 44.38; H, 3.09; N 5.11. [R: 3100,1 680, 1660-
1640; 'H NMR (CDCl3, 200 MHz): 6 1.95-2.03 (quint., 2H, J = 6.0, 4-H), 2,74
(2H, m, 5-H), 2.81 (2H, ¢, J = 6.6, 3-H), 7.30 (s,1H, 8-H), 8.10 (s, 1 H, NH); 13C
NMR (CDELS, SO MHe: oo ssariiaayai 93 7 134.9,.135.2, 139,7, 173.6,
179:2° 179 7
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