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o-Nitrophenylazide was reduced by Sml, in anhydrous THF at room temperature to produce an active intermediate
2 (samarium amide), the ‘living’ double-anion in situ which reacted smoothly with ketones containing active methyl
or methylene groups to afford 2,3-dihydro-1H-1,5-benzodiazepines in good yields under mild and neutral conditions.

2,3-Dihydro-H-1,5-benzodiazepine  derivatives have Table 1 Synthesis of 2,3-dihydro-1H-1,5-beznodiazepines
attracted interest due to their biological propertiebe meth- ~ mediated by Smli2

ods for preparing these compounds usmghenylenedi-  Entry R T (h) Yield(%)?
amines as starting materials involved harsh conditions such ¢
using acid or base catalysts, moderate to high thermal cond3a Et 2 78
; ; inte 3b n-Pr 2 83
tions and long reaction tinte.
. . - . 3c n-Bu 4 85

Applications of samarium diiodide as a mild, neutral, selec-34 n-C.H 4 75
tive and versatile single-electron transfer reducing and couplze S i " 1 88
ing reagent in organic synthesis have grown significantly in3f p-MeCgH, 1 87
the last two decadésBoth nitro compoundsand azide com- 39 p-MeOCgH, 1 89
pound§ can be easily reduced by S the corresponding 3ih g:g'%ﬂ; g g?
amines. However, little attention has been given to the inters; m_NO‘;C‘;HA 5 56

mediates derived from nitro or azide groups by Strdat-
ment, which may lead to some reactions difficult to
accomplish by other existing methodologieRecently, we
have reported the samarium diiodide mediated simultaneous-phenylenediamine and aromatic ketonies. Ge—) in the
reduction of nitro groups and the S-S bond indais{ro- presence of acid medium under reflux conditions, however,
phenyl) disulfides to produce active intermediates and theithe preparation of produc&-—d using similar methods has
uses in the synthesis of some heterocycles containing nitrogamt been reported. In our study, both aliphatic and aromatic
and sulfuf In order to extend the application of Smwe con-  ketones could react with the active intermedite give the
sidered whether Smtould mediated simultaneous reduction desired product8a—j in satisfactory yields.
of nitro and azide groups mnitrophenylazide. Although the detail mechanism of this reaction has not been
Wheno-nitrophenylazidel was added dropwise to a solu- clarified, the existence of the intermedia®e might be
tion of Sml, in anhydrous THF at room temperature, the deepexplained by the following experimental phenomena. When
blue colour of the solution changed to a yellow colour within MeOH (0.2 ml) was added to the solution of intermedate
several minutes. The above phenomenon showed that the nitgaphenylenediamine was found, however, if ketones were
group and the azide group could be simultaneously reduced bydded to the solution @fphenylenediamine under the same
samarium diiodide, which resulted in the formation of an cgnditions, no reaction took place and no prod@asuld be
intermediate2 (proposed to be samarium amide). When getected. On the other hand, an attempt to synthesize products
ketones containing active methyl groups were added to thg yia reduction ofo-nitrophenylamine by Smlfollowed by
solution of the intermediat, the seven-membered heterocy- rgcting with ketones under similar conditions failed. The two
cles 2,3-dihydro-#-1,5-benzodiazepines were obtained in ta¢ts showed that the intermedidtederived fromo-nitro-

good yields (Scheme 1). . e L
. . phenylazide by Smltreatment is a ‘living’ species situand
The results are summarized in Table 1. Gflosported that more reactive thao-phenylenediamine.

2,3-dihydro-H-1,5-benzodiazepines could be obtained from The structure of producwere confirmed by IR-H NMR,
o R MS and elemental analysis. The IR spectr@afj exhibited
No Nsmbn Y My N a sharp band at ~3350 th{-NH stretching) and a middle
@[ — @[ —~———>©[ strong absorption band at ~1650-t¢C=N). ThelH NMR
N Ny, J -2 N spectra of product8a-d derived from aliphatic ketones and
. o-nitrophenylazide showed a two-proton singledat~2.10
which is due to the methylene group (flen the position 3

Scheme 1 of heterocycle8. As for aromatic ketones, thel NMR spec-
tra of the corresponding produ@e—j showed a two-proton

* To receive any correspondence. E-mail: yminzhang@mail.hz.zj.cnSlnglet atd,, ~2.80 on the same position. Mass spectra of the

" This is a Short Paper, there is therefore no corresponding material iRroduct3a—j showed that the cyclic 1,5-benzodiazepine ions
J Chem. Research (M). and benzimidazole ions derived from the fragmentation and

alsolated yields based on o-nitrophenylazide.
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skeletal rearrangement of the molecular ions were the main650(C=N)cm™. §,: 7.10-6.40(4H, m, ArH), 2.85(1H, br s, NH),
spectral features. 2.40(2H, t,J=6.5Hz, CH), 2.03(2H, s, CH), 1.85-0.83(23H, m,

alkyl-H). m/24%): 300(M, 8.8), 229(62.8), 173(21.5), 119(98.5),
0
Njg)n d 9 _ N CH,CH;
©[ "o CH;CH,CCH,CHy | }CH‘
y:{ " THF, 60°C, 6-8 h H

3e, 2,3-Dihydro-2-methyl-2,4-diphenyHt1,5-benzodiazepine
m.p. 100-102°C (lit?® 103°C). v__: 3334(NH), 2960, 2825,
1460, 1372(CH CH,), 1650(C=N)cmi. & 7.83-6.73(14H, m,
ArH), 3.42(1H, br s, NH), 2.87(2H, s, C} 1.58(3H, s, CH).

3f, 2,3-Dihydro-2-methyl-2,4-di(4nethylphenyl)-#i-1,5-benzodi-
azepinem.p. 96-98°C (lit2> 98°C).v,__: 3332(NH), 2974, 2835, 1465,
1380(CH, CH,), 1650(C=N)cr. 6, 7.89-6.85(12H, m, ArH),
3.52(1H, br s, NH), 2.87(2H, s, G 2.37(3H, s, CH), 2.28(3H, s,
CH,), 1.58(3H, s, CH).

. . 30, 2,3-Dihydro-2-methyl-2,4-di(4nethoxylphenyl)H-1,5-ben-
He_rbert et al3® reported that_ 1,5-benzod|azep|n<_a-2- zodiazepinem.p. 114-116°C(lit 117°C).v__ : 3330(NH), 2968,
spirocycloalkenes could be obtained fromphenylenedi-  >g45 1465, 1370(CHl CH,), 1650(C:N)cmf O 7.78-6.48(12H,
amine and cyclic ketones in the presence of boron trifluoridem, ArH), 3.65(3H, s, OCH), 3.55(3H, s, OCH), 3.35(1H, br s, NH),
ether complex. In our study, ketones containing active2.75(2H, s, CH), 1.55(3H, s, CH).

methylene groups such as cyclopentanone, cylcohexanone, 3-3h, _2,4-Di(4’-chlorophenyI)722,b3-dihydro-2-methyl-tk1,5-benzo-
pentanone (entrie3k—m) have been tested to react with the dg‘ggp'”zesgp- 1%1‘;12‘14133?8('('(3_{ 1(;‘3')1445%-0 \E(n}aEC-N):BC:?ﬁ?(N;)_’
intermediate2 under mild and neutral conditions and afforded 7.23-6.46(4H, m, ArH), 3.02(1H, br 2 NH), 2.44(2H,Jt,6.5HHz,
the correspor_1d|ng produ_ci%k—m in Iow_ to moderate y|elds_. CH,), 2.06(2H, s, CH), 1.75-0.75(19H, m, alkyl-H).

In conclusion, a series of 2,3-dihydréHL,5-benzodi- 3i, 2,4-Di(4-bromophenyl)-2,3-dihydro-2-methyH11,5-benzodi-
azepines were synthesizada the active intermediate azepine m.p. 141-143°C(lit?P 141-142°C)v, : 3350(NH), 2960,
(samarium amide). We think that the present study provides a830, 1465, 1372(CH CH,), 1645(C=N)crt. o,: 7.73-6.65(12H,
new, simple and versatile method for the synthesis of 2,3m, ArH), 3.40(1H, br s, NH), 2.81(2H, s, CH1.58(3H, s, CH).
dihydro-1H-1,5-bezodiazepine derivatives without resorting __3J: 2.3-Dihydro-2-methyl-2 4-di(anitrophenyl)-H-1,5-benzodi-

: azepinem.p. 149-151°C (li?° 151-153°C)v__: 3350(NH), 2970,
to acid or base catalysts. max

2835, 1475, 1366(CH CH,), 1650(C=N)cm. o,,; 8.23-6.69(12H,

m, ArH), 3.52(1H, br's, NH), 2.92(2H, s, GH 1.55(3H, s, CH).
Experimental 3k, 2,3-Dihydro-2,2-tetramethylene-3,4-trimethylerté-1,5-
Tetrahydrofuran (THF) was distilled from sodium-benzophenonebPenzodiazepinem.p. 127-129°C (IittP 130°C). v ., SSSP(NH),
immediately prior to use. All reactions were conducted under a nitro 63, 2830, 1455, 1370(CH CH,), 1650(C=N)cmr. &
gen atmosphere. Melting points were uncorrected. Infrared spectrg-10-6.28(4H, m, ArH), 2.85(1H, br s, NH), 2.50-2.21(3H, m,,CH
were recorded on an IR-408 spectrometer in KBr with absorptions irRnd CH), 1.80-1.48(12H, m, alkyl-H).
cntL. IH NMR spectra were recorded on a Bruker-8G spectrom- 3l 2_,3-D|hydro-2,2-pentamethytlJene-S,4-tetramethyleHe115-
eter as CDGJ solutions.J values are in Hz. Chemical shifts are benzodiazepinen.p. 145-147°C(lit?> 148?)v, .; 3350(NH), 2960,
expressed in p.p.m. downfield from internal tetramethylsilane. Mas2825, 1465, 1365(CH CH,), 1650(C=N)cm". rSHi 7.28-6.36(4H, m,
spectra were recorded on a HP 5989B MS spectrometerArH), 3.32(1H, br s, NH), 2.57-2.05(3H, m, GHand CH),
Microanalysis was carried out on a Carlo-Erba 1106 instrument. ~ 1.86-1.32(16H, m, alkyl-H). o

General procedurea solution ofo-nitrophenylazidel (1 mmol) in 3m, 2,2,4-Triethyl-2,3-dihydro-3-methyHt1,5-benzodiazepine
anhydrous THF (1 ml) was added dropwise to a solution of, @nl ~ m.p. 114—117°C-Vmaf' 3350(NH), 2965, 2835, 1470, 1383(GH
mmol) in THF (30 ml) at room temperature under a dry nitrogen CH,), 1650(C=N)cm". §,,: 7.40-6.37(4H, m, ArH), 3.50(1H, br s,
atmosphere. The mixture was stirred for 5-10 minutes and becamdH), 2.80-2.13(3H, m, Ckland CH), 1.67-0.75(16H, m, alkyl-H).
yellow gradually. Then ketones (2.2 mmol) in THF (1 ml) were addedm/4%): 244(Mf, 13.4), 215(100), 174(29.7), 132(30.7). Anal.
to the mixture. After stirring for a given time (Table 1 and Scheme 2,C,H,,N,. Calcd. C, 78.64; H, 9.90; N, 11.46. Found C, 78.52; H,
the reaction was monitored by TLC), the reaction was quenched wit!9.81; N, 11.26%.
dilute hydrochloric acid (0.1mol/l, 1 ml). The combined extracts were

washed with a saturated solution of 84, (15 ml), saturated brine  \wg thank the National Natural Science Foundation of China

(15 ml), and dried over anhydrous J$&,. After evaporating the sol- - e :
vent under reduced pressure, the crude product was purified %gigl 2‘&;?}25&72010) and NSF of Zhejiang province for

preparative thick layer chromatography using ethyl acetate and cycl

117(100). Anal. GH,.N,. Calcd. C, 79.94; H, 10.73; N, 9.32. Found
C, 79.76; H, 10.85; N, 9.39%.

THE,60C, 4 X QHLCIL

CHACH,

3k.n =1 yield = 45%

old = $3%
31,0 =2.yield =37% 3m, yield =53%

Scheme 2

hexane (1:5) as eluant.

3a, 2,4-Diethyl-2,3-dihydro-2-methylH-1,5-benzodiazepine
m.p. 96-98°CQy, .. 3342(NH), 2967, 2830, 1465, 1370(GHCH,),
1640(C=N)cm?, %(H: 7.07-6.36(4H, m, ArH), 3.26(1H, br s, NH),
2.40(2H, t,J=6.5Hz, CH), 2.14(2H, s, CH), 1.60-0.95(11H, m,
alkyl-H). m/4%): 216(M", 13.4), 201(15.7), 187(100), 174(29.7),
148(36.7), 134(25.8). Anal. ,(H,N,. Calcd. C, 77.73; H, 9.32; N,
12.95. Found C, 77.91; H, 9.23; N, 12.86%.

3b, 2,3-Dihydro-2-methyl-2,4-dipropylH-1,5-benzodiazepine
m.p. 85-87°Cy, . 3350(NH), 2982, 2850, 1470, 1380(GHCH,),
1650(C=N)cm™ 8;: 7.05-6.43(4H, m, ArH), 2.90(1H, br s, NH),
2.40(2H, t,J=6.5Hz, CH), 2.03(2H, s, CH), 1.85-0.85(15H, m,
alkyl-H). m/4%): 244(M", 11.2), 229(5.5), 201(66.4), 71(80.7),
57(100), 43(90.6). Anal. £H,,N,. Calcd. C, 78.64; H, 9.90; N,
11.46. Found C, 78.47; H, 10.03; N, 11.50%.

3¢, 2,4-Dibutyl-2,3-dihydro-2-methylH-1,5-benzodiazepine
66-68°C. v, .. 3350(NH), 2967, 2850, 1458, 1380(GHCH,),
1650(C=N)cm. §,: 7.23-6.46(4H, m, ArH), 3.02(1H, br s, NH),
2.44(2H, t,J=6.5Hz, CH), 2.06(2H, s, CH), 1.75-0.75(19H, m,
alkyl-H). m/4%): 272(M", 13.4), 215(100), 174(29.7), 132(30.7).

Anal. C ;H,.N,. Calcd. C, 79.36; H, 10.36; N, 10.28. Found C, 79.44;

H, 10.23; N, 10.33%.
3d, 2,3-Dihydro-2-methyl-2,4-dipentylHt1,5-benzodiazepine
m.p. 62-64°Cy_ .. 3350(NH), 2983, 2830, 1466, 1365(GHCH,),
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