
HETEROCYCLES, Yo1 24, No. 12, I 9 8 6  

RECENT ADVANCES IN THE SYNTHESIS O F  ANNELATED 1,U-BENZODIAZEPINES 

Ghulam Mohiuddin, Padala  Satyanarayana Reddy, Khalil Ahmed (Late), and 

Chengalva Venkata ~ a t n a m *  

Depar tment  of Chemistry, Ormania  University, Hyderabad 500 007, India 

Abstract  - This review describes t he  recent  progress i n  t he  syntheses of mono- and di-annelated 

I,4-benzodiazepiner with three ,  four ,  f i ve , s ix  and seven-membered rings fused t o  di f ferent  

positions of I ,@-benrodiarepine nucleus. 

1. Introduction 

1,U-Benzodiazepiner (1) are bicyclic heterocyclic compwndr  with t w o  n m o g e n  a toms a t  1 & 4 positions 

of a seven-membered ring fused t o  benzene ring. 

Several substituted i ,+benrodiazepiner and thei r  0x0 derivatives have acquired pharmacological importance 

as potentiai tranquilizing, CNS depressant,  anti-inflammatory, anti-convulrant, antispasmodic, muscle 

1 relaxant,  hypnotic and sedat ive  agents  . This led to t h e  discovery of several drugs, and particular mention 



may be made of the seven drugs marketed under the trade names Librium (chlordiarepoxide, 2), Vaiium 

(diazepam, 3), Serax (oxarepam, 41, Mogadan (nitrazepam, 5) ,  Daimane (fiuorarepam, 6 ) ,  Nobrium (meda- 

zepam, 7), Tranxene or Tranxilium lchiorazepate, 8), for their extensive and useful psychopharmacologica1 

activity. 

Since the discovery of anthramycin 19)'~ sibiromycin ( 1 0 ) ~ '  neothiamcyin ( i l a ,  ilb)', pretomeimycin ( i l c )  5 
7 7 and tomaymycin ( l i d )6  as antibiotics, and onazolam 112) , cioxazoiam (12.3) , ertarolam (13)'~, aipra- 

8 9 zoiam (14) , triaroiam ( i4d8,  ketazolam (15) as antianxiety agents, a great deal of work has been carried 

out during the part two decades on various facets of hetero ring annelated I,&-benzodiazepines. 
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While the chemistry of i,4-benrodiazepine derivatives has been comprehensively reviewed by various 

a ~ t h o r s ' ~ - ' ~ ,  no such review on the  syntheees of annelated I,@-benzodiarepiner is available except a 

partial survey along with 1,5-benzodiazepiner, 1,3-benzcdiazepines and 2,4-ben~odiaze~ines'~'~~. Diannelated 

systems based on I,$-benzadiarepines are not given significant coverage in the latter.  As such, the present 

article, covering all t h e  available l i terature  on mono- and diannelated 1,4-benzodiazepines has been 

prepared. In view of the voluminous d a t a  available on the  synthesis, chemistry and pharmacalogical 

properties of these derivatives, emphasis has been given t o  t h e  synthetic methodology in t h e  present 

review. This review covers, methods reported in l i terature  upto December, 1985. 

2. Mono-annelated I,&-bemodiazepines 

Compounds with three, four, five, six and seven-membered rings fused t o  the different  positions of 1,4-benzo- 

3. Three-membered rinxs annelated t o  L,+benzodiarepines 

Only one example of this class - oxazirind2,3-dl [I,41benzodiarepme (17) is reported21-25. This is prepared 

by the photoiromeriration of the corresponding substituted 1,3-dihydro-2H-1,4-benrodiarepin-2-one-4- 

oxides (16) (Scheme I). 

4. Four-membered rings annelated t o  I,4-benzodiarepines 

Novel a re td3 ,4 -b l  [1,4benzadiazepines (19) were obtained by ~ h ~ ~ ~ ~ ~ ~ - ~ ~  by 40% alkali induced rearrange- 

ment of the adduct (181, prepared from chlardiazepoxide (2) and aliphatic aldehydes. The mechanism 

of the methyl migration into diazepine ring is not clear. Use of 10% sodium hydroxide in this reaction, 

29 however, resulted in 1,5-benzodiazocine-5-oxides . Walter and ~ r n i l i o ~ '  prepared aretobemcdiazepine-  

d i m e  (21) by t h e  cyclocondensation of L-2-aretidinecarboxylic acid with 5-chloroisatoic anhydride (20). 

A simple preparation of azetidina[l,2-dl [1,4!benrodiarepine (22) has been reported3' by the t reatment  

of diazepam (3) with Et02CCH = C(Me)NHCH2C02K in the presence of triethylamine and phosphorus 

oxychloride (Scheme 2). 

5. Five-membered rings annelated t o  1,4-benzdiarepines 

Pyrrolo, thieno, oxamlo, isoxamlo, pyrazolo, imidazo, thiazolo, triazolo, oxadiazolo, te t razolo and thia- 

triazolo-l,4-benzodiarepines are known in Literature. 



Scheme 1 

Scheme 2 
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5.1 Pyrrolo-1,4-benzodiarepines 

Pyrrolobenzodiazepines are ant i tumor  antibiotics and of the  th ree  possible types, I ,4-bemodiarepines 

fused a t  3,4-position are important.  The general synthet ic  methods of t he  various pyrrolobemodiazepines 

are wt l ined  in  Scheme 3-8. 

6H-Pyrroldl ,2-a]  [I,!,] benrodiarepine  (25, R=H), prepared by the  ~ y c l i z a t i o n ~ ~ " ~  of I-[2-(formylamino- 

methyl)phenyl]pyrrole (24) with phosphorus oxychloride. The formyl compound (24) was i n  t he  turn  prepared 

by the  react ion of I-[2-(aminomethyi)phenyiIpyrrole (23) with chloral hydrate  in  t he  presence of t r i e thy l -  

amine. Condensation of t he  hydrochloride of (23) with ketones34 gave, on t h e  other  hand, 5,6-dihydro-4H- 

32 pyrroldl ,2-a]  [ I ,4benzodiazepines  (26) . The isothiocyanation of 23 gave 2-(I-pyrrolidiny1)phenylmerhyl 

35 
isothiocyanate which on heating a t  120°C in the  presence of polyphasphoric acid y ~ e l d e d  (26, R=R1=S). 

The 6-aryl analogs of (25, R=Ph) are also and were  prepared s tar t ing from 2-(2-dimethyi- 

amino-I-pyrra1yl)benzophenone oxime (27) and 2-(i-pyrry1)bemhydrylamine (28) (Scheme 3). Yasutaka 

and his coworkers38 obtained 30 in 65% yield by the  hydiazinolysis of 2-pyrroi-I-yi-benrophenones (29) 

as shown in Scheme 4. 

Three  principal approaches are known for preparing pyrroid2, l -c l  [1,4lbenzodiazepines. The f i rs t  one 

involved the  reductive cyclization of 2-rubrtituted I-(2'nitrobenzoyl)pyrrole derivatives. Thus, t he  oxime 

uf I-(2'-nitroben~o~l)~~rro1e-2-carboxaldeh~de (31) an reductive ~ ~ c l i z a t i o n ~ ~  g a v e  1 0 , I l - d i h y d r o - 5 H -  

pyrrold2,1-cl [1,4benzodiazepine (32). Compound 33  underwent similar cyclization a t  room t empera tu re  

in  t he  presence of hydrogen and PdiBaSO,, t o  give 34. In this reaction, reduction of n i t ro  t o  amino followed 

by cyclodehydration and hydrogenolyris of benzyloxy group seems  t o  occur in  o n e - ~ t e ~ ~ ~ ' ~ ~ .  Use of 

10% Pd-C in a reductive c y c ~ i z a t i o n ~ ~  of 35 afforded 36. The reductive ~ ~ c l i z a t m n ~ ~  of benzylmethyl- 

aminomethyl i - ( 2 - n i t r o b e n ~ y l ) - 2 - ~ ~ r r o ~ l  ketone (37) gave 10,11-dihydro-5H-pyrrold2,1-cl [L,4]benzodiaze- 

pine (38). Massa and his coworkers44 repor ted the  synthesis of pyrrold2, l -c]  [1,4henzodiazepine-5,11-dione 

(40) from I-(2-nitrobenroy1)pyrrolidine d e r i v a t ~ v e  (39). The key in termediate  42, in t he  to t a l  synthesis 

2 of anthramycin (9) was a lso  prepared by this method from 41 by sodium di thionate  t r ea tmen t  followed 

by cyclization using hydrochloric acid. Recent ly  Anand and his coworkersU5 used cata lyt ic  hydrogenation 

followed by t r ea tmen t  with methanol ic  hydrochloric acid in  a similar react ion (Scheme 5). The second 

approach uses isatoic anhydride (43) with ~ - ( - ) ~ r o i i n e ~ ~ - ~ ~ .  A f ac i l e  and new method for t he  synthesis 

of dimethyl anhydrosibriomycinone" which is a pyrroldZ,I-cl [1,4lbenrodiarepine derivative, was repor ted 

f rom sulphinamide anhydride (45) and substituted pyrrole-2-carboxaldehyde, which underwent cyclocondensa- 

t ion t o  give 67% of dimethyi anhydrosibriomycinone (46) (Scheme 6). 

O the r  methods known for  t he  synthesis of pyrroldZ, i -c]  [1,4benzodiazepines, viz. 148, 50 (R=OH, NH2). 

I l a ,  I l b ,  521 involve the  c y c ~ i z a t i o n ~ ~  of 1-(2-aminobenzyl)pyrro1e (47) with methoxy hemiaceta l  of methyl 

glyoxylate,  e i t he r  base cata lyzed53 or phase t r ans fe r  reactionS4 of I-(2-aminobenzy1)-2-cyanopyrrole 

(49), refluxing 1-(2-arylaminobenzyl)2-cyanopyrro1e (51) with phosphorus ~ x ~ c h l o i i d e ~ ~  and thermal  c y c l n a -  



Scheme 3 

Scheme 4 
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ti on'^^^ of 3-substituted 1,4-benzodiazepin-5-0ne (55). Recently, a new pyrrol~l,4-benzodiazepine(54) 

was synthesised by the insertion of CO with 2-bromoprolylaniline (53) in t h e  presence of palladium (11) 

57 
ace ta te  and triphenyl phorphine . In this palladium-catalyzed carbonylation reaction, the use of ( M C ~ N ) ~ P O  

as solvent and high pressure of carbon monoxide (5  atm.) increased the yield of 54 (Scheme 7). 

Pyrrold1,Z-dl [1,4benzodiazepine (57) was prepared by Aiello and his coworkers58 from t h e  reductive 

cycliration of t h e  corresponding pyrrol-I-yl-acetic acid (56) in Pd-C/EtOH. The compound 57 was 

also prepared59 by t h e  reaction of 2-methyl-3-acetyl-5-(2,-aminophenyl)pyrr (58) with bromoacetyl 

bromide in triethylamine (Scheme 8). 

DL-Benzoylkynurenylglycine (59) war heated above i t s  melting point in vacuum t o  give 2-benramido-2,7- 

dihydro-5H-pyrrola[l,2-dl [L,41benrcdiazepin-3,6-dione (60) in 72% yield60'61. Formation of 60 is explained 

through.thermal intramolecular cyclwondenration t o  a pyrrolinone intermediate followed by lact imilat ion 

(Scheme 9).  

The benro analogs of pyrrolobenrcdiarepines vir. indolobenrodiarepines are known t o  possess antidepres- 

rant and anticonvuisive proper tie^^^-^^. Three isomeric systems [3,2-bl, [2,1-cl and [1,2-dl (61, 62, 63) 

have ro far been reported and their methods of synthesis generally are the same as of the corresponding 

pyrrolobenzcdiarepiner (Scheme 10). 

5.2 Thieno-1,4-benzcdiazepines 

Three types of thienobenzodiazepiner are known so far. Safir and his prepared 4H-thieno 

[3,4-bl [i,4lbenzodiazepin-9-(1OH)-one (65, X=H, C1, F )  by heating the respective amides (64) a t  115-118°C 

in polyphosphoric acid. 

Chakrabarti and ~ u ~ p e r ~ ~  reported the synthesis of t h e  other type, 4H-thieno [2,3-bl [I,4benzcdiazepin- 

9-one (67) by the t reatment  of 5 - a c e t y l - 3 - a m i n o - 2 - ( 2 ' - m e t h 0 ~ y ~ a r b 0 n y l a n i i t h i p h  (66) with dimsyl 

scdlum in dimethyl rulphoxide. Thien43,Z-bl [I,4jbenrcdiarepin (69) was prepared from the nitro acid (68) 

69 
by the t reatment  of ~ t ~ c o C l / E t  Nfollowed by hydrogenation in Pd-C . Compound 68 a f t e r  erterification, 

3 

catalyt ic  reduction and cyclisation under basic conditions70 afforded 69 (Scheme 11). 

5.3 Oxarolo-1,4-benzcdialepines 

Three types of oxazolobenzodiarepiner are known. In all the  cases, the  oxazole ring is built on 1,B-benro- 

diazepine derivatives using suitable reagents. Thus, 6-aryl-l,Z-dihydrooxarold3,Z-al [I,ribenrodiarepines (71) 

were conveniently prepared by reacting the benzcdiarepinone (70) with ethylene dibromide in the presence 

7 1 
uf a bare . On the other hand, oxaro164,5-bl [I,4lbenrcdiarepine derivatives (73) were prepared by 

72 
t reat ing 7 -ch Io ro -2 -am in~3 -hyd roxy -5 -pheny l -3H- l , 4 -bcd ip i  (72) with ethyl oxalyl chloride . 
Chlordiarepoxide (2) also gave (73) under similar experimental conditions. 

The N-oxide of 7-chloro-2-amino-5-phenyl-3H-1,4-ben~odipi (74) on heating with ace t i c  anhydride 

72 
yielded (75), involving a Polovonski rearrangement in the process . 
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~ a r u k o ~ ~  prepared oxazold3,Z-dl [1 ,4benrcdiazepine (77, Z=CH2. R-Me) by heating dihydro-1,4-benzo- 

diarepine (76, Z=CH2) with 1,2-propylene carbonate. The 0x0 derivative (77, Z=CO, R=Me), a lso  known 

as oxaroiarn (iZ),  however, was conveniently prepared by cycliring the  substituted oxazolidine (78) with 

74 bromoacetyl  bromide in  pyridine . 5-ChloroZ-(bromoacetamido)benrophenone on t r ea tmen t  with ar i r i -  

dine7> or e t h a n o ~ a m i n e ~ ~  gave 77 (Z=CO, R=H). Acid cata lyzed addition of e thylene oxide77-81 t o  

4,5-double bond of benzcdiazepinone 76 (Z=CO) afforded 77 (Z=CO), (Scheme 12). 

5.4 Isoxazolo-1,4-benrodiazepines 

Takashima and his coworkers8' repor ted the  synthesis of a large number of isoxazold2,3-dl [1 ,4benro-  

diazepines (79) from suitably substituted L,4-benrcdiarep~n-Z-one-4-oxides (16) and alkynes. The mecha- 

nism of this r eac tmn  is explained through an intermolecular 1,)-dipolar F 4 s  + nZsl cycloaddition of t he  

nitrone (16) t o  alkyne82-84. The regiospecificity of this L,3-dipolar cycloaddition85 has  been established 

I 2 by the  react ion of acrylic e s t e r  with diazepam-4-oxide (16, R=Me, R =C1, R =Ph) t o  g w e  te t rahydro-  

1 2 3 4 5 
isoxazold2,3-dl [l,4]benzodiazepinone (80, R=Me, R :C1, R =Ph, R =R =H, R =C02Et) ,  (Scheme 13). 

5.5 Pyrarolol,4-benzodiazepines 

These compounds are prepared by the  cyclization of suitably substituted pyrazoiyl derivatives. Thus, 

86 pyraroldl ,5-a1 [1 ,4benrodiarepine  (82) was prepared f rom 81 by heating with a mixture  of ZnlAcOHIHCl . 
Dattolo  and his recently prepared a new type of py ra ro ld l , 5 -d l  [I,Blbenzodiazepine derivative 

(84) by the  hydrogenative cyclization of t he  pyrazol-I-yl-acetic acid (83) over 10% Pd-C cata lys t .  Adopting 

this method, 5H-pyrazold5, l -c l  [1,4Ibenzcdiarepine (85) was a lso  

The benzo analogs of pyrazolobenzcdiazepines are a lso  known. Thus, t he  3-(2'-aminopheny1)indazole 

I 2 derivative (86, R=CI, Br, Me; R =H, Br; R 50 NH ), on react ion with chloroacetyl chloride, gave t h e  2 2 

corresponding 1ndazold2,3-clquinazoliner (87), which on alkali t r ea tmen t  underwent ring expansion t o  

90 
give 5,7-dihydro-6-oxo-6H-indazo1d2,3-d] [ i , 4benrod ia rep ines  (88) (Scheme 14). 

5.6 Imidaro-1,4-benzodiarepines 

Slx types  of fused imida robenrd ia rep ines  are known and the  synthet ic  methods vary with the  type of 

fusion and generally fall under two  categor ies  - a) react ions  leading t o  imidazole ring on preformed benzo- 

diazepines and b)cyclizations of suitably functionalized imidazolyl derivatives. 

Imidardl ,2-a]  [1,4benrodiazepine-1,2-diones (90) are prepared by heating chlordiazepoxide (2) with 

72 oxalyl chloride in benzene . Compound 90  are also obtained in  t he  condensation reactions of (89, R=NH2) 

72 with oxalyl chloride . Benzcdiarepines (89, R S H ,  SMe, S02Et )  on condensa t~on  with propargylamine 

91 in  p-toluenesulphonic acid gave 35% of OH-imidazd1,Z-a1 [1,4benzodiazepines (91) . The cyclocondensa- 

92 t ion of glycine with 89, (R=SH) afforded 92 . 
The second method of synthesis s t a r t s  from imidarolylbenrophenone derivatives. Thus, 94 is prepared 

f rom 93  by react ing with h e x a m i n e l ~ t ~ ~ ~ ~ ,  (Scheme 15). 
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Imidardl ,5-a]  [ i ,4benrodiarepines  (95, 96, 97) are prepared by the reaction of 2-substituted benrodiaze- 

pines (89) with v a r i w s  reagents under different   condition^^^-^' described under Scheme 16. 

Reductive cyclization of imidazolylbenrophenone derivatives such as 98 also yielded imidazo[l,l-a1 [1,41- 

86 benzodiarepines (99) . 3H-1,4-Benr~diare~ine-2,5-dione (100) on t reatment  with ethyl irocyanoacetate 

gave imidazobenzcdiarepine (Scheme 17). 

An interesting ring transformation of (102 ,  with t h e  loss of carbon dioxide and methylamine in the presence 

99 
of 2-propanol, led t o  the formation of imidazd4,5-bl [1,4lbenzcdlarepine (103) . This appears t o  be 

the  only example of i t s  kind in literature. 

Only one example (105) of imldaro[5,1-c] [1,4]benzcdiazepine derivatives is available. It  was prepared 

by the reaction of 3-carbamoylbemodiazepinone (104) with oxalyl chloride and n u c l e o p h i ~ e s ~ ~ ~ ,  (Scheme 18). 

Recentiy, Walther and his coworkerr loi  obrained 5H-imidazd2,l-cl [I,rilbenzcdiazepine (107) by heating 

ethyl I-(2'-aminobenzyl)imidazo1ee2-carboxylat (106) in acet ic  acid. 

Reactions of 2-aminophenyl imidazolines (108) with a-chlaro phenacetyl chloride or dimethyl acetylene- 

dicarboxylate results in imidazdl,2-dl [1,4lbenrodiazepiner (109, 1 1 0 ) ~ ~ ~ ~ ~ ~ ~ .  

A large number of imidazdl,5-dl [I,Q$enrodiazepine derivatives (LIZ) were prepared by the dehydrative 

cyclization of the corresponding formylbenrcdiazepinones (111) with phosphorus oxychloridelo4, (Scheme 19). 

Bogatskii and his reported the synthesis of benzimldard2,l-c] [1,4lbenzcdiazepiner (114) 

by the cyclization of I-(2'-aminobenryl)-2-acylbenrjmidazo1es (113). Benzimidazdl,Z-dl [i,U]benzcdiarepin- 

2-one (116) was obtained by heating 2-(2'-chloroacetamidopheny1)benzimidazoi (115) in diethylbenzene65,106, 

(Scheme 20). The two  benrimidazabenrdiazepines (119 & 116) were tes ted for anticonvulsive and anti- 

depressant activity. 

5.7 Thiazolo-l,4-benzcdiazepines 

Three types of thiaolobenzcdiazepines are known. 6-Aryl-1,Z-dihydrothiarold3,Z-a] [1,41benzcdiarepine 

I 2 
(117, 7. = CH2; R = C1, I: R = phenyl, h a ~ o ~ h e n y l ) ~ '  were prepared by the ring closure of 1,4-benzrr 

I 2 diazepin-2-thiol (89, R = SH, R = Ci, I: R = phenyl, halophenyl) with ethylene dibromide in a base. 

In an al ternate  approach, 89, (R = SH) war converted t o  benzcdizepinyi-2-thioacetic acid (89,R=-SCH CO H) 
2 2 

w t h  a-b-bromoacetic acid, followed by cycliration using acet ic  anhydride-triethylamine mixture t o  117, 

ID7 (Z = CO) . The reaction of 2-nitrobenzoyl chloride and methyl 4-thiarolidinecarboxylate gave the 

intermediate (118), which on reductwe cyclization by iron in acet ic  acid led t o  the formation of thiazolo- 

[4,3-cl [I,rilbenzcdiazepire (1 19)46,473108, 

A large number of thiazold3,Z-dl [I,4lbenzcdiarepines (121, Z = CH2, CO, CS) have also been prepared 

from t h e  respective benzcdiazepiner (120) and thioglycolic acidlo9, (Scheme 21). 

5.8 Triazolo-1,U-benzcdiaepines 

The drugs estazolam (13), alprazolam (14) and triaroiam (14a), useful as antianxiety agents have a triazolo- 

benzcdiazepine structure. Hence, a large a m w n t  of synthetic work has been carried w t  on this tricyclic 
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system. Five d~fferent systems are known i n  this category, of which r-triarold4,3-a1 [1,4bemodiazepine 

(122) are most important. There were prepared by the reaction of ~ - m e r c a ~ t o - ~ ~ ~ , l ~ ~ ,  2-hydrazinc- 112,113 

and 2 - h y d r a ~ o n o . ~ ~ ~  substituted i,4-benzodiazepines (89) with aroyl hydrarider110'111'115, acids, acid 

chlorides, e ~ t e r s l l ~ , ~ ~ ~ ,  and acetalslL4 respectively. s-Trimolobenzodiarepines (122) are aiso obtained 

by the hydrazinolysir of the corresponding triazolyl benzophenones (125, Y = phthalimidomethyl) 116,117 

120 or by acidic hydrolyrir of 125 (Y = carbobenzy~oxy)"~ or by ammonolyris of 125 (Y = C H ~ C I I I ~ , Y = S O ~ M ~ )  , 

(Scheme 22). 

6-(2'-Chlorophenyi)-4H-s-triaz~Id4,3-a1 [i,4benrdiazepiner (12% R = Me; p-OMe-C6H4) were prepared by 

treatment of the respective 1,5-tetrazoles with the imidoyi chloride (123) i n  refluxing pyridinelZ1. In 

basic conditions, the intermolecular dehydrochlorination leads to  the unlsolable tetrazolylbenzodiazepines, 

which loses moiecular nitrogen under thermal conditions t o  generate a nitrile imine in  sit", that undergoes 

1,5-dipolar electrocyclization t o  124, (Scheme 23). 

The isomeric r-tr iaroldl,5-a] [1,41benrodiarepiner (126) were obtained by the oxidative cyclization of 

2-aminobenrd~arepines (89, R : -N = C(R)-NH2) 122'123. 1" another approach, 126 was also obtained 

by the cyclization of triazolyl benzophenones (127, Y = CI) with NH O H - K I - H C I ~ ~ ~  or hexamineLZ5 or 
4 

N H ~ ~ ~ ~ ,  However, in  127 (Y = N ) triphenyiphosphineLZ7 brought about the cyclization, (Scheme 24). 
3 

Gagneux and hlr coworkerrlZ8 prepared 6-aryl-v-triarolo[i,5-a1 [i,4benrodiarepine derwativer (129) i n  

one-step by the condensation of propargyl amines with 2-aridobenrophenones (128). Formation of 129 

is explained through an intermediate Schiff's base which undergoes an intramolecular b4s i dskycloaddition, 

(Scheme 25). 

2 The condensation of acid hydrazides with substituted benzodiazepines (120, Z : CO, -CH2; R = C1, OEt) 

gave s-triazold4,3-dl [1,4lbenzodiazepines (130)129-i32. 

1,3-Dipoiar cycloaddirmn of nitrile iminer (prepared i n  sit" by the action of Et3N on PhC(Ci) = NNHPh) 

I 2 with C = N dipolaiophile vir., 1,4-benrdiarepines (120, Z = CH2, CO, R = H, Me, R = C1, R = Ph, 

R' = H) gave tetrahydr0-1H-s-tr1azoid4,3-d1 [1,4benzodiazepine (131 )~~ ' .  Further, it is also shown that 

the newly formed triazole ring dramatically reduced the conformational mobility of the diazepine ring. 

~ a t h a w a l a ' ~ ~  prepared r-tr iazoldl,5-dl [l,41benrodiarepin-6(7H)-one (133) by the cyciization of 5-(2'-brom- 

acetamido)phenyl-r-triazole (132) in  sodium ethoxide/ethanol, (Scheme 26). 

5.9 Oxadiarolo-1,4-bemodiazepines 

8-Chloro-6-phenyl-lH,4H-[i,2,4loxadi~-] [1,4benzodiazepin-I-one (134) was prepared by cyclizing 

I 2 135 
the 2-hydroxyIamino-5-phenyl-7-ch10ro benrdiarepine (89, R = NHOH; R = Ci; R = Ph) with phosgene . 
1,2,5-Oxadiarold2,3-dl [1,4lbenrodiarepiner (135, ~ 3 6 ) ~ ~  have been prepared by the treatment of chlor- 

diazepoxlde (2) with methyl isocyanate through a cycloaddition reaction. 

Hester and his coworkers prepared [1,2,41oxadiarold4,3-d1 [1,4Ibenzdtazepine (137) by condensing 5-hydroxy- 

1 2 3 aminobenrodiarepine (120, R = Me, R = CI, R = NHOH, R = H, Z = CH2) with i,l'-carbonyldiimidazole 
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i n  refluxing t e t r a h y d r o f ~ r a n ' ~ ~ .  An intermolecular 1,3-dipolar cycloaddition of benzonitrile oxide wi th 

diazepam (3) gave [1,2,4]oxadiazold4,5-dl [1,4benzodiazepine ( 1 3 8 ) ' ~ ~ ~  (Scheme 27). 

5.10 Tetrarolo-1,4-benzodiazepines 

 ester'^^ obtained 8-chloro-6-phenyl-4H-tetrazoIdl,5-a1 [I,hbenrodiazepine (139) by the treatment of 

1 2 7-chloro-5-phenyl-3H-1,4-benzodia~epin-Z-yl-hydrain (89, R = NHNH : R = C1; R = Ph) wi th NaNO -HCI. 2 Z 

Klaubert and his coworkers139 prepared 5H-tetrarold4, l -c l  [1,4Ibenrodiazepine (141) f rom ethyl I-(5- 

chloro-Z-nitrobenryl)-5-tetra~~Ie~arb~~ylt (140) by reduction of the nitro group foilowed by ring closure. 

5H-Tetrazoldl,5-dl [1,4benzodiazepines (143, Z : CHZ, CO) were prepared i n  two different ways by the 

diazotiration of 5-hydrazino-1,4-benzodialepine ( 1 4 2 ) ~ ~ ~  and by reacting 5-(2'-aminopheny1)tetrazoIez 

(144) with bromoacetyl bromidel4', (Scheme 28). 

5.1 1 Thiatriazolo-1.4-benzodiazepines 

142 Only one type of this system - 1,2,3,5-thiatriazold5,4-a1 [I,Ubenzodiazepine-I-oxide (145) i s  known . 
3 It war synthesised by the thionyl chloride reaction on benzodiazepinyl hydrazides (89, R = NHNHCOR ; 

1 2 R = C1; R = Ph), (Scheme 29). 

6 Six-membered rings annelated t o  I,$-benzodiazepines 

A large variety of different six-membered heterocycles fused t o  l,+benrodiazepine at 1,Z-, 2,3-, 3,4- 

and 4,5- positions are reported i n  literature. These include pyrido, pyrimido, azino (pyrazmo, oxazino 

and thiazino), triazino and oxadiarinobenrodiarepiner. 

6.1 Pyrido-I,$-benrodiazepines 

The known methods of ryntherising pyridobenzodiazepines involve the construction of benzodiazepine r ing 

on pyridine derivatives. 5,6-Dihydro-6-0x0-liH-pyridd2,3-bl [1,4benzodiazepine (147) was thus obtained 

start ing from 2-chloro-3-aminapyridine and 2-nitrobenroyl c h ~ o r i d e ~ ~ ~ , ~ ~ ~ .  The intermediate nitroamide 

(146) on reductive cyc l t rd ion145 or by heating i n  1,3,1-trichloroben~ene~~~ at ZOPC gave (147). Compound 

147 was converted t o  chloroacetyl derivative by the treatment of chloroacetyl chloride and Et3N i n  dloxane, 

I43  
which was refluxed wi th N-methylpiperaline i n  benzene and treated wi th HCI t o  give pirenzepine (148) , 
a drug for peptic ulcer. Compound 147 war alro obtained i n  77% yield by the cyclization of 3-(2'-amino- 

benzoy1)amino-2-chloropyridine with H ~ s o ~ ~ ~ ~ .  The I-oxides of (147) were alro Sunjic 

and his coworkerslS0 prepared 2,3,4,4a,5,1I-hexahydro-6H-pyridd2,3-bl [1,41benzodiarep~n-6-one (150) 

by the cyclodehydration of (1491, which i n  tu rn  was rynthesired by the reaction of isatoic anhydride (43) 

and anhydroornithine i n  refluxing acetonitrile, 150 was also obtained i n  one-step by reacting 43 with ornithine 

ethyl ester hydrochloride1''. Further, compound 150 on dehydrogenation gave 147. The dehydrohalogenation 

of 2-alkylaminobenzophenones and 3-(nitro or amino)-2-chloropyridine gave (151, X = NOz or N H  ) which 
2 

on cyclization yielded 152152-154. The direct condensation of 2-aminobenzophenones and 3-amino-2-chloro- 

pyridine alro afforded 1 5 2 ~ ~ ' ~ ~ ~ ~ ~  (Scheme 30). 
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~,2,3,11,12,12a-Hexah~dro-4H,6H-pyrido[1,2-c] [1,4lbenzodiazepin-12-one ( 1 5 4 ) ' ~ ~  has been prepared starting 

from 2-nitrobenzyl chloride and ethyl pipecolinate through the intermediate 133. Pyriddl,Z-dl I1,Pbenzo- 

diazepine (156) war obtained by catalytic hydrogenation of the quaternary sal t  ( 1 5 5 ) ~ ~ ~ , ~ ~ ~ ,  (Scheme 31). 

The benro analog of 15% isoquinolind3,2-cl [I,4lbenzodiazepine (157, X = H, C1, Z = CH2, CO), was prepared 

starting from 2-nitrobenroyl chiwide or 2-nitrobenryl chloride and ethyl (-) 1,2,&4-tetrahydroisoqWnoline-3- 

c a r b ~ x ~ l a t e ~ ~ ~ - ~ ~ ~ .  Isquinoiino[2,1-dl [1,4]benrodiazepine (158), on the other hand, war synthesised starting 

from 2-chlorobenzoyl chloride and phenethylamine164. Compound 158 was a i m  obtained rn one-step from 

I-(2'-aminophenyl)isquinoline derivatives 1658166. 6,7,8,13-Tetrahydrdl]benzopYrand4,3-bl [1,4Ibenzodlaze- 

167 pine-6,8-dmne (159) has been prepared from 2-[(3-nitro-2-oxo-2H-I-benzopyran-4-yl)aminolbenzic acid , 
(Scheme 31). 

6.2 Pyrimido-1,4-benrodiazepines 

Pyrimido[l,Z-a] [1,4]benzodiazepiner are prepared from 2-substituted 1,4-benzodiarepmes. Thus 7-chloro- 

I 2 
2-amino-5-pheny1-3H-1,4-benzodiazepine (89, R : C1; R = NH ; R = Ph) on reaction with alkyne carboxy- 

2 

lates afforded 7-phenylpyrimiddl,2-a1 [1,4lbenzodiarep<n-3(5H)-oner (160) in a single itep168. 2-Acero- 

acetamidobenrodiazepines (89, R = -NHCOCH2COCH3) also gave 160 when treated with H C I - M ~ O H ~ ~ ~ .  

On the other hand, 89 (R = NHCOCH C0CH3) underwent a novel acyl migration and cyciiratlon when 2 

heated in toluene t o  give the isomer (1611, (Scheme 32). 

Tetrahydropyrimrddi,2-a1 [i,&]benzodiarepines (163) are easily prepared170 from the corresponding benzodiaze- 

plnoner (162), (Scheme 33). 

1 2 In the Vilrrneier-Haack reaction of the benrodiazepinone (70, R = Cl, R = Ph) a pyrimidine derivative 

(165) is farmed through an imidine intermediate, instead of the expected a,B -unsaturated B -chloroaidehyde 

(164). The pyrimidine derivative (165) underwent cychzation in alkaline medium t o  give pyrimidd4,5-bl- 

[l,&Ibenrodlazepines ( 1 6 6 ) ~ ~ ' ~  (Scheme 34). 

The synthesis of quinazolind3,Z-al,[3,2-dl aiid [3,4-dl [1,4]benrodiazepiner (167, 168 and 169) is also described 

in ~ i t e r a t u r e ' ~ ~ ~ ~ ~ ~ - ~ ~ ~ ,  (scheme 35). 

6.3 Arino-1.4-benrodiazepiner 

A number of oxazino, thiazino, pyrazino-1,4-benrod1a~epines, fused a t  different bonds are known in litera- 

ture. The reactions leading t o  the formation of these derivatives are closely related and hence are discussed 

together. 7-Phenyl- lH-[1 ,3l~lnd3,2-a]  [1,4lbenzodiazepine-l,3(2H)-dione (171, X = 0, 5) were prepared 

by treating the appropriate benxdiazepiner (170, X = 0, 5) with o,ckdimethylmalonyl chloride177. I-(BChloro- 

ethyl)-2-chloromethyI-5-aryl-2,3-dihydro-IH-l,4-benzodiarepines (172) were cyclized with NaOH, H S or 
2 

NH3 t o  yield the corresponding 7-aryl[L,&lazind4,3-a] [1,4Ibenrodiazepines (173, X = 0, 5, 

(Scheme 36). 

The antianxiety agent Ketarolam (IS), which is a 1,3-oxazind3,Z-dl [1,4]benzodiarepine derivative, was 

obtained by condensing diazepam (3) with acetyl chloride in the presence of triethylamine9,180 or diketene 
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in  pyridinelS1 or diketene in  acetone9'ls0. In another experiment t he  2-0x0 derivatives of ( 1 %  were  

prepared by cyclizing the  respect ive  benrcdiazepines (170, X = 0, HZ) with malonic acid 182,183, The 

I 2 eneamino e s t e r  (89, R = -CH(NH2)C02Me, R = C1, R = 2-CI-C6H4) on t r ea tmen t  with chloroacetyl 

chloride in methylene chloride gave (174) which underwent bare  cata lyzed dehydrohalogenation t o  give  

methyl 9 - c h i o r o - 7 - ( 2 ' - c h l o r o p h e n y l ) - 2 - o x o - l , 2 , 3 , - h y d p i d l , 2 - 1  [1,4benzcdiazepine-4-carboxylate 

( 1 7 5 ) " ~  in  74% yield. 

1 3  2 Pyrazind2,3-bl [1 ,4bemcdiazepine (176) is obtained when 90 (R = CH ; R = R = C1; R = Ph) was reacted 3 

with ethylenediamine72, (Scheme 37). 

6.4 Triazino-l,4-benzodiazepines 

5-Triazindi,2-a1 [1,4lbenrodiarepine-1,3(2H,5H)-dione (177) was obtained by the  cyclization of  benrodlare-  

I 2 185 pinylurea derivative (89, R = -NH-CONH-C02Et; R = C1; R = Ph) . 
Srmuszkovicz  186'187 prepared a number of 7-aryl-3,4-dihydro-r-rriarind4,3-al [1,4lbenzcdiazepin-2(1H)- 

ones (179) by refluxing the  respect ive  benzodiazepin-2-thinner (178) with aliphatic hydrazines (Scheme 38). 

The other  methods of rynthesising as-triazinobenrodiarepines and thei r  0x0 derivatives (181, 182 & 183) 

involve the  cycl izat ion of benrdiazepinylhydrazine  derivatives (180, R = -CO CH3, -COCH3, -CH2CI) 
2 

under acidic and thermai   condition^^^^-^^^, (Scheme 38). 

The react ion of aminotriazinethione with i ra toic  anhydride (20) gave a novel 1,2,4-triartno[l,6-b1 [I,!#]- 

benzcdiazepinone (184) in  a single s tepL9' .  The cyclocondensation of t he  imidoyl chloride (120, Z : CO; 

1 X = R = CI; R = Me; R' = H) with 4-morpholinoglyoxylic acid hydrar ide  in DMF a t  L O O T  gave  84% 

yield of as-triazind4,3-dl [1,4henzodiazepine-3,0,7-trione (185) 192'193, (Scheme 39). 

6.1 Oxadiazino-I,O-benzodiazepiner 

~ a r l e r ' ~ ~  cyclized 7-chloro-5-(2'-fluorophenyl)-3H-l,4-benzodiazepine-2-carboxaldoxime (89, R : -CH=NOH; 

2 R '  = C1; R = 2-F-C H ) with paraformaldehyde alone or with paraformaldehyde in pivalic acid cata lys t  1 9 1  
6 4 

t o  yield the  corresponding 1,2,5-oxadiarind5,4-a1 [1,4henzodiazepine (186), (Scheme 40). 

7. Seven-membered rings annelated t o  1,4-benzodiazepines 

Only one derivative of this ca tegory is known so far.  Fryer and obtained 1,5,3-oxathia- 

zepind3,4-a1 [1,4henzcdiazepine (187) by the  oxidation of t he  benrcdiarepine  (76; Z = CHI) with manganese 

dioxide and subsequent reactions with thioglycol and formaldehyde. 

Recently, a novel 1,4-bemodiazepind4,5-dl [1,4lbenzaxarepine (189) has  been s y n t h e ~ i s e d ' ~ ~  via a preformed 

benzoxazepine (188), (Scheme 41). 

8. Di-annelated-1,4-benzodiazepines 

A number of I,@-benzodiazepines fused t o  di f ferent  heterocycles a t  more  than one bond are also  known 

in  li terature. There  di-annelated benrodiazepiner porrerring three, four, f ive  and six-membered heterocycles  

a t  [1,21-[3,41 and [1,21-[4,5lporitions are particularly important  in view of thei r  hypnotic, anticonvulsive, 

sedat ive ,  CNS depressant,  tranquilizer and muscle relaxant activity. 
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They are generaliy obtained through two distinct routes. 

i )  From preformed mono-annelated I,+-benrodiarepines by reaction with suitable reagents t o  construct 

the second heterocycles thereon. 

i d  By preparing suitably substituted hetaryl benzophenoner and cyclir ing them. Generally, the reagents 

employed t o  build the different heterocycles on 1,4-benzcdiazepines are similar t o  those employed i n  

the synthesis of mono-annelated benrcdiazepines dercrrbed i n  the preceding sections. 

30 Imidazo-aretobenzodialepindioner (190) prepared by the treatment of 21 wi th ethyl isocyanoacetate . 
11-Amino-5H-pyrrold2,i-cl [1,4lbenzodiazepine (50, R = NH2) on treatment with arninoacetaldehyde dimethyl 

acetal gave 191 w h ~ h  on cycl~zat ion with HCI  yielded 9H-imidazd1,Z-alpyrrold2,l-cl [ I ,~ lbenrodiarep~ne 

( 1 9 2 ) ~ ~ ~ ~ ~ ~ .  Duceppe and ~ a u t h i e r ~ ~  b ta ined 5H-imidazd2,i-clpyrrold1,Z-a] [I,4]benrcdrarepine (194) 

by refluxing i n  ZN HCI a solution of N-(Z-dimethoxyethyl)-6H-pyrro1d1,2-a] [1,4]benrcdiarepine-4-amine 

I (193) which i n  turn was prepared from (26, R, R = 5) by Me1 and H2NCH (OMe)2 treatment. Amino 

compound (50, R = NH ) on condensation with diethyl ethoxymethylenemalonate gave 195. This underwent 2 

cycl ization by the treatment of sodium ethoxide t o  give ethyl I0H-pyrimiddl,2-alpyrr01d2,I-~l [1,4henzcdia- 

54 repine-3-carboxylate (196) . Amino ester (48) on reaction wi th chloroacetyl chloride and 40% aqueous 

methylamine afforded i0H-pyrarindi,Z-alpyrrold2,I-cl [1,4lbenzodiazepin-l,4-dione ( 1 9 7 ) ~ ~ ,  (Scheme 42). 

The 10,11-dihydro-5H-pyrr~1d2,L-~l [L,4lbenzcdiazepine derivative (38), after debenzylation wlth HZ, PdlC 

I" AcOH, could be cyclired with diethyl oxalate t o  give 1,14b-dihydio-2-methyl-10H-pyrazind1,Z-al- 

43 py i ro ld2 , i -c l  [1,4lbenrodiazepine-3,4-dione (198) . The diketo compound (198) on diborane reduction 

afforded L,3,4,L4b-tetrahydro-2H,I0H-pyrazindl,2-alpyrrold2,L-cl[1,4lbenrcdrarepine ( 1 9 9 ) ~ ~ ~ ~ ~ ~ .  The 

synthesis of 199 was also accomplished f rom phthalimide i n  nine stepsZo1, (Scheme 43). 

Oxarirind2,3-dI-s-t~iaz01d4,3-a1 [1,4lbenrodiazepines (201, R = CH20H, Me) were prepared by U.V. irradia- 

tmn of 4H-s-triazold4,3-a1 [1,41benrodiarepine-5-N-o~1des (200, R = CH20H, Oxidative cyclization 

of (202) also afforded 201 (R = Me) along with 200, (R = The 2-tr~azolyibenrophenone derivative 

125 (Y = CI), when treated wlth ethylenediamine gave imidazd3,Z-dl-r-triaz010[4,3-a] [1,4]bemodiare- 
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Scheme 1 6  



127, (Y = Cl), (Scheme 44). 

Use of ethanolamine in these reactions gave t h e  corresponding oxazold3,2-dl-r-triazol0~4,3-al and [I,>-al- 

[1,4lbenrodiazepiner (205 & 206) 204-213. In there  reactions intermolecular dehydrochlorination and intra- 

molecular dehydration seem to occur in one-step t o  give t h e  tetracyclic system. 

1 2 3 Cyclocondensation of 122, (R = C1, R = Ph, R = Me) with thiogiycolic acid in xyiene gave thiazoio- 

[2,3-dl-r-triazold4,3-a] [1,4]benzodiuepin-l1(12H)-one (207) 215,216 

1,2,4-oxadiazold2,3-dl-s-tria~oid4,3-a1 [L,41benzod~azepin-l2-~nes (208, X = 0)  and thiones (208, X = 5 )  

were prepared by t reat ing 200 wlth alkyl (thio) i r o c y a n a t e ~ ~ ~ ~ .  Formation of 208 may be visualised through 

an intermolecular 1,3-dipolar cycloaddition of the N-oxide (200) and C = N of alkyl (thio) isocyanates. 

Triazolo-oxazindl.4lbenzodiarepines (209, 210) were prepared by reacting 125, (Y = C1) and isomerjc 

triazoiyl benrophenones with 3-aminopropanol. However, use of B-thiopropion~c acid and 1,3-diaminopropane 

gave the corresponding thiazmo (211) and pyrirnldo (21~)-1,4-benzodiare~ine1~~~, (Scheme 45). 

Novel pentacyclrc systems vir .  9H-benzimidazd1,Z-dl [1,2,3hriazoidl,5-a1 [l,4lbenrodiarepiner (214) have 

been prepared by t h e  propargylation of 2-(2'-azidopheny1)-benrimidazole (213) in excellent yleld. Similarly 

2-(2'-azidopheny1)-4-(3H)-quinazolinones (215) afforded 9H,IiH-qu~nazolind3,2-dl [1,2,3,hriarald1,5-a]- 

[1,4bernodiarepin-ii-one5 (2161, (Scheme 46). In these reactions dehydrobromination followed by an intra- 

217 molecular 1,3-dipoiar cycloadditmnh4s + n2rl  between azido and acetylene moletier have been proposed . 
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