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The novel furo[2,3-b][Ir4]diazepines 7 have been synthesized in t w o  s t e p s  from acetylenedicarboxylic acid esters  
and  4-amino-I-azabutadienes 1 via their Ir3,2-diazasiline derivatives 2 and t h e  crystal structure of 7a h a s  been 
determined. 

Recently we have shown that 4-amino-1-azabutadienes are 
valuable building blocks for the synthesis of five- and 
six-membered nitrogen-containing heterocycles as well as 
open-chain compounds.1 In addition, we have found that the 
reactivity of these azadienes dramatically changes when they 
are first transformed into 1,2-dihydro-l,3,2-diazasilines.2,3 
Thus, we have reported20 that azadienes 1 (R* = Ph; R3 = Me) 
furnish 1,5-diazocine derivatives 4 by reaction of their 
diazasiline derivatives 2 with esters of acetylenedicarboxylic 
acid (Scheme 1, pathway A). The reaction seems to involve 
formation of the silicon-containing heterocycle 3, from which 
intramolecular rearrangement following pathway A (1,4- 
attack) takes place. We realized that rearrangement involving 
1,5-attack of the enamine nitrogen on another alkoxycarbonyl 
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Scheme 1 Reagents and conditions: i,  C12SiPh2, toluene-Et3N, 25 "C, 
12 h: ii, R502C-CrC-C02R5, toluene, 60 "C, 24 h; iii, CF3C02H, 
CHZC12, 25 "C, 12 h 

group, which would give seven-membered heterocycles, could 
be feasible; in fact, the nature of the transition state in the 
rearrangement step leading to 4 might be determined pri- 
marily from steric interactions since the intermediate 3 is 
highly substituted. 

We report here that seven-membered heterocycles are 
selectively formed starting from appropriate 4-amino-1-aza- 
butadienes 1. Thus, azadienes 1, in which both 0- and 
Cp-enamine carbon atoms are unsubstituted (R2 = R3 = H), 
were treated with dichlorodiphenylsilane in toluene at room 
temperature to produce the diazasilines 2, which were not 
isolated; heating 2 with acetylenedicarboxylic acid esters at 
60 "C allowed the silicon substituted fused heterocycles 6 to be 
identified (IR, 1H and 13C NMR, and mass spectra); without 
purification, compounds 6 were subjected to protodesilylation 
with trifluoroacetic acid in dichloromethane (25 "C; 12 h) to 
yield the furodiazepinones 7t  in 40-75% overall yield from 1 
(Scheme 1, Table 1). 

Table 1 Furo[2,3-b][1,4]diazepines 7 and pyridines 8 and 9 

CompoundaVb R4 R5 Yield (%) M.p. (C/"C)~ 

7a p-MeC6H4 Me 75 145-147 

7c p-MeOCsH4 Me 72 164-1 66 
7d p-MeOC6H4 Et 66 114-1 16 
7e 4-Pyridyl Me 40 164-166 
8 p-MeC6H4 Me 90 137-139 
9 p-MeC6H4 Me 98 141-142 

7b Ph Me 73 144-146 

R1 = cyc1o-C6Hl1. b All new compounds reported here gave 
satisfactory elemental analytical figures. c Recrystallized from hex- 
ane-chloroform. 
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R1 = cyclo-C6HII, R4 = p-MeC6H4, R5 = Me 

Scheme 2 Reagents and conditions: i, toluene, 120 "C, 8 h; ii, 
1 mol dm-3 HC1, tetrahydrofuran, 25 "C, 3 h 

t Spectroscopic data for compound 7e: IR (KBr) Y,,, 1760 (CO) 
cm-l; lH  NMR (CDCl,; 300 MHz): 6 1.1-2.2 (m, lOH), 3.2 (s, 3H), 
4.1 (m, lH) ,  5.7 (d, lH, J 9.7 Hz), 5.73 (s, lH) ,  6.9 (d, l H ,  J 9.7 Hz), 
7.7 (d, 2H, J 6.1 Hz) and 8.7 (d, 2H, J 6.1 Hz); I3C NMR (CDCl,; 75 
MHz): 6 167.96 (s), 163.29 (s), 160.37 (s), 150.00 (d), 146.23 (s), 
141.40 (d), 121.56 (d), 107.77 (s), 102.09 (d), 94.55 (d), 60.67 (q), 
49.31 (d), 34.07 (t), 33.28 (t), 25.87 (t), 25.38 (t) and24.93 (t); mlz339 
W + ) *  
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Fig. 1 PLUTO plot of the structure of 7a, showing the atomic 
numbering 

Compounds 7 gave the expected spectral data and showed 
satisfactory microanalysis; an X-ray structure of 7a confirmed 
the assignment (Fig. 1).$ 

In the formation of the heterocycles 7, rearrangement of the 
intermediate 3 must involve nucleophilic attack of the 
enamine nitrogen on the carbonyl carbon attached to the 
CB-vinylsilane carbon (1 ,Sattack) to give the intermediate 5 ;  
subsequent lactone formation and silicon group removal 
would account for the process (Scheme 1, pathway B). 

The different reaction course leading to either eight- 4 or 
seven- 7 membered rings can be accounted for by steric 

interactions between the substituents Rl and R2 in the 
intermediate 3. Molecular models show that structure 3 having 
R2 = Ph (see Scheme 1) is rigid, the rearrangement being 
dominated by the more stable conformer (via A), whereas in 
the case of R2 = H the conformational equilibrium is much 
less hindered allowing the rearrangement to involve the ester 
function placed four atoms away (via B). 

Finally, fused diazepines 7 display unusual thermal behav- 
iour; thus, heating a deoxygenated solution of 7a in a sealed 
tube (toluene, 120 "C; 8 h) led to C(2)-C(6) carbon-carbon 
bond formation to give the highly functionalized pyridine 8 
(90%, m.p. 137-139 "C), which in turn was quantitatively 
hydrolysed (1 mol dm-3 HC1, tetrahydrofuran, 25 "C, 3 h) to 
the formylpyridine 9 (m.p. 141-142 "C) (Scheme 2 ,  Table 1). 

Compounds 7, which can be regarded as 1,4-diazepines with 
a fused butenolide ring, are members of a class of heterocycle 
which has not been previously described, to the best of our 
knowledge. 174-Benzodiazepines have been studied inten- 
sively, but recent attention has concentrated on the synthesis 
of analogues having heterocycles in place of the benzene ring 
because of their biological and pharmacological properties.4 
Our approach starts with the easily available 1-azadienes and 
provides an efficient, short entry to fur0[2,3-6][1,4]diaze- 
pines. 
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$ Crystal data for 7a, M ,  = 352.43, triclinic, Pi, a = 7.350(2), b = 
15.033(3), c = 17.86(1) A, (x = 91.06(9), = 101.8(1), y = 104.13(2)", 
V = 1868(2) A3, 2 = 4, D, = 1.25 mg m-3, ~(Mo-Kcu) = 0.79 cm-l, T 
= 293 K, yellowish crystal, 0.49 x 0.26 X 0.20 mm size, Mo-Kol 
radiation (A = 0.71073 A), graphite monochromator. 11 144 reflec- 
tions measured on a Enraf-Nonius CAD4 (0-28 scan technique), 
range 0 < B < 30 and - 10 d h C 10, -21 < k d 21,O d I d 25; 10 820 
unique reflections (R,,, = 0.020, averaging some doubly measured 
reflections) and 5413 observed [ I  > 3a(1)]. Semiempirical and 
empirical absorption corrections were applied. The structure was 
solved by direct methqds (SHELXS 86) and anisotropically refined 
(SHELX 76) to a final R = 0.076 (262 parameters and unit weights). 
Maximum shift/error = 0.33, maximum residual electron density 
0.46 e A-3. Atomic coordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Notice to Authors, Issue No. 1. 
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