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Syntheses of the Group 15 I-Benzoheteroepines, Dibenzo[b,dJheteroepines and 
Dibenzo[b,fJheteroepines involving the First Isolated Examples of Arsepines and 
Bismepines 
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The C-unsubstituted fully unsaturated Group 15 (P, As, Sb and Bi) 1-benzoheteroepines 6, dibenzo[b,djheteroepines 8 
and dibenzo[b,fl heteroepines 10 have been prepared from the dibromo compounds 3,7 and 9 having a 
1,6-dibromohexatriene system, and their thermal stabilities have been examined. 

Considerable attention has recently been focused on the 
synthesis of new fully unsaturated seven-membered hetero- 
cyclic rings (heteroepines) containing a heavier element other 
than nitrogen, oxygen or sulfur and a variety fo monocyclic 
and benzo-fused heteroepines containing Group 14 (Si,1 Ge2 
and Sn2-3) and Group 16 (Se4.5 and Te536) elements have been 
prepared. With regard to the Group 15 heteroepines, several 
phosphepines (monocyclic,7 1-benzo-.* 3-benzo-9 and diben- 
zo[b,fl-lo) are known; however, heteroepines containing 
other elements have not been reported except for 3-benzo- 
stibepines. 11 Although 3-benzoarsepines have been detected 
by spectroscopy at a low temperature, they are thermally too 
unstable to be isolated.9.11 We report here on the syntheses of 
the Group 15 (P, As, Sb and Bi) 1-benzoheteroepines, 
dibenzo[ b, dlheteroepines and dibenzo[b,flheteroepines and 
on the thermal stability of these novel heterocyclic rings. 

Treatment of (2)-0, P-dibromostyrene 112 with trimethyl- 
silylacetylene in the presence of a catalytic amount of 

bis( triphenylphosphine) palladium dichloride-copper( I) 
iodide13 gave the but-1-en-3-yne 2 in 95% yield.7 The enyne 2 
was hydraluminated with diisobutylaluminium hydride 

t Satisfactory elemental analyses and spectroscopic data were 
obtained for all new compounds reported. Selected data for com- 
pound 2: bp 130 "C (3 mmHg); IR v,,,lcm-l (neat) 2144; lH NMR 
(100 MHz, CDC13) 6 0.17 (9H, s, SiMe3), 5.83 ( lH,  d, J 12 Hz, 2-H), 
7.10 (lH, d,  J 12 Hz, 1-H), 7.11-7.70 and 8.52 (3H, m, and l H ,  m, 
Ph-H). Compound 3: oil; 1H NMR (400 MHz, CDC13) 6 0.17 (9H, s, 
SiMe3), 6.73 ( lH,  d,  4-H), 6.77 (IH, dd, 3-H), 7.04 ( lH,  d, 2-H), 
7.11-7.62 (4H, m, Ph-H), J2,3 7.0, J3,4 11.5 Hz. GLC and lH NMR 
analysis of the bromination product mixture showed that it contained 
three stereoisomers; Z , Z  (3) (So%), E,Z (22%) and Z,E ( 5 % )  
isomers. Separation was difficult and only small amounts of 3 and the 
Z,E-isomer (53,4 15.8 Hz) could be isolated in a pure state. Also on 
heating 3 at 150-160 "C for distillation, 3 isomerized to the Z,E- 
isomer. Therefore, the mixture was used in the following reaction 
without separation. 
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&heme 1 Reagents and condirions: i, Pd(PPh&C12, CuI, Et2NH, 
0 "C, 3 h; ii, DIBAL-H, hexane, room temp., 36 h; NBS, -20 "C, 5 h; 
iii, ButLi, Et20, -80 "C, 2 h; iv, PhPCl2, PhAsCl2, PhSbCl2 or 
PhBiBrz, -80°C to room temp., 5 h; v, TBAF, THF-H20 (3%), 
room temp., 10-12 h for 5a-c, 0 "C, 3 h for 5d 

Table 1 Selected 1H NMR spectroscopic data of 6 

6 (CDCI3,400 MHZ). 

Compd. M 2-H 3-H 4-H 5-H 

6a P 6.07 6.52 6.55 7.16 
6b AS 6.17 6.66 6.46 7.05 
fk Sb 6.34 6.94 6.44 7.00 
6d Bi 7.39 8.26 6.29 6.87 

052.3 11.1-11.8; 53,4 4.9-5.5; 34.5 12.1-13.0 Hz. 

(DIBAL-H) in hexane,14 followed by bromination with 
N-bromosuccimide (NBS) to give the (Z, 2)-l-bromobuta-1,3- 
diene 3 in CQ. 50% yield as the major product along with other 
stereoisoemrs.t The key common starting compound 3 was 
treated with tert-butyllithium and then with dihalogeno 
reagents (PhPC12, PhAsC12, PhSbC12 and PhBiBr2) , resulting 
in ring closure forming the 2-trimethylsilyl-l-benzohetero- 
epines 5,$ presumably via the 1,6-dilithium intermediate 4. 
We have recently shown15 that the 174-dilithium intermediate 
derived from (Z)-fl-bromo-fl-trimethylsilylstyrene by treat- 
ment with butyllithium reacts with dihalogeno reagents to 

$ Selected data for 5a: 12% yield, oil; lH NMR (400 MHz, CDC13) 6 
0.29 (9H, d, SiMe3), 6.37 (lH, ddd, 4-H), 6.77 (lH, d, 5-H), 7.13 (lH, 
dd, 3-H), 6.85-7.97 (9H, m, Ph-H), Jp,Me 0.7, Jp,3 18.0, Jp,4 1.1, J3,4 
5.8, J4,5 12.5 Hz; 5b: 35% yield, mp 72-74 "C, 1H NMR 6 0.25 (9H, s, 
SiMe3), 6.13 (lH, dd, 4-H), 6.51 (lH, d, 5-H), 7.12 (lH, d, 3-H),J3,4 
5.9, 54,s 12.8 Hz; 5c: 63% yield mp 50-52 "C; 5d: 40% yield, mp 
87-88.5 "C. 
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Table 2 Half-lives and activation energies of 6 

Compd. tdmina E,lkJ mol-lb 

6a 519 
6b 67 
6c 837 
6d 7 

104.6 
96.2 

110.9 
88.7 

a At 60 "C in toluene. b The disappearance of 6 and the appearance of 
naphthalene were monitored by *H NMR integration and the values 
of E, were calculated from Arrhenius plots of the first-order rate 
constants obtained. 

afford the corresponding l-benzoheteroles; this result led us 
to examine the present syQthetic route. The trimethylsilyl 
group in 5 was readily removed by treatment with tetrabutyl- 
ammonium fluoride (TBAF) in tetrahydrofuran containing 
water to give the desired C-unsubstituted l-phenyl-l-benzo- 
heteroepines 6a-d in moderate yields.§ 

Although the phosphepine 6a is known,8 the other hetero- 
epines 6 b 4  are novel ring systems: in particular, 6b and 6d are 
the first isolated examples of arsepines and bismepines. The 
1H NMR spectroscopic data of the seven-membered ring 
protons of 6 are given in Table 1. The chemical shifts are 
sensitive to a change in the heteroatom and some patterns are 
observed. The chemical shifts of both 2- and 3-protons 
increase in the order 6a(P) < 6b(As) < 6c(Sb) < 6d(Bi), and 
the 2-protons resonate at higher field than the 3-protons, 
analogous to the behaviour of the Group 15 l-benzoheter- 
0les;lS with the exception of 6d, the chemical shifts of both 4- 
and 5-protons decrease in the above order, and the 5-protons 
resonate at the lowest field of the four ring protons. 

All heteroepines 6 are thermolabile, as are the Group 16 
heteroepines" and borepines ,16 and gradually decomposed 
to naphthalene even during isolation by column chromato- 
graphy using hexane as an eluent. The half-lives and activation 
energies of 6 estimated from 1H NMR data are listed in 
Table 2. The stibepine 6c is surprisingly the most stable and 
the stabilities of the other heteroepines decrease in the 
expected order 6a(P) > 6b(As) > 6d(Bi). The heteroepines 5 

§ Selected data for 6a: 55% yield, mp 84-85 "C (lit.8mp 84-85 "C); 6b: 
85% yield, oil; 6c: 94% yield, mp 38-39 "C; 6d: 71% yield, oil. 
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having the bulky trimethylsilyl group in the 2-position are 
much more stable than 6; for example, the half-life of Sd(Bi) 
(ti = 82 min at 60 "C) is about twelve times longer than that of 
6d, and 5a(P) and Sc(Sb) can be kept for several weeks at 
room temperture without decomposition even in solution. It is 
known17 that the stability of heteroepine rings is enhanced by 
introduction of bulky groups in a-positions. 

Similarly, the C-unsubstituted dibenzo[b, dlheteroepines 
8a-d and dibenzo[ b,fl heteroepines 10a-d were obtained from 
the dibromovinylbiphenyl7T[ and cis-o,o'-dibromostilbene 918 
having a 1,6-dibromohexatriene system.\) The dibenzo- 
heteroepines 8 and 10 are hitherto unknown hetero-systems, 
except for the dibenzo[b,flphosphepine 10a,10 which may be 
prepared from its 10,ll-dihydro derivative. The 1H NMR 
spectra of 8 also show that the 7-protons (6,Sa: 7.00; 8b: 7.21; 
8c: 7.50; 8d: 8.70) resonate at lower fields than the 6-protons 
(6, 8a: 6.71; 8b: 6.85; 8c: 7.01; 8d: 8.14) and the values of 
chemical shifts of both 6- and 7-protons increase in the order 
81(P) < 8b(As) < 8c(Sb) < 8d(Bi), analogous to the 2- and 
3-protons of the 1-benzoheteroepines 6. The dibenzohetero- 
epines 8 and 10 are thermally far more stable than the 
benzoheteroepiens 6 and remained unchanged even when 
heated at 60 "C for 20 h in toluene. 

Received, 20th July 1993; Corn. 3104251 K 

fl Compound 7 was prepared in ca. 70% yield from 2-iodo-2'- 
bromobiphenyl by coupling with trimethylsilylacetylene, followed by 
hydroalumination with DIBAL-H and bromination with NBS: bp 
163-165 "C (3 mmHg); *H NMR (60 MHz, CDC13) 6 0.08 (9H, s, 
SiMe3), 6.96 ( lH,  s, vinylic H), 7.13-7.90 (8H, m, Ph-H). 
1 )  Compounds 8 were obtained from 7 in 45-55% yields via the 
corresponding 6-trimethylsilyldibenzo[b,d]heteroepiens and com- 
pounds 10 were obtained from 9 in 60-70% yields. Selected data for 
8a: mp 201-202 "C; 'H NMR (400 MHz, CDCI3) 6 6.71 (lH, dd, 6-H), 
7.00 ( lH,  dd, 7-H), 6.52-7.78 (13H, m, Ph-H), Jp,g 6.6, Jp,7 19.8, J6,7 
12.1 Hz; 8b: mp 184-187 "C; &: mp 151-153 "C; 8d: mp 98-110 "C 
(decomp.); 10a: mp 141-143 "C (lit.lo 135-136 "C); lob: mp 136- 
138 "C; lH  NMR (400 MHz, CDC13) 6 6.81 (2H, s, 10- and 11-H), 
7.24-7.45 (13H, m, Ph-H); 1Oc: mp 142-144 "C; 10d: 168-170 "C. 
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