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swnma,ry: Novel ?ralosuZfuranes, S-chZoro- and 5-bromo-5,ll-epoxy-6,Zl-dihydrodibenso[ b,e l- 

thiepins were synthesized. The covaZency of the suZfur-halogen bond was estabzished by ‘H-NMH 

and MSffield desorptionl data and by an X-ray crystal structure determination. 

Halosulfuranes have been studied for the last ten years. 
l-3) 

However, there are so far few 

examples that confirmed the covalent nature of the sulfur-halogen bond. 2) In the course of 

our intensive studies on thiepin chemistry we have succeeded in synthesizing novel halo- 

sulfuranes, 5-chloro- and 5-bromo-5,11-epoxy-6,11-dihydrodibenzo[ b,e lthiepins ($,a and 

&,b). We wish to report here the synthesis of &,b and 3a,b and the covalency of the sulfur- 

halogen bond established by 

structure determination. 

the iH-NMR and MS(field desorption) spectra, and an X-ray 

(@_p’ ;;I &&&$Ax&kp 
3 +s 

X Y- 

&,b (X=Cl) 4a,b &,!? 
3a,b (X=Br) 

a: R=Ph, R'=H Y=ClO 
b: R=R'=CH3 

4' BF4 

On the treatment of 6,11_dihydrodibenzo[ b,e lthiepin-11-01s (la,b) 4) with 1 eq. of N- 

chlorosuccinimide or N-bromosuccinimide at room temperature in CH2C12 for l-3 hrs, the corre- 

sponding halosulfuranes (&,b and a,b) were isolated as stable crystals. Chlorosulfuranes 

&,b were more stable thermally and hydrolytically than bromosulfuranes &,b during the 

process of recrystallization. In order to investigate the covalency of 2 

ed the corresponding thiepinium salts and compared their physico-chemical 

the halosulfuranes. On treatment with AgC104 or AgBF4 for 24 hrs at room 

and 2, we synthesiz- 

data with those of 

temperature, &,a 
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afforded 5,11-epoxy-6,11_dihydrodibenzo[ b,e lthiepinium salts (&,b Y=BF4, C104) in high 

yields. 4a,b (Y=C104) were also obtained by the treatment of 6,11_dihydrodibenzo[ b,e ]- 

:_[$ & 

thiepin-11-01 5-oxide derivatives (k,b) with 70% HC104 

4 

0 

in good yields.5) The lH-NMR data of these sulfonium 

: \p 
salts (&,b) were compared with those of halosulfuranes 

0' 

(&,b and &,b). Their yields, melting points, 
1 
H-NMR 

0 data, and MS(field desorption) data for compounds &,b_- 

k,b are shown in the Table. 
6) 

CH3 CH3 CH3 CH3 Martin et al. have determined that compound 5 is a 

a 7 
chlorosulfurane on the basis of lH-NMR and MS(field 

- 
desorption) data. 

3) 
The evidence for the covalent nature 

of the S-Cl bond is a large downfield shift for the proton ortho to sulfur in the fused phenyl 

ring of a (6=9.33 ppm in CDC13) relative to that in the analogous oxosulfonium salt 7 (6=8.10 

ppm in CDC13) in the 'H-NMR absorption and the presence of a molecular ion in the MS(field 

desorption) spectrum. A similar downfield shift has been observed for a,b and &,a in CDC13. 

The chemical shift of C4-H (proton ortho to sulfur in the fused ring) for 2a,& and 3a,h is 

distinctly 6=0.6-0.7 ppm downfield from that for 4a,b (see Table). In addition, molecular 

ions of 2a,b and 3a are also observed in their MS(field desorption in CDC13) spectra as weak - 

peaks. These results clearly suggest that 

the covalency of the sulfur-halogen bond for 

2a,a and 3a,b is closely parallel to that 

for 6 _* However, neither the large down- 

field shift for C4-H nor the presence of the 

molecular ion peaks are observed, when they 

are measured in CD30D. These spectra re- 

semble very closely those of &,b in CD30D. 

This result means that the sulfur-halogen 

bond is almost completely dissociated in 

C(3 
CD30D and is the similar bond like %,b_. 

In order to obtain further information 

regarding the structure and covalency in the 

halosulfuranes, the X-ray crystal structure 
- 

C(9) analysis of 2a 
7) was carried out. - Crystal 

data: C20H15C10S*C1CH2CH2C1, triclinic, 

space group Pi, a=9.401(3), b=10.317(4), c= 

11.506(3& o=100.97(3), 8=109.24(2), y= 

82.19(3)O, Dx=1.41 g/cm3 and lJ(MoKu)=5.5 
-1 

cm . The cell dimensions and intensities 

were measured on a Syntex R 3 four-circle 

diffractometer with a graphite-monochromated 

MoKcl radiation with W-scan mode for 28 less 

Figure. ORTEP Drawing of 2a.C1CH2CH2C1 Adduct - than 50'. A total of 3634 independent re- 

flections were collected, among which 3262 

[1>1.96o (I)] were stored as observed. The 
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structure was solved by the direct method using MULTAN in Synthex XTL program. 8) Block- 

diagonal least-squares method was applied to the refinement, the final R-value being 4.6%. 

The ORTEP diagram of 2a 7) - is shown in the Figure. The bond angles about sulfur are Cl(l)-S-O= 

174.8" (bent away from the lone pair of electrons on sulfur), Cl(l)-S-C(20)=85.4', Cl(l)-S-C 

(18)=92.7', 0-S-C(18)=91.7', 0-S-C(20)=96.5', C(lB)-S-C(20)=100.4". This result reveals ap- 

proximate trigonal-bipyramidal around sulfur. The bond lengths around sulfur are Cl(l)-+ 

2.749(l)& S-0=1.639(2)i, S-C(18)=1.797(3);i, S-C(20)=1.817(3$. The apical S-Cl bond length 

(2.749i) is ca. 0.72i longer than the sum of the covalent radii (2.03;)') and the apical S-O 
0 

bond length (1.6398) is ca. 0.061; shorter than the sum of the covalent radii (1.7Oi). 9) The 

37% elongation in the apical S-Cl bond revealed in the X-ray structure of 2a clearly indicates - 

the high degree of polarization of the three-center four-electrons hypervalent bond. This 

polarization is also reflected on studies of 
1 
H-NMR and MS(field desorption) data in CD30D. 

The present investigation confirms the approximate trigonal-bipyramidal geometry around 

sulfur of halosulfuranes (a,b and 3a b) but the covalent sulfur-halogen bond is rather weak, -,_ 

so it shows completely ionic bond character in CD30D. 
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