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Absfmcl: A senes of new S,C-yhdea derived from bmzo[b]thmphms and ~duxrbonyldtazacampounds were 

prepared and charactensed NMR (‘H,“C) studlen revealed that yhdes substituted eddlhonelly at posltmn 2 of the 

thmphene rmg can exist as peers of dmstereasomrs, not mterchangeable at roam temperature The slow exchange 

between two sltea wes attnbuted to the restncted mtxtion about the yhdtc S-C bond The crystal structure 

determmed for one yhde demonstnted different molecular envlmnmmt for two parts of the @-dlcnrbonyl ybdlc 

substttuent with respect to tbe benxothmphene nng The prepxred ybdea were found to be much less reacbve than 

the previously studled Uuopheauum S,C-ybdes 

We have recently reported’ that subshtuted thiophenes react with duuocompounds m the presence of 

rhodmm acetate givmg, depending on the substrates used, stable S,C-yhdes or the products of then further 

transformations. The scope of this reachon has been presented m a recent revlew.2 The drrect formahon of 

the corresponding S,C-yhde from benzo[b]thiophene has been, to our knowledge, reported only m a single 

case 3 Other known, rsolable S-subshtuted denvattves of benzo@]thlophene include S-alkyl denvahves and 

S-mono- and dioxides 2*4 In this work we extended our studies on the S,C-yhdes to the family of the benzo[b]- 

throphene derrvahves, wrth the partrcular arm of comparmg the propertms of these products with those studied 

previously 

RESULTS AND DISCUSSION 

Frve subshtuted benzo[b]throphenes (la-e), as well as the parent compound (If), were prepared 

according to the lrterature procedures and were reacted with diazocompounds (2) denved from acetoacetate and 

malonate esters, and from drmedone m order to synthestse the corresponding S,C-yhdes (3) (Equahon 1) 
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1 

1 R’ R* 

a Br Br 

b Cl Cl 

C COCl Cl 

d CO,Me Cl 

e Me H 

f H H 

[cAcO12 Rh]* 
t YCOCN,COX 

2 - 

2 Y x 

a Me OEt 

b Me OtBu 

C OEt OEt 

d OMe OMe 

e CH,CMe&H, 

lc and Id farled to react wrth the dlaxocompounds, and 2e gave 3 only wrth the unsubshtuted substrate If 

It is likely that stenc effects are responsrble for the failure to form products 3 congested at the yhdrc functron 

Eleven yhdes, 3a-I, and one ybde, 3m (derrved from drbenzo[b,d]throphene) were synthesrsed according to 

Bquatron 1, and the results of these syntheses are summansed m Table 1 The structure of products 3a-m was 

determined by spectroscoprc techmques (IR, ‘H and 13C NMR, and MS), the structure of 31 was addrtronally 

determined by X-ray drffrachon. IR spectroscopy demonstrated the lowering of the carbonyl frequency, srmilar 

to that observed before for other throphenium methylides, ‘s3 and consistent with the presence of an electron-nch 

centre m the or-position with respect to the carbonyl groups. 

The detarled analysrs of the NMR (‘H and r3C) spectra of products 3 was carrred out not only for the 

structure elucidahon (which was relatively strarghtforward), but primanly m order to gam insight into the 

stereochemtstry of this yhdrc system The pyramidal nature of the sulfur atom m thlophenmm yhdes, as well 

as the orthogonal orientation of the substltuents attached to the ylldrc carbon with respect to the throphene ring, 

are well established * These structural features lead to the stereorsomensm m surtably substituted yhdes, which 

may result from restncted rotation about the yhdrc S-C bond, and/or from slow mversron at the choral sulfur 

atom The problem of the exchange processes at sulfur in thrphenmm yhdes was studied by NMR 

spectroscopy’*‘j and by MO calculahons,5 but no unequrvocal conclusion about the relatrve importance of the 

two possrble mechanisms was reached Theoretical calculations’ pomted out at the rotation bamer as being 

significantly higher than the inversion barrier, while the NMR study6 demonstrated the importance of the 

subshtuents m the throphene nng for the magmtude of the energy barrier between the two stereorsomers From 

the point of view of the NMR analysis, yhdes 3a-m can be divided mto two groups (1 and ii) 

(I) Ylrdes unsubstrtured at C-2 (3a-d). No evidence for the stereoisomers was obtained at room 

temperature, as all hydrogen and carbon atoms gave nse to single set of signals m the ‘H and 13C NMR 

spectra Only the drastereotoprc methylene groups m 3b and 3d showed the nonequrvalence of protons (ABX, 

and AB systems, respectively), heating the solution of 3b to 60°C resulted m the collapse of the pair of 

quartets into a single quartet These results Indicate that m the absence of a substituent at the C-2 position of 
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Benxo[blthtophenmm SC-yhdes 8615 

the thiophene nng the rotatton about the S-C (ylrdtc) bond IS, at room temperature, fast on the NMR scale, 

and that the mversron at sulfur IS sufficiently fast at 60°C to remove the nonequivalence of the dmstereotoptc 

methylene hydrogens 

(zzj YZzdes subsrztuted at C-2. (a) Yhdes dertved from drallcyl dtaxomalonates (3h,i,l,m) All 

compounds of this group exhtbrted M signals for the ‘H and 13C nuclei of the C02R groups of the 

malonate moiety (the effect 1s less clear for 3m, but even in thts case the 13C NMR spectrum revealed two 

dlstmct srgnals for the carbonyl carbons, at 164 1 and 167.7 ppm) It IS clear that the presence of a subsntuent 

at C-2 slows down srgmficantly the exchange, so the two C&R groups are m a dtstmctly different molecular 

environment (vzde zqfkz) This result does not, however allow dtshnctron between slow rotatron or inversion 

as the mechamsms responsible for exchange 

(b) Yhdes derived from alkyl dtazoacetoacetates (3e,f,g,j,k) The results obtamed for these compounds 

m which &$b, the thmphene, and the yhde parts are unsymmetncally substttuted, were more mformattve For 

the ethyl esters (3e,f,j), ‘H NMR spectra revealed that the acetyl methyl and ester ethyl groups give nse to 

pairs of agnals (s,t, and q, respectrvely) Similarly, all SIX 13C NMR srgnals of the MeCOCCO,Et fragment 

appeared doubled, and the benzothtophene part of the molecules yrelded between eleven and seventeen signals 

m the aromahc range At room temperature, two stereoisomers of 3 (e g 3e and 3e’, Figure 1) are present 

m solutton, with the exchanges of the a&y1 and the ethoxycarbonyl groups being slow on the NMR hme scale 

This result provides evidence for the restncted rotahon about the yhdrc S-C bond, since slow mverston at sulfur 

and fast S-C rotahon would result in a single set for the signals of the MeCO and C$Et groups (except of the 

‘H NMR signals of the dtastereotoptc methylene protons) ’ 

MeCO 

Y 

C02Et 

Cl Cl s 

& 
Y 

\ / 

3e 

Rgure 1 Two stereoisomers of 3e 

EtO,C COMe 

Y 
Cl Cl s 

i9 
Y 

\ / 

3e’ 

“Smce the AGt values for the exchange in the yltdes derived from dtmethyl malonate and from 
dtmedone are rdentrcal,6 the restrtcted rotatron wrthm the ylnhc substrtuents can be ruled out as a factor 
responsible for slow exchange 
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‘H NMR spectra of 3e,f,j are strongly temperature-dependent. For 3e and 3f, the paus of trtplets, 

smglets and quartets of the MeCOCCOzEt moiety broadened upon heating in DMSO-$ solutrons and coalesced 

mto a single set of stgnals at ca !WC! (wtth some decomposrtron for 3f). 31, when heated to 60°C showed the 

presence of a OEt group (0.93, t, 3.90, q) and SX)G acetyl group (2.17, s), cooling back to room 

temperature resulted in the recovery of the initial spectrum containing three pans of the respectrve signals 

(0 60, 1 14, 2 14-2 44; 3 63,4.15). The coalescence temperatures are higher than those reported6 for some 

chlorothtophenmm S,C-yhdes, and confirm earlier observation” about the effect of substrtuents in positrons 

3,4(/I) of the thlophene rmg on the free energy of achvatron for the exchange process 

The t-butyl esters (3g,3k) exhibited more ambiguous spectroscoprc properties *H NMR spectra of both 

yhdes revealed only one set of signals (t-Bu and Me for 3g and t-Bu and two Me for 3k) for each compound 

The existence of two stereotsomers of 3g could be, however, seen clearly from rts 13C NMR spectrum whtch 

contained two sets of signals for all carbon nucler of the MeCOCCO.$-Bu group, as well as more than eight 

signals for the aromattc carbons. “C NMR spectrum of 3k contained, however, like the corresponding ‘H 

NMR spectrum, only one set of stgnals for the yhde and nng atoms In view of the observed stereoisomerism 

of 3j (vrde sup-a), it is very unlikely that the exchange in 3k should be fast on the NMR hme scale. It seems 

therefore that m thus case the synthesis (Equation 1) leads to the formatton of a smgle stereoisomer, probably 

the one with the bulky COzt-Bu group located away from the benzothrophene ring (Rgure 1) 

The differences m the shielding of the indrvrdual ‘H and t3C nuclei of the 1,3-dmarbonyl fragment in 

3e-m, resulting from slow exchange between the two sites with respect to the aromatic part, are large For 

example, in 31 the A6, value for the methyl ester groups IS 0.36 ppm, while the A& values for the ester methyl 

and carbonyl carbons are 0 42 and 2.77 ppm, respectively. Such differences are comparable with the typtcal 

A6 values observed for ngrd molecules, in which the nuclei differ stgmticantly in their spatial relation to a X- 

electron system ’ The crystal structure of the unsubsntuted, symmetrical yhde - throphenmm bismethoxy- 

carbonylmethyhde (4) was determmed by Porter et al ,* who first established the geometry of the system 

responsrble for the nonequtvalence of the two COzMe groups. In order to confirm the ybde geometry for the 

benzo[b]thtophene derrvahves 3 and to demonstrate different shielding environments of the yhdrc substltuents, 

we determined the crystal structure of one of the ylides 3 Compound 31 was chosen as a natural extension 

of the earlier crystallographic study.* 

Crystal and molecular structure of 31 The prolechon of the molecule 1s shown in Figure 2, while Table 

2 contams selected molecular parameters for 31, the correspondmg values reported* for 4 are included for 

companson. Although the general structural features of both yhdes are srmrlar, a noticeable difference involves 

shorter yhdtc and longer S-C(rmg) bonds in 31 This implies greater electron density shaft from the malonate 

group, hence higher barrrer for the rotation about the S-C yhdtc bond. The malonate moiety deviates slightly, 

but not significantly, from planarrty, and adopts a conformatton in whtch one carbonyl group points towards 

the throphene nng and the other away from It Such conformatton was found to be typtcal of other systems 

of related structure 9 Figure 2 shows that the onentatton of the malonate group with respect to the 

benzothtophene skeleton IS not far from orthogonal, the correspondrng values of the dihedral angles C(l l)-S- 

C(8)-C(9), C(ll)-S-C(2)-C(3), and C(ll)-S-C(2)-C(l0) are 123 5”, -125 3”, and 57 6”, respectively In 

consequence, the molecular environment of two methoxycarbonyl groups IS very different, also wrth respect 

to the dtamagnetrc amsotroptc effect of the aromahc part of the molecule We believe that the slow exchange 

observed for all systems 3 subsbtuted at positron C-8, and responsible for the stereorsomensm of 3e,f,gj,k, 

IS a result of the restncted rotatton about the yltdlc bond Vanable temperature NMR study of S-yhdes derived 
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from thtoxanthones10 also provrded strong evidence for the restrrcted rotatton in those closely related systems 

Table 2. Molecular Parameters of 31 and 4 

Pond lengths (A) 31 4 

Yhdrc S-C 

S-C(8) 

S-C(2) 

C(yhdrc)-C(carbony1) 

Valence angles (“) 

C(8)-S-C(l1) 

C(2)-s-C(l1) 

C(2)-S-C(8) 

1 708(2) l-711(4) 

1.772(2) 1 745(7) 

1 791(2) 1 743(4) 

1.445(2) 1441(6) 

1 440(2) 1431(6) 

113.1(l) 116 8(2) 

111.1(l) 114 7(2) 

91 6(l) 92 2(3) 

Ftgure 2 A perspecttve view of 31 with atomic 
numbenng 

Reacttvrty All yhdes 3 studied m this work showed remarkable thermal stabrhty, strongly contrasting 

wrth thermal behavrour of the throphene-derived yhdes reported before ’ This property IS clearly mdrcated by 

the very srmdar values of the meltmg pomts recorded for compounds 3 with faster (Kofler) or slower 

(mrcroscope) rates of heating (Table 1) In no case could we achieve for ylrdes 3a-m their thermal 

rearrangement to the l,+oxathmcmes or any other products observed prevrously for throphenmm yhdes For 

the ring-unsubstrtuted substrates, thermally induced S-C shift of the ylrdrc group (Equation 2, pathway a) was 

reported,2 yhdes substituted at positrons 2,5 by chlorure atoms rearrange thermally to the corresponding 

oxathrocmes (Bquatron 2, pathway b).’ The postulated mechamsm of both reactrons, presented in Equation 

2, involves intermediates for whtch m case of the benzo[b]throphenmm structure of the yhdtc substrate, the 

aromatrcrty of the fused benzene nng would be lost It seems that thus structural factor increases the actrvatron 

energy of the first step of the rearrangements to the degree that makes yhdes 3 thermally stable at the 

temperature range applied m thus work 

EXPERIMENTAL 

Melting points were recorded on a Rerchert hot-stage mrcroscope and Rerchert Kofler hot stage 

apparatus, and are uncorrected IR spectra were recorded on a Perkm-Elmer 883 spectrometer as hqurd films 

or NUJO~ mulls Mass spectra were recorded usmg a Varran MAT 188 spectrometer Mass spectra of 

halodenvattves mdrcate only the major peaks of the clusters of isotopic peaks. NMR spectra were recorded 

on a Bruker AM 300 spectrometer and the chemical shafts are given relatrve to TMS as internal standard 

Srhca gel Merck Kreselgel 60 was used for column chromatography, and srhca gel Merck Kreselgel 6OF-254 
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plates were used for TLC and preparatrve TLC. A laboratory 

experiments 

somcauon bath was used for somcatton 

The followmg subshtuted benxo[b]thtophenes 1 were prepared according to the hterature procedures 

la, 57%, mp 52-54°C (from MeOH, ht.” mp 57 5°C); lb, puntied by column chromatography (hexane), 

55%, mp 55°C (ht.** mp 55-56”C), lc, 5296, mp 116°C (lkL3 114-116”C), Id, 7596, mp 80°C (ht l3 mp 

81-82°C); le, 8996, mp 51-52°C (ht.” mp 51-52°C). Dmxocompounds used for the preparabon of 3 were 

prepared as described before.’ 

Preparatton of ylrdes 3 General procedure Dmzocompound (0 005 mol) was added dropwise at room 

temperature, under dry nitrogen, wrth or without somficatron, to the mixture of 1 (0 025 mol), 

tetralos(acetato)drrhodmm(II) (5 mg), and 1,Zdtchloroethane (2-4 mL) The mrxture was stured at room 

temperature for several days, solvent was evaporated, and hexane (cu 20 mL) was added. The insoluble 

material was collected by flltratron and the crude product was puntied as indicated below 3a b c e f g h i , , , ,, 9 ,t 
were punfied by column chromatography by first elutmg the unreacted 1 with pet. ether (bp 60-8O”C), 

followed by eluhon with pet. ether/ether (1. l), and, finally, wrth chloroform 3d j,k,l,m, were purified by 

column chromatography using elutlon with pet ether, followed by pet ether/ether (1 l), chloroform, and, 

finally, methanol The last frachon contammg mostly 3 was addtttonally punfied by preparattve TLC using 

chloroform/methanol (19 1) The ytelds and other data on products 3 are given m Table 1 

Y x 

I Y S 
I i’ x 

o/’ y 

R-(-)-R 
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Crystal structure detemnnafron. Data were measured at room temperature with a CAD4 dtffractometer, 

using graphite monochromated MoKar radiation (X = 0.71073 A) Accurate cell dimensions were obtamed 

from the settmg angles of 25 standard reflechons in the range 18 < 0 5 22”. An w-scan was used Both, 

the honzontal, and the vertrcal apertures were fixed at 1 3 and 4 0 mm, respechvely The crystal was tested 

for decay every hour and the orientatton matrrx every 200 reflectrons Essenhal crystal data are summarrsed 

m Table 3 The structure was solved wtth MULTAN80” and completed wrth subsequent Founer analysts 

All hydrogen atoms were located A full-matnx least squares method wrth SHELX76t6 converged to R = 

4 2% and WR = 3 7%. Non-hydrogen atoms were refined amsotroptcally, the H-atoms wtth a common 

tsotroprcal temperature factor, U = 0 097 (2) AZ. A ‘/g(F) waghtmg scheme was used I7 

Table 3 Experrmental Data for the X-ray Drffrachon Study on 31 

Formula 

MW (g mol-‘) 

Space group 

a (A) 

b (A) 

c (A) 

o (“) 

P (“) 

Y (“) 

v (A? 
Z 

P (cm-‘) 

F (000) 

d,, (g cm? 
scan range (“) 

scan mode 

h 

k 

1 

vertical aperture (mm) 

honzontal aperture (mm) 

A@ (7 
reflecttons measured 

reflechons used (I > 2u(I)) 

vartahles refined 

R mt 
R 

wR 

C14H1404S 

278 3 

pi 
8 3269 (8) 

8.5056 (6) 

11 0114 (4) 

98.193 (5) 

99 576 (6) 

113 541 (7) 

685 9 (0 2) 

L 

1 97 

292 

1.35 

3<@130 

O-Scan 

0 11 

-ll*ll 

-15.15 

40 

13 

042 + 034tan(@) 

3969 

3399 

215 

0000 

0 0420 

0 0370 
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