
This article was downloaded by: [UZH Hauptbibliothek / Zentralbibliothek
Zürich]
On: 12 August 2013, At: 20:17
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Benzodiazepine Analogues.
Part 15.1 Synthesis of
Benzoxathiepine Derivatives
Aifheli C. Gelebe a & Perry T. Kaye a
a Department of Chemistry, Rhodes University, P
O Box 94, Grahamstown, 6140, Republic of South
Africa
Published online: 23 Aug 2006.

To cite this article: Aifheli C. Gelebe & Perry T. Kaye (1996) Benzodiazepine
Analogues. Part 15.1 Synthesis of Benzoxathiepine Derivatives, Synthetic
Communications: An International Journal for Rapid Communication of Synthetic
Organic Chemistry, 26:23, 4459-4475

To link to this article:  http://dx.doi.org/10.1080/00397919608003848

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with

http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397919608003848


primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

U
Z

H
 H

au
pt

bi
bl

io
th

ek
 / 

Z
en

tr
al

bi
bl

io
th

ek
 Z

ür
ic

h]
 a

t 2
0:

17
 1

2 
A

ug
us

t 2
01

3 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 26(23), 4459-4475 (19%) 

BENZODIAZEPINE ANALOGUES. PART 15.l 

SYNTHESIS OF BENZOXATHIEPINE DERIVATIVES. 

Aifheli C. Gelebe and Perry T. Kaye* 

Department of Chemistry, Rhodes University, P 0 Box 94, 
.Grahamstown,6140, Republic of South Africa. 

ABSTRACT: Stepwise cyclisation sequences have provided access to 
a series of' novel 4-phenyl-3,4-dihydro-1,5-benzoxathiepine-2-ones and 2- and 
3-phenyl-4,l-benzoxathiepine analogues. 

Various benzoheterothiepine systems exhibit interesting biological 

effects. For example, the 1.5-benzothiazepine derivative, diltiazem 1, has 

found clinical use as a cardiac drug with calcium gating activity, and the 

synthesis of potent analogues has been r e~or t ed .~  Sugihara ef aZ.3 have 

prepared a number of aminoalkyl3,4-dihydro-2H-l,5-benzoxathiepin-3-ols as 

oxygenated analogues, a piperazinyl derivative proving to be a potent and 

selective S2-receptor blocker. 3H-1,5-Benzoxathiepine-2,4-dione, an active 

* To whom correspondence should be addressed. 
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Copyright @ 1996 by Marcel Dekker, Inc. 
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4460 GELEBE AND KAYE 

antimicrobial, has been obtained by condensing carbon suboxide with 2- 

mercaptophenol - commonly used in the synthesis of 1,5-benzo~athiepincs.~*~ 

while 2-phenyl-l,5-benzothiazepinone derivatives have been reported to exhibit 

anti-depressant activity.6 

As part of an ongoing study of benzodiazepine analogues, we hilve 

prepared numerous oxygenated and thionated regioisomeric systems. Access 

to these compounds has typically been achieved via ring expansion of 

flavanone,’ thioflavanone * and quinolone 

azidotrimethylsilane-mediated Schmidt reaction for nitrogen insertion and an 

MCPBA-mediated Baeyer-Villiger reaction for oxygen insertion (Scheme 1). 

However, attempts to obtain benzoxathiepine derivatives by MCPBA oxidation 

of thioflavanone or thiochromanone precursors have been frustrated by 

competing oxidation of the ring sulfur to afford sulfones and sulfoxides which, 

in turn, resist Baeyer-Villiger oxidation. 

precursors, using an 

Stepwise cyclisation strategies have therefore been adopted to prepare 

several series of benzoxathiepine derivatives. Scheme 2 outlines the synthesis 

of the 1,5-benzoxathiepin-2-ones 10a-d from 2-mercaptophenol 7 and the 

corresponding cinnamic acids 8a - d, following analogous condensations of 2- 

mercaptoaniline with cinnamic acid derivatives. lo  Formation of the 

intermediate acid 9a via direct conjugate addition of 2-mercaptophenol 7 to 
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BENZODIAZEPINE ANALOGUES. XV 446 1 

d-- 3 

aOJo Ar 

i 

X=O,NH,S; 

Ar 

5a: R=H 6a: R=H 
5b: R=Ph 6b: R=Ph 

SCHEME I 
Reagents : i ,  TMS N3 ,TFA ; ii, MCPBA , C&C12 
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4462 GELEBE AND KAYE 
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BENZODIAZEPINE ANALOGUES. XV 4463 

cinnamic acid 8a was achieved simply by heating the neat reactants under 

nitrogen at 150°C; subsequent dissolution in toluene and cyclisation, in the 

presence of p-toluenesulfonic acid as catalyst, afforded the parent 

benzoxathiepinone 10a in 24% yield. Use of this approach as a general 

method, however, was precluded by the high melting points of some of the 

substituted cinnamic acids 8. Consequently, the intermediate acids 9 were 

generally obtained by heating the reactants in a 48% solution of hydrogen 

bromide in acetic acid (HBr-AcOH). Under these conditions, the initial 

coupling could involve acidcatalysed conjugate addition (path I; Fig. 1) and/or 

hydrobromination of the cinnamic acid 8 followed by nucleophilic substitution 

(path 11). Lactonisation (9 - lo), however, still required the acids 9+ to 

be heated with toluene in the presence of p-toluenesulfonic acid - as evidenced 

by isolation of the intermediate acid 9d in 69% yield even after boiling a 

mixture of 2-mercaptophenol7 and cinnamic acid 8d in 48% HBr-AcOH for 

9 hours. Application of the two-step approach (Scheme 2) afforded the 

p-methoxy derivative 1Od in low yield together with a small quantity of 142- 

hydroxyphenyl)thio-l-(4-methoxyphenyI)ethane 11, formationof which requires 

decarboxylation of the intermediate acid 9d. 

After work-up, the crude acids 9 were typically cyclised without futher 
purification. 
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4464 GELEBE AND KAYE 

The 4,l-benzoxathiepin-5-one regioisomers (in which the lactone 

functionality is transposed) were obtained by condensing thiosalicylic acid 

12 with the styrene oxides 14a,c and d ,  which were prepared in turn by 

MCPBA oxidation of the corresponding styrene precursors 13 (Scheme 3). 

Nucleophilic ring-opening of the epoxides 14 by thiosalicylic acid 12 might 

be expected, a priori, to involve attack at either C-2' or C-1' (Fig. 2) to 

afford, after lactonisation, the 3-aryl-(15) or 2-aryl-4,1-benzoxathiepin-5-ones 

16 respectively. In the substrates examined, attack at the less substituted 

centre, C-2'. was favoured affording the 3-aryl isomers 15 as the major 

products [albeit in relatively poor yield (8-26%)], the regioisomers being 

readily distinguished by 'M and I3C NMR spectroscopy. The 3-phenyl-4, I -  

benzoxathiepines 18a-d were obtained similarly, but in somewhat better yield 

(43 - 53%), by condensing the styrene oxides 14a-d with the reduced, 

bidentate nucleophile 17; however, none of the 2-phenyl analogues was 

isolated. 

The regiochemical bias observed in these reactions (Scheme 3) is, 

perhaps, a little surprising. Cleavage of epoxides in acidic medium generally 

favours nucleophilic attack at the more substituted carbon ' I  and, with the 

styrene oxides 14, the potential intermediacy of secondary benzylic 

carbocations might have been expected to favour a unimolecular (SN1) process 

with nucleophilic attack at C-1' rather than at the primary centre, C-2' 
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4466 GELEBE AND KAYE 

(Figure 2). The observed regioselectivity could be attributed to preferential 

SN2 displacement at the less hindered primary centre by the largc ;ind 

markedly nucleophilic sulfur atom. In their report on the synthesis of 1,5- 

benzoxathiepines from selected 2-mercaptophenols and epichlorohydrins, 

Cabiddu ef ~ 1 . ' ~  have also suggested that the relative size of the sulfur atom 

is responsible for the observed regiocontrol. 

ooH 7 
S.H FIGURE 1 

R R 

I CO2H 

FIGURE 2 R 1 4alcld 
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BENZODIAZEPINE ANALOGUES. XV 

Experimental 

4467 

'H and 13C NMR spectra were obtained for solutions in CDCP, on a 

Bruker AMX 400 spectrometer and were typically referenced using the solvent 

peaks (6, 7.25 and 6, 77.0 ppm). Low resolution MS spectra were recorded 

on a Hewlett-Packard 5988A mass spectrometer and high resolution analyses 

were performed on a Kratos double focusing magnetic sector instrument (Capc 

Technikon Mass Spectrometry Unit). 

chromatography prior to analysis. 

Products were purified by flash 

Experimental procedures are illustrated by the following examples. 

3,4-Dihydro-4-phenyl-l,5-benzoxathiepin-2-one 10a.- A mixture of 2- 

mercaptophenol 7 (2.0g, 0.016mmol), cinnamic acid 8a (2.3g, 0.016mmol) 

and 48% HBr - AcOH (10ml) was heated under reflux until most of the 

starting material had reacted (as determined by NMR spectroscopy). Ethyl 

acetate was added to the reaction mixture and the resulting solution was shaken 

with aqueous NaOH. The aqueous layer was acidified (dilute HCl), extracted 

with EtOAc (2 x 30 ml) and dried (anhydrous MgS04), and the solvent was 

evaporated in vucuo to give a residue which, together with a 

catalytic amount of p-toluenesulfonic acid in toluene (150ml). was boiled under 

reflux using a Dean-Stark apparatus for 12 hours. The solvent was evaporated 
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4468 GELEBE AND KAYE 

in vacuo and the residue dissolved in EtOAc. The resulting solution was 

washed with aqueous NaOH and dried over anhydrous MgSO,. The solvcnt 

was evaporated and the residue purified by flash chromatography [elution with 

EtOAc-hexane (3:7)] to afford two fractions: 

(i) starting material; and 

(ii) 3,4-dihydro-4-phenyl-l, 5-benzoxathiepin-2-one 10a (0.35g, 9 %),$ m. p. 04- 

95°C (Found: M+ 256.057. C15H1202S requires M, 256.056); 6, 2.93-3.02 

(2H, m, 3-CH2), 4.70 (lH, dd, 4-H), 7.17-7.56 (9H, series of multiplets, 

ArH); 6,40.0 (C-3), 50.3 (C-4), 120.3, 121.6, 126.3, 126.6, 128.2, 128.9, 

131.4, 136.4, 141.8 and 154.1 (ArC) and 167.5 (C-2); mlz 256 (M+, 10.1%) 

and 131 (100%). 

2,3-Dihydro-3-phenyl-4, I -benzoxathiepin-5-one 15a and 2,3-dihydro-2- 

phenyl-4,l -benzoxuthiepin-5-one 16a.- A mixture of thiosalicylic acid 12 

(1 .Og, 6.5mmol), epoxystyrene 14a (0.77g, 6.5mmol) and p-toluenesull'onic 

acid (0.03g) in benzene (50ml) was boiled under a Dean-Stark trap for 12 h. 

After cooling, the solvent was evaporated in vacuo and the residue was 

dissolved in EtOAc (50ml). The resulting solution was washed with aqueous 

NaHC03 (2 x 30ml), dried (anhydrous MgS04), and the solvent was 

$ When the initial coupling was effected by heating the neat reactants (7 
and 8a) in the absence of HBr-AcOH, the product 10a was obtained in 
24% yield. 
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BENZODIAZEPINE ANALOGUES. XV 4469 

evaporated in vacuo. The residue was purified by flash chromatography 

[elution with EtOAc-hexane (3:7)] to afford two fractions: 

(i) 2,3-dihydro-3-pheny1-4,2-benzoxarhiepin-5-one 15a (0.43g, 26%), m.p. 38- 

40°C (Found: M+ 256.056. CI5H,,O2S requires M, 256.056); 6, 3.29 and 

3.46 (2H, 2 x dd, 2-CH,), 5.74 (lH, dd, 3-H), 7.24-7.45 (BH, series of 

multiplets, ArH) and 8.14 (lH, dd, ArH); 6, 40.6 (C-2), 83.3 (C-3), 124.1, 

126.5, 127.4, 134.5, 127.6, 128.6, 129.5, 132.4, 133.5 and 138.1 (A<) and 

163.8 (C-5); m/z 256 (M+, 21%) and 136 (100%); and 

(ii) 2,3-dihydro-2-phenyl-4, I-benzoxathiepin-5-one16a(O. 12g. 7.2%);06,3.92 

and 4.03 (2H, 2 x dd, 3-CH,), 6.10 (lH, dd, 2-H), 7.19-7.45 (BH, m, ArH) 

and 8.13 (lH, m, ArH); 6, 66.0 (C-3), 77.9 (C-2), 124.7, 125.9, 126.8, 

128.6, 128.7, 131.0, 131.9, 132.7, 136.8 and 138.2 (ArC) and 166.0 (C-5). 

2,3-Dihydro-3-pheny1-4, I -benzoxathiepine 18a.- A mixture of 

2-(hydroxymethyl)thiophenol 17 (lg, 7rnrnol). epoxystyrene 14a (0.86g, 

7.0mmol) and p-toluenesulfonic acid (0.03g) in benzene (5Oml) was boiled 

under a Dean-Stark trap for 72 h. After cooling, the solvent was evaporated 

in vacuo and the oily residue was purified by flash chromatography [elution 

with EtOAc-hexane (3 : 7)] to afford 2,3-dihydro-3-phenyl-#,I-benzoxafhiepine 

!i Minor component characterised by NMR spectroscopy. 
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4470 GELEBE AND KAYE 

18a (0.81g, 48%) (Found: Mt 242.076. C15H140S requires M, 242.077); 

6H 3.12 and 3.36 (2H, 2 x dd, 2-CH2), 4.91 (2H, dd, 5-CH2), 5.38 (11.1, dd, 

3-H), 6.95-7.48 (9H. series of multiplets, ArH); 6, 42.3 (C-2), 70.0 (C-5), 

82.4 (C-3), 124.5, 125.7, 127.0, 127.2, 127.4, 128.4, 129.4, 129.6, 131.9 

and 136.2 (ArC); m/z 242 (M', 18.5%) and 151 (100%). 

Analytical data for the remaining new compounds, described in this 

study, are as follows. 

4-(4-Fluorophenyl)-3, Cdihydro-I,5-benzoxathiepin-2-one 10b (0.44g. lo%), 

m.p. 77-80°C (Found: M+ 274.046. C15HllF02S requires M, 274.046); 

6,, 2.95-3.04 (2H, m,.3-CH,), 4.75 (IH, dd, 4-H), 7.00-7.60 (811, series of 

multiplets, ArH); 6, 40.1 (C-3), 49.5 (C-4), 115.8, 120.4, 121.4, 126.6, 

128.1, 131.5, 136.3, 137.5, 154.1 and 162.4 (ArC) and 167.3 (C-2); mlz 274 

(M', 12.5%) and 149 (100%). 

4-(4-Chlorophenyl)-3,4-dihydro-1,5-benzoxathiepin-2-one 1Oc (0.61g. 13 %), 

m.p. 60-62°C (Found: M+ 290.016. C,,H, 135Ct0,S requires M, 290.017); 

bH 2.95-3.04 (2H, m, 3-CH,), 4.74 (lH, dd, 4-H), 7.18-7.59 (8H, series of 

multiplets, -ArH); 6, 39.8 (C-3), 49.5 (C-4), 120.4, 121.3, 126.7, 127.7, 

129.1, 131.5, 134.0, 136.3, 140.1 and 154.0 (ArC) and 167.2 (C-2); m/z 290 

[M'(35CI), 8%) and 165 (100%). 
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BENZODIAZEPINE ANALOGUES. XV 447 1 

4-(4-Methoxyphenyl)-3, 4-dihydro-l,5-benzoxathiepin-2-one 10d (0.2g, 4.4%) 

(Found: M+ 286.030. ClsI-I,o04S requires M, 286.030); 6,, 2.99 (211. d, 3- 

CH,), 3.78 (3H. s, OCH,), 4.74 (lH, t, 4-H), 6.84 (2H, d, ArH), 7.16-7.58 

(6H. series of multiplets, ArH); 6c 40.1 (C-3), 49.8 (C-4), 55.2 (OCH,), 

114.2, 120.2, 121.7, 126.5, 127.5, 131.2, 133.8, 136.3, 154.0 and 159.3 

(Arc) and 167.5 (C-2); mlz 286 (M', 11.1%) and 161 (100%). 

1-(2-Hydroxyphenyl)thio-1-(4-methoxyphenyl)ethane 11 (0.24g, 5.2 %) (Found: 

M+ 260.086. CISHl60,S requires M, 260.087); v,,,;,~ (thin fi1m)km-l 3500- 

3300 (OH); bH 1.61 (3H, d, CH,), 3.79 (3H, s, OCH,), 4.09 (lH, q, 1-H), 

6.68 (lH, s, OH) and 6.78-7.27 (81-7, series of multiplets, ArI-I); 6, 21.5 

(CH,), 48.7 (C-1). 55.2 (OCH,), 113.8, 114.6, 118.0, 120.3, 128.1, 131.4, 

134.4, 136.9, 157.4 and 158.9 ( A S ) ;  mlz 260 (M', 1.4%) and 135 (100%). 

2,3-Dihydro-3- (4-chlorophenyl)-4, I-benzoxathiepin-5-one 15c (OSg, 8 %), 

m.p. 30-32°C (Found: M+ 290.018. CISHI 135Ct02S requires M, 290.017); 

6, 3.25 and 3.39 (2H. 2 x dd, 2-CH2), 5.70 (1H. t, 3-14). 7.21-7.46 (71.1. 

series of multiplets, ArH) and 8.12 (lH, dd, ArH); 6,39.7 (C-2), 82.8 (C-3), 

123.9, 126.5, 127.5, 128.7, 130.8, 132.4, 132.9, 133.3, 133.5 and 137.8 

(ArC) and 163.6 (C-5); mlz 290 [M+(35C1),9%] and 165 (100%). 

2,3-Dihydro-3-(4-bromophenyl)-4, I-benzoxathiepin-5-one 15d (0.16g, 13 X), 
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4472 GELEBE AND KAYE 

m.p. 50-52°C (Found: M+, 333.967. C,,H,,79Br02S requires M, 333.966); 

6, 3.20 and 3.33 (2H, 2 x dd, 2-CH,), 5.66 (lH, t, 3-H), 7.12-7.45 (7H, 

series of multiplets, ArH) and 8.08 (114, d, 9-H); 6, 40.0 (C-2), 82.9 (C-3). 

121.6, 124.1, 126.7, 127.6, 131.3, 131.8, 132.6, 133.5, 133.6 and 137.9 

(ArC) and 163.7 (C-5); mlz 336 [M+(79Br), 6%] and 165 (100%). 

2,3-Dihydro-2- (4-chlorophenyl)-4. I-benzoxathiepin-5-one 16c (0. lg, 2%);s 

6, 3.84 and 3.94 (2H, 2 x dd, 3-CH2), 5.98 (lH, dd, 2-H), 7.06-7.35 (7H, 

series of multiplets, ArH) and 8.02 (lH, dd, ArH); 6,65.7 (C-3), 77.1 (C-2), 

124.8, 125.7, 128.1, 128.9, 131.1, 131.8, 132.8, 134.4, 135.4 and 138.3 

(ArC) and 165.8 (C-5). 

2,3-Dihydro-2- (4-bromophenyl)-4,l-benzoxathiepin-5-one 16d (O.O2g, 2 %);# 

6, 3.92 and 4.02 (2H, 2 x dd, 3-CH,), 6.03 (lH, dd, 2-H), 7.16-7.55 (713, 

series of multiplets, ArH) and 8.09 (lH, dd, ArH). 

2,3-Dihydro-3-(4-~7uorophenyl)-4,l-benzoxathiepine 18b (0.96g, 53 %) (Found: 

M+ 260.069. CI5HI3FOS requires M, 260.067); liH 3.06 and 3.27 (2H. 

2 x dd, 2-CH2), 4.89 (2H, dd, 5-CHZ). 5.31 (lH, dd, 3-H), 6.93-7.29 (8H, 

series of multiplets, ArH); 6, 41.5 (C-2), 70.0 (C-5). 82.3 (C-3), 115.2, 

115.3, 124.7, 125.7, 127.3, 127.5, 129.6. 130.95, 131.03 and 131.8 (Arc). 
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2,3-Dihydro-3-(4-chlorophenyl)-4, I-benzoxathiepine 18c(0.83g, 43 %) (Found: 

M'' 276.037. C,,I-1,33sCcPOS requires M, 276.038); 6,, 3.08 and 3.28 (21 I ,  

2 x dd, 2-CH2). 4.89 (2H. dd, S-CH,), 5.33 (lH, dd, 3-H), 6.94-7.34 (8H, 

series of multiplets, ArH); JC 41.5 (C-2). 69.8 (C-5), 81.9 (C-3), 124.6, 

125.6, 127.2, 127.3, 128.4, 129.5, 130.8, 131.6, 132.7 and 134.6 (ArC); 

mlz 276 [M+(%), 8.4%] and 151 (100%). 

2,3-Dihydro-3-(4-bromophenyl)-4,1-benzoxathiepine 18d (1 .05g, 47%). m.p. 

4244°C (Found: M+ 319.988. C,5H,~9BBrOS requires M, 319.987); 6,, 3.06 

and 3.27 (2H, 2 x dd, 2-CH,), 4.88 (2H, dd, 5-CH,), 5.33 (lH, dd, 3-1-I), 

6.94-7.49 (8H, series of multiplets, ArH); 6, 41.4 (C-2), 69.7 (C-5), 81.7 

(C-3), 120.8, 124.5, 125.6, 127.1, 127.2, 129.4, 131.1, 131.3, 131.5 and 

135.1 (ArC); mlz 320 [M+(79Br), 5%]  and 151 (100%). 
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