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Summary

Some reactions of 1,3-benzoxathioles and 1,3-benzodioxoles with Gri-
gnard reagents were examined in order to verify whether or not reduction
products were present in addition to the substitution and elimination pro-
ducts previously observed. The reaction mixtures contain reduction products
whenever the Grignard reagent has 3-hydrogen atoms, in which case the rea-
gent is likely to act as a hydride transfer agent. The product distribution also
depends on steric hindrance by the halogen. 1,3-Benzodioxzoles react with
isopropylmagnesium bromide to give mixtures of alkanes and alkenes, the
former arising from a double hydride ion migration, and the latter from a
reduction and elimination process.

Introduction

Previously [1,2] we have shown that 1,3-benzodioxoles and 1,3-benzoxa-
thioles react with Grignard reagents to give substitution and/or elimination
products depending upon the organomagnesium employed and upon the pre-
sence of substituents in the a-position of the heterocyelic ring. These facts
were interpreted in terms of the Grignard reagent functioning as a nucleo-
phile or as a base.

On the other hand it is well known that Grignard reagents such as iso-
propylmagnesium halide react with sterically-hindered carbonyl compounds,
generally to give products of reduction, the organometallic being converted
to olefins [3-6].

In the light of these facts we have investigated further the cleavage of
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the ethereal bond by suitable Grignard reagents in order to verify whether re-
duction products were present in addition to the substitution and elimination
products observed previously.

Results and discussion

We have examined the reactions between 1,3-benzoxathioles and 1,3-
benzodioxoles and organomagnesium compounds with or without -hydrogen
atoms. The reaction mixtures were analyzed by gas—liquid chromatography
(GLC); the products were, when possible, fractionally distilled and in the other
cases separated by column chromatography. All compounds were character-
ized by elemental and spectral analyses and by comparison with authentic
samples. Gaseous olefins were characterized as dibromo-derivatives, obtained
by bubbling the reaction products through a solution of bromine in carbon
tetrachloride.

From the results, listed in Tables 1-4, it can be seen that cleavage of the
ethereal bond gives, in addition to the substitution and elimination products
previously described [1,2], reduction products whenever the Grignard reagent
contains -hydrogen atoms capable of functioning as a hydride transfer agent
[5,61]; this latter reaction becomes prevalent as the number of 3-hydrogen atoms
increases.

Thus 2,2-diethyl-1,3-benzoxathicle (Ib) reacts with ethylmagnesium hal-
ide to give a mixture of substitution (IV), elimination (Vb) and reduction
(I1Tb) products, whereas with isopropylmagnesium bromide it gives only eli-
mination (Vb) and reduction (ITIb) products, the latter predominating (Scheme
1).
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We believe that cleavage of the ethereal bond follows coordination of the
heterocycle to the Grignard reagent, resulting in (i) a substitution product, if
the Grignard reagent behaves as a nucleophile (A), or (ii) elimination if the
Grignard functions as a base (B), or (iii) reduction if the Grignard can furnish
a hydride ion (C). In the latter case the presence of an olefin is essential and
in fact, an olefin was found in an equimolar amount with respect to the reduc-
tion product.”

tn

]
wn
Dh

\_\n/
7\
\n/
7\
\\\ n/

N

P \\ ’\‘\
CHR ?‘) L 5He c{)) kr;

o |
1/
I H 1
! (vi | X — Mg H X —Mg _(':\
C—C—H . p
LSS Ty d
X—Mg TN
1
|
(a) (©)
(B)

On the basis of these results we studied the varying yields of substitution,
elimination and reduction products depending on both the organic reactant
and the halogen in the organomagnesium compound employed.

We found (Tables 1 and 2) that reductions do not accur when the or-
ganomagnesium compound has no f-nydrogen, and that increasing steric hin-
drance of a Grignard reagent inhibits substitution [1], promoting elimination
and reduction; the latter process is prevalent even over elimination when the
number of $-hydrogen atoms increases [(CH;),C > (CH,).CH > (C,H;CH,).CH
> CHsCHCH; =~ CH;CH,]. This probably depends upon the fact that an in-
crease in the number of -hydrogens makes migration of hydride ions to the
starting substrate carbonium ion statistically more probable (C). In addition,
we found (Table 3) that the product distribution depends on steric hindrance
of the halogen. Thus on passing from chlorides to bromides and iodides, the
percentage of elimination and reduction increases at the expense of substitu-
tion. On the other hand, the first two processes were independent of the
quantity of the organo halogen. This fact was justified assuming that, what-
ever the reaction mechanism, steric hindrance of the halogen atom has a
greater effect upon the transition state leading io substitution than on the
transition state leading to elimination and to reduction.

It is remarkable that the 1,3-benzoxathiole substitutions occur to a les-
ser extent than in the analogous 1,3-benzodioxoles [1]. This fact is also re-
lated to the greater steric hindrance of sulphur compared to oxygen, and for
this reason the reaction will be directed towards the transition state which
offers minimal crowding.

The reactions with 1,3-benzodioxoles involve, as previously described
[1], both oxygen atoms in the heterocyclic ring. With isopropyl-Grignards no

* These diagrams account for the results and do not reflect the actual course of reactior.
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TABLE 1. ACTION OF ISOPROPYLMAGNESIUM BROMIDE ON 1.3-BENZOXATHIQOLES®

Starting matenal Products Fraction Material bzalance
(%) (%)
2,2-Dimethyl-1,3-ben- 2-1sopropylidene- (e) 40 48
zoxathiole (la) thiophenol (Va)
2-isopropylthio- (r) 60
phenol (I1ila)
2.2-Diethyl-1,.3-ben- 2-[(c-ethylpropy- (e) 35 40
zoxathiole (Ib) lidene)thiol phenol (Vb)
2-[(a-ethylpropyl)- (r) 65
thio]phenol (II1b)
2-Methyl-2-phenyl- 2-[(a-phenylethyli- (e) 36 45
1,3-benzoxathicle (ic) dene)thio]lphenol (Vc)
2-[(a-phenylethyl)- (r) 64
thio] pherol (Ilc) .
2-Ethyl-2-phenyl- Z-[(c-phenylpropyli- (e) 41 43
1.3-benzoxathiole (Id) dene)thio] phenol (Vd)
2-{ (a-phenylpropyl)- (r) 59
thio]l phenol (illd)
Spiro[ 1,3-benzoxathiole- 2-cyclohexylidenethio- (e) 35 46
2.1'-cyclohexanel (le) phenol (Ve)
2-cyclohexylthiophe- (r) 65
nol (llle)
Spirof 1,3-benzoxathiole- 2-cycloheptylidenethio- (e) 38 42
2,1"-cycloheptane] (if) phenol (V)
2-cycloheptylthiophe- (r) 62
nol (1111

2 All percentages were obtained by GLC analysis., e and r = elmination and reduction products respec-
tively, material balance = percentage of reacted starting matensl.

TABLE 2. ACTION OF ALKYL- AND ARYL-MAGNESIUM BROMIDES ON 2,2-DIETHYL-1.3-BENZ-
OXATHIOLES

Gngnard Subst. Elm. Redn. Gnignard rea- Material
reagent (%) (%) (%) gent products balance (%)
CgHgMgBr 0 100 [1) benzene 60
CeHsCHMgBr o 100 o toluene 55
CsHsMgBr 68 26 6 ethane 75
ethylene
CH3\
/CHMgBr o 73 27 ethylbenzene 44
CeoHs styrene
(CsHsCH3)2CHMgBr 1 61 39 1.3-diphenyl- 46
propane
1.3-diphenyl-
propene
(CH 3);CHMgBr o 35 65 propane 40
propene
(CH3)3CMgBr 4] 29 71 2-methylpropane 33
2-methylpropene

@ The substitution product is, 2-[ (a.a-diethyipropyl)thiol phenol (1V); elimination, 2-[(a-ethylpropylidene)-
thio]l phenol (Vb); reduction, 2-[(a-ethylpropyl)thiolphenol (1IIb). The alkenes arising from the Grigonard
reagent are in equimolar amount with respect to the reduction product; the gaseous alkenes were character
ized as dibromo-derivatives: the gaseous alkanes were not characterized.
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TABLE 3
ACTION OF ETHYLMAGNESIUM HALIDES ON 2,2-DIETHYL-1,3-BENZOXATHIOLE

Grignard Subst. Ehm. Redn. Material balance
reagent (%) (%) (%) (%)

CaHMgCl 75 21 4 78

CaHsMgBr 68 26 6 75

CaHgMgl 65 a7 7 71

substitution occurs (Table 4), but, under the experimental conditions em-
ployed, mixtures of alkanes and alkenes result, the former arising from a
double hydride mlg‘atlon and the latter from reduction and elimination

(eqn. 1).

OH i
O \ / (CH;),CHMgBr 4+ R'CH,—CH,R +
e “er oH

R—CH==CHR + CH;—CH,—CH; + CH;—CH=CH, (1)
No alkynes, formed by a double elimination process, were found.
Experimental

General

IR spectra were recorded on liquid films using a Perkin—Elmer 325 spec-
trophotometer; '"H NMR spectra were recorded on a JEOL C-60 HL spectro-
meter using TMS as internal reference. GLC analyses were performed on a
Carlo Erba Fractovap, model C, 1000 X 2 cm column, packed with 10% SE
30 on C 22 Celite (30-60 mesh). Boiling points are uncorrected as are melting
points, the latter determined on a Tottoli apparatus. All compounds were

pure by GLC.

TABLE 4
ACTION OF ISOPROPYLMAGNESIUM BROMIDE ON 1,3-BENZODIOXOLE DERIVATIVES

Starting material Products Fraction Material balance
(®) (%)
2.2-Diprcpyl-1,3-ben- 3-heptene (Vila) 34 2b
zodioxole (11a) n-beptane (Via) 66
2-Methyl-2-phenyl-1,3- styrene (VIIb) 30 23
benzodioxole (1Ib) ethylbenzene (Vib) 70
2-Ethyl-2-phenyl-1,3- 1-phenylpropene (Viie) 40 30

benzodioxole (1ic) 1-phenylpropane (Vic) 60
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1,3-Benzoxathioles (Ia-f) and 1,3-benzodioxoles (1la-c)

These compounds were obtained as previously described [1,2,7-10] from
2-hydroxythiopheno! or from 1,2-dihydroxybenzene and ketones in the presence
of hydrogen chloride or phosphorus pentoxide respectively.

Analytical and spectral data for new benzoxathiole {Id) and benzodioxole
(Ilc) derivatives are reported:

2-Ethyl-2-phenyl-1,3-benzoxathiole (Id). Yield 74%, b.p. 159-160° 1 mm,
np'? 1.6171. (Found: C, 74.13; H, 5.66; S, 13.12, C,sH,,0S calcd.: C, 74.34;
H, 5.82; S, 13.23%.) '"H NMR (CCl,): 6 6.90 (m, 9 Harom ), 2.25 (m, 2H, CH.—
CH;) and 0.90 ppm (t, 3 H, CH,—CH;). IR: »(CO) 1240 cm™'.

2-Ethyl-2-phenyl-1,3-benzodioxole (IIc). Yield 55%, b.p. 128-130° 2 mm,
m.p. 38-10°. (Found: C, 79.54; H, 6.20. C,;H,,0; caled.: C, 79.62; H, 6.24%.)
'H NMR (CCl,): 6 7.00 (m, 9 H,,omm), 2.10 (m, 2 H, CH,—CH;) and 0.90 ppm
(t, 3 H, CH,—CH,). IR: »y(CO) 1235 cm™.

General method for the preparation of 2-alkylthiophenols (I1la-f)

2.Hydroxythiophenol (0.0685 mol), alkyl halide (0.0685 moi), anhydr-
ous potassium carbonate (0.73 mol) and dry acetnne (20 ml) were refluxed
together for 15 h. The mixture was then poured into water and the organic
products extracted with diethyl ether. The 2-alkylthiophenol was extracted
with 10% aqueous sodium hydroxide, liberated with 10% sulphuric acid and
extracted with diethyl ether. The ethereal solution was dried with anhydrous
sodium sulphate, the solvent evaporated and the residue distilled.

in this manner, starting from 2-bromopropane and 3-chloropentane, 1-
chloro-1-phenylethane and 1-chloro-1-phenylpropane respectively, the follow-
ing compounds were obtained:

2-Isopropylthiophenol (Illa). Yield 90%, b.p. 87-89° 5 mm, np?® 1.5598;
([11]: b.p. 96-98° 9 mm, np*% 1.5559).

2-f(a-Ethylpropyl)thio] phenol (111b). Yield 88%, b.p. 138-140° 7 mm,
np** 1.5480. (Found: C, 67.21; H, 8.15; S, 16.17. C,,H,,0S calcd.: C, 67.30;
H, 8.21; 8, 16.33%.) 'H NMR (CCl,): 6 6.95 (m, 4 H,,on), 6.70 (s, 1 H, OH
D.O exchanged), 2.60 (m, 1 H, CH—CH,—CHj;), 1.560 (m, 4 H, CH—CH,—CH,)
and 0.95 ppm (m, 6 H, CH—CH,—CH,;). IR: »(OH) 3430, »(CO) 1230 cm™'.

9-[(a-Methylbenzyl)thio] phenol(Illc). Yield 70%, b.p. 160-161° 5 mm
Hg, np** 1.6035; ([11}: b.p. 172-174° 10 mm, np** 1.6048).

2-[(a-Ethylbenzyl)thio] phenol (111d). Yield 68%, b.p. 138-140° 1 mm,
np'® 1.6023. (Found: C, 73.50; H, 6.55; S, 13.05. C,sH,,0S caled.: C, 73.73;
H, 6.60; S, 13.12%.) 'H NMR (CCl,): 6 6.80 (m, 9 H,,om), 6.35 (s, 1 H, OH
D,O exchanged), 3.60 (t, 1 H, CH—CH,—CH,;), 1.90 (m, 2 H, CH—CH,—CH;)
and 0.85 ppm (t, 3 H, CH—CH,—CH,). IR: »(OH) 3350, »(CO) 1235 cm ™.

2-Cyclohexylthiophenol (IIle). Yield 75%, b.p. 148-150° 20 mm, np'®
1.5972. (Found: C, 68.10; H, 7.72; S, 15.28. C,,H,,0S calcd.: C, 69.18; H,
7.74:8,15.39%.) '"H NMR (CCl,): 6 6.95 (m,4 H,,,..), 6.25 (s, 1 H, OH D,O
exchanged), 2.65 (m, 1 H, CH—CH,—) and 1.40 ppm (m, 10 H, —CH;—). IR::
v(OH) 3300, »(CO) 1235 cm ™.

2-Cycloheptylthiophenol (II1If). Yield 70%, b.p. 164-165° 20 mm, np*’
1.5800. (Found: C, 70.11; H, 8.08; S, 14.34. C,5H,50S clacd.: C, 70.22; H,
8.16;S, 14.42%.) 'H NMR (CCl,): 6 6.95 (m, 4 H,;onn), 6.30 (s, 1 H, OH D,0
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exchanged), 2.90 (m, 1 H, CH—CH,—) and 1.60 ppm (m, 12 H, —CH,—). IR:
v»(OH) 3300, »(CO) 1235 cm™'.

Preparation of 2-[(a,a-diethylpropyl)thio] phenol (IV)

The method previously described was employed [8]. Finally the com-
pound was chromatographed on acid-washed alumina using petroleum ether/
benzene (10/1) as eluent. Yield 50%, b.p. 130-132° 2 mm, np*? 1.5772.
(Found: C, 69.45; H, 8.90; S, 14.18. C,;H,,0S calcd.: C, 69.59; H, 8.98; S,
14.29%.) 'H NMR (CCl,): 6 7.00 (m, 4 H,,om), 6.60 (s, 1 H, OH D,O ex-
changed), 2.70 (m, 6 H, CH,—CH;) and 1.10 ppm (m, 9 H, CH,—CH;). IR:
v(OH) 3350, v(CO) 1245 cm ™.

2-(Alkylidenethio)phenols (Va-f)

These compounds were obtained, as previously described [2], from
2,2-disubstituted 1,3-benzoxathioles and phenylmagnesium bromide in to-
luene suspension. New analytical and spectral data of 2-(alkylidenethio)-
phenol derivatives (Vd) and (Vf) are reported:

2-[(a-Phenylpropylidene)thio] phenol (Vd). Yield 58%, b.p. 160-162°
1 mm, np'® 1.6242. (Found: C, 74.16; H, 5.70: S, 13.11. C,:H,,0S caled.:
C,74.34; H, 5.82; S, 13.23%.) '"H NMR (CCl;): § 7.10 (m, 2 H,,,mm). 6.40 (s,
1 H, OH D0 exchanged), 5.50 (m, 1 H, CH—CH,), and 1.50 ppm (d, 3 H,
CH—CH,). IR: »(OH) 3435, »(CO) 1230 cm™".

2-Cycloheptylidenethiophenol (Vf). Yield 43%, b.p. 140-141° 1 mm,
np'®? 1.5872. (Found: C, 70.79; H, 7.27; S, 14.43. C,;H,,0S calcd.: C, 70.87;
H, 7.32; S, 14.55%.) 'H NMR (CDCI;): 6 7.00 (m, 4 H,,omm), 6.70 (s, 1 H, OH
D,0 exchanged), 2.25 (m, 1 H, CH—CH,—) and 1.40 ppm (m, 10 H, —CH,—).
IR: »(OH) 3430, »(CO) 1240 cm .

Hydrocarbon derivatwes (Vlia-c), Vila-c)

n-Heptane (VIa), ethylbenzene (Vib), 1-phenylpropane (Vic), 3-heptene
(VIla), styrene (VIIb) and 1-phenylpropene (Vilc) were obtained as com-
mercial products (Schuchardt). 1,3-Diphenylpropane and 1,3-diphenylpropene
were prepared by procedures described in the literature [12].

Halogen and dihalogen derivatives

Chloro-, bromo- and iodo-ethane, 2-bromopropane, 2-bromo-2-methyl-
propane, bromobenzene, benzyl bromide, 1,2-dibromoethane and 1,2-dibromo-
propane were obtained as commercial products (Schuchardt). 1-Bromo-1-
phenylethane [13], 2-bromo-1,3-diphenylpropane [14] and 1,2-dibromo-2-
methylpropane [15] were prepared by known literature methods.

Procedure in cleavage reactions

Grignard reagents (0.0645 mole) were prepared as previously described
[1]. The solvent was then distilled in a nitrogen stream and replaced by the
same amount of anhydrous toluene or benzene (70 ml); the derivatives exam-
ined (0.0258 mole) were added to the suspension, which was refluxed for
12 h under continuous stirring. The gases that developed in the reaction were
bubbled into a cooied solution of bromine in carbon tetrachloride to yield
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dibromo-derivatives. The reaction mixtures were then poured into iced water,
acidified with 10% aqueous sulphuric acid and extracted with diethyl ether.
After drying of the ethereal solution with anhydrous sodium sulphate, the
mixtures were analyzed by GLC and compared with authentic samples. The
mized components, after GLC quantitative analysis, were chromatographed
on acid-washed alumina using petroleum ether/benzene (10/1) as eluent. The
dibromo-derivatives, after removal of carbon tetrachloride, were character-
ized by comparison with authentic samples.

The results are listed in Tables 1-4.
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