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827(t,1H,J=12Hz),7.09(d,1 H,J = 12 Hz), 5.80 (d, 1 H,
J =12 Hz), 5.52 (t, 1 H, J = 12 Hz), 4.00 (s, 3 H), 3.41 (m, 4 H),
2.24 (s, 3 H), 2.24 (s, 3 H), 1.70 (m, 8 H).

Anal. Caled for C;sHyN,S: C, 62.03; H, 7.64; N, 19.29; S, 11.04.
Found: C, 61.80; H, 7.92; N, 19.24; S, 11.05.

(Z,E)-4-[2,6-Dimethyl-3-(methylthio)-1,2,4-triazin-5-
(2H)-ylidene]-2-butenal (15). A solution of 250 mg (1.06 mmol)
of 14a in 10 mL of EtOH was tréated with 2 mL of 10% aqueous
NaOH and 2 mL (4.56 g, 32 mmol) of iodomethane. The reaction
mixture was heated on a steam bath for 30 min and then diluted
with 10 mL of HyO. An oil separated which solidified upon being
cooled and scratched. The product was collected and recrystallized
twice from MeCN. This afforded 50 mg (22%) of orange, square
plates of 15: mp 170-171 °C; IR (KBr) 3037, 3010, 2950, 2800,
2735, 1657, 1570, 1505, 1433, 1131, 1018, 975, 859, 645 cm™; 'H
NMR (CDCly) 6 9.55 (d, 1 H, 8 Hz), 8.02 (dd, 1 H, J = 12, 16 Hz),
6.13(dd, 1 H,J = &, 16 Hz), 563 (d, 1 H, J = 12 Hz), 3.52 (s, 3
H), 2.57 (s, 3 H), 2.07 (s, 3 H); mass spectrum (CH,, CI}, m/e
(relative intensity) 225 (M + 2, 75), 224 (M + 1, 100), 223 (M,
63), 221 (18), 208 (17), 194 (8), 180 (13), 121 (7).

Anal. Caled for C;(H;3N3;08: C, 53.79; H, 5.87; N, 18.82; S,
14.36. Found: C, 53.86; H, 5.80; N, 18.65; S, 14.37.
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Reactions of the isomeric trichlorobenzenes and tetrachlorobenzenes and of pentachloro- and hexachlorobenzene
with an excess of the sodium salt of the isopropanethiol, in HMPA, afforded the products of complete displacement
of all the chlorine atoms present in the molecule. Similar substitutions were also obtained with EtSNa. The
reactions with MeSNa were in some cases complicated by the competitive nucleophilic attack at the methyl group
of the inijtially formed aryl methyl thioethers which are thus demethylated to afford thiophenols.

In a previous paper! we have recently reported that
nucleophilic substitutions of unactivated aryl halides by
the sodium salts of thiols can be easily effected by working
in hexamethylphosphoramide (HMPA). Thus, fluoro-,
chloro-, bromo-, and iodobenzene react with Me,CHSNa
to give phenyl isopropyl sulfide (1) in good yields. Simi-
larly, 0-, m-, and p-dichlorobenzene give good yields of the
corresponding o- (2), m- (3), and p-bis(isopropylthio)-
benzene (4). These reactions have been demonstrated to

CcH:X + Me,CHSNa — CGH5S§JHMe2 + NaX

X=FClBrI
o-, m-, or p-CsH,Cl, + 2Me,CHSNa —
-, m-, or p-CsH,(SCHMe,), + 2NaCl
2-4

occur by the classical SyAr mechanism. It was also ob-
served that chlorine and the SCHMe, group activate the
displacement of chlorine by Me;,CHSNa.! On the basis of
these results it can be expected that these reactions should
easily occur with polychlorobenzenes, thus providing a
simple method for the synthesis of poly(alkylthio)benzenes.
Besides some classical, but rather tedious, procedures, the
best method described in the literature to obtain aryl alkyl
sulfides consists in the reaction of aryl bromide with
cuprous mercaptides in quinoline at high temperature.>?

(1) P, Cogolli, F. Maiolo, L. Testaferri, M. Tingoli, and M. Tiecco, J.
Org. Chem., 44, 2642 (1379).

(2) R, Adams and A. Ferretti, J. Am. Chem. Soc., 81, 4927 (1959).

(3) R. Adams, W. Reifschneider, and A. Ferretti, Org. Synth., 42, 22
(1964).
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This procedure, however, suffers from the limitation that
aromatic chloro compounds cannot be used and moreover
the reaction fails when applied to polyhalogenated aro-
matic compounds such as 1,2,4,5-tetrabromobenzene?* and
penta- and hexabromobenzenes.?

We report in this paper the results of an investigation
carried out in HMPA with polychlorobenzenes and RSNa.
Excellent results were obtained with Me,CHSNa and
EtSNa which effect the complete displacement of all the
chlorine atoms present in the molecule. With MeSNa

(4) A. Zweig and J. E. Lehnsen, J. Am. Chem. Soc., 87, 2647 (1965).
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Table I. Reactions of Halogenobenzenes with Sodium Thiolates in HMPA
molar
equiv of reaction reaction
substrate Rin RSNa RSNa temp,°C time,h products® yields,? %

1,2,3-C.H,Cl, Me,CH 6 100 3 1,2,3-C H,(SCHMe,), 88
1,2,4-C,H,Cl, Me,CH 6 100 1 1,2,4 C6 3(SCHMe, ), 86
1,3,5-CH,Cl, Me,CH 6 100 1 1,3,5-C H,(SCHMe, ), 95
1,3,56-C,H,Br, Me,CH 6 100 1.5 1,3,5-C;H,(SCHMe, ), 95
1,2,3,4-CH,Cl, Me,CH 8 100 1.5 1,2,3,4-C,;H,(SCHMe,), 85
1,2,4,5-C,H,Cl, Me,CH 8 100 0.5 1,2,4,5-C;H,(SCHMe,), 75
1,2.4,8-C H,Cl, Me,CH 8 100 1 1,2,4,6-C,H,(SCHMe,), 95
C,HCI, Me,CH 10 0 4 1,2,4-C, HCI ,(SCHMe, ), 85
1,2,4-C,HCI,(SCHMe,), Me,CH 4 100 1.5 C, (SCHMe )s 90
CHCI, Me,CH 10 100 0.25 CH(SCHMe,), 87
C.Cl, Me,CH 12 20 3.5 C4(SCHMe, ), 95
C.Cl, Me,CH 12 100 54 C.(SCHMe, ),SH 40
C,(SCHMe, ), Me,CH 9 100 20 C(SCHMe,),SH c
C.F, Me,CH 10 0 1.5 C,(SCHMe, ), 79
C.F, Me,CH 4 0 0.1 1,4-C,F,(SCHMe,), 83
C.F, Me,CH 12 100 3 C.(SCHMe, ),SH 659
p-CH,CL, Et 4 100 0.5 p-C,H,(SEt), 85
1,2.4,5-CH,Cl, Et 6 20 15 1,2,4,5-CH,(SEt), 90
1,2,4,5-C,H,Cl, Et 8 100 1 24'5:C H,(SEt),SH 85
CCl, Et 12 20 7 C,(SEt), 78
C.Cl, Et 12 100 3 C(SE )SH 35
C.H,SMe Me 4 100 5 C.H,sH 90
p-CH,Cl, Me 6 100 5 p-C.H,(SMe), 8

p-C H,(8Me)SH 52¢

p-C,H,CISH 13¢
p-C H,CL, Me 6 50 4 p-CH,(SMe), 5af
C,Cl, Me 12 20 48 C.(SMe), 71
C.Cl, Me 12 100 2 C.(SMe),SH 85

¢ Satisfactory analytical data (x0.4% for C, H) were obtained for all new compounds.
column chromatography and calculated from the amount of aryl halide employed
¢ Isolated as the isopropyl thicether,

C.(SCHMe, ), was also present.
were not determined.

some apparently anomalous results are obtained which,
however, can be easily rationalized and used to develop
other interesting syntheses. Because of the simple pro-
cedure and of the high yields obtained, the results now
described represent a remarkable improvement of the
previously reported methods.

Results and Discussion

The addition of an excess of Me,CHSNa to a solution
of 1,2,3-trichlorobenzene in HMPA, at 100 °C, gave
1,2,3-tris(isopropylthio)benzene (5) in 88% yield. Under
similar conditions 1,2,4- and 1,3,5-trichlorobenzene af-
forded the 1,2,4- (6) and the 1,3,5-tris(isopropylthio)-
benzenes (7) in 86 and 95% yields, respectively (Scheme
I). This latter compound was also obtained from the
1,3,5-tribromobenzene (Table I). Good results were also
obtained from the three isomeric tetrachlorobenzenes; the
1,2,34- (8), 1,2,4,5- (9), and the 1,2,4,6-tetrakis(iso-
propylthio)benzenes (10) were isolated in 85, 75, and 95%
yields, respectively.

The reaction of Me,CHSNa with pentachlorobenzene,
under the same experimental conditions, is complete in
15 min and gives an 87% yield of pentakis(isopropyl-
thio)benzene (12). If the reaction is carried out at 0 °C
an intermediate compound 11 (85%) can be isolated in
which only three chiorine atoms have been substituted.
When this compound is treated with sodium in HMPA and
methyl iodide is added to the resulting solution, 1,2,4-
tris(methylthio)benzene (13) was isolated.’ This result,

(5) The reaction of 13, as well as those of the other aryl alkyl sulfides
described in this paper, with sodium in HMPA is an extremely useful
process for the synthesis of polymercaptobenzenes, poly(methylthio)-
benzenes, and other (alkylthio)benzenes (unpublished results from this
laboratory).

b Based on isolated products after
¢ Not determined. ¢ Some
f The amounts of p-C,H,(SMe)SH and p-C,H,CISH

Scheme II
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however, does not give sufficient information about the
positions occupied by the two remaining chlorine atoms
and the structure of 11 cannot be fully elucidated. Further
reaction of 11 with Me,CHSNa gives 12 in 90% yield
(Scheme II).

In the case of hexachlorobenzene, the desired hexakis-
(isopropylthio)benzene (15) could be obtained cleanly and
in good yield (95%) only by lowering the temperature to
20 °C. With the even more reactive hexafluorobenzene,
the reaction had to be carried out at 0 °C. In this case,
with only 4 mol equiv of Me,CHSNa the reaction proceeds
selectively to give a single substitution product which, on
the basis of its NMR and mass spectra, was assigned the
structure of the tetrakis(isopropylthio)-1,4-difluorobenzene,
14 (Scheme III). If C4Clg or CeFg is allowed to react with
excess Me,CHSNa at 100 °C, under the usual experimental
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Scheme I1I
CeFe CeClg
F R SH
R3 _-SR RS SR RS SR
R s RS SR RS SR
]
F SR SR
14 15 16
R = Me,CH
ArSCHMe, + MeoCHSNa ——= ArSNa + (MeaCH)S
15 16

conditions, the reaction cannot be stopped to give 15, but,
even at low conversions, a new compound is formed which
finally represents the only reaction product. This was
identified as the pentakis(isopropylthio)thiophenol, 16
(Scheme III). Compound 16 was also obtained from the
reaction of 15 with Me,CHSNa. This reaction seems to
be peculiar of the hexakis(isopropylthio)benzene; in all the
previously described examples of the synthesis of other
poly(isopropylthio)benzenes, in fact, similar behavior was
never observed. A possible interpretation for the formation
of 16 is that the thiolate anion effects attack at the carbon
atom of the isopropyl group to give diisopropyl sulfide and
16 (Scheme III). This dealkylation reaction very likely
occurs by the Sy2 mechanism and, in fact, as we shall see
below, it occurs very easily with aryl methyl and with aryl
ethyl sulfides. As indicated also by the results described
above, the process becomes rather difficult when the nu-
cleophilic attack must occur at a secondary carbon atom;
the steric relief which the molecule can obtain on passing
from 15 to 16 is probably responsible for this otherwise
unfavorable reaction.

The ease with which these (isopropylthio)dechlorination
reactions occur confirms the already observed! activation
effect of chlorine and Me,CHS groups; this is qualitatively
indicated also by the fact that the more substituted com-
pounds require milder experimental conditions, as reported
above for the reactions of the penta- and hexachloro-
benzenes.

Some representative chlorobenzenes were also allowed
to react with EtSNa and MeSNa in order to investigate
the effect of the alkyl group of the thiol and to explore the
field of application of these substitution reactions. The
reaction of p-dichlorobenzene with EtSNa at 100 °C is
complete in 0.5 h and gives p-bis(ethylthio)benzene (18)
in 85% yield (Scheme IV); under these experimental
conditions the product of monosubstitution, 17, is com-
pletely transformed and the thiophenols deriving from the
dealkylation of 17 or 18 are not formed. Under similar
conditions, 1,2,4,5-tetrachlorobenzene afforded 2,4,5-tris-
(ethylthio)thiophenol (20, 85% ) whose formation indicates
that the 1,2,4,5-tetrakis(ethylthio)benzene (19) is easily
produced and dealkylated by EtSNa; pure 19 can be ob-
tained (90%) by working at lower temperatures and using
a smaller amount of nucleophile (Scheme IV). Similarly,
hexachlorobenzene reacts at room temperature with EtSNa
to give hexakis(ethylthio)benzene (21, 78%); at 100 °C,
however, 21 reacts with EtSNa to afford pentakis(ethyl-
thio)thiophenol, 22.

A different behavior was shown by MeSNa. From the
reaction with p-dichlorobenzene, at 100 °C, p-bis(meth-
ylthio)benzene (24) was formed in 8% yield only, the main
reaction products being p-chlorothiophenol (25, 13%) and
p-(methylthio)thiophenol (26, 52%). These resuits dem-
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onstrate that in the initially formed p-chlorophenyl methyl
sulfide (23), displacement of the chlorine atom to give 24
is in competition with nucleophilic attack of MeSNa at the
carbon atom of the thiomethoxy group to give the de-
methylation product 25.

This latter reaction is also responsible for the formation
of 26 from 24 (Scheme IV). The composition of the re-
action mixture is obviously dependent on the experimental
conditions employed; thus, the competitive aliphatic sub-
stitution can be considerably decreased by lowering the
temperature (see Table I).

At 20 °C, 1,2,4,5-tetrachlorobenzene gave a mixture of
products of partial substitution and of demethylation,
whereas the more reactive hexachlorobenzene gave good
yields (71%) of hexakis(methylthio)benzene (27). Also in
this latter case, if the reaction is carried out at 100 °C,
demethylation occurs and 27 is transformed into the
thiophenol 28 (Scheme IV).

Thus, with Me,CHSNa the reactions proceed smoothly
in every case and with EtSNa conditions can be found to
avoid the dealkylation process and to obtain the products
of displacement of all the chlorine atoms present in the
starting halogenobenzene, With MeSNa, however, ali-
phatic substitution of the intermediate halogenoaryl
methyl sulfides cannot be avoided unless the substrate is
strongly activated to aromatic substitution, as in the case
of the C¢Clg. These results induced us not to extend the
investigation with MeSNa; moreover, very efficient al-
ternative procedures are available for the synthesis of all
the poly(methylthio)benzenes.’

On the other hand, the facile cleavage of aryl methyl
sulfides by methanethiolate anion is noteworthy and can
find useful synthetic applications. For instance, when
phenyl methyl sulfide 29 was treated with excess MeSNa
at 100 °C for 5 h, thiophenolate anion 30 was obtained in
90% yield.®

CGH5SMe + MeSNa - CeHsSNa + MGQS
29 30
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Similar dealkylation reactions by MeSNa in DMF or
HMPA have been observed in the case of the alkyl or aryl
9-anthrylmethyl sulfides.” On the contrary, phenyl iso-
propyl sulfide was recovered unchanged from the reaction
with the MeSNa, thus confirming that substitution at the
isopropyl carbon atom occurs with great difficulty. The
efficient cleavage of the carbon—sulfur bond which can be
effected in the aryl methyl sulfides with MeSNa in HMPA
is an important reaction also from another point of view.
The thiol group is extremely sensitive and it is always
necessary to protect it before carrying out modifications
elsewhere in the molecule; it therefore becomes important
to develop methods for removal of the protecting group
under mild conditions. The results described in this paper
indicate that a methyl group can be used as a protective
group which is easily introduced and then removed with
MeSNa in HMPA. With respect to other methods de-
scribed in the literature™® this procedure is extremely
simple and may find useful applications.

The (alkylthio)dehalogenation reactions described above
are suggested to occur by the SyAr mechanism and confirm
the greatly enhanced reactivity of the thiolate anions when
HMPA is used as solvent. Thus substitution of the
unactivated halogen atoms in fluoro-, chioro-, bromo-, and
iodobenzene can be easily realized by Me,CHSNa,! EtS-
Na,! and MeSNa.” Moreover, C¢Cl; and CgFy give the
hexakis(alkylthio) benzenes, whereas in other solvents the
reaction gives only products of partial substitution; thus,
CsClg reacts with EtSNa in ethanol to give the 2,3,5,6-
tetrakis(ethylthio)-1,4-dichlorobenzene!® and similarly CgFy
reacts with several thiolates in ethylene glycol and/or
pyridine to produce 2,3,5,6-tetrakis(alkylthio)-1,4-di-
fluorobenzene together with some mono- and p-disubsti-
tuted compounds.!''? Some of the compounds described
in this paper can also be obtained from polynitro- and/or
halogenonitrobenzenes with Me,CHSNa and EtSNa in
HMPA® or with MeSLi in DMF;!* however, the procedure
now described represents the simplest way to synthesize
poly(ethylthio)benzenes and all the possible poly(iso-
propylthio)benzenes, starting from the corresponding
readily available polychlorobenzenes. Owing to the easy
dealkylation of the aryl methyl sulfides, some limitations
have been observed in the case of MeSNa; these diffi-
culties, however, can be overcome because poly(methyl-
thio)benzenes are very simply obtained from the corre-
sponding (ethylthio)- or (isopropylthio)benzenes in ex-
cellent yields. Similar (alkylthio)dehalogenation reactions
easily occur also in other aromatic systems such as naph-
thalene, thiophene, pyridine, and quinoline;® moreover,
other sodium thiolates can very likely be employed with
similar good results. The method described in this paper
can therefore be considered of general application. A
further interesting aspect of the synthetic method de-

(6) The formation of thiophenol can be effected in one pot, starting
from chlorobenzene; this represents a very convenient method for syn-
thesis of arylthiols fror unactivated aryl chlorides: L. Testaferri, M.
Tingoli, and M. Tiecco, Tetrahedron Lett., 3099 (1980).

(7) N. Kornblum and A. Scott, J. Am. Chem. Soc., 96, 590 (1974).

(8) Y. Wolman, “The Chemistry of the Thiol Group”, Vol. 2, S. Patai,
Ed., Wiley, London, 1974, p 669.

(9) Under the experimental conditions employed! chlorobenzene and
MeSNa give directly thiophencl.? Phenyl methyl sulfide, however, can
be obtained (30%) by simply adding methyl iodide to the cooled reaction
mixture.

(10) N. Kulka, J. Org. Chem., 24, 235 (1959).

(11) P. Robson, T. A. Smith, R. Stephen, and J. C. Tatlow, J. Chem.
Soc., 3692 (1963).

(12) K. R. Langille and M. E. Peach, J. Fluorine Chem., 1, 407
(1971/1972).

(13) P. Cogolli, L. Testaferri, M. Tingoli, and M. Tiecco, J. Org. Chem.,
44, 2636 (1979).

(14) J. R. Beck and J. A. Yahner, J. Org. Chem., 43, 2048 (1978).
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scribed in this paper is that the aryl alkyl sulfides thus
obtained can be used as the starting materials for the
preparation of mercaptobenzenes; a simple one-pot syn-
thesis of polymercaptobenzenes from polychlorobenzenes,
based on the results described above, has been developed
in our laboratory® and will be described in a forthcoming

paper.

Experimental Section!®

Commercial HMPA was used without further purification.
Sodium thiolates were prepared by adding thiols to a solution
of sodium ethoxide in ethanol; the solid residue obtained after
evaporation of the solvent was washed with ether, filtered and
dried under vacuum,

General Procedure. The solutions of aryl chlorides (0.01 mol)
and RSNa in HMPA (50 mL) were stirred under nitrogen; the
amounts of RSNa, the reaction temperature, and the reaction time
are reported in Table I. The progress of the reactions was
monitored by TLC or GLC. The reaction mixtures were poured
into saturated sodium chloride solution and extracted with ether.
The organic layer was washed with water and dried, and the
solvent was evaporated. The residue was chromatographed
through silica gel, using a mixture of petroleum ether (bp 40-60
°C) and ethyl ether (98:2) as eluant. In the case of the reactions
with MeSNa, the water layer was acidified with hydrochloric acid
and extracted with ether. The mixture of thiophenols thus ob-
tained was analyzed by NMR and isolated as the corresponding
isopropyl sulfides which were prepared by reaction with 2-iodo-
propane in refluxing ethanol (3 h) in the presence of sodium
bicarbonate.

Sulfones were obtained by oxidation with H,0, in acetic acid
solution and were purified by crystallization from ethanol. Their
IR spectra presented the characteristic absorptions at 1320-1300
and 1150 cm™.

The following products!® were obtained under the conditions
and with the yields reported in Table I.

1,2,3-Tris(isopropylthio)benzene (5): mp 73-75 °C; NMR
(90 MHz) é 6.9-7.3 (m, 3 H), 3.6 (septet, 1 H), 3.4 (septet, 2 H),
1.35 (d, 12 H), 1.25 (d, 6 H).

1,3,5-Tris(isopropylthio)benzene (7); bp 148-150 °C (1 mm);
NMR (60 MHz) § 7.2 (s, 1 H), 3.4 (septet, 1 H), 1.3 (d, 6 H); mass
spectrum, m/e 302 (15%, M + 2), 300 (100, M), 258 (48, M -
C3Hs), 216 (37, M“ZCaHﬁ), 174 (54, M- 303H6)' Sulfone: mp
173-174 °C; NMR (60 MHz) 6 8.05 (s, 1 H), 3.35 (septet 1 H),
1.35 (d, 6 H).

1,2,3,4-Tetrakis(isopropylthio)benzene (8): bp 165-168 °C
(1 mm); NMR (90 MHz) § 7.2 (s, 2 H), 3.6 (septet, 2 H), 3.4 (septet,
2H), 1.4 (d, 12H), 1.2 (d, 12 H). Sulfone: mp 128-130 °C; NMR
(90 MHz) 6 8.5 (s, 2 H), 4.5 (septet, 2 H), 4.45 (septet, 2 H), 1.55
(d, 12 H), 1.5-1.3 (m, 12 H).

1,2,4,5-Tetrakis(isopropylthio)benzene (9): mp 78-80 °C;
NMR (60 MHz) 6 7.15 (s, 1 H), 3.4 (septet, 2 H), 1.3 (d, 12 H).

1,2,4-Tris(isopropylthio)dichlorobenzene (11): oil; NMR
(90 MHz) § 7.35 (s, 1 H), 3.65 (septet, 1 H), 3.6 (septet, 1 H), 3.5
(septet, 1 H), 1.4 (d, 6 H), 1.25 (d, 12 H); mass spectrum, m/e
372 (21%, M + 4), 370 (80, M + 2), 368 (100, M), 330 (9), 328
(32), 326 (43, M — C,Hy), 288 (12.5), 286 (47), 284 (62, M - 2C;H,),
246 (16), 244 (61), 242 (82, M — 3C3H,).

Pentakis(isopropylthio)benzene (12): mp 69-70 °C; NMR
(90 MHz) § 7.0 (s, 1 H), 3.7 (septet, 1 H), 3.55 (septet, 2 H), 3.4
(septet, 2 H), 1.35 (d, 12 H), 1.2 (d, 12 H), 1.15 (d, 6 H); mass
spectrum, m/e 448 (100%, M), 406 (18, M - C;H,), 364 (8, M -
2C;Hg), 322 (15, M - 3C3Hy), 280 (52, M - 4C;H,), 238 (14, M -
5C;He).

1,2,4-Tris(methylthio)benzene (13): mp 53-54 °C (lit." mp
49-53 °C); NMR (60 MHz) § 7.25-6.85 (m, 1 H), 2.5 (s, 2 H), 2.45
(s, 1 H).

(15) NMR spectra were recorded in CDCl, solutions at 60 MHz on a
JEOL C60HL or at 90 MHz on a Varian EM-390 instrument; IR spectra
were recorded, in CH,Cl, solutions, on & Beckman Acculab TM5 spec-
trometer and GLC analyses were performed on a Hewlett-Packard 5830
chromatograph with a 20-in. 10% UCW 982 column.

(16) The vicinal coupling constant in the ethyl and isopropyl groups
was 6.5 Hz in every case.

(17) J. Pollack, Monatsh. Chem., 35, 1445 (1914).
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Tetrakis(isopropylthio)-1,4-difluorobenzene (14): mp
64-66 °C; NMR (60 MHz) 6 3.65 (septet, 1 H), 1.25 (d, 6 H); mass
spectrum, m/e 410 (100%, M), 368 (31.5, M - C;H,), 326 (31.5,
M - 2C;Hy), 284 (34, M - 3C3Hyg), 242 (44, M - 4CgHy).

Hexakis(isopropylthio)benzene (15): yellow, mp 113-115
°C; NMR (60 MHz) é 3.75 (septet, 1 H), 1.2 (d, 6 H); mass
spectrum, m/e 522 (100%, M), 480 (8.4, M - C;H,), 438 (11, M
- 2C;Hg), 396 (23, M - 3C;3Hg), 354 (32, M - 4C;Hy), 312 (33, M
- 5C3H6)1 270 (11, M - 6C3H6).

Pentakis(isopropylthio)thiophenol (16): yellow, mp 68-70
°C; NMR (90 MHz) ¢ 6.85 (s, 1 H, this proton exchanges with
D,0), 3.75 (septet, 2 H), 3.65 (septet, 1 H), 3.6 (septet, 2 H), 1.25
(d, 12 H), 1.15 (d, 12 H), 1.1 (d, 6 H); mass spectrum, m/e 480
(100%, M), 438 (13, M -~ C3Hj), 396 (19, M ~ 2C,Hy), 354 (38, M
- 3C3Hy), 312 (63.5, M ~ 4C3Hg), 270 (26, M - 5C,Hy).

1,2,4,5-Tetrakis(ethylthio)benzene (19): mp 65-67 °C; NMR
(90 MHz) 6 7.2 (s, 1 H), 2.95 (q, 4 H), 1.35 (t, 6 H).

2,4,5-Tris(ethylthio)thiophenol (20): bp 130-134 °C (0.01
mm); NMR (90 MHz) 6 7.35 (s, 1 H), 7.15 (s, 1 H), 4.4 (s, 1 H,
this proton exchanges with D,0), 2.4 (q, 4 H), 2.35 (q, 2 H), 1.3
(t, 3H), 1.25 (t, 3 H), 1.2 (t, 3 H).

Hexakis(ethylthio)benzene (21): bp 148-149 °C (0.01 mm);
NMR (90 MHz) 5 3.05 (q, 2 H), 1.2 (t, 3 H).

Pentakis(ethylthio)thiophenol (22): bp 147-148 °C (0.01
mm); NMR (90 MHz) 6 6.85 (s, 1 H, this proton exchanges with
D,0), 3.05 (g, 4 H), 2.95 (q, 6 H), 1.2 (t, 6 H), 1.15 (t, 6 H), 1.1
(t, 3 H).

Hexakis(methylthio)benzene (27): mp 88-90 °C (lit.’¢ mp
88-90 °C); NMR (60 MHz) § 2.5 (s).

Pentakis(methylthio)thiophenol (28): mp 95-97 °C; NMR
(80 MHz) 6 6.8 (s, 1 H, this proton exchanges with D,0), 2.6 (s,
6 H), 2.55 (s, 3 H), 2.5 (s, 6 H).

1,2,4-Tris(isopropylthio)benzene!® (6), 1,2,4,6-tetrakis(iso-
propylthio)benzene!® (10), p-bis(ethylthio)benzene!® (18), p-
chlorophenyl methyl sulfide! (23), p-bis(methylthio)benzene® (24),
p-chloropheny! isopropyl sulfide!, obtained from 25, and p-(iso-
propylthio)phenyl methyl sulfide!, obtained from 26, have physical
and spectroscopical properties identical with those reported in
the literature.
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The syntheses of 1,2-bis(3-methylphenyl)-, 1-(6-methyl-2-pyridyl)-2-(3-methylphenyl)-, and 1,2-bis(6-
methyl-2-pyridyl)benzenes are described. The aryl and heteroaryl olefins were brominated and didehydrobrominated
to give the corresponding acetylenes, which were treated with a-pyrone to generate the respective ortho-substituted
benzenes. The methyl substituents were oxidized with potassium permanganate to give, after esterification, the
diesters. 1,2-Bis(6-methyl-2-pyridyl)benzene was a-brominated and cyclized with sodium sulfide to give the
thiacyclophane 25. The barrier for ring inversion of 25 was ascertained by VT NMR to be AG* = 12.5 kcal/mol
at 245 K. Attempts to determine the rotational barriers of 11 and 12 were unsuccessful; however, a AG* of 10

kcal/mol was estimated for 13.

Recently, we successfully prepared a series of poly(2-
pyridyl)phenylbenzenes and proposed that if the barrier
to free rotation was appreciably high, configurational
isomers could be isolated.? For example, 1,2-bis(2-
pyridyl)tetraphenylbenzene (1) could exist in either a cis
(8,8) or trans («,8) form and thus hexakis(2-pyridyl)-
benzene should exist as eight nonsuperimposable isomers,
including one enantiomeric pair.

Gust et al.? have recently reported the synthesis of the
related substituted hexaarylbenzenes (2) and then dem-
onstrated that 2a can be separated by column chroma-

(1) (a) Previous paper in this series: Newkome, G. R.; Kawato, T;
Benton, W. H. J. Org. Chem. 1980, 45, 626. (b) Taken in part from the
Ph.D. Theses of J.M.R. (1979) and J. M.R. (1974).

(2) Newkome, G. R.; Islam, N. B.; Robinson, J. M. J. Org. Chem. 1975,
40, 3514,

(3) (a) Gust, D. J. Am. Chem. Soc. 1977, 99, 6980. (b) Gust, D.; Patton,
A. Ibid. 1978, 100, 8175. (c) Patton, A.; Dirks, J. W.; Gust, D. J. Org.
Chem. 1979, 44, 4749.
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tography into stable geometrical isomers. The close sim-
ilarity in methyl and methoxy group resonances can be
detected by 'TH NMR. Hexaarylbenzene 2b was also
partially separated into geometrical isomers and subse-
quently isomerized at 217.5 °C to give an equilibrium
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