Notes

The steric requirements of the large anion (Ph-I-CI™)

can also be used to explain the fact that Cristol et al.!! ob-

tained trans addition of chlorine in the reaction of ace-
naphthylene with iodobenzene dichloride. Tanner and Gi-
dley? concluded that this reaction must be going by a radi-
cal mechanism since ionic addition of molecular chlorine to
acenaphthylene gave only cis addition. However, the large
anion from iodobenzene would probably prefer to add trans
while the small chloride ion could add cis.

The increase in trans 1,4 addition and the decrease in cis
1,2 addition in the reaction between 1 and antimony penta-
chloride has also been rationalized on the basis of a large
anion (SbCly~ or SbClg™) in the ion pair.5

The small amount of cis 1,2 addition (la, 2a) which does
occur in the reaction of 1 and 2 with iodobenzene dichlo-
ride is probably not the result of a concerted, molecular
process (5, shown with diene 1) since cis 1,2-dichloride for-
mation with this chlorinating agent in the case of other ole-
fins has been interpreted in other ways,? or simply has not
been observed.1%:12 The cis 1,4-dichlorides (le and 2¢) can
not be formed by a concerted cis 1,4 addition since this su-
prafacial addition would be forbidden with iodobenzene di+
chloride as has been explained with antimony pentachlo-

ride.13
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Experimental Section

Materials. Both iodobenzene dichloride!4 and trichloramine!®
were prepared as described in Organic Syntheses. Antimony pen-
tachloride was obtained from Alfa Products. )

Reaction Conditions. Reactions were carried out under nitro-
gen (unless oxygen was required as an inhibitor) and at thé fol-
lowing temperatures: trichloramine and antimony pentachloride,
—10 °C; and iodobenzene dichloride, room temperature. The
dienes were dissolved in the appropriate amount of solvent to give
a mole fraction of 0.02. The chlorinating agents were added to a
stirred solution of the dienes in such amounts to consume 10 and
20% of the diene in dilute and neat solutions, respectively. The
method of addition of the chlorinating agent depended on the re-
action conditions: with dilute solutions, antimony pentachloride
and iodobenzene dichloride were added as ca. 5% solution in the
appropriate solvent; and in neat reactions, antimony pentachloride
was added neat, and iodobenzene dichloride as a solid. Under all
conditions trichloramine was added as a solution (0.6-0.7 M) in the
appropriate solvent. The approximate volumes of dilute reaction
mixtures are (ml): CHaCls, 22; CCly, 32; and CsHyo, 38. )

Identification and Analysis of Products. The cyclopentadiene
dichlorides have already been reported,® and the procedures for es-
tablishing the structures of the cyclohexadiene dichlorides are de-
scribed elsewhere.* The dichlorides from both ‘dienes were ana-
lyzed by VPC under the following conditions: (cyclopentadiene), 7
ft X 0.125 in. column (SS) at 62 °C packed with 8,8-oxydipropioni-
trile (2.5%) on 80-100 mesh Chromosorb W (AWDMCS) with re-
tention times (min) of 4.4, 7.4, 20.6, and 22.6 for 1b, 1d, 1¢, and 1a,
respectively; and (cyclohexadiene),!6 6 ft X 0.125 in. column (SS)
at 57 °C packed with SE-30 (2.5%) on 80-100 mesh Chromosorb W
(AWDMCS) with retention times (min) of 5.8, 7.2, 7.9, and 9.2 for
2b, 2d, 2¢, and 2a, respectively. The stability of the dichlorides
under these reaction and analysis conditions have been discussed
elsewhere.3-5
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The potential of tetrathia[4.4]cyclophanes as useful syn-
thetic precursors of bridged aromatic ring systems has been
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Table I. Preparation of 2 and 4 by Oxidation of 1 and 3 with NBS-Pyridine in CCl,
Method of
Compd Reaction time, h (temp, °C) Mp, °C (recrystn solvent) Yield,? %  Molecular formula® isolation®
2a 10 (40) 170-171¢4 (ethanol) 56 A
2b 12 (50) 209-210 (hexane) 60 C1aH90S4 A
2¢ 15 (40) 252-254 (acetone) 72 CooH24S4 A
2d 18 (78) 283-285 (benzene) 62 CooHsSy A
2e 16 (25) 265-267 dec (benzene) 22 CooHgsSy B
4a 20 (25) 250-252 dec (benzene) 8 C16H16S4 B
4b 18 (76) 286-288 (CCly) 15 Ca4H35S, B

¢ Yields are for isolated and purified products. ® Confirmed by mass spectral data, and satisfactory analytical values (£0.3% for C, H,
and S) were reported for all new compounds listed in the table. ¢ A, by direct crystallization; B, by chromatography over silica gel using
benzene-petroleum ether (bp 50-75 °C) (1:4 or 1:5) followed by recrystallization from the solvent specified. ¢ Lit.! mp 171.5-172.5 °C.

realized by the conversion of 2,3,12,13-tetrathia[4.4]meta-
cyclophane (2a) and its 10,20-dimethyl derivative (2, R! =

R? = R3 = H; R* = CHa) into the corresponding 2,11-dithi-

a[3.3]metacyclophanes! which were the key intermediates
for a series of interesting hydrocarbons including 15,16-
dihydropyrenes.? In principle, this type of medium-size cy-
clic bisdisulfide can be prepared directly by oxidative cou-
pling of appropriate m- and p-xylylene dimercaptans, but a
general procedure is lacking in the literature. We report
here a convenient method which not only provides reason-
ably good yields of symmetrical tetrathia[4.4]metacyclo-
phanes 2, thus complementing the two-step synthesis re-
ported by Boekelheide and Mondt,! but also permits the
preparation of 2,3,12,13-tetra[4.4]paracyclophanes (4) for
the first time.
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The procedure involves treatment of xylylene dimercap-
tans 1 or 3 with the appropriate molar quantity of N-bro-
mosuccinimide (NBS) in carbon tetrachloride containing
slight excess of pyridine. Isolation of products is effected
by direct crystallization or column chromatography.

Seven successful cyclizations (Table I) were observed
from nine xylylene dimercaptans examined in the present
investigation. The lower yields for the formation of tetra-
thia[4.4]paracyclophanes 4 are readily accountable by their
increased ring size. The only instance where the desired
cyclization failed was with 4,6-bis(mercaptomethyl)iso-
durene (1, R! = R2 = R3 = R* = CHjy), which gave only
polymeric products. In addition, 2,5-bis(mercaptomethyl)-
p-xylene (3, R! = R3 = H; R? = R* = CHj;) gave a coupling

product with mp 249-251 °C and parent mass peak at m/e
392 whose structure can either be the syn (5a) or anti (5b)
isomer. Inspection of molecular models reveals that these
two isomers are not interconvertible by ring flipping. Un-
fortunately, its NMR spectrum (CDClg), which displayed
singlets at 6 2.34 (3 H), 8.64 (2 H), and 6.82 (1 H), cannot
distinguish between these two possibilities.

S$— 5 S—S

The facile oxidative coupling observed with NBS is re-
markable since our earlier attempts to prepare 2 and 4 by
employing other oxidants such as hydrogen peroxide, io-
dine, ferric chloride, and atmospheric oxygen under various
conditions failed in almost all cases. Either polymerization
occurred in such serious extents that product isolation was
precluded or starting materials were recovered unchanged.
The only exception was le, which was cyclized into 2¢ in
80% yield by air oxidation in ethanol containing excess so-
dium ethoxide.

Experimental Section?

Preparation of Dimercaptans 1 and 3. Compounds lc—e and
3b were prepared by standard procedure* from the corresponding
xylylene dichlorides which were in turn obtained by bischloro-
methylation of appropriately substituted methylbenzenes.> Com-
pounds 1a, b and 3a were prepared similarly from the correspond-
ing dibromides. All dimercaptans exhibited NMR spectra consis-
tent with the assigned structures.

General Procedure for the Preparation of [4.4]cyclophanes
2 and 4. An equal molar mixture of 1 or 3 and NBS in a large vol-
ume of dry carbon tetrachloride (distilled over P305) containing a
slight excess of pyridine was stirred at the temperature and for the
durations specified in Table I. Removal of succinimide and pyri-
dine hydrobromide from the reaction mixture was effected by ex-
traction or washing with water. Product isolation from the residue
was carried out by crystallization or column chromatography. Rep-
resentative preparations are illustrated below.

6,7,8,16,17,18-Hexamethyl-2,3,12,13-tetrathia[4.4Jmetacy-
clophane (2d). To a solution of 1d (1.70 g, 8 mmol) in 350 ml of
dry carbon tetrachloride containing pyridine (2.0 g, excess) was
added NBS (1.41 g, 8 mmol) in one portion and the mixture was
stirred under reflux for 18 h. The reaction mixture was filtered hot
and the cooled filtrate was extracted with water and dried over an-
hydrous MgS04. Removal of solvent in vacuo gave a fluffy white
solid which was recrystallized from benzene to afford 1.05 g (62%)
of pure 2d as white, fluffy needles: mp 283-285 °C; NMR (CSy) §
6.45 (s, 1 H), 3.70 (s, 4 H), 2.21 (s, partially overlapped, ca. 6 H),
and 2.11 (s, partially overlapped, ca. 3 H); mass spectrum (70 eV)
m/e 420 (M*).

2,3,12,13-Tetrathia[4.4]paracyclophane (4a). To a solution of
3a (1.70 g, 10 mmol) in 400 m! of dry carbon tetrachloride contain-
ing pyridine (2.2 g, excess) was added NBS (1.78 g, 10 mmol) in
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one portion, and the mixture was stirred at room temperature for
20 h during which period a white solid gradually formed.-The re-
sulting mixture was carefully evaporated to dryness under reduced
pressure and the residue was successively washed with water and
methanol followed by repeated extraction with warm chloroform.
The dried (anhydrous MgSO4) chloroform solution was concen-
trated to ca. 10 ml and poured into a column of silica gel. The frac-
tions eluted by benzene-petroleum ether (bp 50-75 °C) (1:4) on
evaporation left a white solid which was recrystallized from ben-
zene to give 130 mg (8%) of pure 4a: mp 250-252 °C dec; NMR
(CDCl3) 4 6.84 (s, 1 H), 3.62 (s, 1 H); mass spectrum (70 eV) m/e
336 (M), '
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The thiono-thiolo rearrangement of organophosphorus

thionoesters (eq 1) is known to be effected thermally as
well as by alkyl halides, Lewis acids,! and electron impact.?

A.\P/X A\P/XR o
~ AN
B \OR B/ \O

"X =8, Se; R = primary alkyl

We have found that protic acids can also cause this type of
rearrangement with the rate of reaction depending on the
nature of the A, B, and R substituents and also on the
strength of the acid used. The rearrangement can be moni-
tored by means of either 3P NMRS3 or by 'H NMR.4 The
main limitation of our new procedure for thiono-thiolo re-
arrangements lies in its inapplicability to compounds with
P-N bonds; such bonds are labile in acidic conditions.?
Those esters when R is secondary or tertiary alkyl are also
unsuitable reactants. The described method of rearrange-
ment of phosphorothionates into isomeric phosphorothio-
lates under the influence of protic acids possesses one main
advantage; it gives very clean and easily isolable products.
Simple removal of trifluoroacetic acid by distillation and
neutralization of the 1:1 complex? (>P=0....HOCOCF3)
allows isolation of pure phosphorothiolate. For example,
dissolving trimethyl phosphorothionate and trifluoro- or
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trichloroacetic acid (1:10 mol/mol) in carbon tetrachloride
(0.8 mol) results in- rearrangement to 0,0,S-trimethyl
phosphorothiolate. The half-life times ¢1/0, measured at 55
°C, were 5.95 and 82.9 h, respectively. It has been also
found that ¢1/5 of conversion at 556 °C of trimethyl phos-
phorothionate, 0,0-dimethyl phenylphosphonothionate,
and O-methyl diphenylphosphonothionate diluted in tri-
fluoroacetic acid (1:10 mol/mol) were respectively 0.46, 1.2,
and 3.91 h.

Our preliminary observations allow us to draw some con-
clusions about the mechanism of the rearrangement. Inter-
molecular character has been demonstrated in the fol-
lowing experiment. The mixture of trimethyl and triethyl
phosphorothionate (1:1) in trifluoroacetic acid solution
gave the following products: (MeO)sP(0)SMe, (EtO)sP-

(O)SEt, (MeO)sP(0)SEt, and (Et0)sP(0)SMe. The last

two compounds clearly indicate an intermolecular type of
process. In addition (Et0)oP(0)SEt and (MeO)oP(0)SMe,
when stored in CF3COOH solution under the same condi-
tions, did not lead to detectable amounts of (MeQ)oP-
(O)SEt or (EtO)sP(0O)SMe. It seems reasonable that the
protonation of thiophosphoryl sulfur takes place in the first
step of the reaction. The absorption band for the thiophos-
phoryl group, vp-—=g 635 cm~! in PhyP(S)OMe measured in
CCly solution (10%) shifts to 628 cm~! when an equimolar
amount of CF3COOH is added, while the vp—p 1080 cm™!
of the bridging oxygen remains unchanged. Consequently,
the formation of a quasi-phosphonium cation has to be
considered:

+
AL, [aL A, _SH
POl B S PN
B OR 7 LB OR B OR
1 2

Equilibrium between 1 and 2 depends on the pK, of the
acid and the nature of the substituents A, B, and R. Quasi-
phosphonium cation 2 possesses strong alkylating proper-
ties” and a “soft” base in the reaction medium would be
immediately alkylated. The sulfur atom of the thiophos-
phoryl group can be considered as a “soft” base, which, in
the presence of 2 would be alkylated immediately with for-
mation of another ion 4 and free acid 3.

A
2+ \P/s — A\P/(S\H + A\f—‘/ >
5~ or 5~ o 5~ oRr
3 4

Cationic species 4 would also possess alkylating proper-
ties” and could alkylate another molecule of thionoester 1
or the free thio acid 3, with liberation of rearranged
thioloester—trifluoroacetic acid complex. The formation of
1:1 complexes of phosphoryl compounds with protic acids
is known.® It has to be emphasized that in several experi-

‘ments the presence of dialkyl hydrogen phosphorothioate 3

has not been detected. Also methyl trifluoroacetate is not
formed in the reactions investigated. O-n-Propyl diphenyl-
phosphinothionate rearranges in CFsCOOH solution to S-
n-propyl derivative. No traces of S-isopropyl ester were
found among the reaction products. Thus, carbocation R*
is then presumably not responsible for the S-alkylation
process.

A 0
\ // \\\
1+ HY — ' +
B/P\\‘s’/H +R
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