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DITHIOSALICYLIDES AND TRITHIOSALICYLIDES
THEIR CONFORMATIONAL BEHAVIOUR IN SOLUTION
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Summary The trithiosalicylide derivatives (11) - (14) have been synthesised
and shown to ex1ist m solution as ring wverting (15 = 15*) enantiomeric helical
conformations

Dynamic 1H n m T spectroscopy of suitably -substituted disalicylides (i.e 1 and 2) and
trisalicylides (1.e, 3, 4, and 5) has led1 -3 to a more detailed understandmg of the conformational
behaviour of these compounds m solution than was possible on the basis ot the dipole moment measure-
ments carried out earlier 4 In particular, tri-3, 6-dunethylsalicylide (3), tri-o-thymotide (4), and
tri-o-carvocrotide (5) were all found3 to ex1st a8 an nterconverting bmary mixture of chiral non -planar
conformational diastereoisomers n which all three ester linkages adopt trans geometries  In all cases,
the 1somer with (_33 symmetry (the propeller conformatlons) predommates at equilibrium over the
asymmetric 1somer (the helical conformatlons) Both di-o-thymotide (1} and di-o-carvocrotide (2)
Contam2 two cis-ester linkages associated with chiral enantiomeric boat conformations which undergo
ring mversion, Activation parameters for conformational mversions and mterconversions have also
been decluced1 -3 from line shape analysis of appropriate variable temperature lI—I nmryr spectra In
this communication we describe the synthesis of some sultably-substuuted5 di- (6 - 10) and tr1- (11 - 14)
thiosalicylides and discuss their conformational behaviour m solution

Thiothymotic acid (3 -1sopropyl -6 -methyl -2 -mercaptobenzoic acid) was obtamedé’ 7 from the
methyl ester8 of thymotic acid n three steps (1) formation (MezNCSCI, NaH, MeZNCHO) of the _Q—aryl
dimethylthiocarbamate, (u) pyrolysis (320—340°C for 2 min ) to afford the S-aryl dumethylthiocarbamate,
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Table. The percentage yields and meltmg

P
2-mercaptobenzolc acid derivatives m dry to

2 -Mercaptobenzoic Dithiosalicylide T rltmosancyuae
acid derivatives Yield (%) M p (OC) Yield (%)  M.p. ( C)

3-Methyl % 0) 4 245-250 (1) 7 300 —302

5-Methyl p @) 1 155-157 (12) 10 250 —253

6-Methyl = (®) 31 155 (13) 8 ~ 300

3, 6-Dimethyl — e ® 31 235 (14) 7 > 300

3 -Isopropyl -6-methyl — (10) 12 203 - - -

im P 160-165° b Mp 155-157° (This m p 1s also reported by F Krollpfeiffer,

H. Schultze, E Schlumbohn, and E Sommermeyer, Chem Ber , 1925, 58, 1668) EM P 110°
(M.p 110-111° 18 reported by L Amorett1 and G Pagani, Farmaco Ed Sc1 , 1967, 22 917)
dM p 110°. € Isolated as an oil

and (1u) hydrolysis (HZO’ MeOH, HCI) to give thiothymotic acid  The other 2-mercaptobenzoic acid
derivatives listed 1n the Table were prepared from the corresponding 2-ammobenzoic acid derwamves9
by a sequence of reactlons10 mvolving (1) diazotisation (NaNOz, HCI) of the ammo group, (1) conversion
(NaZS EHZO. S, NaOH) of the diazonum salt to a disulphide, and (1) reduction (Zn, HOAc) of the

disulphide bridge to afford the desired thiol function  Cyclisation (P toluene) of the 2-mercapto-
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benzoic acid derivatives led to the 1splation and characterisation” of the di- and tri-thiosalicylide
11
derivatives™ " liste the Table
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dependences (see Figure) tor their constitutionally homotopic aryl methyl groups consistent with the
compounds adopting asymmetric conformations in which these groups are clearly stereoheterotopic.
Thus, the tr1-3- and tri-6-methylthiosalicylides (11) and (13) each exhibit three smglets at low
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Figure 1. Observed (full line) and computed (broken lme) spectra of the aryl methyl protons of
compounds (11)10 CSDSN' (12)m CD013—052 (I 1 (13 m C6H NOZ’ and(14) m CS 5
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temperatures (—IOOC and ~120C, respectively) which coalesce (Figures la and ¢, respectively) mto
broad smglets as the temperature 1s raised  Tri-5-methylthiosalicylide (12), which may be regarded as
a model compound for studying the conformational behaviour of trithiosalicylide, 12 gives two smglets in
the ratio of 2 1 at —94°C which undergo coalescence (Figure 1b) to give one singlet at higher
temperatures. Fmally, the tri-3, 6-dunethyl derivative (14) exhibits two sets (arising from the stereo-
heterotopic sets of constitutionally heterotopic aryl methyl groups) of three snglets at + 121°C which
coalesce (Figure 1d) into broad singlets as the temperature 1s raised. There 1s no experimental
evidence for the population of more than one conformational type —~ an asymmetric one' Inspection of
both framework and space -fillimg molecular models demonstrates that the trithiosalicylides (11) - (14)
can adopt enantiomeric helical conformations (15) and (15*) mn which the three thioester groups all assume
trans geometries and are oriented such that one sulphur atom occupies the opposite face of the

12 -membered ring from the other two sulphur atoms. 13 Moreover, X-ray structural mvestlgauons14
on crystals of (11) and (ﬁ)ls reveal that conformations of the helical type are adopted mn the solid state
Thus, we have interpreted the dynamic 1H n m r spectroscopic evidence in solution m terms of a ring
mversion (153 = 15%) process and have deduced (see Figure) free energies of activation for this process
by line shape analysis These values are significantly hugher (by from 4 to 10 kcal mol—l) than the
correspondmmg activation parameters foundl’ 3 m the trisalicylide series  We ascribe this dramatic
difference to the fact that the trithiosalicylides cannot — because of the greater steric demands of
sulphur atoms compared with oxygen atoms - undergo "pedalhng"l() of the trans-thioester linkages
after the manner proposeds for the trans-ester linkages m the correspondmng trisalicylides  In contrast,
the ring mversion (15 = 15*) process must proceed via an mtermediate where one of the thioester
linkages assumes a cis geometry with the consejuent loss of resonance stabilisation withm this thioester
unit at the associated transition states giving rise to appreciable destabilisation m addition to that
introduced by the nevitable mmcreases In steric stramn  Strong evidence for the importance of this
electronic factor comes from the observanon”T that the barrier to ring mversion between enantiomeric
boat conformations of di-o-thiothymotide (10) 15 24 6 kcal mol-1 compared with a v.alueZ of 17 7 kecal mol_1

for di-o-thymotide (1)  There 1s little doubt that the c1s-thioester and cis -ester linkages m the
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enantiomeric boat conformdtions of these molecules must lose much of their resonance stabilisation by
becoming non-planar (see ref 2) in the transition state conformations associated with their ring
mversions  Our results are m harmony with the expectation that the resonance stahilisations of planar
cis- and trans-thioester linkages will be considerably greater than those of structurally-related cis- and

trans -ester linkages
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