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DITHIOSALICYLIDES AND TRITHIOSALICYLIDES 
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Summary The trlthlosallcyllde derlvatlves (II) - (14) have been syntheslsed 
and shown to exist m solution as rmg mvertlng (2 &z*) enantlomerlc hellcal 
conformations 

- - 

1 
Dynamic H n m r spectroscopy of suitably-substituted disallcylldes (1-e 1 and 2) and --- - 

trlsallcylldes (i.e. g, &, and 5, has led 
l-3 

-- to a more detailed understandlng of the conformatlonal 

behavlour of these compounds m solution than was possible on the basis of the dipole moment measure- 

ments carried out earlier ’ In particular, trl-3,6-dlmethylsallcyllde (g), tri-o-thymotlde ($), and - 

trl-o-carvocrotide (2) were all found3 to exist as an mterconvertmg binary mixture of choral non-planar 

conformatlonal dlastereolsomers II-I which all three ester lmkages adopt trans geometries In all cases, 

the Isomer with _C3 symmetry (the propeller conformatlon3) predommates at equllhrlum over the 

asymmetrIc Isomer (the hellcal conformatlon3) Both dl-o-thymotide (i) and dl-o-carvocrotlde (2j 

contam’ two cls-ester lmkages associated with chn-al enantlomerlc boat conformations which undergo - 

rmg mversion. Actlvatlon parameters for conformatlonal inversions and lnterconverslons have also 

been deduced’ -3 from lme shape analysis of appropriate variable temperature lH n m r spectra In 

this communlcatlon we describe the synthesis of some sultably-substltuted5 di- (5 - 10) and trl- (11 - 14) - -- 

thlosallcylldes and discuss their conformatlonal behavlour m solution 

Thlothymotic acid (3 -isopropyl -6 -methyl -2 -mercaptobenzolc acid) was obtamed 
6,7 from the 

8 
methyl ester of thymotlc acid in three steps Q formation (Me2NCSC1, NaH, Me2NCHO) of the c-aryl 

dlmethylthiocarbamate, (2) pyrolysis (320 -34O’C for 2 mm ) to afford the S -aryl dlmethylthlocarbanlate, - 
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Table. The percentage yields and meltmg pomts of products obtamcd on cycllsatlon of selected 
2-mercaptobenzolc acid derlvatlves 111 dry toluene III the presence of phosphoric anhydrIde 

2 -Mercaptobenzolc Dittuosallcylide 
acid derivatives M p (‘C) 

Trittnosallcyllde 

Yield (%) Yield (%) M.p. (‘C) 

3 -Methyl ;L 
5-Methyl b 

(6) 4 245 -250 (11) 7 300 -302 
155-157 

6-Methyl c 

(7) (12) 10 250 -255 

3, 6 -DImethyl d 
@) 3: 155 (5) 8 > 300 

e 
(2) 31 235 (14) 7 > 300 - 

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

aM p 160-165’ b M p 155-157’ (This m p 1s also reported by F Krollpfelffer, 
H. Schultze, E Schlumbohn, and E Sommermeyer, Chem Ber , 1925, 58, 1668) %M p 110’ 
(M-p IlO-111’ IS reported by L Amoretti and G Pagam, Farmaco Ed?=l , 1967, zz, 917) 
d_M p llO”. _ e Isolated as an oil 

and (in) hydrolysis (H20, MeOH, HCl) to give thiothymotic acid - The other 2 -mercaptobenzcnc acid 

derivatives listed in the Table were prepared from the correspondmg Z-ammobenzou~ acid derlvac~ves’ 

by a sequence of reactions” mvolvmg (1) dlazotisation (NaN02, _ HCl) ot the ammo group, (n) converSIon - 

(Naps 2H20, S, NaOH) of the dlazomum salt to a disulphide, and (111) reduction (Zn, HOAc) of the 

disulphide bridge to afford the desired thlol function Cycllsation (P4010, toluene) of the 2 -mercapto - 

benzoic acid derivatives led to the Isolation and Lharacterlsatlon9 of the ch- and trl-thlosalicylide 

derlvatlves’l listed m the Table 

The lH n m r spectra of the trithlosalicylide derivatives (11) - (14) all showed temperatclre - - 

dependences (see Fggure) for their constitutionally homotoplc aryl methyl groups consistent with the 

compounds adopting asymmetric conformatIons m which these groups are clearly stereoheterotopic. 

Thus, the trl-3- and tri-6-methylthlosallcylides (11) and (13) each exhibit three smglets at low - - 

(4 
(14) AC;*=24.Okcalmol-’ - 

62-52 82 47 6224 62-04 

k-0 43 S-’ 

m 

62-58 62 38 

Figure 1. Observed (full lme) and computed (broken lme) spectra of the aryl methyl protons of 

compounds (2)” C5D5N, (12) m CDC13-CS2 (1 l), (l3_) m C6H5N02, and(c) III C5D5N. 



temperatures (-lOoC and -12*C, respectively) which coalesce (Figures la and L, respectively) mto 

broad smglets as the temperature 1s raised Tri -5 -methylthlosallcyllde (E), which may be regarded as 

a model compound for studymg the conformatlonal behavlour of trlthlosallcyllde, 12 
gives two smglets m 

the ratlo of 2 1 at -94’C which undergo coalescence (Equre lb) to give one smglet ar higher 

temperatures. Fmally, the trl-3, b-dlmethyl derivative (14) exhibits two sets (arlsmg from the stereo- - 

heterotoplc sets of constltutlonally heterotopic aryl methyl groups) of three smglets at + 121’C which 

coalesce (Fqure Id) mto broad smglets as the temperature 1s raised. There IS no experImenta 

evidence for the population of more than one conformatlonal type - an asymmetric one ’ - Inspection of 

both framework and space-fdling molecular models demonstrates that the trlthlosallcylldes (11) - (14) 

Lan adopt enantlomerlL hellcal conformations (15) and (15:) - - m which the three thloester groups all assume 

trans geometries and are oriented such that one sulphur atom occupies the opposite face of the 

1.2 -membered rmg from the other two sulphur atoms. 13 
Moreover, X-ray structural mvestigatlons 

14 

on crystals of (11) and (13)15 - - reveal that conformations of the helical type are ddopted m the solid state 

Thus, we have Interpreted the dynamrc 
1 
H n m r spectroscopic evrdence m solutmn 111 terms of a rmg 

inversion (2 = 15”) process and have deduced (see Figure) free energies of activation for this process - 

by lme shape analysis These values are sxgnrflcantly higher (by from 4 to 10 kcal mol-l) than the 

Lorrespondmg activation parameters found 173 III the trlsallcyllde series We ascribe this dramatic 

difference to the fact that the trithlosallcyllde~ cannot - because of the greater sterlc demands of 

sulphur atoms compared with oxygen atoms - undergo “pedallmg” 
16 

of the trans -thloester lmkages 

after the manner proposed3 for the trans-ester lmkages m the corresponding trlsallcylldes In contrast, 

the ring mverslon (E = 15”) proLess must proceed via an lntermedlate where one of the thloester - - 

lmkages assumes a cls geometry with the consquent loss of resonance stabillsatlon wlthm this thioester - 

unit at the associated transition states glvmg rise to appreciable destablilsatlon m addltlon to that 

introduced by the inevitable increases m steric stram Strong evidence for the importance of this 

electronic factor comes from the observation 
I/ 

that the barrier to rmg mverslon between enantlomerlc 

boat conformations of dl-o-thlothymotlde (10) 1s 24 6 kcal mol 
-1 

compared with a value2 of 17 7 kcal mol 
-1 

- 

for dl-o-thymotlde (L) There 1s little doubt that the cls-thloester and cls-ester lmkages ui the - - 



enantlomerlc boat conformatlons of these molecules must lose much of their resonance stablllsatlon by 

becommg non-planar (see ref 2) in the transltlon state conformations associated with their rmg 

mverslons Our results are m harmony with the expectation that the resonance stahlllsatlons of planar 

cls- and trans.-thioester lmkages will be considerably greater than those of structurally-related US- and 
- 

trans-ester lmkages 
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This AG * value was obtamed from lme shape analysis of the temperature dependent H n 1n.r 

slgTlalsfor the isopropyl methyl groups III (10) The two overlappmg doublets observed m 

nltroknzene at 5 1.04 and 1 11 at + 176OC coalesced to one doublet as the temperature was 

raised to +201°C Note that (6) - (9) lack an n m r probe suitable for the mvestlgatlon of - - 
their conformatlonal behavlour m solution 
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