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The ekcaophilic addition of sulphenyl chlorides to un- 
saturated compounds has been extensively invcsti@ed 
and reviewed. -3 These reagents belong to the group of 
weak eh~~~~phiks: a development of the positive 
charge(s) on the carbon atom(s) in the intermedhe is 
relatively small, and hence the addition of sulpllenyl 
chlorides is akompankd by vent only in rare 
Ca!MLy lk outa* feetare of tbcsc reactions is 
the &d&ion of the fragments of the initial sulphcnyl 
halidc;tbemixedaddithproductsviaaparticiinof 
the external nnhopbik have, for the most part, not 
bl!enisd8ted.This~thclItih&onofaceticadd 
or acctonitrik as sdvents for tbc wlpkenyl hali& addition 

recently tba evidence that t& addition proceeds via . . 
lntamsdgtesliLe~hpair,2,orthesolpburanc,3,in 
the medii with low m power (CH&OOH) or in 
non-polar solvents (CCL).- . 

Ope of the most importaot syntbetial prob&ms with 
electrophilicylditinnsisto krease effective dl?cuo- 
phikity of weak electrophiks. The suacssful redhtion 
ofthispnBbkmwoddpermitastoexpuitheacopeof 
tbc¶eleactioMrodthcwbokspecbum0fDew 
LUIlpdS~thCreurrpOsdS~WOUldbC 

avail&h. IO a&a&n to dw adphur contain& dec- 

trophikstbereexis!!32mctbodsoftbe~of 
&xtiveckctrophilicay.onemetboduanmistsoftbe 
llth&o of rtrongly+arixuf coalpkxcs of type 
R!S+x-iuaddithmaclnM&TbeothernKlthodbasbesn 
ekhated by Z&ov, Bodrikov and co-workers.- rad 
is based on the particiion of the ion-pairs, 2, in the 

addition of sulpknyl hakks and involves a strong in- 
crease of the effective ekctrophilicity of the reagent 
used by the ad&on of a stropg ek&rolytc (IiCIO~) to 
thereactionmixtrrre.Tbefirstmetbodrcscmbhxthe 
M+-Swl and W-&d2 processes in nuckophilic 
substitution’0 sod the secoad one resembles “the specid 
salt effect” in sdvdysis.” 

However one may sqtcst a third method of increasing 
the effective electrophilicity of weak ekctroplliles ill 
electrophilic additions which consists ia the application 
of the sdvents witb the bigb ionking power, pronto* 
the dissacii of either tk reagent or the 0th 
covpknt in&med.&s. Agaiu by analogy with solvdysis 
one may choose tbe !3olvcat(s) which either promotes the 
transformationofthe!&42pmcessinto!hlorsharply 
accehus the &I solvolysis (e.g. the solvents with 
large constant Y of Wmatein-Grunwdd’~. Ahhoqtb at 
ht sight this appmacb seems obvious and even trivial, 
itsr&sahonnamelyfort&additionmscthsofsul- 
pbenylb&desandwcakekctmphiksiogenemlisnotan 
easy problem. Firs& the choice of such solvents is sbarp- 
ly restricted in general. !hcQadly, some of them can 
react with sulpbenyl halides which also Mtricts the 
possibilitica. For example it has been documeated that 
!3dphenyl chblides react with akobols” and formic 
acid.” Fultbcrmorc, this approach fails someths due 
tothspu%&yoftheadditionmecbanh.Forexrm- 
pk,tbeaddithofNOC!lto nohmeneinfolmicacid 
pmcecdswitbtkformationof”wrmrl”adductandtbe 
formic acid does not iatluen4~ the reaction.‘s 

rnthispaperwelmvestudialtheapplkaityoftbe 
third method for the two model addition rawioa8 of . . 

L 
4-dmmbenzeaesulpbcnyl chbhk pfy3~ 

48nddimctiwx~ 
0ftbcsemodcbd0ehdOtkhk0~~ of the 

pllxhct di!dmiOn iu uaud cOnditiOns;'~ which 

pldstia~~“~~ee~~mthe 

It has been &own’ that reaction of DNBSC with 
norbomene proceeds (a) witbaut Wagner-Mcerwein 
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Cti 
0: X=CI 10: X=OAc II 
0: X = OAc 14: X = OCHO 

13: X=OCHO 17: X=OH 
16: X=OH 

I6 

Ar = 2.4-(NO&C~Hs 

I 2 

marmngement in CC& and in CHXODH (20”) to give in 
last case the mixture of chloride 6 and nortricyclene 7; 
(b) to give 25% of rearranged chloride 8 L. CHd!ODH 
(60”) to@her with 75% of mixture of 6 and 7; sod (c) to 
give the mixture of rearran@ acetates 9 and 10 in 
CHJX’XIH (60”) in presence of LitJO.. The addition of 
DNBSC to okfin 5 proceeds to give (a) the mixture of 
chlorides 11 and 12 (with tbc ratio 1: 5) in CCL and (b) 
the rearranged chloride 11(42% at 25’ and 63% at 60”) in 
CHdXKIH.‘6 We have to emphasize that only MT- 
ranged chloridrs 8 and 11 have been obsend in 
CHXOOH as a solvent: the formation of reamngcd 
acrtute.9 9 and 10 has been observed only in presence of 
perchlorate salts. 

In sharp contrast with these observations we have 
found that the addition of DNBSC to the norbomene in 
HCOOH at 20” proceeds to give the rearranged formates 
13 (syn-, m.p. 140-140.50) and 14 (on&. m.p. 118-I 19.5”) 
(total yield 5096) together with small quantities of 6, 7, 
and nonidentified high-melting products, which are 
probably due to the partial destruction of DNBSC. The 
yield of formates depends on temperature decreasing to 
9% at 60”. The addition of 0.5 mol of LiClO, led to a 
small increase of yield, but the substantional quantity of 
LiClO, (up to 2mol) sharply decreased the yield. The 
formation of the formates 13 and 14 is not due to the 
solvolysis of chlorides 6 and 8. In every case we have 
isolated variable amounts of rearranged oxycompound 
15; however its formation is probably due to the workup 
procedure. 

The structures of the formates obtained have been 

determined by PMR spectra. Both formates 13 and 14 
have tbe signal of H-CO with the width over extreme 
peaks equal 10.5 Hz which point to the 2-cxo-position of 
formyloxy groups in both isomers. The signals of H-C-S 
protons are the singlets with 8 3.27 (13) and 3.60 (14) 
ppm, which indicates the ‘I-position of sulphur containing 
substituent. Recently we have obtained the mnged 
acetates 9 and 19 which structures have been determined 
by analogous PMR arguments? The choice between syn- 
(9) and anti- (10) isomers has been made by X-ray 
analysis of the structure of the anti-isomer 10.” A 
low-field shift of H7 in anti-isomer (3.65 ppm in 9 as 
compare with 3.Mppm in 10) permit us to use this 
dilference as a diagnostic tool for the contigurational 
assignment. Thus we suggest the syn-co&uration for 
the formate 13 with up-field shift of H7 and vice versa. 
Additionally the structures of 13 and 14 has been proved 
by chemical correlation with acetates 9 and 10 cor- 
respondingly after the hydrolysis and acetylation. 

The reaction of DNBSC with 5 in HCODH at 2U’ 
proceeds to give 70% of formate 16 together with 27% 
of m chlorosulphide 11. Addiin of LiCtOr does 
not substantially influence the course of reaction (54% 
of 16 and 27% of 11). The PMR spectra of 11 and 16 
contain the signal of protons of CHz group which can be 
interpreted as the AR part of ABX system with ad- 
ditional coupling constant of aroproton due to the 
H,..,&& interaction. These PMR data indicate the 
rearmr& st~ctures both 11 and 16. The HC-S and 
H-C-Cl signals for 11 are masked by the CH&Ggnals, 
which does not permit us to ascribe ao- or endo- 
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cott@t&on of chlorine. However the PhfR spectrum of 
16 contains the qt&upkt of H-C-C proton (8 
4.25ppm) with the width over the outermost peaks 
11.8 Hz which is AJAX + Jexl and points out the 2+x0- 
position of formyloxy group in 16. The aualoey of cbem- 
kal shifts of H-C-S protons in 13 (327ppm) and 16 
(3.38 ppm) permits us to ascribe the synconfiguration of 
16. 

The main result in principle of this work is the follow- 
ing: The use of formic acid as solvent in addition reac- 
tions of DNBSC to okflns leads to the strong increase of 
the effective electrophilicity of the reagent, shown in (a) 
occurrance of tbe Wagner-Meemein rearrangement and 
~lttonparticipation of the solvent in a final step of the 

IA us consider some mechanistic aspects of the reac- 
tion. Firstly it is known that pchlorobenxeoesulphenyl 
chloride reacts with formic acid to produce the cor- 
respondii disulphide and thiolsulphonate.” We have 
shown that DNBSC also reacts with HCOOH to give the 
dinitrophenyldisulphide. However the rate of this 
process is evidently kss than the rates of the addition 
reactions. 

Secondly it is useful to compare the di!Ferences be- 
tween these addition reactions in acetic vs formic acids. 
In general the diIIerence has to be due to electrostatic 
forces in the CHXOOH on the long distances due to the 
small dielectric constant of this medium (+= 6.17). 
Hence, the ions, if they form, have to join into the 
ion-pairs (or into the more complex aggreKates). Indeed 
the majority of salts exist in acetic acid as ion-pairs. 
Therefore the salt effects depending upon the ion-pair 
interaction are strongly pronounced in this solvent. 
Hence the success of the earlier proposed method of the 
increasing of the effective ekctrophilicity due to the 
addition of perchlorate salts.“*9 

Formic acid has the large diekctric constant (rao= 
57.9) and possesses a larger “ionixing power” than acetic 
acid.” For example the parameters Y, based on tert- 
butyl chloride solvolysis. are -1.64 (CH,COCH) and 
3.04 (HCOOH) and parameter Yuwr,. based on the 
solvolysis of 2-adamantane derivatives, are -0.61 
(CHXOOH) and 2.05 (HCOOH).‘2 Further, tosylate 
solvolyses (both SNI and sW2) are sharply accelerated in 
formic acid as compared with acetic 8~id.‘~‘” Different 
explanations could be advanced for this phenomenon;” 
in particularly the high rate of SN~ solvolysis in HCDOH 
is explained with acidic catalysis by hydrogen bonds. It 
is worth pointing out that formic acid has a large 
constant of autoprotolysis (1 gK = -6.2) which makes 
possible both ekctrophilic and nuckophilic catalysis. 

Therefore it is reasonable to suppose that inter- 
mediates of type 2 or 3 which are formed at tbe tirst step 
of the addition can rapidly dissociate in HCOCH 
producing the episulphonium ion in second fast step of 
the reaction. Anotber assumption that initial ekctrophiiic 
reagent, DNBSC, can dissociate in the tirst ratedeter- 
mining step in HCODH, and thus the reaction 
mechanism is changed to ME1 from usual AdaZ one, is 
less probable. Unfortunately the addition in HCOOH is 
too fast to be measured by the usual titrimetric pro- 
cedure. 

In conclusion we want to emphasize that indepen- 
dently from the mechanictic details the application of 
HCOCH as the solvent in the addition reactions of 

sulphenyl halides (and probably others weah ekctrophiks) 
can be rewarded as a metbod for increasiyl the effective 
ekctrophilicity of reagents. 

-AL 

Formic acid was puritkd accord4 to Ref. 14. 
Dimcthoxybcnzonorbomadiitlc 5 was prepamd according to Ref. 
19. The isolation and puritlc&m of the products was done by 
chromatography on the plates 18 X 24 with silica gel (A S/40 and 
40/100&. ReproductW yields of formates welt obtained if tbc 
wbok work-up was accomphbcd in one day without delay: 
otbt!nvh tbe yield of formrtes can sharply decrease together 
witb the increasing of the yield of oxyxompouads. 

Addition of DNBSC to norbomar 4 
(a) A soln of 4(0.5 g) and DNBSC (I.15 g) in 1Oml HCDDH was 

stirred for 2Omio at 2tr, poured in 5oml water, CXtracIal with 
CHCI,. Tbc extracb were washed by water, drkd over &SD’. tbc 
solvent was removed md the r&h wm c&omatoLnpbed (silica 
gei A s/ro. bexaoc:bea7.enc:ethyl acetate 5:5:2) to give (i) .a 
mixture of 6 and ‘I (Tq 0.7 and 0.66) (0.1 & 7%); (ii) 0.2 g (14%) of 14 
(R( 0.40. m.p. 118~1lP from Ccl,; found: C, 4!?.72; H. 3.98. 
C&,N&S requires: C, 49.70; H. 4.17) (PMR m. a, in 
CHCI: 3.6, s. IH. H-C-S; 4.88. q, IH, H-C-O; IR spectrum: 
intepsive band at 172.l cm-‘) and (iv) 0.1 g (34%) of U (R&33. m.p. 
140440S from CCL-CHCL 4:l: folmd: C. 49.S2: H. 4.09: 
C,~,~J~~~PU~~~SIC,~~.~~;H,~.~‘~)(PMR~;~,CHCI,I 
3.27, s. IH. H-C-S; 4.72, t, 1H. H-C-D: IR spactrum: intensive 
band at 172S cm-‘) and (iv) 0.1 g of unkhifkd compouod. m.p. 
2#r. 

(b) Asolaof~O(OJp).DNBSC(l.lJ~~LiCIO~(0.2I)inI5ml 
ofHCOOHwaasthedfor2Ominatnltbe~workupgrve: 
(i)O.6g(35%)of u;(LiiO.3Sg(21%)of lhod(iii)O.l g(6%)of lS(R, 
0.25, q .p. 152152Yfmm ethtoL&xanc,5:I;fouod:C,5O.IO;H, 
4.78. C,,H,&O,S requires: C, 50.32; H, 4.55). 

AaWon of DNBSC to 5 
(a) A soln of S(O.5 g) and DNBSC (0.6 g) in IO ml of HCOOH 

was stirred for IOmia at W and the usual work up includ- 
ing the chromatography on silica gel (A 40/100fi. from 
CHCI,) gave (i) 031 (27%) of 11 (R( 0.12. m.p. 18WW from 
etholctbyl a&ate 2: I; lit.lb m.p. IW) (PMR specbum, 8, in 
CHCI,: AB part of ABX at 1.9-27s ppm with JU .3.6 Hz. Jax 
8.2 Hz and J*,, 13.9 Hz) sod (ii) 0.75 g (67%) of 16 & 0.05. m.p. 
16&W from CC&: found: C. 53.69; H. 4.18; S. 7.11. 
CnHIIN&!3 rcauires: C. 53.81: H. 4.06: S. 7.15) lpMR socc- - ._ _ _ 
bum. 8, in CHdl,: 4.2S;q. IH; H&Of 3h8. s; jH, H-&S; 
3.2.5s. 8H. 2OCHj. H,H4: IR spectrum: intensive band at 
172.5 cm-‘). 

(b) A soln of J(0.J g), DNBSC (0.6g) pnd LiilQ (0.120) in 
l0mlofHCOOHw~stirredforl0minat2O’andtbeat&goua 
work up gave: (i) 0.3 g (27%) of 11 and 0.6 g (S4%) of 16. 

Hydmlysis and acetylatio~ of 13 and 14 
(b) A soh of 13(0.25 g) in 15 ml of 2-n NaOH was nhxed for 

30 min. cooled. ttcutrahd by AcOH, extracted with CHCI, and 
drkd over MgS04. The chromatogrphy (silica gel, A 40/100. 
hcxanc-benxenecthyi acetate, J : 5 : 2) gave 0.16 g (70%) of 15. 

(b) Adogously 0.04g (44%) of 17 (m.p. 144.~14Y from 
CCl,-CHCI~, 1:3) has been obtaixd from 14 (0.1 g) in IOml 2-n 
NaOH (to@kr with 0.02 g of udaugcd 14). 

(c) A soln of lS(O.15 g) in 15 ml of AC+) and I drop of I@O, 
was rduxed for 2 min. pwred ioto water, extracted with CHClr 
ad dried OVCT MgSO,. The work up gave 0.1 g of 9 with m.p. 
128-W: lit.‘: m.p. 129-IW. 

(d) At&ga~Iy rcetylation of 17 (0.04g) gave tk scctw 10 
(0.033 & 7!%) with m.p. US-126’; tit.‘: q .p. 12&1Tp. 
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