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2,hadano
Po\!'°*’°W yctw ję hydrolizy nadchloranów  4,5-diarylo- oraz 4-arylo-l,3- 
Wv ednie stw ierdzając, że głównym i jej produktam i są od-
2vuj0t*rSbniono У ^arbinolow e 5. Trzy z tych karbinoli, tj. 5a, 5b i 5h s 
Pr» ud ’Л  Pozosta lych przypadkach pow staw anie 2-hydroksy-

*eg hydr° r  m en*'°wano m et°dam i spektralnym i. Przedyskutow ano 
oazy soli 4 oraz rozważono przem iany tautom eryczne, ja- 

jj kim  mogą ulegać karbinole 5.
h ^ y s i s  of .
5 11 invest- Гу*" anc* 4 -ary l-1,3-dithiolium perchlorates (4a—h) 

e? llle m v  a ted ‘ ** was sta ted  *hat corresponding carbinol bases 
P°Unrf ’ Were j ,pf°ducts of these reactions. Three carbinols, i.e. 5a, 5b 

s Was evfn *n o ther cases form ation of the 2-hydroxy com-
* and n ®tlced by spectral methods. The course of hydrolysis of

> Particularly , the tautom erism  of carbinol bases 5 w ere /  
h Wft i discussed.

have r e
a c0t>?ate (x\P° f ted P rev iously ‘-*> that hydrolysis of benzo-l,3-dithiolium  

'' - - - - -  

4 w S*s of salt °ttlp0Un^ bas not been isolated. It m ay be assumed that 
 ̂Cnw4.. 1 does not «tor» af tho otacm of formation of tłlG 2-

С 'Ч ь e (1) H ^ \ evi0USAy  } that hydrolysis of benzo-M -aim ionum  
С  W i 2* n ePen^ n§ °n  the reaction conditions, leads to formation  
C ^ th ^ ^ a tfW  <~>n ^ e  basis of spectral evidences (‘H NMR and IR) 

s this 0rma^ on of 2-h yd roxybenzo-l,3-d ith iolS) was suggested, 
^  °f sa lt0^ 1301111̂  ^as not been isolated. It m ay be assum  

CoiHti J  d°es not . stop at the stage of formation of 
nc* (i.e. the so-called carbinol base).

CI04'  — 1™°—  1/3Eh3N

Уs s-

S'V /
/ V U

tk^s f  ^>3'dit>f- a-nd ^  i r a i 4,5) assume, on the basis of UV measure- 
11 e4uiliK °^ Um salts w ith  aryl substituents occur in aqueous 

4  fj.^ptio*, riUln w ith the corresponding carbinols. The correctness 
0ftl the Was ?°nfirmed by isolation of 2-hydroxy-4-phenyl-l,3- 

. reaction of 4-phenyl-l,3-d ith iolium  hydrosulfate with



,c s 0 i tv
w a ter4). However, the authors did not give a fu ll characterist ^
product obtained. . , hv treatlfl.0s

In this paper w e wish to present the results obtained У , gr« 
w ith water of 1,3-dithiolium  perchlorates containing vari 
(4a—h).
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RESULTS

Hydrolysis of 4,5-diaryl- and 4-a r y l- l,3-dithiolium  p uS Sfi $
h) was carried out in two different ways: (1) in a heterog and s] (1) 
by treatment of salt 4 w ith an appreciable excess ox wa łraChlor , ,'tî  
taneous extraction of the reaction products w ith  carbon e ., ме so* U  
in a homogeneous system: by treatm ent of salt 4 in асе о ЦЬеГ.̂ 1' 
w ith a moderate excess of water. In both cases the perch on  ^ацсе м 
in the reaction renders the solution acidic. Proceeding m at .g 0f 
method (1) w e were only able to isolate the products of У

. HI
(4^

>H NMR spectra of solutions of 4,5-diaryl and 4-aryl-l,3-dithiolium perch lo ra te^^

1.3-Dithiolium 1 Moles of
Chemical shifts of protons /1

salt I Oegree of of 1,3-dithiolium saltJ*—

No R1 R2
mole of 

salt 4

hydrolysis - 
(%)' H—C-2b H—C-5b I lar<4n*L’C

4a H C6H5 17
100

ca. 30 
60

11.22(s)
11.34(s)

— 7.46(s) 
7.47(s)

4b CH3 C6H5 ■ 17 
100

20—30
50—60

11.20(s)
11.28(s)

— 7.46(s); 7.28(s) >  
7.44(e); 7.27(s)

______________
4c CH30 c 6H5 17

100
10—15 
ca. 50

11.17(s)
11.24(s)

— 7.48(s);
7.44(s);'7 . 4 ^ 6 ^ ...

1 4d n o 2 c 6H5 17
100

50
100

11.43(s)
—

8.37—7.71

4c И H 17
51

15—20
30—40

11.24
11.25

9.23
9.23

7.92—7.53 (m) V
7.99—7.58(m)

4f СНз H 17
51

10
ca. 30

11.18
11.21

9.18
9.17

7.85-7.32(AA;BJ /
7.79—7.35(AA ®

4g СНзС H 17
51

ca. 10 
20—30

11.08
11.15

9.08
9.09

4h NO* H 17 50 11.29 9.41 8.43—7.99(AA'ljp  '

a  Estimated on the basis o f integration o f appropriate spectral signals. г — 3 H z*
b In the case o f salts 4e — h these protons give rise to an AX doublet signals, 
с AU these signals are singlets, 
d N ot visible.
e Only one part o f AA'BB' system is visible.
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ą an H
"Phenyi^’ *'e> 2-hydroxy-4,5-d iphcnyl-l,3-d ith iol (5a) and 2-hydroxy-4- 
Setieou ^ ~to ly l)-l,3 -d ith io l (5b), whereas the hydrolysis in  a homo- 
'tlitron?, s^s êm gave only one hydroxy derivative, i.e. 2-hydroxy-4-(p- 
?°t obt en^^~l,3-dithiol (5h). In the'rem aining cases pure carbinols 5 w ere 
*ЦГ aine<  ̂ although the spectra of crude reaction m ixtures support

u r in a t io n .

cio;
' x x

-НСЮд

a b c
R1 =  H  С Н з С Н зО  
R2 =  C 6H 5 C 6H 5 C eH 3

d
n o 2

C 6H 5

s
С У  -

S OH• r

5a -h

e f g h
H C H 3 С Н зО NO;
H н н н

s - c t

2 (homogeneous hydrolysis)

5 f-hydrolysis product 5

7.21 (s) 
7.20(s)

7 ^ (s); 7.03 (s)
^ O O ;  7.03(s)

Ъ п ? ! : 7"1 ® 6.74(AA'BB') 
- (s); 7.17—6.73(AA'B'B)

'1S"7.4(AA'BB'); 7.32(s) 
~7̂ 4(AA'BB'); 7.32(s)

7-52^726(m)~~7.28 (m)

7 л » '7'09(АА'ВВ/) 
7-08(AA'BB')

6.9s , "
’■ « ' l  Г6-79(AA'BB'I

7.58(Aa/BB') 
7-63(AA'BB')

H—C-5° H—C-2C

6.64
6.63

6.64
6.64

6.41
6.40

6.39
6.40

6.40
6.41

6.57
6.57

d
6.57

6.56
6.55

several signals11 

6.62—6.2

6.99
7.05

6.71
6.77

Other signals

4 421 OH  
4.7 J

3.83 C H 3O

10.0? CH O

10.:
10.

.2 0 ) 
17 J

CHO

1°-20 } CH O  
10.25 J
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Thus one may presume that the primary products of hydrolysis 01 ^  
4 are the so-called carbinol bases, i.e. 2-hydroxy-l,3-d ith iols 5, whic j 
however, rather unstable compounds. Some of these carbinols e ^  
undergo spontaneous ring-opening and, therefore, their isolation an 
sequent purification is som ewhat cumbersome and not always sU<?c,erate 

NMR spectra of 4,5-diaryl- and 4-aryl-l,3-d ith iolium  perc^ ĵait 
(4a—h) in acetonitrile solutions were measured after addition of de ^  
molar quantities of water. A comparison of these spectra w ith those 0 j, 
isolated carbinol bases 5a, 5b and 5h, and w ith  those of salts 4a- ^el 
possible an identification of hydr.olysis products of these salts, a-5 
as the estim ation of the degree of conversion of the respective sal 
the corresponding carbinols 5 (or to their tautomeric formsj. The r до 
presented in Table 1 lead to the following conclusions concern1®?  ̂j. 
homogeneous hydrolysis of salts 4a— h: (i) The hydrolysis of 4,5' 
and 4-aryl-l,3-dithiolium  perchlorates in acetonitrile solution in Pr ^  
of liberated perchloric acid does not proceed to the com pletion eve 
relatively large molar excess of water (50 or 100 m ole per 1 mole of s до 
Only the hydrolysis of salts 4d and 4h, containing a nitro group ^  
aromatic ring, goes to completion in presence of a large excess о

f S3̂

T a b l e  2 ,#
• rrlIR spectra of products of heterogeneous hydrolysis of 4,5-diaryl- and 4- a r y l - l , 3-dithioliu

rates (4a—h) in ССЦ

1,3-DithioIium
salt

Characteristic stretching vibrations (in cm  *) o f the hydrolys)S

a Symbols in parentheses characterize the intensHy o f bands: (s) — strong, (m) — medium, ( « ) '  
riable.



l u t i n g  ^
^rolysi /corresponding carbinols 5d and 5h. (ii) The homogeneous 

4ifresPonri 4,5-diaryl perchlorates (4a— d) stops at the stage of the 
к /^ гоху_4П̂  , 2-hydroxy-4,5-diaryl-l,3-dithiols (5a— d), whereas 2- 
„ Qtl°aryi ~aryl-l>3-dithiols (5e— h), resulting from the hydrolysis of 

aff0rV^ orates (4e— h), undergo as a rule, opening of the hetero- 
1Ŝ aying а!.П§ comPounds 6. This fact is evidenced by *H NMR spectra 

ca 0 10 PPm2,3) the characteristic signal of the formyl proton

grouping. Only 2-hydroxy-4-(p-nitrophenyl)-l,3-dithiol
?k) 4 * s H

ydrolysis of 4,5-diaryl- and 4-aryl-l,3-dithiolium perchlorates 1317

/

®°u.s hydro^y1̂ 0^ 0 tautomeric change under the conditions of homo-

the6KUs C l 0? * 0*  reacti°n mixtures obtained by the hetero-
Thp *s of to  ^S1S Perchlorates 4a— h was estimated approximately on 
be r6sults of tu П<̂  ^  ^M R spectra of the carbon tetrachloride extracts. 
9s ^ ^ a r iz p r i 0 measurem ents are given in Tables 2 and 3; they may 

as 4_a ‘js ^'°^ows: (i) The heterogeneous hydrolysis of 4,5-diaryl- 
24l ry*-1.3-dithiolium salts leads to formation of corresponding

Ус3гоху- 1 з_н- ■ _ / / °
j, . ’ th io ls  and of compounds containing a — S— c f  group
h § U H
P4 j ^ 0ubtedlv: s  ̂ У Products of the opening of the hetero-ring (i.e. com-

salts Г4 ^  Шау be assumed that the heterogeneous hydrolysis 
r̂0(ju s aiSo a~~d) leads to formation, besides carbinols 5 and com- 

c ŝ of (}„! 0 U rination of compounds 7 being, in all probability, the 
v гяьоп 0£ tw o molecules of carbinols 5.

*hi
e .f h y p o th  70- d

N A  3)SliniS^ ased on the presence of signals in the region of 8 6.5— 
r t̂on °f Salt л *H NMR spectra of the heterogeneous hydrolysis 
l̂ iol e11* the tr ^ *' ^  *s ^ e  region of resonance of the methine 

С— OCH3 grouping of 2-m ethoxy-4,5-d iphenyl-l,3-

\  b DISCUSSION

that the compounds w ith the thioformyl grouping

ЭГе 0̂rmed from 2-hydroxy-l,3-dithiols 5 as a result of the
*§ tai

' 4 i i I4 eulo”' erlc changes:
lP h e  e  o f  h

rable ydrolysis products of salts 4c—h this region in JH NMR spectra
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R1.

H.S - C ?

R S—
8’a-h

R2'  "*S 

8a-h

\  ^.Q^y'^i^-dithiols 5 are cyclic esters of dithio-orthoformic acid

ц  but they can be form ally considered as hemimercap-
Of ł<W~

sist,cl°singrCf ?u° alc?ehydes”' 6 (6’)- From that P°int of view  the °Penin8 
an ‘he ring leading to the equilibrium state 5 ^ 6  (or 6') con- 

t^^rcant 1ram°^ecular reaction of formation and cleavage of a cyclic 
case 0f and represents an exam ple of “ring-chain” tautomerism. 

(® ah at с  Carhinols having two different substituents (i.e. p-R'CeHs ф  
6'), V and Cs two isomeric “m ercapto-aldehydes” may be formed 

V ’ ^ight30 these “m ercapto-aldehydes”, being an enthiol com- 
fL5 thi0n Ul}dergo a subsequent tautomeric change of the type en- 

>  stere is aHording the corresponding “thione-aldehydes” 8 and 8'. 
‘t^ v i^ tu re  f enough experim ental evidence to determine conclusively  

Vth6 non-cyclic products of hydrolysis of 4,5-diaryl- and 
^ t a i  sPectr° perchlorates (especially in a heterogeneous system).

1 (2-_Зча °.f hydrolysis products of salts 4e—h show the presence of
S1gnals corresponding to the form yl proton of the

0f V
% > r i (

V. grouping (Table 3) and, hence, we suppose that in  the case

ą r y l  p
;f: as a rul° mP°unds (R2 =  H) the opening of the 1,3-dithiol ring 
Pt the \  *П h°th directions, i.e. 6' 5 6. On the contrary, the 

Ŝ t 4(j .terogeneous hydrolysis of diaryl compounds (4a— c), 
with a nitro group in the phenyl ring, display only one

corre  / >
nding to the form yl proton of the —S—C4  

V  H
4 grouping.

j tą
i 4 Ut> e r t 0ne~.Way opening of the 1,3-dithiol ring.

îv^Cfvi ^ied eĉ uihbrium enthiol ^  thione [6 (6') ^  8 (8')] for the com-
-Рк,- - П г л К г ,К 1 п  U i i ł  i f  n n n r t n f  P n n ę i H p r p d  rłS  f u l W

L
' • Оцг , Seems probable, but it cannot be considered as fu lly  

Pla,resill t i n ^ 0tl:iesis based on the observation that IR spectra of 
chara ^ ,0rn heterogeneous hydrolysis of salts 4 do not general- 

c eristic bands of the stretching vibrations of the thiol



•libri #  j

group (SH, Cf. Table 2);
6 ^ 8  is shifted to the right. Also H NM R p' tautomeriSI® ^
mixtures could not serve a s  decisive evi e settled  whether 0
the case of 4,5-diaryl derivatives it could not be settled  ( ^ оГ

the signals at S 5.5—5.3 correspond to the SH proton of the / С  ^
• the c a \ y

to the O - H  proton ot the > C H - C  =  S er° uP“ ^ bt? f regioi. ■>« 8 ®' 
4-aryl derivatives, owing to great number of g > ,,
5.3 is practically undecipherable. rlrmating subs*1; $

Our experim ents have revealed that the elec eaction of агУ1 е 10 
(CH„ CH30 )  in the phenyl ring m arkedly groUps gW*JL Ą
diaryl-1,3-dithiolium salts (4) w ith water, beca ^  thereby be' eM
the diminishing of electron deficiency at С 2, effect is z , ¥
less susceptible to the nucleophilic attack. The pp , favor111̂
by nitro group which behaves as a substituen
reaction of salts 4 w ith  water (cf. Table 1). r_H- rvi and $$  

Finally, it should be emphasized that the , -  У reluctafl% ceł°' 
-dithiolium salts (4a—h) react w ith  water s o m e w a  vioUSj y 3) afl ^
benzo-1,3-dithiolium perchlorate (1). As. w aL bfn1ri molar excess ° \ ье*е\  
nitrile solution of salt 1 in  presence of a 20-foId molar «с  ^  ^  f
does not, practically, contain ( 'H  NMR assay) c o n d it io n s  №
in  the case of salts 4a—h under analogous reac undergoes ЬУ i 0\f  
water per 1 mole of salt) at most half of the saU  undergo ̂  ^  
Moreover, it was observed that diaryl salts ( a ) (4e tjj
somewhat more easily than the corresponding m• , . g facil1 w)*1 
w ell that electron-withdrawing substituents in  p У , an °P j 
reaction w ith water and the electron-donating о

However, the more important difference in the  
diaryl-l,3-dithiolium salts towards w ater in  comp cas Л
corresponding benzo c o m p o u n d s  consists i n  the *a forrning ctn Л
former compounds the reaction stops at the stag furthef.tfe A
bases 5, w hile in  the case of the latter the reaction goes 
compounds 2 and 3 containing two or three substra e tha JP *
in the behavior of the above salts m ay result from the fac ,g p0s # 
case of benzo-carbinols only one tautomeric eq attache ,\e^j
affording compounds w ith strongly nucleophilic gr p ongiy ovL 

■ aromatic ring. These compounds react easily w i „ 3 O*1 n 
philic benzo-1,3-dithiolium salt to yield  compoun s under^0tioIV
hand the mono- and diaryl carbinol bases are capa f°r^p 0cc ,•
meric changes in a much more c o m p lic a te d  w ay ea ?  , u ce  tn 
more numerous and less stable products. This * ,Р?У te and '  o $  
rence of various reactions which are difficult to an 1̂ 1P - ^ype 
compete effectively w ith  reactions leading to deriva 1

EXPERIMENTAL

IR, 1H NMR and mass spectra as well as elem ental ^ Ь
the Laboratory of Instrum ental Analyses of P o ly t e c l^ m p tp r s  (Zeiss) г ес^ У  
spectra w ere recorded on UR-10 or Specord 71 IR  spectr Mass 9̂ .лС°
spectra — on Jeol JNM-MN-100 (TMS as in te rna1 stanaaru ;. R{e u 
taken  w ith an LKB 9000 spectrom eter (at 70 eV). M elting p

«~20 D • B uza  and  w * G radov)ska
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Starting materials
„_ed aC'4,5-Diaryl- and 4-aryl-l,3-dithiolium  perchlorates (4a—h) w ere prep 

ing to 7); their characteristic is presented in Table 4.

:Cord'

Heterogeneous hydrolysis of salts 4a—h ^

A suspension of 1.4 mmole of perchlorate 4a—h in 30 ccm of water 
for 0.5 h r w ith 30 ccm of CC14 and the w ater layer was once m ore ex“ r 
15 ccm of CCI4. The combined ex tracts w ere w ashed w ith  w ater, drie .ф
and evaporated to 2-ccm volume a t room tem peratu re  (ro tatory  evapor c0Ue 
»H NMR spectra of the obtained solutions w ere m easured. The resu lts j
in Tables 2 and 3. , n<j sfi°Jy

The crude reaction m ixtures w ere evaporated alm ost to d ryness jo in ed  
to stand for some tim e in a refrigerator. C rystalline products w ere 00 
in the case of salts 4a and 4b. A fter filtra tion  and crystallization  iru  .
yields were: _ , sS nee«o(l

(a) ca. 0.1 g (26%) of 2-hydroxy-4,5-d iphenyl-l,3-dith io l (5a); c0 ° r7 14 (Si $ 
m.p. 109—110°C (decomp, and evolution of gas); JH  NMR (CCI4), Л O'^ 
aromatic), 6.29 (d, AX, J =  11 Hz, 1H, H-C-2), 2.87 (d, AX, J  =  11 Hz, J ’
(CCI4): 3375 cm-1 (s, vOH); MS, m/e: 272 (M+, 63%), 256 (99%), 210 (100

Analysis:
For Ci5H12OS2— Calcd.: 66.1% C, 4.4% H, 23.5% S; V<S

found: 66.1% C, 4.3% H, 23.1% S. col°W
(b) ca. 0.1 g (25%) of 2 - h y d r o x y - 4 - p h e n y l - 5 - ( p - t o l y l ) - l , 3-dithiol ( ’ j;

crystals, m.p. Ш —112°C (decomp, and evolution of gas); »H NMR ( j  &
6.88 (m, 9H, aromatic), 6.25 (d, AX, J =  11 Hz, 1H, H-C-2), 2.85 (d, A *,
1H, O-H), 2.25 (s, 3H, CH3); IR (KBr): 3240 c m -1 (s, v 0 h )-

Analysis:
For CieH„OS2— Calcd.: 67.1% C, 4.9% H, 21.7% S;

found: 67.4% C, 5.0% H, 21.5% S.

The homogeneous hydrolysis of salts 4a h ty
\y‘

JH NMR s p e c t r a  m e a s u r e m e n t s .  Ca. 0.2 mmole of the a p P ^ d  
4 was dissolved in 1 ccm of a previously p repared  m ix tu re  of aceton . nt 0*j  
In  the case of 4,5-diaryl-l,3-dithiolium  perchlorates (4a—d) the с fjj
was: (a) ca. 17 mole per 1 mole of salt, and (b) ca. 100 mole per l  ^
whereas in the case of 4-aryl-l,3-dithiolium  perchlorates (4e—h): (a) c •
1 m °le of salt, and (b) ca. 50 mole per 1 mole of salt. The resu dj ji
Table 1. *  ̂ ad^e

. A t t e m p t s  a t  i s o l a t i o n  o f  t h e  p r o d u c t s - .  W ater 
wise to a solution of 1 mmole of the appropriate sa lt 4 in 10 15 ccn ^  ^  j  
unless a slight turbid ity  is produced and stirring  w as continued f °r. itati°n CM  
tem perature. Then more w ater was added to com plete the РДесЧ? in 
product and the reaction m ix ture was cooled in  a refrigerator. Only ,&s ° e f j  
д"п "П f°Pihenyl): 1-3-dithiolium  perchlorate (4h) a crystalline p r o d u c t ^  
Attempts to purify the reaction product by crystallization  have f 
of crude 2-hydroxy-4-(p-nitrophenyl)-l,3-d ithiol (5h) w as ca. 0.2 ё Л  й*м, 
(decomp and evolution of gas); ЧН NMR (CD3CN), 8: 8.23 (m, AA BB , ^  jl 
n  TI?’ 6-70 W. A x > J =  11 Hz, 1H, H-C-2), 5.44 (d, AX,
O-H), IR (KBr): 3400 (s, Vo-h), 1510 and 1342 c m '1 (s, vNOl). jj,
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