
On reduct ion with LiA1H4 in e ther  we obtained: f rom the methyl  e s t e r  of 2 ,2 ,4 ,4- te t ramethylpentanoic  
acid, 2 ,2 ,~: ,4- te t ramethyl- l -pentanol ,  bp 76 ~ (8 ram), n~ 1.4402, d~ ~ 0.8427; f rom the methyl e s t e r  of 2 - i so -  
propyl-3 ,3-dimethylbutanoic  acid, 2 - i sopropy l -3 ,3 -d imcthy l - l -bu tano l  bp 75-78 ~ (8 ram), n~  1.4499, ~0 
0.8745; f~)m the mix tu re  of e s t e r s  f rom Ct3 acids, a mixture  of C13 alcohols bp 141-145 ~ (6 ram), n~ 1.4505. 

CONCLUSIONS 

BF 3 Complexes with acetic or propionic acid are highly active and stable catalysts for the carbonyla- 
tion of olefins and alcohols and may be used repeatedly without lowering the initial activity. 
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COMMUN]:CATION 4 " .  PREPARATION OF EPISULFONIUM 

INTERMEDIATES FROM te r t -BUTYLETHYLENE,  AND THEIR 

REACTION WITH NUCLEOPHILIC REAGENTS AND 

REARRAI~ GEMENT 

~ .  A. V o r o b ' e v a ,  M. Z. K r i m e r ,  
a n d  V. A. S m i t  

UDC 542.91:547.379.2:547.313 

In p:.~evious papers  it was shown that the react ion of cyclohexene with cationoid reagents ,  like C6HsSBF 4 
o r  CH3SBF4, leads to the format ion of stable in te rmedia tes ,  which then are  capable of react ing with various 
~external'! in te rmedia tes  [1-4]. These  resu l t s  made it  possible  to s tar t  b r o a d e r  studies,  the purpose of which 
was to ascer ta in  i f  analogous complexes can be  obtained f rom other  olefins and to study the charac te r i s t i c s  of 
the i r  s t ruc tu re  and react ivi ty.  In the p resen t  paper  the study object is te r t -buty le thylene  (I) (see [5] for  p r e -  
l iminary  c, ommunication),  since the s t ruc tu re  of this olefin made it possible to set up the problem regarding 
the regiose lec t iv i ty  of the addition of the attacking electrophi le  RS + and the "ex te rna l"  nucleophile Z, as well 
as the prob lem of whether  r ea r r angemen t s  can be rea l ized  in the studied system. 

* See [1-3] for  Communications 1-3. 
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Khimiche~kaya, No. 6, pp. 1318-1325, June, 1976. Original a r t ic le  submitted June 11, 1975 
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microfilm:!ng, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ 7. 50. 

1267 



C,H~SCl. (CH@~CCH--CH~ 

(IV) CsH~S CI 

We studied the reac t ion  of (I) with C6IIsSBF 4 (II) [obtained by the react ion:  (C6HsSC1 + AgBF4 -~ 
CsiisSBF 4 + AgC1]. It p roved  that  this  reac t ion  p roceeds  quite eas i ly  and comple te ly  even at - 4 0  ~ C, in which 
connection the s ta r t ing  (I) i s  no longer  detected in 10-15 rain a f t e r  mixing the reac tants .  A colored solution 
of the complex i s  obtained as a reac t ion  resul t ,  which supposedly has  the s t ruc tu re  of  the episulfonium ion 
(III) .  An a l te rna te  path  [3] can be  used  to genera te  the complex ( I l l ) ,  which includes the step of obtaining the 
covalent adduct (IV) (step B) and t r ea tmen t  of the l a t t e r  with AgBF 4 (step C), 

A H 
(CH3)sCCH=CH2 + CsH~S| | ---- (CH@sCC CH~ 

-~o ~ \ ~ /  
(I) (II) (III) S 

I BF4 | 
CsH~ 

AgBI~,, --40 ~ .I 
C 

Complex (hi) ca~ be  kept without change for  s eve ra l  hours  at - 4 0  to - 2 0  ~ in solvents  with a low nucleo-  
phil ici ty (CH~Ci2, C~H4CI~ , CII3NO2, SO~). This  e s t ima te  i s  ba sed  on the yield of  reac t ion  products  that  i s  ob-  
ta ined when (III) i s  r eac ted  with some externa l  nucleophile. For  example ,  the yield of  the acetoxy adduct (Va) 
(obtained by  t r ea t i ng  (HI) with AcOH, see  below) did not change when the p r i o r  t i m e  of keeping complex (III) 
at - 4 0  ~ was  va r i ed  f rom 10 rain to 10 h. Th is  s tabil i ty made  it poss ib le  to r e g a r d  complex (III) as being a 
s table  i n t e rmed ia t e  and make  a b road  study of i ts  reac t ion  c h a r a c t e r i s t i c s  under  va r ious  conditions. 

The  pr inc ipa l  p r o p e r t y  that  de t e rmines  the chemical  behav io r  of complex (III) i s  i t s  high e lec t roph i l -  
icity.  Thus ,  the  reac t ions  with nucleophiles of highly d ive rse  nature ,  which are  added to a solution of complex 
(III) ,  p r o c e e d  quite eas i ly  and, as a ru le ,  a re  ended in 10-30 rain even at - 4 0  to - 1 0  ~ The  studied examples  
a r e  enumera ted  in the following scheme.  

(CH~)3CCH~CH~ 
\ e /  

S 
t BF~| 
CsHs 

(III) 

+Z: 

CH,COOH 
(CH0sCCHCH~OCOCH~ 

~C~Hs (Va). 77% 
CH~OH 

ICI~)~CCHCH~0CH3 

$C~H~ (vh), 89% 
(C~H~)~NH 

(CHs)3CCHCH~N (C2H~)2 
J 
SCsHs (VC). 60% 

NaBH, 
�9 (CH@sCCHCH3 

1 
SC6Hs (Vd), 34% 

NaCH(COOCH~)~ (CH~DCCHCH~CH(COOCH~)2 
L 
SCsHs (Ve), 50% 

a) CH3CN ~.(CH~)aCCHCH2SC~H~ 
b) H~O I 

NHCOCHa (vf), 62% 

a) C~H~CN -~ (CH@3CCHCH~SCsH5 
b) H~O ) 

NHCOC6H5 (Vg), 44% 

The  given s t ruc tu r e s  of the adducts a re  ba sed  on the e lementa l  analys is ,  IR, m a s s ,  and NMR spec t ra l  
data. The  fact that  adducts (Va - g} a r e  obtained in high o r  sa t i s fac to ry  yie lds  s e r v e s  as evidence that  the 
main  direct ion of the  reac t ion  of (III) with nucleophiles  i s  at tack on the carbon a tom of the episulfonlum ring. 
Here  for  mos t  of  the examples  (Va - e) the reg iose lec t iv i ty  of  adding the nucleophiles co r re sponds  to ap-  
p roach  of the b a s e  f rom the s te r i ca l ly  l e s s  shielded side of  the br idge  $. Violation of th is  rule  was obse rved  
only when n i t r i l e s  w e r e  used  as the bases .  When (iiI} i s  t r e a t e d  with n i t r i l es  it may  be  a s sumed  that equil ib-  
r ium is es tabl ished between the episulfonium complex and the  cyclic  n i t r i l ium sal ts  (VI) and (VII) ( s im i -  
l a r ly  cons t ruc ted  in t e rmed ia t e s  w e r e  p roposed  p rev ious ly  for  the reac t ion  of obtaining A~-thiazolines via  the 
opening of episulf ides  by  acids in the p r e s e n c e  of n i t r i l e s  [6]}. Apparent ly ,  the predominant  component in th is  
mix tu re  is  the l e s s  hindered complex (VII) and this ,  according to the Markovnikov rule,  i s  respons ib le  for  the 

*Together with 35% of the corresponding hydroxy product (Vh). 

~Based on the NMR spectral data, contamination by the position isomers does not exceed 5-10% in the ob- 
tained adduct s. 

1268 



(CHa)~CCH--CH., (CHaJaC~,: }I--C, Ii, 

*VI) I{ (VII} I{ 

predominant  formation of adducts (Vf) o r  (Vg) (when the react ion mixture is subsequently neutral ized with 
aqueous 1~ aHCOa solution). This  postulated equilibrium can also explain the formation,  together  with amide 
products  (Vf) and (Vg), of a substantial amount (up to 30%) of the usual (cont ra ry  to the Markovnikov rule) 
acetoxy adduct (Va),  if  the react ion m a s s  is t rea ted  f i rs t  with AcOH and then neutral ized in the usual manner.  

The ease with which (HI) reac t s  with nucleophiles of variable nature,  and the result ing predominant  
formation of the addition products  of the nucleophilic moiety to the carbon Center, show that complex (III) 
should be '~ttributed to the discharge of  cationoid in termediate  of the carbon|urn-ion type. Especially indica-  
t ive in t h h  respect  are the examples where (III) is reac ted  with such typical " supercap tors"  of carbonium- 
ion in termedia tes  as NaBtt 4 [7] o r  ni t r i !es  [8]. The fact that both 2-phenylmercapto and 1-phenylmercapto de- 
r ivat ives  can be obtained f rom complex (III) serves  as c lear  evidence that the episulfonium bridge is present ,  
which is  spparently responsible  for the stability of the intermediate.  

It is  known that the formation of substantial amounts of r ea r ranged  products  is observed  in most  of the 
electrophi] ic addition react ions to (I) [9], in which connection the assumptions that cationoid in termediates  
take par t  in these react ions  are  based specifically on this  fact. Consequently, it may be assumed that r e a r -  
rangement  products  will also be formed in the react ions  involving the cationoid complex (III). Nevertheless ,  
a careful  ~Jaalysis of the products  obtained when complex (III } is t rea ted  with var ious  nucleophiles disclosed 
that (III) daes not exhibit a tendency to r ea r r ange  at low t empera tu res  ( - 4 0  to -20~ at least not for several  
hours.  Thi s sig~xified that the episulfonium bridge in (HI) is quite stable under these conditions, while the 
degree  of  local izat ion of the posit ive charge on the carbon atoms of this system is small and, in any case, 
insufficiem for  the real izat ion of carbon|urn-ion rea r rangements .  However, fur ther  studies disclosed that 
the react ivi ty  cha rac te r  of complex (III) changes on going to higher tempera tures .  Thus, if  a solution of (III), 
p r epa red  at - 4 0  ~ is  heated up to room tempera tu re  and kept there  for 1-2 h, then the (III) in termediate  i s  
converted almost completely to the covalent compound, which is incapable of react ing fur ther  with any ex- 
ternal  nuc]eophiles. The NMR, mass ,  and UV spectral  data, and also the elemental  analysis  data, disclosed 
that this compound is  3 ,4 ,4- t r imethyl  [5, 6] benzothiochroman (VIII). The formation of adduct (VIII) can be 
explained Jf it is  assumed that the (HI) in termediate  is converted by heat to the open carbcation (IX), which 
immediate ly  undergoes the rea r rangement  usual for such sys tems  to the carbon|urn ion (X), which then r e -  
acts with t:he aryl  -moiety by the in t ramolecula r  alkylation scheme. 

(III) -~ |(CHa)sCCH--CH~ (CHa)~C--CH--CH2 | 
l | I ~ l l 
| BF4 SC6Hs BF4 ~v SC6H~ | 
L (IX) (x) I J 

! 

I~C CH~ I 
\ / CH~ I 

/ ~ / N _ / ~  x / 

HB 
F 

In our  opinion, the fact that heating by even 40-50 ~ proves  to be sufficient to " t r igger"  a typical carbon-  
lure-ion rea r rangement  indicates that the t ransi t ion:  bridge ion - -  open carbontum ion has a comparat ively 
low activation energy value, which makes  it possible to r egard  (III) and intermediates  s imi lar  to it as being a 
pecul iar  kind of "masked" carbonium ion.* 

It is  obvious that the degree of stabilizing the eationoid intermediate  (HI) can be al tered substantially by 
changing the nature  of the aryl  moiety on the sulfur. In par t icular ,  replacing phenyl by the 2,4-dinitrophenyl 
moiety destabil izes the episulfonium intermediate  (XI) to such a degree that it is  not detected even at - 5 0  ~ 
(products of the (V) type could not be obtained when the react ion mixture was treated withnucleophiles!), and 
pract ica l ly  the sole reaction product  (in up to 65% yield) is the covalent f luorine-containing adduct (XII) with 
a r ea r r anged  skeleton (mass  spectrum, IH and tSF NMR spectra,  elemental  analysis). The  formation of the 
la t ter  can be descr ibed by the sequence of t ransformat ions :  (I) ~ (XI) ~ (XIII) ~ (XIV) ~ (XII), which dif- 
fers  f rom the scheme for the formation of {VIII) only in that carbon|urn ion (XIV) is stabilized via the cleav-  

k'The b a r r i e r  of the t ransi t ion:  bridge ion ~ open ion proves  to be even smal le r  if SbF~- is used as the 
counter |on; in this case it is sufficient to hold at 0 ~ for  1 h in o rde r  to completely convert (III) to (VIII). 
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age of f luorine f rom the complex BF4- 

A 
(CH3)aCCH=CH2 --~ 

(i) 
B + g ]--"* 

i 
- ~ C H  CCi  C ( 3)," I~-- H2 

I F 
ArS Hal 

Ha l=C |  (XV) 
Br (XVI) 

Ar = 2,4-(O.~N)o.C6H~ 
@ 

_(Xl) 

anion, s ince alkylation in the a romat i c  r ing is imposs ib le  in this  case.  
- H @ 

S BF4| [ (XllI)  BF4 Q 

NO,. 

0 I 
NO2 

--, [CH3)..CCH(CH,")CH,SAr ] --* (CH3)2CFCII(CHs)CH~SAr 

[ (XI V) BFa | (XII) 

The format ion  of adduct (XII) i s  p r even ted  comple te ly  when it  i s  a t tempted  to genera te  (XI) with a m o r e  
s table  complex anion SbF 6- (by path  A),  but the ma in  resu l t  i s  apparent ly  polymer iza t ion .  The  sole product  
that  could be  i so la ted  is  o l i gomer  (XIIa) of composi t ion 2,4-(O~N)~CsH3S" C6H12 �9 CsHll ( m a s s  spectrum).  

We also studied the poss ib i l i ty  of  obtaining episulfonium complexes  that  contain an alk-yl group on the 
sulfur  atom. It p roved  that  complex (XVII),  which was  obtained the same as ( III) ,  can also be  at t r ibuted to the 
d ischarge  of s table  in te rmedia tes .  I ts  reac t ions  with nucleophiles p r o c e e d  the s ame  as shown in the scheme  
on p. 1268. A cha rac t e r i s t i c  example  is the fo rmat ion  of acetoxy adduct (XVIII),  which co r re sponds  to t h e  
ant i -Markovnikov addition of the e lements  CH3S + and CH3COO-. An at tempt  to effect r e a r r a n g e m e n t  to com-  
plex (XVII) by heating at 20 ~ p roved  unsuccessful ;  a complex mix tu re  of p roduc t s  was  formed,  f rom which any 
pure  compounds could not be  isolated.  

--~0 o, A H CtI3C00I-I 
(CH~)3CCH=CHo. ........ (CH@~CC CH~ - - ~  (CH@3CCHCH2 

(I) o r B + C  \ ~ /  I I 
S BF~ CHaS OCOCH3 
] 

(XVII) CH," (XVIII),  95% 

As a resul t ,  it was  shown by us that the  methods  p rev ious ly  developed for  the genera t ion of episulfon- 
ium in t e rmed ia t e s  a re  not genera l  enough. In pa r t i cu l a r ,  t he i r  use  makes  it  poss ib le  to sepa ra t e  and make  
avai lable  for  independent study the s teps of adding an e lec t rophi le  RS + and a nucleophile Z to the double 
bond. It i s  espec ia l ly  in te res t ing  that i t  was  poss ib le  on the example  of in t e rmed ia te  ( III) ,  which was  obtained 
f rom (I) ,  to c lea r ly  separa te  the s teps  of  e lec t rophi l ic  at tack and subsequent r e a r r a n g e m e n t s  of the skeleton. 
Finally, the  p rob l em  of an accura te  descr ip t ion  of  the s t ruc tu r e s  of the obtained complexes  cannot be  con-  
s idered  as having been conclusively solved without making a detai led study of them employing the methods of 
phys ica l  organic  chemis t ry .  However ,  even by themse lves ,  the obtained data on the reac t iv i ty  of these  i n t e r -  
med ia t e s  s e rve  as sufficiently unequivocal evidence in suppor t  of  the validi ty of the p roposed  s t ruc tures .  It  
should be  ment ioned that a s i m i l a r  type of in t e rmed ia te  was obtained recent ly  by the Dutch authors  [10] ba sed  
on the reac t ion  of c i s -d i - t e r t -bu ty l e thy lene  sulfide with CH3OSO2F. I ts  s t ruc tu re  was  conf i rmed both by the 
data on the reac t iv i ty  ( format ion  of adducts of the (V) type when reac ted  with nucleophiles) and by a study of 
the 1H and 13C NMR spect ra .  The  method used  in [10] to obtain episulfonium in te rmed ia te s  unconditionally has  
in te res t ,  but apparent ly  it  has  a n a r r o w e r  range  of applicat ion than the methods developed by us, since it  i s  
ment ioned in [10] that s table complexes  could not be  obtained by this method f rom t r ans -d i - t e r t - bu ty l e th y l en e  
sulfide, cyclohexene,  and te t ramethyle thylene .  

The  r e su l t s  of this  and prev ious  p a p e r s  [1-5] r equ i re  a rev i s ion  of some of the u s u a l  concepts regard ing  
the mechan i sm of the  e lec t rophi l ic  addition reac t ions  of  covalent RSHal to mul t ip le  bonds. It is  cus tomary  to 
a s sume  [11] that  i n t e rmed ia t e s  of the type of episulfonium ions a re  fo rmed  in these  reac t ions  in the l imit ing 
step. However,  as was shown by us, i t  i s  cha r ac t e r i s t i c  for  th is  type of i n t e rmed ia t e s  to have the abil i ty to: 
a) reac t  ve ry  eas i ly  with nucleophiles,  and b) undergo skele ta l  r e a r r a n g e m e n t s .  At the s ame  t ime ,  the com-  
ple te  absence  of solvoaddition p roduc t s  i s  c h a r a c t e r i s t i c  for  the reac t ions  with covalent RSHal compounds,  
even if  they a r e  run in e i ther  AcOH or  CH3CN as the medium,  and also cha r ac t e r i s t i c  is  the exclus ive  f o r m a -  
t ion of n o n r e a r r a n g e d  products ,  for  example ,  for  the reac t ions  with t e r t -bu ty le thy lene  [12]. In our  opinion, 
these  data tes t i fy  to the fact that under  the  usual  conditions of the d i scussed  reac t ions  the fo rmed  i n t e r m e d i a t e  
should have a low polar i ty ,  and in i t s  c h a r a c t e r  should be  c lose r  to a covalent sulfuran (analogous to that d is -  
cussed  in [13]) than to the episulfonium ion. 

The  data obtained in [14] on the d i scussed  p rob l em a re  ve ry  in te res t ing ,  where  it  was  shown that  in the 
p r e s e n c e  of p e r c h l o r a t e s  the addition reac t ion  of covalent RSttal compounds can give both solvoaddition p rod -  
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u c t s  and  r e a r r a n g e m e n t  p r o d u c t s .  In  o t h e r  w o r d s ,  in  i t s  p r o p e r t i e s  the  i n t e r m e d i a t e ,  f o r m e d  f r o m  cova l en t  
r e a c t a n t s ,  but  u n d e r  cond i t i ons  tha t  f a c i l i t a t e  a s e p a r a t i o n  of  the  c h a r g e  ( the p r e s e n c e  o f  a high c o n c e n t r a t i o n  
of  p e r c h l o r a t e s ) ,  b e c o m e s  c o m p l e t e l y  ana logous  to  t h e  e p i s u l f o n i u m  c o m p l e x e s  tha t  w e r e  s t ud i e d  in  o u r  

p a p e r s .  

EXPERIMENTAL METHOD 

The ~[MR spectra were taken in CCI4 solution on a Varian DA-60 IL spectrometer, using HMDS as the 
internal stsndard. The chemical shifts are given on the 5 scale in ppm. The IR spectra were recorded on a 
UR-10 inst~:ument, while the mass spectra were recorded on a Varian CH-6 instrument. The reaction prod- 
ucts (excep~ (Vf), (Vg), and (XII)) were analyzed by GLC on an instrument equipped with a flame-ionization 
detector anti a 200 x 3.5 mm column packed with 5% NSKT-33 deposited on Chromosorb W. The reaction 
products were isolated by preparative TLC on 24 x 24 cm plates. 

Gene::al Method for Generating Intermediate (III) (path A). With stirring, a solution of 0.35 g of (I) in 
4 ml of CHIC12 and 0.975 g of AgBF 4 in 3 ml of CH3NO 2 were added in 5 rain to a solution of 0.61 g (0.0042 
mole) of C6HsSC1 in 1.2 ml of abs. dichloroethane (DCE) and 4 ml of CH2CIz, cooled to -45 to -50 ~ The mix- 
ture was kept at -45 ~ for another 15 rain, which was sufficient to obtain (III) (GLC analysis of a sample, 
treated with AcOH, disclosed the absence of (I) in the mixture). 

Path B + C (step B, preparation of (IV)). With stirring, a solution of 0.61 g of C6HsSCI in 0.96 ml of 
abs. DCE snd 4 ml of abs. CH2CI 2 was added in 5 rain to a solution of 0.35 g of (I) in 4 ml of CH2CI~, cooled 
to -20 to -30 ~ after which the mixture was kept at -i0 to -20 ~ for 15 rain (the solution decolorized~. After 
removal of the solvent the residue was vacuum-distilled. We obtained 0.76 g (79%) of (IV), bp 205-210 ~ 
(2 ram); n~51.5547. Found: C 62.90; H 7.65%. i CIzHITSCI. Calculated: C 63.02; H 7~176 

Step C (generation of(HI)). To a solution of adduct (IV) in CH2CI2 at -45 to -50 ~ was added 0.975 g of 
A3BF4 in 3 ml of abs. CH3NO 2. The obtained colored solution of (III) was kept at -i 5 to -i 0 ~ for 10 rain, which was 
sufficient fer the complete precipitation of the AgCI and the formation of (HI). Intermediate (Ill) was gener- 
ated by similar procedures using C6HsSBr (see [3] for preparation). 

Reactions of Intermediate (III) with Nucleophiles. All of the reactions were run using a standard sample 
and a solution of (III) that was obtained from 4.2 mmoles of (I) under the above described conditions. In all 
cases, after adding the necessary nucleophile, the reaction mixture was then treated with saturated NaHCO3 
solution anti extracted with CHCI3. After drying the extract over Na2SO 4 the solvent was removed and the 
products were isolated by customary procedures. The NMR spectra of all of the adducts are given in Table i. 

a) Preparation of (Va). The treatment of (III) with glacial AcOH (20 ml) was run at -55 to -5 ~ for 15 
mira We isolated (AI203, petroleum ether: CHCI3 = Ii :5) 0.8 g (78%) of (Va), n~ 1.5284. Found: C 67.89; 
H 8.17; S12.33%. C12H2002S. Calculated: C 67.67; H 7.94; S 12.70%. Infrared spectrum: 1735 cm -i (OCOCH3). 

b) Preparation of (Vb). To (III) at -55 to -25 ~ was added 20 ml of abs. MeOH and the mixture was 
stirred at --25 to -18 ~ for 20 rain. Distillation gave 0.84 g (89%) of (Vb); n~ 1.5356. Found: C 69.84; H 9.03; 
S 14.19%. C13H20OS: Calculated: C 69.64; H 8.93; S 14.28%. 

c) Pxeparation of (Vc). The treatment of (III) was run with 5 ml of Et2NH in 5 ml of CH2CI~ at -60 to 
--30 ~ for 15 min. We isolated (AlzO3, petroleum ether: CHCI3 :AcOEt = I0:5:0.i) 0.66 g (60%) of (Vc), bp 
i55-160 ~ (2 ram); n~'51.5252. Found: C 72.06; H 10.25; S 11.90%. C16HzTSN. Calculated: C 72.45; H 10.19; 
S 12.07%. 

d) Preparation of (Vd). To (ill) was added 1 g of NaBH 4 in 5 ml of CH2C] z at -60 to -35 ~ and the mix- 
ture was sti!rred for 20 rain, gradually raising the temperature up to 20 ~ . We isolated (AlzO3, hexane: 
CHCI3 :AcOEt = 13:2 :I). 0.28 g (34%) of (Vd), bp 120-125 ~ (2 ram); n~ 1.5381. Found: C 74.61; H 9.48; 
S 16.32%. CIzE18S. Calculated: C 74.23; H 9.28; S 16.49%. We also isolated 0.3 g (34%) of the corresponding 
alcohol (Vhl ; n~,51.5515. Infrared spectrum: 3450 cm -I (OH); NMR spectrum: 0.98 s (9H), 2.87 d.d. (IH, 
JAC=8.0, JBC=4.5Hz), 3.56m (2H, JAB = 11.5), 2.3 s (OH), 7.24 m (SH); corresponds to the structure 
( CH3 )3 CCH( SC6H 5 ) CH2OH. 

e) P r e p a r a t i o n  of  (Ve).  T h e  t r e a t m e n t  of  (III)  wi th  s o d i u m  d i m e t h y t m a l o n a t e  ( f r o m  1 g of  Na and 15 m l  
of  d ime thy l :ma lon ic  e s t e r )  was  run  at - 3 0  ~ fo r  15 min  and at ~20  ~ fo r  1 h. T h e  e x c e s s  d i m e t h y l m a l o n i c  e s t e r  
w a s  r e m o v e d  in  vacuo.  F r o m  t h e  r e s i d u e  w e  i s o l a t e d  (AlzO3, h e x a n e  : AcOE t = 5 : 1 ) 0.47 g (~50%) of  (Ve)  ; 
n ~  1.5092,  which  was  i d e n t i c a l  wi th  an au then t i c  s a m p l e .  
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f) Prepara t ion  of (Vf). To (III) st - 40  to - 5 0  ~ was added 10 ml of abs. CI,I3CN and the  mixture was 
kept at this t empera tu re  for 5 rain, and then the t empera tu re  was ra i sed  up to 20 ~ in 30 min, after  which to 
the react ion mixture  at - 5 0  ~ was added 25 ml of glacial AcOH and the mixture  was s t i r red  for 30 rain ( tem- 
pera tu re  up to -15~ We isolated (SiO~, pet roleum ether :AcOEt = 7 :1 )  0.28 g (27%) of (Va) and 0.65 g {62%) 
of (Vf). Inf rared  spectra:  1520, 1670, 3440 cm -1 (monosubstituted amide). Found: C 67. 16; H 8.66; S 12.29%. 
ClcH~lONS. Calculated: C 66.93; H 8.37; S 12.75%. 

g) Prepara t ion  of (Vg). The t rea tment  of (III) with 10 ml of abs. C6I~CN was run at - 5 0  ~ s imi lar  to 
the p repara t ionof  (Vf). We isolated (A1203, pet roleum ether:  CHC13 = 11 : 5) 0.58 g (44%) of (Vg), mp 69-71 ~ 
(from petroleum ether) .  Found: C 72.58; H 7.40; S 10.92; N 4.30%. CIgH23ONS. Calculated: C 72.84; H 7.35; 
S 10.22; N 4.47%. In f ra red  spectrum: 1510, 1660, 3420 cm -1 (CsHsCONH). 

Prepara t ion  o f  3,4,4-Trimethyl[5,6]benzothiochroman (VIII) ( rear rangement  of (III)). A solution of 
complex (III),  obtained at - 4 0  ~ was heated up to 18 ~ and kept at this t empera tu re  for 1 .5h ,  after  which it was 
cooled to - 4 0  to - 5 0  ~ , 25 ml of glacial AcOH was axtded, and the mixture was worked up in the usual manner.  
We isolated (AlzO3, petroleum ether:  CHICI~ = 5:2)  0.62 g (76.5%) of (VII I ) ;  n~ 1.5781. Found: C 74.33; 
H 8.46; S 15.91%. ClzI-tlsS. Calculated: C 75.00; H 8.33; S 16. 67%. NMR spectrum: 0,85 d (3H, CH3CHx, 
JH,CH 3 ---7 Hz), 1.13 and 1.20 2c (6H, CH3CCH3) ; 1.75 m (li,i, CI,IxCI.I3) ; 2.50 d.d. (1H, CHB, JAB = 12, JBX = 
5Hz); 3.17 d.d. (1H, CHA, JAX = 4Hz); 6.97 m (4H, C6H4). Mass spectrum: M + with m / e  192, and intense 
fragments with m / e  177, 150,149,  135, 44. 

Prepara t ion  of Adduct (XII) (path B + C). Step B (preparat ion of (XVI)). To a solution of 2.32 g of 
2,4-(O~N),C6H3SBr in 15 ml of CH,.CI~. at 20 ~ was added 0.53 g of (I) and the mixture was let stand for 12 h. 
After distilling off the solvent we isolated (A1,O3, petroleum ether:  AcOEt = 5 : 1) 1.47 g (65%) of Br-adduct  
(XVI), mp 106-107 ~ {from petroleum ether). Found: C 38.92; H 4.18; N 7.91%. CI~HIlsO4N~BrS. Calculated: 
C 39.67; H 4.13i N 7.71%. 

The corresponding Cl-adduct (XV) was obtained in a s imi lar  manner  f rom 1.53 g of 2,4-(O~N)~C6HI3SC1 
in 15 ml of CH~.Clz and 0.53 g of (I). P repara t ive  TLC (AlzO3, pet roleum ether  :AcOEt = 5 :1  ) gave 1.41 g 
(71%) of (XV), mp 97-98 ~ (from petroleum ether). Found: C 45.38; H 4.69; N 8.45%. CI~.I,I1504NgC1S. Calcu- 
lated: C 45.21; H 4.71; N 8.79%. 

Step C (preparat ion of (XII)). To a solution of 0.13 g of (XVI) in 2 ml of CI'IzCI~. , coo led to  - 5 0  ~ was 
added in 1 rain 0.07 g of AgBF4 in 0.25 ml of sbs. CH3NO~. and the mixture was kept at - 5 0  to - 3 0  ~ for  10 min. 
Then 10 ml of glacial AcOH was added at - 4 5  to - 1 0  ~ and the mixture was s t i r red  at - 1 0  ~ to +18 ~ for 30 rain. 
After  the usual workup we isolated 0.07 g (65%) of (XII), mp 96-97 ~ Found: C 47.55; H 5.11%. CI,HHlsO4NgFS. 
Calculated: C 47.68; H 4.96%. NMR spectrum: 1.04 d (3H, CH3CHc; JHH,CH3 = 6 Hz); 1.22 mud 1.58 2 d 
(6H, (CH~)~CF; JCHs,F = 22.5 Hz);  1.82 m (lI-I, CHcCI,I3) ; 2.62 2 d (1H, CHIB, JAB = 12, JBC = 11.5 Hz);  

HASA r 3.55 2 d (1H, CHA; JAC = 3 Hz);  protons A, B, and C belong to the CI-h--uHc--C~ fragment;  the aromatic  

protons form an XYZ sys tem:  7.68 d (1 I-I, HX; JXY = 9; JXZ = 1 Hz);  8.37 2 d (1H, Hy;  JYZ = 2.5 Hz);  9.03 d 
(1 H, HZ). Mass spectrum: M + with m / e  302, and intense fragments  with m / e  183,103,  83, 61. Adduct (XII) 
was  obtained in a s imi lar  manner  f rom Cl-adduct (XV) in 71% yield. 

Adduct (XII) was also obtained by the direct  react ion of (I) with 2,4-(O~N)~CGH3SBF4 (path A). However, 
intense t a r r i ng  was observed in these cases  and the yield of (XII) did not exceed 22-23%. The formation of 
(XII) was not observed when (I) is reacted  with 2,4-(O2N)~.CsH3SSbF6 (0.176 g of (I),  0.586 g of 2,4-  
(OgN)~C6H3SBr, and 0.859 g of AgSbF 6 in a 3 : 1  CH~Clz-CH3NO~ medium, at - 5 0  to -40~ and from the r e s i -  
due, obtained after  the usual workup (nucleophile = AeOH), we isolated 0.1 g of product  (XIIa), mp 103-105 ~ 
Mass spectrum: (M - 1)+ with m/e 365 (2,4-(O,N)~C6H3S" C6H19. �9 Csi,Ill). 

Generation of Intermediate  (XVII). Path A. To a solution of 0.117 g of Me~S in 3 ml of CH9C12, cooled 
to - 4 0  to - 5 0  ~ and protec ted  f rom the light, was added in 3 min 0.2 g of Br~. in 3 ml of CI'I2C12, after  which 
the react ion mixture  was kept at - 2 0  to - 3 0  ~ for  8 rain. To the obtained CH3SBr solution were  added in 0.5 
min 0.487 g of AgBF~ in 1.5 ml of CH3NO~. and 0.176 g of (I) in 2 ml of CHiCle, and to  complete the react ion 
the mixture  was  kept for  another 10 min at - 4 0  to -25 ~ The in termediate  (XVII) was obtained in a s imi lar  
manner  using CH3SC1 to generate  the CH~SBFa. 

Path (B + C). To the CHzSBr solution, obtained by the preceding procedure ,  at - 4 5  to - 5 0  ~ in 0.5 min, 
was added 0.176 g of (I) in 2 ml of CHiCle., and the mixture  was s t i r red  at - 2 0  to - 30  ~ for 20 min. Here the 
CHzSBr color disappears  and the corresponding CHzSBr-adduct is formed, which without isolation was then 
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TABLE I. 

H A 
/ 

NMR Spectrum of Adducts of General Formula  (CIt~)sCClt c - c  
l r \  

R1 R e H n 

COrfl " 
pound m m (CKa)aC CHC CIIAt tB  lU 1~ ~" 

(IV) 
(V a) 
(vb) 

(Vc) 

(Vd~ 
(Ve~ 

(vf) 
(V:g) 

(XW) 

(xvtII) 

SCGH~ 
SCdI~ 
SCsH5 

SCsHs 

SC~H~ 
SCsH5 

NHCOCHa 
NtlCOC~H~ 

2,4-(O.~N)2- 
C,~HaS 

SCHa 

C1 
OCOCHa 
0CHa 

N(C~Hs)~ 

H 

CHx(COOCIta)~ 

SC~Hs 
SC~Ha 

Br 

OCOCI~s 

i 

t,01S 
1,03s 
t ,0t S 

0,98 s' 

0,97s 
1,05 

t, 03 
t ,03 
t,15 

1,03 

2,98 m (Ykc = 5,5 *) 
3,00d. d (JAC=JBC =5,5) 

2,85d.d, (JAg = 6, 
JBG = 4,8)  

2,t5---2,88 

2,~o q (J = 7) 
2,83 m 

4,0 12] 
4,13 m (YAc = YBc =4,5) 

3,15--4,05 
(3H, He, HA, HB) 

2,42 t (JAc = 3BC == 6) 

3,58m (JAB = 12) 
4,20m (lAB = 12) 
3,48 m (YAB = I0) 

1 37 d(CH___~--CIt c --) 
1,76 rn(tIA); 2,35m 

(It B ) 

3,0 m 

3,10 m (JAB = 11) 

4,20m (JAB = 12) 

7,20 m 
7,22 rn 
7,2 m 

7~2 m 

7,t5 m 
7,22 m 

~,t m (Nit), t ,76 (CHACO) 
6,7 re(Nil, JN1;, iI e -- 8) 

7,68--9,00 m 

t,98 s 

1,72 s 
3,14 s 

0,87 m (6H, 
(C[Ia--CH:)2--) 

3,55s. 3,68 s 
[6H,)C(COOCHa)2); 3,83 dl 

4,00 d (1H, HX, 
YBx = 12,5; JAX = 3) 

7,2 m 
7,t8 m (CsHsS-- and 

C.HsCO--) 

2,12 s 

*Values of the SSCC (J), Hz; the integral  intensity of the signals corresponds  to the indicated assignment (the 
ass ignment  was also checked by the double-resonance data). 

t r ea t ed  at - 4 5  to - 5 0  ~ with a solution of 0.487 g of AgBF4 in 1.5 ml of CIt3NO 2. To completely precipi tate  the 
AgBr the raixture was  kept for another 5 rain at - 4 0  to - 3 0  ~ 

Intmznediate (XVII) was also generated by path (B + C) via the Cl-adduct (see [12] for  preparation),  but 
more  drag~ic conditions were  required to precipi ta te  the AgCh 15 rain at - 10  to - 5  ~ 

Prepara t ion  of (XVIII). The t rea tment  of (XVII) with 15 ml of glacial AcOtt was run at - 5 0  ~ after  which 
the t empe la tu re  was ra i sed  to 0 ~ in 15 rain. The obtained adduct contained (GLC) mainly (XVIII). Distillation 
gave 0.38 g (95%) of (XVIII); n~ 1.4640. Inf ra red  spectrum: 1735 cm -1 (OCOCHa). Found: C 56.22; H 9.84; 
S 17.49. CaH18OaS. Calculated: C 56.84; H 9.47; S 16.84%. 

CONCLUSIONS 

i. It was shown that stable intermediate of the episulfonium-ion type can be generated from tert-butyl- 
ethylene, snd their reactions with various nucleophiles were studied. 

2. It was discovered that skeletal rearrangements are possible in the discussed complexes. 

5. 

6. 

7. 
8. 
9. 

i0. 

ii. 
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F L U O R I N E - C O N T A I N I N G  A L L E N E S  

COMMUNICATION 6 *. REACTION 0 F T ET RAKIS(T RI FLUORO- 

METHYL) ALLENE WITH DIMETI-IYLFORMAMIDE 

M. D. B a r g a m o v a ,  N. S. M i r z a b e k y a n t s ,  
Y u .  A. C h e b u r k o v ,  a n d  I .  L.  K n u n y a n t s  

UDC 542.91:547.315.1'161:547.298.1 

Hete rocumulenes ,  for  example  i socyana tes  [2-4] o r  f luor ine-containing ketenes  [5, 6], r eac t  with a weak 
nucleophile l ike DMF to r e spec t ive ly  give fo rmamid ines  o r  enamines  and CO~.. 

In the p re sen t  p a p e r  it was  shown that a cumulene like t e t rak i s ( t r i f luoromethy l )a l l ene  (I) r e ac t s  with 
DMF at 20 ~ C to give hexaf luoroisobutenyldimethylamine  (IV) [5] and CO9.. T h e  s ame  as in 

vjcN/cv~ ? 
(cF3),,c t:t (CF02C=C=C(CF3)~ + O=CItN ( 3)'2~ I '  - ~ N ( C r t 3 )  ~I 

(I) L (~t) o I 

-~ [ (CF~)~C = C = O  ] + (fiF3)~C~CHN (CH3)~ 
(III) (IV) 

the case  of o ther  he te rocumulenes ,  the  p r o c e s s  apparent ly  p roceeds  v ia  the  cyclic  adduct (II) ,  which i s  un- 
s table and decomposes  to give b is ( t r i f luoromethyl )ke tene  (III) and enamine (IV). However ,  ke tene  (III) cannot 
be  i so la ted  in the pu re  fo rm since,  as was a l ready mentioned,  it r e ac t s  with DMF under  the react ion  condi-  
t ions to give (IV) and CO~.. 

To p r o v e  the  p roposed  reac t ion  scheme it  was  n e c e s s a r y  to i so la te  b i s ( t r i f luoromethyl )ke tene  as the 
adduct with such a th i rd  component as could compete  with DMF in the reac t ion  with ketene  (III) .  Such a com-  
ponent p roved  to be  ethyl ni tr i te .  According to the data in [7], i t  r e ac t s  with (HI) at - 6 0  ~ to give the ethyl 
e s t e r  of  ~-n i t rosohexaf luoro i sobutyr ic  acid (V), whe rea s  allene (I) does not r eac t  with ethyl n i t r i te  even at 
100% The addition of eqn imolar  

( I I I ) +  C~HsONO --* (CFJ)~C--COOC~H5 
I 

~o (v) 

amounts of ethyl n i t r i te  to a m i x t u r e  of  al lene (I) and DMF made  it  poss ib le  to i so la te  ketene (III) as e s t e r  
(V) and thus conf i rm the p roposed  reac t ion  scheme.  

The studied reac t ion  again indicates  the substant ia l  e lect rophi l ic i ty  of the cumulene sys t em of bonds in 
te t rak is ( t r i f luoromethyl )  al lene (cL [8]), which makes  it exceedingly reac t ive  even toward  a weak nucleophile 
l ike DMF. 

E X P E R I M E N T A L  M E T H O D  

React ion of Te t rak i s ( t r i f luoromethy l )a l l ene  (I) with DMF. A mix tu re  of  2.8 g (0.009 mole) of al lene (I) 
and 1.4 g (0.02 mole) of  abs. DMF, sea led  at - 7 8  ~ in a g lass  ampul,  was  kept at 20 ~ for  30 h until homogeniza-  
t ion was  complete.  After  dis t i l la t ion we obtained 2.6 g (71%) of 1-H-hexaf luoroisobutenyldimethylamine (IV), 
which was  identical  (GLC) with an authentic specimen,  and 0.2 g (61%) of CO~.. 

*See [1] for  Communicat ion 5. 

Inst i tute  of  Hete roorganic  Compounds, Academy of Sciences of the  USSR, Moscow. T r a n s l a t e d  f rom 
Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimicheskaya,  No. 6, pp. 1326-1327, June, 1976. Original  ar t ic le  sub-  
mit red June 23, 1975. 

1 [This marerla! is protected b3, copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New  York, IV. Y. 10011. No part 
Io f  this publication rnay be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without wdtren permission o f  the publisher..,4 copy o f  thi.~ arttcle is available from the publisher Jor $ 7.50, 

1274 


