
C O N C L U S I O N S  

The acylat ion of alkynes by a -b rom obu ty roy l  t e t ra f luorobora te  under  "nonnucleophtlic" conditions takes 
place as a reac t ion  involving the conjugated addition of the acyl ium cation and the bromide  anion f rom the acyl  
res idue  over  the t r ip le  bond by means  of a 1, 4 shift .  
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I N T E R M E D I A T E S  IN E L E C T R O P H I L I C  V I N Y L  S U B S T I T U T I O N  

IN 1 , 1 - D I A R Y L E T H Y L E N E S  A N D  R E D U C T I O N  O F  f l - S U B S T I T U T E D  

1 , 1 - D I A R Y L E T H Y L  C A T I O N S  BY T R I E T H Y L S I L A N E  

V . V .  B a s h i l o v ,  V .  I .  S o k o l o v ,  UDC542.941-128.547.636 
a n d  O .  A .  R e u t o v  

The reac t ion  of 1 ,1 -d ia ry le thy lenes  with m e r c u r i c  t r i f luoroace ta te  o r m e r c u r i c  ni t ra te  in CH3CN, e ther ,  
benzene,  or  another  aprotonic  solvent  r e su l t s  in the substi tut ion of the vinyl hydrogenby  m e r c u r y  [1]. This  
p roces s  is analogous to the prev ious ly  known vinyl brominat ion  reac t ion  in [2] and s eve ra l  other  e lec t rophi l ie  
vinyl substi tut ion reac t ions  in 1 ,1 -d ia ry le thy lenes  [3]. 

The in te rmedia tes  of m e r c u r a t i o n  and halogenation reac t ions  have  been s tudiedwith the aid of UV, iH 
NMR, and 13C NMR spec t roscopy  [4]. The data obtained a re  evidence in favor  of the a s y m m e t r i c  s t ruc tu re  of 
the in te rmedia te  with predominant  local izat ion of the posi t ive charge  on one ca rbon  a tom,  i . e . ,  the open s t r u c -  
ture  of f i -carbonium ion Ar2C+--  CH2E , where  E = HgOCOCF3, Cl, B r .  

The abil i ty of carbonium ions to media te  in t e rmolecu la r  hydride t r a n s f e r  is well known. The purpose  of 
the p re sen t  work was to study hydride t r a n s f e r  f rom t r ie thyls i lane  to 2 - h a l o m e r c u r i - 1 , 1 - d i a r y l e t h y l  cat ions,  
which a r e  genera ted  f rom subst i tu tedolef ins  or  alcohols and CF3COOH according to the scheme 

I~$CCH~E H+ 

OH --H2o -. R~C+CH2 E 

R2C=CHE H+ 

Reduction by t r i a lky l s i l anes  in CF3COOH, which is knownas  an ionic hydrogenat ion reac t ion  [5], has not p r e -  
viously been applied to olefins and alcohols containing m e r c u r y  or  halogens.  

The reac t iv i ty  of H-subst i tuted 1 ,1 -d i a ry l e thy l ca t i ons  with r e s p e c t  to the hydride ion shouldbe dependent 
on the distr ibution of the posi t ive charges  in the sy s t em,  which is de te rmined  by the nature  of the he te roa tom.  
The p resence  o fa  fl halogen a tom c r ea t e s  the possibi l i ty  for  an in t ramoleeu la r  nucleophilic interact ion with 
the carbonium cen te r .  The p re sence  of a highly polar  HgS+- -X 5- bond introduces a second e lee t rophi l ic  con-  
t e r  into the cat ion.  Taking advantage of P e a r s o n ' s  pr inciple  of hard  and sof tac ids  and bases  [6, 7], we were  
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TABLE 1. Chemical Shifts and Spin--  Spin Coupling Constants Cal- 
culated from Data from the PMR Spectra  of 1 ,1 -Diary l -2-ha loe thanes  
(A2B sys tems [8]) 

6. ppm 

Compound  Solvent  CH CH: JAB, Hz 

I Ph2CHCH2Br CCI~ 4,35 3,83 8,0 
Ph2CHCHzCI CCI~ ~1,25 3,92 7,8 
(CHsOC~H~) 2CH-CH2Br CCI~ 4,20 3,73 7,6 

able to a p r io r i  assume the hydride, being a sof tbase ,  should preferent ia l ly  attack the f l -mercura tedca t ion  
at  the softer  m e r c u r y  atom R - - H g  | Inthe case of the 2-halogen-subst i tuted ion, only the C atom bearing the 
positive charge is an active center .  

The experiment  showed that 1, 1 -d ia ry l - l -hydroxy-2 -ha loe thanes  and 1 ,1-d ia ry l -2-ha loe thy lenes  con- 
taining chlorine and bromine are  converted rapidly and with a high yield into 1 ,1 -d ia ry l -2-ha loe thanes  under 
the action of CFsCOOH and EtsSiH according to the scheme 

H+ + E~SiH Ar2C=CHHal ~ Ar~C --CH2Hal - - ~  Ar2CH--CHsHal 
H+~ ]~t~SiH 

Ar2C--CH2Hal _'_'_~o ~ Ar2C+--CH~Hal �9 -* Ar2CH--CHsHal 
OH 

Hal = CI,  B r  

In the case of the formation of a stable 1 ,1-di (p-methoxyphenyl) -2-bromoethyl  cation from 1 ,1-d i (p-methoxy-  
phenyl)-2-bromoethylene,  the reduction proceeds so vigorously that the react ion can be ca r r i ed  out as a t i t r a -  
tion. 

The 1 ,1 -d ia ry l -2 -ha loe thanes  isolated in the experiments  were charac te r ized  by elemental  analysis ,  
PMR spectra ,  which contained charac te r i s t i c  multiplets of the A2B sys tems of the CH--  CH 2 groups (Table 1), 
data f rom T LC on Silufol, and chemical  convers ions .  1 ,1 -Diary l -2-ha loe thanes  differ with respec t  to their  
stabili ty.  The previously unknown 1,1-di (p-methoxyphenyl) -2-bromoethane is the least  stable. For  example, 
during the chromatography on A120 3 it completely decomposedto  form 1,1-di(p-methoxyphenyl)ethylene.  F rom 
the samples of 1 ,1-d iphenyl -2-bromoethane  and 1, 1-di(p-methoxyphenyl)-2-bromoethane we obtained the co r -  
responding 2-bromomercur ie thanes ,  which were the standards for  the study of the reduction of t he /3 -mercu ra -  
ted cations: 

�9 ~Ig HgBr~ 
ArsCHCHo.Br ~ Ar2CHCH2MgBr ~ Ar2CHCH2HgBr 

Ether 

T h e r e a c t i o n  was complicated by the formation of 1 ,1 ,4 ,4 - t e t r aa ry lbu t anes ,  which is especial ly significant 
in the case of 1 ,1-di (p-methoxyphenyl) -2-bromoethane.  In this case ,  the application of column chromatography 
was required for the isolation of the o rganomercury  compound. 

In the pre l iminary  experiments  it was found that m e r c u r y  t r i f luoroaeetates  with the general  formula 
RHgOCOCF3, where R =OCOCF 3, Ar2C = CH, or  Ar2CH-- CH 2, reac t  with tr iethylsi lane in ether CH2Cl2, CHCI3, 
and CH3CN with the formation of metal l ic  m e r c u r y .  The only reduction products of the 2, 2 -d iary lv inylmer-  
cury  compounds were the correspondingolef ins .  In the case of the compounds with the formula Ar2CHCH 2- 
HgOCOCF3, the react ion was more  complicated.  The react ion mixture contained the 1 ,1-diaryle thane and 
1 ,1-diaryle thylene .  Such a resul t  may be due to the radical  mechanism of the reduction of the compounds under 
investigation. Stepwise demercura t ion  with the intermediate formation of an unstable m e r c u r y  hydride is more  
likely. 

RHgOCOCFa 

The subsequent conversions of this intermediate to form the product involve the homolytic splitting of the 
C -  Hg bond. It should be noted that the formation of RHgH has been postulated in mos t  communications 
devoted to the reduction of o rganomercury  compounds by hydrides [9, 10]. 

The foregoing react ions simulate some of the p rocesses  which take place in 2, 2-d iary lv inylmercury  
salts under the conditions of ionic hydrogenation. 
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TABLE 2. 
Ionic Hydrogenation of Mercu ra t ed  1,1-Diary,  lethylenes 

D a t a  f rom the PMR Spec t ra  of the Products  of the 

8r, ppm 

CH 

3,92 

4~o 

CH2 
5,29 

5.25 

CH3 

-t-H* 

i,47 

i,55 

Compound Solvent 

PhzC=CH~ Without a 
PhaCH-CH3 solvent 
(CH3OC6H~) 2C=CH~ I CHC13 
(CH3OC~H~) zCH-CH3 I 

J'HH, 
Hz 

7,i 

7,0 

EtaSIH . . . .  Ar~C=CHHgX -, Arz~----t~ll~ ~ Ar2C+CHs 
--tt+ 

Ar2C+--CH~--HgX _ _ _ _  

[ Et~SiH IEtzSiH 

Ar'zCH--CH2HgX --~H:IO'~" ArsCHCHa *-l 

The reduct ion of b is (d iphenylv inyl )mercury  and compounds with the gene ra l  fo rmula  (CHaOC~H4)2C = CHHgX, 
where  X =CI, Br ,  OCOCF 3, or  t r ie thyls i lane  in CF3COOH exper imenta l ly  resu l t s  in the fo rmat ion  of d e m e r -  
curat ion products .  Af ter  the r e m o v a l  of the m e r c u r y ,  the analysis  of the organic  f rac t ion  by TLC and PMR 
spec t roscopy ,  as postulated,  showed that in all  ca ses  the m a i n  components  a re  the cor responding  1 , 1 , - d i a r y l -  
ethane and 1 ,1 -d ia ry le thy lene  (Table 2). Inthe cases  in whieh there  were  p-CH3OC~H a groups in the a posit ion 
of the v i n y l m e r c u r y  compounds,  i twas  poss ib le  to es tab l i sh  the p resence  of t r a ce s  of 2, 2-di (p-methoxyphenyl) -  
e t h y l m e r c u r y  in the mix tu re  of reduct ion products  b y T L C  on Stlufol UV-254. It may  be a s sumed  tha t the  r e -  
p lacement  of the a*-phenyl groups  by anisyl  groups reduces  the magnitude of the effect ive posi t ive charge  on 
the carbonium C a tom.  The dec rea se  incharge  r e su l t s  in an increase  in the "sof tness"  of the carbonium cen-  
t e r  (in the sense  of the pr inciple  ment ioned in the foregoing),  thereby making the t r a n s f e r  of the hydride ion 
to the C a tom bear ing  the posi t ive charge  m o r e  l ikely.  

Thus,  ionic hydrogenat ion can be applied to the reduct ion of 1 , 1 - d i a r y l - s u b s t i t u t e d  olefins and alcohols 
containing CI or  Br  in the fl posi t ion to the cor responding  1 ,1 -d i a ry l e thanes  with the maintenance of the he t e ro -  
a tom.  Mercury -con ta in ing  compounds a r e  d e m e r c u r a t e d  under  such condit ions.  The r e su l t s  a r e  evidence of 
the in te rmedia te  fo rmat ion  of f i -subst i tu ted carboninm ions.  

E X P E R I M E N T A L  

The CF3COOH was pur i f ied by means  of the Na sa l t  [11]. The CHCI 3 and CH2Cl 2 were  shaken with an 
aqueous solution of K2CO 3, dr ied,  and dist i l led with P205 inan  Ar  a t m o s p h e r e .  The PMR spec t r a  were  r e c o r -  
ded on H i t ach i - -  P e r k i n - -  E l m e r  R-20 and Var ian  T-60 ins t ruments ,  the internal  s tandard  being HMDS. The 
t h in - l aye r  and column chromatograph ic  sepa ra t ions  of the compounds were  c a r r i e d  out on Sil ica Gel L 40/100,  
Sil ica Gel L 100/160, o r  A1203 (activity level  II). The pur i ty  of the compounds was moni to red  and the c h r o m a t o -  
graphic  homogenei ty  of the products  isolated was ver i f i ed  on S ilufolUV-254 pla tes  under s tandard  condit ions.  
The synthes is  of the o rganomagnes ium compounds and the reac t ions  with them were  c a r r i e d  out in a H e r s h b e r g  
appara tus  in an Ar  a t m o s p h e r e .  Tr ie thy l s i l ane  (I) [12], 1 ,1 -d ipheny l -2 -b romoe thy lene  (II) [13], 1 ,1 -d i (p -  
methoxyphenyl ) -2 -bromoethy lene  (III) [14], and 2, 2 -d iphenyl -2-hydroxyethyl  chloride (IV) [15] were  synthes ized 
accord ing  to known methods .  The synthesis  of the 2, 2 -d iphenylv iny lmercury  and 2, 2-di (p-methoxyphenyl) -  
v i n y l m e r c u r y  sa l t s  has prev ious ly  been desc r ibed  in [1, 16]. 

2 , 2 - D i p h e n y l - 2 - h y d r o x y e ~ y l  Bromide  (V). A solution of 3.60 g (0.02 mole) o f I , 1 -  diphenylethylene and 
3 . 5 6 g  (0.02 mole) of N-b romosucc in imide  in aqueous dimethoxyethane (30 m l  of dimethoxyethane and 10 ml  
of water)  was allowed to stand a t  ~20~ After  24 h, the so lven twas  d r ivenof f  in a vacuum, andthe res idue  
was ex t rac ted  with CC14 ( t h r ee  10-ml  por t ions) .  Remova l  of the CCI 4 and r ec rys t a l I i za t ion  of the resudue 
yielded 2.47 g (46%) of a co lo r l e s s  c rys ta l l ine  compound (V), mp  70-71.5~ (hexane). PMR spec t rum (CCl4, 
5, ppm): 3 .10(broadened  singlet ,  1 H, OH), 4 .17(2  H (CH2Br), Found: C, 60.30; H, 4.89; Br,  28.84%. Cal-  
cu la t ed fo r  CI4H13OBr: C, 60.66; H, 4.73; Br ,  28.82o/0:~ 

Bis(2, 2 -d iphenylv iny l )mercury  (VI). A 3 .50-g  port ion (0.0076 mole) of 2 ,2 -d ipheny lv iny lmercury  b ro -  
mide  was added port ionwise with cooling and s t i r r ing  to a solution of the Mg der iva t ive  f rom 3.28 g (0.012 mole) 
of b romide  II and 0 . 3 0 g  (0.012 mole) of Mg in 50 m l o f  absolute e the r .  The mix ture  was boilled for  5 h, a f te r  
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which t twas t rea tedwi th  70 ml  of wate r  anddiluted with50 m l o f  benzene.  The organic  layer  was separa ted  
and dr ied by MgSO 4. Evaporat ion of the solvents in a vacuum yielded 3.1 g (73%) of a crys ta l l ine  compound 
(VI) with mp 138.5-139~ (ethanol -- benzene) .  T LC (Silufol, toluene eluent): Rf 0.81; for  the original  2, 2- 
diphenylvinylmercury bromide,  Rf 0 .71.  Compound VI can be obtained by the symmetr iza t ion  of 2 ,2-diphenyl-  
v iny lmercury  bromide by NaI in acetone.  PMR spect rum (VD (6, ppm): 6.67 (=CH--Hg),  J1H_199Hg = 114.3 
Hz.  Found: C, 60.01; H, 3.98; Hg, 35.85%. Calculated for  C28H22Hg: C, 60.15;H,  3 .97;H,  35.88%. 

1 ,1-Diphenyl -2-ehloroe thane  (VII). A 10.30-g  portion (0.09 mole) of CF3COOH and 1.45 g (0.0125 mole) 
of t r ie thyls i lane were  addedto a solution of 2.33 g (0.01 mole )o f  IV in 7 ml  of CHCI 3 at --15~ and the mixture  
was s t i r r e d .  Then themix tu re  was left  to stand fo r1  h. In o r d e r t o  isolate the reduction product,  the CHCI 3 
and the excess  acid were  evaporated in a vacuum. Low- tempera tu re  crys ta l l iza t ion  of the oily res idue f rom 
heptane yielded 1.68 g (77%) of VII, mp 35~ (compare [17]). 

1 ,1 -Diphenyl -2-bromoethane  (VIII). Reduction of II. A t 0 . 2 6 - g  portion (0.09 mo le )o f  CF3COOH and 
1.45 g (0.0125 mole) of t r ie thyls i lane were  added with cooling by ice t e a  solution of 2.59 g (0 .01mole)  of 
bromide  II in7 ml of CHC13 (or CH2C12). The mixture  was held at  0~ fo r1  h. The solvents were driven off 
in a vacuum with the t empera tu re  of the bath equal to 30~ Low- tempera tu re  crysta l l iza t ion of the residue 
f rom hexane yielded 1 .61g  (62%) of VIII in the form of co lo r l e s s ,  cubic c rys ta l s ,  mp 61-62~ (compare [17]). 
TLC (Silufol, t :  4 b e n z e n e -  hexane einent): Rf 0.47 (VIII); Rf 0.70 (ID. 

Reduction of V. In analogy to the procedure  for II, the react ion of 0 .49 g(0.0018 mole) of V in 5 ml of 
CHCI 3 with 2.06 g (0. 018 mole) of CF3COOII and 0.29 g (0.0025 mole) of t r ie thyls i lane  yielded 0.31 g (66%) of 
VIII, mp 61-62~ The compounds obtainedby the two methods were identical.  

1 ,1-Di(p-methoxyphenyl ) -2-bromoethane  (IX). A 17 .1-g  portion (0.15 mole) of CF3COOH was added to a 
solution of16.00 g (0.05 mole) of bromide  III in 20 ml  of CHCI~ with coolingand s t i r r ing .  The  reddish  violet  
solut ionwas instantaneously dezolor ized foUowingthe addition of 8.75 g (0.075 mole) of t r ie thyls i lane.  The 
solvent and the excess  volatile reagents  were  driven off in a vacuum Witha t empera tu re  of the bath _<20~ 
The res idue was passed through a layer  of s i l ica  gel (50 g) in benzene and c rys ta l l i zed  f rom hexane.  T h e p r o d -  
uct consis ted of 14.20 g (88%) of IX, mp 68-69~ Found: C, 59.53; H, 5.48; Br ,  24.99%. Calculated for  
CI6H17BrO2: C, 59.83; H, 5.36; Br ,  24.88%. During chromatography on A1203, bromide IX was conver ted into 
1 ,1-di (p-methoxyphenyl) -e thylene iX), mp 144~ PMR spect rum o f X  (CCl4, 6, ppm): 3.83 (s, 6 H, CH30), 
5.27 (s, 2 H, CH2=), 7 .07 (m,  8H, a romat ic  protons) .  

1 ,1 -Dipheny t -2 -b romomercur i e thane  (XI) (Marker) .  A solution of 1.88 g (0 .01mole)  of dibromoethane 
in 25 ml  of absolute e ther  was added to 0.85 g C0. 035 mole) of Mg, and a solution of 6.50 g (0.025 mole) of bro-  
mide VIII in 25 ml of e ther  was added dropwise.  The mixture  was boiled for 12 h, f i l te red  f ree  of the un reac -  
ted  Mg, and pouredonto  5.00 g (0.014mole)  o fHgBr  2. After  the completion of the exothermic  react ion,  the 
mixture  was boiled for 3 h, and the precipi ta te  was f i l te red  off, washed with dilute HBr and water ,  and dr ied 
in a vacuum. Washing with e ther  ( three 20-ml portions) yielded 3.90 g (61%7 of XI, mp 127~ (from ethanol). 
PMR spect rum (CHCI3, 6, ppm): 4.41 (t, i l l ,  CH); 2.49 (d, 2 H, CH2Hg), JiH-199Hg =190.0,  J1H_I H = 7 . 7 H z .  
Found: C, 36.30; H, 2.87; Br ,  17.32; Hg, 43.28%. Calculated for C14H13BrHg: C 36.42; H, 2.84; Br ,  17.31; 
tIg, 43.44%. 

1 ,1 -Di (p-methoxyphenyl ) -2 -bromomercur ie thane  (XII) (Marker) .  A solution of 9.63 g (0.03 mole) of b ro -  
mide IX In70 ml of e the rwas  added dropwise to 0.73 g(0 .03  mole )of  Mgand 25ml  of e ther .  The react ion 
was discontinued 2 h af te r  pouring the solution onto 5.00 gof  HgBr 2. The mixture  was s t i r r ed  for 6 h, and the 
e therea l  solution was decanted with the oily prec ip i ta te .  The precipi tate  was washed with 20 ml of e ther ,  and 
the e therea l  ex t rac ts  were  combined. Upon cooling, 1.81 g of white c rys ta l s  precipi ta ted  f rom the e therea l  
solution. An additional 2,89 g of the product,  i . e . ,  the total  yield was 4.70 g, with mp 98-105~ were obtained 
f rom the precipi ta te  fo rmed  over  the course  of the reac t ion  af ter  washing with dilute HBr and water  and drying 
in a vacuum. According to the TLC data (Stlufol, benzene eluent), the product  contained two compounds: Rf 
0.39 (the m e r c u r a t ed  compound), Rf 0.24 (the m e r c u r y - f r e e  compound). The mixture  was separa ted  by ch ro ,  
matographing it twice in a columuwith s i l ica  gel, the eluent being benzene.  The yield was 2.35 g (32%) ofXII ,  
mp 109-110~ (from ethanol).  PMR spect rum ofXII  (CHCI 3, 6, ppm): 4.36 it, 1H, CH);2.46 (d, 2 H, CH2Hg), 
JIH-199Hg =185 .7 ,  J1H_l H = 8 . 3 H z ; 3 . 6 8  (s, 6 H, CH30). Found: C, 36.63;H,  3 . 2 3 ; B r ,  15.55; Hg, 37.88%. 
Calculated for  C16H17BrHgO2: C, 36.83; H, 3 . 2 8 ; B r ,  15.31; Hg, 38.44%. The second (mercury - f r ee )  com-  
pound (0.47 g, mp 124-125~ was determined to be 1 ,1 ,4 ,4- te t ra (p-methoxyphenyl )bu tane .  Found: C, 79.60; 
H, 7.15%. Calculated for C32H3404: C, 79.66;H,  7.10%. 
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Reduct ion of 2, 2 -Dia ry lv iny lmercury  Compounds by Tr ie thyls i lane  in CF3COOH. Compound VI and the 
salts  (C1---, Br ,  OCOCF 3) of 2 ,2-d i (p-methoxyphenyl )v inyhuercury  were  reduced  under  the conditions for  the 
synthesis  of VII-IX. After  the r emova l  of the m e r c u r y ,  the react ion product  was analyzed b y TLC on Silufol 
UV-254 with m a r k e r  XI or  XII andby PMR spec t roscopy .  

Reduction of Tr i f luoroace ta tes  by Tr ie thy l s i l ane .  The 2, 2 -d i a ry lv iny lmercu ry t r i f l uo roace t a t e s  were  
obtained by the exchange reac t ion  between 0.001 mole of the respec t ive  bromide in CH2CI 2 and an equimolar  
amount of AgOCOCF 3 in e the r .  The prec ip i ta ted  s i lver  halide was f i l te red .  After  the evaporat ion of the sol-  
vents,  the compound was dissolved in e ther ,  CH2C12, CHCI3, or  CH3CN , and 1 ml  of t r ie thyls i lane ~vas added. 
After  being f i l te red  f ree  of m e r c u r y ,  the solut ionwas analyzed by TLC.  

We thank Z. N. Parries for  takingan in te res t  in this work and having useful discussions with us .  

C O N C L U S I O N S  

1. 1 ,1 -Dia ry l - subs t i tu ted  olefins and alcohols containing a ]9 chlorine or  bromine atom are  reduced by 
t r ie thyls i lane  in CF3COOH to 1 ,1 -Dia ry l -2 -ha loe thanes .  Mercury-conta in ing  compounds are  demercu ra t ed  
under  these condit ions.  

2. The f i-subst i tuted 1 ,1 -d ia ry le thy l  cations fo rmed  as in termedia tes  under  the conditions of ionic 
hydrogenation display a pronounced carboninm c h a r a c t e r .  
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