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950 rmaol) was added. The reaction mixture was stirred for 2 h 
~20 -'C~ and ,rushed with H,O (2 x I m L )  The orgi,mic layer 
was separated, dried with M]gSO4 . and concentrated. The resi- 
due was chromatographed tSiO 2, CH2C12--MeOt-|. 95 : 5). Oxi- 
dation by the complex with the L I iigand afforded 
compound I in a yield of0.19 g (91%t, RtO.2,R ICHCI: -Me()H,  
9: I) ,m.p g7- -q0~  Ref. 1: m.p  li)0--101 ~ lbr the na- 
tur:d atkah~id). Oxidation by ti~e complex witi~ the L z ligand af- 
fi)rded cornpotmd i in a yield of0.14 o {66%). rap. 86--8~ ~C. 
Found 1%): C, 52,87: H. 9.90; N, I 1.01: $, 12.45. CIIH2..tN202S. 
Calculated i%~: C. 53.19: H, 9.74: N, 11.28: S. 12.91. 
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No corretar was obsep,'ed between the gas-phase basicities of various functional groups 
reward H "~ and SiMon" ions. Differences in the reactivity of fimctional groups studied toward 
$i,Me) -~ ions are smaller than those in the reactivity toward protons. 

Key words: mass spectrometry, chemical ionization, trimethylsilyl cation, basicity. 

Previously, l,z it has been  s h o w n  that the reactivity o f  
StMe;-'- ions in reac t ions  wi th  m o n o - ,  di- ,  and tri-  
ha loa lkanes  is d e t e r m i n e d  by the  bas ic i ty  of  these m o l -  
ecules,  i.e,. by lhe i r  p ro ton  aff ini ty,  3 However ,  s tudies  o f  
c o m p o u n d s  with n i t r o g e n - c o n t a i n i n g  funct ional  groups  
have shown 4 that  tile bas ic i t ies  o f  these c o m p o u n d s  
toward H '  and SiMe3 -~ ions do  not  correla te  ( this  has 
been  conf i rmed  by q u a n t u n ~ - c h e m i c a l  calculat ions) ,  

Th i s  work was carr ied out  in a con t i nua t i on  o f  
compara t i ve  studies of  tile reac t iv i ty  of  various func-  
t ional  groups toward H ~ and SiMe3 ~ ions. 

Experimental 

Mass spectra were recorded on a Kratos MS-N) mass 
spectrometer (enemy of ionizing electrons 200 eV, temperature 
of the ion source 150 ~ The reagent gas pressure (0.2 Tort) 
was kept constant with the use of an external manometer 
mounted on the mint system. Tetmmethylsilane (Merck9 of 

99.7% purity was used in the experiments. Equimolar mixtures 
of compounds under study were introduced through a heated 
direct inlet system. 

Results and Discussion 

The  mass spect ra  o f  all c o m p o u n d s  in the  mix tures  
s tud ied  con ta in  on ly  the  peaks o f  a d d u c t - i o n s  [ M -  
SiMe3] +. For  e q u i m o l a r  mix tures ,  the rat io of  in tens i t ies  
o f  the  ion peaks, [M I ' $ i M e 3 + ] / [ M  2 " S i M e 3 ~ ] ,  is the 
equi l ib r ium cons t an t  (g~q) o f  t h e  tr imethylsi[yl  ion t r ans -  

fer react ion,  z 

[M '  "SiMe3] ~ + M 2 K ~ ,  [M2 .S iMe3 l  + + M '  

We m e a s u r e d  the  ra te  c o n s t a n t s  for  r e a c t i o n s  

( I ) - - ( I  I). 
"File results o b t a i n e d  in th is  work and  ill o u r  previous  

s tudies  z -4  made  it possible  to es tabl ish the  fol lowing 
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Reaction K,eq( Si M e 3) 

(.,2D~COCD~ -'- CH:CI 2 �9 SiMe;' 

CD3COCD 3 ~- Et,O" SiMe3" 

E[,O ~- NHEt - -  SiMe; + 

MeCN + "CaH,:S" SiM% 

MeCN ~- **CaHaO-SiMe.;- 

( '4H: $ ~- C4H40 .  Si,'Vh:.;+ 

MeNO, e CaHaO-SiMe3" 

Et-O + C4H40-  SiMeC 

NH(Etl2 ~- C4H40" SiMeC 

CD~COCD~ '~ NHEt_, " Si,"4e~" 

C4H40 + CH2CI 2 �9 SiM%- 

_ ~ CD3COCDs. SiMe:~ ~- CH,CI,  i l )  31.0 

--- CD;COCD 3. SiMe: § + Et~O ~'2) 2.3 

.=----~- E / O E t ' S i M c ; -  + NHEt~ 13) 1.3 

= M e C N . S i M e , "  ~ C4t4;S ~ (4~ 4.5 

MeCN - SiMe.-- + C4H40~* 15) 456 

C4H45 �9 SiMon- + C4H40 (6) 1.02 

�9 --- ,MeXO, �9 SiMe;" ,- C4H40 [7) 2.9 

,~ .---~-~. ~ Et20 " SiMe,C 4- CaH~O (8) 1.8 

NH(E/]"  SiMe-," -- CallaO (9} 1.6 

-. CD;COCD3-SiMe3* + NHId.t~ (10) 4.1 

~ . . -  CaH40-SiMe ~- +- CH,CI,  (11) 52.0 

" C4H4S is thiophene. 
"" C..d440 is thran. 

series II of  relative a f f in i t i es  of  the c o m p o u n d s  listed 
above ronsard the SiMe3 + ion:  

CD2COCD ~ > M e C N  > M e N O  2 > Et20 > NHEt  2 > 
> C4H4S - C4H40 >> CH212 > CH2Br 2 > CH2Cl 2 (11 

The basicit ies o f  these c o m p o u n d s  (series I I )  change 
as follows: 

NHEI 2 > Et2Q > C4H4S ~ C4H40 > 
MeCOMe > MeCN > MeNO2. (11) 

The equ i l i b r ium rate constants  for reactions o f  com-  
pounds c o n t a i n i n g  f u n c t i o n a l  groups  with N, O, or  S 
a toms ( reac t ions  (2) - - (  10D differ  insignif icantly ( the  Keq 
values vary between 1.02 a n d  5.5). However, they a p p r e -  
ciably increase  on  going  to chloroatk ,mcs  (Keq = 31.0 
and 52.0 for reac t ions  ( I )  a n d  (11),  respectively). C o m -  
parison of  the aff in i ty  ser ies  o f  the molecules  toward  
SiMe~'  and  H ~ ions (I a n d  11, respectively) ind ica tes  
the absence  o f  co r r e l a t i on  betw.een the c o r r e s p o n d i n g  
values, which  is due not  o n l y  to steric factors. 

For ins tance,  no s ign i f ican t  differences be tween  steric 
effects of  the react ions  o f  E t 2 0  and  N H E t ,  with S i M e 3 "  
were obser-,,ed" however ,  t he  basicit ies of these  c o m -  
pounds  toward SiMe3* a n d  H-' ca t ions  are inver ted .  

T h q # ,  the basi cit ies Of flmCtiq!!al .gr0ups t0ward  H ~ 
and Si.,Me~- carlo is can  l ikely correlate  only wi th in  one  
homoh)gous  series.t 'Z 

The observed changes  in the  reactivities o f  mo lecu l e s  
on going from p r o t o n  to tr imethylsi lyl  ca t ion  is in 

agreement  wi th  the  results of  ana logous  s tudies  of  gas- 
phase  react ions o f  organic  c o m p o u n d s  with metal  cat-  
ions. 5.6 C o m p a r i s o n  o f  tl~e /(eq(SiMe3) ,,alues obta ined  
in this work with the  co r r e spond ing  Keq(H) values i-3''~ 
shows that the react ivi ty  of  the molecules  s tudied  toward 
SiMe3 + varies in a much  na r rower  range t i tan the 
reactivity toward pro tons .  

This work was car r ied  out  with the f inancia l  support  
o f  the Russian F o u n d a t i o n  li)r Basic Research  (Project  
No. 96-03-33398  ). 
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