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Abstract - Ihe equilibria of the S-methyl group in cis- and e - s - m e t h y l -  

4-5-butylthianiun salts and of the N-methyl groups in corresponding 

N-methyl-Gt-butylpiperidiniun and N-~-2,6-trimethylpipezidinim salts 

have been studied as a function of solvent, concentration and gegenion. The 

effects of these factors are appreciable, causing variations of up to 0.2 

kcal/mol in AGO in the thianium and 0.4 kcal/mol in the piperidiniun salts. 

Rationalizations for these effects are provided. 

INT'WWCTI.011 

Iha effect of solvent variation on conformational equilibria in molecules with dipolar substit- 

1 
writs has been well studied experimentally ae well as predictedlb" on the basis of alectrostatic 

mobls. Solvent effects on conformational equilibria involving hydrogen bonding are also well 

under~tood.~ Harever, little is k n m  about the effects of solvents on mnformational equilibria 

involving charr~ed (monopolar) species. We had previously studied confomational equilibria in 

4 5 
S-methylthianium and N-methylpiperidinium salts; we have n w  explored the effect of solvent and 

related ohangee in these equilibria. 

RESULTS AND DISCUSSION 

The effect of solvent changes on the methylthianiun equilibrium (Scheme 11 is s-arized in Table 

1. F.quilibria were established in the solvent and at the temperatures indicated and were 

measured by means of proton or C-13 NMR spectroscopy or both, as previously de~cribed,~ with 

t-butyl serving as the confo-tion-holding group. The precision is judged to be +0.05 in K. The - 
bulk of the data refers to perchlorate but s- data relating to hexafluorophosphate and ptoluene- 

sulfonate are included. 

+ Dedicated to Herbert C. Brown on the occasion of his 70th birthday. 



Scheme 1 

Table 1 

Equilibria of *- a+ =-1-Methyl-4-;-butylthianim saltsa 

a Perchlorates unless noted othewise. Dielectric constant for protiated solvents 

6a c 
in the 20-25'C range. micity (donor nmnberl for protiated solvent. 6 

Hexafluorophosphate. pToluenesulfanate. Not stable at this temperature. , 

It is evident from Table 1 that the sheethyl equilibrium is palpably effected by solvent, although 

the effect is not large (range of K 1.33 in water to 1.79 in 1.2-dichloroethylene at 77.8OCI. Gf 

6 
considerable interest is the fact that K correlates well with donicity (donor number1 and not at 

all well with dielectrio constant. Thus at 77.8-C, there is a Considerable difference in K between 
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tetrahydrofuran (THP) (1.49) and 1,2-dichloroethane (1.79) even though t h e  d i e l e c t r i c  mns tan t s  of 

the two eolvente (7.6, 10.7) are similar .  On the  o ther  hand, K i n  DMSO (1.44) is s imi la r  t o  t h a t  

i n  THF (1.49) even though the d i e l e c t r i c  constants of these solvents  a r e  qu i te  d i f fe ren t  (46.4 va. 

7.6). On the  o ther  hand, N O  and lnF have ccmparable donioity 129.8 vs. 20.0) and, indeed, an 

increase i n  K as one soea d a m  Table 1 corresponds t o  a decrease i n  donor number throughout. The 

simplest explanation is t h a t  t h e  b e t t e r  donor solvents  p re fe r  t o  associate  with the sulfonium ion 

from the equator ia l  s ide  and thus favor the canfiguration with a x i a l  methyl, diminishing K. 

The e f f e c t  of changing gegenion is small, the re  being no s ign i f i can t  difference between 

perchlorate and hexafluorophosphate and only a a l i g h t  increase i n  K with ptoluenesulfonate .  This 

suggests t h a t  e f f e c t s  of ion pa i r ing  are not  l a rge  o r  t h a t  there  is l i t t l e  ion pair ing al together  

between the large aulfonium ca t ion  and the equally large and p w r l y  nucleophilic anions employed. 

(The sulfonium s a l t s  a r e  n o t  s t a b l e  t o  heating i n  the presence of nucleophilic gegenions.1 

K diminishes with temperature, a s  would be expected, but  the ex ten t  of change d i f f e r s  f o r  

d i f fe ren t  solvents,  suggesting sub t le  influences of solvent  on e n t h a l ~  and entropy differences 

b e h e n  s te reo i smers .  hu da ta  do not  span a large enough temperature range t o  make calculat ion 

of AS' and AH' meaningfuli unfortunately equilibrium is establ ished tm slowly below 75'C and 

de~omposition tends t o  s e t  i n ,  a t  l e a s t  i n  same solvents ,  above 90.C. 

The N-methylpiperidinium s a l t  equ i l ib r ia  s tudied by 13c NUR5 are sh- i n  Scheme 2 and 

per t inen t  data are srmrmarized i n  Table 2. Since, i n  solvents  other  than D 0 ,  it was not possible 
2 

t o  e f f e c t  the pH control  previously prescribed,5 the s a l t s  (chlorides. perchlorates)  were prepared 

dry and diaaolved i n  appropriate solvent ,  it being assumed t h a t ,  a t  the autagenous pH of the  s a l t ,  

e q u i l i b r i m  between diastere-rs kith equator ia l  and a x i a l  -1 would be rapidly eatabliahed. 

Scheme 2 



Table 2 

W l i b r i s  of s- and trans-1-Methyl-4-c-butyl- and 

1,cis-2,6-Rimethylpiperidinim S a l t s  

Conpound. Geganion Solvent C m c e n t ~ a t i o n  K 
(M) 

A ~ 1 -  1.5 18.5 
D2° 

1.0 19.3 

0.5 21.4 

0.3 24.4 

1.0 25.2 

0.5 21.4 

0.3 20.5 
b 

1.0 18.1 

1.3 27.5 

1.0 28.9 

1.3 30.9 

1.0 34.8 

1.0 2.77 

0.5 2.38 

1.5 1.81 

1.0 1.71 

0.5 1.39 
- 

B ClD, D20 (33lc 1.0 1.72 

0.5 1.84 

C6D5N02 (4.4)' 1.0 2.30 

W13 ( 1 0 ) ~  1.0 2.96 

0.5 3.06 

' ~t 35t1-C. Approximate value' the  s p o t -  was excessively noisy. 

Donicity of p ro t i a ted  solvent. 
6 

With respect t o  the var ia t ion of solvent ,  when the gegenion i s  p r c h l o r a t e  (which has l i t t l e  

tendenoy t o  ion pa i r ing) ,  we see the  same e f f e c t  as i n  the thianium s a l t s  (vide supra) i a s  the 

donicity of the solvent decreases, t h e  mount of a x i a l  i s m e r  a t  e q u i l i b r i m  decreases (i.e. K 

increases). n u s  here, a l so ,  it appears t h a t  t h e  stereoiecmeric s a l t  with a x i a l  methyl is favored 

7 
by donor solvents. It is knam t h a t  solvation of a t e r t i a r y  &mine s a l t  is mainly f r m  the s ide  

8 
of the proton (rather than t h e  alkyl  groups) and it i s  a l s o  hnm t h a t  solvation is e a s i e r  frcm 



the  equator ia l  than f r m  the  axial side. Thus the iaamer with t h e  equa to r ia l  proton ( e x i d  

methyl) i s  favored by donor solvents  t h r o q h  solvat ion of t h a t  proton. 

The s i t u a t i o n  beccmea muoh more cmpl ica ted  when the  gegenion is chloride. With s a l t  A, it 

is still t rue  t h a t  K is smal ler  i n  the  high-donicity solvent  water than i n  the  l a r d o n i c i t y  solvent 

chloroform at concentrations a w e  0.5M. Harever, whereas i n  chloroform K decreases with d i lu t ion ,  

i n  water it increases.  This is no t  easy t o  understand, f o r  i f  ion pa i r ing  occurs (which i s  l i k e l y  

with an ion as amall and nucleophilic as chlor ide)  it should increase  with concentration and 

preslrmably favor the  a x i a l  is-r. Hwever, the  contrary is t r u e  i n  chloroform where one might 

expect ion pair ing t o  be more important than i n  water. M addi t ional  f a c t o r  - perhaps ion 

aggregation - must be a t  work, but  fu r the r  study is required t o  e ludidate  t h i s  point.  In te res t -  

ingly,  with t h e  chlor ide 8, the  equilibrium constant  K diminishes i n  both water and chlorofom aa 

the  so lu t ions  are di luted.  This wwld appear sensible  f o r  solvent  water (vide supra) but  not f o r  

solvent  chloroform where one might have expected ion pair ing t o  favor t h e  a x i a l  is-r and t o  

increase  with concentration. The contrary is the  case. The data could be explained b e t t e r  i f  ion 

pair ing favored equator ia l  N-He, i n  which case one could simply say that ion pa i r ing  is dominant 

with 8 ( i n  which the  ni t rogen is shielded by the  2.6-methyl groups) i n  both CM313 and D20 whereas 

the  more open A, ion pa i r ing  dominates i n  CDC13 and solvat ion i n  D20. Harever, t h e  hypothesis 

t h a t  ion pair ing favors equa to r ia l  N-Me seems inherent ly  far-fetched. 

1n any case it is of i n t e r e s t  the  -AGO f o r  piperidinium s a l t  A (Scheme 21 va r ies  between 1.77 

and 2.17 kcal/mol, depending on conditions. This may explain why the value previously 

5 
determined by us f o r  the  cis-3.5-dimethyl analog i n  D20 (2.1 kcal/mol ) was so much l a r g e r  than 

that determined by Booth9 i n  CF3CU2H (11.7 kcal/mol). 

METHODOIDX 

4 
1-wthyl-4-5-butylthianim perchlorate  wan prepared f r m  the  thiane,1° methanol and perchlor ic  

4 
acid." Ihe hexailuorophosphate was made f ran  the  parent  th iane and trimethyloxonium hexafluorc- 

4 
phosphate and the  p to luenesu l fona te  from t h e  thiane and methyl p to luenesu l fona te ;  the  l a t t e r  

two s a l t s  had cor rec t  C/H analyses. Equi l ibrat ions  were c a r r i e d  o u t  i n  a vaporsta t  i n  sealed NMR 

tubes  and analyses were effected by proton and/or C-13 NHR spectroscopy.4 The hydroperchlorates 

and hydrochlorides of amines A and B (Scheme 2) were prepared by t r e a t i n g  the  corresponding 

5 
amines with the  appropriate aci-; the  hydfoperchlorates had c o r r e c t  elemental (C/W analyses. 

I h e  s a l t s  were dissolved i n  the  appropriate solvents  and the  so lu t ions  analyzed by C-13 NMR 

spectroscopy. 
5 
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