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AGSTRACT 

2-6 ,D i - t -bu ty ipyr id ine  has been invest iga ted because of  i t s  ex t raord inary  ccmbinatioo 

of p roper t ies .  As the r e s u l t  of s t e r i c  c ra rd ing  a t  the n i t r ogen  atcm, i t  does no t  co- 

o rd ina te  w i t h  Lewis ac ids  or undergo i lua tern iza t ion  under ord inary  cond i t ions .  However, 

i t  i s  r e a d i l y  su l fonated by sulfur t r i o x i d e  and i s  a se lec t i ve  c a t a l y s t  w i t h  basic 

bu t  not nuc leoph i l i c  p roper t ies .  

CONTENTS 

A. I n t roduc t i on  

8. Synthesis 

C .  Base Strength 

0. su~fona ' t ion  

E. B r m i n a t i o n  

F. Quatern iza t ion  

6. Cata lys is  

H. M i ~ c e l l a n e o u ~  

A. iNTRODUCTlON 

The i n i t i a l  i nves t i ga t i on  o f  2 .6-d i - f -bu ty lpyr id ine  (2,6-DTBP) repor ted a novel com- 

pound whose chemical behavior was d rama t i ca l l y  modif ied by unusual s r e r i c  c r w d i n g  a t  the n i t r ogen  

atom.'.' This was evidenced by decreased base st rength ,  a s t r i k i n g  a b i l i t y  t o  d i s t i n g u i s h  be- 

tween Lewis and pro ton ic  acids and an enhanced r e a c t i v i t y  in e l e c t r o p h i l i c  s u b s t i t u t i o r s .  Since 

t h i s  repor t ,  the useful  p rope r t i e r  of 2 .6 -d i - i - bu t y l py r i d i ne  and i t s  2,4,6-hcmolog (2,4,6-TTBP) 

which behaves s i m i l a r l y ,  have been elaborated i n  a v a r i e t y  of subsequent i nves t i ga t i ons .  

8.  SYNTHESIS 

2,6-DTBP i s  r e a d i l y  prepared' by the s t o i c h i m e t r i c  react ion  of 2 - t -bu ty lpy r i d i ne  w i t h  

t - b u t y l l i t h i u m  a t  -78'. When p y r i d i n e  i s  reacted w i t h  l a rge  excesses of i - b u t y l l i t h i u m ,  the 2.4.6- - 
homolog i s  a l s o  obtained i n  substant ia l  y ie ld . ' . '  

a The author i s  pleased t o  dedicate t h i s  paper t o  Professor H. C .  Brarn on the 

occasion o f  h i s  70th  b i r thday.  



2,4,6-TTBPY has a l s o  been prepared i n  exce l l en t  y i e l d  by the react ion  of a l coho l i c  am- 

monia w i t h  the corresponding t r i - i - b u t y l  subst i tu ted pyry l ium boron t e t r a f l u o r i d e  sa l t . '  

C. BASE STRENGTH 

The base d i ssoc ia t i on  constants fo r  py r i d i ne ,  the 2-a lky lpyr id ines  and 2 ,6-d ia lky l -  

py r i d i nes  show a regu lar  increase i n  s t rength  w i t h  increasing s u b s t i t u t i o n  (Table I ) .  However, f o r  

2 .1-buty lpyr id ine  and Z,6-d i - t -bu ty lpyr id ine ,  f o l l a w i n g  the usual increase f o r  the f i r s t  group. 

there i s  a sharp decrease for the second t - b u t y l  group (Figure 1 ) .  

FIGURE 1 

E f f e c t  o f  increas ing the S t e r i c  Requirements o f  an A l k y l  Group on the Base Strength o f  
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TABLE I 

D issoc ia t i on  Constants o f  Py r i d i ne  Baser i n  50% Ethanol-Water 

Pyridine &? Pyr id ine  &.! 
Pyr id ine  4.38 2,6-Lutidine 5.77 
2-P ico l ine  5.05 2:Methyl-6-i-butyl- 5.52 

?-Ethy l -  4.93 2 -E thy l -6 - i - bu t y l -  5.36 

2-Isopropyl-  4.82 2 - l sop ropy I -6 -~ -bu ty I  5.13 

2- t -Buty l -  4.68 2,6-Di-f-butyl- 3.58 

2,6-Disopropyl- 5.34 

* The measurements were made a t  rwm temperature (27 * 2'). 

The discrepancy between the observed value and the expected value i s  1.4 pKa un i t s .  The 

pronounced decrease i n  base s t reng th  was ascr ibed t o  a poss ib le  combination o f  s t e r i c  crowding of 

the nitrogen-hydrogen bond and s t e r i c  in ter ference w i t h  a s o l v a t i n g  water moleculewhich ishydrogen 

bonded t o  the  protonated base.' 

The r e l a t i v e  importance of these two poss ib le  c o n t r i b u t i n g  f ac to rs  has na* been exten- 

s i v e l y  examined by a number of i nves t i ga to rs  whose r e s u l t s  lead t o  a c m o n  conclusion. A? theresu l t  

of these i nves t i ga t i ons ,  i t  i s  c l e a r  t ha t  s t e r i c  i n h i b i t i o n  o f  so l va t i on  i s  responsible f o r  the de- 

creased base s t reng th  o f  2.6-DTBP. .. 
NcDaniel and Ozcan tack led t h i s  quest ion by examining the e f f e c t s  o f  so lvents  on the 

b a s i c i t y  of hindered pyr id ines . '  The i r  o b j e c t i v e  war t o  d i s t i n g u i s h  between s t e r i c  i n h i b i t i o n  of  

s o l v a t i o n  and s t e r i c  hindrance t w a r d s  a pro ton as  the  pr imary reason f o r  the l a r e r  than expecteo 

b a r i c i t y  of 2.6-DTBP. They determined pK, va luer  i n  methanol, ethanol ,  and isopropanol for  pyridine. 

2 - t -bu ty lpy r i d i ne  and 2.6-DTBP. I f  the dev ia t i on  i n  base s t reng th  o f  1.4 pK, u n i t s  obrervedfor 2,6- 

DTBP were due p r i m a r i l y  t o  s t e r i c  hindrance toward the proton, v a r i a t i o n s  i n  the solventsystemwould 

no t  a f f e c t  the s i z e  o f  the dev ia t ion .  Harever. t h e i r  exper imental  r e s u l t s  shared t h a t  the  deviation 

does vary w i t h  so lvent  choice, support ing the conclusion tha t  s t e r i c  I n h i b i t o n  of so l va t i on  i s  

respons ib le  f o r  the decrease i n  base s t rength .  

Uenger, e t  al, have measured ent rop ies  of a c t i v a t i o n  f o r  n i t r ogen  t o  n i t r ogen  pro ton 

t ransfer . '  They determined AS* f o r  p ro ton t rans fe r  from an a l i p h a t i c  m i n e  s a l t  t o  a ser ies  o f  sub- 

s t i t u t e d  py r i d i nes  i n  chloroform. Both the r a t e  constants and the entropy o f  a c t i v a t i o n  co r re la ted  

d i r e c t l y  w i t h  the b a s i c i t y  o f  the p y r i d i n e  compound. I n t e r e s t i n g l y ,  no s t e r i c  e f f e c t  was noted f o r  

p ro ton t rans fe r  f o r  2.6-DTBP. Th is  was a t t r i b u t e d  t o  a l a t e  t r a n s i t i o n  s t a t e  for proton t rans fe r .  



Solvat ion  e f f ec t s  on acid-base equ i l i b r i um constants have been measured by Wolf, e t  a l ,  

using pulsed ion cyc lo t ron  reconance s p e ~ t r o s c o p ~ . ~  By cmpar ing  eauil ibrium constants i n  the 

gas phase (Kg) w i t h  the corresponding equ i l i b r i um constants determined i n  aqeuous s o l u t i o n  (Kaq) 

they obtained a measure of  the r o l v a t i o n  e f f ec t s  o f  water on the pro ton t rans fe r  equ i l ib r ium.  

Extremely la rge medium e f f e c t s  o f  water were noted on proton t rans fe r  (Kg/Kaq 1.10'~) w i t h  carbon 

base precursors o f  a r y l  carbocat ions.  These ions a re  poor ly  so lva ted because o f  the ex tens ive  

d e l o c a l i r a t i o n  of the c a t i o n i c  charge. Pyr id in ium ions, i n  general, show much smal ler  so l va t i on  

e f f e c t s  because of a h i g h l y  l oca l i zed  c a t i o n i c  charge. Harever,  2.6-DTBP demonstrates the same 

very la rge solvent e f f e c t  as  seen f o r  a r y l  carbocat ions conf i rming once more t ha t  s t e r i c  

hindrance tmards  so l va t i on  was present.  

Gas- and solution-phase b a s i c i t i e s  of subst i tued p y r i d i n e  were a l s o  cmpared by Aue, 

L i o t t a ,  Hopkins, e t  a l . '  The i r  r e s u l t s  suggested tha t  the 2 . 6 - d i - l - b u t y l p y r i d i n i m  iqn i s  less  

welk saivated than i t s  2.6-dimethyl hmolog. The dev ia t i on  was est imated a t  about 3.5 K  c a l /  

mol. Condon has ca lcu la ted the s t e r i c  hindrance t o  hydra t ion  by 2,6-DTBP decreases i t s  base 

s t rength  by ca. 2.2 pK un i ts . "  

KnEzinger has examined the hydrogen bonding p rope r t i es  o f  subst i tued py r i d i nes  on 

5 l l i c a . "  Although the o ther  2 .6 -d ia l ky lpy r i d i nes  exh ib i t ed  normal hydrogen bonding, i nc lud ing  

2,6-diisopropylpyridine, hydrogen bonding t o  the hydroxyl  groups on the surface o f  s i l i c a  was 

absent f o r  2.6-DTBP. S te r i c  hindrance has been noted as  a f ac to r  i n  hydrogen bonding i n t e r -  

ac t ions  between phenol and subs t i t u ted  pyr id ines."  

S te r i c  crowding a t  the n i t r ogen  atcm i n  2.6-DTBP has a l s o  had a s t r i k i n g  e f f ec t  on i t s  

chemical p rope r t i es  as  w e l l  as  w i l l  be noted i n  the sect ions tha t  fo l low.  

D. SULFONAT ION 

The unusual sluggishness o f  p y r i d i n e  towards e l e c t r o p h i l i c  s u b s t i t u t i o n  has been a t -  

t r i b u t e d  t o  the powerful e lectron-withdrawing e f f ec t  o f  the p o s i t i v e l y  charged quaternary nitrogen 

formed dur ing  the react ions .  The a p r o t i c  su l fonat ion  of 2,6-DTBP o f f e r e d  the oppor tun i ty  t o  

explore the t rue  r e a c t i v i t y  o f  the f r e e  p y r i d i n e  base. Because o f  unusua,i s t e r i c  hindrance t o  

coord inat ion ,  2.6-DTBP reacted r e a d i l y ,  under m i l d  cond i t ions ,  w i t h  s u l f u r  t r i o x i d e  i n  l i q u i d  

su l f u r  d iox ide t o  g i ve  the s u i f o n i c  acid.  The product was t e n t a t i v e l y  i d e n t i f i e d  as  the 4%. 

su l fon ic  ac id  because o f  s t e r i c  hindrance a t  the 3-posi t ion. '  

Although the s t ruc tu re  cou ld  not be es tab l ished by pK, measurements , "~ ' *  ' ~t was f i r m l y  es tab l ished 

by synthesi5, 'S"8'"  N H R , ' ~  and r e a c t i v i t y  considerat ions."  A  ccmparison of s u l f o n i c  ac id  y i e l d  

under the same react ion  cond i t ions  (Table 11) ind ica ted tha t  the r e a c t i v i t y  o f  the f ree  2,6-DTBP 

base i s  comparable t o  nitrobenzene.' 
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TABLE Ii 

Sul fonat ion  of 2,6-Di-c-butyloyr id ine and Representat ive Hodel Canpounds by Su l fu r  T r i on ide  i n  

L i q u i d  Su l fu r  Dioxide 

Canpound 

Benzene 

Ni trobenzene 

Py r i d i ne  

2,6-Lut id ine 

2,b-Di-5-butyl 

p y r i d i n e  

Reaction Product Y ie ld ,  % 

Add i t i on  Subs t i t u t i on  

4 0 I00  

4 0  70 

I 100 0 

4 100 0 

4 0  37 

20 0  45 

I n t e r e s t i n g l y ,  when the reac t i on  w i t h  s u l f u r  t r i o n i d e  i s  c a r r i e d  out  a r  the h igh  temper- 

a tures  t y p i c a l l y  needed f o r  the  su l f ana t i on  o f  py r i d i ne ,  an unusual and new reac t i on  was observed i n  

a d d i t i o n  t o  r u l f ~ n a t i o n : ~ ~  

The s t r u c t u r e  o f  the subs t i t u ted  dihydrothiophene d e r i v a t i v e  was supported by IR and 

NMR data. 

E. BROHiNATlON 

Bran inat ion  o f  f - bu t y lpy r i d i ne  i n  fuming s u l f u r i c  ac id  r e s u l t s  i n  p a r t i a l  conversion 

of t - b u t y l  groups i n t o  methyl groups i n  a d d i t i o n  t o  the  normal b r m i n a t i ~ n . ~ '  The b ran ina t i on  of 

2.6-di-I-butylpyridine gave the f o l l w i n g :  

The conversion o f  a f -bu ty l  group t o  a methyl group had a l s o  been observed i n  the n i t r a t i o n  

of 2,4,6-tri-f-butylnitrobenzene. The products observed f o r  the b r m i n a t i o n  of f - bu t y l -  

py r i d i nes  were i n te rp re ted  t o  a r i s e  i n  the same manner: 



F. QUATERNiZATiON 

Henshutkin react ions  of Z,6-DTBP a re  not observed under ord inary  ~ o n d i t i o n 5 . ~  i n  order 

t o  promote the react ion  w i t h  methyl iodide,pressures o f  a t  leas t  4000 bar are  r e q ~ i r e d . ~ ~ s "  

Under these cond i t ions ,  the  N-methyipyridinium iod ide and hydrogen i od ide  s a l t s  were reported as  

the main products i n  a 2 t o  8 r a t i o . 2 3  Both 2,6-DTBP and 2,4,6-TTBP a l s o  react  w i t h  methyl 

f luorosulphonate under s i m i l a r  cond i t ions  o f  h i gh  pressure t o  g i ve  mix tures  o f  the  H-methyl and 

protonated ccmpounds. i n  t h i s  instance, however, the N-methyl cmpounds were the p r i n c i p a l  pro- 

d u c t ~ . ~ ~  

25000 bar 
CHa 

H 

Other repor ts ,  harever, i nd i ca te  t ha t  on l y  the protonated base i s  obtained under Con- 

d i t i o n s  of h i gh  pressure w i t h  e i t h e r  methyl iod ide or the f i u o r o s u ~ p h o n a t e . ~ * ~ ~ ~ ~ ~ ~  Thus. Weber 

and cworkers  reported tha t  the react ions  o f  2,4,6-TTBP w i t h  FS03CH3 even under 10,000 atm gave 

on ly  the N-proton compound ( 1  t o  99%).26  Hwever ,  they successfu l ly  synthesized the N-methyl 

cmpound by re f  i ux ing  2,4,6-TTBP w i t h  FSOJCHl a t  180' f o r  48 hours i n  p-chlorotoluene. They have 

invest iga ted the c r y s t a l  s t ruc tu re  of the iod ide and perch lora te  and showed tha t  the pyr id in ium 

r i n g  deformed s l i g h t l y .  Harever, the cmpounds do no t  show unusual thermal s t a b i l i t y .  

The react ions  of 2 . 6 - d i - i - b ~ t ~ l p y r i d i n e  de r i va t i ves  w i t h  FSOICHl have been recen t l y  re- 

examined by Okamoto and Hou who found t h a t  the  react ions  gave N-methyl products in h i g h  y i e l d  

under 4500 atm a t  8 0 ' ~ . ~ '  The format ion of N-proton conpoundswas accounted for by the react ionsof 

the p y r i d i n t  cmpounds w i t h  f luorosr r l fon ic  ac id  produced by the hyd ro l ys i s  of  FS03CHs They found 

tha t  the py r i d i n i um iod ide  cmpounds were decanposed a t  about 125-C which agreed w i t h  Weber's 

observat ion  on the thermal s t a b i l i t y  of the iod ide cmpounds. 

G. CATALYSIS 

The a b i l i t y  o f  2.6-DTBP t o  ac t  a r  a base w i t h  v i r t u a l l y  no nuc leoph i l i c  p rope r t i es  i s  

i l l u s t r a t e d  i n  a repor t  by Jensen and Neese." The geometric Isomer, trans-2,3-trans-5.6-dioxane- 

d~ needed for  an i nves t i ga t i on ,  could not be s a t i s f a c t o r i l y  synthesized by condensing ethylene g l yco l  
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w i t h  ethylene glycol d i - t osy la te .  Acid c a t a l y s i s  gave a  m ix tu re  of s e l f  condensation and co-condensa- 

t i o n .  Using q u i o a l i n e  as an added base y ie lded  on l y  a t a r .  When the condensation was c a r r i e d  ou t  

w i t h  two equ iva lents  of 2.6-DTBP, deuterated dioxane was obtained as a 65% y i e l d  of two s tero-  

 isomer^. 

Deutsch and Cheung sought t o  study the react ions  o f  metal  ions i n  buffered aqueous 

s o l u t i o n  uncomplicated by coo rd ina t i on  of the Lewis bare b u f f e r s  w i t h  the m e t a ~ s . ' ~  i n  t h e i r  sei 

f o r  water so lub le  noncoordinat ing buf fers ,  they synthesized a broad v a r i e t y  o f  quaternary s a l t  

d e r i v a t i v e s  o f  hindered p y r i d i n e  bases i nc lud ing  2,6-DTBP. The s a l t s  prepared included ch lor ides ,  

b rm ides .  n i t r a t e s  and perchlorates.  

As p a r t  of a general study of base cata lyzed t rapp ing of rulphenes, King and Kang re-  

por ted t h a t  2 .6-d i - t -bu ty lpyr id ine  behaved as  a base ra the r  than a n u c l e o p h i l i c  ca ta lys t .30  

H. MISCELLANEOUS 

The a b i l i t y  o f  2.6-DTBP t o  d i s t i n g u i s h  between p ro ton i c  and Lewis ac ids  combined w i t h  

basic bu t  r e l a t i v e l y  non-nuc leoph i l i c  p rope r t i es  has l e d  t o  suggestions of p r a c t i c a l  u t i l i t y  as  

w e 1 1 . ~ ~ ' ' ~  An i n t e r e s t i n g  example involves the c m e r c i a l  recovery o f  o l e f i n s  by c m p l e x a t i o n  

w i t h  s a l t s  such as CuAIClr. CuBFr, and CUPF~." These s a l t s  i n  aromat ic hydrocarban s o l u t i o n  

d i ssoc ia te  p a r t l y  i n t o  Lewis Acids. The r e s u l t i n g  Lewis Acids can combine w i t h  small ?mounts of 

HCI t o  ca ta lyze a l k y l a t i o n  of the a r m a t i c s  by the o l e f i n s :  . . 
C U A ~ C I ~ ?  CUCI + AICI, HAICI, 'Iefin a l k y l a t e d  a rana t i cs  aranatit 
i t  was sought t o  prevent the undesired $ I k y l a t i o n  by scavenging traces o f  HCi w i t h  

py r i d i ne .  Hwever,  t h i s  resu l t ed  i n  format ion o f  an i nso lub le  pyr id ine-Lewis  Acid sanplex. The 

des i red e f f ec t  was obta ined w i t h  2,6-DTBP which absorbed HCI w i t hou t  c m p l e x i o g  the Lewis Acid ,, 
. . 

and thereby e f f e c t i v e l y  i n h i b i t e d  a l k y l a t i o n .  

Spectral  s tud ies  have been c a r r i e d  out  t o  measure fundamental chemical p rope r t i es  of 

2,6-DTBP and 2,4-6-TTBP. Natural-abundance N15 NMR has been employed t o  ob ta in  ;he 'IN chemical 



s h i f t s  f o r  subs t i t u ted  p y r i d i n e  c o n p o ~ n d s . ' ~  i t  war observed tha t  5 -bu ty l  s u b s t i t u t i o n  a t  the 

o r t h o  p o s i t i o n  resu l t ed  i n  u p f i e l d  s h i f t s  c h a r a c t e r i s t i c  o f  y gauche i n te rac t i ons .  Hei lbronner 

e t  a1 have measured the i o n i z a t i o n  p o t e n t i a l s  o f  2,4 ,6 - t r i - i -buty lpyr id ine us ing h igh- reso lu t ion  

photoelectron spectroscopy. '' 
G r i l l e r ,  Dirnroth, Fyles,  and Inbold have determined t h a t  s t e r i c  f a c t o r s  have a 

doninant r o l e  i n  the s t a b i l i t y  o f  carbon-centered f r e e  rad i ca l s  i n  solution." Using e lec t ron  para- 

magnetic resonance spectroscopy, they have demonstrated tha t  azacyclohexadienyl r a d i c a l s  der ived 

f ron  ~ ; ~ - D T B P  and 2,4.6-TTBP were except iona l ly  pe rs i s ten t .  In f rared and u l t r a v i o l e t  spectra o f  

a l ky lpy r i d i nes ,  i nc lud ing  2.6-DTBP were shwn  t o  c o r r e l a t e  p r i m a r i l y  w i t h  the pos i t i ons  o f  the 

a l k y l  groups on the p y r i d i n e  r i n g  and d i d  no t  depend on whether the group was Me, E t ,  i P r  or f-8u." 

F i n a l l y ,  i t  may be noted t h a t  the odor o f  2,6-DTBP i s  not t h a t  t y p i c a l  o f  py r l d i ne  

canpounds. It i s  pleasant and aranat ic ,  u n l i k e  o ther  py r i d i nes ,  i nc lud ing  the c lose l y  re la ted  2- 

i ropropyl-6- i -butyipyridine.  Our percept ion o f  odors i s  apparent ly a l s o  inf luenced by s t e r i c  

fac tors .  
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