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NOVEL SYNTHETIC REACTIONS WITH 2-PYRIDYL RELATED REACENTS 

Sunggak K i m  

Depar tment  o f  C h e m i s t r y  
Korea Advanced I n s t i t u t e  o f  S c i e n c e  and Techno loyy ,  Seoul  131, KOREA 

INTRODUCTION 

The development  o f  e f f i c i e n t  and r e l i a b l e  r e a y e n t s  f o r  t h e  a c t i v a t i o n  

o f  common f u n c t i o n a l  g roups  such as c a r b o x y l i c  a c i d s ,  a l c o h o l s ,  and amines 

i s  v e r y  i m p o r t a n t  ;n o r y a n i c  s y n t h e s i s .  V a r i o u s  t y p e s  o f  c o n d e n s i n y  a y e n t s  

have been r e c e n t l y  deve loped  f o r  t h e s e  purposes. '  

Among s e v e r a l  u s e f u l  r e a y e n t s  d e r i v e d  f r o m  phosgene, 1 , l ' - c a r b o n y l d i -  

i m i d a z o l e  f i r s t  i n t r o d u c e d  by Staab2,  has e n j o y e d  i t s  r o l e  f o r  t h e  

a c t i v a t i o n  o f  a l c o h o l s ,  am!nes3 and ac ids .4  8 i s - p - n i t r o p h e n y l  ca rbona te '  

and b i s - ( 8 - q u i n o l y l )  c a r b o n a t e 6  have been i n t r o d u c e d  i n  1 9 6 0 ' s  f o r  t h e  

s y n t h e s i s  of p - n i t r o p h e n y l  e s t e r s  and f o r  t h e  p r o t e c t i o n  o f  amino y roups ,  

r e s p e c t i v e l y .  The i m p o r t a n c e  o f  a c t i v e  ca rbona tes  and a c t i v e  o x a l a t e s  as 

condens iny  a g e n t s  has been r e c o g n i z e d  !n r e c e n t  y e a r s .  They i n c l u d e  N , N ' -  

d i  s u c c i  n i m i d y l  ~ a r b o n a t e , ~  d i p h t h a l  i m i d o  c a r b o n a t e Y 8  1 , l ' - (  c a r b o n y i d i  o x j )  

d i b e n z o t r i a z o l e , 9  N ,N ' - ca rbony ld i  (1,2-benzisoxazole-3(2H)-one) ,lU N,iY'-  

d i  s u c c i  n i m i d o  oxalate,l l 1, l  ' - o x a l y l d i  i m i d a z o l e 1 2  and 1,l ' - b i  s l b - (  t r i -  

fluoromethy1)benzotriazolylI o x a l a t e . 1 3  I n  y e n e r a l  , t h e y  have been 

u t i l i z e d  f o r  t h e  p r e p a r a t i o n  o f  c a r b o x y l i c  e s t e r s  and amides by means o f  

t h e  a c t i v a t i o n  o f  c a r b o x y l i c  a c i d s .  

We have been i n t e r e s t e d  i n  t h e  development  o f  2 - p y r : d y l  r e l a t e d  

r e a g e n t s  f o r  t h e  f o l l o w i n y  reasons :  

( i )  S i n c e  2 - h y d r o x y p y r i d i n e  is an e s s e n t i a l l y  n e u t r a l  compound (pKa 

0.75), i t  is p o s s i b l e  t h a t  t h e  d e s i r e d  r e a c t i o n  may t a k e  p l a c e  under  
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essen t ia  l y  n e u t r a l  cond i t i ons .  

( i i  2 -Hydroxypyr id ine  i s  wa te r -so lub le  and t h e  easy i s o l a t i o n  of t h e  

produc ts  can be expected by t h e  usual  aqueous workup. 

( i i i )  It was been repo r ted  t h a t  2 - p y r i d y l  e s t e r s  a r e  cons ide rab ly  more 

r e a c t i v e  towards nucleophi  l e s  than  p -n i t ropheny l  esters.14 Thus, 2 - p y r i d y l  

r e l a t e d  reagents i s  expected t o  be r e a c t i v e  t o  become s y n t h e t i c a l l y  u s e f u l  

reagents.  

On t h e  bas i s  o f  t h i s  i n fo rma t ion ,  we have prepared severa l  2 - p y r i d y l  

r e l a t e d  reagents de r i ved  from phosgene, thiophosgene and t h i o n y l  c h l o r i d e  

and have i n v e s t i g a t e d  t h e i r  s y n t h e t i c  u t i l i t y .  Furthermore, we have 

developed severa l  s y n t h e t i c a l l y  u s e f u l  r e a c t i o n s  u t i l i z i n g  2 - p y r i d y l  e s t e r s  

and S-2 -py r idy l  t h i o a t e s .  The present review ma in l y  descr ibes  

s y n t h e t i c a l l y  u s e f u l  r e a c t i o n s  u s i n g  2 - p y r i d y l  r e l a t e d  reagents based on 

ou r  p rev ious  r e s u l t s .  

- Di-2-pyridyl Carbonate 

2-DPC 

l,l'-Thiocarbonyldi-2,2'-pyridone 

- Thiocarbonylbispyridone (TBP) 

- Di-2-pyridyl xhionocarbonate 

DPT 

Di-2-uridyl Sulfite 

DPS 

- 

I .  DEHYDRATION AND MHYDROSULFURIZATION 

1. Preparation of Esters 

I t  has been repo r ted  t h a t  a c t i v e  carbonates such as N,N'-succinimidyl  

carbonateY7 d i p h t h a l  irnido carbonate8 and 1,l' - (  carbony l  d i  o x y ) d i  benzo- 

t r i a z o l e '  have been u t i l i z e d  f o r  t h e  p r e p a r a t i o n  o f  t h e  corresponding 
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NOVEL S Y N T H E T I C  REACTIONS WITH 2-PYRIDYL RELATED REAGENTS. A REVIEW 

RCOOH + R ' O H  t 2-DPC R-C-0-C-0 wJ+Q OH 
DMAP 

ca t .  
2-PyOH 

0 

RCOOR' + DMAP - R ' O H  ~-[-ia 4- DMAP R-C- 

2 - 3 - 

Scheme 1 

a c t i v e  es ter .  However, these carbonates have not been y e n e r a l l y  used f o r  

t h e  d i r e c t  e s t e r i f i c a t i o n  o f  c a r b o x y l i c  ac ids ,  though c a r b o x y l i c  e s t e r s  

have been prepared by t h e  a l c o h o l y s i s  o f  1 - b e n z o t r i a z o l y l  r e l a t e d  a c t i v e  

e s t e r s  u s i n g  equimolar amounts o f  t r i e t h y l a m i n e  or 4-d imethy laminopyr id ine  

(DMAP).9913915 

The study of d i r e c t  e s t e r i f i c a t i o n  of c a r b o x y l i c  ac ids  us iny  2-DPC was 

i n i t i a t e d  by t h e  f o l l o w i n g  observa t ions  as shown i n  Scheme 1.16 (i) 

Carboxy 1 i c 2-py r i  dy 1 ca rbon i  c anhydr ides (1) , reac t  i ve acy 1 a t  i ny 

in te rmed ia tes ,  should be r a p i d l y  produced by a n u c l e o p h i l i c  a t t a c k  o f  

c a r b o x y l i c  anions on 2-DPC. ( i i )  It i s  expected t h a t  t h e  i n te rmed ia tes  (1) 
should be converted i n t o  2 - p y r i d y l  e s t e r s  ( 2 )  based on our p rev ious  r e s u l t s  

i n  DMAP17 ca ta l yzed  e s t e r i f i c a t i o n  o f  c a r b o x y l i c  ac ids  us ing  mixed 

ca rboxy l i c - ca rbon ic  anhydrides.18 ( i i i )  The in te rmed ia te  ( 1 )  - can be 

d i r e c t l y  converted i n t o  t h e  des i red  e s t e r s  i n  t h e  presence o f  an a l coho l  

v i a  t h e  in te rmed iacy  o f  N -acy lpy r id in in ium species ( 3 ) ,  - yenerated f rom 

n u c l e o p h i l i c  a t t a c k  o f  DMAP on c a r b o x y l i c  carbonyl  cen te r  of t h e  

i n te rmed ia te  (1) and/or on 2 - p y r i d y l  e s t e r s  (2),  a l though t h e  l a t t e r  

r e a c t i o n  shou ld  be much s lower  than  t h e  former. 

- 

- 
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On t h e  bas i s  o f  t h i s  i n fo rma t ion ,  t h e  p r e p a r a t i o n  o f  c a r b o x y l i c  e s t e r s  

from equimolar amounts o f  ac ids  and a l coho ls  u s i n g  2-DPC as a condensing 

agent was s tud ied .  Among severa l  bases t e s t e d  i n  t h i s  study, t h e  use o f  a 

c a t a l y t i c  amount o f  DMAP gave t h e  bes t  r e s u l t s  and i s  y e n e r a l l y  

recanmended. A s  shown i n  Table 1, most a l i p h a t i c  ac ids ,  upon t rea tment  

w i t h  an equimolar m ix tu re  o f  a l coho ls  and 2-DPC i n  t h e  presence o f  0.1 

equ iv  o f  DMAP i n  d ich lo ranethane a t  room temperature,  gave t h e  

corresponding e s t e r s  i n  h i g h  y i e l d s .  However, t h e  present  method reaches a 

l i m i t  w i t h  a r a n a t i c  ac ids ,  s t e r i c a l l y  h indered ac ids  and h indered 

a lcoho ls .  I n  those cases, a m i x t u r e  o f  a l k y l  es te rs  and 2 - p y r i d y l  e s t e r s  

was obtained i n  v a r i a b l e  r a t i o s  and t h e  product compos i t ion  was not 

s i g n i f i c a n t l y  a l t e r e d  by t h e  amount o f  DMAP and t h e  r e a c t i o n  t ime. Th is  

method can be s u c c e s s f u l l y  a p p l i e d  f o r  t h e  p r e p a r a t i o n  of t h i o l  e s t e r s  

under t h e  s i m i l a r  cond i t i on .  

DMAP 
RCOOH + 2-DPC 7 RCOO-2-Py + 2-PyOH 

DMAP 

c a t .  
RCOOH + R'OH + 2-GPC - RCOOR' + 2-PyOH 

!?'OH= HOSu, HOPt, HOBt, or HOh'p 

It has been found t h a t  2-DPC can be e f f e c t i v e l y  used as a condensiny 

agent f o r  t h e  p r e p a r a t i o n  o f  va r ious  a c t i v e  e s t e r s  such as 2 - p y r i d y l ,  

succ i  n imido, ph tha l im ido ,  benzo t r i azo l -1 -y l ,  and p -n i t ropheny l  . I9 When 

reac t i ons  were c a r r i e d  ou t  w i t h  equ imolar  amounts o f  c a r b o x y l i c  ac ids  and 

2-DPC i n  t h e  presence o f  0.1 equ iv  o f  DMAP i n  d i c h l o r m e t h a n e  a t  roan 

temperature, t h e  correspondi  ng 2 - p y r i d y l  e s t e r s  were ob ta ined i n  h i  yh 

= i d l U b  w i t . l l i 1 1  1 n r  ( tq .  1). Furthermore, w i t h  equimolar amounts of t h e  

ac id ,  2-DPC, and t h e  a1 coho1 i c component u s i  ng N-hydroxysucci n i  m i  de (HOW), 
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TABLE 1. E s t e r i f i c a t i o n  o f  Carboxyl ic Acids w i t h  Alcoholsa 

RCOOH + R 'OH - RCOOR' 

R R '  Reagent T i  me Yields o f  
(h rs )  RCOOR ' (%) 

CH3 ( CH2) 6 C6H5CH2 2 DPC 

DPS 

DPTC 

CCl2CH2 2-DPC 

DPS 

DPTC 

'6% '2% 2-DPC 

DPS 

(CH313C CH2C6H5 2-DPC 

DPS 

2 

4 

0.3 

0.5 

2 

0.2 

3 

24 

1 

3 

2.5 

0.5 

24 

0.5 

0.3 

91 

Y5 

86 

92 

90 

87 

51 (38)  
55(  36) 

28( 56)' 

58(23)' 
~~~ 

a The reac t i on  was c a r r i e d  out w i t h  equimolar amounts of  acids, a lcohols,  

and the  reagent i n  the  presene of  0.1 equiv of DMAP i n  dichloromethane a t  

room temperature. The numbers i n  parentheses i n d i c a t e  i s o l a t e d  y i e l d s  

o f  2 -py r idy l  esters.  A small amount of  p i v a l i c  anhydride ( ~ 8 % )  was 

i so la ted .  

N-hydroxyphthalimide (HOPt), 1-hydroxybenzotriazole (HOBt), and p- 

ni t rophenol  (HONp) i n  t h e  presence ot u.1 equiv o f  DMAP i n  dicnloromethane 

a t  room temperature, t he  reac t i on  was normally complete w i t h i n  1 h t o  y ive 

s a t i s f a c t o r y  y i e l d s  of  t h e  corresponding a c t i v e  es te rs  (Eq. 2 ) .  TypJcal 

i s o l a t e d  y i e l d s  were: MeCO-0-2-py, 90%; Boc-Leu-0-2-py, 81%; PhCO-OSu, 92%; 

Z-Phe-Osu, 87%; Z Leu-Opt, 88%; PhCO-OBt, 90%; Z-Leu-ONp, 85%; Boc-Ala-ONp, 
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78%. 

Since t h e  p r e p a r a t i o n  o f  2-DPC requ i res  t h e  use o f  h i y h l y  t o x i c  

phosgene, we have prepared d i - 2 - p y r i d y l  s u l f i t e  (DPS) from t h i o n y l  c h l o r i d e  

and 2-hydroxypyr id ine  i n  t h e  presence o f  t r i e t h y l a m i n e  and s t u d i e d  t h e  

e f f e c t i v e n e s s  o f  DPS i n  t h e  e s t e r i f i c a t i o n  o f  c a r b o x y l i c  acids." A l thouyh 

DPS i s  expected t o  be more r e a c t i v e  than 2-DPC, t h e  r e a c t i o n  requ i red  

s l i g h t l y  l onger  r e a c t i o n  t imes f o r  comple t ion  o f  t h e  reac t i on ,  i n d i c a t i n y  

t h a t  more 2 - p y r i d y l  es te rs  a re  formed. I n  general ,  t h e  scope and 

l i m i t a t i o n s  o f  t h e  present  method a r e  very s i m i l a r  t o  those o f  t h e  method 

us ing  2-DPC. 

DMAP ( c a t . )  - 
RCOOH + R'OH + CH$N, r . t . ,  1 h r  

The e f f e c t  i veness of S,S-bi s (4,6-di met hy 1 -2 -pyr im i  d i  ny 1 ) d i  t h i  0- 

carbonate (DPTC) has been s t u d i e d  as a condensing agent f o r  t h e  f o l l o w i n y  

reasons.21 ( i i )  The 

convers ion  o f  S-2-pyr im id iny l  t h i o a t e s  i n t o  a l k y l  e s t e r s  shou ld  be f a s t e r  

t han  t h a t  o f  2 - p y r i d y l  es te rs .  ( i i i )  Copper i o n  promoted e s t e r i f i c a t i o n  of 

S-2 -py r im id iny l  t h i o a t e s  should be much more f a s t e r  than t h a t  o f  2 - p y r i d y l  

es te rs2 '  and can be app l i ed  t o  t h e  syn thes i s  o f  c a r b o x y l i c  e s t e r s  de r i ved  

f r a n  aromat ic  ac ids ,  t e r t i a r y  acids,  and t e r t i a r y  a l coho ls  by t h e  two-step 

procedure. AS we expeLLru, I l l u 3 ~  cdroux,liL ac ids  were prepared i n  h i y h  

y i e l d s  by t h e  use o f  DPTC as shown i n  Table 1. Hindered e s t e r s  o f  a r a n a t i c  

ac ids  and t e r t i a r y  ac ids  cou ld  be prepared i n  h i g h  y i e l d s  by t h e  two-step 

( i )  The reagent should be more r e a c t i v e  than  2-DPC. 
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NOVEL S Y N T H E T I C  REACTIONS WITH 2-PYRIDYL RELATED REAGENTS. A REVIEW 

procedure (Eq. 3 ) .  

2. Preparation of h i d e s  

A s i m i l a r  procedure u t i l i z e d  i n  t h e  e s t e r i f i c a t i o n  proved unsuccessful  

f o r  t h e  d i r e c t  p repara t i on  o f  amides from equimolar amounts o f  ac ids  and 

amines, s ince  compe t i t i ve  a t t a c k  o f  amines on 2-DPC produced 2 - p y r i d y l  

carbamates, causing t h e  r e a c t i o n  t o  become compl icated. However, t h i s  

problem can be so lved by a s tepwise  procedure. When ac ids  were t r e a t e d  

w i t h  2-DPC and DMAP as a c a t a l y s t ,  2 -py r idy l  e s t e r s  were formed and 

subsequent t rea tment  w i t h  amines prov ided c a r b o x y l i c  amides i n  h i g h  y i e l d s  

(Eq. 4).23 Some t y p i c a l  i s o l a t e d  y i e l d s  o f  amides were: 

CH3(CH2)6CONHCH2C6H5, 80%; C6H5CONH-C-C6H11, 85%; (CH3)2CHCONHC6HS, 86%. 

0 
DMAP 8 R'NH2 I1 

( 4 )  RCOOH t 2-DPC cat.- R-c-0-2-P~ R-C-NHR' t 2-PyOH 

3. Preparation of N i t r i l e s  

a)  Frm Aldoxiines 

Dehydra t ion  o f  aldoximes i n t o  n i t r i l e s  us ing  2-DPC c l e a n l y  occurred i n  

r e f l u x i n g  to luene  and i n  t h e  presence of  an amine base i n  dichloromethane 

a t  roan temperature (Eq. 5).24 Among severa l  bases t e s t e d  i n  t h i s  Study, 

1,8-di azabicyclo[5.4.0]undec-7-ene (DBU)25 gave t h e  bes t  r e s u l t s  i n  terms 

o f  t h e  r a p i d i t y  and y i e l d .  

( 5 )  RCH=NOH t 2-DPC (or TBP, DPS) - R-CaN 

As shown i n  Table 2 ,  severa l  aldoximes were c l e a n l y  converted i n t o  

n i t r i l e s  i n  h i g h  y i e l d s  by u s i n g  bo th  procedures. The present  r e a c t i o n  can 

a l s o  be accomplished w i t h  TBP26 and The r e a c t i o n  was complete 
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K I M  

TABLE 2. P repara t i on  o f  N i t r i l e s  

C ompo u n d Reagent Met hoda T i  me Y ie ld ,  % 
( h r s  1 

CH3( CH2) 7CH'NOH 2-DPC 

TBP 

DPS 

2-DPC 

TBP 

2-DPC 

TBP 

2-UPC 

DPS 

2-DPC 

TBP 

2-DPC 

TB P 

DPS 

TBP 

DPS 

2-DPC 

TB P 

DPS 

DPS 

DPS 

UPS 

A 
B 

A 
A 
A 
B 
A 
B 

A 

A 

A 

C 

A 

B 
A 

A 
A 

C 

A 
C 

A 

H 

C 

A 
A 
A 

2 

12 

1 

0.2 

2 

12 

0.5 

3 

1 

U.5 

0.2 

24 

0.5 

u. 1 

1.5 

1 
1 

0.3 

1.5 

0.3 

1 
1.5 

0.5 

1 

0.5 
1 

84 

84 

93 

93 

88 

87 

89 

83 

96 

82 

93 

83 

9u 

93 

9u 

84 

88 

Y2 

95 

88 

85 

Y4 

86 

87 

89 

83 

a Method A :  i n  r e f l u x i n y  to luene.  Method B:  w i t h  U. l  equ iv  o f  UEU i n  

dichloromethane a t  room temperature.  Method C: i n  dichlorometnane a t  

room temperature.  

1 5 4  
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NOVEL S Y N T H E T I C  R E A C T I O N S  WITH 2-PYRIDYL RELATED REAGENTS. A REVIEW 

w i t h i n  30 min  i n  r e f l u x i n g  to luene  u s i n g  DPS. TBP was very s i m i l a r  t o  2- 

DPC i n  terms of r e a c t i o n  c o n d i t i o n s  and y i e l d s .  A l thouyh a number o f  

methods a re  a v a i l a b l e  f o r  t h i s  conversion,28 t h e  present  method m iyh t  

become t h e  method o f  cho ice  f o r  t h e  convers ion  o f  aldoximes i n t o  n i t r  

because o f  i t s  s i m p l i c i t y ,  e f f e c t i v e n e s s  and mildness. 

b)  Fran Thioamides 

Several  th ioamides were conver ted  i n t o  n i t r i l e s  us iny  2-DPC, TBP 

l e s  

and 

DPS as d e h y d r o s u l f u r i z a t i o n  agents. The r e a c t i o n  was accomplished a t  room 

temperature w i t h i n  30 min  us iny  DPS, w h i l e  t h e  r e a c t i o n  requ i red  severa l  

hours i n  r e f l u x i n g  to luene  u s i n y  2-DPC and TBP. Some of t h e  r e s u l t s  a r e  

i l l u s t r a t e d  i n  Table 2 . 2 3 ~ ~ ~ ~ 2 7  

c) Frm Aramatic Amides 

A l i p h a t i c  amides were i n e r t  t o  2-DPC, DPT, TBP and UPS i n  r e f l u x i n y  

to luene  f o r  severa l  hours and t h e  o r i g i n a l  amides were recovered 

unchanged.23 However, aromat ic amides were dehydrated t o  n i t r i l e s  by DPS 

i n  r e f l u x i n g  to luene  w i t h i n  1 hr,27 whereas they  were i n e r t  t o  2-DPC, UPT 

and TBP. Thus, t h e  present  method u s i n g  DPS may be u s e f u l  f o r  s e l e c t i v e  

convers ion  of  a romat ic  amides i n t o  n i t r i l e s  i n  t h e  presence o f  a l i p h a t i c  

amides, a l though severa l  methods f o r  t h e  convers ion  o f  amides i n t o  n i t r i l e s  

a r e  ava i l ab le .  29 

4. Preparation of Isonitriles frm Formamides 

Dehydrat ion o f  N -a l ky l -  o r  N-arylformamides represents  t h e  method o f  

cho ice  f o r  t h e  p r e p a r a t i o n  o f  i s o n i t r i l e s .  Among many dehydra t i ny  ayents, 

a p p l i c a t i o n  o f  phosgene30 o r  diphosgene31 i n  t h e  presence o f  t e r t i a r y  

amines was found t o  be e f f e c t i v e .  m i l e  2-DPC, TBP and DPT d i d  no t  reac t  

w i t h  formamides under f o r c i n g  cond i t i ons ,  i t  was found t h a t  UPS cou ld  be 

s u c c e s s f u l l y  used f o r  t h e  p r e p a r a t i o n  o f  i s o n i t r i l e s  from formamides. 27 

The r e a c t i o n  was complete w i t h i n  15 min i n  r e f l u x i n g  to luene  u s i n g  DPS. 

T h i s  method seems t o  be very a t t r a c t i v e  i n  terms o f  t h e  r a p i d i t y ,  mi ldness, 
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and ease of i s o l a t i o n  o f  t h e  produc t .  Typ ica l  i s o l a t e d  y i e l d s  were: 

C6H5CH2-NEC, 82%; c-C6H11 NzC, 78%; p-CH30-C6H4-N'C, 70%. 

5. Preparation of Carbodiimides 

Carbodi imides are  p a r t i c u l a r l y  impor tan t  condensiny agents i n  t h e  

pep t ide  syn thes is  and var ious  methods f o r  t h e  p r e p a r a t i o n  o f  carbod i im ides  

fran d e h y d r o s u l f u r i z a t i o n  o f  t h iou reas  u t i l i z i n g  metal  ox ides  and 

condensing agents have been devel oped.32 Treatment of N,N'-di s u b s t i  t u t e d  

th iou reas  w i t h  DPT33 o r  TBPZ6 i n  t h e  presence o f  DMAP i n  dichloromethane a t  

roan temperature o r  i n  r e f l u x i n g  to luene  a f fo rded  t h e  cor respond iny  

carbod i im ides  i n  h i g h  y i e l d s .  However, i t  i s  noteworthy t h a t  N,N'-primary 

a l k y l  d i s u b s t i t u t e d  th iou reas  d i d  no t  undergo d e h y d r o s u l f u r i z a t i o n  t o  

a f f o r d  t h e  correspondiny carbod i im ides  us ing  DPT and TBP under f o r c i  ny 

cond i t i ons .  However, d e h y d r o s u l f u r i z a t i o n  o f  t h iou reas  w i t h  UPS occur red  

almost i n s t a n t l y  and c l e a n l y  i n  d i  c h l  oromethane a t  room tempera ture  w i t h o u t  

t h e  a d d i t i o n  o f  DMAP.27 T h i s  procedure i s  o f  q u i t e  general u t i l i t y  and 

N,N'-primary d i  s u b s t i t u t e d  th iou reas  were c l e a n l y  conver ted  t o  t h e  

cor respond ing  carbod i im ides  by t h e  use o f  DPS. Typ ica l  i s o l a t e d  y i e l d s  

of carbodimides frm th iou reas  us ing  DPS were: C6H5-N=C=N-C6H5, 85%; 

C~H~-N=C=N-C-C~H~I, 92%; C-C6H11-N'CPN-C-C6H11, 90%; n-C4Hg-N=C=N-C4Hg, 

76%. 

DPT and TBP were no t  e f f e c t i v e  i n  t h e  dehydra t ion  o f  N,N'- 

d i s u b s t i t u t e d  ureas t o  carbod i im ides ,  a l though t h e  r e a c t i o n  occurred t o  

sane e x t e n t  under f o r c i n g  cond i t i ons .  Furthermore, i t  i s  noteworthy t h a t  

DPS reac ted  w i t h  ureas t o  a f f o r d  r e l a t i v e l y  uns tab le  unknown produc ts  

w i t h o u t  t h e  fo rma t ion  o f  t h e  des i red  ~ a r b o d i i m i d e s . ~ ~  

111. CARBONYL AND THIOCARBONYL TRANSFER REACTIONS 

1. Preparation of Isothiocyanates 

The w ide ly  used method f o r  t h e  p r e p a r a t i o n  o f  i so th iocyana tes  i n v o l v e s  

t h e  r e a c t i o n  o f  amines w i t h  carbon d i s u l f i d e  i n  t h e  presence o f  a base t o  
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NOVEL S Y N T H E T I C  R E A C T I O N S  WITH 2 - P Y R I D Y L  R E L A T E D  R E A G E N T S .  A R E V I E W  

form d i th iocarbamate  s a l t s  and t h e i r  conversion i n t o  i so th iocyana tes  can be 

o f t e n  achieved by a v a r i e t y  o f  reagents. They i n c l u d e  phosphoryl  

c h l   ride,^^ DCC,36 2-chl  o r o p y r i d i  nium sa l  ts,37 t r i pheny lphosph ine  

d i  bromide38 and G r i  gnard reagent.  39 

r.t. 
RNH2 + DPT or  TRP R-N=C=S 

CH2C12 

A l i p h a t i c  and aromat ic amines were d i r e c t l y  conver ted  t o  t h e  cor res-  

ponding i so th iocyana tes  i n  h i g h  y i e l d s  on t rea tment  w i t h  UPT (Eq. 6).33 

The r e a c t i o n  most l i k e l y  proceeds y j ~  2 - p y r i d y l  th iocarbamates fo l l owed  by 

r a p i d  e l i m i n a t i o n  o f  2 -hydroxypyr id ine  a t  room temperature. The r e a c t i o n  

was u s u a l l y  complete w i t h i n  10 min a t  room temperature, though un reac t i ve  

p - n i t r o a n i l i n e  requ i red  2 hrs  u s i n g  DPT. The use o f  TBP i n  t h i s  r e a c t i o n  

r e q u i r e d  s l i g h t l y  longer  r e a c t i o n  t imes f o r  completion.26 Since i t  i s  

known t h a t  t h e  a c t i o n  o f  N,N'-thiocarbonyldiimidazole w i t h  amines i n v o l v e s  

( 1 - a l k y l -  o r  a ry l t h ioca rbamoy l )  im idazo les  as in te rmed ia tes ,  which can be 

the rma l l y  decomposed i n t o  i so th iocyana tes  and i ~ n i d a z o l e , ~ "  w h i l e  N,N'- 

th iocarbony l -1 ,2 ,4 - t r iazo le  r e s u l t s  i n  t h e  fo rma t ion  o f  s t a b l e  (1- 

a l k y l -  o r  a ry l th iocarbamoy l  ) -1,2,4-tr i  azo le  even w i t h  heat ing .  41 Thus 

t h e  present  method seems t o  be very a t t a c t i v e  i n  terms o f  i t s  

s i m p l i c i t y ,  r a p i d i t y ,  mi ldness and h i y h  y i e l d s  o f  products.  

Typ ica l  i s o l a t e d  y i e l d s  o f  i so th iocyana tes  from amines us ing  DPT were: 

C ~ H C ~ C H ~ N C S ,  90%; (CH3) 3CNCS, 87%; CH2=CH-CH2NCS, 85%; CbH5NCS, 90% ; 

p-N02C6HqNCS, 90%. 

2. Preparation of Cyclic Carbonates and Cyclic Thionocarbonates 

C y c l i c  carbonates, prepared from 1,2- and 1 ,3-d io ls  and severa l  

ca rbony la t i ng  agents,42 have been w ide ly  used f o r  t h e  p r o t e c t i o n  o f  v i c i n a l  

hydroxy groups. C y c l i c  carbonates a r e  r e a d i l y  hydro lyzed under b a s i c  

cond i t i ons ,  whereas they  a re  r e l a t i v e l y  s t a b l e  t o  a c i d i c  cond i t ions .43  
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TABLE 3. P repara t i on  of  C y c l i c  Carbonates and Cycl  i c Th i  onocarbonates 

D i  01s Methoda Cycl  i c Carbonates C y c l i c  Th i  onocarbonates 
Time, h r s  Yield,% Time, h r s  Y ie ld ,  % 

_ _ ~  ~ 

A 1 85 1 93 

CH HCH H 
3bH 2!H2 

A 
B 

1.5 
2.5 

83 
85 

1 
8 

91 
85 

C6H5iH-iH2 H H  A 0.5 94 
B 1.5 83 

3 
4 

86 
87 

B 3 90 4 95 

3 
10 

1 
5 

91 
94 

1 
16 

95 
96 

A 
B 

89 
83 

4 88 

~ ~~ 

a Method A: i n  r e f l u x i n g  toluene. Method 6: i n  t h e  presence o f  0.1 equ iv  

o f  DMAP i n  d i  c h l  oranethane a t  roan temperature. 

Table 4. P repara t i on  o f  2-Oxazolidones and 2-Oxazo l id ine th iones  i n  

D i c h l  oranethane a t  Room Temperature. 

P-Ami  noal coho1 2-Oxazol i dones 2-Oxazol i d i  n e t h i  ones 
Time, min Y ie ld ,  % Time, min Y ie ld ,  X 

CH H-CH2 
3hH AH2 

10 87 

5 96 

10 93 

10 95 

10 93 

10 YU 

10 96 10 95 

60 96 10 92 

N O 2  
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NOVEL S Y N T H E T I C  R E A C T I O N S  W I T H  2 - P Y R I D Y L  RELATED REAGENTS.  A REVIEW 

When t h e  c y c l i c  carbonate fo rma t ion  was c a r r i e d  ou t  i n  r e f l u x i n y  

to luene  u s i n g  1 equ iv  o f  2-DPC, t h e  r e a c t i o n  was no rma l l y  complete w i t h i n  3 

h r ~ ; ~ ~  furthermore, t h i s  r e a c t i o n  c o u l d  be c a r r i e d  ou t  i n  t h e  presence o f  

0.1 equ iv  o f  DMAP i n  dichloromethane a t  roan temperature;  t r i e t h y l a m i n e  o r  

p y r i d i n e  were i n e f f e c t i v e  as c a t a l y s t s .  The present  method i s  successful  

f o r  t h e  p r e p a r a t i o n  o f  c y c l i c  carbonates f rom s t r u c t u r a l l y  d i f f e r e n t  1.2- 

and 1 .3-d io ls  w i t h  t h e  excep t ion  o f  s t e r i c a l l y  h indered b i s - t e r t i a r y  

s u b s t i t u t e d  d i o l s  as shown i n  Tab le  3.  It i s  noteworthy t h a t  t h e  use o f  

N,N'-carbonyldiimidazole d i d  no t  g i v e  s a t i s f a c t o r y  r e s u l t s  w i t h  e thy lene  

g l y c o l  and 1,3-butanediol ,  demonst ra t ing  t h e  e f f e c t i v e n e s s  of 2-DPC. 

S i m i l a r l y ,  s y n t h e t i c a l l y  u s e f u l  c y c l i c  t h i o n o ~ a r b o n a t e s ~ ~  were 

ob ta ined i n  h i g h  y i e l d s  under s i m i l a r  c o n d i t i o n s  u s i n g  TBP." The scope 

and l i m i t a t i o n s  o f  TBP i n  t h e  p r e p a r a t i o n  o f  c y c l i c  th ionocarbonates  were 

very s i m i l a r  t o  those o f  2-DPC and t h e  r e s u l t s  a re  summarized i n  Table 3. 

3. Preparation of 2-Oxazolidones and 2-Oxazolidinethiones 

2-Oxazolidones and 2 -oxazo l i d ine th iones ,  impor tan t  c lasses  o f  

h e t e r o c y c l i c  canpounds c o n t a i n i n g  five-membered r i n g s ,  a re  very use fu l  i n  

t h e  syn thes i s  of  b i o l o g i c a l l y  a c t i v e  compounds and severa l  methods f o r  t h e  

p r e p a r a t i o n  o f  2-oxazol idones and 2 -oxazo l i d i  nethiones have been 

repor ted .  46 

It was found t h a t  2-DPC c o u l d  be s u c c e s s f u l l y  used f o r  t h e  p r e p a r a t i o n  

o f  2-oxazol idones from -aminoalcohols. The r e a c t i o n  occur red  almost 

i n s t a n t l y  i n  d i  ch l  oranethane a t  roan temperature and was complete w i t h i n  10 

min, though t h e  r e a c t i o n  r e q u i r e d  1 hr i n  t h e  case o f  r e l a t i v e l y  u n r e a c t i v e  

2-amino-4-ni t rophenol  .44 As shown i n  Table 4, 2-oxazo l i d ine th iones  cou ld  

be prepared i n  h i g h  y i e l d s  under s i m i l a r  c o n d i t i o n s  u s i n y  TBP as a 

t h ioca rbony l  t r a n s f e r  

111. ALKOXYCARBONYLATION 

1. Preparation o f  Alkyl 2-Pyridyl Carbonates 

159 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



Since a v a r i e t y  o f  a c t i v e  carbonates hav ing  t - b u t y l  and benzyl  group 

a re  well-known amino p r o t e c t i v e  reagents i n  t h e  p e p t i d e  synthesis,48 t h e  

r e a c t i o n  o f  a l coho ls  w i t h  2-DPC has been s tud ied .  Treatment o f  t - b u t a n o l  

w i t h  2-DPC i n  t h e  presence o f  0.1 equ iv  of DMAP i n  d ich lo romethane a t  room 

tempera ture  f o r  12 h r s  a f f o r d e d  t - b u t y l  2 - p y r i d y l  carbonate  i n  80% y i e l d  

( E q .  7),49 benzyl  2 - p y r i d y l  carbonate was a l s o  ob ta ined  i n  70% y i e l d  i n  2 

h r s  under s i m i l a r  c o n d i t i o n s .  Several  a1 k y l  2 - p y r i d y l  carbonates were 

s u c c e s s f u l l y  prepared i n  t h e  s i m i l a r  manner. 

R=t-Ru,  E t ,  Cti2CgHg 2-DPC 

ClCOOCH2CgHg + 2-PyOH (9)  

Furthermore, t - b u t y l  2 - p y r i d y l  carbonate cou ld  be prepared i n  7U% 

y i e l d  by t h e  r e a c t i o n  o f  2 - p y r i d y l  ch lo ro fo rma te  (genera ted  f rom phosgene, 

2 -hyd roxypy r id i  ne and p y r i d i  ne) w i t h  equ imolar  amounts o f  t - b u t a n o l  and 

p y r i d i n e  i n  dichloromethane (Eq.  8),50 whereas benzyl  Z - p y r i d j l  carbonate 

c o u l d  be e a s i l y  prepared i n  80% y i e l d  from benzyl  ch lo ro fo rma te  and 2- 

hydroxypyi  r i  d i  ne ( E q .  9) .  

2. 

51 

Preparation of Carbamates and Ureas 

t - B u t y l  2 - p y r i d y l  carbonate  was found t o  be very r e a c t i v e  toward amino 

ac ids .  5 0 9 5 1  Among so l ven ts  employed, aqueous dimethyl formamide yave t h e  

bes t  r e s u l t s  i n  terms o f  t h e  r a p i d i t y  and t h e  y i e l d  o f  t h e  r e a c t i o n .  t- 

Bu toxyca rbony la t i on  of  amino ac ids  was u s u a l l y  complete w i t h i n  12 hrs a t  
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NOVEL S Y N T H E T I C  REACTIONS WITH 2-PYRIDYL RELATED REAGENTS. A REVIEW 

roan temperature and t h e  corresponding N-Boc amino ac ids  were ob ta ined i n  

h i g h  y i e l d s  (Eq. 10). Some t y p i c a l  i s o l a t e d  y i e l d s  o f  N-Boc amino ac ids  

were: N-Boc-Phe, 96%; N-Boc-Tyr, 88%; N-Boc-Met, 96%; N-Boc-Cys, 85%; 

N-Boc-Thr, 98%. S i m i l a r l y ,  t h e  benzy loxycarbony la t ion  o f  amino ac ids  w i t h  

benzyl  2 - p y r i d y l  carbonate i n  aqueous dimethylformamide a t  room temperature 

occurred smoothly and rapidly.51 

When 2-DPC was t r e a t e d  w i t h  severa l  amines i n  d i c h l o r a e t h a n e  a t  0' 

f o r  4 h rs ,  t h e  corresponding 2 -py r idy l  carbamates were ob ta ined i n  h i g h  

Et gN 0 
II 

(10) RO-c-0-2-P~ + H2NCHR'COOH - ROOC-NHCHR 'COOH 
DMF-HzO 

R=t-Bu, benzyl  

RNH2 + 2-DPC -RNH-COO-2-Py + R-N=C=O + 2-PyOH (11) 

RNH-COO-2-P y + DMAP (cat.) 
H20 

0 
I1 

RNH-C-NHR 
TUF *... 

0 
It 

RNH-COO-2-Py + R'NH2 - RNH-C-NHR' (13) 

y i e l d s  along w i t h  smal l  amounts o f  t h e  correspondiny ureas (<5%) (Eq. 

l l ) . 4 9  It i s  noteworthy t h a t  t h e  r e a c t i o n  d i d  no t  a f f o r d  t h e  isocyanates  

and t h e  2 - p y r i d y l  carbamates ob ta ined i n  t h i s  case d i d  no t  t h e r m a l l y  

decompose i n t o  i socyanates and 2-hdyroxypyr id i  ne. Some t y p i c a l  i soa l  t e d  

y i e l d s  o f  2 - p y r i d y l  carbamates were: CH3CHZCH2NHCOO-2-Py, 81%; 

CH3CH2CH(CH3 NHCOO-2-Py, 82%; C-C6HllNHC00-2-Py, 84%. 

The r e a c t i o n  o f  2 - p y r i d y l  carbamates w i t h  0.1 equ iv  o f  DMAP i n  aqueous 

t e t r a h y d r o f u r a n  d i d  no t  g i ve  t h e  o r i g i n a l  amines b u t  t h e  symmetr ical  ureas 

were ob ta ined (Eq. 12).49 The r e a c t i o n  proceeded c l e a n l y  a t  room 

temperature and requ i red  12-24 h r s  f o r  comple t ion  o f  t h e  reac t i on .  Sane 

t y p i c a l  i s o l a t e d  y i e l d s  of t h e  symmetrical ureas were: 

C6H5CH2NHCONHCH2C6H5, 90%; CH3CH2CH2NHCONHCH2CH2CH3, 92%; 

c-C6H11NHCONHC6H11, 95%. 
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K I M  

Unsymmetrical ureas cou ld  be conven ien t l y  prepared u s i n g  2-DPC by a 

two-step, one-pot procedure. 2 -Py r idy l  carbamates prepared f rom 2-DPC and 

amines were t r e a t e d  w i t h  equ imolar  amounts of amines t o  a f f o r d  t h e  

cor respond ing  unsymmetrical ureas i n  h i g h  y i e l d s  ( E q .  13),49 The 

r e a c t i o n  o f  2 - p y r i d y l  carbarnates w i t h  amines r e q u i r e d  4 h r s  a t  roan 

temperature.  Some t y p i c a l  i s o l a t e d  y i e l d s  of unsymnet r ica l  ureas were: 

C6H5CH2NHCONHC (CH2CH2CH3) 2, 81%; CH3CH2CH(CH3)NHCON( C’CgH11)2, 87% ; 

C - C ~ H I ~ N H C O N H - ~ - C ~ H ~ ,  87%. 

I V .  SYNTHETICALLY USEFUL REACTIONS UTIL IZ ING 2-PYRIDYL AND S-2-PYRIDYL 

ESTERS 

S-2-pyr idy l  t h i o a t e s  and 2 - p y r i d y l  e s t e r s  have a t t r a c t e d  a g r e a t  deal  o f  

a t t e n t i o n  i n  o rgan ic  syn thes i s  because o f  t h e i r  v e r s a t i l e  u t i l i t y  as 

a c y l a t i n y  agents. A s  shown i n  Scheme 2 ,  t h e i r  s y n t h e t i c  u t i l i t y  have been 

p r e v i o u s l y  demonstrated i n  t h e  syn thes i s  o f  pept ides,14  ketone^,^^^^^ and 

54 ma c r ocy c 1 i c 1 a c t  ones. 

0 

h e a t i n g  

ROOCKHCHi?lCOOH t h.H2CHR2COOR3 ph3P’ (py-2-s’2, ROOCNHCHR1CONHCHR2COOF13 

HOO i?,, + ph3P + H 

Scheme 2 
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NOVEL S Y N T H E T I C  R E A C T I O N S  WITH 2-PYRIDYL RELATED REAGENTS. A REVIEW 

S-2-pyr idy l  t h i o a t e s  have been conven ien t l y  prepared by employiny 

ox ida t i on - reduc t i on  condensat ion u s i  ny t r i pheny lphosph i  ne and d i - 2 - p y r i d y l  

d i ~ u l f i d e ~ ~  and an improved procedure has been developed by Corey and C la rk  

u s i n g  S-2-pyr idy l  c h l ~ r o f o r m a t e . ~ ~  It i s  noteworthy t h a t  o x i d a t i o n -  

r e d u c t i o n  condensat ion u t i  1 i z i  ny t r i pheny lphosph i  ne and di  - 2 - p y r i d y l  

d i s u l f i d e  has been found t o  be very u s e f u l  i n  t h e  syn thes is  o f  pep tide^^^ 
and B-1 actams .58 

1. Preparation of Ketones 

Among many a v a i l a b l e  s y n t h e t i c  methods on t h e  syn thes i s  o f  ketones 

from organometal l i c  reagents and c a r b o x y l i c  a c i d   derivative^,^' t h e  

r e a c t i o n  o f  Gr ignard  reayents w i t h  a c i d  ch lo r ides ,60  S -2 -py r idy l  

t h i o a t e ~ , ~ ~  o r  2 -py r idy l  es te rs53  and o f  oryanocuprate reayents w i t h  a c i d  

ch lo r i des61  o r  t h i o l  es te rs62  a r e  t h e  most e f f i c e n t  and t h e  most 

convenient.  Furthermore, i t  has been repo r ted  t h a t  r e a c t i o n  o f  

( p a l l y 1 ) n i c k e l  h a l i d e s  w i th  2 - p y r i d y l  e s t e r s  a f f o r a s  a , ~  -unsatura ted  

ketones.63 Es te rs  have been known t o  be genera l l y  i n e r t  t o  oryanocuprate 

reagents a t  -78O, a l though convers ion  o f  c e r t a i n  es te rs  i n t o  ketones by 

us ing  excess organocuprate reagents has been noted.64 Since r e a c t i o n  o f  

oryanocuprate reagents w i t h  2 - p y r i d y l  e s t e r s  has no t  been i n v e s t i y a t e d ,  we 

have s t u d i e d  t h i s  r e a c t i o n  i n  d e t a i l  (Eq. 14).65 React ion  o f  l i t h i u m  

d i a l  ky l cup ra tes  w i t h  2 - p y r i d y l  e s t e r s  i n  e t h e r  proceeded smoothly under 

n i  t r o y e n  a t  -78O. 

N2 R R-C- + R'2CuLi ___c R-C-R' 
E t 2 0  

The r e a c t i o n  was u s u a l l y  complete w i t h i n  2 h r s  and t h e  ketones were 

ob ta ined i n  h i g h  y i e l d s .  Th is  r e a c t i o n  can be performed on 2 - p y r i d y l  

e s t e r s  hav ing  o t h e r  s e n s i t i v e  f u n c t i o n a l  groups such as branide, ketones, 

and es ters .  Furthermore, i t  i s  noteworthy t h a t  t h e  r e a c t i o n  can be done 
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KIM 

w i t h  l e s s  than 1 equ iv  o f  t h e  reagent,  demonst ra t ing  complete u t i l i z a t i o n  

o f  bo th  a l k y l  groups o f  l i t h i u m  d i a l k y l c u p r a t e s .  T h i s  obse rva t i on  i s  i n  

marked c o n t r a s t  t o  t h e  r e s u l t s  ob ta ined  from t h e  r e a c t i o n  of oryanocuprate 

reagents w i t h  a c i d  ch lo r ides ,61  where 3 equ iv  of t h e  reagent a r e  r e q u i r e d  

f o r  op t ima l  y i e l d s  o f  ketones. There fore ,  t h e  r e a c t i o n  shou ld  proceed v i a  

l i t h i u m  2 -py r idy loxya lky l cup ra tes .  We have demonstrated t h a t  l i t h i u m  2- 

pyridyloxy-alkylcuprates (Eq. 15), generated from a l k y l l i t h i u m  and 2- 

py r idy loxycopper ,  were s t a b l e  a t  0' f o r  30 min w i t h  l i t t l e  decompos i t ion  

accord ing  t o  B e r t z  procedure.66 The r e a c t i o n  o f  a c i d  c h l o r i d e s  w i t h  a 

s t o i c h i m e t r i c  amount o f  l i t h i u m  2-pyridyloxy(n-butyl)cuprate i n  THF a t  0' 

gave t h e  cor respond ing  ketones i n  h i g h  y i e l d s  (Eq. 1 6 p 7  T y p i c a l  i s o l a t e d  

y i e l d s  o f  ketones were: n-C7HlSCO-n-C4Hg, 76%; c-C6HI1CO-n-C4H9, 84%; 

B r (  CH2)&O-n-C4Hg , 87%; CH300C ( CH2)4CO-n-C4Hg, 84%. 

2-PyOLi + CuI -2-PyOCu + LiI - (2-PyO)(n-Bu)CuLi + LiI (15) THF n-BuLi 

RCOCl + (2-PyO)(n-Bu)CuLi - R-CO-n-Bu (16) 

The present  method seems t o  be very a t t r a c t i v e  i n  terms o f  ( i )  

s t a b i l i t y  o f  2 - p y r i d y l  e s t e r s  over Other c a r b o x y l i c  a c i d  d e r i v a t i v e s  used 

f o r  t h e  ketone syn thes is ,  ( i i )  f u n c t i o n a l  group s p e c i f i c i t y ,  ( i i i )  an 

e f f i c i e n c y  and y i e l d s  and ( i v )  m i ldness  o f  t h e  r e a c t i o n  c o n d i t i o n s .  

2. Preparation of Esters v i a  Oxidation of Dialkylcuprates 

Dur ing  t h e  examinat ion  o f  t h e  scope and l i m i t a t i o n s  o f  t h e  ke tone 

s y n t h e s i s  us ing  l i t h i u m  d i a l k y l c u p r a t e s  w i t h  S-2-pyr idy l  t h i o a t e s  and 2- 

p y r i d y l  es te rs ,  i t  was found t h a t  r e a c t i o n  o f  S-2-pyr idy l  t h i o a t e s  i n  t h e  

presence o f  oxygen w i t h  l i t h i u m  d i a l k y l c u p r a t e s  s u r p r i s i n g l y  r e s u l t e d  i n  

t h e  fo rma t ion  o f  c a r b o x y l i c  e s t e r s  f r e e  f rom ketones (Eq. 17)67. S i m i l a r  

r e s u l t s  were ob ta ined w i t h  2 - p y r i d y l  es te rs .6S 
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NOVEL S Y N T H E T I C  REACTIONS WITH 2-PYRIDYL RELATED REAGENTS. A REVIEW 

8 0 

R-C-OR ' II 02 ~ R-C-X-2-Py t RI2CuLi 
Et ?O 

x=s, 0 
L 

Although oxygen-containing produc ts  a re  ob ta ined as byproducts fran 

o x i d a t i o n  o f  many a r y l  copper reagents w i t h  oxyyen, t h i s  obse rva t i on  i s  i n  

marked c o n t r a s t  w i t h  p rev ious  r e p o r t s  t h a t  o x i d a t i o n  o f  oryanocuprates 

reagents w i t h  oxygen g i ve  t h e  symmetrical coup l i ng  products.6 It seems 

t h a t  t h e  2 - p y r i d y l  moiety i s  e s s e n t i a l  f o r  t h e  h i g h - y i e l d  e s t e r s  fo rma t ion  

and t h e  r e a c t i o n  proceeds v i a  an i n te rmed ia te  copper a lkox ide .  

3. Preparation of Sterically Hindered Esters 

Al thouyh a number o f  u s e f u l  and r e l i a b l e  methods f o r  t h e  p r e p a r a t i o n  

o f  es te rs  have been known, t h e r e  a r e  on ly  a few methods a v a i l a b l e  f o r  t h e  

p repara t i on  of s t e r i c a l l y  h indered es ters .  These i n c l u d e  t h e  r e a c t i o n  of 

a l coho ls  w i t h  t h e  mixed anhydr ides o f  c a r b o x y l i c  ac ids  and t r i f l u o r o a c e t i c  

a n h ~ d r i d e , ~ '  o f  a c i d  c h l o r i d e s  w i t h  l i t h i u m  a l k ~ x i d e s , ~ ~  and a c i d  

c h l o r i d e s  and a l coho ls  w i t h  s i l v e r  cyanide.72 However, each method s u f f e r s  

fran severa l  problems such as harsh c o n d i t i o n s  and a re  l i m i t e d  i n  scope. 

(18) 
CuBr2 

e - X o  \ /  + HOC(C2Hg)3 CH3CN 
x=s, 0 

Dur iny  t h e  course o f  s tudy ing  t h e  s y n t h e t i c  u t i l i t y  o f  S-2-pyr idy l  

t h i o a t e s  and 2 - p y r i d y l  es te rs ,  we observed t h a t  S-2-pyr idy l  m e s i t o t h i o a t e  

was smoothly and r a p i d l y  e s t e r i f i e d  w i t h  equimolar amounts o f  t - b u t y l  

a lcoho l  i n  t h e  presence o f  c u p r i c  bromide i n  te t rahyd ro fu ran  a t  room 

temperature. A f t e r  much exper imenta t ion ,  i t  was found t h a t  t h e  canbi n a t i o n  

o f  S-2-pyr idy l  t h i o a t e s ,  c u p r i c  bromide, and a c e t o n i t r i l e  as a s o l v e n t  gave 

bes t  r e s u l t s  and i s  genera l l y  recommended f o r  t h e  p r e p a r a t i o n  o f  h indered 

e s t e r s  (Eq. 18).*' 
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Employment o f  0.5 and 1 equ iv  o f  c u p r i c  bromide r e s u l t e d  i n  t h e  h i g h  

y i e l d  fo rma t ion  o f  h indered e s t e r s  a t  room temperature,  whereas t h e  

r e a c t i o n  us ing  0.2 equ iv  o f  c u p r i c  b ran ide  requ i red  a y e n t l e  hea t iny  f o r  

comple t ion  o f  t h e  r e a c t i o n  o f  a s h o r t  p e r i o d  o f  t ime. The present  method 

was s u i t a b l e  f o r  t h e  p r e p a r a t i o n  o f  a v a r i e t y  o f  a l i p h a t i c  and aromat ic  

h indered e s t e r s  u s i n g  s t e r i c a l l y  h indered a l i p h a t i c  a l coho ls  and aromat ic  

a 1 coho1 s . 
React ion  u s i  ny 2 - p y r i d y l  e s t e r s  proceeded, compared w i t h  u s i  ny S-2-  

p y r i d y l  t h i o a t e s ,  very s low ly  a t  room temperature and genera l l y  r e q u i r e d  

g e n t l e  hea t ing  f o r  comple t ion  o f  t h e  reac t i on .  Furthermore, i t  seems t h a t  

1 equiv o f  c u p r i c  bromide i s  requ i red  f o r  t h i s  r e a c t i o n  t o  be a 

s y n t h e t i c a l l y  u s e f u l  method f o r  t h e  p r e p a r a t i o n  o f  h indered es te rs .  

The present  method appears t o  o f f e r  severa l  advantages over p r e v i o u s l y  

known methods f o r  t h e  p r e p a r a t i o n  o f  h indered es te rs  w i t h  respec ts  t o  ( i )  

an e f f i c i e n c y  ( i i )  y i e l d s ,  ( i i i )  r a p i d i t y  o f  t h e  reac t i on ,  ( i V )  mi ldness, 

and (V) s imp le  work-up and shou ld  f i n d  many use fu l  a p p l i c a t i o n s  i n  o ryan ic  

syn thes is .  

4. Fac i le  Cleavage of Tetrahydrofuran Derivatives 

While examining t h e  mechan is t i c  i n s i g h t s  o f  t h e  u s e f u l  procedure f o r  

t h e  p r e p a r a t i o n  o f  h indered es ters ,  we found t h a t  S-2-pyr idy l  t h i o a t e /  

c u p r i c  bromide r a p i d l y  and c l e a n l y  c leaved t e t r a h y d r o f u r a n  d e r i v a t i v e s  i n  

a c e t o n i t r i l e  a t  roan t e ~ n p e r a t u r e , ~ ~  a l though  S-2-pyr idy l  t h i  oa te /cup r i c  

bromide was i n e r t  t o  t e t r a h y d r o f u r a n  a t  room temperature f o r  a l ong  p e r i o d  

o f  t ime  i n  t h e  absence o f  a c e t o n i t r i l e .  Thus, t h e  success o f  t h e  r e a c t i o n  

depended c r u c i a l l y  on t h e  use o f  a c e t o n i t r i l e  as a so lvent ,  a l though t h e  

reason f o r  t h i s  observa t ion  i s  r a t h e r  unc lear .  

When t h e  r e a c t i o n  was c a r r i e d  out w i t h  equimolar amount o f  S -2 -py r idy l  

methanethioate and c u p r i c  b ran ide  us ing  a s l i g h t  excess o f  t e t rahyd ro fu ran  

d e r i v a t i v e s  i n  a c e t o n i t r i l e  a t  roan temperature,  t h e  r e a c t i o n  was normal ly  
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NOVEL SYNTHETIC REACTIONS WITH 2-PYRIDYL RELATED REAGENTS. A REVIEW 

canp le te  w i t h i n  1 hr .  Te t rahyd ro fu ran  and 2,6-dimethyltetrahydrofuran were 

c l e a n l y  c leaved i n t o  t h e  cor respond ing  bromoacetoxy d e r i v a t i v e s  i n  80% and 

75% i s o l a t e d  y i e l d ,  respec t i ve l y .  

'U' J 

CH3CN "*' 
96 4 

The present  system showed a h i g h  r e g i o s e l e c t i v i t y  i n  t h e  cleavaye o f  

unsymmetrical t e t r a h y d r o f u r a n  d e r i v a t i v e s  ( E q .  19). Thus, E -methy l te t ra -  

hydro furan  was converted i n t o  a m i x t u r e  o f  2 - b r a o p e n t y l  ace ta te  and 5- 

bromo-2-pentylacetate i n  a r a t i o  o f  96:4, suggest ing  t h a t  t h e  r i n g  opening 

r e a c t i o n  may proceed v i  a SN1 process. The r e g i  o s e l e c t i  v i  t y  achieved w i t h  

t h e  present  system i s  b e t t e r  t han  t h a t  ob ta ined w i th  t h e  r e c e n t l y  repo r ted  

a c e t y l  b r a i d e / z i n c  ch lo r i de .74  It i s  noteworthy t h a t  t h e  present  system 

d i d  no t  c leave te t rahydropyan d e r i v a t i v e s  under f o r c i n y  c o n d i t i o n s  bu t  i t  

r e a d i l y  c leaved epoxide d e r i v a t i v e s .  For  ins tance,  epibromohydr in was 

conver ted  i n t o  a m i x t u r e  o f  P-acetoxy-1,3-dibromopropane and 1-acetoxy-2,3- 

d i b r a o p r o p a n e  i n  a r a t i o  o f  7:3 a t  room temperature w i t h i n  2U min. 

It i s  be l i eved  t h a t  t h e  present  system prov ides  a use fu l  a l t e r n a t i v e  

t o  c u r r e n t l y  a v a i l a b l e  methods75 i n  terms o f  m i l d  c o n d i t i o n  and h i y h  

r e g i  o s e l e c t i v e  cleavage o f  unsymmetrical t e t r a h y d r o f u r a n  d e r i v a t i v e s .  

CONCLUSION 

We have t r i e d  t o  review s y n t h e t i c a l l y  u s e f u l  r e a c t i o n s  u t i l i z i n g  2- 

p y r i d y l  and S-2-pyr idy l  mo ie t i es  and emphasis was p laced on new s y n t h e t i c  

reac t i ons  w i t h  2 - p y r i d y l  r e l a t e d  reagents which have developed i n  our 

l a b o r a t o r y  i n  recent  years.  The r e s u l t s  which have been discussed here  

c o n f i r m  t h e  v e r s a t i l i t y  and a general  understanding o f  t h e  chemical 

p r o p e r t i e s  of 2 - p y r i d y l  r e l a t e d  redyents.  Al though 2 - p y r i d y l  reagents such 

as 2-DPC, DPS, and TBP resemble p r e v i o u s l y  known s i m i l a r  reagents de r i ved  
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f r a n  im idazo le ,  1 -hydroxybenzot r iazo le ,  and o t h e r  a p p r o p r i a t e  h e t e r o c y c l i c  

compounds i n  many respec ts ,  2 - p y r i d y l  r e l a t e d  reagents have unique and 

c h a r a c t e r i s t i c  chemical p r o p e r t i e s  no t  p resent  i n  o t h e r  s i m i l a r  reagents 

and a l s o  have c e r t a i n  advantages over o the r  s i m i l a r  reagents such as t h e  

wide a p l i c a b i l i t y ,  t h e  mildness, t h e  s t a b i l i t y  of t h e  reagents,  and t h e  

easy separa t i on  o f  t h e  des i red  products.  We s t r o n g l y  b e l i e v e  t h a t  2- 

p y r i d y l  r e l a t e d  reagents should f i n d  many use fu l  a p p l i c a t i o n s  i n  o ryan ic  

syn thes i  s. 
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