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--The thiophosphorus compounds (3 - 6 )  activated by 2-  

oxazolone and 2-benzoxazolinone heterocycles, which have the 

advantages of high solubility in organic solvents and good 

preservability, serve well as versatile condensing reagents for one- 

step formation of amides including p-lactams, esters and thioesters 

from carboxylic acids. 

The five and six-membered heterocycles such as imidazole, triazole, 2-oxazolone, 2-thia- 

zolidinethione and 2-pyridinethiol play a crucial role in activating the carboxyl groups for 

acylations and condensations as the bifunctional leaving moieties. '  Based on the excellent 

leaving ability of 2-oxazolone skeletons, we previously developed the types (1) and ( 2 )  of 

phosphorus compounds (X=O) as  the promising reagents fo r  facile formation o f  amides and 

t h i o e s t e r ~ , ~  and fo r  the phosphorylation of a ~ c o h o l s . ~  Among them, highly reactive tris(2- 
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0x0-3-oxazolinyl) and tr is(2-0x0-3 -benzosazolinyl)phosphine oxides were found of 

particular use owing to their remarkable activity for the intramolecular condensation of P- 

amino acids to bicyclic p-lactams such as penam4 and c e p h a m 5  There is, however, still 

ongoing need to improve the low solubility in organic solvents and the moisture lability of 

these compounds. 

This paper describes the preparation of thiophosphorus compounds ( 1 ,  X=S)  and (2 ,  X=S)  

activated by 2-oxazolone and 2-benzoxazolinone moieties which serve well as the condensing 

agents for amides, esters and thioesters. Among such types o f  thiophosphorus compounds 

examined, the derivatives activated by more than two heterocycles such as (3-6) were reactive 

enough to serve as efficient condensing agents for amides and esters. The types (1 )  and (2)  

of thiophosphonates and thiophosphinates (X=S,  L1 and/or L ~ = a l k o x y ,  aryloxy) were 

unsatisfactory due to their poor reactivity, in contrast to the corresponding P(0) reagents 

(phosphates and phosphinates) which were sufficiently powerful for the condensation of 

carboxylic acids with amines or  alcohols. 

3 (mp 150°C) 4 (mp 164°C) 5 (mp 156°C) 6 (mp 223%) 

The reagents (3)  and (5) were readily obtained as colorless crystals in 66% and 83% yield by 

treatment of thiophosphoryl chloride with two and three equivalent molar amounts of 2- 

oxazolone, respectively, in T H F  at room temperature. In the analogous way, 2-benz- 

oxazolinone gave the crystalline derivatives of  the reagents ( 4 )  and (6 )  in 34% and 70% 

yield, respectively. Versatility of  these reagents for  the direct formation of amides, esters 

and thioesters is shown in Table  I,  which shows the comparative data on yields obtained 

under the given conditions. The condensa t ion~roceeded  smoothly under mild conditions as 

demonstrated in typical conversions of benzoic acid, except for sterically congested 

compounds, where longer reaction period and elevated temperature were desired to give 

moderate yields. 
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Table I Preparation of Amides, Thioesters and Esters by Thiophosphoms Reagents (3-6) 

a)  Amides(X=N) (EtjN(2 eq.)lMcCN at room lemperature for 1.5 h )  

b) Thiocslers(X=S) (Et3N(Z cq.)/McCNatrmm temperature for 1.5 h )  

Yield 
Reagent 

R: Bu 

* Et,N(2 eq.),DMAP(l eq.)iMcCN a1 roam tcmperalure for overnight. 

C) ES ters(X=O) ( Et,N(2 eq.),DMAP(I eq.)/CH,CI, at room temperature for 3 h ) 

Yield 
Reagent 

R: b secBu cyclopenlyl Ph PhCH2 lee8u** 

** ovanight 

The reagent ( 3 )  was effective enough to cyclize N-Boc- and N-Benzoyl-3-aminobutyric acids 

into N-protected 2-pyrrolidones (73.76%). while it failed to give the p-lactam from N-Boc-2. 

aminopropionic acid. 

Smooth intramolecular dehydration of 3-benzylaminoisobutyric acid with the P(S)  reagents 

( 3 - 6 )  proceeded in a boiling acetonitrile at a low concentration (-0.01 M)  to give excellent 

yield of  N-benzyl-3-methyl-2-azetidinone ( T a b l e  11). 
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Table I1 Ring Closures of P-Aminopropionic Acid to P-Lactama 

Me 

Reagent 

HCH2Ph 

- 

Reaaent : 3 4 5 6 

a) In abiling McCN solution (at 0.01 M) for4 h. 

T h e  reagen ts  (3)  a n d  ( 4 )  w e r e  equa l ty  e f fec t ive  f o r  t h e  f o r m a t i o n  o f  4- thia-1-azahicyclo-  

[3 .2 .0 ]hep tan-7-one  ( 8 )  ( p e n a m )  f r o m  2-thiazol idineacet ic  ac id  (7), b u t  i n  l o w  yield.  T h i s  

c o n v e r s i o n  has  o n l y  o n e  p receden t  4 success fu l ly  p e r f o r m e d  b y  ac t ion  o f  t h e  P (0 )  reagen ts  

such  a s  a ry l  bis(2-0x0-3-oxazolinyl)phosphinate a n d  t r i s (2 -0x0-3-  oxazo l iny1)phosphine  

o x i d e  

In t h e  c a r b o x y l  ac t iva t ion  p r o c e s s e s ,  t h e  pentacovalent  t h i o p h o s p h o r u s  in te rmedia tes  

initially f o r m e d  b y  coord ina t ion  o f  the ca rboxyla te  a n i o n s  at t h e  p h o s p h o r u s  a t o m  m i g h t  b e  

genera l ly  m o r e  i m p o r t a n t  than o t h e r  ac t ive  spec ies  s u c h  as  m i x e d  a n h y d r i d e s  a n d  N -  

acy loxazo l ides ,  as p r e v i o u s l y  p r o p o s e d  f o r  the s imi la r  t y p e  o f  p h o s p h o r u s  reagen ts .  
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