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PHOSPHORYLATIONS WITH BDP(X)C12: A NEW MECHANISTIC 
PATHWAY 

HERBERT TEICHMB",DAGMILR WILBRANDT and JOACHIM SCHULZ 
Z e n t r a l i n s t i t u t  fiir Organische Chemie der  AdlV der  DDR, 
Rudower Chaussee 5, Berlin-Adlershof, DDR-1199 

Abstract 
as w e l l  as w i t h  excess amounts of pyridine below room 
temperature t o  form pyridinium betaines  which a c t  as 
s t rong  bifunct ional  phosphorylating agents,  I s o l a t i o n  
of  qu i t e  stable c r y s t a l l i n e  betaines o m  be accompli- 
shed by using 4-dimethylaminopyridine. The conoept o f  
donor -mediated phosphorylation is a l s o  appl ioable  t o  
monofunctional systems and oan even be made more con- 
venient by in  s i t u  generat ion of the reagents.  

MeD(X)C12 (X,Y = 0 , s )  r e a c t s  w i t h  equimolaz 

Whilst pyridine as a base is widely used in phosphoryla- 
t i o n s  l i k e  1 --+ 2, w i t h  - l a  (and, t o  some exbent, w i t h  
Bt0P(O)Cl2, t oo , )  i n  exaess pyridine an "anomalous course 

I of  phosphorylation" , leading t o  d i e a t e r s  2 
the 
fo r  

WaB 

expected 2, repeatedly has been observed 
p repwa t ive  purposes. 1 -3 

Men ( X ) C1 
1 exoess py 

1- 
- 2 PY 

MeYP(X)(OR)2 ? 

+ 2 ROH 2 - 

instead o f  
and appl ied 

Y o o s s  
Prom the presenoe of the If-methylpyridinium ca t ion  it 
aoncluded ' that - 4a is the ao t ive  phosphorylating 

bifunot lonal  agent, generated as a reeult of a slmple 
dealkylat  ion step.  Moreover, elemental analysis of  
the i s o l a t e d  p r e c i p i t a t e  corresponded t o  w h a t  was regarded 
as 1 :1 adduat o f  48 and pyridine.  1 
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+ 
C5H5N + MeYP(X)C12 ___+. C5H5N-Me O12P(X)Y- 

Me0P(S)Cl2 (lb) acts ,  as  we found, i n  quite the same 
manner forming  high yields o f  2. Mixed compounds are a l s o  

as dicyclohexylammonium salt in 75$ yield).  Exoess amount8 
of pyridine, however, prove not t o  be essent ia l ,  neither 
i n  reactions of  la nor of  a. Powerful phosphorylating 
bifunotional agents w i s e  from mixing equimolar amounts 
of 1 and pyridine. Such 1:l mixtures release methyl chlo- 
r i d e  far below room temperature, even by C-S bond f i s s ion  
in case o f  2 and Id, and t o  an extent that al lows forma- 
tion of  - 4 o n l y t o  become a minor side reaction. This dra- 
matic increase in the alkylating properties of 1 indica- 
tes that the interaction w i t h  pyridine obviouely produces 
a highly active species, probably 2, by at tack of the 
donor pyridine at phosphorus. What would remain of  this 
'activated ester" a f t e r  l o s s  of  methyl chloride is a be ta -  
ine 6 that  may be regarded as a kind o f  donor-stabilieed 
metaphosphate species. Betalnes & and !& and, preferenti- 
ally investigated, 3, are known t o  be s t rong  bifunctlo- 
nal  phosphorylating agents and have been prepazed 80 far 
in a two step sequenoe starting f rom P4S,0. 596 The reac- 
t ion  of 1 w i t h  pyridine thua consti tutes a new, simple, 

accessible, e.Q., (4-clc#40) (4-o$?c6H40)~so' ( i s o l a t e d  

one s tep  
of both, 
combined 

:D + 

synthetic route t o  betaines 6 ,  by manifestation 
phosphorylating plus  alkylating properties, in a 
donor -mediated action. 

X + f  + II 
MeYP(X)Cl2 + D-P-C1 ClO- D-2-C1 + M e C l  

i- I 
Y-Me 

D = C5H5N - 5 6 - 
With exoess pyridine, o f  course, the latter w i l l  deal- 

kylate 2 t o  give an equimolar m i x t u r e  of 6 and N-methyl- 
pyridinium chloride having the same elemental composition 
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as the al leged I :1 adduct of - 4 and pyridine. The presence 
of - 6 i n  I:? mixtures as w e l l  as i n  excess pyridine (along 
w i t h  minor amounts of C12P(X)Y- as by-product f rom some 
dealkylat ion)  is confirmed by 31P-NMR spec t ra  (6ar - d -8,4j 
- = -  6c: d46,2;  E: d 97,4 ppm i n  MeN02). Since i n  the 6b 
thiophosphate s e r i e s  the sulfur atom represents  another 
nucleophile competing w i t h  pyridine and the chlor ide ion 
in  the  dealkylat ion of 5, reac t ion  products of  - I b  may 
include, i n  addi t ion  t o  t h e  main product 6 and some di-  
chlorothiophosphate anion ( h F  41,3 ppm) 
l o  isomer lo (62 40,2 ppm), depending on the r eac t ion  
conditions , 

qui te  superior  t o  pyridine i t se l f  is its 4-dimethylamino 
der iva t ive ,  With equimolar amounts o f  1 it forms betaines  
- 7 ( t ab le  I)  which were f u l l y  character ized spectroscopi- 
tally and by elemental analyses,  O f  - 70 an x-ray s t r u c t u r e  
determination w a s  performed which revea ls  a high degree 
of deazomatization t o  favour an exocyclio immonium reso- 
nance s t ruc tu re  , 

TABLE I 

a l s o  some th io-  

To obtain s t a b i l i z e d  c r y s t a l l i n e  betaines ,  a donor 

7 
+ - 

Betaines 4-Ele2N-CcjH4N-P(X) (Y)R (=z) 
- 7 X Y R  B.OC 

- a O O C 1  95 125-28 -8,6 
- b S O C 1  87 b ,  138-40 44,7 
- o s s c 1  76 160-62 93,3 
- d O O P h  63 225 9 92 

a) solvent MeN02 b )  from Ib; from l o :  84s 

The presence o f  m/g = 130 corresponding t o  CUS2 i n  the 
mass spec t ra  of  '&may indica te  the possible  r e l ease  o f  a 
metaphosphate type moiety under appropriate  conditions,  
as th i s  was concluded before from the thermal behaviour 
of intermediate sulfonium betainee analogous t o  the pyr i -  
dinium betaines 6 and 1. Simi lar ly  l i k e  the betaines  6 
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and - 7 d i c h l o r o ( t h i o ) p h o s p h e  ions,  t oo ,  may be regarded 
as donor-stabil ized chlorometa(thio)phosphates able t o  
expel the donor chloride ion: with 4-dimethylaminopyri- 
dine Ph4P+ C12P( S)O' undergoes complete conversion t o  
Ph4P+ C1' and z. 

The concept of  donor-mediated phosphorylation v i a  
betaine formation i s  not r e s t r i c t e d  t o  b i func t iona l  
examples and can be appl ied as w e l l  t o  compounds con- 
t a in ing  only one leaving group bound t o  phosphorus. Fur- 
thermore, f o r  preparing the betaines  it is possible  t o  
generate the leaving group i n  s i t u  as was demonstrated 
by the synthes is  of 
and CC14 i n  presence of  the pyridine donor, 

from P h P ( O ) ( H ) ( O R )  (R = Me, Xe3Si) 
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