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NEW P-CHIRAL PHOSPHATES, PHOSPHOROTHIOATES AND PHOSPHORO- 

SELENOTH IOATES 

BOtENNA KRZYhNOWSKA and WOJCIECH J. STEC* 
Pol ish Academy o f  Sciences, Centre o f  Molecular and Macro- 
molecular Studies, Department o f  Bioorganic Chemistry, 
90-362 Lodz, Boczna 5, Poland 

Abstract Easi ly avai lable pure diastereoisomers o f  (Rp,Rc)- 
'-(Sp,Sc) -0 ,Se-dimethyl N-a-methyl benzyl phosphorami dose1 e- 
noate (12) and S-methyl-N-phenyl-N'-a-methyl benzyl phosphordi- 
amidothxate (9) are converted i n t o  enantiomers o f  O,S,Se-tri- 
methyl phosphoroselenothioate (16) and S-methyl -S-ethyl -S-n- 
propyl phosphorotri th ioate ( twoz tep  procedure)( 15) ,  respect i -  
vely. P a r t i a l  P-epimerizations observed during these conver- 
sions are discussed i n  terms o f  stereomutation o f  pentacoordi- 
nated phosphorus intermediates, while metaphosphoramidates 
are responsible f o r  the formation o f  side-products. 

The methodology f o r  cleavage o f  a P-N bond i n  phosphoramidates 
(1) derived from primary amines has been developed i n  t h i s  Labora- 
to ry  (PN+PX conversion), and has been used f o r  ch i rospec i f i c  syn- 
thesis o f  d i a l k y l  phosphates (5, - X-180). phosphorothioates (5, X=S), 
and phosphoroselenoates (5, X=Se)'. Reactions o f  N-metal l a ted  P-chi- 
r a l  phosphoramidates w i t h  e lec t roph i l  i c  reagents l i k e  benzaldehyde, 
carbon dioxide, carbon d jsu l  phide o r  carbon diselenide have been 
shown t o  occur w i th  high s tereoselect iv i ty  and w i t h  re ten t i on  o f  
conf igurat ion a t  phosphorus, and have been ra t i ona l i zed  i n  terms o f  
a s ing le pseudorotation followed by col lapse o f  a pentacoordinated 
intermediate (4)(eq. - 1). This ra t i ona le  was s u f f i c i e n t  f o r  PN+PX 

conversions w i t h i n  compounds 1 provided t h a t  l igands A and/or B are 
bound t o  phosphorus v i a  "strong" chemical bonds; i f  A and/or B had 
the d i s t i n c t i o n  o f  being good leaving groups, one could consider 
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the col lapse o f  - 1 wi th  formation o f  "metaphosphoramidate" (6) - accom- 
panied by the released anion A-, and such a revers ib le  react ion 

would be responsible f o r  P-epimerization o f  1 and, as a consequence, 
the lack o f  s tereoselect iv i ty  o f  the PN+ PX conversion, A1 t e r n a t i -  
vely, one could consider the col lapse o f  pentacoordinated interme- 
d ia tes 2 or  5 and p a r t i c i p a t i o n  i n  the react ion pathways o f  other 
intermediates such as - 7 o r  8 ( " i r regu la r  process"). Release o f  A- 
o r  B- from 2 o r  4 would be responsible f o r  a d i f f e r e n t  course o f  
react ion and the formation o f  products d i f f e r e n t  than 5, whi le the 

r e v e r s i b i l i  ty  o f  processes 2*7- and 4 f 8 could lead t o  epimerized 
product - 5. However, an a l te rna t i ve  process responsible f o r  the lack 
of s te reose lec t i v i t y  of the PN +PX conversion could be pseudorota- 
t i o n  around pentacoordinated phosphorus 1 eading t o  rap id  stereo- 
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mutation a t  the ch i  r a l  phosphorus centre2. 
E a r l i e r  studies on the synthesis o f  diastereoisomers o f  ade- 

nosine 5'-(4-ni trophenyl )phosphorothioate have shown, tha t  the de- 
s i red products were formed from diastereoisomers o f  adenosine 
5'-(4-nitrophenyl )phosphoranil i da te  wi thout detectable P-epimeriza- 
t i o n  
epimerization v ia  an " i r regu la r  process", since 4-ni trophenoxyl can 
be considered as being a ''good" leaving group. 

I n  t h i s  repor t  we wish t o  present the resu l t s  o f  our extended 
studies on the scope and l i m i t a t i o n s  o f  PN+PX conversions f o r  the 
synthesis o f  new P-chiral  organophosphorus compounds. Four pa i rs  of 
diastereoisomeric phosphoramidates 2, 10, 11 and 12, der ivat ives of 
enantiomeric a-methyl benzylamines, were prepared and f u l l y  characte- 
r ized by physicochemical methods (TABLE 1). 

6 , and averted our suspicions about rap id stereomutation o r  

RHN, // 0 
P 

MeS' 'NHPh 
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MeO' 'NHPh 
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11 

- 
MeO, // 0 

- 
MeO. p// 0 

MeSe' 'NHR 
12 - 
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13 - 

RHN. // 0 
P 

MeO' 'SMe 
14 - 

15 - 
MeO, // 0 - P 

MeSe' ' SMe 
16 - 

Their absolute configurations were assigned by means o f  stereo- 
chemi cal  co r re l  a t  i ons : 

0 
5 

0 AgN03 MeO, // 
5 

Eto,p // P Meo\p// ____) 

0 A m 3  

MeS' ' NHR EtOH MeO/ 'NHR E tOH MeSe / ' NHR 
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TABLE 1. Physicochemical characteristics of compounds ABZPO 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No o f  20 Absol Ute 
COmpO- A B 2 6p(CHC13)a I a l D  map. configura- 
und (MeOH) ( C) t i o n  ----_-_--_________--____________________--------------------------- 
- 9 RNHC MeS PhNH 24.9 t39.1 170-2 RP , Rc 

24.78 -41.0 169-71 SP,SC 
25.8 SP,RC 
25.68 RP , SC 

- 10 RNH Me0 PhNH 9.17 t31.5 82-5 Sp , Rcd 

- 11 Me0 E t O  NHR 8.46 51.6 83-5 Sp,Rcef 
8.36 t49.1 82-5 SP,RC 

12 Me0 MeSe NHR 26.89 61.7 121-3 Rp,Rc 
(435)9 
26.29 SP,RC 
26.89 -60.6 120-3 SP,SC 
26.19 RP ,SC 

48.2 -41.9 69-71 SP,SC 
- 14 Me0 MeS NHR 34.453' t84.8 129-30 Rp,Rc4 

34.14 t22.0 82-3 Sp,Rc 
34.45 -84.5 129-30 Sp,Sc4 
34.14 -22.0 82-3 Rp,Sc6 

- 

- 13 MeS E t S  NHR 48.3 t41.5 68-72 Rp.Rc: 

4 

15 Me0 E t O  MeS 30.1 to.2;O.l t k 7  - 
30.1 to. 3-0.1 

16 Me0 MeS MeSe 51.27 1. 9sm 
(486)g 
51.06 -1.7gm 

- 
(483)g 

- 17 MeS E t S  'PrS 66.1 
61.9p 

t1.05m 
-1.3 m 

SPO 

RPn 

SP9 
RPS ...................................... --------- - ---- -- -------- ---- 

a 85% H3POq as an externat re erence. 
themnge 0.65-5.0.  C R=CH(CH3 f Ph. h.spared v ia  siZver-assisted 

Prepared via ejhanotysis of (Rp,Rc)-34. 
'Prepared via sotvoZgsie' of (Rp,Rc)-l2, IJpSeI values given 

antesis, h Prepared from (Rp,Rc)-97 Prepared from (Sp,Sc)-9. 
Eeasured i n  MeNO2. k Prepared via FN+PS conversion of (Sp,Rc)=llf. 

i n  C&. Obtained from (Rp,Rc)-E. Obtained from (+,Sc)-12. 
P Measured i n  DME. q Prepared f r o m  (Rp,Rc)-g. Prepared j h m -  

Measured i n  MeOH, conc. i n  

thanotysis of (J?p,Rc)-9. 

Prepared via aitver-assisted ethanotyais of (Rp)-g. Measurer 

( sp, sc 1 -i. 
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Me0 '%, // 0 NaH/CS2 MeO,, 0 - "P ' RHN %,, 4 0 w 0 3  
P - 
- 9 10 - 14 (known) 

MeS' ' NHPh MeOH RHN' 'NHPh Me1 RHN ' SMt 
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Reactions o f  compounds - - - -  9, 10, 11, 12 w i th  NaH/CS2, fol lowed by cor- 
responding a l ky l  halides, gave the compounds 13, 2, 15 and 16, 
respectively, and assignment o f  t h e i r  absol Ute conf igurat ion was 
based on the wel l  documented assumption tha t  the PN+PX conversion 
proceeds w i t h  re tent ion o f  conf igurat ion a t  P. Because compounds 
- 13 and - 14 are diastereoisomeric, 31P n.m.r. and RP-HPLC were used 
for assignment o f  t h e i r  diastereoisomeric pu r i t y .  I t  has been 
found tha t  conversions - -  9+13 and - -  10+ 14 are f u l l y  stereoselective. 
31P n.m.r. control  has also proved tha t  unreacted, recovered sub- 
s t ra te  - 9 was no t  P-epimerired during conversion ?+g. 

Diastereoisomers o f  - 13 were used f o r  f u r t h e r  PN + PS conver- 
sion and the enantiomers o f  P-chiral  S,S,S-trial k y l  phosphorotri- 
th ioate (17) were obtained: 

while compound ( R p ) - E  was converted i n t o  compound ( R p ) - Z  i n  a 
s o l v o l y t i c  react ion (EtOH/AgN03) , which according t o  e a r l i e r  f i n -  
dings s i s  expected t o  be stereoinvert ive.  

best o f  our knowledge, i n  the chemical l i t e r a t u r e ,  we attempted t o  
assign the enantiomeric p u r i t y  of - 17 by means o f  H n.m.r., run- 
ning i t s  spectra i n  the presence of E ~ ( t f c ) ~ .  It appeared tha t  
compound (Rp)-17, - obtained from diastereoisomerical ly pure (Sp,Sc) 
(Sp,Sc)-u has been extensively epimerized (e.e. 60%). Also, the 
comparison o f  the value o f  the op t i ca l  ro ta t i on  o f  compound ( R p ) - g  
/prepared from pure (Sp,Rc)-G/ w i t h  t h a t  reported by Ha l l  and 
Inch 

Because compounds 16 and 17 have not  been described, t o  the 

1 

f o r  o p t i c a l l y  pure 15, indicated t h a t  the conversion 16-t 15 - - -  
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occurs w i th  low stereoselect iv i ty .  Because the t e s t  of e p i m r i r a t i o n  
o f  - 14 under condit ions analogous t o  the PN+PS conversion (but 
without added CS2) gave negative resu l t s  7 ,  we have t o  accept the 
conclusion t h a t  9netaphosphoramidates" are not  involved i n  the 
PN + PS transformation o f  the compounds under consideration here. 
I n  the l i g h t  of recent f indings o f  Buck e t  a l .  2,  the most plausi-  
b le  explanation f o r  the lack o f  s tereoselect iv i ty  i n  conversions 
- -  11 + 15 and g+E i s  pseudorotation o f  pentacoordinated intermediate 
- 4 leading t o  rap id stereomutation a t  the stereogenic phosphorus 
atom, a1 though the operation o f  " i r regu la r  processes" 3=L and 4=8 
has not been disproved 
observed i n  these PN + PS conversions, where the "ch i ra l  a u x i l i a r y "  
group NHCH(CH3)Ph attached t o  phosphorus i s  retained i n  the product. 

In terest ing ly ,  P-epimerization was n o t  
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