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Abst.ract4ptically active 1,3,2-oxathiaphosphorinanes (31 and (4) were 
prepared from (-l-10-merrapto~90borneol (11 and phosphorus dlchlorides 

[RPlXJCl21 I The configuration at phosphorus in these der~vatives 

was assigned on the basis of thelr 'H nmr spectral data and X-ray 

diffract~ion analysis of 4f. 

For the preparation of chlral phosphorus compounds, simple and practical methods 
have so far been est~ablished using optically active arnines, such as (-)-ephedrine, 1 

L-prollne ethyl ester, and &-prolinol, as chiral sources .  The diast~ereomeric - 

phosphorus amides IN-PlXJ=I, thus obtained from these amlnes, were separated and 

subjected to stereoselective P-N bond fisslon to give simple chiral phosphorus 

esters. However, there has been little information available concerning the use of 

other chiral sources, such as diols and hydroxy-thiols, for the practical synthe- 

515. For hydroxy-thlols, there has been only one report with g-glucopyranos~de 

derivatives glvlng 1 , 3 , 2 - o x a t h ~ a p h o s p h o r ~ n a n e ~ . ~  The method requires four steps to 

get the starting chiral thiols from methyl 2.3-di-g-methyl-a-D-glucopyranoside and 

does not seem to be a practical method to obtaln optically active phosphorus com- 

pounds in general. Recently, Modena - et - a1.' and we6 have indicated that (-1-10- 

mercaptalsoborneol (1) - is a valuable chiral source for the preparation of optically 

active sulfoxides. The hydroxy-thiol (11 is obtained quite easily in two steps 

from commercially available (ti-10-camphorsulfonic acid. We thus planned to prove 

that 1 is useful for obtaining chiral phosphorus compounds. In the present stud- 

ies, we found that the reaction of 1 wlth phosphorus dichlorides [RP(X)Cl21 12) 

gave 1,3,2-0xathiaphosph~r1nanes as a mixture of diastereomers in fair yield and 

that t~he optically active oxathiaphosphorlnanes (3)  and 141 - were separated readily 

by column a n d l o r  thin layer chromatography isiilca gel). In addition, we determin- 

ed absolute configuration at phosphorus of 2 and 4. 
A mixture of (-I-10-mercaptoisoborneol (11 and phosphorus dichlorides [RPIXICl21 

121 ( 1  equivalent) was stirred in anhydrous tetrahydrofuran ITHFI I "  the presence 

Of triethylamine 12 equivalents) (Srherne 11. The diastereomeric 1,3,2-oxathiaphos- 

phorinanes (3) and (41 were obt.ained and separated readily.' Yield, melting 
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Table 1. Yleld, mp, and opt~cal rotatlons of 1.3.2-oxathiaphosphor1nanes 

(3)  and ($1 

Compound R X 

3a Ph 0 - 

4a - Ph 0 

3 b - PhO 0 

4 b - PhO 0 

3c - PhCf12 0 

4c - PhCH2 0 

3d CH =CHCH - 2 2 O 
4d CH2=CHCH2 0 - 

3 e - CH =C=CH 2 0 

4e - Cl1 =C=CII 2 0 

3 f - EtOC IOICH2 0 

4f - EtOCfOlCH2 0 

39 - PhSCH2 0 

4g - PhSCH* 0 
3 h - Ph S 

4 h Ph S - 

Yield(%) mp f ° C 1  [ e lD  deg. 

polnts, and optical rotatlons of 3 and 4 are shown i n  Table 1 .  Ir, 'H nmr, and 3 1 ~  

nmr spectral data are summarized in Table 2. The ronfiguratlon at phosphorus was 

assigned from the chemical shlfts of H-6 slgnals in the 'H nmr spectra. H-6 signal 

of 2 appeared at lower fleld than that of 4. In other words, the P=X jX=0, S) 

group must. be o r i e n t e d  & t.0 H-6 in 3.' Thls assignment was conflrrned by a sln- 

gle-crystal X-ray diffraction study of 4f (Figure lj .' The ronfiguratlonal assign- 

ment to the 2-sulfldes !&) and 1%) was evidenced by chemical correlations with 

the corresponding 1.3.2-oxathlaphosphorinane 2-oxides; oxldatlon wlth 5-chloroper- 

benroic acld converted 3h and % lnto 2 and s, raspert~vely, under the conditions 
known to give c~nfigura~~onally retained products. 9 



HETEROCYCLES, Yo1 30, No 1 ,  1990 

Table 2. I r ,  'H nrnr, and 3 1 ~  nrnr s p e c t r a l  d a t a  of 1.3.2-oxathiaphosphorinanes 

12) and 14) 

a:  KBr, b: n e a t ,  c: measured i n  CDC13, d :  from 85% H3P04 (low field negative) 

Figure 1. P e r s p e c t i v e  S t r u c t u r e  of 4f 



The optically active oxathiaphosphorinanes thus obtained may be applied to the syn- 

thesis of ot-her chiral compounds in two ways: lil a transformation to simple chiral 

phosphorus cornpounds by the known P-0 and P-S bond fission4 and (ill an applrcation 

to diastereoselective reactionsl0 without cleavage of the phosphorlnane ring. We 

investigated along the latter line and obtained several results in the preliminary 

experiment~s (Scheme 21. Hydrogenatlo" of the allene phosphonates (%I and I*) 11 

proceeded stereoselectively in the presence of Lindlar catalyst to give =-1-prop- 

ene phosphonates (5) and (51, respectlvely.12 cis-Oleflns 1x1 and 16) would be de- 

sirable for a rhiral synthesis of f o ~ f o m y c i n . ~ ~ ~ x i d a t i o n  of the sulfenylmethane- 

phosphonate 1%) with 2-chloroperbenroic acid gave the sulf~nylmethanephosphonate 

1 1 1 ~ ~  as a mixture of diastereomers (5:3). Moreover, an attempt to apply the 

chiral phosphorinanes to an asymmetric Emmons-Horner reaction was performed with 

the anion of if and 4-E-butylcyclohexanone (8) in T H E .  A mlxture of 5 and 2 
olefins 191 was obtained in 59% yield corresponding to an optical purity of 16% 

e.e.15 in favor of the I-I-R isomer.16 The ratio was reversed wlth the diastereo- 

mer 4f. we are currently studying the reactions wlth 3 and 4. 
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