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The structure of the title compound was solved by routine direct method and refined to R = 0.047 for 
1422 independent reflections. The absolute configuration at phosphorus was found to be R. C I ~ H I ~ O ~ P S ,  
orthorombic, P212121, a = 6.967(1), b = 10.600(2), c = 17.656(2) A, z = 4, V = 1303.90 A’, D, = 1.374 
g-crn-’, p = 3.6 cm-I (MoK,). 

INTRODUCTION 

In the course of our studies on chiral thio-acids of phosphorus we developed re- 
cently a new method for the stereoselective conversion of chiral 0-alkyl methane- 
phosphonothioic. acids (1) into the corresponding 0,O-dialkyl phosphorothioic acids 
(2).2 In general, this method involves two principal steps. In the first step, thiophos- 
phonic acids 1 are converted into a-phosphoryl sulfoxides 3 which, in the second 
step, are transformed into phosphorothioic acids 2 by means of the Horner-Wittig 
reaction. Scheme I shows the conversion of thioacids 1 into 2. Since the absolute 
configuration of the starting phosphonothioic acids 1 as well as the stereochemical 
course of each reaction involved in the 1 - 2 conversion shown above are well- 
known,’ this method makes also it possible to assign the absolute configuration for 
chiral phosphorothioic acids 2 f ~ r m e d . ~  

*To whom the correspondence should be addressed. 
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In this way we have assigned the R-chirality for (+)-0-methyl-0-(a-naphthyl) 
phosphorothioic acid (4). 

CH 0 S C H 3  
CH3 I Lp/  

CH 0 
\ H S  

0 ’\ OH N a 2 C 0 3 / C H 3 0 H  0 / \ o  

In view of the fact that this acid, in contrast to other chiral phosphorothioic 
acids, is easily resolved into its enantiomerssS6 and that the acid (+)-4 forms the 
crystalline (+)-S-methyl ester 5’ we decided to  carry out the X-ray analysis of the 
latter compound in order to determine its absolute configuration and to confirm the 
assignment of the R-chirality for (+)-4 deduced from chemical correlation. 

RESULTS AND DISCUSSION 

The structure and chirality of (+)-0-methyl-0-(a-naphthy1)-S-methyl phosphoro- 
thiolate (5) is shown in Figure 1. As it is seen from Figure 1, (+)-5 has the absolute 
configuration R. Since the methylation of (+)-acid-4 leading to (+)-ester4 does not 
involve any change of configuration at  the phosphorus atom, the absolute configu- 
ration of (+)-4 must also be R. This finding confirms the correctness of our assign- 
ment to this acid based on the chemical correlation. 

The intramolecular bond distances and angles, uncorrected for thermal vibration, 
are given in Table 1. Bond distances and angles show no significant variation from 
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FIGURE I The drawing of (+)-0-methyl-O-(cy-naphthy1)-S-methyl phosphorothiolate (5). 

the expected values. The molecular packing is determined only by van der Waals 
contacts. 

EXPERIMENTAL 

The crystal of (+)-5, [.ID + 48.17” (CHCI3,0,82) in spherical shape (diameter 0.3 mm) was used for the 
data collection. Preliminary unit cell dimensions and systematic absences were derived from Weissenberg 
photographs, while accurate cell dimensions were obtained from diffractometer measurements by least 
squares refinement. 

Crystal data: CtzH1303PS. Mr = 268.25 a = 6.967(1), b = 10.600(2), c = 17.656(2) A, Dm = 1.405 
g-cm-’, Ddz = 4) = 1.374 g-cm-’. Systematic absences: hOO when h is odd, OkO when k is odd and 001 
when 1 is odd establish the space group P212121. 

Intensities were measured on SYNTEX-Prdiffractometer with graphite-monochromatized Mo-K. radi- 
ation. The 8-28 scan technique was used. Of the 3158 hkl and hkl reflections measured, 2465 were consid- 
ered as observed with F d 34F).  The structure was solved and refined on the basis of 1422 independent 
reflections. 

Structure determination and refinement. Multisolution tangent refinement with the SHELX-76 pro- 
gram* located all non-hydrogen atoms. The refinement was carried out by a full-matrix least-squares 
procedure. All H-atoms were located from different syntheses calculated during the anisotropic refine- 
ment of the non-hydrogen atoms. The positional parameters of the H-atoms were refined, while their 
isotropic temperature factors were kept as for their parent-carbon atoms. The weighting scheme em- 
ployed was w = 3.16/(oZ(F) + 0.0002Fz(, where the a(F) is the standard derivation of the observed am- 
plitudes based on counting statistics. The final R, = Zwl”IIFoJ - IFcll /Z~l”lFo( was 0.0422 with a con- 
ventional R of 0.0472. A conclusive difference map showed peaks <0.28eA-’. The atomic fractional 
coordinates are given in Table 2 and 3. Anisotropic temperature factors for non-H-atoms are in Table 4. 
The atomic scattering factors were those of the SHELX system. All computation were performed on an 
ODRA 1305 computer. 

The absolute configuration. In order to  establish the absolute configuration of (+)-5 the coordinates 
and anisotropic temperature factors were refined by least squares methods for both models (x. y, 2 )  and 
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the enantiomer (sr, 7, 2 )  with the proper inclusion of anomalous scattering contribution for  P and S 
atoms. 

Final discrepancy indices Rg = [Xw(lF.( - (F,()2/L~F,(2]1/2 are 0.0464 for  model (x. y. z) and 0.0469 
for model (sr, 7, ?). On the basis of Hamilton’s s f a c t o r  ratio: model (x, y, z) has a probability of being 
correct at a significance level lower than 0.005 (99.5% probability). 

The result was further confirmed when the method of Bijvoet, Peerdeman and Bommel was applied.” 
On the basis of the pairs (hkl-Kkl) of reflections there have been chosen 28 Bijvoet pairs showing a pro- 
nounced anomalous dispersion effect according the following criteria:” 

(AFcl > 2u(AFo) 
I AFcI > [Fdh) + Fd-h)]/400 

where 

AFo = Fdh) - Fo(-h) 
AF, = Fdh) - Fd-h) 

o(AF,) = ([a(Fo(h))l2 + [O.0OlFdh)l2 + [~(Fo(-h))]~ + [0.001Fd-h)]z)l~2 

Using the observed and calculated structure factors differences (AFo and AF,) (Table 5) the Bijvoet coeffi- 
cient B and their e.s.d.’s 6(B) have been calculated. 

B = ZAF,AF./ZI AFcOFol 
u(B) = (1 - ~B~)[S(AF,U(AF~))~]”~/AF~F. 

The value of B = 0.98 with o(B) = 0.001 indicated that the right enantiomer was chosen initially. 
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Atomic coordinates, isotropic temperature factors for the H-atoms with e.s.d.’s (XlO’) (Table 3). Aniso- 
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