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Abstract: The title reaction using optically active S-stannylmethyl 
phosphinothioates, followed by quenching with alkyl iodide affords 
mainly the corresponding (alkylthiomethyl)phosphine oxides with a 
retention of configuration. 

The tin-lithium transmetallation has been utilized as a useful method 

for the preparation of carbanions in the cases where direct metallation with 

lithium metal or deprotonation with other organolithium reagents is rela- 

tively difficult because of some reasons.' In the course of our investiga- 

tions on the reactions of monothiophosphinates or dithiophosphinates with 

various nucleophiles, we have reported the first example for the Wittig 

rearrangement involving a phosphorus atom. 2 There have been reported many 

synthetic methods of optically active phosphorus compounds, based on the 

nucleophilic substitution on a phosphorus atom. 3 The stereochemistries and 

stereospecificities of those reactions extensively depend on the kinds of the 

substituent on the phosphorus atom and nucleophiles, which may affect the 

life time of a pentavalent intermediate.* If the transmetallation could be 

applied to S-stannylmethyl phosphinothioates (l), it would be expected to 

generate efficiently the carbanions at cr-position of sulfur atom (2), which 

might undergo the Wittig rearrangement to give the corresponding 

thiolatomethylphosphine oxides (4) with a high stereospecificity, since the 

expected pentavalent intermediate (3) seems to be highly strained and too 

short lived to pseudorotate. 
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nylmethyl t-butylphenylphosphinothioate (lc) were prepared by S-alkylation of 

the corresponding phosphinothioic acids (5) with the stannylmethyl iodides in 

65, 86 and 85% yields, respectively.5 To a solution of la or lb in tetra- 

hydrofuran (THF) were added various organolithium reagents at -'78 OC, follow- 

ed by treatment with alkyl iodides at 0 OC to afford the desired product, 

(alkylthiomethyl)-1-naphthylphenylphosphine oxides (6a,b),5 methyl-l-naphth- 

ylphenylphosphine oxide (71, and/or the nucleophilic substitution product on 

the phosphorus atom by organolithium reagent (8), and/or the alkylation prod- 

uct of the first formed carbanion (9), together with the corresponding tin 

compounds. The results are shown in Table 1. 

Table 1. Reactions of 1 with organolithium reagents, followed by 

treatment with alkyl iodides 

0 
R2Li R31 

0 0 0 0 
II II II II II 

Ph-P-R . / ) Ph-P-R + Ph-P-R + Ph-P-R + Ph-P-R 
I 
SCH2SnR13 

-78 OC 0 OCjr.t. I 
CH2SR3 

I 
A2 

I 
Me SCH2R3 

1 6 7 8 9 

Yieldsa)/% 

Runb' R R' R2 R3 6 7 8 9 

1 I-Np n-Bu Ph Me 70 28 

2 I-Np n-Bu Me Me 79 11 

3 I-Np n-Bu Me Et 74 9 

4 1-Np n-Bu n-Bu Me 34 66 

5 1-Np Ph Me Me 50 18 

6 1-Np Ph Ph Me 15 20 47 

a) Isolated yields based on consumed 1. b) R13SnR2 was obtained al- 

most quantitatively in all runs except Run 4, in which n-Bu3SnCH2SMe 

was obtained in addition to n-Bu4Sn (2:l). 

Butyllithium can attack on a phosphorus atom as well as on a tin atom, 

because of its stronger nucleophilicity to give the corresponding phosphine 

oxide (8) (see Run 4). Increasing a number of more electronegative phenyl 
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groups on a tin atom makes an intermediate, "tin ate complex", more stable to 

increase the probability of the alkylation of the carbanion (2) formed via 

dissociation process (see Run 6). However, the intermediate could not be 

observed by "' Sn-NMR spectroscopy.6 Use of MeLi as an organolithium reagent 

and butyl group as a substituent on a tin atom gave the best results. 

Optically active (-)-la, (+)-la, (-)-lc, and (+)-lc were readily pre- 

pared from (+)-, (-)-I-naphthylphenylphosphinothioic acids (5a),7 (-)-(S’)-, 

and (+)-(R)-t-butyl(phenyl)phosphinothioic acids (5b),8afga respectively. 

Reactions of (-)- and (+)-la with MeLi, followed by methylation with iodo- 

methane in the same reaction conditions as shown in Table 1 afforded opti- 

cally active (-)- and (+)-6a (R=l-Np; R3=Me), respectively. The similar 

reactions of (-I- and (+)-lc gave (-)- and (+)-t-butyl(methylthiomethyl)phen- 

ylphosphine oxides (6b (R=t-Bu; R3=Me)), respectively, in 80% yield in addi- 

tion with small amounts of S-methyl t-butyl(phenyl)phosphinothioate. 

In order to determine stereochemistry and optical yield of the present 

rearrangement, 6b was led to stereochemically-known t-butylmethylphenylphos- 

phine oxide (7b (R=t-Bu))8b1gb as shown in the following scheme. That is, 

(-1-1~ prepared from (-)-(SI-5b gave (+)-(R)-7b. As the step of preparation 

Ph.+, rl 
t_BuP-OH/ (-)-lc -+ 

Ph,;; Raney-Ni W-4 
..P-CH2SMe 

Ph,r; 

t-Bu* EtOH, 70 oc ' t-B* 
,.P-CH3 

(-)-(S)-5b (-)-6b1' (+)-(R)-7b" 

[a122 O 
'(c-;T;!, MeOH) 

ta1;7 -81.0° [all7 +21.oo 
(c 0.639, CHCl3) D(c 0.275, MeOH) 

o.y." 98.9% 0.y. 92.5% 

of 1 is known to be retention 12 and the reduction with Raney Ni seems not to 

affect stereochemistry at the chiral center, the result indicates that the 

present rearrangement proceeds with a retention of configuration on the phos- 

phorus atom and in very high optical yield. It means that the intermediate 3 

is too short-lived to pseudorotate as expected. But, it cannot rule out an- 

other possibility that the phosphorus-sulfur bond cleavage of 2 is followed 

by rapid recombination between the corresponding phosphinite ion and thio- 

formaldehyde, though attempts to trap thioformaldehyde were unsuccessful. 

References 

1. For reviews see: M. Pereyre, J.-P. Quintard, and A. Rahm, "Tin in Organic 

Synthesis", Butterworths, London (1987), Chap. 9, pp. 149-184; B. J. 

Wakefield, "The Chemistry of Organolithium Compounds," Pergamon Press, 

Oxford (1974), pp. 66-67. 



204 

2. K. Goda, Ph. D. Thesis, University of Tokyo, Tokyo, Japan, 1975; K. Goda, 

R. Okazaki, K.-y. Akiba, and N. Inamoto, Tetrahedron Lett., 1976, 181; K. 

Goda, R. Okazaki, K.-y. Akiba, and N. Inamoto, Bull. Chem. Sot. Jpn., 51, 

260 (1978). 

3. D. Valentine, Jr., "Asymmetric Synthesis," ed by J. D. Morrison and J. W. 

Scott, Academic Press Inc, London (1984), Vol. 4, pp. 263-312; 0. 

Korpiun, R. A. Lewis, J. Chickos, and K. Mislow, J. Am. Chem. Sot., 90, 

4842 (1968); M. Moriyama and W. G. Bentrude, J. Am. Chem. Sot., 105, 4727 

(1983). 

4. J. Emsley and D. Hall, "The Chemistry of Phosphorus", Harper & Row Ltd, 

London (1976), Chap. 8, pp. 319-325; R. A. Lewis and K. Mislow, J. Am. 

Chem. Sot., 91, 7009 (1969). 

5. Physical and spectral data of (-)-la and (-)-6a are shown as typical 

examples: (-)-la: mp 69.3-70.0 OC (pentane): [alID -4.37O (c 2.92, 

CHC13). 'H-NMR (CDC13): 6 O-60-1.69(m, 27H, 3xBu), 2.08 (d, 3JH,P=7.81 

Hz, 2H, SCH2Sn), 7.28-8.21 (m, IIH, aromatic protons except peri proton), 

and 8.72-8.98 (m, IH, peri proton). 3'P-NMR (CDC13): 6, 47.38. 11 9Sn- 

NMR (CDC13): 6Sn -153.23 (d, 3JSn,P=102.54 Hz). High resolution mass 

spectrometry (HRMS)(70eV): m/z Found: 588.1651. Calcd for C2gH410S120Sn- 

P: 588.1638. 

(-)-6a: mp 151.8-154.2 OC. b+ -8.07O (c 0.405, CHC13). 'H-NMR 

(CDC13): 6 2.17 (d, 4JH P=O.98 Hz, 3H, SMe), 3.41 (d, 2JH,P=8.06 Hz, 2H, I 
PCH2S), 7.28-8.11 (m, IIH, aromatic protons except peri proton), and 

8.43-8.66 (m, IH, peri proton). 31P-NMR (CDC13): dP 31.97. HRMS(7OeV): 

m/z Found: 312.0731. Calcd for C18H170PS: 312.0736. 

6. H. J. Reich and N. H. Phillips, J. Am. Chem. Sot., 108, 2102 (1986). 

7. V. A. Chausov and I. F. Lutsenko, Zh. Obshch. Khim., 43, 69 (1973). 

8. The absolute configurations for 5b and 7b are known to be l-)-S and (+)- 

R, respectively: a) J. Michalski and 2. Skrzypzynski, J. Organometal. 

Chem., 97, c31 (1975). b) R. A. Lewis and K. Mislow, J. Chem. Sot., 

Chem. Commun., E, 1010. 

9. The highest optical rotations reported to date are [@It0 +28.1° (c 2.4, 

MeOH) and [a]$5' +22.7O (c 1.0, MeOH) for 5b and 7b, respectively: a) M. 

J. P. Harger, J. Chem. Sot., Perkin Trans. 2, 1980, 1505. b) T. Imamoto, 

K. Sato, and C. R. Johnson, Tetrahedron Lett., 26, 783 (1985). 

10. The 'H-NMR spectra of 6b and 7b using optically active Ic as a chiral 

shift reagent showed no signals due to another enantiomer, indicating 

that these compounds were formed in very high optical yields (Ref. 9a). 

11. The optical yields were determined from optical rotations based on the 

highest [aID values reported in Ref. 9. 

12. M. Green and R. F. Hudson, J. Chem. Sot., 1963, 540. 

(Received in Japan 10 November 1988) 


