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Abstract: By treating diastereomeric [o-OC(CF3)$6H&+CH~~(-)menthyl] 

(2-(R)p and 2-(S)p) with LiAIQ. a pair of enantiomcrically pure phosphoranes, 

[o-OC(CF~)~C~H~I~PCH~CZHOH (3.(R)p and 3-(S)p), having asymmetry only 

at phosphorus were obtained. 

In order to investigate the stereochemistry of pentacoordinate phosphorus, which is believed to be 

involved in biological phosphoryl transfer processes,1 a wide range of model pentacomdinate phosphorus 

compounds have been devised and utilized. 2 Although the number is small among them PIE optically active 

compounds, which incorporate optically active alcohols or aminoalcohols. But as for optically active 

pentacoordinate compounds bearing chirality only at the central phosphorus atom, the only example we are 

aware of is a pentaarylphosphorus compound prepared by Hellwinkel.4 However, since this fascinating 

compound exhibits residual optical activity, there is no precedence for compounds with a rigid and definable 

absolute stereochemistry with asymmetry only at phosphorus. By utilizing h&t-tin’8 phosphorant 1s we 

have succeeded in obtaining such a compound and herein we report the details of its stereochemical 

characterization. 

Phosphorane 1 was prepared by combining published procedures.536 The attachment of the chiial 

auxiliary to phosphorane 1 was achieved by treating the phosphorane with NaH in THF, followed by the 

addition of (-)-menthyl chlomacetate as shown in scheme 1, 

furnishing a 1:l diastcreomeric mixture of phosphorane 2 

in 87 % combined yield. Fortunately, the diastereomers 

could be nzolved as prisms and needles by recrystallization 

from MeOH-H20. The separated crystals were repeatedly 

recrystallized to assure diastereomeric purity giving the 

compounds in 25 % and 22 % yields, respectively. The 

diastereomers showed distinctive signals in both tH and 

31P NMR (8 -25.6 and -25.3 in acetone-d.6, respectively) 

and these signals were used to determine purity of the 

diastereomers. 

In order to determine the absolute stereochemistry 

of the diastereomers, X-ray crystal structure analysis was Figure 1. ORTEP drawing of ~-(R)P showing 

conducted on the prism-shaped crystal.7 The ORTEP & W~I ettipsoids at Ihc 30 % probability level. 
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structure is shown in Fig. 1. The absolute stereochemistry of the phosphorus atom determined from its 

relative stereochemistry to the known (-)-menthyl moiety turned out to be (R)p.* 
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Scheme 1 

The optical rotation values were [a121436 +l 1.1’ (c 1.02, CHCI3) for 2-(R)p and [a]21436 -70.0’ (c 

1.02, CHC13) for 2-(S)p. Since benzene rings were attached directly to the asymmetric phosphorus atom in 

a Cz symmetry style, it was speculated that a Cotton effect arising from the isoenergetic exiton dipole 

coupling of X-A* transition of the two benzene rings would be observed with opposite sign between the two 

diastereomers in CD spectroscopy. g The results are shown in Fig. 2. The measured spectra of 2-(R)p and 

2-(S)p have been calibrated so that the vertical coordinate gives the Ae values as shown in Fig. 2. The 

major peaks of 2-(R)p are I (AE) = 214 (+8.2), 229 (-5.4), 235 (+3.5), 265 (+1.7), and 271 nm (+1.3), 

while those for 2-(S)p are 213 (-6.5), 228 (+8.2), 234 (-3.5), 265 (-2.0), and 271 nm (-l-5), thus showing 

the expected trend. The large differences in intensity at 214 and 229 nm can be ascribed to the overlap of the 

(-)-menthyl moiety, which shows a monotonic positive Cotton effect. These large Cotton effects imply that 

2-(R)p has an overall left-handed helical electron transition moment, while that of 2-(S)p is the opposite. 

The epimerization rates of the compounds were measured at 1OO’C using toluene and pyridine as 

solvents by monitoring 3tP NMR. The rates turned out to be 1.3 x 10-T s-1 in toluene, and 1.9 x 1O-7 s-l in 

pyridine, corresponding to activation free energies of AG*373=33.8 kcaI mol-1 and 33.5 kcal mol-l, 

respectively. These results show that the process is very slow and that there is little dependence on solvent 

polarity or donor ability upon the rate. Thus it was concluded that epimerization could be avoided under 

usual conditions. 

The nz!rnoval of the chiral auxiliary was effected by treating the diastereomers with LiAEQ in tefluxed 

Et20 as depicted in scheme 1, thereby generating the first example of a pair of enantiomeric single structured 

optically active phosphoranes 3 with asymmetry only at phosphorus. The yields of 34R)p and 3-(S)P 

were 81 % and 84 %, respectively. Due to the difficulties encountered in complete removal of (-)-menthol 
from the product mixture using chromatographic means, the final purification of the alcohols 3-(R)p and 3- 

(S)p was carried out by sublimation under reduced pressure at temperatures at or below 50°C. Partial 
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epimerization could be detected when the heating temperature was raised lH, l3C, and slP NMR showed 

identical spectra for the two enantiomeric compounds thus verifying their identity.t0 
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Figure 2. CD spectra of 2-(RIP (solid line. 4.98 x IO-5 
h4) and 2-(Sk (broken line. 5.38 x 10-s) in cyclohexane. 

Flgure 3. CD spec~a of 3-(R)P (solid line. 1.73 x 105 
M) and J-(S)p (broken line. 1.26 x 10-s) in cyclahexme. 

The original data has been replotted in terms of AC The The original data has bacn rcpkxted in tams of Ae. The 
random noise level in the <230 nm region was AC= ca.H 
while in the 2230 nm region it was AE= eaM.3. 

random noise level in the Q30 nm region was &= ca.il 
while in thy >230 nm region it YILI &= a&0.3. 

The optical rotation values of 3-(R)p and 3-(S)p were [o]2’436 +108” (c 1.02. CHC13) and 

[a121436 -107O (c 0.83, CHC13), respectively. The CD spectra (Fig. 3) of 3-(R)p showed peaks at 210 

(+10.2), 227 (-10.9), 264 (+l.S), and 270 (+1.3), while that of 3-(R)p showed peaks at the same 

wavelengths with identical magnitudes of opposite sign. 

In order to assure the high enantiomeric purity of 

the chit-al alcohols, the alcohols 3 were converted to their 

R-(+)-Mosher ester as described in the scheme. The yields 

were at best 54 and 31 %, respectively, and were not 

optimized. A mixture of 2-(R)p and 2-(S)p was 

subjected to the same sequence of reactions, to give 

racemic 4 in 52 8 overall yield. Fortunately, resolution of 

the SIP NMR signals could be achieved in acetone with 

signals at -24.5 and -24.7, respectively. As shown in the 

3lP NMR charts in Fig. 4, the high diastercomeric purity 

of 4-(R)p and I-(S)p could thus be confirmed. This 

establishes the fact that no epimerization had occurred 

during the two consecutive transformations of esters 2- 

(R)p and 2-(S)p or during purification procedures and 

that the the alcohols 3-(RIP and 3-(S)p are of high 

4-(R)P + 4-(S)P 

4-(S)p 

4-(R)P 

enantiomeric purity. 

X-Ray structural analysis carried out upon a 

recrystallized sample of 4-(R)p confirmed the R 
Figure 4. 31P NMR of a mixture of 4-(R)p+4- 
(SIP (upper chart). 4-(SIP (middle chart), and 4- 

configuration upon phosphorus. (R)p(lower chart). 

In summary, we have established for the first time the absolute stereochemistry of the first chiral 

pentacoordinate phosphorus compound with asymmetry located solely on the phosphorus atom, and in the 
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course of it have successfully converted (reduction and esterification) optically active compounds without the 

accompatCment of epimerization. 

Acknowledgement. We gratefully acknowledge Prof. Y. Yamamoto (Hiroshima Univ.} for the X-ray 

measurements, and Dr. T. Mizuta (Hiroshima Univ.) for assistance in the optical rotation and CD spectra 

measu~men~. Partial support of this work through Grant-in-Aid for Scientific Research (No. 05854052) 

and those on Priority Area of Organic Unusual Vabncy (Nos. 02247103,03233104,04217105) provided by 

the Ministry of Education, Science, and Cultun of the Japanese Government is heartily acknowledged. 

Refereflees and Notes 

(1) @fundbook of Orgazwpho.&cwus Chemisny; Engel, R., Ed.; Marcel LlekkeE New Yale, 1992. @) Westheimer, F. H. Act. 

C&m. Res. 1968.1.70. (c) Thatcher, G. R. J.: Kluger. R. Adv. fhys. Org. Chem. 1989,25,9Q. 

(2) Holmes, R. R. Penracoordinated Phosphorus: ACS Monograph Scrics 175 and 176: American Chemical Society: 

Washington. DC. 1980. 

(3) for examples see: (a) McClure, C. K.: Grate, C. W.: Locke% B. A. J. org. Chem. 1992,57,5195. (b) Moriarty, R. M.: 

Hiratake. J.: Liu. K.: Wend&, A.; Awasthi, A. K.; Gilardi. R. J. Am. Chem. Sac. 19!&113,9374. (c) A&x. F.: Jtt@, S.; 

W&&man. M. Terruhedron 1987.43.3721. (d) Rlacbc. A.; Bra&r, J. F.; Carrelhas, C.; Garrigues, B.: Mane. M. R. 

T+%rufu?dron 1982,38,2111. (e) Devillers, P. J.; Garrigucs. B.: Wolf, R. Am Crysrailogr. 1979.835.2153. (f) Contreras, 

R.; Brazier, J. F.; Klaebe, A.; Wolf, R. Phosphorus, 1972.2.67; Newton, M. G.; Collier, J. E.; Wolf, R. J. Am. C/arm. 

Sot. 1974% %. 6888 and references cited therein. 

(4) Heliwinkel, D. Chum. Ber. 1966, W, 3642. 

(5) {a) Gmnoth, I.; Martin, J. C. J. Am. C/tern. Sot. 1979, ZOI, 4623. (b) Stcvcnson, W. H., III; Wilson, S.; Martin, J, C.; 

Fernham. W. B. 1. Am. C/urn. Sot. 19115,107, 6340. 

(6) Perozzi, E, F; Michalak. R. S.; Figuly, G. D.: Slovenson, W. H.. III; Dcss, D. B.: Ross, M. R.; Martin, J. C. /. Org. 

Chem. 1981,46, 1049. 

(7) Crystal data for Z-(R)p: data were collected on 8 Mac Science MXC3 diffractometer. C3oH2qFt204P, M=712.50. 

~~h~bic, spafe group P2t2t21, a=16.922(4). &19.322{7), c-10.036(3) A, ocp90.05(3)“, ~~89.~~2~#, +$0.03(2)*, 

V=3281(2) As, 24, &=I.43 gZcm3. F(00O)=1456, MO Ku (1=0.71073 A): 4217 unique reflections measured; 3059 

reflections with f>fa(Z) used in refinement. R=O.O78, Rw=0.060. The suppk?mcntary material has been deposited at the 

Cambridge C~stallographic Data Center. 

(8) for msed ~~~t~ see: Martin, J. C.: Baltbazor, T. M. j. Am. Chem. Sot. lW7,99, 152. 

(9) Mason. S. F. MoiccuZar G&cat A&v& and ihe Chiral D~~crimiRal~~; Cambridge University Press: Cambridge, 1982. 

(10) 3-(R)p and 3-(S)p: ‘H NMR (CDCl3) 6 8.42-8.38 (m, 2 H), 7.74-7.67 (m, 6 H), 3.84 (ddt, 3.Zp~ = 4.88 Hz, J = 13.7, 

6.8 Hz, 2 H), 2.75 (ddt, %p~ = 17.1 Hz. I = 13.7.6.8 Hz, 1 H), 2.60 (ddt. zJp~ = 13.2 Hz,.l = 13.7, 6.8 Hz, 1 H). 1.79 (Ix, 

1 H); t3C NMR (acetonc-dg) 6 138.3 (d, 3.Zpc 5 9.2 Hz), 137.1 (d, %pc = 20.2 Hz), 135.9, 133.3 (d. *Jpc = 12.9 Hz), 131.3 

(d, ‘Jpc = 160 Hz), 126.4 (d, Jpc = 14.7 Hz), 124.1 (q. fFC = 288.6 Hz), 123.9 (q. JFC = 288.6 Hz). 82.8 (sept. JFc = 31.3 

Hz), 58.2 ,44-O (d. lfp~ = 114.0 Hz). 19F NMR (CDCI3) -74.9 (q. .Z=9.8 Hz, 3F), -75.1 (q. J=9.8 Hz, 3F).3’P NMR 

(acetono-dg) 8 -22.7, (CDCl3) S -21.5. 

(11) Analytical and spccual daul for all oplically active compounds, 2, 3, and 4, were fully compatible with the given 

assignments. Mp: t-(R)p 127-128°C: Z-(S)p 12%127°C: 3-(R)p 103-105’%: 3-(S)p lO3-lOS*C: 4.(R)p 128-130% 4. 

(S)p 128-129v. 

<Received in Japan 14 iwirr& 1994; accepted 26 May 1994) 


