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Abstract* Kmetrc rcsolutlon of 2-hydroxyalkyl&phenylphosphmes 1 by acylwon with lsopropenyl acetate was camed out under 
rabbit gastnc hpase (RGL) catalysxs to give optxally achve 1 and the correspondmg acetate, the enantioselccuvity factors E ranging 
from 10 to 20 

Chelatzng bzphosphrnes are among the most widely used ophcally active hgands m asymmetnc 

n-ansition-metal catalyzed orgamc reactions 1 In some of these reacnons the presence of a funChOna1 group m the 

phosphme has been reported to be of some benefit a? long as the enantloselechvlty is concerned Introduchon of 

a hydroxyl group m the bls-(dlphenylphosphmo)-ferrocenyl hgand brought about a high enantloselectlvlty m the 

Pd-catalyzed alkylanon2 or ammatlon3 of allyhc acetates and m the Rh-catalyzed hydrogenation of ammoketones 

or pyruve acid 4 Gold-catalyzed asymmetnc aldol reaction requrred the pamclpatlon of the terminal ammo 

group m the chral ferrocenylammephosphme hgands 5 

Monophosphrne hgands have been less useful m tranntlon-metal catalysis 1 However, optically active 

monophosphmes have been shown to be efficient choral inductors ( up to 80%ee) in Ziegler-Natta type nickel 

complexes for the hydrovmylatlon reactlon ( codlmerlzatlon between ethylene and cycloocta-1,3-dlene or 

norbomene) 6 In palladium-catalyzed couplmg of ally1 acetates and phenylzmc chloride, monophosphmes 

showed higher reactivity and enantloselectlvlty than chelating dlphosphmes 7 In nickel-catalyzed cross-couphng 

reactlons between (2-methyl-l-naphthyl)magneslum bronude and 1-naphthyl brormde a ferrocenylphosphme 

with a methoxy group gave the couplmg product with 83% ee, whereas the same hgand but lackmg the alkoxy 

group showed only 1% ee 8 

We want to descnbe a general route to enantlomencally ennched 2-hydroxyphosphmes These 

monophosphmes may serve either as functlonal hgands for translnon metal-catalyzed reactions or as synthons to 

prepare further functlonallzed phosphmes or dlphosphmes 

Successful hpase-catalyzed enanuoselecttve preparations of many hydroxylated orgamc compounds 

have been camed out through either acylatlon of the OH group or hydrolysis of an ester denvatlve 9 Unless a 

great variety of choral alcohols have been resolved through such procedures, no optically active 

hydroxyphosphme has been obtained m such way 
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We report the preparahon of optically active P-hydroxyphosphmes 1 and the correspondmg 

enantlomenc acetates 2 through hpase-catalyzed acylation of racenuc 1 with lsopropenyl acetate m toluene As 

enzymatic catalyst, we selected the rabbit gasmc hpase (RGL) 10 the use of which m orgamc synthesis has never 

been descrtlxd tdl now 

a R= CH3 d R=-r-C,“, g R = -CH,-SW+j 

b R=-C2H, 8 R--C& 

c R=-r-t&H, f R=-Cl+-Ph 

R 

G&k + (C&t& P? 
OAC 

optIcally adwe- OptIcally active-2 

mmbmefedlvity factor E 1 O-20 

Racemlc substrates 1 were prepared m good yield accordmg to a shghtly modified Kabachmk 

procedure,l 1 involving regloselecnve nng opening of the suitable epoxlde by (C6H5)2PH / KOH m DMSO 

Racermc epoxldes were either commercially avrulable (pvmg access to la, lb, le, lf, lg) or prepared VW the 

bromhydrm obtamed through hydrobrommatlon of the correspondmg alkene (and used to reach lc, Id) l2 

KOH. DMSO 
+ PbPH - Ph*PJoH 

1 

Table 
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Id 

le 
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a) Expenmental conditions see text 
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yzed Resolution of la) 

Rec~veredc) Es&S) 
substrate produced 

ee(%) ee(%) 

88d) 69 

47 76 

66 84 

- g) 

I 
- g) 

80 77 

E valuef) 

16*5 

12+2 

201t3 

18*3 

b) Determmcd by glc, by corn-n with an mtemal standard 
c) Determmed from the[~~]D of the enanuomers obtamed through successive resoluhons until constant (c 1% vanation) value 

[a]D25 ( c=2, AcOEt) la - 72 +O 3”. lb + 98 ?c 03*,lc + 3 9t 02",lg+ 85 +03" 

d) Determined by lH NMR and HPLC measurement of the dmstereomenc rauo of the urethane denvahve made from (IQ-(-)-l-(I- 

naphthyl)ethyl ~ocyanate,~~ and by 1~ NMR of the Masher’s esters l5 The two methods gave the same result 
e) Dctermmcd on the alcohol obtamed after sapomficahon of the ester 
f) Calculated from the conversion c and substrate’s ee, value, takmg E = In [(I- c) (I- ees)] /In [(I- c) (l+ ees)] l6 The reported value 
1s the average of figures recorded from at least two tierent c values 
g) Not determmed 
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A typlcal procedure for the resolution IS as follows to a solution of racenuc hydroxyphosphme ( 1 

mmol) m dry toluene ( 0 8 mL) and lsopropenyl acetate (200 p.L, 2 eq ), placed under mtrogen or argon were 

added 0 25 g rabbit gasmc hpase (RGL) 13 The resultmg suspension was stmed ( magneuc sturer) and the 

reamon nuxture was momtored by dllunon of samples ullth toluene, filtration and analysts by glc to esnmate the 

conversion When the denred conversion has been reached, the reaction nuxture was filtered on a dlatomaceous 

earth plug, washed with ethyl acetate or toluene Unreacted startmg matenall and acetate 2 were Isolated III 
yields usually over 90% by column chromatography ( S102, hexane/AcOEt 80/20 as eluent) Results are 

collected m the table and mcate that the size of the R group controls the rate of reactton Neither lengthenmg of 
the R cham (going from Me to n-Pr) nor replacement of a CH2 group by an oxygen atom ( CH2-0-CH3 mstead 

of n-Pr CH2-CH2-CH3) &d mtify notuzeably the reactivity or the enantloselectivvlty No acylanon however 

was recorded for R= Ph or Ph-CH2 

Acylatlon may be conducted either in toluene or in neat lsopropenyl acetate, WlthoUt slgmficant vananon 

in the recorded enantloselectlvlty Mmor amounts ( usually < 5%) of phosphme oxides were produced dunng 

the acylanon Running the kmetic resolution on a higher scale allowed a better mixing and hence a better 

enantloselectlvlty startmg from 10 mm01 la (10 mL toluene, 2 mL lsopropenyl acetate, $2 5 g RGL) afforded 

at 56% conversion, after punficatlon, 1 05 g (43%) of (-)-la (98%ee) The configuranon of the more reacnve 

enantlomer la has been shown to be R, by correlation with the (S)-(-)-hydroxyphosphme obtamed through rmg 

opening of the commcrclal (S)-(-)-epoxy propane accordmg to Kabachntk’s procedure 

Expenments carned out on la with various acylatmg agents show the following sequence for acylanon 

rate lsopropenyl acetate - vinyl acetate > vinyl valerate >> ethyl acetate The stereoselectlvlty &splayed by 

lsopropenyl acetate IS lugher than vmyl valerate 

Substmmon of the phosphorus atom m phosphmes by a P=O or P=S group has a deletenous effect on 

the reacuvlty a 50% conversion m 2 7 h was recorded for acylatlon of la with lsopropenyl acetate while 10 h 

were requued to reach 48% conversion of 3a into the correspondmg acetate, no acylanon was detected after 4 h 

exposure of 3b to the same reacnon condmons 

‘“g-, OH 

3 

a x=0 

b X=S 

Pig pancreatic hpase and hpases from Cam&da cyhdracea and Pseudomonas fluorescent showed a 

much lower actlvlty m acylatlon of la We are currently mvesngatmg the scope of RGL, a new comer m the 

area of hpases, as catalyst for asymmemc transformation 

Use of chlral P-hydroxyphosphmes 1 as hgands 111 transmon-metal complexes, and evaluation of the 

catalytic activity and enantloselectlvlty of these complexes m organic transformations are under current 

investigation As an encouragmg example, ketopantoylactone was fully (~99%) converted by hydrogenaaon to 
pantolactone (65%ee) using as catalytic system ([RhCl(COD)]2 + 4 equv (S)-(-)-la (98%ee)) m a molar ratlo 

Rh / substrate =2x10-2, in THF, at 20°C and 40 atm H2 (mmal pressure) for 20 h 
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