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Abstract - We report the synth#is Of the first opticcl‘t?.y aCtit%? 
8itgz mttP8 Of phoSphonrS having to0 CmtPe8 Of chimlZty : one 
on 8i2ioon and the other on p?wsphorua. Compounds are obtained 
of genera2 fomta : t-B~k~(X)YS~a~pP~ X,Y=O,OIJI; S, 0rgt; 
Se, 0131; S, SC$l; doubt&, NJ, inc2uding I and 3 oith optica 
a&iv&& tocuted on Si, 2 and 5 with the a&ui~-on Si or P and 
on both these cmtme. 4-on2y -iwmic. Abso2ute configurations 
are detgmrined. 31P dgSi NHR SpMtPU Of these mOdd8 and their 
trimetkytsityt Uu&Op88 are rvrt8d. Tke triorganosiZy2 group 
tS atc~ys prefmentia22y bound to phoaphorua through ozy#en atom. 
Surp&ing2y, dGastereotopic NMR chemical skifta exc2ude the fast 
1,s migration in esters 1 and 4. 2gSi NMR spectra correspond to 
a tatriicoord+ate si2icaZ atomT 

Introduction 

There has recently been increasing interest in silyl eaters of phosphorus as interme- 

diates in synthesis of diverse phoSphoruS compounds, including those important in bioorganic 

chemistry. These esters are often used in SyntheSi8 of various acids and pOlyaCid8 of phospho- 

rUS1-8 , phosphorus anhydrides9, important intermediates containing phosphorus and sulfur 
iOIl 

and carbon functional compounds of phosphorus 
12.13 

. 

Their potential reactivity st both silicon and phosphorus render these esters very 

convenient models for mechanistic studies. New theory of the stereochemistry of sub8titutiOn 

at silicon has recently been developed 
14 

and there are many observations permitting to suppose 

that this theory could be extended to phosphorus 
15 16 . 

Since these esters are ambident electrophiles , the question arises which is the reac- 

tive centre for substrate8 and nucleophfles of diverse structure. The nature of these esters 

constitutes another problem as they may sppear in various fsomeric farms. The hnorledge of their 

geometry could give a better insight into their reactivity. Intramolecular migration of trlor- 

ganosilyl group between nucleophilic centres is commonly ancountered in organosilicon chaafs- 

try 
17-19 

and pentacoordinate silicon species with intramolecular nucleophillc coordination are 

also well documented20-24, thus these esters are expected to show following equilibria : 
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The present paper describes the synthesis of optically active triorganosilyl esters of 

phosphorus acids vlth two chiral centres, one on silicon and the other on phosphorus, having 

genera1 intended formula : 

r 2 2 i1 
t-Bu, ,X 0 N&J x : 0 S 

Ph /P:Y,Sq 

Se S - 
Np = a-Naphtyl 

Y: 0 0 0 s 0 

The optically active esters were created as a result of stereospecific reactions using 

optically active silicon and/or phosphorus reactants. The absolute configurations were obtained 

by chemical correlation method. NMR spectroscopy was used as the tool for elucidation of struc- 

ture and behaviour of these esters. 

We hope that studies of these models shed some light on the possible isomerizatian 

presented in scheme (1). In addition they could give some information about the role of penta- 

coordination of silicon in the electrophilic reactivity of silyl esters of phosphorus at sili- 

con and phosphorus centers. To our knowledge there has not been so far any report concerning 

optically active esters of phosphorus having chiral silicon in the ester group. On the other 

hand successful attempts of synthesis of the sllyl esters with optical activity on chiral phos- 

phorus are not numerous25-27. 

1 - Synthesis of optically active silyl esters of phosphorus with optical activity originating 

from chiral silicon atom 

4.28.29 
There are many known reactions leading to the silyl esters of phosphorus (see for em. 

). however, no synthesis of these esters vith chiral silicon atom has so far been repor- 

ted. The synthesis of an optically active species of this type may be a problem since a consi- 

derable mobility of the silyl group in these esters and their particularly high reactivity 

towards nucleophiles may lead to racanisation during the synthetic procedure. 

Three general routes to optically active silyl esters of phosphorus have been developed 

in this study : 1) The reaction of optically active triorganosilanolates with chloroanhydrides 
of P(II1) acids folloved by the addition of oxygen, sulfur or selenium ; 2) Reactions of opti- 

cally active tPiorSanohalogenosilanes with phosphorus salts 
20 

or esters ; 3) Dehydrocondensation 
of optically active triorganosilyl hydride with acids of phosphorus. 

The reaction of naphtylphenylmethylsilanolate with chloroanhydrides of phosphorus acids 

This method permits to convert the silanolate to esters of various acids of phosphorus 

without cleavage of any bond to silicon atom. However, the silyl ester formed is very sensitive 

to silanolate or another nucleophile present in the system. 

1) R2PCl + NpPhMeSiOK l R2POSiNpPhMe + KC1 

2) R2POSiNpPhkie + NpPhMeSiOK - R2POK + NpPhMeSiOSiNpPhMe 

3) R2POK + R2PCl l R2P-P(0)R2 + KC1 

6) R2POSil + R2PC1 l R2P-P(0)R2 + ZiCl 

A process similar to (l)-(3) also makes difficult the synthesis of P(IV) esters from the 

silanolate and chloroanhydrides of P(IV) acids. We have found that in the case R-OEt only 13 X 

of the silyl ester was formed when stoichiometric amounts of the substrstes were used. 

5) R2P(0)C1 + NpPhMeSiOK - R2P(0)OSiNpPhMe + KC1 

6) R2P(0)0SiNpPhMe l NpPhMeSiOK - R2P(0)OK + NpPhMeSiOSiNpPhMe 

7) RIP(O + R2P(0)Cl - R2P(0)OP(O)R2 + KC1 
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The key problem in the synthesis of the silyl esters by this method wss, therefore , the 

choice of the proper phosphorus reagent which enter into the reaction with potassium naphtylphenyl- 

methylrilanolate faster than the ailyl ester which appears as the product of this reaction. Ter- 

tiary butylphenylchlorophoaphine was found to meet this requirement. Its reaction vith NpPhPieSitXt 

leads to high yield of the ester 2 and no diphosphine oxide is observed. The formation of 2 may 

be easily followed by 31P NMR. 

Since the ester is highly sensitive to hydrolysis and oxidation and also shows some ten- 

dency for loosing its optical activity when kept in the system. it was used without isolation for 

further syntheses. The ester reacts readily with oxygen, sulfur and selenium, thus it can be 

easily transformed to corresponding optically active silyl esters of P(W) acids (see the expe- 

rimental section) : 
X 

8) NpPhMeSiOK + ClPtBuPh ---+ NpPhMeSiOPtBuPh -+ NpPhMeSiOP(X)tBuPh X - 0, S, Se 
-KC1 

Reactions of naphtylphenylmethylhalogenosilane with phosphorus acid salts and esters 

These reactions have some potential in synthesis of optically active silyl esters with 

asyrmaetric silicon. 

For example, the reaction of t-butylphenylthiophosphinic acid with naphtylphenylmethyl- 

chlorosilane in the presence of triethylamine proceeds smoothly at ambient temperature and with 

a high stereospecificity according to the scheme : 

t-BU \ // 
s 

Et3N t-Bu \ // 
S 

Ph/’ \ 

+ NpPhMeSiCl b 
benzene /p\ 

+ Et3N.HCl 

OH Ph OSiNnPhMe 

b1;5 = -6.8” r4;’ - - -33* 

The reaction with oxyphosphoryl analogue leads to racemic ester. 

The analogous silylation of tert-butylphenylphosphinous acid goes 

chloride and, when performed at low temperature,it gives the silyl ester 2 

Et3N 
10) t-BuPhP(O)H + NpPhMeSiCl ___t 

CH2c12 

- -6.4’ 

t-BuPhPOSiMePhNp + Et3N.HCl 

- -2.7O 

On the other hand, the thiophosphinous and dithiophosphinic acids are not reacting with 

fast in methylene 

the chlorosilane in the presence of amine or using ammonium salt of these acids . In con- 

trast, the ailylation may be performed using the corresponding bromoailane, but the products are 

racemic. 

11) t-BuPhP(S)S- h3CaH,, + NpPhMeSiBr CR2c12 , 
t-BuPhP(S)SSiNpPhMe + C6H,,NH2.HBr 

Et3N 
12) t-BuPhP(S)H + NpPhMeSiBr - t-BuPhSSiNpPhMe + Et3N.HBr 

The reaction with P(IV) acid proceeds fast giving almost 100 X yield of the silyl ester 

( 
31 

P NMR). However, low optical stability of the bromosilane or the ester renders the reaction 

not applicable to synthesis of optically active product. 

The reaction of naphtylphenylmethylhalogenosilanes with the stannyl ester’ corresponding to 

1 proceeds stereoselectively, according to the scheme : 

13) t-BuPhP(0)OSnMe3 + NpPhMeSiCl - 

CC14 

t-BuPhP(O)OSiNpPhMe + He3SnCl 

[ali - -6.8’ [a]; - t9’ 
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However, the reaction is very chimeric. Stoichiometry seems to be important. In perticu- 

lar, all experiments in which 31 P NMlt spectra of products showed traces of the stannyl ester gava 

racemic products. The excess of the silyl chloride should be also avoided. 

Dehydrocondenaation of naphtylphenylmethylsilane vith acids of phosphorus 

A serious limitation of the synthesis of optically active silyl esters of phosphorus is 

connected to the presence of nucleophiles in these reaction systems. Therefore we were looking for 

an other synthetic approach which vould permit us to perform the synthesis in the absence of nu- 

cleophilic species responsible for racemizationduring the synthetic operation and for the Low 

optical stability of these esters. The condensation reaction between 

and acids of phosphorus in the presence of transition metal catalysts 

bility. 

14) t-BuPhP(S)OH l NpPhMeSiH Pd /C w t-BuPhP(S)OSiNpPhMe 

triorganosilyl hydrides 

seemed to give this possi- 

[aI y * -40° 

The above reaction with Pd catalyst requires heating for rather long time, but it gives 

a high yield of the product, vith also a better optical stability than that obtained on other 

routes. 

The reaction, applicable to the oxygen analogue of the acid, proceeds too slovly to be 

suitable for the synthesis of the optically active P-0 ester, whose optical stability is very 

poor. In addition, it is very difficult to remove water from the acid which under the reaction 

conditions readily converts the hydrosilane to optically active silanol. The reaction does not 

seem to proceed with dithioacids , nor it is applicable to P(III) acids. Also. it is worth to 

note that the rate of the reaction depends to a considerable extent on the way of the prepara- 

tion of palladium catalyst. 

The dehydrocondensation of the P=O acid with the hydrosilane was performed using rho- 

dium Wilkinson catalyst. Hovever, it proceeded slovly and we were not successful in synthesis 

of the optically active product. 

2 - Synthesis of naphtylphenylmethylsilyl esters of phosphorus acids with optical activity 

originating from chiral phosphorus centre 

Optically active trimethylsilyl esters of tricoordinate and tetracoordinate chiral 

phosphorus were previously synthesized 
25-27 . The principal method used for this purpose was the 

silylation of the sodium or ammonium salt of the acid with trimethylchlorosilane. We have also 

explored this method because it permitted the determination of the absolute configuration of 

asters at the phosphorus centre. Moreover, since the reaction occurs stereoselectively also at 

silicon centre, therefore it was used for the synthesis of esters with optical activity coming 

from both these centres. 

Et3N 

15) t-BuPhP(O)H + NpPMeSiCl - t-BuPhPOSiNpPhMe 

25 
CH2C12 

25 

’ D 
- -11.4’ PJ D - -17.4O 

The addition of sulfur and the oxygenation of phosphorus moiety permitted to obtain 

the corresponding optically active esters of tetracoordinate phosphorus. 



Separate experiments with the silylation of the optically active t-butylphenylthio- 

phosphinic acid with trlaethylchlorosIlane In the presence of triethylaminc confirmed the opti- 

cal stability at phosphorus (IV). The consecutive methanolysis performed after keeping the ester 

for 48 hours permitted to regain the acid of the same configuration, preserving about 70 X of 

its Initial rotation. 

16) 

Et3N MeoH 
t-BuPhP(S)OH + Me3SICl l t-BuPhP(S)OSMe3 - t-BuPhP(S)OH 

Ial 1-16.80 b12'- +13.8' [a] 25= -11.6' 
D D D 

We also used the dehydrocondensation of optirally active t-butylphenylthiophosphinic 

acid with naphtylphenylmethylsilane for producing the ester with the optical activity from 

chiral phosphorus. The method, which was described in previous section, proved to be particu- 

larly suitable to obtain the ester with optical activity shared by both silicon and phosphorus 

centres. 

17) 

3- 

PI/C 
t-BuPhP(S)OH + NpPhMeSIH __* t-BuPhP(S)OSINpPhMe 

b]i5- +24.6' ta]25 - 
D 

31.7O += -47.90 

The chemical correlation of the absolute configuration of a-naphtylphenylmethylsIlyl esters 

of phosphorus 

The synthesis of silyl esters of phosphorus from optically active potassium naphtyl- 

phenylmethylsilanolate of known configuration permitted the determination of their absolute 

configuration at silicon atom (scheme 18). Both R(+) as well as SC-) enantiomers of the silano- 

late were used for this purpose. SC-1 Isomer had been prepared by Sotuner's method reacting 

R(+) NpPhHeSIH with KOH (retention) 30, while R(+) Isomer was obtained by hydrolysis of R(*) 

NpPhneSIH on palladium 
31 

(Inversion) followed by the reaction of the silanol formed with potas- 

sium hydride (retention). The reaction with t-BuPhPCl does not change the configuration at 

sIlIcon atom nor does It the subsequent step I.e. oxidation, sulphur addition or selenium addi- 

tion. 

He 

ph....>5 - H 
/ 

NP 
RI4 

Me 
/ 

HO -Si . . . . ..ph KH 
/Hg 

_ 

\ 

KO - Si....., ph 

RI-1 Np R,+,', 

Me 
t- Bu \ . . 

P 
;i.....JJp 

Ph ’ ’ o’s,++ Ph 

s, I 
s MS 

t-au 
\; I /NP 

Ph ’ LoOz;pPh 
t-8u,P 

Ph/‘, 

t-e”,? 
Me 
1. . ..I% 

Fll NP,OO;;$.Jp 

I-BuPhPCI 

I 

Me 
t-Bu,j; 

2- Ph’ 

&.J’h 

‘O’R, >Np 

Me 
I .‘. Ph 

o+Np 

Schme 18 
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The knowledge of the absolute configuration of the oily1 ester8 of phorphorus permit- 

ted also to astabllah the l tareochaaiatry of other reactions leading to the formation of there 

aetera (a&ma 2). The dehydrocondensatlon process of the thlophoaphlnic acid and the hydro- 

eilane proceeds with inversion of the configuration similarly to analogous reactiona involving 
32 

cerboxylic acid studied by Smer at al. . The reaction of naphtylphenylmethylchloroailane 

with the amnanium salt of the thioacld takes alao place with inversion. In contrast, the reac- 

tion of the chlorosilane with the rtannyl ester of t-butylphenylphosphinic acid takes place 

with retention of the configuration at silicon atom (scheme 19). 

1-h \ ; ?$.A s, 1&,.. 
He 

I. . . ..Ph 

R’ ‘~/_;‘NP - ph/p\o/s’\ A 
RI-l 

W 

N* 
I ..Ph 

si . . . 

The absolute configuration at phosphorus centre was determined exploring the reaction 

of optically active sodium salt of t-butylphenylphosphinous acid with racemic naphtylphenyl- 

methylchlorosilane according to scheme 20. 

Scheme 20 
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The optically active phosphinoua acid of known configuration, S(-) learner, was obtai- 

ned in result of the reduction with Raney nickel of R(+) enantiomer of t-butylphenylthiophos- 

phinic acid (retention) according to the method described in 
33 

. The formation of the sodiCrm 

l alt and its reaction with the chlorosilana should So with retention at phosphorus atom leading 

to S enantiomerz5. Similarly, the addition of sulphur to the phosphorus in the silyl ester of 

the phosphinous acid was reported to give retention of the configuration 
34 

leading thus to R 

isomer. The absolute configuration at phosphorus was confirmed by methanolysis of the thioester. 

The methanolysis involvca the attack at silicon centre and consequently gives the thioacid vith 

retention at phosphorus. Thus all steps in this correlation circle proceed vith retention. In- 

deed, the thioacid was of the same configuration as the starting one. 

We have also performed set of correlation experiments of the synthesis of these bichi- 

ral esters using both phosphorus as well aa silicon reagents optically active (scheme 21). This 

approach Save us the possibility of the application of 
31 

P and 
29 

Si RhR spectroscopy as a tool 

for verification of the stereochemistry of theses reactions. Since the fully stereospecific 

process of two pure enantiomers leads to one enantiomer and one diastereomer only, valuable 

information about the stereospecificity of the reaction may be deduced from the proportion of 

signals of diastereomers. It is of value since the optical activity itself is not here the tool 

precise enough for quantitative determination of the stereoselectivity. 

The dehydrocondensetion of (+)napthylphanylmethylsilane with (+)t-butylphenylthiophos- 

phonic acid Save the silyl ester shoving the ratio of diastereomers 90110, as judged from the 

integration of two doublets centre at 2.06 ppn and 1.63 ppm in 29 
Si RhR spectrum. The main dou- 

blet corresponds to the (-)RP (-)Rsi diastcreoisomer. Taking into account the optical purity 

of the substrates the stereospecificity of the reaction vaa above 90 X. 

In a similar vay a highly stereoselective course of the reaction of phanyl-t-butylphos- 

phine oxide with naphtylphenylmethylchlorosilane in the presence of triethylsmine was confirmed. 

Scheme 21 



39.2 J. cinumtwsu et 56 

4 - Properties and structure of the nophtylphenylmethylsilyl esters of t-butylpheuyl acids of 

Phosphorus 

The liatiug of the many methods we tried in order to obtain optically active compounds 

are obvious evidences of the high tendency of these esters to locae there optical activity, at 

least the part connected to chiral silicon. The racemization or the epimrizatiou is presumably 

induced by coutamination vith ooua nuclaophilic or electrophilic reagents. Particularly prone 

to a “spontaueous” racamitation is compound _l_ having>P(O)O-structure. In fact, for none of 

the esters 1-5 we have been able to isolate optically pure compounds. The compound 4_:P@)S- __ 
was not eventually obtained as optically active product. 

All these compounds are sensitive to hydrolysis, through compounds 1 and 2 are more 

&able touards traces of vater than compouudn i&,5_. The ester of tricoordiuate phosphorus 2 is 

in addition very sensitive to oxygen. 

The diastereomeric ratios were determined from the optical rotation of the system, 

combined vith 31P and *’ Si NMR measurements in the case of compounds having optical activity 

both on silicon and phosphorus (Table 1). 

Table i. 3’P and 29 Sf NM spectroscopic data of trforganosilyl 

ester of phasphoruc acids in CH2c12. 

strucrurs Of 

phosphorus 

Wlety 

t-BuPhPO- 

0 

t-S”Ph#D- 

I 
t-BtiPhPD- 

fi 
t-BuPhPS- 

St 

t-B”PhbO- 

structurt 
of si1y1 

s=oop 

SiM8PhNp 

r 

SiXB3 

SiHePhNp 

1 

SlMB3 

SfXePhNp 

2. 

SiMsPhNp 

4 

SlnsPhffp 

- 

t 

J3’P-“S==iW Hz 

a- 

b- 

c * 

in C6D6 

in xylwm/THF 

rrccrdtd on Bruker UP 200 SY at 39.763 141~. 4th 
Internal rt?trtnce tet+&mtthyIr~?~n~. 



The ester of phosphinous acid shows "P NMR chemical shift characteristic for cetera 

of tricoordinate phosphorus and phosphorus-silicon coupling constant value characteristic for 

P-O-Si structure. Thrs the structure of the eater is : 

R. . . R. /-o 
‘P, 

R' 0' 
SIR3 not 

R’ ‘C 
su(3 

what is in contradiction to what could be expected on the basis of some earlier reports 
35. 36 

however it confirms the results obtained earlier in one of our laboratories 27 . 
The spectral data confirm also that thermodynamically stable forms of esters of thio- 

phosphinic and selenophosphinic are those having the silyl group bound to oxygen stom6. 

R\ 4s 

R' 
P, 

0' 
SIR3 

R, 
P 

+ Se 

R' '0' 
SIR3 

Partfcularly important evidence concerning the structure of the selenium derivative 

is a high value of P-Se coupling constant (J 
P-Se 

- 800 Hz). The value characteristic for alter- 

native selanolo structure vith selmium in bridging position lies mostly within the range 

400-500 ns3'. Also values of P-Si coupling constants for these asters (2, 2) are the same as the 
value for compound r giving an additional support for their POSi structure. The dithio deriva- 

tives shov the coupling constant value much lower i.e. about 5 Hz. It is vorth to note that 

there is some contradiction in the literature concerning the structure of the selenium esters 

since both isomers having selenolo 
36 

and selenono" 37 structure were postulated to be more 

stable. 

Although dynamic isomeriration involving 1, 2 or 1. 3 intramolecular migration of 

triorganosilyl group between nucleophilic centres is a cormnon feature in organosilicon chemis- 

try 
17, 19 

and could be expected to occur in silyl esters of phosphorus (scheme 22a, b), present 

results give no evidence for this migration. In the case of possible erythro-three isomers the 

diastereotopic shift is always observed. 
29 

Si NMR spectrum gives two distinguishable doublets 

with different coupling constants and 
31 
P RMR spectrum shows two signals lying close to each 

other of intensity ratio close to SO/SO. This observation for dithiophosphinic esters as well 

as for its oxo-phosphoryl analogue excluded the fast, on NMR time scale, migration of the silyl 

group between two sulfur or two oxygen atoms, since it had to lead to one averaged 31P NMR 

signal. Certainly, the diastereotopic shift observed for esters 2, 2 and 5 does not eliminate 

this possibility. 

t-Bu 
\ 

,OSiNpPhtle t-Bu, fl,SiNpPhMe 

(22) NP\\ - 1 ‘P-O' 

Ph 
/ 

0 Ph 

(a) (b) 

Our data permit also to eliminate the possibility of the structures 23a.b with the 

silyl group bridging tvo oxygen or tvo sulfur atoms, since 
29 
Si NMR chemical shift for both 

these compounds lies in the range typical for tetracoordinate silicon atom. 

t-Bu 

(23) 
\ P ?c,.O*.. 

/ .* k 
,.SiNpPhUe 

-\ /‘S. 
P: "SiNpPhMe 

2 ._- \' 
Ph ‘0. Ph- " S 

(a) (b) 
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EXPERIKtINTAL 

All experiments vere carried out under inert atmosphere of argon or nitrogen prepuri- 
fied by passing through a column filled with P2OS and a column filled with copper at 550.. 

All solvents and reactants were purified and dried according toje. 
31P NMK spectra were recorded on a Jeol JNM FX-60 Fourier transform spectrometer using 

sample tubes of 10 rm~ outside diameter. Chemical shifts are reported relative to external 85 % 
H3POl+. 

‘H NMR spectra were recorded on a Perkin-Elmer R-12 spectrometer using sample tubes of 
5 ren OD. Chemical shifts are reported relative to internal HesSi. 

Optical rotations were measured at X - 589 nm with Perkin-Elmer 291MC polsrimeter. 

Preparation of substrates 

(+)a-NpPhMeSiH was prepared by method described in 39, [cJ, - + 32.2' (CC14) 

(-)Methylphenyl(a-naphtyl)silanol prepared by modified method described inGo, [oj, - - 19' (dio- 
xane), optical purity 95 X, yield : 98 X (GLC). 
(+)Potassium a-naphtylphenylmethylsilanolate 

To the suspension of 1.4 g (3.5 rmnol) of potassium hydride, washed with pentaoe, 1.85 g 
(7.0 wol) of a-NpPhXeSiOH ([J - -19") in 5 ml of xylene was added. The evolution of hydrogen 
was observed. The reaction was ?xothermic. The product (Cd 
It had been stored under nitrogen in xylene solution for ov& 

- +63", 90 X) was optically stable. 
two weeks without any lost of the 

optical activity. 
The product obtained by methods of Sommer et al. 

30 
showed lower optical stability. 

(-)a-NpPWeSiCl and (-)a-NpPhMeSiBr were prepared by Somner's method 41. The solution of (-)a- 
NpPhMeSiBr was used in situ without isolation of the silane. The chemical and optical purities 
were checked respectively by gas chromatography and polarimetry (CC14). 

t-BuPhpcl, t-guPhP(o)H (rat), t-BuPhP(O)OH, t-BuPhP(S)OH (rat), t-BuPhP(S)SH, all were obtained 
usi common proceduresgL. Optically active t-BuPh(O)H and t-BuPhP(S)OH were prepared according 
to 3 .43 9. 

Trimethylstannyl ester of t-butylphenylphosphinic acid was obtained by dehydrocondensation of 
trimethylstannyl hydride with the phosphinic acid in cyclohexane"4. After completion of the 
reaction (checked by 31P NMK) the solvent was evaporated under reduced pressure and the ester 
was then dissolved in CC14 to be used to other reactions. 

1 - Preparation of naphtylphenylmethylsilyl t-butylphenyl-phosphinite (2) 

a) From potassium naphtylphenylmethylsilanolate and t-butylphenylchlorophosphine 
(ester with optical activity on silicon). 

The solution of 0.090 g (0.3 mmol) of (-)a-NpPhMeSiOK in 5 ml of xylene ( a - -SO', 
optical purity 71 X) was placed in two necked flask connected to a reservoir of nitrogtn and 
equipped with magnetic stirrer. 0.070 g (0.35 mmol) of t-BuPhPCl in 2 ml of THF (freshly distil- 
led from LiAlH4) was added to the silanolate solution. The reaction was immediate and a colloi- 
dal precipitate of KC1 appeared. The rotation measured after 10 min. was + 0.335'. [cd = 4.88. 
Gil corrected to the optical purity of silanolste was + 6.8'. 31P NMK shoved t-BuPhPOSfnePhNp 
(76 X), t-BuPhPCl (15 X), t-BuPhP(O)OSiMePhNp and t-BuPhP(O)H (15 X), signals impossible to 
separate). 

The ester 2 obtained from (+)NpPhMeSiOK showed correspondingly the optical rotation 
of sigq (-). 

The optical activity of the ester 2 obtained in syntheses repeatedly done was cd, - 
30 - 140 ; the yield (according to 31P NMK) : 40 - 90 X. 

b) From naphtylphenylmethylchlorosilsne and t-butylphenylphosphinoxide (ester with 
optical activity on phosphorus). 

A solution of (-)t-butylphenylphosphine oxide (170 mg, 9.4 mmol, [d - -11.4' 
DMP (10 ml) was added gradually to a stirred suspension of sodium hydride (223 mg, 9.4 wo 
DMF (10 ml), at O'C. The mixture was left at 5O'C for 2 hours. and racemic methylphenylnaphtyl- 
chlorosilane in DHF was added dropwise. The solvent was removed in vacua, and the residual mix- 
ture dissolved in 10 ml of C6H6. After filtration, the concentrated solution was checked by 
NMK. We identified (-)t-BuPhPOSiMePhNp a, - -12.7' (CgH6). 

c) From (-)naphtylphenylmethylchlorosilane and t-butylphenylphosphine oxide (ester with 
optical activity both on phosphorus and on silicon). 

315 mg (1.7 mmol) of (-)t-butylphenylphosphine_oT:d;: [al - -11.4' (CH2Cl2) were mixed 
with 480 mg (1.7 mmol) of the title chlorosilane, [al . an8 170 mg (1.7 mmol) triethyl- 
amine in 10 ml of dichloromethane, at - 4O'C. The soluDtion was;iltered off concentrated in 
vacua and checked by NMK, [a] n - -17.4" (CH2Cl2). 

Y 

31P NMK (CH2C12) : 119.53 ppm (75 X) 29Si NMK (CH2C12 + CD2C12) : 1.29 ppm (13.6 Hz) (80 X) 
119.24 pp (25 X) 1.02 ppm (13.9 HE) (20 X) 

d) From (-)naphtylpheaplmethylchlorosilane and (:) t-butylphenylphosphine oxide (es- 
ter with optical activity on silicon). 



In the came conditions as above, 745 mg (4 mmo1e.s) of t-butplphenylphorphine oxide verc 
mixed with 600 ul of triethylamfne and 1.158 of the title cblorosilane. (Ial - 6 4*), in 10 ml 

’ of dichloraaathana, at -40-C. After filtration, the product z’var identifie 

loID 

dp by j’P NMR, 
- 2.7,. The optical activity decreases very quickly. 

IX - Preoaratioa of ~phtylphmvl~tt~lsilyl t-butvl~h~ylohosphi~te (L) 

a) Dehydrocondeosatfoo of t-butylphenylphosphinic acid with (+)naphtylphenylmethyl- 
silane on PI/C catalyst (racemic ester). 

To the solution of 0.10 8 (2 a~ol) of t-BuPhP(O)OH and 0.50 g (2 ussol) of (+)a-NpPhMe- 
SiH in dry dioxanc the catalyst (260 mg) 5 X PdlC (Int. Enzymes Ltd.) was added under nitrogen 
(commercial catalysts were activated in a stream of hydrogen at 400.C) at room temperature. 
The mixture vas bested up to 80-lOO*C for some hours while hydrogen was slowly evolved. The 
reaction progress was monitored by 31P NHg and ‘I? NMR. After consumption of silane, 80 X of 
racemic ester was obtained. Some amount of phosphonic acid remained in the system. 

b) Dehydrocondenoation on Wilkinson catalyst (racemic ester). 

Bacemic ester was obtained after stirring the beneene solution of 0.40 g (2 mmol) 
t-BuPhP(O)OH with 0.50 g (2 sxnol) of (+)a-NpPhMeSlX ( la] - +32’) and 200 mg of Wilkinson cata- 
lyst at.tesperature SO-60’ during 4 hours. Yield c31P N& of the ester woe 50 X. Besidesthe 
signals of acid (6 - 69.8 pm) and ester (61 = 41.86 ppm. 62 = 41.16 ppm) the signals 6 - 47.6 
pp and 6 = 41.86 ppm appeared, which probably corresponded to the complexes of acid and ester 
with catalyst (the concentration of catalyst was about 0.1 eq/mol). 

c) From (-)naphtylphenylmethylchlorosilane and t-butylphenylphosphinic acid (racemic 
ester). 

In 25 ml round flask 1.98 g (10 mxol) of t-BuPhP(O)OH and 1.01 g (10 ssnol) of EtlN was 
placed in 15 ~1 of CHxCl2. The solution of 2.83 g (10 mmol) of a-NpPhKeSiCl ( ti - -6.8 ) in 
10 mI of C&$12 was quickly added, with vigorous stirring. After severe1 minutes ? he precipitate 
waa fIltered off and the solvent was evaporated under reduced pressure. The ester was an oily 
sirup which did not crystallize from common solvents. 
Yield c31P NMB : 100 X ; [a] D - 0). 

d) From (-)naphtylphenylaethylchlorosilane and trimethyletannylt-butylphenylphosphinate 
(ester vith optical act. on silicon). 

To the solution of 0.341 g (0.92 assol) of t-~uPhP~O)OS~e3 in 2 ml of dry CC14 c31P NMR: 
30.87 ppn). 0.260 g (0.92 mmol) of (-)a-NpPhMeSiCl in 1 ml of dry CC14 ( [a] - -6.4’) was added. 
The reaction progress was monitored by 31P NMR and by polarlmetry. Yield of 1 (31P NMB) : 100 x 

MD - +9*. The optical stability of the product was very poor ; t1,2 rat. - 20 min. 

e) Oxidation of 2 (Ia) (the product with optical activity on silicon). 

2 ml of the solution of 5 ( o 
p&d 

- +3*), obtained by a method Xa, was placed in 10 mm 
0-D. NMB tube and dried oxygen wae through within 20 minutes, 3)~ NM? sp$ctrum indica- 
ted 80 X of t-BuPhP(O)OSilfePhNp end 20 X of t-BuPhP(O)OH. OpticaI rotation wae [PJ = Hi.2.. 
The oxidation of silyl phosphinitc was repeated several tines giving products of t R 
rotations of 3* - 10’ (depending on the optical purity of starting phosphinite). 

e optical 

III - Preparation of trimethvlsilyl t-butylphenylthiophosphinate (with optical activity on 
phosphorus) 

To the mixture of 1.07 g (5 mmol) of t-butylphenylthiop~sphinie acid, [d 
(&Off) and 0.505 g (5 mmol) of triethylamine in dichloromethaoe, at - lO*C, was add& 

- -16.3. 

0.6 g (5.5 nrmol) of trimethylchlorosilane. 
quickly, 

The precipitate was removed and the solution concen- 
trated in vacua. The pfoduct t-BuPhP(QOSMe3 was charaorerised by NHR. 

KF :nd*l:gii 

l (C6D6. 

NMI - eee”T~e’l~, 

1 - 0.18 PCB Q,3)3S’). 62 - 1.1 ppm cKl&)3c, JPCCB - 18 Hz), 

Addition of methanol in excess (5 ml) gave after 48 hours compound idantified as 
(-) t-butylph~ylthiophosph~nic acid, hj D = -11.6’ 0fe0H). 

IV - Preparation of naphtvlphenylmetbylsilyl t-butylphenylthfophosohinate (2) 

a) Dehydrocondensation on Pd/C catalyst (the product with optical activity on silicon). 

The solution of 1.07 g (5 mmol) of t-BuPhP(S)OH (mp. 141-142’) and 1.24 g (5 mmol) of 
(+)a-NpPhMeSiX in 20 ml of dry dioxaoe vith 200 mg of catalyst (3 X PI/C - Int. Enzymes Ltd.) 
was heated under reflux for 20 hours. Since the catalyst is partially desactivated during the 
reaction, oau portion6 of it were occasionally addad. The mixture wes then eentrif ated to 
raove catrfyet and the solvent was evaporated under reduced pressure. The yield 
85 %. 15 X of unconvertsd t-BuPhP(S)OR remained. la), 

( Yf P N&R) was 

product). 
- -40’ (value corrected to the pure 



3% 3. 

Ester of lower optical activity ( 

cHoJNom et al. 

w n - -21.) was auccesfully crystallized from mix- 
ture of pentane and benzene (mp. 1CC-115°), buf that of high optical activity was used in form 
of the oily sirup. Esters obtained according to this method are optlcally stable eveo in solu- 
tion. 

The yield strongly depanda on activity of the catalyst. Different catalysts were used 
giving lo-85 X yields. The racemic ester was prepared in the seme route from racemic silane. 

llization from mixture of benzene and pentane (1: 5) gave product mp. : 11%115. 
$rP’?‘Si NMR data - see table I). 

b) ~ehydrocondensation (ester with optical activity on phosphorus and silicon). 

248 mg (1 rmnol) of (+)methylphenylnaphtylsilane, [a] - +31.?6, 
fth 214 mg (1 mmol) of (+)t-butylphenylthiophosphinic aci &oll - 

(10 X). Eaclv after comoletion of the reaction (checke ff bv 
thin layer chromatography), Ehe mixture,. Eiil -*-47.9” (CA;Cl2), we8 analyzed by 29Si EMR. _ 
We obtained two doublet8 at 2.06 ppm. 1.63 p$ in a 9OfiO ratio. The main doublet (downfield) ._ __ 
wes attribued to the (-)Rp(-)RSi diastereoisomer. 

c) From (-)naphtylphenylmethylchloroailane and t-butylphenylthiophosphinic acid (ester 
with optical activity on silicon). 

To the solution of 0.2 g (0.93 mmol) of t-BuPhP(S)OB and 0.10 g (1 mmol) of Et3N in 
5 ml of benzene placed in 15 ml round-bottom flack, the solution of 0.263 g (0.93 mmol) of 
C-) a-NpPhMeSiCl ( lo1 - -6.8’) in 5 ml of benzene vae quickly added. The precipitate of Et3N.- 
HCL was filtered off finder nitrogen after 3 minutes. The filtrate quickly loet it8 optical 
rotation (from a = -1.4* to a - 
Yield : 100 x (B*P NER) ; [cd 

-0.8’ in 10 minutes). The attempt5 of crystallization failed. 

D 
* -330. 

d) Addition of sulphur to 2 (Ia) (product with optical activity on silicon) 

An excess of povdered sulphur dried on vacuum line was added at room temperature to the 
solution of (+)t-BuPhPOSMePhNp (obtained by the method Ia, [d D - t4.8”) in xylene/THF. An 
exothermic effect was observed. After 30 min. the excess of sulphur was filtered off. The opti- 
cal rotation wae M - *11.2O. Yield (31P NMR) was 80 X. The reection was repeated several 
times giving product! of the optical rotation of lo”- 17”. 

e) Addition of sulphur to 2 (Ic) (product with optical activity on both P and Si) 

An excess of sulphur was added at room temperature to the solution of (-)t-BuPhPOSilie- 
PhNp obtained by the method Ic, fd 
aulphur was filtered off and the 

- -1?.4*) in CB2C12. After several minutes the excess of 
3*f) RUR spectrum was taken showing two signals 97.6 ppm (70 X) 

97.15 ppm (30 %) attributed to the pair of diastereoisomers of silyl ester of thiophosphinic 
acid, loI D - -22.9” (CH2c12). 

f) Addition of aulphur to 2 (Ib) (product with optical activity on phosphorus) 

The product 2 fib) was added to a suspension of Sg in C6H6, giving after usual work-up 
(-) t-BuPhP(S)OS~~~p, [al - -12.29’ , yield t31P NER) about 100 X. 

*7.4O, 
Finally, subsequen? methanolysis in exces8 metbanol afforded (+)t-BuPhP(S)OR, laf, - 

isolated as the ammonium salt. 

V - Preparation of naphtplphenylmethylsilyl t-butylphenylselenophosphinate (2) (with optical 
activity on silicon) 

An excess of dried selenium was added to the solution of 5 (obtained according to Ia, 
fa] - -6* , pcrity estimated from 3lP BMR : 80 X) at room tempera&e. 31P NMR spectrum made 

aft& 30 min. ahowed full conversion of 5 to 3. [a] - -8.1’ xylene (corrected to optical puri- 
ty of eilanolate : - 11’) (31P RMR data - seeWtableDl). 

VI - Preparation of trimethylsilyl t-butylphenyldithiop~sph~te 

The solution of 3.27 g (0.01 mmol) of t-BuPhP(S)S&3C6Hll in 20 ml of dry CC14 was put 
into a 3-necked flask equipped with magnetic stirrer, reflux condenser and dropping funnel. 
The solution of 1.55 P (0.01 mol ) of Me-&t& in 10 ml drv CC14 was added drouwlse vithin 15 mi- 
nutes. The pretipitat; of C6HllNB;Br was-removed by filtration; the solvent was ava orated and 
the residual sirup was distilled on Glass Tube Oven (B&hi). bp. 141-142’13.5 x 10 -B mm. It slow- 
ly crystallized from the sirup (mp. impossible to estimate,. as- the product is very sensitive to 
moisture, the range of melting 50’ - 900). Yield (3lP NKR) : 100 X, after distillation : 95 X. 



VI - Preparation of methylph~yl(a-nepthyl)silyl t-butylphenvldithiophosphinate (4) (with opti- 
cal l ctlvltr on silicon) 

To the solution of 1.59 g (48 mmol) of t-BuPhP(S)%H3C6Hll in the mixture of 4 ml of 
CH2c12 and 6 ml Et20 placed in A5 ml round-bottom flask, the solution of 1.59 g (48 csnol) of 
(-)a-NpPhMeSfBr ( bjo]~ = -19.) in 5 ml of Et20 was added wfthin 2-3 mfnutes. The tiny precipf- 
tate of C6H11t’@h arose imaediatly. The mixture was centrifuged and the solvent was evapo- 
rated under reduced pressure. Oily sirup was dissolved in CCl4. Yfeld : 80 X (31P NMR). 20 X 
t-BuPhP(S)SH remained in the mfxture. Hence the optical actfvfty of the product was very low 
it was impossible to determine the stereochemistry of the reaction. 
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