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Summary 

The stablhzatlon of phosphorothlolate carbamons has been achieved Conden- 
sation of these carbamons w&h carbonyl denvatlves lead to the correspondmg 
a&unsaturated esters, a mechamsm, via a fl-hydroxyphosphorothlolate-p- 
mercaptophosphate rearrangement, IS described These new synthons are com- 
pared wth the phosphonate culalogs (N7~ttlg-Homer’s reagent) 
--__---__---- - -.--- - -------_--_-- - 

Introductron 

It has been recently show-n that some O-benzyhc and O-allyhc phosphoric acid 
derlvatlves treated with a strong base produced phosphate carbamons which 
lmmedlately rearranged mto cY-hydroxy phosphonate oxamons [l-3] 

A\ n-BuLI 
P-0-CH2-R p- 

A/ II 
0 

A\ 
- P-CH-R 

A/it 1 
0 o- 

R = phenyl or vlnyl 

A = RO- or R,N 

N-Benzylic derivatives often react m the same way [4]. Stabllizatlon of these 
compounds using thlolo esters such as (R’O)P(O)SCH,Ph and (R’O)P(O)- 
SCH,CY=CH2 [ 51, has been tried unsuccessfully 

However, stabtizatron of the carbamomc form of some thlolophosphates 
seems to be possible through the electron vvlthdrawmg mesomenc effect of the 
carbethoxy group- We have studied the reactlvlty of carbarnons of S-alkanoate- 
O,O-dlalkyl phosphates (I) towards some electrophlllc reagents, mainly carbonyl 
derwatwes 

* Dedmated to Professor Henn Normant on the OCC~.SIO~ of ks 72nd bnthday. 
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‘OR’ R’O’; 
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Base R’O 0 
\ 

P-S-C-C 9 

R’O’; 
k3 

‘OP2 

(1) 

Results 

Reaction at -78” C of hthmm dnsopropyl amide (LDA) m tetrahydrofuran 
(THF) with S-alkanoate-O,O-chalky1 phosphate (I) and addrtion of a carbonyl 
compound at the same temperature leads to the isolatron of an Q, @-ethylemc. 
ester wrth a yield of about 50% (Table 1) 

R’O, 
P-S-CH-CO,R’ 

R1041 
0 Ii3 

(I) 

R’ (:I LDA -78°C THF R: / 

(2) R4COR5 R 
Cd, 

5/ C02R2 

(II) 

/a) Siereoselectiulty, yield 
The stereochemistry of the reaction is not well-defined, except for aldehydic 

substrates which in practice give only the frans isomer 
In experiment I/l %, a weak steric hindrance accounts for the formation of a 

large percentage of E isomer_ As groups R4 and R5 get bulkier, the proportion of 
2 isomer Increases (experrment I/3). 

On the other hand, the reactivity is quite independent of the alkyl substituents 
on phosphorus; the same results are obtamed (yields, ratio E/Z) from a diethyl 
phosphonc ester (experiment I/l) or a drisopropyl phosphonc ester (expenment 
I/9). These resutls can be compared to those observed m the a&ethylemc esters 
synthesis starting from the Wadsworth and Emmons reagent [6]. The hmited 
yields (about 50%) cannot be explamed, m spite of many optimizatron experi- 
ments *. Use of two equivalents of phosphorothiolate/LDA mixture for one car- 
bony1 denvative did not improve the yreld The phosphorothrolate could m fact 
be used both as a nucleophihc reagent and as a desulphurizatron agent Steric 
hindrance on the phosphorothiolate carbamon improves the yield in a&ethyl- 
emc esters (comparison of expenments I/l and I/8). 

The influence of a basic medmm was also mvestigated. The use of sodmm 
hydride leads to OL, &ethylemc esters II, but raising the temperature to 30°C 
favours by-reactions and makes the separation of unsaturated esters II more diffr- 
cult. Identical results have been observed with bases such as sodium armde and 
dnnsylsodmm. (-CH2-z<Hs) 

0 

(b) Mechanism 
The formation of ar&ethyIemc esters II may be explained by the fouowlng 

Stages: oxanion III obtained by condensation of the phosphorothiolate caba- 

* Thecom~oundsarenotedaccor~gtothelrordermTablel 
** Secondaryreac~onsofundefinednaturetakep~ce 
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TABLE 1 

SYNTHEsIs OF Q ~-~_Ns*T~R~TED ESTERS II 

411 products ntzere idcntxfied b\ IR and >\IR (‘H and ’ 3C) spectra and comparison nrlth authentx mate- 
nal The C/Z xino \%ras deternxncd b\ ;U\IR and b> GLC analjs~s 

No R1 R2 R3 RJ RS YmId E/Z ratlo 

(co) 
F Z 

1 

2 
3 
4 
5 

6 
7 
s 
9 

10 
11 

12 

C2Hi C2HS II H (CH3)2CH 52 

CIEI5 C2HS H H C6HG 53 

C2H5 C2H5 H CHj C#s 58 

C2H5 C2Er5 H --CHZ(CH2)~CH2 48 

CZH5 C2H5 H CH3 C6H5 52 

CZHi C2H5 H H (CH312CH 50 

CZH5 C2H5 H H C6HSCH=CH- 52 

CZH5 C2H5 CH3 H (CH312CH 68 
I-C3H7 C2H5 H H (CH312CH 51 
1-C+7 C2H5 H CH3 C6HS 53 

C2HS C2% CH3 CH3 C6H5 60 

C2HS C2HS H -CH20COCH3 C6HS 68 

95 5 
95 5 
60 40 
- - 

58 42 
96 4 
not determmed 
52 48 
95 5 
52 48 

60 40 
58 42 

man on the carbonyl compound rearranges to mtermediate IV, by means of a 
transition mvolvmg the pentacoordmated phosphorus atom 

R’O R3 

‘P--S-&4-C02R” 
LDA -7aY R’O R3 

R’O’; THF 
‘P--S-&-C02R2 

RIO’ii 
0 

(I) 

The next stage could proceed through a thnrane intermediate (path a) or by a 
sulphur extrusion mechanism (path b) The phosphate carbanion VI could not 
be trapped. Addition of carbonyl derivatives to the phosphorotmolate carbamon 
leadmg to the unsaturated ester II is very fast even at -78” C. Thus, considering 
the experimental condrtrons, path a seems to be the more hkely. The dealkyl- 
ating power of throlates towards phosphorated esters 1s already well known 
1733 - 

The instabihty of thnranes V seems to be due to the electron withdrawmg 
effect of the ester group. This sulphur extrusion has been reported frequently 
PI- 

Fmally, formatron of glycrdrc esters VII which we never obtamed, cannot be 
considered because the P-S bond 1s weaker and more sensitwe to base hydro- 
lysis than the C-S bond [lo]. 
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R’O R4 5 

\p-&-/ 

R o/t LC”C02Ri 

‘\ s R3 

( IV) 
\ path b 

\ - (sj 

“,:k% R3 
+ 

S C0,R2 

(V) 

R’O R’C, R4 5 

‘F--O 

R' 0'8 R’O/i- d‘lLg&J’ 

\ 
R3 

(VI) 

R4\ / 
R3 R’O 

5,=,2Cl 
+ \P--s 

R C02R2 R’O’ ii 
0 

Synthetic aspects; conclusion 

Apart from the reactivity discussed above, the synthetic propertles of these 
phosphorothiolates I are of interest_ These compounds are quite slmllar to the 
O-alkyl S-ethoxycarbonyl lthiocarbonates VIII and thlocarbonates IX, whose 
properties have been described by Tanaka et al [Sc,ll] . 

R’O-i- SCH2C02R2 R’O-C-SCH,C0,R2 

S 1: 

( VIII 1 (IX) 

In addition to the sulphurated compounds VIII and IX gnmg good yields of 
unsaturated esters, phosphorothiolates I behave as interestmg Wlttig-Horner 
reagents. A greater reactivity of phosphorothiolate anions is observed towards 
hindered or enolisable ketones. Indeed, at -78°C formation of the olefimc 
double bond is instantaneous,‘whereas, in most cases, the reaction mixture 
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T \BLE 2 

COMPARED REi\CTIVIT\ OF PIIOSPHO\ ZTES AND PHOSPHOROTHIOL4TES TOWARDS 
hETONES 

Phosphor&cd reagents Time Temper- Y~cld (5) of unsaturated cstcrs 

(b) at”=& 

(O C) wrlth \%lt!l 

PhCOCH3 PhCOCH20COCH3 

(CZH50)2P(0)CIiZC02C2Hg 1 20 -12 (68) = -25 (72) = 
(C2~fs0)2P(0)SCH,C0.C2Hs 1 -if3 58 68 
(C2Hj0)2P(0)CH(CH,)C02C2H5 1 20 -10 (65) a - 
(C2H,0),P(0)SCH(CH3)COZC2f15 1 -78 60 - 

Q hIavmnm~ ,~eld of condensation after refluung 

(phosphonate carbamon/ketone) must be refluxed for several hours m dlmethoxy 
ethane (espenmental conditions of Wadsworth-Emmons’s reactlon) and this 
difference 1s even more striking when consldermg a hindered carbarnon (cf. 
Table 2). 

The synthetic interest of these new synthons must be found m the limited 
scope of the Wlttlg-Homer reaction The Wadsworth-Emmons raactlon is hm- 
lted by stenc hmdrance when hindered ketones are used for condensation. the 
formatlon of betame intermediates 1s reduced and so 1s the obtainment of olefms 
The phosphorothlolate carbamons, however, avoid this difficult stage since they 
only need a hydrolysis reaction of the phosphorothlolate function (breaking of 
the P-S bond and not of the P-C bond) 

ExperImental 

The structures of all products obtained were established by the usual analytical 
techniques (microanalyses, IR and NMR spectra, GLC analysis) and by compar- 
son w&h authentic samples obtained by the Wadsworth-Emmons reactions 

WI 
The IR spectra were taken on a Perkm-Elmer model type 297 spectrometer 

The ‘H NMR spectra were recorded on a Jeol C 60 HL model, using 30% solu- 
tions m CDC13 and TMS as internal standard. The 13C NMR spectra were mea- 
sured on a Jeol FX 60 spectrometer. 

The results of elemental analysis are satisfactory and are not gven The GLC 
analyses were recorded on a Gu-del, model 75 FD-1 with a column (1 50 m) 
filled with SE-30 (10%) on Cbromosorb W (SO-100 mesh) 

Phosphorothrolates III_ general procedure 
These compounds are obtamed according to Scbrader’s method 1131 with 

lalkyl phosphtes, sulphur and a-halogen esters (see Table 3) 

CY$-Unsatumted esters IV typrcal procedure 
To a stn-red solution of 0.01 mol of phosphorothlolate III m 20 ml of anhy- 

drous THF IS added, at -78OC, 0.01 mol of hthmm dtiopropylamlde (LDA) 
The reaction murture 1s stured at -78°C for approximately 30 mm. Then 0 011 
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mol of the carbonyl derlvatwe 1s added The agltatlon and temperature ale main 
tamed for 30 mm at -‘iS’C_ Then, the mixture IS allowed to walm to room tern 
perature and IS hydrolysed wth 50 ml of water The aqueous solution IS 
extracted with dlethyl ether The orgamc phases are combined and dried ovel 
sodrum sulphate. The organic solvent IS removed under reduced pressure to gwe 
an 011 which 1s dlstllled m vacua. (see Table 4) 
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