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Summary: Tertiary bis(methoxycarbonyl)meth~phosphines are reversibly isome- 
rized to yllds tith a P-H bond. The phosphine- P-H ylid equilib- 
rium depends on the solvent nature, on the concentration, tempera- 
ture and substituents at the phosphorus atom. 

Compounds of trivalent phosphorus nth a labile Cd - hydrogen (R2P-CHK2) 

poasese interesting chemical properties.7y2 Formerly we have managed to convert 

them into glids of some new types with Cl, Br, R2P, RS, Me3S3_, RPJH etc substi- 

tuents at the phosphorus atom.'-4 

In this paper it 1s shown that tertiary bis(methoxycarbonyl)methyl phos- 

phines are reversibly lsomerized to ylids with a P-H bond. 

R2P - CH(C02Me)2 e R P 2 
I 

= C(C02Me)2 

a H b 

The phosphine-ylid equilibrium z = $- is a genuine tautomeric process 

connected with a redox conversion of two prototropic isomers and reversible 

change in the valency of phosphorus and a formation of a P=C bond. 

The tautomeric system E e 2 has been investigated by spectral 

methods. The compounds z,k (Tables 1 and 2) exist in the crystalline state In 

the form of P-H ylids $. The IR spectra obtained in nujol show only bands of 

the ylid structure 2: 108~(P=C),1310,1~90,~670(=C-C=0),2400 cm-'(P-H). HOW- 

ever, in solution and on melting of compounds 2,k the P-H ylid tautomeric 

form k is in equilibrium with the phosphine form z* The integration of R'MR 

signals and IR bands allows the proportion of the tautomeric forma a,,? and 

the equilibrium constant KT to be deter&ned (Table 1). 
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Table 1. Tautomerzc composition of compounds 1-6 W.-w 
Qa 

KT = - 
r$ 

RR'P-CR(C02Me)2 _ 

R,R' 

El= R' = i-Ps 

R = R' = I-I-Bu 

R = t-Bu,R'=n-Bu 

R = t-Bu,R'=i-Bu 

R = t-Bu,R'=s-Bu 

R = t-Bu,R'=i-Pr 

70 30 

85 15 

65 35 

67 33 

35 65 

t-90 -JlO 

s5 15 

75 25 

60 40 

39 61 

H 
b N 

KT 

0.43 

0.18 

0.54 

0.49 

1.85 

0.18 

0.33 

0.67 

1.56 

SOLVEKT,20°C 
c=O.2 mol/l 

cHC13 

CEX13 

iXC13 

CRC13 

CHCl3 

C6H12 
THP 

C6H6 

cH2c12 

CHC13 

Compound 2. IR (CHC13,~,cm-1):1730,1750 (C=O) - form~;1085(P=C!),1325, 

1598,1672 (SC-C=O),2360 (P-H) - form k. 'H-XMR (CDC13,b,ppm):4.08(s,CH30) - 

form 5; 4.17 (e,CH30), 6.5 (d,'J(PH) 440 Hz&H) - form 2. 31P-lWR (CHC13,~ , 

ppm): 29.2, e - formz; 32 (d,'J(PH) 440 Hz), 35 (d,'J(PH) 440 Hz) - signals 

of diastereomers due to asymmetrical phosphorus and carbon atoms - form 2, 

Compound 5. IR (CHC13,!), cm"): 1725,175O (C=O) - form ~1088(P=C),1330, 

1600,1675 (XC-C=O), 2360 (P-H) - form 5. 'H-NFdR (CDC13,& .ptx+4.03(s,CR30),3.7 

(d,2J(PH) 2 Hz,P-CR) - form~;4.12(s,CH30), 6,5(d,'J(PH) 460 Hz,P-H) - form 2; 

31P-?QLR(CHC13,8 ,ppm):35.5, s - f0m2; 4O,d,'J(PH) 460 Hz - form b,* 

Compound8 I_+ am liquids and their spectral characteristics are similar to 

those of 5 and 6. In the absence of solvent, rJ 
in pure liquid compounds 1-2 the 

content 0; the P-R ylid is small (- 5-75s). In chloroform it is higher. 

The position of the equilibrium E--_ N - b depends strongly on the solvents 
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used, on the concentration, temperature and Substituent at the phosphorus atom 

(Table 11. In the solvent B‘3qLl8W28 C6H,$ THF < C6H6 ( CE2C12< CH(-j13 the 
tautomeric equilibtiutn Shifts towards the P-H ylid k. On heating the equilib- 

~IJIU ehifts Nv8l’Bibly tOfterdS th8 phosphine form s, on cooling - towards the 

P-H ylid b. The dependence of an equilibrium constant I$ on the temperature 

(AC=-BTlnWKT) allows thermodynatic parameter% of the prototropic equilibrium 

a- $ to be determined. For compound ,$ at concentration 0.2 mol/l in chloro- 

foZ?ZI, in the temperature intWva1 IO-50'C Value8 of enthalpy difference 

AB -2.4+,0.2 kcal/mol,entropy&S -7.4t0.7 Q.u., are found. Consequently the 

P-H ylid form 2 is more advantageous energetically, wbreae the phosphine 

form ,a is preferable from a structural view-point, 

From Table 1 one may see that sterically bulky alkyl eubstituents t-Bu, 

s-Bu,i-Pr stabilize the P-H ylLd form k and shift the tautomaric equilibrium 

towarde this form. Introduction of a bulky aubetituent at the phosphorus atom 

in compounds I&_ destabilizes the phosphine form and give8 space advantage to 

the format5on of the P-H ylid form; this may be seen from Stuart-&iegleb mo- 

lecular models. Bulky alkyl substituents $ncreaae the C-P-C valency bond 

anglee of the trivalent form, their valuee being close to those of the penta- 

valent State; this effect should favour the formation of the P-H ylid fOX?L AS 

1~ -am, for pentavalent phosphorus compounds typical angle values are 105- 

110° , whereas for ttivalent Ones these aI% 95-100°. 

compounds 1-5 (Table 2) w8re pr8pared by the reaction of dialkylchloro- 

phoapunee lfffth a suspension of a eodio-malonic ester in diethy ether. BetailS 

I,2 the synthesis of these compounds ar8 given in ref 0 

Table 2. Dialkyl bie(m8thoxyCarbonpl)methyl phoapunes l-6 W- 
. 

roMPouND YIELD,% B.P.(0.06 mm HE) &P. 20 nB Wppm,fol?m~ 

L 55 95Oc 1.4845 19.7 

2 50 71oo 1.4800 

2 60 103O I.4800 14 

5 65 95O 1.4789 

z 70 98' ?&I - 
10.5 
29.2 

ii 50 95* 59O 34.8 
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Compounds L-2 are stable liquids distilled in vacua, or cqatalline mate- 

rials. Their chemical properties are similar to those of trivalent phosphorus 

compounds. They are easily oxidized , alkylated with methyl iodide and add 

sulphur ? The labile hydrogen of these compounda may be easily substituted 

with sodium upon treatment with sodium hydride in tetrahydrofuran. Interac- 

tion of the sodium derivative of: with deuterium chloride gives the deute- 

rated compoundz, and reaction with methyl iodide proceeds at the phosphorus 

atom to form the glid g5(an "glid" modification of the Michaelis-Becker w 
reaction). 

N&I t-Bu 
,6- 

i-Pr 
)pG(C02Me)2 Na+ 

+ 
t -Bu 

'P-CD(C02Me)2= 
t-Bu, ,D 

i-P/ i-Pr Pi 'C(C02Ye)* 

The 3'P-NMR spectrum of ,$ exhibited a singlet at 35 ppm, (form 2 ~1 and 

a doublet at 40 ppm,'J (PD) 70 Hz (form 2 5) ? 

1. 

2. 

3. 

4. 

5. 

6. 

References 

O,I.Kolodiazhnyi, Zh.Obshch.KMm., fi,104(197~&256(1975). 

O.I.Kolodiazhnyi, Zh.Obshch,Khim,, in press, 

O,I,Kolodiazhnyi, V.P.Kukhar, Intehlational Conference on Phosphorus 
Chemistry, Balle (Saale), September 17-21, 1979. Abstracts of papers, III, 
217. 

O,I,KolodiazhnyL, Zh.Obshch.Khim., a, 2159 (1977). 

Ylid 2: Yield 50$, m.p.92'C (from Et,O+C6H,,), IR(gBr,3,cm-');1078(P=C), 

?307,1605,1670(=C-C=O).PMB(CC14$ >: 2 

P'?;;F; chemical shifts are downfield 
. 
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ppm,d,J(PH) 12 

from 85% H3P04 

Hz(C+P).bP 40.6 ppm. 

used ae an external 


