
HINDERED LONE PAIR CONJUGATION IN THE 
Vth GROUP ELEMENTS-I 

ACETOPHOSPHIDES 

R. G. KOSIYAMNSKY, V. V. YAKWN and S. L. ZIMONT 
lnstltute of Chcmxal Physics of the USSR Academy of Sciences. Moscow, USSR 

(Rccetrcd in rhe UK 22 June 1967; accepted/or pubhcofton 17 Ocrobrr 1967) 

AMmct-Dimethyl-and dipbenylaatophoqhidca have beat prcpual by tbe ractioo d kctene with rhe 
wrrespomiingdimtbatttutal phoap4tinca In tbc IR spectra two hadr dvc_* refer lo tbc two codommtion.~ 
having different coojugtion atqia IO the UV apctn d Lbcst compounds tbc longwave absorption 

corrqottdiog to the o + ti tmnsiticm wlu diecovered in which the atan d phosphorus puticipatd. 
The masl and PMR rpstn d ~ophospMs have been iovcatipted Tbc &ta obtainal radiate the 

rbxna ofamiktype reaonana and the evidcncz d p.4. conjugatioa in tkac compounds. 

HODMAN was the first to display an interest in phosphorus analogues of amides but 
the first specimen of these systems was synthesized only in 1952.‘*’ lssleib et ol.‘*’ 
came to the conclusion that these compounds were analogous to amides, the amide- 
type resonance taking place in phosphides: 

Recently we have studied hindered amide resonance in ethyleneamides’ caused by 
an increased inversion barrier in ethyleneimine (E 10 kcal/mole,6 12 kcal/mole’) 
as compared to ammonia (E 49 kcal/molea) and amines. A considerably higher 
inversion barrier in phosphines (PH, E 15 kcal/mole ;a Mt,P E 22 kcal/mole ;9 
C,H,McP Pb E 30 kcal/moleL6) provides a still greater hindrance to the phosphorus 
transition into the coplanar configuration which is necessary for the amide-type 
resonance. 

We have synthesized and investigated acetophosphides : 

CH,=C=-O + HPR, . MC C(O) PR,. R = Me(l); Ph (111 

In the PMR spectrum of I the following signals were found : 6MeP 1.33 ppm ; 
6MeCO 2.14 ppm; J PCCH 46 c/s; the “P NMR data : 22.2 ppm. On the other 
hand II exhibits GM&O 2.10 ppm; the IR data: ~c_~ 1664 and 1758 cm-’ (the 
vc=o in MeCONPhl was observed at 1662 cm-‘). In the reaction of I with atrnos- 
pheric oxygen the high activity of the lone pair on phosphorus was established. 
The PMR data for MeC(O)P (0) Me, (III): bMeP 1.18 ppm; J PCH 12 c/s; 6 MeCO 
I.77 ppm ; in the mass spectrum the fragments at m/e 77 and 43 (100%) were found. 

The 1 was quatemized at room temperature; the PMR data for MeC(O)PMe, I- 
(IV): 6 MeP I.83 ppm ; J PCH 165 c/s ; 6 McCO 3.27 ppm (multiplet). The reactions 

2995 



2996 R. G. KCHTYAWVSKY. V. V. YAWN and S L. Z~wos-r 

of oxidation, quaternization and complex formation with CoBr, were also reported 
by Issleib ‘a* for phosphides. 

The above data indicate an absence of amide-type resonance in I which was also 
proved by the equivalence of Me protons in the PMR spectrum of I (MeP-singlet 
at 1.35 ppm). 

In the IR spectra of I-IV (Fig. 1, also see Table 1) the shift of vo.o into the region 
of amide I band described earlier may be explained by means of p,d, interaction 
and by the following resonance: 
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TARI.F I 

Compound 

IR spactra vc-0 cm -1 uvspcclra 
(in I’-bcpcloe) 

_. _ _. __ _. _ _ _ __ _ _ _ _ _ 

Pure In In &m 1 gc 

spaci- MCCN GH.G bd tramtion 
--.--------.--.-.-.----- 

MeC(O)Phle, 1660 1660 1664 223.5 I.75 11 + x* 
1758 I755 I755 347il 096 

359.5 @95 a + x* 

371i)(sb) 080 
- .- - - - -. -. - - - - -- - - -- - _- - 

McQO)NMc, 1650 1655 1652 - - 

--- -. - - -.- -------.--- 

McC(O)RO)Me, 1723 1725 1718 224.5 1.75 i 4 x* 

1760 1758 1760 277 Iall+X* 

MeC(O)iMe,J - 177T 1720 - 325’ 166 n + I* 

l in KBr p&t 
’ inMeCN 

The considerably lower shift of vc- in the case of diphenylbenzo-(l645 cm- ’ “1 
and tribenzophosphide (1663 cm-’ I’) in respect to the corresponding amides 
(diphenylbenzamide 1655 cm- ’ ‘ and tribenzamide 1697 cm- ’ 12) may be accounted 
for the high capacity of the d orbitals in phosphorus. Two intensive bands in the 
region 176& 1660 cm - ’ in spactra of I- III may be explained by existence of conformers 
A and B (the persistence of high intensity for both bands in solvents of different 
polarity excludes the possibility of Fermi-resonance): 



Hmdercd lone pair conygallon in the Vlh group clcmcn~s 2997 

The same effect was evidently observed in the case of diphenyllxnzophosphide 
but the second band at 545 )I was erroneously interpreted as that for benzaldehyde 
absorption. ’ * The low frequency band may be referred to the conformer A, consider- 
ably gaining in resonance energy. The single band in the IR spectrum of IV is ex- 
plained by the equality of energies of A and B, and in the case of other phosphides 
the single carbonyl band* is associated with steric hindrance to the generation of 
isomer B due to the size of the substituent R. 

In the spectra of III and IV lone pair bonding cauxs a shift of v,-* to an area of 
high frequency because the -I-effect of phosphonium and phosphonic groups 
increases in respect to the original - Icffect of dimethylphosphine group (a, = 
-0.12)” Thus, for example, the conversion of 2.,2,6-trirnethylquinuclidone-7 
into its methyliodide shifts vc o from 1756 to 1827 cm-‘.‘* 

In ketones MeAY(O~MPh, where an element with vacant d orbitals has no 
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lone pair, an analogous shift of the carbonyl band to a low frequency region (vGO 
for Si 1644, Ge 1669, Sn 1670 cm-’ “) was observed. In the UV spectra of these 
compounds the n + no transition due to participation of heteroatom responsible for 
theyellowoolourofthesecompouodswaselucidated(Ph,Si~O)MehasIh,372m~).16 
The compound II was also of yellow colour (1,375 mlr, 1 g E 1436). The same transi- 
tion can be seen in diphenylbenzophosphide and tribenzophosphide spectra 
(A_ 404’ ’ and 384 mu). I2 In the UV spectrum of II benzene absorption displayed a 
fine structure (A._ 256.261-4.274 mu; 1 g E 208,2*18,2a5) which was absent in the 
triphenylphosphine spectrum. ” Thus the carbonyl group being a stronger donor 
competitively “cuts olI” the phenyl substituents from interaction with phosphorus. 
The UV spectra of I, III, IV (see Table) showed the n + a* band corresponded to the 
chromophorous transition with participation of phosphorus, as well as the n + rt* 
transition in the spectra of I and II (in dimethylformamide at 205 mu).” 

The interaction of carbonyl group with phosphorus determined from the frequency 
of the n + n* transition decreases in the following order: I > IV > 111. 

In the mass spectrum of I (Fig 2) low intensity at m/e 61 (which is evidently entirely 

that of Me,P’) was observed, testifying the weak stabilization of the ion fragment by 
the lone pair on the phosphorous atom unlike the nitrogen [in the mass spectrum 

of dimethylacetamide the amine fragment (MchH=CH,) has the maximum 
intensity]. 

The p,-d. interaction in phosphides is in a good agreement with the properties of 
cyanophosphides (the vc_,, band is not seen in the IR spectra, the shielding of phos- 
phorous nucleus increases according to the “P NMR data19), vinylphosphides 
(the doubk bond is polar&d in the reverse direction than that in enaminezO) and 
phospholes (the lone pair does not participate in aromatic sextet”) as well as with the 
data on high electron attracting capacity of phosphine group.“* ‘9*20*22-26 

Thus all spectral and chemical features of phosphides may be interpretad from 
the view of ~4. interaction of the carbonyl group with the phosphorous atom. 

EXPERIMENTAL 

The IR spcclra of all compounds were taken usmg an Hitachi FPI-S? apparatus tn an atrprd cdl 






