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Reasoning from the low, mesomerically positive capacity of the phosphorus atom and ~he ready avail- 

ability of its vacant d-orbitals, we assume that the obstacles to amide-type resonance and p~--d~ inter- 

action which are observed in monoacetophosphides [i] will appear to an even greater degree when diaceto- 

phosphides and amides are compared. The introduction of a second acyl group into the acetophosphides 

should not weaken the p~--d~ interact ion (conjugation with the two d-orbi tals) ,  but the resonance  should be 
weakened in the amides because of the simultaneous conjugation of the e l ec t ronpa i r  with the two substituents.  
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Fig. 1. In f ra redspec t rao  1) Methyldiacetamide; 2) meth-  
yldiacetophosphide. 

TABLE 1 

Compound 

IR spectra UV spectra PMR spectra 

VCO, IAVco , 
cm-ll em'l 

Area x. nm At, 

(n-heptanG nm 

2,94; 
2,78 (2,86) 

20,4 

3,23 

1,33 

~CHs' SCH.~, CO, JPCH' J P ~ H '  
p,p.m, p.p.m. Hz 

i,89 [ CH, CON(CH=h (I) 

(CHACO), NCH, (II) 

CH~COP (CH,), (III) 
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1700 

t660 

1758 

195,3~-*n * [3] 

5O 

2i5,7n~u * 

223,5~n * 

347,0n~n * 

3 

2,37 

2,I4 4,60 

(CHsC0), PCH, (IV) 1657 220,5~:~ * t,49 2,59 5,00 

i758 342,0n~ * 
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_ Fig .  2. PMR 
s pec t r a  of di-  
me thy lace t a -  
mide (1), di-  

- -  -- me thy lace to -  
phosphide (2), 
methy ld iace t -  

-- amide (3), and 
methyldiac  e to-  
phosphide (4). 
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Mass spec t r a  of d imethylace tamide ,  
methyld iace tamide ,  dimethylacetophosphide,  and 
methyldiac etopho sphide.  

We synthes ized  and studied methyld iace tophos-  
phide (I) and methyld iace tamide  (II): 

CHa--XHa q- 2CH2=C=0--+ (CH3--CO)2X--CHa X = P(I), N (II) 

The conclusions r eached  above were  conf i rmed by 
the following data.  

The vCO band in the IR s p e c t r u m  of (I) (Fig. 1, 
Table 1) is analogous to that  in CHaC(O)P(CH~) 2 (III) 
[1]. In (II), the vCO band is  shifted 50 cm - t  towards 
higher  f requenc ies  in compar i son  with CHaC(O)N(CH3) 2 
(IV). A s i m i l a r  r egu la r i ty  is noted on compar i son  
of the benzoyl  der iva t ives  [2]: VCO of CGH~COP(C6Hs) 2 
and (C6HsCO)aP a r e  1645 and 1663 cm -~, r e spec t ive ly .  
(Av = 18), and vCO of C6HsCON(C6H5) 2 and (C6H~CO)aN 
a r e  1655 and 1697 c m  -1, r e spec t ive ly  (Av = 42). 

In the UV s p e c t r u m  of (t), the posit ion of the 
--* u* t rans i t ion is  p rac t i ca l ly  the s ame  as for  (IID 

[1]. However,  this  t rans i t ion  in (II) has  a batho-  
ch romic  shift of 20 nm in compar i son  with (IV) [3]; 
the r e a s o n  for  this l ies  in the dec r ea se  in the energy  
of the antibonding molecu la r  orbi ta l  as the orbi ta l  
expands.  In con t ras t  to (II), the spec t r a  of (1) [as 
well as of (HI)] [1] have an n ~  u* chromophor ic  t r an -  
sit ion in which the phosphorus  a tom takes  pa r t .  An 
analogous t rans i t ion  is found in the spec t r a  of di- 
phenylbenzophosphide ()~max 404 nm) and t r ibenzo-  
phosphide (Xmax 384 nm) [2]. 

In the PMR spec t r a  of (HI) and (I) (Fig. 2, 
Table 1), 5CHaC O l ies  at weaker  f ields than 6CHAP. 
In the cor responding  compounds (IV) and (II), con- 
ve r s e ly ,  5CHAC O l ies  at s t ronge r  f ie lds  than 6CHaN. 
While 5CHAP is nea r ly  cofistant in the s e r i e s  (CH~)aP, 
(III), and (1) (AS = 0~ p .p .m.) ,  i t  changes cons iderably  
in the n i t rogen s e r i e s  (CHz)aN, (IV), and (II) (AS = 
0.72 and 0.37 p .p .m. ,  r e spec t ive ly ) .  This shows that,  
in spite of the introduction Of subst i tuents  having a 
s t rong - I  effect  (aI = 0.29), shielding of the methyl  
protons  by the phosphorus  r e m a i n s  p rac t i ca l ly  con- 
s tant .  Consequently,  an effect ive negat ive  charge  
appea r s  on the phosphorus  a tom.  This is in con t r a s t  
to the ni t rogen a tom,  which c a r r i e s  an effect ive pos i -  
t ive charge .  The shift  of 6CH a towards weaker  f ields 
on going f r o m  the mono-  to the diaceto der ivat ive  is 
p robably  caused by the changing - I  effect  of the n i t r o -  
gen and phosphorus  groups.  

In the m a s s  spec t rum of (IV), the fo rmat ion  of 
fragment (a) is shown by the failure of the peak at 
m/e = 72 to shift in the mass spectrum of CDaCON. 

(CH3)~: 

c.,~-C j ~  <"*'.- o=c=kc.,)= (a) 

378 



The absence of f ragments  like type (a) in the mass  spec t rum of (III) (Fig. 3) is an indication of the weak- 
ness  of the stabilization; this poor  stability is the resul t  of the free electron pair  on the phosphorus atom 
[4]. The decomposit ion of (I1) proceeds  according to the scheme: 

.~G~O[cHaCONHCH~] "+ -CHa~ O=C=I~I~CH 3 
~ ~ "  ~ / ,  73 (b) ~ , , / ,  s8 

"'2~CHaCO~(CH~)2 m/el04 (e) 

+ 
> O ~ C - m - N - - C H  2 

rn/e 56 

The p rocess ,  M-~(b) is also observed  during the fragmentat ion of acetophosphides:  

~ c ~/ i ~ ?  -c.,=c=o .r  .,/~ 90 (I) 
_ \ (d) ~ / e  62 (m) 

Fragment (c) corresponds to the elimination of CO from the molecular ion. An analogous fragmentation 
has been described for piperlongumine, which contains the diacylamino group [5]. Elimination of CO is 
also observed during the decomposition of aeetophosphides: 

o 

\ ~/e 76 (Ill) 
C H  3 

In the spectrum of (I), the presence of the intense fragments M-! and M-15 may be explained by the high 
degree of charge delocalization, which results because of the efficient dispersion of the electron density 
from the two carbonyl groups into the d-orbitals of the phosphorus atom. 

E X P E R I M E N T A L  

The spec t ra  were obtained as descr ibed in [6]. 

M e t h y I d i a c e t o p h o s p h i d e ( I ) .  A solution of 10.0 g methylphosphine in 300 mi absolute ether 
was treated with 17.5 g ketene at - 5 0  to - 40  ~ in an argon a tmosphere .  After separat ion of the ether,  the 
res idue  was distilled. The product  was a viscous,  light yellow liquid which oxidizes in a i r .  The yield of 
(i) was 14.47 g (52.9%); bp 92.5-94 ~ (21 ram); nD2~ 1.5095; d42~ 1.0880. Found%: C 45.71, 45.72; H 6.93, 
6.99; P 22.84, 22.95. CsHgO2Po Calculaied%: C 45.46; H 6.87; P 23.44. 

M e t h y l d i a c e t a m i d e  ( I I ) .  This compound was obtained by alkylation of 3.0 g methylamine with 
excess  ketene in ether at room tempera ture .  The yield was 45%; bp 31-32 ~ (1 ram); nD 2~ 1.4508; d42~ 1.0589o 
According to the l i te ra ture  [7], the boiling point is 192 ~ 

D i m e t h y l a c e t o p h o s p h i d e  ( I I I ) .  A s o l u t i o n o f S . 7 0 g d i m e t h y l p h o s p h i d e i n 5 0  m l a b s o l u t e  
ether was t reated with 3.70 g ketene at - 20  to -15  ~ in an argon a tmosphere .  After separat ion of the ether,  
the res idue was distilled. The product  was a color less  liquid which ignites spontaneously in air .  The yield 
of (III) was 8.11 g (88.4%); bp 58 ~ (58 ram); nD 2~ 1.4750; d42~ 0.9841. Found%: C 45.71, 46.08; H 8.61, 8.61; 
P 30.22, 30.41. C4HgOP. Calculated%: C 46.16; H 8.71; P 29.76. 

C O N C L U S I O N S  

1. The IR, PMR, and mass  spec t ra  of mono-  and diacetamides and phosphides were studied. 

2. Conjugation of the two carbonyl groups with the nitrogen atom in methyldiacetamide weakens the 
amide resonance  in compar ison with dimethylacetamide.  

3. The conjugation of the carbonyl groups with the phosphorus atom does not change on going f rom 
dimethylaceto-  to methyldiacetophosphide.  This is due to the interact ion of the F-e lec t rons  of the carbonyl  
groups with the d-orbi ta ls  of the phosphorus atom. 
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