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What happens to amides  when the nitrogen is replaced by phosphorus o r  arsenic :  is  the mos t  cha r -  
a c t e r i s t i c  c r i t e r ion ,  conjugation of the amide type [1], retained or  does it d i sappear?  F o r  unequivocal 
p roof  of the l a t t e r  it was nece s sa ry  to synthesize a s e r i e s  of acylphosphines and aey la r s ines  with var ious 
subst i tuents  on the he te roa tom and the CO group [2, 3]. The presen t  communicat ion is devoted to the syn-  
thesis  of these compounds. 

The s imples t  method for  the aeylat ion of secondary  phosphines and a r s ines  is with ketenes [1, 2, 4, 5]. 
However ,  subsequent O-aeylat ion of the acylphosphine [2] (see "Exper imenta l  Method," Table 1, and Fig. 
1) and the addition of phosphine with the cleavage of wa te r  [5] a re  observed  here .  In addition, this method 
is l imited by a smal l  se lect ion of available ketenes.  

Exhaustive acylat ion of the unsubstituted phosphine could be achieved by t rea tment  with carboxyl ic  
acid chlor ides  [6]. The s imi l a r  acylation of p r i m a r y  phosphines gave negative resu l t s  when Et3N was used 
as  the base [7], and proved successful  in the p resence  of anhydrous K2CO 3 [8]. This method was not r e -  
commended for  the acylat ion of secondary  phosphines due to the low yields when compared with synthesis  
via the alkali  meta l  phosphides [7]. It was shown by us that this s imple method makes  it possible to obtain 
var ious  acylphosphines and acy la r s ines  in sa t i s fac tory  yields.  

The s tar t ing phosphines were  obtained by the reduct ion of te t ramethyldiphosphine disulfide [1] and 
the cor responding  ehlorophosphines using LiA1H4, while d i - te r t -buty lchlorophosphine  was obtained using 
the Grignard  reagent  [9]. The symmet r i c a l  chlorophosphines were  synthesized by the Grignard react ion 
f rom PC13 [10], while the unsymmet r i ca l  der iva t ives  were  synthesized f rom the alkyldichlorophosphines.  
The genera l  p rocedure  for  this reac t ion  and the reduction with LiA 1H 4 is given in the "Ex p e r im en ta l  Meth-  
od" on the example of an  unsymmet r i ca l  phosphine. Dibenzylphosphine was obtained by the d ispropor t iona-  
tion of benzyldichlorophosphine [11], while d i i sopropylars ine  was obtained by the reduction of d i i sopropyl-  
ch lo roa r s ine  [12] with LiAIII 4. All the s tar t ing  products  (see Table 1) were  charac te r i zed  by the mass  

TABLE 1. Constants of Phosphines ,  Ars ines ,  and Cor -  
responding Chlorides  

Compound 

MezPH 
Me~CHPCI~ 
Me~CHPH~ 
(Me~CH)~PC1 
(Me~CH)2PH 
(Me3C)~PC1 
(M~aC)2Ptt 
PhCH~PH2 
(PhCH~)~PCI 

(PhCH~)~PH 
Me~CHP (CI) CH~Ph 
Me~CHPHCH~Ph 
Me3CP(C1) CH~Ph 
MeaCPHCH~Ph 
(Me~CH)~AsC1 
(Me2CH)~AsH 

Yield, % " Bp, *C (p, mm of 
Hg) 

73 21 
56 t30(745) 
20 4~r 
52 t5o--i58 
45 117,5--1t8 
40 65--67(9,5) 
52 40--4t(14) 
36 83(26) 
65 157--163(t ,5) 

Mp. 31-82 
39 i29(1) 
50 87--90(6) 
32 67(3) 
71 90(t0) 
41 66,5--67,5(t ,5) 
35 30,5--31(3) 
40 37(28) 
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Fig. 1. NMR s pec t r a  of C = C  (XIV) in F r e o n - l l 3 ,  

HB/// % ( C M e ~ ) 2  
chemica l  shif ts  f rom TMS, and J va lues ,  Hz: a) genera l  s p e c -  
t rum at 100 MHz; b) H A and H B protons  at  100 MHz; c) the s ame ,  
at 60 MHz. 

s pec t r a  [3] and NMR s p e c t r a  (Table 2). 

The phosphines  and d i i sop ropy la r s ine  were  acylated with ke tenes  in e the r  (A) and with carboxyl ic  
acid ch lor ides  in the p r e s e n c e  of pyr idine in e the r  (B). The r e su l t s  a r e  given in Table  3, while the gene ra l  
p r o c e d u r e s  a r e  given in the "Expe r i m en t a l  Method." When benzylphosphine was  acylated with AcCI and 
pivaloyl  chlor ide  the y ie lds  of p roduc t s  (XVI) and (XVII) w e r e ,  r e spec t ive ly ,  15 and 50%. This  d i f ference  
can be explained by the s t e r i c  h indrance of the bulky p iva leyl  s-ubstituent for  the fo rmat ion  of secondary  
products .  

The synthesized acylphosphines  and a c y l a r s i n e s  we re  cha r ac t e r i z ed  by the IR (see Table  3), m a s s  
[3], and NMR s p e c t r a  (Table 4). The p y r a m i d a l  configurat ion of the phosphorus  a tom in the acylphosphines  
was  recorded  on the bas i s  of the geminal  nonequivalence of the d ias te reo top ic  CH 3 groups  of the i sopropyl  
subst i tuent  (for example ,  Fig. 2) and the CH 2 pro tons  of the benzyl  subst i tuent  (for example ,  Fig. 3). In 
the case  of (XI) the CH 3 groups  of the Me2N subst i tuent  become  equivalent at  130 ~ (the observed  doublet 
c o r r e s p o n d s  to JMeNCOP),  s ince the gemina l  nonequivalence of the CH 3 groups  of the i sopropyl  subst i tuent  
i s  re ta ined he re  (Fig. 4). As a resu l t ,  the invers ion  of the phosphorus  a tom is m o r e  hindered than the r o -  
tat ion around the C O - N  bond. The energy  p a r a m e t e r s  of the phosphorus  invers ion  in acylphosphines  a r e  
given in [2]. The NMR spec t rum of acy l a r s ine  (XXI) (Fig. 5) r ema ins  unchanged when a sample  is heated 
in diphenyl e the r  up to 200 ~ Consequently,  the invers ion  of the a r sen i c  a tom in a c y l a r s i n e s  is much m o r e  
hindered than the invers ion  of the phosphorus  a tom in s i m i l a r  acylphosphines.  

EXPERIMENTAL METHOD 
The syn theses  and study of the aeylphosphines  and a e y l a r s i n e s  were  run in an a rgon  a t m o s p h e r e ,  in 

absolute  solvents .  To r em ove  the a i r  and m o i s t u r e  al l  of the g lass  appara tus  p r i o r  to expe r imen t  was 
evacuated  (1 ram) while heated with an open f lame,  and then filled with dry  argon.  The finely d i spe r s e  p rec ip i ta te  
was  f i l te red  through dense l aye r s  of g lass  wool in an argon s t r e am.  The IR s p e c t r a w e r e  obtained on UR-10 and 
UR -20 s p e c t r o p h o t o m e t e r s  in ce i l s  with g l a s s e s  made f rom KBr o r  KRS. The ce l l s  w e r e  filled in an a rgon  c h a m -  
ber .  The NMR s p e c t r a w e r e  obtained on J E O L  J 'NM-C-60-HL (60 MHz) and Var ian-HA-100 (1OOMHz) s p e c t r o -  
m e t e r s .  The in te rna l  s tandards  w e r e  e i the r  TMS or  HMDS. The ampuls  w e r e  filled in an argon s t r e am.  

Isopropylbenzylchlorophosphine .  With v igorous  s t i r r i ng ,  the Gr igaa rd  reagent ,  obtained f rom 4.8 g 
(0.2 mole)  of magnes ium turnings and 15.6 g (0.2 mole)  of i sopropy l  chlor ide  in 100 m l  of e ther ,  was  added 
in d rops  to a cooled (-40 ~ solution of 38.6 g (0.2 mole)  of benzyldichlorophosphine in 500 ml  of e ther .  The 
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F ig .  2. NMR spectra of  M e C O P  \ X / |CH~ 1.VIeB ~2 ( I V ) a t  9"0 ~ (60 MHz,  f r o m  T~/~S): a ) i n  

F r e o n - 1 1 3 ;  b) in C6F6; c) C2CI 4. 

T A B L E  3. C o n s t a n t s  of A c y l p h o s p h i n e s  and A c y l a r s i n e s  

C O S ] ]  - 

pound 

(I) 
(Ii) 

(lID 
(IV) 
(V) 

(VI) 
(VII) 

(VIII) 
(ix) 
(X) 

(XI) 
(Xn) 

(XIII) 
(x~v) 

(xv) 
(xvI) 

(XVII) 
(XVIII) 

(xix) 
(xx) 

(XXI) 
(XXll) 

Formula 

J r  . 

I  l .lmm o .a) 
2 0  

nD 

MeCOPMe~ 
CDaCOPMe~ 
~ Fs)2CHCOPMe2 

eCOP(CHMe2)2 
CD3COP(CHMe~)~ 
MeaCCOP(CHMe2)~ 
PhCOP(CHMe2)2 
CFsCOP(CHMe2h 
(CF~hCHCOP(CHMe~)2 
MeOCOP{CHMe2)~ 
Me~NCOP(CHMe~)2 
PhNHCOP(CHMe~)~ 

MeCOP(CMe3)~ 
MeCOOC(=CH2)P(CMes)~ 

CFaCOP(CMea)~ 
MeCOPHCH~Ph 
Me3CCOPHCH~Ph 
MeCOP(CH~Phh 
CFaCOP(CH~Ph)~ 
MeCOP(CHMe~)CH~Ph 
CFsCOAs(CHMezh 
(CFa)~CHCOAs(CHMe~)~ 

A 27 

58 
A a6 
B 58 
13 7~ 
B 6s 
B 2~ 
A 6~ 

B 2t 
A 6~ 

A 3~ 
A 6~ 

B 6C 

B 5( 
A 3 ~, 
B 4~ 
B 6t 
B, 6~ 
A 6( 

38--39(20) 
38(20) 
60(60) 

38,5-39(t) 
32(1) 

6t--62(3) 
87--88(t2) 

24(2) 
~3--33,50) 
~3--44(4) 
~0--81(44) 
Mp.. 74--75 
:omMeOH) 
39--39,5 (t) 

64(2) 

50(5) 
68--68,5(t,5) 

85-86(~) 
t3o0) 
124(i) 
to3(3) 

i , 39 i0  
i,4753 
i,4175 
1,4719 
i,5530 
i,4276 
i,4007 
i,4702 
1,4928 

i,4748 
t,8438 

t,4372 
t,5780(21 ~ 

t,5458 
t,6028 

t,5409(20,5 ~ ) 

i,4378(2t o) 
i,4125(t9 o) 

VCO ' cm -I 

(tool. layer) 

1665.  

t663 

1674 
i644 
1693 
i678 
t693 
i618 
t635 

i765 
i630 (C=C) 

1666 
t660 
t687 
i668 

*Raman: 1661 cm -~. 
l"tR: 1685 (gas). 1668 (liquid). 1665 (CC14); Raman: 1665 cm "l. 

m i x t u r e  w a s  b rough t  up to ~20  ~ f i l t e r e d ,  and the p r e c i p i t a t e  w a s  w a s h e d  wi th  e t h e r  (30 m t •  2). The  e t h e r  
w a s  d i s t i l l e d  off ,  and the r e s i d u e  w a s  v a c u u m - d i s t i l l e d .  We o b t a i n e d  20 g (50%) of  p r o d u c t ,  bp 87-9(} ~ (6 
r am) .  Found :  C 59.92; H 7.18; CI 17.63%. C10HitPC1. C a l c u l a t e d :  C 59.85; H 6.98; CI 17.70%. 
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Fig. 3. NMR spec t rum of MeCOP(CHAHBPh)2 (XVHD and t e m p e r a t u r e  dependence of AB 
por t ion  of spec t rum under  conditions of decoupling f rom 31p at  60 MHz in ~ - b r o m o n a p h -  
thalene. 

Fig 4. NMR spec t r a  ofMeAMeBNCOP(CHMeAMeB)2 (XI) at 60 MHz in diphenyl e ther :  a) 
MeAMeBN por t ion  a t  25 ~ and t e m p e r a t u r e  dependence of spec t rum under conditions of d e -  
coupling f rom 31p; b) Me A, Me B, and Me2N por t ions  at  130 ~ A nonequivalence of Me A 
and Me B is  obse rved  he re ,  i .e . ,  the invers ion  of the phosphorus  a tom is hindered.  The 
Me2N pro tons  a r e  equivalent  due to the rapid rota t ion around the amide l inkage,  and an a 
ave raged  constant  JMeNCOP = 1.6 is observed.  

te r t -Buty lbenzylch lorophosphine  was  obtained in a s i m i l a r  manne r  (see Tables  1 and 2). 

Isopropylbenzylphosphine.  To a solution of 7 g (0.184 mole)  of LiALT~ 4 in 120 ml  of e the r  at - 25  ~ was  
slowly added a solution of 17.8 g (0.089 mole) of i sopropylbenzylchlorophosphine  in 70 m l  of e ther .  After  
adding half  of the solution the cooling was removed .  The mix tu re  was refluxed for  30 rain,  cooled again 
(-10 to -15~ and the excess  LiALH 4 was  ca re fu l ly  decomposed  with sa tura ted  NHtCI solution, in which 
connection a c o a r s e l y  g ranu la r  p rec ip i t a te  is formed.  The organic  l aye r  was  sepa ra ted  by decantat ion and 
dr ied  ove r  MgSO 4. The e the r  was  dist i l led off, and the res idue  was  vacuum-dis t i l l ed .  We obtained 4.8 g 
(32%) of product ,  bp 67 ~ (3 mm) .  Found: C 72.45; H 9.12%. C10H15P. Calculated: C 72.29; H 9.04%. 

Ace ty ld i - t e r t -bu ty lphosphine  (XIII). Into a solution of 2.76 g (0.019 mole)  of d i - te r t -bu ty lphosphine  
in 125 m l  of e the r  at  - 2 0  ~ was pas sed  0.75 g (0.018 mole)  of ketone (obtained by the pyrol~:sis of diketene).  
H e r e  the mix tu re  turned light yellow. At the end of reac t ion  the t e m p e r a t u r e  of the mix tu r e  was brought  
up to ~20 ~ the solvent  was r emoved  under  reduced p r e s s u r e ,  and the res idue  was vacuum-dis t i l l ed  twice. 
We obtained 1.37 g (39%) of a lemon yel low liquid, bp 39-39.5 ~ (1 mm);  f rom [1]: bp 45-47 ~ (0.5 mm).  

1 -D i - t e r t - bu ty lphosph ino - l - ace toxye thy l ene  (XIV). Under  the conditions of the p reced ing  e x p e r i -  
men t ,  f rom 2.45 g (0.016 mole)  of d i - t e r t -bu ty lphosph ine  and 3.4 g (0.08 mole)  of ketene in 100 ml  of e ther  
we obtained 2.42 g (63%) of a pale yel low liquid, bp 64 ~ (2 m m )  (see Fig. i and Table  3). Found: C 62.95; 
H 10.12%. C12H2303P. Calculated: C 62.60; H 10.0%. 

Piva loyld i i sopropylphosphine  (VT). To a solution of 1.45 g (0.012 mole)  of d i isopropylphosphine and 
0.95 g (0.012 mole)  of pyr id ine  in 35 m[  of e the r  at  ~20 ~ was  added a solution of 1.44 g (0.012 mole)  of 
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Me A 

H~ B Fig. 5. NMR spectrum of 
CFsCOAs(CHMeAMeB) 2 at 60 MHz 
in benzene. The nonequivalence of 
the methyl groups of the isopropyl 
substituent is caused by the hin- 
dered inversion of the arsenic atom. 

HGA$ 

g r 6~ ppm 

pivaloyl chloride in 10 ml of ether. The formation of a precipitate was observed and the mixture turned 
light yellow. The precipitate was filtered and washed withe ether (10 ml x 2). After removal of the ether 
the re idue was vacuum-distilled. We obtained 1.8 g (75%) of a pale yellow liquid, bp 61-62 ~ (3 mm). 
Found: C 65.51; H 11.3770. CllH23OP. Calculated: C 65.35; H 11.38%. 

C O N C L U S I O N S  

1. The unsymmetrical secondary phosphines were synthesized: isopropylbenzylphosphine and ter t-  
butylbenzylphosphine. 

2. Treatment with ketenes or carboxylic acid chlorides gave a number of acyl derivatives of pr i-  
mary  phosphines, of symmetrical  and unsymmetrical secondary phosphines, and also of diisopropylarsine. 

3. The parameters  of the NIVIR spectra were measured for a number of simple phosphines, diiso- 
propylarsine, and also the chloro and acyl derivatives. 
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