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The s tructure  of PC1 s has been thoroughly studied,  both inthe so t ids ta te  and in so lut ion [1]. There  is ,  
however ,  only a l imited amount of information on the s tructures  of the organylchlorophosphoranes  [2-7] .  

The m o l e c u l e s  of  PFs andmany  of the f luorophosphoranes  have tr lgonalb ipyramidal  form [8, 9]. The 
s i tuation with re spec t  to the ch lor ides  is s o m e w h a t a m b i g u o u s .  It has been sugges ted  that these  compounds are  
unstable ,  passage  from one P coordinat ion state  to another occurr ing  spontaneous ly  under certa in  condit ions .  
There is an indication that cer ta in  phosphoranes break down in solution to establish a 

+ 

RsPCI~ ~ RsPCI -t- C1- (1) 

type equilibrium [2, 3]. 

Since the ~P chemiealshift  (CS) is closely dependent on the state of the phosphorus, SIPNMR spectros-  
copy offers the most  direct  approach to the study of coordination in phosphorus compounds. For  example, the 
chemical shifts of PCI4 +, PCls, and PCl6- are --91, +80, and + 281 ppm, respectively [9]. We have, theretore ,  
followed this method in studying the behavior of certain organylchlorophosphoranes in polar and nonpolar sol- 
vents (Table 1). 

All of the 3ip NMR spectra were obtained with complete decoupling of the spin-- spinproton interaction; 
eachshowed isolated signals, the position of which varied from case toease .  One couldhave anticipated a 
wideningof the signal, oreven the appearance of two signals, one for the molecular,  and one for the ionic, form 

TABLE 1. ~tp Chemical Shifts in the Chlorophosphoranes 
(5, ppm; relative to85% H3POa)* 

Compound CHaCN 

C~HsPCI~ 
CsH~PCI~ 
(C2H5) 2NPCl4 
CsH~PCI~ 
p-CHsC6H~PCI~ 
p-CH3OCsH~PCI~ 
p-C1CsH~PCI~ 
(CzHs) 2PCls 
(t-C4It~) 2PCls 
(C6H~,) ~PCh 
(C6Hs) 2PCls 
(C~Hs) sPCI~ 
(i-C~HT) ~PClz 
(n-C~Hg) sPClz 
(C~H,~) 3PCh 
(Cells) 3PCI2 
CsH~ (C~H~) zPCl2 
(C~Hs) 2C~HgPC12 
(C6H5) zt-C~HgPCI~ 
CeH~ (p-CHsOC~H~) ~PCl 
p-CH~OC~H~ (C~H~) ~PCI~ 

*Spectra obtained immediately 
r dichloro~thane - 37.4. 
~n solid siam + 37.6. 

-24,4 t -t24,3 
-52,6 
+36,8 
+i0,6 

+28,0 I +36,3 
-i37,3 
- t58,0 
-i38,4 
-52,4 

-ii2,t 
-tt8,4 

- i ~ 2  
-63,7 
-9i,0 
-75,2 
-85,7 
-63,6 
-90,2 

after dissolution. 

Solvent 

CH3NO2 CsIIe 

-26,7 +25,7 
-i27,9 
-56,4 +71,9 
+4i,0 +45,4 ~: 
+16,3 +44,8 
+i5,7 - +47,2 
+25,0 +47,0 

-i37,9 -i8,5 
-157,7 
-i37,7 
-64,5 

-i l l ,4 
-i17,4 
-io3,3 
-t03,2 
-56,3 
-90,3 
-75,4 
-85,3 
-63,6 
-89,7 
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TABLE 2. Change in the Chlorophosphorane 
31p CS Resul t ing f rom Dissolut ion in CH3NO 2 
(5, ppm; re la t ive  to 85% HsPO4) 

Chemical ~fft after 

Compound 

CzItsPCt~ 
C~HsPCl~ 
p-CHzC6H~PCl~ 
p-CHsOC6It~PCI~ 
p-C1C6H~PCI~ 
(Cells) ~PCI~ 
(CsH~) sPClz 

i rain 

-26,6 
+4i,0 
+t6,3 
+ t5,7 
+25,0 
-64~5 
-5,6~ 

9 h ~sh 

-it4,7 
-87,9 

+9,9 -96,6 
+2,3 -96,9 

+t0,6 -77,6 
-92,7 
~64,0 

In the spec t r a  of solutions in which a type (1) equi l ibr ium hadbeen  es tab l i shed .  The absence  of such effects  
was probably  due to the fact  that exchange is rap id  on the NMR t ime  sca le  [10]. At tempts  to reduce the 
exchange r a t e  by cooling the solution l ed to  prec ip i ta t ion  of the spar ingly  soluble ch lorophosphoranes .  Cer ta in  
fac ts ,  suggest ,  however ,  that this equi l ibr ium was indeed es tab l i shed  in our  solut ions.  It  can be seen  f rom 
Table  1 that  the solvent  i tself  has a m a r k e d e f f e c t  onthe  Sip CS in the eh lorophosphoranes .  Fo r  EtPCI  4, Et2PC1 S, 
Et2NPCI4, and the a ry lch lo rophosphoranes  in C6H6, the Sip CS fel l  in the region c h a r a c t e r i s t i c  of pen tacoor -  
dinated phosphorus  compounds .  F o r  solutions in the ionizing MeCN and MeNO 2, the s ignal was shifted into the 
region c h a r a c t e r i s t i c  of t e t r acoord ina ted  phosphorus  compounds.  The shift  in Et2NPCl4paral le led the change 
in the solvent  d ie lec t r i c  constant  (C6H 6, e = 2.28,  5sip = 71.9; CI(CH2)2CI, e =10, 5sip = - -37 .4 ;  MeCN, e = 36.2,  
5sip =- -52 .6 ;  MeNO 2, e =38.6 ,  5sip =56.4) .  This  is inl ine with the known solvent  effect  in chemica lequ i l ib r ium,  
solvents  with high d ie lec t r i c  constant  shift ing the point of equi l ibr ium toward the  ionic fo rm [11, 12]. 

The r e sonance  signal  of ce r t a in  of the ch lorophosphoranes  in MeNO 2 solution was found to dr if t  downfield 
wi th the  pas sage  of t ime  (Table 2). Th is  dr i f t  did not, however ,  a l t e r  the s ignal  s t rength .  I t c a n  be seen  f r o m  
the table  that a 2-day dr i f t  c a r r i e d  the CS into the region c h a r a c t e r i s t i c  of compounds with ionic, t e t r a c o o r d i :  _ 
hated s t r u c t u r e s .  It canbe  a s s u m e d  that one has  he re  to deal with the gradual  e s t ab l i shment  of a s table equi l ibr ium 
between ionic and m o l e c u l a r  f o r m s ,  the exchange r a t e  remain ing  at  its or iginal  high value.  It is obvious that 
c a r e  m u s t b e  used  in working with CS's r epo r t ed  for  ch lorophosphoranes  in polar  so lvents .  

It can t he re fo re  be concluded that the posi t ion of the 31p NMR signal  in chlorophosphorane  solutions will 
be de te rmined  by addit ive contr ibut ions f r o m  the m o l e c u l a r  and ionic f o r m s ,  the si tuat ion he re  being r e m i n i s -  
cent of that obse rv ed  in exchange reac t ions  [10 ] 

6 = 6 . . i V  +6 .N_ (2)  
:ion ion mol tool 

5[onand 5molbe ing  the chemica l  shif ts ,  and Nionand Nmol the  moleTfac t ions ,  of the r e spec t ive  s t a tes .  

A knowledge of the CS's  of the m o l e c u l a r  and ionic f o r m s  is r equ i red  in o rde r  to de te rmine  the pos i t ion  
of the point of equi l ibr ium.  It  can be a s s u m e d  that  the CS sh i f t obse rved  in nonpolar  solvents  such as CsH s is that 
cor responding  to the m o l e c u l a r  f o r m .  We have found, for  example ,  that the CS's  for  the solid s ta te  and for  the 
compound in CsH 6 solution a r e  a l m o s t  identical  in the case  of PhPC14. It has been  r epo r t ed  [13] that the molecule  
of this l as t  compound has t r igona l  b i p y r a m i d a l f o r m  in the c rys ta l l ine  s ta te .  Informat ion concerning the ionic 
fo rms  of the phosphoranes  can be obtained f rom a study of khe Sip CS's  in the cor responding  organylch lorophos-  
phoninm hexachlorophospha tes ,  compounds with fixed RnP~14_ n cation (Table 3). 

T h e r e  have been re la t ive ly  few S1p NMR studies of compounds 'of  th i s type  [5, 14]. In solution, the spec -  
t r a  of each  of the compounds studied he re  showed two resonance  s ignals ,  cor responding  to two phosphorus a toms 
in di f ferent  coordinat ion.  The pos ition of the PCl  6- anion s ignal,  298 �9 0.6 ppm, va r i ed  only sl ightly,  change in 
the coun te r - ion  havingonly  a s l ight  e f fec ton  the shielding.  In dist inction,  the CS for  the chlorophosphonium 
cation va r i ed  over  r a t h e r  wide l imi t s .  

Compar i son  of the data of Tab le s  1 and3 shows that  the o rganyl te t rach lorophosphoranes  exis t  la rge ly  in 
m o l e c u l a r  f o r m  in benzene,  but pass  into the i r  s tabi l ized  ionic f o r m s  under  the ac t ionof  polar  solvents .  As much 
is indicated by the  f ac t t ha t  the 3tp CS's  for  Et2NPC14and Et2NPC13are a l m o s t  identical,  as  a re  the CS's ,  f i r s t  
of the a ry l t e t r ach lo rophospho ranes  in the i r  f inal  ionization s tages  (el.  Table  2) andthen for  the cor responding  
a ry l t r i ch lo rophosphonium hexachlorophosphates  in n i t romethane  solution.  With the assumpt ions  suggested 
above,  Eq.  (2) can be d rawnto  calcula te  the mole  f rac t ions  of the mo lecu l a r  and ionized f o r m s  p re sen t  in 
chlorophosphorane  solut ions .  One minute  a f t e r  dissolut ion in n i t romethane ,  the r e spec t ive  mole  f rac t ions  for  
PhPCl  4were  0 .97 and 0 .03 .  S imi l a r  calculat ions were  c a r r i e d  out for  the other  compounds.  
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TABLE 3. 31p Chemical  Shifts in the RnPCI~-_nPCI ~ 
Organylchtorophosphoninm Hexachlorophosphates  
(5, ppm,  re la t ive  to 85% H3PO4) 

Compound 

CsHsPCls. PCh 
(Cells) 2PClz,. PCle 
(CsHs) sPC1. PCls 
/,.-CH~CsH~PCls �9 PCh 
p-CHsOCsH4PCls. PCI~ 
p-C1CsH4PCls. PC16 
(C~Hs) zNPCls- PCle 
(t-C,,Hg) zPC12" POle 
C2HsPC13- AlCl4 
(n-C~Hg) sPC1- SbC18 

I Chemical s___._.hift in the solvcms 

CHsGN 

-95,5; +298,0 
-92,5; +298,t 
-65,4; +297,9 
-94,3; +297,8 
-89,8; +297,4 
-733; +298,0 
-57,6; +298,0 

-158,0; +296,6 
-128,6 [i5] 
-i02 [31 

CHsN02 

-101,0; +298,0 
-92,0; +298,t * 
-65,1; +298,4 J" 

-t0t, t; +298,0 
-97,t; +298,i 
-99fi; +297,4 
-58,6; +298,7 

-t58,3; +296,6 

* In dichloroethane --73; +295 ppm [5]. 
Inni t robenzene --64~ +298.0 [14]. 
In t e t rach loroe thane  [15]. 

It is c l ea r  that the t r io rganylch lorophosphoranes  ex is t  a lmos t  en t i re ly  in the ionized fo rm,  both in the 
�9 c rys ta l l ine  s ta te  and insolut ion.  The  poss ibi l i ty  that  these  compounds have sal t l ike  s t r u c t u r e s  is sugges t edby  

the fact  that  t h e y a r e  al l  insoluble in benzene.  In addition, the CS's  of PhsPC12 and Bu3PC12 in po la r  solvents  
a re  c lose  to those for  the cor responding  chlorophosphonium cat ions .  It  is a l so  known that Ph3PC12 exis t s  in 
ionic f o r m  in the sol id s ta te  [16]. 

On the bas i s  of the data p r e s e n t l y a v a i l a b l e ,  it is diff icul t to identify the fac to r s  which de te rmine  the ch loro-  
phosphorane s t r u c t u r e s .  It can, however ,  be suggested that  the t r i gona lb ipy ramida l  s t ruc tu re  tends t o p a s s  
over  into the chlorophosphoninm fo rm under  the act ion of e lec t ron ic ,  and poss  ibly s t e r i c ,  ef fects  f rom the organic  
rad ica l s  a t the  phosphorus a tom.  These  two f o r m s  ex i s t s imu l t aneous ly  in solution, being in equi l ibr ium,  with 
the point of equi l ibr ium displaced to the one side or  the o ther .  * 

EXPERIMENTAL 

The 31p NMRspectra were obtained witha VarianXL-100/12 spectrometer. Chemical shifts were mea- 
sured relative to 85% H3PO 4 under complete decoupling of the spin-- spin proton interaction. All the operations 
involved in synthesizing the various compounds and preparing their solutions for measurement were carried 
out in an atmosphere of dry argon, using absolute solvents. 

The organyltetrachloro- and diorganyltrichlorophosphoranes were prepared by reactingthe respective 
chlorophosph[nes with equimolar quantities of dry chlorine in CCI 4 at low temperature. The triorganyldichloro- 
phosphoranes were prepared by a modification of the procedure of [I 8], working at --30 ~ and us ing etheral phos- 
gene solutions as chlorinating age_nts. The organylchlorophosphoninm hexachlorophosphates were synthesized 
by reacting PCI 5 with an cquimolar quantity of the phosphorane in benzene. 

C O N C L U S I O N S  

The methods of 3ip NMR spec t roscopy  have been used  to show that the organylehlorophosphoranes  ex i s t  
as mix tu re s  of ionic and mo lecu l a r  f o r m s  in so lu t i on .  The posit ion of the equi l ibr ium point in these s y s t e m s  
is de te rmined  by the solvent  and the nature  of the subst i tuents  in the ch lorophosphorane .  
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