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In [1] data were  ci ted on the equi l ibr ium CH-acidi ty  (pK) of a number  of phosphine oxides and phos -  
phine sulf ides of analogous s t ruc tu re ,  obtained by the method of t r ansmeta l l a t ion ,  using a lka l i - subs t i tu ted  
a l ipha t i c - - a roma t i c  indicators  in diglyme (DG) and in DMSO. X 

\ 
In this  work we m e a s u r e d  pK of compounds ~vith the genera l  fo rmula  / P  (O)CH2C6H4Z- p to de t e r -  

Y 
mine the influence of e lec t ron ic  ef fec ts  of the subst i tuents ,  as  well as the polar i ty  of the solvent,  on the 
CH-acidi ty.  

D I S C U S S I O N  O F  R E S U L T S  

The compounds studied in this  work a r e  ci ted in Table 1. The synthes is  of (I) and (V) was descr ibed  
e a r l i e r  [1]. The oxide (II) was produced f r o m  di isopropylchlorophosphine and benzyt magnes ium chloride,  
followed by oxidation of the in te rmedia te  di isopropylphosphine.  The phosphtne oxides (III) and (IV) were  
synthes ized  through the o rganomagnes ium compounds of the i r  ch lor ides  of benzylphosphonic and phenylben-  
zylphosphinic acids .  To obtain (VI) and (VII) we used the method of synthes is  of nonsymmet r i ea l  phosphine 
oxides [3], based  on alkylat ion of Mg sa l t s  of diarylphosphinous acids,  fo rmed  under  the action of a ry l  m a g -  
nes ium hal ides  on diethyl phosphite.  

The e s t e r s  (VIII)-(XI) were  produced accord ing  to the Michae l i s - -Becke r  react ion  f rom sa l t s  of the 
co r respond ing  acid e s t e r s  of acids  of t r iva len t  phosphorus.  Amides  of benzylphosphonic acid (XII) and 
(XIII) were  synthes ized  f r o m  the dichloride of the acid and secondary  amines .  

The condensat ion of diphenylphosphine with aldehydes in acid medium [15] led to the phosphine oxides 
(XIV) and (XV). P robab ly  subst i tuted hydroxybenzylphosphines  a re  f o rmed  in these  syntheses  and undergo 
a pseudoal lyl  r e a r r a n g e m e n t  [16] 

p-ZC,H,CHO , (C~H5)2 PCHCeHaZ-p ~ (C~I4~)~P (0) CH~C6HaZ-p 
(CeI-L)~ PH HCl " ! 

OH 
Z = CHa, CHaO 

Diphenylphosphine was synthes ized  by the c leavage  of ethyldiphenylphosphinite with sodium in liquid NH 3. 
The initial ethyldiphenylphosphinite was produced by the react ion  of PC13 with benzene in the p re sence  of 
AICI$, followed by a lcoholys is  of the react ion  mix ture  in the p re sence  of t r i e thy lamine  [17]. 

The phosphine oxides (XVI) and (XVII) were  produced by an Arbuzov r e a r r a n g e m e n t  of ethyldiphenyl-  
phosphinite by subst i tuted benzyl b romides .  The ni t ra t ion of diphenylbenzylphosphine oxide (V) led to the 
ni t ro  der iva t ive  (XVIII), the s t ruc tu re  of which as  a p - i s o m e r  was a s sumed  on the bas i s  of analogy with the 
n i t ra t ion of benzylphosphonic acid [18]. 
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TABLE 1. Derivat ives  of Benzylphosphinic Acid and Substituted Ben- 
zylphosphine O x i d e s  

C o m -  
pound 

(1) 
([i) 

(iIl) 

(iv) 

(V) 
(VI) 

(vn) 

(viii) 

(ix) 
(x) 

(xi) 
(xn) 

(XlII) 
(XlV) 
(xv) 

(xv]) 
(XVII)  

(xviH) 

Yieid 
Formula ,% 

(O.H~)~P(O)CH~C~H~ 
(i-Ca H:)..,P (O) CH~C~H~ 

( C~H~)~P ( O ) CH-~_Cd-I~ 

CzHsC, HsP(O)CH.zC~H~ 

(CsH~),.,P(0) CH-zC~H5 
(p-CHaCsHa)~.P(0)CH2C6H~ a 
(m-CFK;~HahP(O)CH~C6H5 b 

C21isO(C~Hs)P(O)CH2CGH~ 

(Cd~IsOhP(O)CH~C~H~ c 
(C;HgO)._,P (0) CH2C~H~ d 
(i-CsHu0)eP(O)CH,zC~H~ e 
[ (CH~)eN ]-.~P(O)CH~C~H~ 

[(C~H~):N ]~.P(O)CHeC~H~ f 
p-CHa0C~H~CH~P(O) (C~H~)e 
p• 
p-C~H~COOC~HaCHeP(O)(C~Hs)~ 
p-C N C~HaCH,.P(0)(C~H~)~. 

p-N O~C~H~CH~P(O)(CdH~h h 

50 

46 

73 

Mp, ~ C 

42---43 
47,5--48,5 
(pet. ether) 

68--69 (pet. ether) 

1t5--1t6.5 
benzene) 

1 9 8 - t  tiff 
178--179 (heptanel 

142--143 
'benzene-hexane) 

63 --63,5 
(pet. ether) 

82,5--83,5 
(pet. ether) 

52--53 (heptane) 
223--224 (alcohol) 
t 98--t 99 (alcohol) 
197-- i98 (alcohol) 

221--222 
(ethyl acetate) 
206--208 (a [coholl 

Bp,~ (P, ~o 
mmHg) i~r 

i55--t56 (2) [tl 
160-- t62 (2)[ - -  

[61 
- -  HI 

175-177(21 [71 
[s] 

135--t36(4) [91 
t57--159 (2) [t0] 
157--158 (2) -- 
I41--142(2) [1t] 

t58--160 (2) - -  

- -  [iZl 
- -  [13i 

aFound: c 7.~,6; H 6,8; P 9,7%. C~IHnOP. C a l c u l a t e d :  G 78,7; H 6,6; P 9,7%. 
bFound: c 5s,~; n 3,6; P 7,30,6. C2,H~F6OP. C a l c u l a t e d :  (; 5s,9; H 3,5; P 7,2%. 

2, i,ilI0; MR, found: 60,ii; c a l c u l a t e d :  60,26. C I,~ l,~t36b; d D 

d ,~ 1,4835; d~  1,0312; MR~ found: 78,98; c a l c u l a t e d :  78,74. 

e 20 d~  ,--, " D tA7~,; 1,0032; ~XR, found: s~ "))- calculated: 37,97. 

fFound: c 6r H 9fl; P ia,8%, c,~H2,x~oP.Caleulated:c 63~9; H 9#: P ii,0%. 
gFound: c 72,~; H 5,9; P 8,7%. C2_~t{~tO~P. C a l c u l a t e d :  c 72,5; H 5,8; P 8,5};. 
hFound: c ~7,5; t{ ~,8; p %5%. c.Ii~oNo~t,.Caleula~:ed:c 67,6; H 4,7; P !~,2%. 

The values of pK of substituted benzylphosphine oxides and their  analogs were measured  by the meth-  
od of t ransmeta l la t ion  in DG (counter ion Li +) and in DMSO (counter ion Cs +) (Table 2). The selection of 
var ious  counter  ions in DG and DMSO was substantiated ea r l i e r  [1]. Derivat ives  of diphenylbenzylphos- 
phine oxide, substituted in the benzyl group, are  poorly soluble in DG; therefore ,  their  acidity was de ter -  
mined only in DMSO (Table 3). The acidity of the compounds studied in both solvents was determined r e l a -  
tive to 9-phenylfluorene (18.5) [1]. 

In the case of a change in the polar i ty  of the solvent (see Table 2), the acidity of compounds (I)- 
(XIII) is displaced relat ive to the scale of pK of a l iphat ic- -aromat tc  CH-acids in DMSO, organophosphorus 
compounds are  relat ively weaker CH-acids than in DG. Thus, when DG is replaced by DMSO, the values of 
pK of the phosphine oxides (I)-(VII) and dialkylamides of benzylphosphonic acid (XII) and (XIII) increase  by 
4.7-5.6 units of pK, and of e s t e r s  of benzylphosphonic and phenylbenzylphosphonic acids (VIII)-(XI) by 3.7- 
4.0 units of pK (see Table 2). 

The observed  changes in pK are  evidently due to the ability of the phosphoryl  group for  coordination 
with the metal  cation, the degree of which depends on the solvation and polar  p roper t i es  of the solvent [1]. 
The different values of pK for  the oxide (V) with Cs + (27.9) and, found ea r l i e r  [1], with K + (27.1), can ev i -  
dently be explained by the ability of the phosphoryl group for  coordination to a definite degree in the polar  
DMSO as well. 

The relative acidity of the compounds studied is prac t ica l ly  independent of the polar i ty  of the medi -  
um, which i s  evidenced by the existence of a l inear  relationship between the values of pK in DG mud DMSO, 
which phosphine oxides and amides of benzylphosphonic acid obey [Fig. 1, Eq. (1)]. The group of points 
cor responding  to compounds with axial substituents at the phosphorus atom (VIII)-(XI) deviates f rom a 
l inear  dependence: 
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T A B L E  2. Equ i l ib r ium CH-Acid i ty  (pK) of the C o m -  
pounds X, YP(O)CH2C6H 5 in Diglyme and Dimethyl  
Sulfoxide 

C0iTI- ] 
pound 

(D (H)  
0H) 
0v) 
(v) 

(VI) 
(VH) 

(VIII) 
(IX) 
(x) 

(Xl) 
(xt[) 

(xHu 

C2H5 
i-C3H7 
C~H~ 
C~H5 
C~H~ 

p-CHaCsHa 
m-CFaC~H~ 

CsH~ 
C~H~O 
(]4H90 

i-CsHuO 
(CH3)~N 

C._,Hs).~N 

C,H5 
i-C3Hv 

C~H9 
C6H5 
C6H5 

p-CHaCeH4 
m-CF3C~H~ 

C~HsO 
C~HsO 
C4H90 

i-CsHnO 
(CH3)2N 
(C2Hs)~N 

*The vaIues of pK were taken from [1]. 

DG DMSO 

25,2 * 30,8 
26,2 30,7 
25,6 30,7 
24,0 29,3 
23,1 * 27,9 
23,5 28,2 
20,7 25,5 
23,9 27,8i 
23,9 27,9! 
24,1 28,0j 
24,2 27,9 i 
25,t 30,0j 
25,7 30,9 j 

ApK 

5,6 
4,5 
5,i 
5,3 
4,8 
4,7 
4,8 
3,9 
5,0 
3,9 
3,7 
4,9 
5,2 

PKDMSO = 4.0 • 1.04 pKDG § 0.3; s~ -- 0.06; r = 0.987 (1) 

The inf luence of  subs t i tuen t s  on the phosphorus  a tom on the CH-ac id i ty  can be e s t i m a t e d  f r o m  the va lues  
of pK in DG, where  the e f fec t s  of the s t r u c t u r e  were  m o r e  c l e a r l y  mani fes ted .  In DMSO pK of (I)-(III), 
(XII), and (XIII) w e r e  p r a c t i c a l l y  the same ,  which may  be a s soc i a t ed  with an app roach  to the l imi t  of r e -  
l iable  m e a s u r e m e n t s .  

A c o m p a r i s o n  of the pK va lues  of phosphine oxides  in DG and DMSO with the cons tan t s  ap of the sub -  
s t i tuen ts  at the p h o s p h o r u s  a t o m  gave l inea r  c o r r e l a t i o n s ,  which have a l m o s t  equal s lopes  and dif fer  in the 
f r e e  f a c t o r  by a p p r o x i m a t e l y  f ive uni ts  of pK [Fig. 2, Eqs .  (2) and (3)] 

PKDG = 20.4--2.20 EaP 4- 0.t; sp = 0.05; r = 0.993 (2) 

pKDMsO = 25.3--2.22 EoP+- 0.4; sp = 0.20; r = 0.982 (3) 

The points  c o r r e s p o n d i n g  to subs t ances  with alkoxyl o r  amide  subs t i tuen ts  at the phosphorus  a tom 
devia te  f r o m  the func t ions  (2) and (3); m o r e o v e r ,  the devia t ions  have di f ferent  s i g n s ' f o r  the e s t e r  and 
amide  g roups .  The c a u s e s  of the indicated  devia t ions  a r e  not ye t  c l ea r .  

The in t roduc t ion  of subs t i tuen t s  Z into the p -pos i t ion  of the benzyl  g roup  of  d iphenylbenzylphosphine  
oxide (see Table  3) g r e a t l y  in f luences  the CH-ac id i ty .  Thus,  the NO 2 group  i n c r e a s e s  the ac idi ty  by a l m o s t  
10 o r d e r s  of  magni tude .  The inf luence of subs t i tuen ts  on the CH-ac id t ty  is well d e s c r i b e d  by Eq. (4), in 
which the cons tan t s  a- ,  c o n s i d e r i n g  the d i r ec t  p o l a r  conjugat ion of the subs t i tuent  with the r eac t ion  cen te r ,  
were  used :  

pK = 27.6--7.13 a -  -~- 0.5; s~ - 0.34; r = 0.996 (4) 

The H a m m e t t  a - c o n s t a n t s  give a p o o r e r  c o r r e l a t i o n  (r = 0.978, sp = 1.0). 

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

All the ope ra t i ons  were  p e r f o r m e d  in an a t m o s p h e r e  of a rgon.  The pur i ty  of the subs t ances  obtained 
was  m o n i t o r e d  by the method  of  gas - - l i qu id  c h r o m a t o g r a p h y  under  the condi t ions  of [1]. The y ie lds ,  c o n -  
s tan ts ,  and a n a l y s e s  of the c o m p o u n d s  obta ined  a r e  c i ted  in Table  1. The y ie lds  a r e  given on the b a s i s  of 
the p r o d u c t s  obta ined a f t e r  the f i r s t  r e e r y s t a l l i z a t i o n ;  the mel t ing  points  of  the l a t t e r  and an ana ly t ica l  
s ample  d i f fer  by 1-3~ 

T A B L E  3. Equ i l ib r ium CH-Acid i ty  (pK) 
ZCsH4CH2P(O)(C~Hs) 2 in Dimethyl  Sulfoxide 

Compound ~ z pK Compound 

(XIV) CHaO 29,2 11 (XVl) 
(XV) CHa 28,6 II (XVII) 

(V) H 27,9 (XVIII) 

of the Compounds  p -  

Z pK 

CO~C2H5 23,0 
CN 2t,9 
NO~ t8~2 
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Fig. 1. Relat ionship between pK of de r iva t ives  of benzy lphos-  
phonic acid and subst i tuted benzylphosphine oxides in DG and 
DMSO. The numera t ion  of the points c o r r e s p o n d s  to the c o m -  
pounds. 

Fig. 2. Dependence of pK of de r iva t ives  of benzylphosphonic 
acid and subst i tuted benzylphosphine oxides in DG and DMSO 
on the constants  Crp of the subs t i tuents  at the phosphorus  a tom.  
The numera t ion  of the points c o r r e s p o n d s  to the compounds.  

7 

3 

qO0 d00 500 A,nm 

Fig. 3. UV s p e c t r a  of phosphor -  
us -conta in ing  ca rban ions  in DMSO: 
1) (v); 2) (XVlI); 3) (xvI); 4) 
(XVliI). 

Diisopropylbenzylphosphine Oxide (II). To a Gr ignard  reagent  
(from 1.3 g Mg and 7.1 g C6HsCH2C1 in 50 ml  ads.  e ther)  we added 
with mixing 8.5 g d i i sopropylchlorophosphine  [19] at 20~ The 
mix tu re  was t r e a t ed  with 40 ml  of sat .  NH4C1. The aqueous l aye r  
was ex t rac ted  with benzene.  The combined ex t rac t  was dried with 
anhydrous  Na2SO 4 and evapora t ed  under  vacuum. To the res idue  
we added 25 ml  of acetone and then dropwise 5.1 g of 33% H202. 
The solution was mixed for  2 h, evapora ted  under  vacuum~ the 
res idue  dissolved in CHC13, washed with a solution of Mohr ' s  salt ,  
with water ,  and dried with anhydrous  Na2SO 4. The res idue  a f t e r  
evapora t ion  of the solvent  was red is t i l l ed  under  vacuum. We ob- 
tained 6.2 g of the oxide (II). 

Dibutylbenzylphosphine Oxide (Ill). A Gr ignard  rea~,ent 
(from 2.7 g Mg and 15.7 g CH4HgBr in 50 ml  abs.  THF) was added 

dropwise  with mixing at the t e m p e r a t u r e  --20 to --10~ to 10.7 g of the chlor ide of benzylphosphonic acid 
in 25 ml THF.  The mix tu re  was boiled for  1 h and t r e a t ed  with dilute (1: 10) H2SO 4. The aqueous l ayer  
was ex t r ac t ed  with e ther ,  and the combined ex t r ac t  evapora ted  under  vacuum.  The res idue  was boiled for  
3 h with 10 ml of 20% aqueous-a lcohol ic  KOH. The alcohol was evapora ted  under  vacuum,  the res idue  di-  
luted with water  and ex t r ac t ed  with CHC13. The ex t r ac t  was washed with water ,  dried with anhydrous 
Na2SO4, and evapora ted  under  vacuum.  The res idue  was redis t i l led .  Yield 5.5 g (III). 

Ethylphenylbenzylphosphine Oxide (IV). To 6,2 g PC15 in 70 ml  abs. benzene,  while boiling, we added 
7.4 g phenylbenzylphosphinic acid in por t ions  [20]. The mix tu re  was boiled for  3 h m~d evapora ted  under  
vacuum.  To a solution of the acid chlor ide  obtained in 25 ml abs.  THF with mixing, we added dropwise a 
Gr igna rd  reagent  (0.9 g Mg and 4.2 g C2HsBr in 35 ml  abs.  THF) at --20 to --10~ Then the synthes is  was 
conducted analogously to the product ion of (III). Af te r  r ec rys t a l l i za t ion  f r o m  benzene,  we obtained 5.7 g 

(IV). 
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T A B L E  4. Equ i l ib r ium Constants  of Reac t ions  of T r a n s m e t a l t a t i o n  

Corn- ] D_iglyme Dimethyl sulfoxide 

pound ] indicator*(pK) [ ~; ,* indicator* (pK] I< n 

(1) 
(i) 

0t) 
(ttl)  
(m) 
(iv) 
0v) 
(v) 
(v) 

(w) 
(v l t )  
(v[[0 
0x) 
(x) 

(xo 
(xi[) 
(xt[) 

(xHI) 
(xlv) 
(xv) 

(xvl) 
(xvlo  

(xvHi) 

�9 PF (23,7) 
! TPP (25,9) 

TPP (25,9) 
TPP (25,9) 
PX (27,8) 
PF (23,7) 

i (23,5) F (23,7) 
(23,4) 

FBF (22,0) 
(23,4) 

F (23,4) 
F (23,4) 
F (23,4) 
PF (23,7) 
TPP (25,9) 
PX (27,8) 

0,0454-0,005 
3,3_+0,6 

0,55_+0,t 
1,4_+0,14 
1704-25 

0,52+0,05 

2,14-0,3 
3,9_+0,5 

0,79_+0,09 
19,3_+2,2 
0,26_+0,04 
o,29_+0,03 
0,17+0,04 
0,t5-+0,01 
0,05-+0,002 
4,9-+1,4 
i08_+I5 

2 DHA (30,4) 
3 BDM (29,7) 
3 BDM (29,7) 
3 BDM (29,7) 
3 
6 PX (28,3) 

BDM (29,7) 
7 PX (28,3) 
3 
5 FK (28,3) 
fi TPP (26,2) 
t; PX (28,3) 
3 px (28,3) 
5 px (28,3) 
6 px (28,3) 
3 PX (28,3) 
3 BDM (29,7) 
3 TPM ('31,1) 

PX- (28,3) 
PX (28,3) 

(,~F,;) 
(18,5) 

0,28_+0,03 
0,08+0,02 

0,0964-0,007 
0,t04-0,0t3 

0,t0+0,4 
2,2_+0,3 
2,8_+0,1 

1,44-0,2 
4,6_0,6 
3,4-+0,4 
2,34-9,1 
t,8-4-0,t 
2,74-0,2 

0,022 • 
0,4i+0,03 
t,7-+0,2 

0,144-0,0t 
0,50-+0,t 
0,86_+0,05 
0,81 +0,06 
2,15_+0,05 

6 
6 
4 
3 
3 
3 
3 
3 
6 
4 
5 
5 
6 
5 

*PF) 9-isopropylfluorene; TPP) 1,1,3, g-tetraphenylpropene; PX) 9-phenylxanthene; 
F) fluorene; BF) 9-benzylfiuorene; DHA 9,10-dihydroanthracene~ BDM) p-biphenylyldi,, 
phenylmethane; TPM) triphenylmethaneI PF) 9-phenylfluorenel n is the number of mea- 
surements. 

D i -p - to ly lbenzy lphosph ine  Oxide (VI). To a G r i g n a r d  r eagen t  (from 2.4 g Mg and 17.1 g p - b r o m o -  
toluene in 80 ml abs .  e ther )  we added 4.6 g diethyl phosphi te  dropwise  with mixing,  main ta in ing  weak bo i l -  
ing of  the mix tu re ,  and a f t e r  30 mtn of boil ing,  17.7 g C6HsCH2C1. The mix tu re  was  boi led for  4 h and 
t r e a t e d  with 80 ml  of  diluted (1 : 27 HC1. The aqueous  l a y e r  was e x t r a c t e d  with e ther .  The combined  e x -  
t r a c t  was  washed  with a s a t u r a t e d  solut ion of soda,  with water ,  d r ied  with anhydrous  Na2SO4, and evapo ra t ed  
under  vacuum.  The re s idue  was  r e c r y s t a l l i z e d  f r o m  heptane.  Yield 12.2 g (VI). 

D i (m- t r i f i uo rome thy lpheny l )benzy lphosph ine  Oxide (VII). The oxide (VII) was  p roduced  ana logous ly  
to (VI) f r o m  m - b r o m o b e n z o t r i f l u o r i d e  and dtethyl phosphi te .  

Ethyl  E s t e r  of Pheny lbenzy lphosph in ic  Acid  (VIII). To sodium e thylphenylphosphoni te ,  p roduced  by 
boi l ing (6 h) 16.3 g e thy lphenylphosphoni te  with 2.2 g Na in 100 ml abs.  THF, we added dropwise  12.2 g 
C6HsCH2CI. Af t e r  8 h of  boil ing,  50 ml of benzene  and 40 ml of wa te r  were  added to the mix tu re .  The 
aqueous  l a y e r  was  e x t r a c t e d  with benzene .  The combined  e x t r a c t  was  washed with water ,  d r ied  with a n -  
hyd rous  Na2SO t, and e v a p o r a t e d  u n d e r  vacuum.  The res idue  was red is t i l l ed .  Yield 12 g {VIII). 

E thyl  E s t e r  of Benzy lphosphonic  Ac id  (IX). To a solut ion of C2H5ONa (from 3.7 g Na and 90 ml abs.  
alcohol)  we added 22.3 g d ie thylphosphi te ,  then d ropwise  with mix ing  20.5 g C6HsCH2C1 and boi led fo r  6 h. 
Most  of the a lcohol  was  r e m o v e d  under  vacuum.  To the r e s idue  we added 100 ml of benzene and 70 ml of 
wa te r .  The aqueous  l a y e r  was  e x t r a c t e d  with benzene .  The combined  e x t r a c t  was  washed  with water ,  
d r ied  with anhydrous  Na2SO4, and e v a p o r a t e d  under  vacuum.  The r e s idue  was  d is t i l led  off. Yield 26.5 g 
(IX). 

The dibutyl (X) and d i i soamyl  (X-I) e s t e r s  of benzylphosphonie  ac id  were  syn thes i zed  ana logous ly .  

T e t r a m e t h y l d t a m i d e  of Benzylphosphonie  Acid  (XTI). Gaseous  d imethy lamine  was p a s s e d  th rough  a 
solut ion of 10 g of the ch lo r ide  of benzylphosphonic  ac id  in 130 ml  abs.  benzene  at -<45~ until  the end of 
spon taneous  hea t ing  of the mix tu re .  The mix tu re  was  boi led fo r  1 h in a s t r e a m  of d ime thy lamine  and 
t r e a t e d  with wa te r .  The o rgan ic  l a y e r  was  evapo ra t ed  under  vacuum.  The r e s idue  was  boi led fo r  4 h with 
35 ml  of 20% aqueous  a lcohol ic  NaOH. The a lcohol  was  evapo ra t ed  under  vacuum,  the r e s idue  diluted with 
w a t e r  and e x t r a c t e d  with CHCI 3. The combined  e x t r a c t  was  dr ied  with anhydrous  Na2SO 4 and evapo ra t ed  
u n d e r  vacuum.  The re s idue  was  red i s t i l l ed .  Yield 8.7 g (XII). 

T e t r a e t h y l d i a m i d e  of  Benzy lphosphonic  Ac id  (XIII). The amide  (XIII) was  syn thes i zed  ana logous ly  to  
(XII), the only d i f fe rence  being that  the ch lor ide  of  benzylphosphonie  ac id  was  added to d ie thylamine ,  d i s -  
so lved in benzene ,  at  20-30~ 
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Diphenyl-p-methoxybenzylphosphine Oxide (XIV). A mixture of 6.9 g diphenylphosphine, 5 g p-meth- 
oxybenzaldehyde, 50 ml AeOH, and 1 ml cone. HCI was boiled for 13 h. The residue was filtered off, 
washed with ether, and dissolved in a large quantity of CHCI 3. The solution was washed with 5% NaOH, 
with water, dried with anhydrous Na2SO4, and evaporated under vacuum. The residue was reerystallized 
from alcohol. Yield 8.9 g (XIV). 

Diphenyl-p-methylbenzylphosphine Oxide (XV). The oxide (XV) was synthesized analogously to (XIV). 

Diphenyl-p-carboethoxybenzylphosphine Oxide (XVI). To 8 g of the ethyl ester of a-bromo-p-toluic 
acid we added dropwise at 20~ under a vacuum of 60 mm 7.7 g ethyldiphenylphosphinite [17]. ']?he mixture 
was heated under vacuum for 4 h at 120~ After reerystallization from alcohol we obtained 10.1 g (XVI). 

Diphenyl-p-cyanobenzylphosphine oxide (XVII) was synthesized analogously (180~ 3 h, vacuum 
~60 ram). 

Diphenyl-p-nitrobenzylphosphine Oxide (XVIII). To 80 ml of a mixture (I : 1) of cone. HNO 3 and H2SO 4 
we added in portions over a period of 30 rain at 0~ 5.7 g of diphenylbenzylphosphine oxide, mixed for 3 h 
at 20~ and poured out into ice water with vigorous mixing. The precipitate was filtered off, washed sev- 
eral times with water, and dried. After reerystallization from alcohol we obtained 5.5 g (XVIII). 

Diphenylphosphine. To a solution of 3.1 g Na in 250 ml abs. NH 3 we added 15.7 g ethyldiphenylphos- 
phinite [17]. The mixture was mixed for 2 h. Ammonia was removed, 70 ml of benzene and 70 ml of di- 
lute (I : I) HCI were added to the residue. The aqueous layer was extracted with benzene. The combined 
extract was washed with a saturated solution of NaHCO3, dried with anhydrous Na2SO4, and evaporated un- 
der vacuum. The residue was redistilled. We obtained i0 g (76%) diphenylphosphine, bp i34-136~ (2 
ram) [21]. 

Measurements of the equilibrium constants K (Table 4) of reactions of the investigated compounds 
with alkali substituted CH-indicators were conducted according to [i]. In a number of eases pK was de- 
termined by measurements with two indicators. The numeration of the compounds in Table 4 is given ac- 
cording to Table I. The values of pK sought are equal to the difference of the values of pK for the indica- 
tors and logK, indicated in Table 4. 

In DG the equilibrium for Li-substituted TPP and PX is reached within a long period of time (up to 
seven days), which hinders the reliable determination of K. Metallation of (VIII)-(XI) in both solvents, as 
well as that of (VI) in DMSO, is accompanied by a side process (possibly decomposition of the phosphorus- 
containing carbanions), leading to the formation of a loose deposit. However, the rate of this process is 
comparatively low and reproducible values of K can be obtained with successive displacements of the equi- 
librium of transmetallation in both directions. The error in the determination of pK does not exceed +0.i 
pK unit. 

Solutions of the carbanions (I)-(XV) have a yellow-brow~ color, to which a broad absorption band 
(Fig. 3) with a maximum in the near UV region corresponds. The spectra of carbanions of this series 
differ negligibly in position of the maximum (by 10-15 nm). Ln DG the maximum of the band is somewhat 
shifted in the direction of shorter waves, but its exact position was determined in view of the strong gen- 
eral absorption in the UV region of the reaction mixture. The carbanions (XVI}-(XVIII) in DMSO have the 
characteristic absorption bands in the visible region (see Fig. 3, curves 2-4). The color of solutions of 
the carbanions (XVI) and (XVII) is yellow-green, that of (XVIII) purple. Values of kma x, nm (~- 10 -3, 
liters/mole.cm): (XVI) 430 (40 • 4), (XVII) 405 (30 • 2), (XVIII) 535 (43 • 4) and 570 (36 • 3). 

C O N C L U S I O N S  

1. The equil ibrium CH-acidity (pK) of benzylphosphine oxides, as well as e s t e r s  and te t raa Iky l -  
amides of benzylphosphonic acid in diglyme (DG) and DMSO was determined by the method of t r ansme ta l l a -  
tion. 

2. The acidity in DMSO is 4-6  units of pK lower than in DG, which can be explained by supplemen-  
ta ry  stabilization in DG of the carbanions  of phosphine oxides and their  analogs on account of coordination 
of the cation with the phosphoryl  group. 

3. A l inear  relationship is observed  between the values of pK of phosphine oxides and amides of ben-  
zylphosphonic acid in DG and DMSO, which is not observed  for compounds with alkoxyl groups at the phos-  
phorus atom. 
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4. The l inear  co r r e l a t ions  of the values  of pK in the two solvents  with the constants  of subst i tuents  
at the phosphorus  a toms  ap of benzylphosphine oxides have close values  of the slopes.  Amides  and e s t e r s  
of benzylphosphonic acid do not obey  this dependence. 

5. The re  is a l inear  re la t ionship  between the values  of pK of der iva t ives  of diphenylbenzylphosphine 
oxide with subst i tuents  in the parapos i t ion  of the benzyl group and the substi tuent  constants  a- .  
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