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To study the c h a r a c t e r  of H-bonds in oxides of hydroxyl-conta in ing phosphines we synthesized o~-diphen- 
y lphosphonyl-subst i tu ted  al iphatic  alcohols [1] and a lso  O-phosphonyl-containing a ry la l ipha t ic  alcohols  [2] and 
phenols [3]. 

The synthes is  is descr ibed  in the p re sen t  work of some  o -phosphorus - subs t i tu ted  benzoic acids which has  
been undertaken with the a im of invest igat ing the influence of the na ture  of the OH group on the c h a r a c t e r  of the 
H-bond in the c rys ta l l ine  s ta te  and in solution. 

o -Phosphorus - subs t i t u t ed  toluenes (i-III) se rved  as  s t a r t ing  compounds for  o-phosphonyi-conta in ing ben-  
zoic ac ids ,  of which only o-diphenylphosphonylbenzoic  acid is known [4]. The s ta r t ing  m a t e r i a l s  were  obtained 
by the in teract ion of o - to ly lmagnes inm bromide  with acid chlor ides  of dialkylphosphinic acids ,  o -Diphenylphos-  
phonyltoluene (IV) was synthesized f rom o - to ly lmagnes inm bromide  and Ph2PC1 ~ with subsequent  oxidation of 
the resul t ing phosphine with H202. 
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R = Me (I), (V); Et (II), (VI); Bu (III), (VII); Ph (IV), (VIII). 

o -Phosphonylbenzoic  acids W-VIII) were  obtained in high yield with the exception of o-dibu>ylphosphonyl-  
benzoic acid (VII) by the oxidation of o-phosphonyl toluenes  (I-IV) with KMnO 4 in aqueous pyridine [5], 

Methyl e s t e r s  (IX-XID of the synthesized acids (V-VIII) were  obtained by es te r i f i ea t ion  in MeOH in the 
p r e sence  of cone. H2SO 4 or  by alkylat ion of the acids with d iazomethane  in ether .  The constants  of the obtained 
compounds a r e  given in Table 1. 

The ionization constants  of o -phosphorus - subs t i t u t ed  benzoic acids (V-VIII) were  measu red  by us with the 
a im of compar ing  them with the analogous para  i s o m e r s .  Ionization constants  were  m e a s u r e d  by potent iometr ic  
t i t ra t ion in aqueous alcohol (1:1 and 1 : 4  by volume) and in water  the ease  of wa te r - so lub le  acids (Ta-  
ble 2). 

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

All opera t ions  with P(III) compounds were  ca r r i ed  out in an a t m o s p h e r e  of Ar .  Melting points were  m e a -  
sured with spec ia l ly  shor t  Ansch~tz t h e r m o m e t e r s .  The 3 t p _ { H }  NMR spec t ra  of solutions of subs tances  in 
alcohol were  taken on a Bruker  HX-90 s p e c t r o m e t e r  (36, 43 MHz) in impulse  mode, standard was 85% H3PO 4. 
Chemical  shifts  a r e  given in the new sca le  [10]. 

o-Dimethylphosphonyl to luene ([). A solution of Me2P(O)CI [11] (26.9 g) in abs.  benzene (80 ml) was added 
dropwise  with s t i r r i ng  to the Grignard reagent  obtained f rom Mg (8.3 g) in abs .  e ther  (70 ml) and o - b r o m o t o -  
luene (BT, 58.6 g) in abs .  e ther  (70 ml) (2-,1 boiling) at  0~ The mix tu re  was boiled for  3 h and decomposed 
with dilute HC1 (1:1).  The aqueous l aye r  was washed three  t imes  with pe t ro leum e ther ,  neut ra l ized  with d ry  

*A s impl i f ied synthesis  of diphenylchlorophosphine f r o m  CGH G and PC13/A1C13 through diphenylphosphinic acid 
is descr ibed  in the exper imenta l  sect ion.  
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T A B L E  1. Yie lds ,  Cons tan t s ,  and Analyt ical  Data of  the Obtained 
Compound s 

Com- Yield, 
pound % 

(I) ~7 

(II) ~8 
(IID yl 
(iv) ~3 

(v) ~o 

(VI) [2 

(vii) !7 

(VIII) ~2 

(IX) }3 

(X) i9 
(XI) ~0 

(xH) '0 

mp ~ (solvent) 
bp ~ (mm Hg) 

85-86,5 
(from hexane- 
emyl acetate) 

150- t52 (2) 
i,t7,5- f,1~8 (2) ~ 

155-156 (t) b 
t25-:t26c 

(from acetone) 
t95,5-,196,5 
(from water) 
~158-158,5 

(from methyl 
ethyl ketone) 

M3i-t~t~ 
(from MeCN- . 
methyl ethyl ket.) 

25~-254 d 
(from MeOH) 

8t,5-83,5 
(from cyclohex.- 
ethyl acetate) 

166-167, (2) e 
t77,-179 (t) f 
t~4-~t~5 

(from cyclohex- 
ane-methyl ethyl 
ketone) 

Found, % 

c I-I 

6~3' 7,8 

6"7,4 
7,1,~ 

54,8 

58,5 

63,9 

56,5 

60,t 
64,8 
71,4 

Empirical 
p formula 

C9Hi3OP, 

CiiHi7:0P 
CI~H2~OP 

CgHi,OsP 

C~6HtsOsP 

CisH2~OaP 

C~0HI~O~P 

CI2HITOzP 
CI6H250~P 
CaoH~703P 

Calculated, % 

c II 

t8,4 

15,8 
12,3 

t5,6 

13,7 

11,0 

t4,6 

12,9 
10,4 
9,2 

n2~ D 1.5435,  d42~ 1.0567. 
n2~ 1.5216,  d42~ 0.9980. 

- c f .  [4]. 
n2~ 1.5362, d420 1.1285. 

2~ , d42~ 1.0785. 

NaHCO3, and ex t rac ted  with CHC13. The e x t r a c t  was  d r ied  o v e r  Na2SO4, evapora ted  in vacuum,  and the r e s idue  
d is t i l led .  Yield of  (D was 26.0 g. 

o -Die thy lphosphony l to luene  ([I). A solut ion o f  Et2P(O)C1 [12] (21.3 g) in abs .  e ther  (50 ml) was added d r o p -  
wise  with s t i r r i n g  to the Gr igna rd  r e a g e n t  obtained f r o m  Mg (4.6 g ) i n  abs .  e ther  (30 ml) and BT (32.3 g) in abs .  
e the r  (100 ml) (1-h boiling) at  0~ The m i x t u r e  was boiled for  2 h and decomposed  with a sa tu ra ted  solution of  
NH4C1. The o rgan i c  l a y e r  was s e p a r a t e d ,  the aqueous  ex t rac ted  with CHC13, the combined  ex t r ac t  dr ied  ove r  
Na2SOt, evapora t ed  in v a c u u m ,  and the r e s idue  d is t i l l ed .  F r o m  the obtained p~oduct  (20.8 g) of  bp 109-111~ 
(1 ram) a f r ac t i on  was dis t i l led  off  with a f r ac t iona t ing  co lumn and had bp 115-120~ (6 ram).  The st i l l  r e s i d u e  
was red i s t i l l ed  twice in vacuum.  Yield of  (II) was 14.3 g. 

o -Dibu ty lphosphony l to luene  ([II). A solut ion of  Bu2P(O)C1 [13] (38.2 g) in abs .  e ther  (30 ml) was added to 
the Gr igna rd  r e a g e n t  obtained f r o m  Mg (5.9 g) a n d B T  (43.1 g) in abs .  e ther  (125 ml) (2-h boiling) at  0~ The 
m i x t u r e  was boiled for  3 h and d e c o m p o s e d  with di lute  (1:3)  HC1 (120 ml). Three  l a y e r s  fo rmed  in the r eac t ion  
m i x t u r e .  Af te r  wash ing  the midd le  l a y e r  with e the r ,  wa te r  (75 ml ) ,  CHC13 (50 ml) ,  and d r y  NaHCO 3 were  added 
to neu t r a l  r e ac t i on .  The o rgan ic  l a y e r  was  s epa ra t ed ,  the aqueous l a y e r  was ex t rac ted  with CHC13, the combined 
e x t r a c t  dr ied  o v e r  Na2SO4, and evapora ted  in vacuum.  F r o m  the obtained p roduc t  ~ (32.8 g) of  bp 163-169~ (2 
ram) a f r ac t ion  was  dis t i l led  off on a co lumn and had bp 115-125~ (1 mm) .  The st i l l  r e s idue  was twice dis t i l led 
in vacuum. Yield of (Ill) was 21.2 g. 31p NMR spectrum (6, ppm): +39.9 s. 

Diphenylehlorophosphine.'~ A mixture of PCI 3 (27.5 g), AICI 3 (26.7 g), and abs. CGH ~ (62.4 g) was boiled 
for 15 h. Then C6H 6 (100 ml) was added to the mixture followed by dilute (i :4) HCI (200 ml) with cooling and 
stirring. The upper benzene layer (three layers were formed) was separated, and the aqueous layer was ex- 

~31p NMR spectrum (5, ppm): +55.4 s (11%);+39.7 s (83%); +37.0 s (6%). 
In the synthesis a modified procedure for obtaining diphenylphosphinie acid from PCI3/AICI 3 and C6H 6 was used 

[14]. 
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TABLE 2. Ionization Constants of Phosphorus -  
Substituted Benzoic Acids XC6H4COOH in Water  
and in Aqueous Alcohol (1 : 1 and i :4 by volume) 
for  o and p I s o m e r s  

X 

p-Me2P(O) [71 
o-Me2P (0) 
p-Et~P (0)[71 
o-Et2P (O) 
p-Bu2P(O) [81 
o-Bu2P (0) 
p-Ph2P (0) 
o-Ph2P (0) 

PK a 

water 

3,70 
3,27 

aqueous alcohol 

i : l  1 : 4  

4,9t 5,9i 
4,54 5,49 
4,9B 5,95 
4,59 5,54 
4,98 5,89 * 
4,92 5,72 
4,88 [81 5,82 
5,37 6,21 

~Caleulated from pK a in aqueous alcohol (1:1 
by volum e) using the equation PHat :4 = 1.035 PKa~ :i 
+0,78 derived from pK a values in aqueous al- 
cohol 1:1 and I :4 by volume [9]. 

t rac ted  with benzene.  The combined ex t rac t  was washed with dilute (1:4) HCI and combined with the middle 
l aye r  of oil ,  p rev ious ly  washed by decantat ion with dilute (1:4) HCI. The combined mix tu re  was washed with 
20% NaOH solution,  and then with dilute (1:10) HC1 and aqueous NaHCO 3 to neu t ra l  react ion.  The benzene solu-  
tion was dried ove r  Na2SO 4 and evaporated in vacuum. Benzene (50 ml) and PC13 (130 ml) were  added to the 
res idue  and then pe t ro leum ether  (100 ml) 15-20 h la ter .  The solid was f i l tered off, solvent  and PC13 were  d i s -  
tilled f r o m  the f i l t ra te  at  a tmosphe r i c  p r e s s u r e ,  and the res idue  was dist i l led in vacuum. Compound Ph2PC1 
(22.8 g, 52%) was obtained having bp 135.5~ (2 ram),  riD2~ 1.6352, d42~ 1..1905 (of. [15]). 

o-Diphenylphosphonyltoluene (IV). A solution of Ph2PCI (29.5 g) in abs.  e ther  (10 ml) was added dropwise  
at 0~ with s t i r r i ng  to the Grignard reagent  obtained f r o m  Mg (4.3 g) in abs.  e ther  (20 ml) and BT (30.3 g) in 
abs.  e ther  (70 ml) (l-h boiling). The mix tu re  was boiled for  1 h and decomposed with dilute (1:5) HC1 (75 ml). 
The organic  l ayer  was sepa ra t ed ,  the aqueous l aye r  extracted with e ther ,  the combined ex t rac t  washed with s a -  
turated NaHCO 3 solut ion,  and evaporated in vacuum. The res idue  was dissolved in acetone (80 ml) and 30% H202 
(15.4 g) in acetone  (20 ml) was added dropwise  to the solution with s t i r r ing .  The mix tu re  was evaporated in 
vacuum. Yield of (IV) was 32.5 g. 

o-Dimethylphosphonylbenzoic  Acid (V). Powdered KMnO 4 (80.9 g) was added with s t i r r i ng  in four portions 
ove r  1.5 h to a boiling mix tu re  of (l) (21.6 g), pyridine (100 ml) ,  and wate r  (40 ml) ,  maintaining gentle boiling 
throughout. After  boiling for  2 h, MnO 2 was f i l tered off and the solid washed with wa te r  (70 ml). Pyridine was 
disti l led off f rom the f i l t r a t e  as an azeot ropic  mix tu re  with water  (bp 94~ The res idual  solution was washed 
twice with CHC13 and acidified with dilute (1:1) HC1 until weakly acidic  react ion.  The precipi ta ted acid was 
f i l tered off. Yield of (V) was 22.1 g. 31p NMB spec t rum (6 ,  ppm):  +42.5 s.  

o-Diethylphosphonylbenzoic  Acid (V0. Powdered KMnO 4 (31.1 g) was added with s t i r r i ng  in three  port ions 
ove r  1 h to a boiling mix tu re  of (II) (9.7 g), pyrtdine (40 ml) ,  and wa te r  (40 ml) ,  maintaining gentle boiling through-  
out. Af ter  boiling for  2 h, conc. HC1 (75 ml) was added to the mix tu re  and then a sa tu ra ted  solution of NaNO 2 was 
added dropwise  to deco lor ize  the mix tu re  complete ly .  The precipi ta ted  solid was f i l tered off, d issolved in 20~0 
NaOH (25 ml) ,  the solution f i l te red ,  the f i l t ra te  acidified with conc. HC1, and the precipi ta ted solid f i l tered off. 
Yield of (VI) was 8.0 g. 31p NMB s pec t rum  (6, ppm):  +52.6 s. 

o-Dibutylphosphonylbenzoic Acid (VII). Powdered KMnO 4 (39.8 g) was added with s t i r r ing  in f ive port ions 
over  30 min to a boiling mix tu re  of (iii) (15.8 g), pyr idine (45 ml) ,  and wate r  (50 ml) ,  maintaining gentle boiling 
throughout. After  boiling for  15 rain the m i x t u r e  was cooled,  MnO 2 was f i l tered off, and the solid was washed 
with wa te r  (30 ml) .  Pyridine was dist i l led f rom the f i l t ra te  as the azeot ropic  mix tu re  with water  Oop 94~ The 
res idua l  solution was washed twice with CHC13 and acidified with dilute (1:1) HC1 to weakly acid react ion.  The 
oil which separa ted  was ext rac ted  with CHC13, the ex t rac t  dr ied over  Na2SO4, and evaporated in vacuum. The 
res idue  ~ (12.7 g) was dissolved in abs.  MeOH (150 ml) containing conc. H2SO 4 (2 ml). The solution was boiled 
for  5 h and evaporated in vacuum.  The res idue  was dissolved in CHC13, the solution washed three  t imes with 
5~0 NaOH and then with wate r ,  dr ied over  Na2SO4, and evapora ted  in vacuum. The res idua l  oi15 (8.0 g) was d i s -  

' ;3lp NMR spec t rum  (6, ppm):  +55,8 s (10%), +50.8 s (31~), +42~ s (59%). 
.~3tp NMR s p e c t r u m  (6, ppm):  +43.9 s (25.5%), +39,9 s (74.5~). 

1291 



solved in 50% aqueous alcohol (30 ml) containing KOH (1.5 g). ~ihe solution was boiled for  4 h and evaporated 
in vacuum. The res idue  was dissolved in water  (30 ml) ,  the solution washed twice with CHC13, and acidified 
with dilute (1:1) HC1 to weakly acid react ion.  Tae precipi ta ted  oil was extracted with CHC13, the ex t rac t  dried 
o v e r  Na2SO4, and evaporated in vacuum. The res idue  c rys ta l l ized  on t r i tura t ion  with MeCN. After  drying in 
vacuum* (1-2 ram) at  80~ for 2 d and then a t  110~ the yield of (VII} was 4.0 g. 31p NMR s p e c t r u m  (5, ppm)- 
-~49.7 s. 

o-Diphenylphosphonylbenzoic  Acid (VIH). Acid (VIII) was obtained f rom toluene (IV) in a m a n n e r  s i m i l a r  
to (VI). 31p NMR s pec t rum  (DMF, 5, ppm):  + 28.9 s.  

o-Dimethylphosphonylbenzoic  Acid Methyl Es t e r  (IX). A solution of (V) (4.0 g) in abs .  MeOH (70 ml) con-  
raining conc .  H2SO 4 (1 ml) was boiled for  5 h and evapora ted  in vacuum. The r e s idue  was d isso lved  in CHC13 
(50 ml) ,  the solution washed with sa tura ted  aqueous NaHCO3, dried over  Na~SOt, and evapora ted  in vacuum.  
The yield of (IX) was 3.9 g. 31p N M R s p e c t r u m  (5, ppm)" +32.0 s. 

o-Diethylphosphonylbenzoic Acid Methyl Es te r  (X). An e ther  solution of CH2N 2 obtained f r o m  n i t r o s o -  
methylurea  (2.0 g) [16] was added dropwise  with s t i r r i ng  a t  20~ to a suspension of (VI) (1.0 g) in abs .  CGH G 
(15 ml).  The solution was s t i r r ed  for  1 h at 20~ washed with sa tura ted  aqueous NaHCO3, dr ied ove r  Na2SO4, 
evapora ted  in vacuum,  and the res idue  dist i l led.  Yield of (X) was 0.6 g. 

o-Dibutylphosphonylbenzotc Acid Methyl Es t e r  (XI). Es te r  (XI) was obtained in a s i m i l a r  m a n n e r  to (IX) 
f rom acid (VII). 31p NMR s pec t rum  (acetone, 6, ppm)." +39.7 s. 

o-Diphenylphosphonylbenzoic  Acid Methyl Es t e r  (XII). Es te r  (X-[I) was obtained in a s i m i l a r  mann e r  to 
(X) f r o m  acid (VIII). 

Determinat ion of Ionization Constants .  Apparent  ionization constants  were  de te rmined  by poten t iomet r ic  
t i t rat ion [17] with the aid of a pH-340 po ten t iomete r  with an ESL-41G-04 glass  e lec t rode  a t  25 =e 0.1~ A f low- 
through s i l ve r  chlor ide e lec t rode  was used as r e f e r e n c e  e lec t rode.  Setting of the ins t rument  was c a r r i e d  out 
with t a r t r a t e  (pH 1.68), diphthalate (pH 4.01), phosphate (pH 6.86), and bora te  (pH 9.18) buf fe rs .  'l~he concen t r a -  
tions of solutions being m eas u red  were  1" 10 -2 m o l e / l i t e r .  Mean values obtained f r o m  the r e su l t s  of two or  
m o r e  t i t ra t ions a r e  given. "lhe apparen t  ionization constant  of o-diphenylphosphonylbenzoic  acid in aqueous 
alcohol (1:1 by volume) and of o-dimethylphosphonylbenzoic  acid in water  at  25~ were  de te rmined  by another  
method [18] (concentration 3 �9 10 -3 m o l e / l i t e r ) .  

Standardization was ca r r i ed  out with benzoic acid.  The pK a obtained were  4.21 (in wa te r ) ,  5.72, and 6;78 
(aqueous alcohol 1 -.1 and 1 -'4 by volume,  respec t ive ly) .  

S U M M A R Y  

1. o -Phosphorus - subs t i t u t ed  benzoic acids o-R2P(O)C6H4COOH, where  R = Me, Et ,  ~u ,  and Ph, and their  
methyl  e s t e r s  have been synthesized.  

2. 7he ionization constants  of the synthesized acids have been de te rmined  at 25~ in wa t e r  and in aqueous 
alcohol (1:1 and 1 : 4  by volume) by potent iometr ic  t i t ra t ion.  
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R E A C T I O N  O F  2 - P H E N Y L  ( A C  E T Y L ) - 5 - M E  T H Y L D I A  Z A  P H O S P H O L E  

W I T H  P H E N Y L  A Z I D E  

B .  A .  A r b u z o v ,  I ~ . E o  N .  D i a n o v a  , UDC542.91:547.1 '118 
a n d  S .  M .  S h a r i p o v a  

Continuing the s tudy of cycloaddit ion at  the P = C bond of the two-coordinate  P a tom [1 ,2] ,  in the p resen t  
pape r  we have  invest igated the reac t ions  of diazaphospholes  with phenyl azide.  

"Ihe reac t ion  of  2 -pheny l -  (D and 2-ace ty l -5 -methy ld iazap i losphole  (H) with phenyl azide was ca r r i ed  out 
both without a so lvent  and in e the r ,  pentane,  C6H6, and CC14 and was accompanied by v igorous  evolution of n i -  
t rogen with the fo rma t ion  of unstable  amorphous  1 :1  adducts.  A compar i son  of the IR spec t ra  of the obtained 
adducts  with the s p e c t r a  of  the s ta r t ing  diazaphospholes  sugges ts  that the diazaphosphole ring was retained in 
the adducts (oresence of  a band a t  1300 cm -~ and pulsat ional  v ibra t ions  of the diazaphosphole  r ing [3]). 

The adduct with the phenyl subst i tuent  (III) was so unstable in the solvents that it could not be c h a r a c -  
te r ized  by the 1H and 31p NIVIR s p e c t r a ,  although when the reac t ion  was ca r r i ed  out in pentane,  a solid product  
was obtained whose 31p NMR s p e c t r u m  (in CH2C12) contained two signals : + 32 and + 20 ppm. Apparent ly ,  the 
l a t t e r  signal belonged to unchanged (lit). Adduct (IV), obtained f rom (g), was found to be m o r e  s table  in so l -  
vents and was c h a r a c t e r i z e d  by 1H and 3~p NMR spec t r a ,  r +17 ppm ~ (CHC13). The PMR s p e c t r u m  (in 
CHC13) contained s ignals  with 5 2.3 (CH3C = N) and 2.1 ppm (CH3CO). However,  the na ture  of the spec t rum 
(broad absorpt ion)  indicated that the compound had a high mo lecu l a r  weight. Indeed, the m o l e c u l a r  weight de -  
te rmined by c r y o s c o p y  in CHBr 3 conf i rmed this a s sumpt ion ,  and adduct (IV) was apparen t ly  a t r i m e r .  The UV 
spec t rum of (IV) contained absorp t ion  at 275 nm cha rac t e r i s t i c  of the diazaphosphole r ing 

F-V 0 

M Ph--N / " " N - - P h {  R = Ph (III), 6alP + 20 ppm 
~ N - - R  1~ = CHsCO (IV), 5alP + t7 ppm 

%;, 
R Me 

Apparent ly ,  the fo rmat ion  of t r i m e r s  gII) and (IV) was preceded by the appea rance  of an adduct with diylide 
s t ruc tu re  (A), which underwent  t r imer i za t ion  at  the P = N bond 

t t - - N - - N  --N, f- R - - N - - N  ] 

J 
(i), (n) ~A) 

With r ec ry s t a l l i z a t i on  of  t r i m e r i c  adduct ([II) f rom alcohol ,  ethyl ace ta te ,  CH3CN , o r  n i t romethane  without 
protec t ion  f r o m  m o i s t u r e  of  a i r ,  c rys ta l l ine  2 -pheny l -3 -oxo-3 -an i l ino -5 -me thy l -1 ,2 ,3 -d iazaphospho l ine  (Va) was 
obtained,  531p +32 ppm ('m CH2C12). The IR spec t rum of (Va) contained absorpt ion bands of P = O (1211 cm -1) 
and NH (3200 c m  -i) g roups ,  absent  in the s pec t rum of (III), and the PMR spec t rum contained signals  of the CH 3 
group with 5 2.23 ppm and an H a doublet a t  6 2.89 ppm, JPH = 14 Hz. Apparent ly ,  t r i m e r  (III) was so sens i t ive  
to m o i s t u r e  that i f  there  w e r e  t r a c e s  of m o i s t u r e  in the solvent ,  (iII) was conver ted to (Va) 

* The s ignals  in the f ie ld  which was weak with r e s p e c t  to H3PO 4 a re  denoted with a plus sign. 
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