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was 12.8 kcal tool -I for the exchange of the p r ima l '  
hydrogen atom and 11.2 kcal mol -I for the exchange of 
the secondary atom ( M P 2 / 6 - 3 1 G ' )  with analogous tran- 
sition state structures. 

For the hydrogen exchange reaction at the alanine 
i f -a tom the ac t iva t ion  energy was found to be 
I I kcal moV t by the AM I method with the same tran- 
sition state structure (R I = C H ( N H 2 ) C O O H ,  R 2 = H, 
R 3 = H); for the or-atom it was 21 kcal tool I (R l = 
COOH,  R 2 = Nt-I 2, R 3 = CH3). The calculation results 
obtained allow us to offer a new interpretation of the 
hydrogen isotope exchange reaction conducted trader 
condit ions of high-temperature solid-state catalytic iso- 
topic exchange (HSCIE)  tl of organic compounds  with 
activated tritium, In this reaction, methyl groups are the 
most reactive groups in aliphatic amino acids. Isotope 
exchange at the asymrnetric carbon atoms proceeds with 
retention of the conf igura t ion These particular features 
of the HSCIE reaction can be accounted [or by the 
suggested mechanisna of synchronous transfer at one 
catalytic cen ten  Later we intend to undertake a theo- 
retical study of isotope exchange for aromatic and 
heteroarornatic molectdes~ 
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Ions with a strong symmetric H-bond in solutions of 
sodium acetate in acetic acid 
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The multiple attenuated total reflection IR spectra of solutions of sodium acetate in 
acetic acid have been recorded in the range lrom 900 to 4000 cm I The CIt;~COO- anion 
and an acid molecule ik~rm the complex /C|t~COO.. | t  .OOCCII3) with a strong symmet- 
ric H-bond 
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Nonaqueous solutions of strong acids are efficient 
catalytic systems, whose activity is determined in many 
cases by proton solvates [k~)rmed due to symmetric 
H-bonds.l ,2 When a salt of one of these acids is dissolved 
in a strong oxygen-containing acid, negatively charged 
complexes with a strong symmetric H-bond are formed, 
for example, ( H O 3 S O . . H - O S O 3 H )  3'4 In aqueous so- 

lutions of acetic acid, the concentrat ion of dissociated 
protons is low, and the acid molecules tornl strong hy- 
drates+ 5-7 lit this work, solutions of CH;~COONa in 
CH3COOH have been studied by multiple attenuated 
total reflection (MATR) IR spectroscopy 8 with tile pur- 
pose of elucidating the ability of acetic acid to tk)rm ions 
with strong symmetric H-bonds in ilonaqueous solutions. 
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Experimental 

For the preparation of 100 % CH3COOH, acetic acid 
(reagent g ~ e )  was distilled at I l L 7  °C and frozen and then 
thawed out 5 times. 

Sodium acetate was prepared from CH3COONa-3H20  
(reagent grade) by drying in vacuo at 200 ° C  

Molar concentrat ions of solutions of CH3COONa in 
CH3COOH were measured by their densities. The maximum 
solubility of the ~ l t  was 14 tool  %. which corresponds to 
2.4 tool [ f  I CH3COONa. The content of water did not ex- 
ceed 0 1 mol L ~l 

MATR IR spectra were obtained at 30 <~C on a UR-20 
spectrophotometer with a M A I R  attachment made at the 
Institute of Chemical Physics of the Russian Academy of 
Sciences. A germanium prism with an incident irradiation 
angle of 30 ° and 4 or 8 reflections was used Spectra were 
recorded relative to air. The effective thicknesses of the ab- 
sorbing layer determined from the spectra of water using its 
optical constants 9 were 1~60 or 3.20 ram, respectively, at a 
frequency of 2000 cm -I Spectra of solutions of sodium ac- 
etate in CIt3COOH (0 Io L3 tool Ctt~COONa) were 
recorded in the range from 900 to 4000 cm -I Optical densi- 
ties of bands were measured relative to basis lines Optical 
densities of continuous absorption (CA) were determined rela- 
live to an empty cello 

Results and Discussion 

The  IR  s p e c t r u m  of  pure ace t ic  acid con ta ins  the- 
fo l lowing  b a n d s S - " :  1227--1290 and 1410 ( v ( C - - O ) ,  or  
8 ( O - - H ) ) ,  1710 ( v ( C = O ) ) ,  and 2500- -2750  and 3050 
( v ( O H ) )  cm - I ,  W h e n  sod ium ace ta te  is added,  the in- 
tens i ty  o f  these  bands  decreases  not iceably ,  and new 
bands  at 1255, 1370, and 1542 cm - I  as well as c o n t i n u -  
ous abso rp t ion  in the range f rom 1000 to 2600 cm 1 
appea r  (Fig.  1). These  changes  in the spec t rum do not 
co r re spond  to the fo rma t ion  o f  C H 3 C O O -  anions ,  whose  
s p e c t r u m  ( the  s p e c t r u m  o f  an aqueous  so lu t ion  o f  
C H 3 C O O N a )  is also presen ted  in Fig. I, 

The  bands o f  the v ( C = O )  and v ( O H )  vibra t ions  o f  
C H 3 C O O H  are the most  c o n v e n i e n t  tier quan t i t a t ive  
analys is .  T h e  a b s o r p t i o n  c o e f f i c i e n t s  at 1710 and  
3000 cm -~l were d e t e r m i n e d  from the spectra  o f  the 

100 

80 

E 
= 60 

40 

80 

60 

40 

20 

J 
2 

1000 1500 2000 

1 

2500 3000 3500 
v / c m -  I 

Fig. 1. MATR IR spectra of- /, CH3COOH; 2. 223 tool L ~1 
CIt3COONa in CH3COOH; 3, 2.30 mol L -I  CH3COONa in 

'H?O; and 4, empty cel l  The position of the maximum of the 
absorption band of deformation vibrations of water in the 
spectrum of the C H ) C O O N a - - H 2 0  system is marked with an 
arrow 

pure acid. The  c o n c e n t r a t i o n s  o f  acet ic  acid molecu le s  
in solut io: ,s  were ca lcu la ted  f rom the Di710 and D3000 
values for so lu t ions  of  C H 3 C O O N a  in C H 3 C O O H .  A 
c o m p a r i s o n  o f  the ob ta ined  values with s t o i ch iome t r i c  
concen t r a t i ons  o f  the acid C°AcOtt shows that 1.5 to 2 
C H 3 C O O H  molecu le s  are c o n s u m e d  in the so lva t ion  o f  
one  C H 3 C O O N a  molecu le  (see Table  I )  It can be 
assumed that one  acid molecu le  is strongly bound  to the 
an ion  to form a c o m p l e x  with a s t rong s y m m e t r i c  
H - b o n d :  ( C H 3 C O O _ . H  O O C C H : 0  . 

Table I. Stoichiometric composition of the Cf t3COONa--CH3COOH system densities of 
solutions (p/g cm 3), optical densities (D) of the bands at 1710 and 3000 cm I, and 
concentrations (mol L I) of "free" (CAcOH) and "bound" (AC) acids 

AcONa (i~)AcOlta P DITI0 CAcOH b A ( 7  n D3000 n 

-- 1745 1049 1,084 . . . . . .  0333 .... 
093 17,10 1,100 09?3 149 22 24 0297 16 
1,39 1658 I,I10 0813 131 35 2,5 0284 12 
196 16.28 I , I I6  0780 IL6 37 23  0268 13 
1,96 16,08 1,126 0754 122 39 2,0 0260 1.3 
2,23 1587 I 138 0747 120 3~9 17 0245 1.3 

a COAcONa and C°AcOH are the stoichiometric concentrations of CH3COONa and CH3COOH, 
respectively; b CAcOH are the concentrations of CH3COOH determined from DITI0 and 
03oo0; c bC - COAcOH -- CAcOH; n ~--" AC/C'~AcONao 
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Fig. 2. Dependence of optical densities of absorption bands at 
1542 (1} and 2500 cm -I (2) and of the continuous absorption 
at 2000 cm 1 (3} on the concentration of sodium acetate 

When these anionic  complexes  are solvated by acid 
molecules,  s tronger hydrogen bonds can be tbrmed than 
those in acetic acid dimers,  which results in a noticeable 
shift o f  the band of  stretching vibrations of  the OH 
groups to a the Iongwave region and the appearance of  a 
broad band in the range from 2350 to 2700 cm -I  (Fig. I). 
In our opinion,  this band corresponds to the v(OH)  
vibra t ions  o f  acid molecules  s t rongly solvat ing the" 
( C H 3 C O O ) ? H -  anion.  The optical  densi ty of  this band 
is propor t ional  to the concent ra t ion  of  C H 3 C O O N a  
(Fig. 2). When the Na + cat ions are solvated, the acid 
dimers can also decompose  and the intensities of  the 
bands of  the C = O  and O - - H  vibrat ions can change. The 
dissolution of  the salt in the acid results in noticeable 
broadening of  the v (C=O)  band at 1710 cm -I .  The 
optical  densi ty at the longwave wing of  this band (at 
1650 cm -~) in the spect rum of  pure acetic acid is 12 % 
of  the optical  densi ty at the m a x i m u m  In solutions of  
sodiunt acetate the optical  densi ty at 1650 cm -1 is 
38 %. The relative intensity of  the absorpt ion of  mono-  
mers of  acetic acid at 1755 cm -~ also increases, 

The bands of  the proton disolvate appearing in the 
spectra of  solut ions of  C H 3 C O O N a  in CH3COO H  occur  
against the background of  the bands of  acetic acid, 
which makes the exact measurement  of  their  optical  
densit ies difficulL The absorpt ion in the maxima of 
these bands is caused both by proton disolvates and by 
acid molecules,  For  exantple,  the optical  densi ty at 
1255 cm l can be presented as follows: 

01255 = t 'I/CAcOH + r2/ClAcO}21t , ( I )  

where I is the effective thickness of  the absorbing layer at 
1255 cm - I ,  CAcOH is the concent ra t ion  of  C H 3 C O O H  
molecules  in solut ion (CAcOH = COAcOH -- C~AcONa; 
~AcOH and C-OacONa are the analyt ical  concent ra t ions  
o f  the acid and sodium acetate);  COtAcO)2H - is the 
concen t ra t ion  o f  proton disolvates ( C H 3 C O O ) 2 H - ;  and 
e I and E 2 are the ext inc t ion  coefficients  of  the acid and 
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Fig. 3. Graphic solution of Eq {2) R)rthe band at 1255 cm-l~ 

proton disolvates, respectively~ We assume that the salt 
is comple te ly  dissociated, and that all C H 3 C O O -  anions 
are bound to proton disolvates,  Le., C'(AcO}2tt ....... 
C()AcON a, 

From E q  (I)  we obtain 

I)I2SS/C~}AcOll = ~ll + (e 2 -- t't)I(3}AcONa/U}AcOlt, (2) 

This dependence is a straight line in the coordinates 
DI255/COAcOIl--COAcONa/(~)AcOH (Fig, 3), which con- 
firms both the assumption that the radiation is absorbed 
at 1255 cm - I  by proton diso]vates and acid molecules 
and the assumption that the salt dissociates completely 
and the anions formed bind completely to proton 
disolvates. 

A characteristic feature of the IR spectra of com- 
plexes with a strong symmetric H-bond is a broad-band 
of continuous absorption, l° We measured its optical 
density at 2000 cm -I  taking into account the absorption 
of acetic acid at this frequency (Fig, 2). The linear 
character of  the dependence of D2000 on the concentra- 
tion of sodium acetate also confirms the assumption that 
CH3COO- anions bond completely to complexes with a 
strong symmetric H-bond. The absorption coelf}cient at 
this frequency (106+_10 L mol - t  cm - I )  almost coin- 
cides with the coemcient of continuous absorption of 
the ( H O . _ H . . . O H ) - i o n  (120_+10 L tool I c m - l ) .  

Thus, it follows from the analysis of  the IR spectra of 
solutions of  CH3COONa in CH3COOH that CH3COO .... 
anions with CH3COOH molecules |orm complexes  with 
a strong symmetric H-bond (CH3COO,. ,H.  O O C C H 3 )  , 

This work was financially suppor ted  by the Russian 
F o u n d a t i o n  for Basic Resea rch  ( P r o j c c t  N o  
93-03-18356)  
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Synthesis of 1,3,4-thiaza- and 1,3,4-oxazaphosphol-2-ines 
based on N-phosphorylated (thio)ureas 
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The reactions of O-phenyl chloromethylisothiocyanatothioxophosphonate and O-phenyl 
chloromethylisocyanatophosphonate with trimethylsilyldiethylamine lead to the formation of 
1,3,4-thiazaphosphol-2-ine and 1,3,4-oxazaphosphol-2-ine, respectively. Phosphorylation of 

\N-methyI-N'-phenyI-N,N*-bis(trimethylsilyl)urea with O-phenyl chloromethylchlorophos- 
phonate gives 1,3,4-diazaphospholidin-2-one~ 

Key words: chloromethylphosphonates, silylated amines and ureas, heterocyclization, 
1,3,4-oxazaphosphol- 2-ine, 1,3,4-diazaphospholidin- 2-6ne 

The synthesis of  various 2-subst i tuted 1,3,4-thiaza- 
p h o s p h o l i n e s  based on c h l o r o m e t h y l i s o t h i o c y a n a -  
to ( th io )phosphona tes  has been previously developed. l~3 
It includes the addi t ion of  protonic nucleophiles (amines, 
mercaptans ,  and phosphines)  to form N-phosphoryla ted  
thioureas,  d i th iocarbamates ,  and th ioamides  as interme- 
diates followed by their  in t ramolecular  alkylat ion at the 
sulfllr a tom of  the thio group by a ch loromethyl  g r o u p  

It has been established that si lylated derivatives can 
be used instead of  protonic  nucleophi les  themselveso 
The addi t ion of  t r imethyls i ly ld ie thy lamine  to O-phenyl-  
ch lo romethy l i socyana to th ioxophosphona te  (1) is accom-  
panied by the in termedia te  addi t ion of  s i l i con-conta in-  
ing N-phosphory la ted  th iourea  (2). The lat ter  is very 
unstable and immedia te ly  cyclizes to 2 -d ie thy lamino-  
4 - th ioxo -4 -phenoxy- I  ,3 ,4- th iazaphosphol ine  (3) accom-  
panied by the e l iminat ion  of  t r imethylchloros i lane .  

S 
II 

PhOPNCS 
I 

CH2CI 

1 

Me:~SiNEt 2 

S 
II 

S SiMe 3 PhOP-N 
11 ' ~/.. S/XXC NEt~ PhOP iNC(S)NE~ = 
I " Me3SiCI 
CH2Cl 

2 3 

The similar reaction of  O-pheny lch lo romethy l i so -  
cyanatophosphonate  (4) with t r imethyls i ly ld ie thy lamine  
o c c u ~  readily at room temperature~ After I day the 
spectrum contains two signals at 61 , 24 and 51 ppm in a 
ratio of  5 : 1 assigned to phosphoryla ted  urea (5) and 
oxazaphosphol ine  (6), respectively. 
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