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Experimental 

ESR spectra were recorded on a Varian-E12A radiospec- 
trometer. The solutions under investigation were placed in 
quartz tubes which were carefully degassed and filled with 
argon. The irradiation was performed with the focused light of 
a DRSh-1000 lamp. A Unipan-660 regulator was used for 
maintaining constant sample temperature in the spectrometer 
resonator. Organomercuryphosphorus compounds were syn- 
thesized in a way similar to the methods described earlier. 10 

This work was suppor ted  by the Russian Founda t ion  
for Basic Research (Projects No.  93-03-18725 and 93- 
03-4101). 
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The reaction of dialkyl H-phosphonates with pyridine-3-carbaldehyde gives alkyl 
(3-pyridyl)hydroxymethylphosphonates. In liquid systems, the hydrogen atom is localized at 
the oxygen atom of the hydroxyl group; in crystals, the existence of a zwitter-ionic form 
could not be excluded. In CHC13 solutions, isolated molecules and cyclic dimeric H-complexes 
exist in an equilibrium. 

Key words: alkyl (3-pyridyl)hydroxymethylphosphonates, H-bond; IR spectra. 

The  in te rac t ion  o f  p y r i d i n e - 3 - c a r b a l d e h y d e  with 
dialkyl H - p h o s p h o n a t e s  has been studied. In  the pres- 
ence of  M e O N a ,  the  react ion proceeds exothermical ly  
with the  fo rmat ion  of  alkyl (3-pyr idyl )hydroxymethyl -  
phosphonates  1 - -4  (Scheme 1). The IR  spectra  of  ethyl 

( 3 - p y r i d y l ) h y d r o x y m e t h y l p h o s p h o n a t e  (2) and ethyl  
~ - h y d r o x y b e n z y l p h o s p h o n a t e  (5) 1 (Fig .  1) c o n t a i n  
characteris t ic  absorpt ion bands ( v / c m - l ) :  2600--3300 
(AH),  1230--1260 (P=O) ,  1010--1070 ( P O - - C ) ,  as well 
as -3000 and 1600 (CH and C . . . .  C , respectively),  z 
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Crystalline compound 2 has yAH absorbance in the 
3000 cm -1 region, which is strongly shifted to lower 
frequencies and overlaps the bands of the stretching 
vibration of C- -H  bonds and their possible overtones. 
This produces a complex contour similar to Fermi- 
resonance. These spectra are usually observed for v+NH, 2 
which suggests the probable existence of a zwitter-ionic 
structure: 

@ CH--P(OEt)  2 
I II 

n'~ O H  0 

~, ~ - ~ C H - - P ( O E t ) 2  

To clarify this point, the [R spectra of solutions of 
esters 2 and 5 were recorded in chloroform. 

It is known that vOH and v+NH frequencies can 
coincide in the case of formation of H-bonds, whereas 
they differ considerably for isolated molecules (in inert 
solvents): ~3600 cm -1 (OH) and ~3500 cm -1 (+NH). 2 
The results shown in Fig. 1 unambiguously attest to the 

existence of hydroxyl groups in esters 2 and 5, as bands 
with maxima at 3588 and 3257 cm -1 for ester 2 mid at 
3589 and 3289 cm -1 for ester 5 appear in the spectra of 
the solutions of both compounds in the yAH region. As 
the solutions are diluted, the wide low-frequency bands 
disappear in both spectra and only the peaks at 
-3600 cm -1 remain, which are almost identical in fre- 
quency and belong to hydroxyl groups free from inter- 
molecular H-bonds. The bands in the ~3600 cm -1 region 
are asymmetrical, which is explained by the possible 
existence of a conformational equilibrium between the 
molecular forms with intramolecular hydrogen bonds 
O" �9 �9 H directed to different proton-acceptor centers 
(P=O, P--O, Ph, py).3 The concentration sensitive 
bands at 3257 cm -l  for ester 2 and at 3289 crn -1 for 
ester 5 belong to OH groups participating in intermo- 
lecular hydrogen bonds. The fact that the frequencies of 
the latter are almost identical for ester 5 in the crystal- 
line state and in solution indicates that they belong to 
cyclic intermolecular dimers of the type 

,CH2OH---O,,. / 
P~ -P-- (see Ref. 3). The same is observed 

/ "~O---HOCH~ \ 
in the solution of ester 2, however, in the crystalline 
state a considerable shift of yAH to low frequencies is 
observed. This is explained by the fact that the partner 
in the AH...B chain changes from P=O to the pyridine 
ring N atom, which has higher proton-acceptor ability, 
and by the formation of a longer chain of H-bonds. For 
ester 2 in the crystalline state, the formation of a 
zwitter-ionic structure also is possible. One can observe 
a similar spectral pattern for compound 1. 

The IR spectra of liquid esters 3 and 4 have vOH 
absorption bands at ~3280 cm -1, which are characteris- 
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Fig. 1. IR spectra of free esters 2 and 5 (solid line) and their chloroform solutions (dotted line). 
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Table 1. Characteristics of alkyl (3-pyridyl)hydroxymethylphosphonates 

Com- Yield M.p. d4 2~ nD 2~ Found (%) 
pound (%) /~ Calculated 

C H N P 

Molecular 31p NMR, 
formula 8 

1 50 120--121 -- -- 44.03 
44.25 

2 86 84 -- -- 48.65 
48.98 

3 82 -- 1.0992 1 . 4 9 1 0  53.00 
52.74 

4 90 -- 1.0780 1 . 4 8 9 0  56.00 
55.81 

5.55 6.37 1 4 . 5 0  CsH12NO4P 26.0 
5.57 6.45 14.26 

6.71 5.57 1 2 . 8 0  CIoH16NO4P 23.0 
6.58 5.71 12.63 

7.46 4.88 1 1 . 5 4  CI2H20NO4P 23.0 
7.38 5.13 11.33 

7.95 4.72 10 .30  Ct4H24NO4P 23.0 
8.02 4.64 10.28 

tic of  solutions of  2 and 5 in chloroform. Apparently,  
cyclic H-di rec ts  are formed in esters 3 and 4 by analogy 
with those described above for ester 5 and for solutions 
of  I and 2. 

Experimental  

3Ip NMR spectra were recorded on an NMR KGU-4 
instrument at 10.2 MHz (with 85 % H3PO 4 as the external 
standard). Water was used as a solvent for crystalline com- 
pounds 1 and 2, and acetone was used for compound 5. 

IR spectra were obtained with a Balker IFS-113V Fourier 
IR-spectrometer. Samples of crystalline compounds were pre- 
pared in the form of pellets with KBr. Liquid substances were 
placed between KBr plates. 

Alkyl (3-pyridyl)hydroxymethylphosphonates (1--4). One 
drop of a freshly prepared saturated solution of MeONa in 
MeOH was added to an equimolar mixture of dialkyl H-phos- 
phonate and pyridine-3-carbaldehyde, and the temperature of 
the reaction mixture increased from -20 ~ to 50--70 ~ 
Esters 1 and 2 were recrystallized from anhydrous acetone. 

Liquid substances were purified by dissolving them in anhyd- 
rous acetone followed by precipitation with hexane. The upper 
solvent layer was decanted, and the rest was removed by 
vacuum evaporation. Characteristics of esters 1--4 are given in 
Table 1. Ethyl ct-hydroxybenzylphosphonate 5 (m.p. 82 ~ 
from acetone, 8P 22) was prepared by the known procedure) 
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