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The ni t ra t ion of a lkenylphosphonates  with va r ious  ni t ra t ing agents can be cons idered  to be the m o s t  
p r o m i s i n g  method fo r  the synthes is  of phosphorus-conta in ing  ni t ro compounds.  The only methods known 
up to now a re  the ni t ra t ion of a rom a t i c  phosphorus-conta in ing  compounds with ni t r ic  acid [1-6] and the addi-  
t ion of cyanogen chlor ide  to a lkenylphosphonates  [7]. We w e r e  able to syn thes ize  some  O,O-dialkyl  1 - h y d r o x y -  
2-n i t roe thylphosphonates  by the ni t ra t ion o f  alkenylphosphonates with N204 in CH2C12 solution at room t e m -  
pe ra tu re .  

R'CH--CHP (OR)2 + N~04 ~ R'CH--CH--P--(OR)~ 
]! I t II 
0 NO._. OH O 

R' = H, R = ~;-CsH7 (t); R' = H, R = CH,,CHoCI (II); R' = C6H.~, R = CHa (III) 

Af ter  r e m o v a l  of the solvent ,  the reac t ion  mix tu re ,  except  the c rys ta l l ine  organophosphorus  ni t ro a lco-  
ho ls ,  contained a t a r r y  co lored  produc t  that  could not be r emoved  f r o m  the pure  compound even by column 
ch roma tog raphy .  The IR s p e c t r a  of the obtained n i t ro  alcohols r e s e m b l e d  those of the adducts that  were  
synthes ized  p r ev ious ly  f r o m  ni t roa lkanes  and acylphosphonates  [8 ]. 

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

O,O-Dl i sopropyl  1 -Hydroxy-2-n i t roe thy lphosphona te  (I)~ To 5.7 g of d i i sopropyl  vinylphosphonate in 
15 m l  of d r y  CH2C12 at  0~ was added in drops  a solution of 2.8 g of  N204 in 10 ml of d ry  CH2C12. The mix tu re  
was  held at ~ 20 ~ for  3-5 h and then 5 ml  of methanol  was added. The reac t ion  mix tu re  was washed in s u c c e s -  
s ion with 3% Na2CO 3 solution and wa te r ,  and then dr ied  ove r  MgSO 4. Remova l  of the solvent  gave 3.8 g (50%) 
of (I) with rap 94-95 ~ (from a 2 : 1  CC14-hexane mixture) .  Found: C 37. 8; H 7.2; N 5.7; P 12.2~.  CsH18NO6P. 
Calculated:  C 37.6; H 7.1; N 5.5; P 12.1%o Inf ra red  s p e c t r u m  (~, cm-1):  990 ( P - O - C ) ,  1243 (P= O), 1380 
and 1565 (NO2) , 3260 v e r y  broad (OH). 

O,O-Di(~--chloroethyl) 1 -Hydroxy-2 -n i t roe thy lphospha te  (I[). The s a m e  as the preceding,  f rom 23.3 g 
of O,O-di(fl--chloroethyl) vinylphosphonate  and 9.2 g of N204 in CH2C12 we obtained 11.8 g (40%) of (II), mp 87- 
88 ~ (from a 2 : 1  CHC13-hexane mixture) .  Found: C 24.4; H 4.0; N 4.9; P 10.6%. C6H12C12NO6P. Calculated:  
C 24.4; H 4.1; N 4.8; P 10.4%. In f ra red  s p e c t r u m  (v, cm-1) :  1032 ( P - O - C ) ,  1275 (P=O),  1375 and 1560 
(NO2) , 3250 v. br .  (OH). 

O,O-Dimethyl  1 -Hydroxy-2-n i t ro -2 -pheny le thy lphosphona te  (IIDr F r o m  13.7 g of O,O-dimethyl  2 -pheny l -  
v inylphosphonate  and 4.6 g of N204 in CH2C12 we obtained 5.4 g (30%) of (III), mp 104-105 ~ (from a 2 :1  CHC13- 
hexane mixture) .  The produc t  was isolated by column ch roma tog raphy  on s i l ic ic  acid. Found: C 43.6; H 5.1; 
N 5.1; P 11.4%. C10Hi4NOsP. Calculated:  C 43.6; H 5.1; N 5.1; P 11.3%. In f ra red  spec t rum (9, cm-1): 1045 
( P - O - C ) ,  1260 (P =O), 1370 and 1560 (NO2), 3350 v. br .  (OH). 

C O N C L U S I O N S  

A new method was developed for  the synthes is  of organophosphorus  ni t ro compounds,  which cons is t s  in 
the d i r ec t  n i t ra t ion o f  a lkenylphosphonates  with N204. 
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BENZ OPH E NONE-SE NSITIZ ED 

IONS AND OXIDATION OF ALCOHOLS 

HYDROGEN 
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P H O T O R E D U C T I O N  OF M E T A L  

TO GIVE M O L E C U L A R  
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The photochemical preparation of hydrogen offers much promise from the standpoint of converting light 
energy into chemical energy. The continuous photoformation of hydrogen in protic solvents can be achieved 
by photogeneration in a system where the reducing agent has a quite low redox potential [1 ]. 

In the present  paper it was shown that the benzophenone-sensitized photoliberation of hydrogen is pos-  
sible, which occurs as the result  of the photoreduction of transition metal ions (V 3+, Cr 3+, E(13+), whose oxida- 
t i o n -  reduction potential is more  negative than that of hydrogen (E ~ = -  0.255, - 0.41, and - 0.43 respectively) [1]. 
Benzophenone, which is used as the sensi t izer ,  in the electron-excited t r ip le t  state is easily reduced in alco- 
hol solutions, where it dehydrogenates the solvent and forms ketyl radicals in a high quantum yield [3]. It may 
be assumed that the ketyl radicals are character ized by a high reduction capacity, since the polarographic 
reduction of benzophenone in ~he dark proceeds at a quite negative potential (El/2 satd.  calomel electrode = 
- 1 . 3  V at pH 7 [4 ]). 

Actually, the irradiation of ethanol and isopropanol solutions of benzophenone that contain VC13 at the 
absorption band of benzophenone (h 365 rim) leads to a change in the absorption spectrum of the solution in the 
region of the d ' d  transitions of the V 3+ ions, which indicates their  reduction [1 ]. The irradiation of these 
solutions in the presence of small amounts of Adams Pt results in the continuous liberation of H:~. The kinetic 
curves for  the accumulation of H 2 in the reaction vessel  are given in Fig. 1. The induction period can be ex-  
plained by the activation of the catalyst (Pro2). The photoformation of hydrogen is also observed when alcohol 
solutions of benzophenone, containing CrC13 or EuC13, are illuminated. In the absence of Pt catalyst the H 2 
l iberation is comparatively slight and is caused by the light-initiated reaction of the divalent ions with the 
protons of the medium [1 ]. The measured quantum yields of H 2 in alcohol solutions of benzophenone under 
continuous photolysis conditions are given in Table 1. Chromatographic analysis of the irradiated ethanol 
and isopropanol solutions disclosed the respect ive accumulation of acetaldehyde and acetone during photore-  
action. Starting with the obtained data, the following sequence of reactions can be proposed: 

(CeHs)~C= 0-~ (C6H~)2C=0 
(CoHs)~C = O* + CH3RCHOH ~+ (C6H~)2COH + CH3RCOH 

(C6Hs)2COH + M 3+ -~ (C6H5)2C = 0 + M 2+ + H + 
CH3RCOH + M 3+ _~ CH3RCO + M 2+ + H + 

2M2+ + 2H + Pt~ 2M3+ + H~ 
M = V ,  Cr, Eu;B = H ,  CH3 
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