
VIBRATIONAL SPECTRA AND STRUCTURES OF A NUMBER 

OF OXAAZAPHOSPHOLAN ES 

R. R. Shag idu l l i n ,  I. Kh. Shakirov,  
M. A. Pudov ik ,  and S. A, T e r e n t ' e v a  

UDC 543.422.4 : 547.79'546.183 

The Raman and !R spectra of six 1,3,2-oxaazaphospholanes with a tri- and tetracoordi- 
nated phosphorus atom were obtained. The bands were assigned, and the spectroscopic 
features of the oxaazaphospholane ring were noted. Assumptions regarding the peculiar- 
ities of the three-dimensional structure of the molecules were made on the basis of the 
change in the characteristic frequencies on passing from trivalent phosphorus compounds 
to tetracoordinated phosphorus compounds. 

The literature contains information regarding the spectroscopic investigations of cornpounds con- 
taining a dioxaphospholane ring [1-4]. The spectra of their close analogs ~- oxaphospholane compounds - 
have not been described. We have studied the Raman and IR spectra of I-VI (Figs. 1-3). 
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Fig. i. Raman spectra of liquid I-Ill and crystalline 
IV and VI. 
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Fig. 2. IR spect ra  of thin layers  of I and II. 
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IR spectra of mineral-oil suspensions of 
Ill; V. and VI. 
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Fig. 4. Temperature 
dependence of the 
vP-CI band (414 cm -I) 
in the Raman spectrum 
off: i) +20~ 2) 0~ 
3) -40~ 4) -67  ~ . 

An intense narrow line is observed in the Raman spectrum of I at 700 
cm-l. The measurements indicated that it is strongly polarized. These re-  
sults make it possible to assign the line at 700 cm -I to the pulsation vibra- 
tions "P" of the oxaazaphospholane ring [5]. The sharp intense band in the 
IR spectrum corresponds to it. We assign the intense band at 932 cm -I in 
the IR spectrum of I to the stretching vibration of the ring with predominant 
participation of the OCCN bonds (vOCCN). The band at 924-926 em-i cor- 
responds to it for the dioxaphospholane ring [i-3], while the band at 905 cm -I 
corresponds to it for the dioxaarsolane ring [4]. The small difference in the 
position of the band can be explained by the fact that this ring vibration is 
caused by a grouping of bonds that is not directly associated with the hetero- 
atom. On the other hand, we assign the intense band at 785 cm -i in both the 
Raman and IR spectra to the vibration of the ring with predominant partic- 
ipation of the NPO bonds (VNPO). It differs strongly from the corresponding 
frequency due to the OAsO grouping in the dioxaarsolane ring at 630 cm-i 
[4]. In analogTf with the literature examples [6], it is natural to assign the 
intense polarized line at 414 cm -i (Raman spectrum), to which the strong 
absorption in the IR spectrum corresponds, to the vP_Cl stretching vibra- 
tions. The ilypothetical interpretation of the vibrational spectrum of I is pre- 
sented in Table I. The strongest bands in the IR spectra in the region of the 

valence vibrations of the phosphorus-containing skeleton can be similarly interpreted for II-VI (Table 2). 
A sharp increase in the frequency of the P -CI  bond (vP_Cl) is observed on passing from trivalent totetra-  
coordinated phosphorus. It is apparent from an analysis of the literature data for compounds of t r i -  and 
tetracoordinated phosphorus with similar regular substituents that the transition from the first to the sec- 
ond causes a shift of 50-70 cm-I to higher frequencies [6]. This shift of the characteristic vp_ X vibrations 
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TABLE i. Spectral Characteristics of 2-Chloro-3-methyl-l,3,2- 
oxaazaphospholane (1) * 

Fre- 
quency, 
em-i 

414 
628 
700 

785 
854 
934 
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Intensity 

laman IR 
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Approximate 
assignment 

Fre- [Intensity 
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cm -I i ~aman IR 

V P - C I  
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~;ring (NPO) 
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[)C II a 
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Appr0xim ate 
assignment 

TCJl a 

OICII  

OIC lI 2 

~CllaS 

~Cl[ E 
6C11  

VCIIaS 

%'t: 11 s 

VCII j  c)" 

VC 11 a E 

VCIIuaS 

*The f r e q u e n c i e s  we re  a v e r a g e d  f r o m  the Raman  and IR spec t r a ;  
s is s t r o n g ,  m is med iu m,  and  w is  weak.  

T A B L E  2. V ib ra t iona l  F r e q u e n c i e s  of the Oxaazaphospholane  Ring* 

Compound ~ P - C I ,  crr1-1 

i 

%'NPO 

Ring vibrations, cm -1 

VCO P VOCCN 

700 934 
710 950 
718 960 
700 941 
715 960 
720 985 

[ 
I 414 ] 785 1030 

I I 405 I 760 1050 
111 543 ] 790 1015 
IV 420 I 762 1036 
V 517 760 1040 

VI 575 I 760 1055 

*The f r e q u e n c i e s  g iven  a r e  for  l iqu ids  in the case  of I - I l l  and for  
c r y s t a l l i n e  s t a t e s  in the case  of IV-VI.  

i s ,  of c o u r s e  (at l e a s t  in pa r t ) ,  exp la ined  by s t r e n g t h e n i n g  of the P - X  bond in the t e t r a c o o r d i n a t e d  s ta te  
as  a r e s u l t  of an i n c r e a s e  in i ts  s c h a r a c t e r .  In the case  of the compounds  that  we s tud ied ,  the c o r r e s p o n d -  
ing shif t  is c o n s i d e r a b l y  g r e a t e r  and  amoun t s  to 100-150 cm-1.  A def ini te  po r t i on  of the shif t  on pas s ing  
f r o m  cyc l ic  compounds  of t r i v a l e n t  phosphorus  to the t e t r a c o o r d i n a t e d  s ta te  in our  case  is appa ren t l y  due 
to a change in  the r i ng  c o n f o r m a t i o n .  It can  be a s s u m e d  that  the r i n g  has the enve lope  f o r m  with a p seudo -  
ax ia l  ch lo r ine  a t o m  in the t r i v a l e n t  compound,  whi le  the enve lope  f o r m  with axial  o r i e n t a t i o n  of the phos -  
phory l  oxygen (as in phospho lenes  [7]) and an equa to r i a l  ch lo r ine  a tom is r e a l i z e d  on p a s s i n g  to compounds  
wi th  a t e t r a c o o r d i n a t e d  phospho rus  a tom.  

The band of the s t r e t c h i n g  v i b r a t i o n s  of the P - C 1  bond at  414 cm-1 changes  p a r t i c u l a r l y  a p p r e c i a b l y  
in the Raman  s p e c t r u m  of I as the t e m p e r a t u r e  changes  (Fig.  4). While  th is  band is s o l i t a r y  and quite s y m -  
m e t r i c a l  at r o o m  t e m p e r a t u r e ,  a t endency  toward  a s y m m e t r y  is  o b s e r v e d  as the t e m p e r a t u r e  drops .  As 
the compound  f r e e z e s  ( - 6 7 ~  a s ing le  s y m m e t r i c  band is o b s e r v e d  ins t ead  of a b road  a s y m m e t r i c  band.  
It can be a s s u m e d  that  the band  at 414 c m - t  of I in the l iquid  s ta te  is  not so l i t a ry  but  belongs  to d i f fe ren t  
c o n f o r m a t i o n a l  i s o m e r s .  The  l a t t e r  is p o s s i b l e  if the r i ng  is  not  p l a na r .  

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

The me thods  used  to obta in  I, II, and IV and t h e i r  phys ica l  c ons t a n t s  a r e  d e s c r i b e d  in [8, 9]. The 
R a m a n  s p e c t r a  w e r e  r e c o r d e d  with a DFS-12 s p e c t r o m e t e r .  The IR s p e c t r a  we re  ob ta ined  with a UR-10 
s p e c t r o m e t e r  wi th  s l i t  p r o g r a m  4 and o ther  cond i t ions  r e c o m m e n d e d  by the i n s t r u c t i o n s .  

2 - C h l o r o - 2 - o x o - 3 , 5 - d i m e t h y l - l , 3 , 2 - o x a a z a p h o s p h o l a n e  (III). A m i x t u r e  of 20.2 g (0.2 mole) of t r i -  
e t h y l a m i n e  and  8.9 g (0.1 mole)  of 1 - m e t h y l a m i n o - 2 - p r o p a n o l  was  added with s t i r r i n g  at 15-20 ~ to 15.3 g 
(0.1 mole)  of phospho rus  oxych lo r ide  in 150 ml  of benzene .  The r e a c t i o n  m a s s  was  s t i r r e d  for 2 h, and 
the t r i e t h y l a m i n e  hyd roch lo r i de  was  r e m o v e d  by f i l t r a t i on .  The benzene  was  r e m o v e d  f r o m  the f i l t r a t e  
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by distil lation: and the res idue  was vacuum-f rac t iona t ed  to give 5.1 g (30%) of III with bp 90 ~ (0.1 ram), d42~ 
1.2853, and nD 2~ 1.4602. Found: CI 20.8; P 18.2%; MR D 36.12. C~HgCINO2P. Calculated:  C1 20.9; P 18.3%', 
MR D 36.35. 

2 -Ch lo ro -2 -oxo -3 -pheny l - l , 3 , 2 -oxaazaphospho lane  (V). This  compound was s imi la r ly  obtained in 
65% yield and had mp 96-97 ~ ( f rom benzene).  Found: CI 16.3; P 14.3%. C~HgC1NO2P. Calculated." CI 16.3; 
P 14.2%. 

2-Chloro-2-oxo-5-methyl-3-phenyl-l,3,2-oxaazaphospholane (VI). This compound was similarly ob- 
tained in 63% yield and had mp 114-115 ~ Found: Cl 15.2; P 13.2~c. CgHIICINO2P. Calculated: Cl 15.3; 
P 13.4%. 

LITERATURE CITED 

1. J. Cason, W. N. Baxter ,  and W. de Acet is ,  J. Org. Chem.,  2_.44, 247 (1959). 
2. T. Madro, Wiadom. Chem.,  2_00, 769 (1966). 
3. R . A .  Jones and A. K. Katr i tzky,  J.  Chem. Soc., 4376 (1960). 
4. R . R .  Shagidullin and T.  E. Pavlova,  Izv.  Akad. Nauk SSSR, Set .  Khim.,  2091 (1966). 
5. M . M .  Sushchinskii ,  Raman Spect ra  of Molecules and Crys t a l s  [in Russian],  Moscow (1969), p. 244. 
6. R . A .  Chittenden and L. C. Thomas ,  Spect rochim.  Acta,  20, 1679 (1964). 
7. V . A .  Naumov, N. M. Zar ipov,  and V. N. Semashko,  Mater ial  f rom P a p e r s  P re sen t ed  at the Scientific 

Conference of the Inst i tute of Organic  and Physical  Chemis t ry ,  Academy of Sciences of the USSR [in 
Russian],  Kazan (1970), p. 78. 

8. I . V .  Martynov,  Yu. L. Kruglyak,  and S. I. Malekin, Zh. Obshch. Khim.,  3_~8, 2343 (1968). 
9. A . N .  Pudovik, M. A. Pudovik, O. S. Shulyndina, add Kh. Kh. Nagaeva,  Zh. Obsheh. Khim.,  400, 1477 

(1970). 

1501 


