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Conformational analysis of the molecules of bis(dimethylamino)chlorophosphine and 
2-chloro-l,3-dimethyl-l,3,2-diazaphospholane was carried out by the molecular mechanics 
method. According to calculations, both compounds are conformationally homogeneous, 
which is in agreement with the data of vibrational spectroscopy. The structural parameters 
found were used to calculate the frequencies and modes of normal vibrations, to analyze the 
IR and Raman spectra, and to estimate force constants for both diaminophosphines. 
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Previously, I based on a study of vibrational spectra 
of  bis(dimethylamino)chlorophosphine (1) and 1,3-di- 
methyl-2-chloro-l ,3 ,2-diazaphospholane (2), we have 
shown that these compounds are conformationally ho- 
mogeneous in the condensed phase. However, the struc- 
tures of the conformers have not been determined; this 
precluded the possibility of  comparing the results ob- 
tained by spectroscopy with the results of electron dif- 
fraction studies 2.3 of  molecules 1 and 2 in the gas phase. 
The spectra of  compounds have been reported only 
partially and have not been interpreted in detail. 

In the present study, the force constants of mol-  
ecules 1 and 2 and geometric characteristics of their 
equilibrium conformations were estimated using vibra- 
tional spectroscopy and molecular  mechanics, and the 
vibrational spectra were completely interpreted. 

Experimental 

Compounds I and 2 were obtained by the reactions of the 
chlorides of the corresponding acids of trivalent phosphorus 
with amines in the presence of a base according to previously 
described procedures. 4 The physicoehemical constants and 
parameters of the 3|p NMR spectra of these compounds 
coincided with the published data. IR spectra were recorded 
on a UR-20 spectrometer, and the Rarnan spectra were mea- 
sured on a Coderg spectrometer with an LG-38 He--Ne-laser. 

The frequencies and modes of normal vibrations were 
calculated in terms of the El'yashevich--Wilson GF method. 5 
The initial values for the force constants of molecule 1 were 
transferred from the force field of the Me0.N--PC12 molecule 
(3), ~ then they were varied within the framework of the 
"damped" least-squares method. 7 The force constants of the 
methyl groups were not varied. A similar procedure was ap- 
plied to molecule 2 with the only difference that the initial 

parameters were transferred from the force field of molecule 1. 
Published data z-3 for the lengths of valence bonds were used. 
The other geometric parameters of molecules 1 and 2 were 
calculated by the molecular mechanics method; S as this was 
done, the "immanent" torsion potential S of the >P--N< bond 
was assumed to have the following form: 

Utor = 0.5V[l - cos(2~0)], 

where ~0 is the dihedral angle between the lone electron pair of 
the phosphorous atom and the plane of the dimethylarnino 
group. The [,'value was chosen in such a way as to reproduce 
the experimental barriers to the internal rotation around the 
exocyclic >P--N< bond in the molecules of the phospholane 
series. 9 The V = 6.0 kcal tool -1 value found was also used in 
the calculations for molecules 1 and 2. The other parameters 
were determined earlier. S 

Results and Discussion 

The potential surface for the internal rotation in 
molecule  1 calculated by the molecular  mechanics 
method  has one minimum corresponding to the sym- 
metrical conformation shown in Fig. 1. In the case of  
compound  2, the calculations predict two minima, one 
of  which corresponds to the conformer shown in Fig. 2 
and the other of which corresponds to its mirror image. 
Since the mirror isomers cannot be distinguished by 
spectral methods, the remits of  the simulation axe in full 
agreement  with the conclusion about the conforma- 
t ional  homogeneity of  molecules 1 and 2 based on the 
data of  vibrational spectroscopy. Furthermore, the cal- 
culated geometric parameters of  molecule 2 coincide to 
within the experimental error with the values found by 
X-ray electron diffraction. 3 

Translated from Izvestiya Akademii Nauk. Seriya liYcimicheskaya, No. 3, pp. 391--394, March, 1998. 

1066-5285/98/4703-0375 $20.00 �9 1998 Plenum Publishing Corporation 



376 Russ.Chem.BulL, Vol. 47, No. 3, March, 1998 Kats.vuba et al. 

H(14) H ( 6 ) q  ("h H(4) 

H ~ C ( 1 2 )  C ( 3 ) ~ ~  

(._5 ~N(II) p(D N(2) ~ H(LJ) 
H(15) ~ i ~  

F I ( 1 7 ) ~ ( 1 9 )  "7 H ( 9 ) C ~  H(8 ) 

( ~  ~ H(10) 

m18) ( ) c  2o) 

Fig. 1. Equilibrium configuration of molecule 1. 

However, our  conclusion that molecule 1 is sym- 
metrical does not agree with the results of another 
study, ~ according to which the orientations of  the two 
dimethylamino groups with respect to the plane that 
comprises the nitrogen and phosphorus atoms are mark- 
edly dissimilar. Thus the following values for the angles 
of rotation of  the  Me2N groups with respect to the axis 
orthogonal to this plan e were reported:Z ~p l = _ 14.14- 5.6 ~ 
and <P2 = 65-64-3-4~ According to our calculations, 

(-"~H(1 I) H(17) ? H ( 1 8 )  9 H ( 1 4  ) 

H(C(7) C(5) ~ 2 )  

/ H(16) I-I(13) 
P(1) 

• CZ(2) 

Fig. 2. Equilibrium configuration of molecule 2 

tp I = --27 ~ and ~o 2 = 27 ~ . In the  calculations of  the 
frequencies and modes of  the normal  vibrations of  mol-  
ecule 1, we assumed that  its conformat ion  corresponds 
to that shown in Fig. I. 

The calculated and exper imental  vibration frequen- 
cies for compound  1 are compared  in Table I. It should 
be noted that in the region o f  frequencies higher than 
650 cm - I ,  the spectra of  compounds  1 and 3 are almost 
identical (see Ref. 6 and Table [ in this work). The 

Table 1. Characteristics of the vibrational spectra of compound 1 

IR (liq.), Raman (liq.) Calculations 
v/cm - t  v/cm - t  I p a v/cm-Z b Assignment r 

(rel.u.) 

3001 w 3000 0.2 0.8 

2970 w 2970 sh 
2933 s 2933 1.9 0.29 
2920 sh 2922 sh 
2889 s 2887 1.6 0.3 
2870 sh 
2842m 2840 1.5 0.l 
2799 s 2795 1.3 0.09 
1478m 1478 1.6 0.79 
1460 sh 

1450 s 

1410 w 
1280 sh 

I ~ 5  2.3 0.84 
1408 0.4 0.84 

1271 s I275 0.6 

1243vw 1245 vw 
1192 s I185 vw 

0.3 

2985 (4) vasMe 

2932 (2) vasMe 
2930 (2) vasMe 

2840 (4) vasMe 

1473 (2) ~SasMe 
I465 (2) ~asMe 
1460 (2) 8asMe 
1457 (2) 8=Me 
1440 (2) 8sMe 
1431 (2) 8sMe 
1288 rMe, v P N -  

v~NC (A') 
1280 rMe, v P N -  

v~YC 2 (A') 

1173 vasNC2, 
rMe (A') 

1167 vw 
1140 w 1140 vw 0.8 1 1 4 4  vasNC2, 

rMe (A") 
1095 w 1090 vw 1096 rMe (A') 

IR (Iiq.), Rarnan (tiq.) Calculations 
v/era -~ v/cm -1 I p a v/cm-i  b Assignment c 

(rel.u.) 

1082 vvw 1089 rMe (A') 
t061 m 1060 0.6 0.8 1033 rMe (A') 

1032 rMe (A") 
1029 vvw 1010 rMe (A') 

1009 rMe (A") 
980 vs 980 0.9 0.8 972 vsNC 2 - vPN, 

rMe (A') 
960 vvs 960 0.7 0.8 965 vsNC 2 - vPN, 

rMe (A') 
698 s 695 w.sh 699 vsNC 2 + 

vPN (A") 
671 m 670 10 0.12 665 vsNC 2 + 

vPN (A') 
448 m.br 490 vw 499 vPCI, rNC 2 (A') 
415 m.br 410 0.9 0.4 428 vPCI, 5PN 2 (A') 

427 ~NP 2, oNC 2 (A') 
385 0.6 0.4 384 rNC 2, ~NC 2 (A') 

380 vPCl, oNC 2 (A') 
335 6.7 0.25 324 vPC1, 5NC 2 (A') 

317 rNC 2, SNC 2 (A") 
292 5.2 0.3 288 oNC 2, •Me (A') 

287 oNC 2, ;r (A') 
125 3.7 dp 144 oNC 2 (A") 

106 5PN 2 (A') 
99 zPN (A") 
53 ~0NC2 (A') 

a p is the degree of depolarization, p is polarized line, dp is depolarized line. b The multiplicity of the vibration degeneracy is given 
in parentheses, c The symmetry of the vibration is given in parentheses. Types of vibrations: v, stretching; 6, deformation: 
r, rocking; ~, twisting; ~, torsional; o, wagging; s, symmetrical; as, asymmetrical. 
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Table 2. Characteristics of the vibrational spectra of compound 2 

IR (liq.)i Raman (tiq.) Calculations IR (liq.), Raman (liq.) Calculations 
v/cm -L v/cm -I I p~ v/cm-t b Assignment c v/cm -I v/cm -t I pa v/cm-L b Assignment e 

(rel.u.) (rel.u.) 

3015 w 1055 w 1070 rMe (A') 
2970 sh 2973 0.63 dp 2989 (2) vasMe 1030 s 1030 0.95 0.4 1017 rMe, vCC (A') 
2930 s 2940 1.0 2930 (2) vasMe 1010 m 1012 sh dp 1011 rCH 2 (A") 

2885 sh 2896 vasCH 2 (A') 946 s 94.8 0.2 0.7 941 vN--CH, (A") 
2884 vasCH 2 (A") 918 vw 

2870 s 2872 0.95 p 2871 vsCH 2 (A') 880 vw 
2867 vsCH 2 (A") 855 br.sh 855 0.14 0.8 859 vN--CH2, 

2810 s 2812 0.74 p 2836 (2) vsMe vCC (A') 
1490 sh 830 0.03 827 rCH 2 (A') 
1485 m 710 10 0.08 711 v puls. (A') 
1465 m 692 sh 694 vPN (A") 
1455 sh 597 1.05 0 . 8 6  602 ring ~5 (A') 
1442 m 490 1.84 0 .34  490 vPC1, rPCI (A') 
1428 sh 392 1.26 0.3 393 vPCI (A') 

1340m 
1325 sh 
1260 sh 

1235 s 

1217 s 

1205 w.sh 

llS0vw 

[148 s 

1080vw 

1480 sh 1469 (2) 8asMe 706 m 
1473 1.05 1466 (2) 6asMe 692 rn 

595 w 
1442 0.83 0.8 1418 (2) 8sMe 490 m 
1430 0.74 0.5 
1370 0.43 0.5 1363 8CH 2 (A') 
1342 0.46 0.8 1342 6CH 2 (A") 

1260 sh dp 1266 ~0CH 2 (A") 
1250 0.16 p 1 2 4 8  oMe, vPN (A') 
1238 0.18 p 1 2 1 9  vN--Me, 

zCH 2 (A') 
1214 vN--Me, 

~CH~ (A") 
1205 0.29 dp 1205  v~PNMe, 

rCH 2 (A") 
1180 0.33 p 1 1 8 3  vasPN Me, 

~CH 2 (A') 
1168 vN--CH2, rMe, 

oCH2 (A') 
1125 0.16 0.7 1112  vN--CH 2, rMe, 

oCH 2 (A") 
1085 0.08 0.8 1079 rMe (A') 

355 1.1 0.83 350 rN--Me 
in plane (A") 

310 sh 313 rNMe out-of- 
plane, 
)~ rib. (A") 

300 2.95 p 301 ring 8 (A') 
268 2.79 0 .25  260 rN--Me sh. (A') 
245 br.sh 210 ), Me (A") 

197 X Me (A') 
188 Z Me, 

ring 6 (A') 
155 rNMe 

out-of-plane 
:C Me (A") 

112 3.0 0.6 111 rN--Me 
out-of-plane 
(A') 

97 rPCI (A') 

a-c See notes in Table I. 

calculations show that not only the vibration frequencies 
but also the vibration modes of both molecules coincide. 
Since molecule 1, unlike 3, contains two dimethylamino 
groups, the number of normal vibrations that involve 
predominantly the Me2N group is twice that observed 
for molecule 3. However, many vibration modes are 
degenerate; therefore, the expected doubling of the num- 
ber of spectral peaks does not occur (see Table i). Only 
those bands and lines that are caused predominantly by 
the vasNC 2 (I 192/1140 cm -1) and vsNC 2 (980/960 and 
698/671 cm -I )  vibrations are "split," and this "splitting" 
is mostly due to the kinematic interaction between the 
two dimethylamino groups. 

The simulated spectrum is in satisfactory agreement 
with the experimental spectrum in the range of frequen- 
cies above 650 cm -1 even without variation of the initial 
approximation of the force field of molecule I obtained 
using the force field of molecule 3. The fact that the 
force constants of the Me2NP groups are close indicates 
indirectly that the conformations of the dimethylamino 
groups in molecules 1 and 3 are similar, because changes 

in the conformations of phosphorus-containing frag- 
ments normally change their potential fields (see, for 
example, Ref. I0). Thus, the orientations of the two 
dimethylamino groups in molecule 1 are virtually identi- 
cal. This corresponds to the results of our conforma- 
tional calculations (see Fig. I) but is inconsistent with 
the nonsymmetrical conformation of molecule 1 pro- 
posed using the electron diffraction da ta )  This disagree- 
ment  might be due to several reasons. It cannot be ruled 
out that allowance for the vibrational effects in the 
interpretation of electron diffraction patterns could have 
changed qualitatively the results of the study cited z (see, 
for example, Ref. I 1) and, thus, these results would be 
brought in agreement with our calculations. It is also 
possible that the mechanical model of the molecule 8 
does not take into account some specific intramotecular 
interactions that actually disturb the symmetry of mol- 
ecule 1. If we accept this hypothesis, which is supported 
by NQR data, lz then we will have to assume that the 
vibrational frequencies and force constants of the 
dimethylamino groups at the phosphorus atom depend 
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Table 3. Force constants of compounds 1 and 2 (x 106 em-2)a 

Force 1 2 Force 1 2 Force 1 2 Force 1 2 
constant a constant a constant a constant a 

Kpo 2.8 3.3 KHcH(Me) 0.71 0.71 

KpN 8.0 8.7 /(NcH(CH2) 0.94 

K,q-c 7.3 7.3 KCCH 1.0 

Kc_ c -- 6.7 KHcH(CH 2) 0.64 

KcH(Me) 7.92 7.92 HpN Pcl 0.5 0.5 

KcH(CH2) -- 8.1 HpN PN 0.5 l.l 

KNC C -- 1.1 HpN Nc(7) 0.1 0.1 
KNp N 1.3 0.9 /'/rpN NC(5) - -  0.9 

KNeel 2.1 1.2 //ca NC -- -0.3 
KpN C 1.0 1.0 HNC(7) NC(s) --  0.5 

KcN c 1.31 1 . 3 1  hcHCH(CH2) -- 0.1 

KNell(Me) 1.05 1 . 0 5  hcHCH(Me) --0.l I -0.I I 

a Numbering of  the atoms corresponds to that shown in Fig. 2. 

rather slightly on their conformation. Otherwise, it would 
apparently be difficult to explain the facts that the 
spectra of compounds 1 and 3 are similar and that the 
force constants of the Mc2NP fragments, as noted above, 
can be transferred from one molecule to the other. 

The vibrational spectra of 2 differ markedly from 
those of 1 (Table 2). Even the frequencies of the char- 
actedstic deformation and rocking vibrational modes of 
the methyl groups are different. The distinctive features 
of the spectra of compounds 2 are bands at 1370, 1342, 
and 830 cm -1 corresponding to the methylene groups 
and also bands at 855 and 597 cm -1 associated with ring 
vibrations. The most intense line in the Raman spec- 
trum of compound 2, as in the case of I, is due to the 
fully symmetrical vibration involving the PN bonds. 
However, this band shifts from 670 cm - l ,  which is its 
position in the spectrum of 1, to 710 cm -1, whereas the 
frequency of the corresponding antisymmetrical vibra- 
tions (692 cm -I)  remains virtually constant. 

The calculations show that the spectral differences 
between phosphines 1 and 2 are caused not only by 
kinematic factors. Some force constants of molecule 2 
also differ from the corresponding parameters of I. It 
can be seen from Table 3 that the main differences 
between the potential fields are associated with the 
CIPN 2 fragment. Apparently, they are explained by the 
change in the hybridization of the P and N atoms on 
going from compound 1 to 2. However, it cannot be 
ruled out that the change of the conformation of the 
NC 2 groups, which could influence the electronic inter- 
action of these groups with the put atom, also plays 
some role. 

This work was carried out with the financial support 
of the Russian Foundat ion for Basic Research (Project 
No. 97-03-33691a). 

Apo CIPN 0.9 0.6 

ApN CiPN 0.4 0.4 

ApN NPN 0.3 0.3 

ApN PNC 0.4 0.4 

ANC(7) PNC(7) 0.4 0.4 

ANC(5) PNC(5) - -  0.9 

ANC(5) CNC - -  0.05 

ANC(7) CNr 0.25 0.25 
ANcNCH(Me) 0.6 0.6 

ANcNCH(CH2) 0.8 0.8 
AccCCH -- 0.3 

AcHHCH(cH2) -- 0.32 

AccHCH(Me) 0.4 0.4 

/NPCl NPcJ 0.8 0.6 
INpN NPct 0.2 0.2 

IpNC PNC --0.35 --0.35 

lNcc PNc -- -0.35 

INCH PNC(7) --0.2 --0.2 

INCH PNC(5) --  --0.05 

1NCH NCC -- 0.045 

INcHNCH(Me) --0.03 --0.03 

/NeHNCH(cH2) -- --0.01 

[ccHCCH(cH2) -- --0.03 
IC(5)C(6)H(17) 

C(6)C(5)H(15) --  0.03 
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