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Structure and spectra of 1,3,2-dioxaphospholenes
1. Microwave spectra of 2-chloro-4,5-dimethyl-1,3,2-dioxaphospholene
and its isotopomers in the ground and excited vibrational states
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The microwave spectrum of 2-chloro-4,5-dimethyl-1,3,2-dioxaphospholene (1) was stud-
ied in the frequency range from 7 to 53 GHz. Rotational transitions of the parent molecule in
the ground and eleven excited vibrational states and those of its mono-substituted 37Cl,
13Cpe, and 13Ccyqe isotopomers in the ground vibrational state were identified. Rotational
constants and partial rg-structure were obtained. The quartic centrifugal distortion constants,
dipole moment components u, = 3.8D and p, = 0.24D (the total dipole moment p is 3.81D),
and the 33Cl quadrupole coupling constants were determined for the parent molecule. The
fine structure of the microwave transitions in the parent molecule was analyzed under the
assumption of noninteracting methyl groups. The height of the barrier to internal rotation
(V39 = Vp3 = 665 cm™1) and the frequency of torsional vibrations (v = 167 cm™!) were found.
The frequencies of two lowest vibrational modes corresponding to deformation vibrations of
the five-membered ring were estimated (v~100 cm™!) from the relative intensities of rotational
transitions for different vibrational states.

Key words: 2-chloro-4,5-dimethyl-1,3,2-dioxaphospholene; microwave spectrum; rota-
tional constants, dipole moment, vibrational frequencies, quadrupole coupling, internal
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1,3,2-Dioxaphospholene derivatives belong to a re-
cently found and poorly studied class of compounds
with five-membered phosphorus-containing hetero-
cycles.! Studies of their chemical properties revealed
enhanced electrophilicity of the 1,3,2-dioxaphospholene
system compared to both acyclic phosphorus derivatives
and compounds with saturated phosphorus-containing
five-membered rings.2 Based on the results of dipole
moment measurements carried out in solution for a
number of 2-halo-substituted derivatives of 1,3,2-di-
oxaphospholene, it was found3 that the five-membered
ring adopts a nonplanar "envelope" conformation and
the P—Hal bond has an axial orientation. Studies of the
equilibrium structure and spectra of 1,3,2-dioxa-
phospholenes are of considerable interest.4 Since ex-
perimental solution of such problems faces great diffi-
culties,>=? joint use of various experimental methods
and quantum-chemical calculations was chosen as the
most efficient way of attacking the problem. General
formulation of the problem to be solved was discussed
earlier.4 The results of particular quantum-chemi-
cal,410—13 o055 phase electron diffraction,413—16 vibra-
tional,13:17 and microwave418—24 studies have been dis-
cussed only briefly or at on-topic conferences.

In this work, we generalize the results obtained in
studies of (i) the microwave spectrum of the parent
molecule, 2-chloro-4,5-dimethyl-1,3,2-dioxaphospholene
(1), in the ground and eleven excited vibrational states
and (ii) the spectra of its mono-substituted 37Cl, 13Cye,
and 13CCycle isotopomers in the ground vibrational state.
We also report their rotational constants and some other
spectral characteristics. The fine structure (FS) of micro-
wave transitions was analyzed under the assumption of
noninteracting Me groups. This allowed determination
of the height of the barrier to internal rotation and the
frequency of torsional vibrations, which was not experi-
mentally detected in the vibrational spectra of molecule
1.17 The frequencies of two lowest lying vibrational
modes corresponding to deformation vibrations of the
five-membered ring were estimated from measurements
of the relative intensities of vibrational satellites. Mode
assignment was performed.

Experimental

Compound 1 (b.p. 34—35 °C (8 Torr); 3'P NMR (3p): 170)
was synthesized following the known procedure.2 The micro-
wave spectrum was studied in the frequency range from 7 to
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53 GHz using a home-made spectrometer. The Stark modula-
tion and two types of double resonance techniques (radio-
frequency—microwave and microwave—microwave) were used.
The temperature of the absorbing cell was kept near —50 °C
and the vapor pressure of compound 1 was maintained in the
range from 1072 to 1073 Torr. Each portion of the substance
fed into the absorbing cell was purified in vacuo following a
specially developed procedure. All identified frequencies (a
total of 16 tables) were reported earlier.23:24 Table 1 lists the
experimental frequencies of microwave transitions with par-
tially resolved HFS for the ground vibrational state of the
parent molecule. The inverse spectral problem was solved in the
quasi-rigid asymmetric top approximation and internal rotation
was studied using specially developed program packages.25,26

Results and Discussion

Ground-state vibrational spectrum of 1. Analysis in
the quasi-rigid asymmetric top approximation. Previous
quantum-chemical calculations%11—13 and gas-phase
electron diffraction studies#13—16 revealed a nonplanar
conformation of the five-membered ring and axial ori-
entation of the P—CIl bond in the equilibrium structure
of molecule 1 (Fig. 1). Preliminary calculations of the
rotational spectrum of this molecule were carried out
using the structural parameters obtained by gas-phase
electron diffraction.4 Similarly to other halogen-con-

Table 1. Experimental frequencies of transitions with partially resolved HFS (f4,), splittings of quadrupole doublets (Ac,), and
differences between the experimental and calculated splitting values (8) for the parent molecule in the ground vibrational state

JUKS K J Ky K| 2F" < 2FC  foy Ay O

JUKY K« J Ky Ky 2FT < 2F%  fu Aexp 3

5 0 5 4 0 4 13—11\ 10642.38 1.34 —0.06
7—5/
11—9\  10643.72
9—7/

5 2 4 4 2 3 13—11\ 10868.96 0.68 0.04
7-5/
11—9\  10869.64
9—7/

6 0 6 5 0 5 15—13\ 1267574 1.13 0.02
9—7/
13—11\  12676.87
11—-9/

6 1 5 5 1 4 15—13\ 13379.07 0.77 0.03
9—7/
13—11\  13379.84
11—9/

6 2 5 5 2 4 15—13\ 13016.19 0.53 —0.04
9—7/
13—11\  13016.72
11—9/

7 1 6 6 1 5 17—15\ 15527.03 0.86
11—9/
15—13\  15527.89
13—11/

70 7 6 0 6 17—15\ 14696.27 0.85 0.07
11—9/
15—13\  14697.12
13—11/

7 2 6 6 2 5 17—15\ 15149.64 0.50 0.06
11—-9/
15—13\  15150.14
13—11/

9 8 1 8 8 0 21—19\ 1967436 0.99 0.05
15—13/
19—17\  19675.35
17—15/

119 2 10 9 1 25-23\ 2405256 0.76 0.06
19—17/
23—21\  24053.32
21—19/

1210 2 11 10 1  27-25\ 26237.57 0.76 0.08
21—19/
25—23\ 26238.33
23-21/
61—61\ 18391.45
5555/
59—59\ 18389.06
57—57/
61—61\ 18276.19
55—55/
59—59\ 18273.75
57—57/
93—93\ 26659.56
87—87/
91—91\ 26657.83
89—89/
101—101\ 28175.24
9595/
9999\ 28173.59
9797/
101—101\ 28256.74 1.50 b
9595/
9999\ 28255.24
9797/
2727\
2525/
29—29\
23-23/
2929\
2727/
31—31\
2525/
31—31\
2929/
33—33\
2727/
33—33\
31-31/
3535\
2929/

29 5 25 29 3 26 2.39 —0.10

29 4 25 29 4 26 2.44 —0.01

45 7 38 45 7 39 1.73 b

49 8 41 49 8 42 1.65 b

49 9 41 49 7 42
13 2 11 13 2 12 7245.98 5.50 b
7251.48
14 5 10 14 4 10 8328.34 2.62 b
8325.72
155 11 15 4 11 7709.84 4.19 b
7705.65
16 3 13 16 3 14 7145.60 5.36 b

7150.96

Note. All values are given in MHz.

@ Changes in the total angular momentum of the molecule (including nuclear spins).
b This transition was not included in the solution of the inverse problem of determination of the quadrupole coupling constants.
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Fig. 1. Overall view of the 2-chloro-4,5-dimethyl-1,3,2-di-
oxaphospholene molecule.

taining analogs studied earlier in solution,3 molecule 1
is a slightly asymmetric, prolate top (the asymmetry
parameter k = —0.75). Rotational transitions corre-
sponding to the dipole moment components u, and p,
are allowed. For each value of the quantum number J,
transitions of the type “Ry; are grouped together to
form rather narrow bands composed of a large number
of spectral lines. Identification of the spectrum is com-
plicated by numerous vibrational satellites, the FS of
rotational transitions due to the interaction between the
internal rotation of two Me groups and the rotation of
the entire molecule, and the HFS of rotational transi-
tions due to the nonzero quadrupole moment of chlo-
rine atomic nuclei. No transitions associated with the
dipole moment component p. were detected in the
experiments with the Stark modulation due to the low
intensities of corresponding spectral lines. However,
weak ¢Q-transitions used for pumping were detected in
microwave—microwave double resonance studies using
intense ¢R-transitions as reference signals. The observa-
tion of the ¢Q-transitions using double resonance tech-
nique considerably extended the possibilities of identifi-
cation of rotational transitions from common coupled
energy levels. Extremely high selectivity of double reso-
nance technique allowed weak spectral lines of the 13C
isotopomer in natural abundance to be detected and
identified.

Forty-six transitions with 3 < J < 21 were identified
in the spectrum of the parent molecule. The corre-

sponding spectral lines did not exhibit resolved FS and
HFS and were observed as singlets. Twenty-eight transi-
tions with 4 < J < 53 exhibited partially resolved FS and
HFS. In this case, the inverse spectral problem was
solved using hypothetical frequencies which were thought
to be unperturbed by both quadrupole interaction and
the interaction with internal rotation. Transitions with
partially resolved HFS were observed as doublets (see
Table 1) and the hypothetical frequencies were approxi-
mately equal to the average experimental frequencies of
the doublet components. Transitions with large J values
(up to 53) exhibited partially resolved FS components
corresponding to the AA and AE ground-state sublevels
of torsional vibrations of Me groups. Here, the energy
sublevels are denoted following the notations of symme-
try types for individual C5 tops. The experimental fre-
quencies for the AA sublevel were used as hypothetical
frequencies. As to the spectra of isotopomers, all the
identified transitions with 10 < J < 22 were observed as
singlet lines.

The inverse spectral problem was solved in the quar-
tic centrifugal distortion approximation using Watson’s
Hamiltonian27

Hp = AP? + BPY + CP} - A, P* -
— A P2PY - AgPY - 25,132(13)3 - ﬁyz) -
- ak[ﬁf(ﬁf - B)+ (B2 - Pf)ﬁ;} LW

The rotational constants A, B, and C determined
from experimental data for seventy-four transitions in
the parent molecule?3 are listed in Table 2. The quartic
centrifugal distortion constants (in kHz) are as follows:
Ay = 0.2152(25), Ajx = —0.657(24), Ax = 1.10(51),
&; = —0.00513(99), and &g = —0.123(20). Rotational
constants of isotopomers were calculated assuming that
their quartic centrifugal distortion constants are equal to
those of the parent molecule. The values of rotational
constants found in this work (see Table 2) are in good

Table 2. Rotational constants (A—C/MHz) and principal moments of inertial (//amu A2, with a
transformation coefficient of 505379.1) for the parent molecule and mono-substituted 3’Cl, 13Cy,, and

13C,y( isotopomers in the ground vibrational state

Param- Isotopomer

eter Parent molecule 37C1 BCue BCeyal

A 2187.556(17) 2171.929(113) 2159.995(101) 2182.999(103)

B 1163.818(2) 1139.505(3) 1150.514(4) 1159.864(4)

Cc 1016.607(2) 1001.310(2) 1001.563(4) 1012.744(3)

1 231.02453(180) 232.68675(1210) 233.97235(1090) 231.50679(1090)
Ip 434.24238(70) 443.50758(120) 439.26376(150) 435.72272(140)
Ic 497.12337(100) 504.71792(100) 504.59043(200) 499.01959(170)
N* 74 30 24 38

o** 0.11 0.08 0.13 0.13

Note. The standard deviations are given in parentheses.
* The number of experimental frequencies of rotational transitions.
** The standard deviation of calculated frequencies from experimental values (in MHz).
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agreement with previous inferences about nonplanar
ring conformation and axial orientation of the P—CI
bond in molecule 1.14 Joint analysis of the gas-phase
electron diffraction and microwave spectroscopy data
allowed the equilibrium structure to be determined more
correctly. The deviation angle of the P atom from the
plane passing through the other four atoms of the five-
membered ring, ¢, was estimated at 18.7+0.8°.15,16
Based on the experimental values of rotational con-
stants, we calculated the principal moments of inertia
and the following parameters of partial r-structure (in A)
for molecule 1

C=C  1.347(9) Cl..Coyq 3317(#) Ceyer-Cpie 2.549(5)
C—Cpye 1.423(5) CL.Cye 4.470(2) Cpre-.Cyve  3.321(4)

The dipole moment components, p, = 3.8(2) D and
ue = 0.24(2) D, were determined from measurements of
the Stark effect in the rotational spectrum of the parent
molecule; the total dipole moment, p, is 3.81(20) D.

Quadrupole interaction. Initially, the hyperfine split-
ting due to the quadrupole moment of 33Cl nucleus
was observed for the €Q (-transitions 145 ;0144
(8327 MHz) and 155 11<—154 11 (7708 MHZ) in the
spectrum of the parent molecule recorded using micro-
wave—microwave double resonance technique (sce
Table 1). These transitions were used for pumping and
observed as doublets with splittings of 2.6 and 4.2 MHz,
respectively. This allowed us to obtain preliminary esti-
mates of the quadrupole coupling constants and to
perform targeted search for p,-transitions with partially
resolved HFS (doublets with detectable splitting). The
quadrupole coupling constants were determined from
the frequencies of twelve doublets corresponding to the
W -transitions with 3 < J < 29 by the least squares
method at the first-order level of theory of quadrupole
interaction. Corrections to rotational energy levels were
calculated by the formula28

- 9E JoF OE _9E\|fU,J,F)
2["“(3/1 aB)JrX“(aC aBﬂ N ED

where f(1, J, F) is the Casimir function and y,, and ¥,
are the components of the quadrupole coupling tensor
in the system of principal axes of inertia of the mol-
ecule. Minimization was performed with fixed values of
rotational and centrifugal distortion constants. The pa-
rameters Ygqs Xee> AN Xpp = —(Naa T Xee) Were found to
be 8.99(34), —27.49(41), and 18.50 MHz, respectively.
Internal rotation of Me groups. Previously,?? it was
shown that four sublevels, AA, AE, (EE),, and (EE)_
(denoted following the notations of symmetry types for
individual Cj tops), with a ratio of statistical weights of
16 : 32 : 8 : 8 correspond to the ground state of torsional
vibrations of two equivalent Me groups (v = v = 0) in
molecules with C; symmetry. Therefore, one could ex-
pect a complex pattern for the FS of spectral lines of

compound 1 due to the interaction between internal
rotation of Me groups and the rotation of the entire
molecule. However, initially identified transitions with
small quantum numbers J exhibited no resolved FS.
This was an indication of a rather high potential barrier
which hinders internal rotation. A more thorough search
for the FS of rotational transitions was undertaken after
preliminary calculations with different barrier heights.

Using radiofrequency—microwave double resonance
techniques, we detected resolved components of a FS of
spectral lines of ¢ Q-transitions with large quantum num-
bers J and K| (48 < J < 53, 41 < K| < 46) and small
asymmetry splitting parameter in the spectrum of the
parent molecule and measured their frequencies. These
components correspond to torsional states with the
largest statistical weights (AA and AE). Weak radio-
frequency €Q o-transitions 48g 41487 4; (12.0 MHz),
508 43%507 43 (4 3 MHZ) 519 43(—518 43 (29 9 MHZ)
529,44&528,44 (17 7 MHZ), and 539,45&538,45 (10 8 MHZ)
were used for pumping. In addition to conventional
allowed “¢Q-transitions, for the state AE we also ob-
served forbidden transitions that are due to strong mix-
ing of rotational wave functions through the perturba-
tion term &g = Fywgo*D (Jx_, dPJJx_ +1 ) relating two
close-lying energy levels, Jg | x and Jg 41k, to each
other. The appearance of forbidden transitions was ac-
companied by a decrease in the intensities of the
allowed transitions. Information on the height of the
barrier to internal rotation, obtained after interpretation
of the FS of spectral lines of ¢Q-transitions with large
quantum numbers J allowed us to find yet another type
of transitions with partially resolved FS (“R-transitions
between energy levels with 12 <J <20 and 6 < K_; <8§).

To describe the spectrum in the torsional state be-
longing to the symmetry type AE, we used the effective
rotational Hamiltonian for a molecule with two equiva-
lent internal symmetric tops

H, =Hg+FZ,w"pPr +wimpry (3)
where
ﬁ+=aﬁa+yﬁc, ﬁ—zﬁﬁb,

o= Qelo)/ L, B = Mplo)/1p,

This expression has the same form as the effective
rotational Hamiltonian for a molecule with one sym-
metric top (expression (3) is written using the same
notations as those used in Ref. 28). The perturbation
coefficients w,,(*") can be expressed as linear combina-
tions of tabulated?® perturbation coefficients W, for
the case of single internal symmetric top. For the state
AE, the inverse spectral problem was solved using the
experimental frequencies of 23 transitions with J < 53.
The experimental frequencies of transitions with J > 48
(here, both the AA—AE and hyperfine splitting are
observed) were corrected for quadrupole interaction. In
addition to rotational constants, we also determined two
effective parameters Fowyy™D and Fywgy(tD) (—0.204(11)

v = (Aedo)/ I
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and —0.05542(46) MHz, respectively), which describe
the interaction between internal rotation and rotation of
the entire molecule at the first-order level of perturba-
tion theory. Centrifugal distortion constants were fixed
and assumed to be equal to those of the torsional state
belonging to the symmetry type AA. It was found that
rotational constants for the states AE and AA coincide
within the limits of standard deviations. The standard
deviation of the calculated frequencies from experimen-
tal ones was found to be 0.06 MHz.

We considered the potential function of internal
rotation for two noncoupled internal tops

Wag,0n) = 0.5V30(1 — cos3ay) + 0.5Vp3(1 — cos3ay). (4)

In this approximation, the above-mentioned values of
the effective parameters Fowyy("D and FPywy,(*D calcu-
lated for the parent molecule with the structural param-
eters F = 162 GHz, o = 0.0092, y = 0.0025, and [, =
3.15 amu A2 correspond to a potential barrier height
(V39 = Vp3) of 665 cm™! and a frequency of torsional
vibrations of 167 cm™!.

Microwave spectrum of the parent molecule in ex-
cited vibrational states. We found that each spectral line
originated from a rotational transition of the molecule
in the ground vibrational state has observable vibrational
satellites, i.e., spectral lines corresponding to rotational
transitions between excited vibrational states of the mol-
ecule. Analysis of the intensity distribution and spectral
pattern allowed us to select the vibrational satellites
corresponding to two lowest-lying vibrational modes n,
and n,.23:24 The values of rotational constants deter-
mined in the quasi-rigid asymmetric top approximation
from the experimental frequencies of transitions for
excited vibrational states of the parent molecule are
listed in Table 3. They were calculated assuming that
the centrifugal distortion constants are equal to those of
the ground vibrational state. Based on the measure-
ments of the relative intensities of rotational transitions,

we estimated the frequencies of two lowest vibrational
modes (v ~ 100 cm™!) and found that they coincide
within the limits of experimental error.

Appreciable difference between the pattern of the
rotational spectrum for the vibrational state (0,3) and
the spectral pattern of the quasi-rigid asymmetric top
should also be pointed out (see Table 3). Here, the
standard deviation, o, of calculated frequencies from
experimental values, which is usually comparable with
the experimental error (0.05 MHz), equals 2.13 MHz
and far exceeds the o values for other vibrational states.

Comparison of experimental vibrational frequencies
of parent molecule obtained by microwave spectroscopy
with results of quantum-chemical calculations. Restricted
Hartree—Fock calculations411—13 predict four vibrational
modes corresponding to ring puckering (v = 98 cm™!)
and twisting (v = 138 cm™!) and to torsional vibrations
of Me groups (v = 175 and 188 cm™!) in the frequency
range below 200 cm™!.

Since the experimental frequencies of torsional vi-
brations (v = 167 cm™!) were found from analysis of the
FS of microwave transitions in the parent molecule
performed assuming noninteracting Me groups, the split-
ting of the energy sublevels in the upper torsional state
(v = 1) is negligible (Fig. 2). A more thorough analysis
requires the use of a potential function with inclusion of
correction for the interactions between torsional vibra-
tions of Me groups. Such a potential function can be
expressed as follows

V(oy,00) = 0.5V3p(1 — cos3a) +
+ 0.5Vy3(1 — cos3ay) + Vpsin3a;sin3a. (5)

The largest experimental value of the parameter V',
determining the interaction between two equivalent Me
groups reaches 4.8% of the height of the potential
barrier, V3(.3%31 Using this ratio, one gets that the
splitting of energy sublevels in the state v = 1 increases
to 13.1 ecm™! (see Fig. 2, b). The average frequency of

Table 3. Rotational constants (4, B, C/MHz) for the parent molecule in the ground and excited states

of two lowest vibrational modes (n; and n,)

ny,hy A B o N* o

0,0 2187.556(17) 1163.818(2) 1016.607(2) 74 0.11
1,0 2187.30(32) 1164.2667(99) 1017.3801(79) 22 0.13
2,0 2187.35(36) 1164.727(11) 1018.1384(85) 16 0.12
3,0 2188.50(24) 1165.2128(70) 1018.8771(55) 12 0.07
4,0 2180.8(22) 1165.41(7) 1019.81(5) 6 0.27
0,1 2190.69(27) 1163.0632(88) 1015.8414(74) 23 0.14
0,2 2193.52(37) 1162.325(12) 1015.110(9) 19 0.15
0,3 2202.037(6100) 1162.08(18) 1014.10(15) 15 2.13
0,4 2182.85(39) 1163.604(56) 1011.788(10) 6 0.04
1,1 2193.91(42) 1163.660(14) 1016.386(12) 14 0.14
1,2 2197.87(306) 1162.95(13) 1015.59(17) 13 0.25
2,1 2183.71(93) 1163.649(29) 1017.704(24) 9 0.28

Note. The standard deviations are given in parentheses.
* The number of experimental frequencies of rotational transitions.
** The standard deviation of calculated frequencies from experimental values (in MHz).
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a
AA N
— -1
//<- } 0.03 cm
v=1."
T/ r 0.65 cm™!
N —_—
\f—} 0.03 cm™! )
EE
166.71 cm™!
EE
V=20 _ o —
szzil AE} 0.0012 cm™!
AA

b
AA ;
~1
//(-— } 0.03 cm
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II/
V=1 .
B e —— > 13.1 cm™!
\\\
\\\
\\\ 71
9—} 0.03 cm ]
EE
166.59 cm™!
EE
V=20 o —
s=z:- AE} 0.0012 cm™!
AA

Fig. 2. Scheme of energy sublevels for torsional vibrations of two Me groups in the parent molecule in the ground (v = 0) and first
excited (v = 1) states constructed assuming noncoupled internal tops (a) and corrected for the top—top coupling (see ex-
pression (5)) (b). The coupling constant V', = —31.9 cm~! was taken to be 4.8% of the experimental height of the potential

barrier V3.

the doublet remains virtually unchanged. Hence it can
be used for the determination of the scale factor when
comparing the experimental frequencies of torsional
vibrations with the results of quantum-chemical calcu-
lations. A scale factor value of 0.92 found in this work
corresponds to a doublet splitting of 12 cm™! (v = 161
and 173 cm™!). The magnitude of the coupling con-
stant, V', is —=29.3 cm™! or 4.4% of the experimental
barrier height value (V3 = V3y = 665 cm™1). Thus, the
results of quantum-chemical calculations$11—13 for tor-
sional vibrations of Me groups are in good agreement
with the microwave spectroscopy data.

The existence of two lowest vibrational modes, n;
and n,, with frequencies v ~ 100 cm™! and their assign-
ment is also consistent with the results of quantum-
chemical calculations.411=13 Al vibrational satellites
observed in the microwave spectrum of the parent mol-
ecule belong to different excited states of these modes
and can be assigned using the data listed in Table 4.
Since the ground state of molecule 1 is characterized by
a nonplanar ring conformation, excitation of a ring

puckering vibration leads to flattening of the five-mem-
bered ring and to a decrease in the inertial defect A.
Excitation of a twisting vibration of the ring should not
lead to a decrease in Ac. Therefore, analysis of the
character of changes in A upon excitation of vibrations
(see Table 4) allows the modes n; and n, to be assigned
to twisting and puckering vibrations of the five-mem-
bered ring, respectively.

There is yet another argument in favor of this assign-
ment. As mentioned above, the pattern of the rotational
spectrum for the vibrational state (0,3) differs apprecia-
bly from the spectral pattern of the quasi-rigid asym-
metric top (see Table 3). We believe that the observed
deviation is due to strong rotation-vibration interaction,
which can occur in the case of intramolecular motion
associated with ring inversion. Analysis of vibrational
spectra performed with scaling of quantum-chemical
force field showed that in the case of molecule 1 this
can only be a complex two-dimensional motion which
includes both ring puckering vibration and wagging
vibration of the P—CI bond.!7 It was found that such a

Table 4. Inertial defects (A/amu A2) in the ground and excited vibrational states of two lowest vibrational modes (ny and ny) and
changes in the inertial defects (8A) upon excitation of the vibrational modes to upper levels for the parent molecule

ny,ny A/amu A2 dA/amu A2

AA=IB+IC_IA Alec+ IA_IB ACZIAJ"[B_IC SAA=22m,6ai2 6AB=22m,~8b,~2 6AC=2Zm,~8c,~2
0,0 700.3413 293.9055 168.1435
0,1 701.3282 293.6678 167.7202 0.9869 —0.2377 —0.4233
0,2 702.2602 293.4518 167.3402 1.9189 —0.4537 —0.8033
1,0 699.7691 293.7221 168.3809 —0.5722 —0.18342 0.2374
2,0 699.23314 293.51814 168.57386 —1.10816 —0.38736 0.43036




2-

Chloro-4,5-dimethyl-1,3,2-dioxaphospholene

Russ.Chem.Bull., Int.Ed., Vol. 50, No. 9, September, 2001

1611

motion studied taking 3-phospholene molecule as an

€X

ampled is described by a potential surface with two

equivalent wells. In the high barrier approximation,
vibrational energy levels are degenerate. However, if the
barrier between the wells is sufficiently low, these levels
become split. The splitting value becomes comparable
with the rotational energy and a strong, resonance-type,
rotation-vibration Coriolis interaction occurs, which is
responsible for anomalies in the rotational spectrum of
the molecule.
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