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The frequencies and forms of the normal vibrations for trimethyl(2-furyl)siiane, 
trimethyl(2-furyl)germane, and trimethyl(2-furyl)stannane molecules were calcu- 
lated. An interpretation of the results of an experimental investigation of the 
vibrational IR absorption spectra and the Raman spectra of compounds with the for-~ 
mula RnMMe~_n(R = 2-furyl, M = Si, Go, Sn; n = 1-4) is given. 

The vibrational spectra of heteroorganic derivatives of furan have been studied in a se- 
ries of papers [2-5]. In order to obtain a more nearly complete interpretation of the vibra- 
tional spectra of heteroorganic derivatives of furan we calculated the frequencies and forms 
of the normal vibrations for trimethyl(2-furyl)-substituted silane, germane, and stannane mol- 
ecules. As a zero approximation of the force field of the furyl fragment we used the force 
field of the furan molecule obtained in [6, 7]. This field was refined by solution of the in- 
verse vibrational problem for the furan molecule and deuterium-substituted furan molecules 
by the method of successive congruence. Good agreement between the calculated and experimental 
frequencies of furan and six of its deuterium-substituted derivatives is observed. The maxi- 
mum deviation is 19 cm -I, and the mean deviation is ~4 cm -I. The force fields of the -M(CH3) 3 
fragments (M = Si, Go, Sn) were taken from [8-10]. 

For the calculation of the monofuryl-substituted compounds we used a system of natural 
independent coordinates (see Fig. i): QI, QIs, Q3~, QlT, Q18, Q19, Q20, Q21, q22 q~, q4, qs, q2 
q16, q35, q36, q~v, q38, q23, q2~, q25 -- changes in the bond lengths: ~I0, a11, ~8, a41, ~43, 
~44, ~12, ~13, ~14, ~9, ~33, ~42, B~5, ~46, ~47, B28, ~29, ~30, ~31, u ~27, 77, ~32, ~40, 
E6, E39 - -  the changes in the angles; P48, P49, P51, P52 - coordinates that characterize the 
deviations of the corresponding bonds from the plane of the ring; ~50, ~ 52 - out-of-plane 
coordinates that characterize the bending of the furyl fragment. The rotations of the methyl 
groups relative to the M-C(Me) bonds and the rotation of the ring relative to the M-C r bond 
are disregarded. The designation of the coordinates corresponds to the designation used in 
studies from which the force fields of the fragments were borrowed. The coordinates were num- 
bered in such a way that the symmetry of the molecules was taken into account in composing 
the matrix of the dynamic coefficients and instruction for the formation of the matrix of the 
kinematic coefficients. The vibrational problem was solved under the assumption that the mole- 
cules have C s symmetry. The number of the atoms and the selected directions of the vectors 
of the bonds are presented in Fig. 2. The ring and the M(1)--C(14) and M(1)-C(3 ) bonds, as well 

as the C(3)-H(I0) bond, are located in the plane of symmetry. The C(14)-O(15) and M(I)-C(3 ) 

bonds are cis oriented. The geometrical parameters necessary for the calculation were taken 
from [11-13]. In the solution of the vibrational problem we used the method of fragmentary 
calculation. The calculations were made by means of programs [14] adapted for the Iskra-226 
computer in BASIC language. An analysis of the vibrations and the distribution of the poten- 
tial energy with respect to vibrational coordinates obtained in the solution of the vibra- 
tional problem for monofuryl-substituted compounds and the results of experimental, measure- 
ments of the frequencies, intensities, and the degree of depolarization of the lines in the 
Raman spectra and the principal parameters of the bands in the IR absorption spectra of di-, 

*See [i] for Communication 67. 
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, . 3~45  124H 

~ 17 5t 

z . 8 ~ ' ~  49 

H~51 

C~JH(20 ) 
Fig. i Fig. 2 

Fig. i. Natural vibrational coordinates of monofuryl-substituted compounds of the 
RM(CH 3 ) type. 

Fig. 2. Numbering of the atoms and selected directions of the vectors of the bonds 
in molecules of the RM(CH3) 3 type. 

tri-, and tetrafuryl-substituted silanes, germanes, and stannanes make it possible to perform 
an interpretation of the spectra of compounds of the indicated series. 

Vibrational Spectra of 2-Furylsilanes RnSi(CH3)~_n(n = 1-4) 

The vibrational problem for the trimethyl(2-furyl)-silane molecule was solved (Table i). 
The experimental frequencies are presented for the liquid state of the substance. Assignments 
were made for the entire examined series of 2-furylsilanes (Table 2). 

Three very weak bands related to the stretching vibrations of ring C-bonds were recorded 
in the short-wave region of the IR spectra; their intensities increase with an increase in the 
number of furyl groups in the molecule. In the Raman spectra the corresponding lines are quite 
intense [their relative intensities (Ire I) at the maxima are presented in Table 2]. The H(19) 
and H(21) atoms are displaced markedly in the vibration with a frequency of 3148 cm -I. The 
q23 coordinate makes the greatest contribution to the potential energy of this vibration. The 
q2s, q23, and q2~ coordinates change simultaneously in the vibration with a frequency of 3115 
cm -I. The band with a frequency of 3082 cm -I is very weak; in earlier studies dealing with 
the measurement of the IR spectra of 2-furylsilanes it was not observed; however, measurement 
of the Raman spectra and a more detailed study of the IR spectra for a greater thickness of 
the investigated sample made it possible to reliably record this vibration, which belongs pri- 
marily to the change in the q24 coordinate. 

The bands at 2962 and 2902 cm -I in the spectrum of trimethyl(2-furyl)silane are related 
to stretching vibrations of the C-H bonds of methyl groups. In the Raman spectrum the lines 
of these vibrations are among the most intense; the first of them is completely depolarized 
(P = 0.86) and very broad, while the second is polarized (p = 0.02). As the number of methyl 
groups in the RnSi(CH3)~_ n series decreases their intensities decrease. 

The vibration at 1555 cm -l is characterized by a change in the angles formed by the 
C-H bonds with the skeleton of the furyl fragment and the lengths of the C----C bonds. In the 
Raman spectrum the line of this vibration is very weak and, as demonstrated by a qualitative 
evaluation, depolarized. 

The B29, Q20, and Q22 coordinates change most markedly in the vibration at 1462 cm -I 
Lengthening of the C-----C bonds is accompanied by an appreciable change in the internal angles 
(the Y26 and 727 coordinates). In the investigated Raman spectra of 2-furylsilanes the line 
of this vibration is the most intense and polarized (P = 0.3-0.36). An increase in the number 
of furyl groups has virtually no effect on the frequency of this ring vibration, and the stan- 
dard intensity of the lines increases; however, this increase does not obey the simple addi- 
tivity rule. 
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The deformation vibrations of the methyl groups, which are associated primarily with a 
change in the ~(H-C-H) angles, have a frequency of 1410 cm-1; the corresponding line in the 
Raman spectrum is very weak and depolarized (p = 0.78). 

All of the atoms of the furyl fragment are displaced appreciably in the complex in-plane 
vibration at 1362 cm -I Almost a third of the potential energy of the vibration goes into 
the Q1s coordinate, while the remainder is distributed rather uniformly among the ~30, Q21, 
Q29, Q22, and 727 coordinates. In the Raman spectra the line of this vibration has medium 
intensity, is depolarized (p = 0.78-0.83), and is not overlapped with other lines; it was used 
as the standard in'the evaluation of the relative intensities at the maxima of the other 
lines. 

Two markedly overlapped bands that belong to deformation vibrations of methyl groups are 
recorded at 1252-1260 cm- in the IR spectrum of trimethyl(2-furyl)silane. The contour of the 
corresponding line in the Raman spectrum has two maxima. Similar splitting was noted in the 
spectra of trimethylchlorogemane [i0] and trimethylbromogermane [i0]. Lone bands, the inten- 
sities of which decrease with a decrease in the number of methyl groups, are recorded in the 
spectra of dimethyldi- and methyltri(2-furyl)silane in this region. In the Raman spectra 
the lines of deformation vibrations of methyl groups are weak and partially polarized. 

A vibration with a frequency of 1204 cm -l appears in the IR spectrum of trimethyl(2-furyl- 
silane in the form of a narrow intense band. In the Raman spectrum the depolarized line of 
medium intensity corresponds to this vibration. The integral intensities of the IR bands in~ 
crease additively as the number of furyl groups increases. Thevibration under consideration 
is described by a marked change in the angular coordinates (~31, $29, ~30), which character- 
ize the in-plane deformation vibration of the ring C-H bonds, as well as by a change in the 
internal angles (726, ~2~) and the C-O (Q18, Q19) and C-C (Q2~) bond lengths of the furyl 
fragment. 

The vibration with a frequency of 1150 cm -I is related to in-plane deformation vibrations 
of the ring. The Hi9 , H20 , and H21 atoms are displaced most markedly. The B29 coordinate 
makes the principal contribution to the potential energy of this vibration. For the entire 
examined series of 2-furylsilanes the frequency of this vibration remains virtually unchanged; 
the lines in the Raman spectra are weak and depolarized. 

The vibration with a frequency of ii09 cm -I in the IR spectrum of trimethyl(2-furyl)si- 
lane show up in the form of a strong band. The intensities of the bands increase with an 
increase in the number of furyl groups, and a tendency toward an increase in the frequency with 
the addition of each furyl group is observed. A very weak broad line corresponds to the vibra- 
tion under discussion in the Raman spectra. According to the results of calculation of the 
form of this vibration it should be assigned primarily to the vibration of the skeleton of 
the ring (pulsation of the ring); however, the external C-----C-H angles also change appreciably. 
The Q1s, Q20, Q21, Q1s, and 830 coordinate makes the principal contribution to the potential 
energy. 

The H21 and H20 atoms are very markedly displaced in the vibration with a frequency of 
1074 cm-1; the H19 atom is displaced to a considerably lesser extent. The $31, Q19, Q21, and 
~30 coordinates make the principal contribution to the potential energy of this vibration. 
The band at 1074 cm -I in the IR spectrum of trimethyl(2-furyl)silane is weak; in the Raman 
spectrum this vibration shows up in the form of a depolarized line of medium intensity. 

Very strong bonds with a frequency of 1008 cm -I are recorded in all of the investigated 
IR spectra of 2-furylsilanes. These bands serve as some of the indicators that make it pos- 
sible to form a judgement regarding the presence of a 2- or 2,5-substituted furyl fragment 
in the molecule [15]. It is apparent from the results of the calculation presented above that 
the ~30, ~31, and Q21 coordinates change most markedly for this vibration and that they make 
the principal contribution to the potential energy of the vibration. The angles and bonds, 
the change in which determines the form of the vibration under consideration, are remote from 
the substitution positions, and the frequency of this in-plane vibration of the ring therefore 
changes only slightly on passing from 2-substituted'to 2.5-substituted furans. 

Two overlapped intense bands with frequencies of 902 and 887 cm -I are also related to 
in-plane deformation vibrations of the furyl fragment. The ~29, ~30, ~26, and 727 coordinates 
change markedly in the vibration with a frequency of 902 cm-l; the X26 coordinate makes the 
principal contribution to the potential energy of this vibration. In the variation with a fre- 
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quency of 887 cm -I the hydrogen atoms of the furyl fragment are displaced to a lesser extent 
than in'the preceding vibration, and the C-O bond lengths and the 727(C=C-<)) internal angular 
coordinate change markedly. For the entir~iiw of 2-furylsilanes the frequency of these 
vibrations remains unchanged, and two weak overlapped lines in the Raman spectra correspond 
to them. 

The identification of the vibrations over the frequency range 880-800 cm -i in the IR spec- 
tra of 2-furylsilanes is complicated, since the pendulum vibrations of the methyl groups ap- 
pear in this region in the form of very strong broad bands. 

A very weak line with a frequency of 863 cm-i~ which we assign to out-of-plane deforma- 
tion vibrations of C-H bonds of the furyl fragment, was recorded in the Raman spectrum of tri- 
methyl(2-furyl)silane. All three His, H=0, and H2i atoms are displaced perpendicularly rela- 
tive to the plane of the ring. The Pus coordinate makes the principal contribution tothe 
potential energy of this vibration. The frequency of this vibration increases with an increase 
in the number of furyl groups, and in the spectrum of tetra(2-furyl)silane the line of the 
examined vibration is overlapped with the line at 886 cm -i. 

As we have already noted, the pendulum vibrations of the methyl groups, which are charac ~ 
terized by a change in the ~(H-~-Si) external angles, are very active in the IR spectra. The 
band at 843 cm -I in the IR spectrum of trimethyl(2-furyl)silane belongs to them, while the 
weak depolarized line of the same frequency in the Raman spectrum belongs to them. We assign 
the very strong bands at 836 and 810 cm -l in the IR spectrum of dimethyldi(2-furyl)silane to 
deformation vibrations of CH a groups. Corresponding lines do not appear in the Raman spec- 
trum. In the spectra of methyltri(2-furyl)silane the pendulum vibrations of the methyl group 
have a frequency of 790 cm -I. 

In the spectrum of trimethyl(2-furyl)silane the vibration with a frequency of 815 cm -i 
is related to out-of-plane vibrations of the ring C-H bonds. All of the hydrogen atoms are 
displaced appreciably, the Ps2 and P~s coordinates change most markedly, and the P52 coordi- 
nate makes the preponderant contribution to the potential energy of this vibration. An increase 
in the frequency of this vibration to 829 cm -i in the spectrum of tetra(2-furyl)silane is 
noted with an increase in the number~ of rings in the molecule. In the IR spectrum of dimeth- 
yldi(2-furyl)-silane theband of out-of-plane vibrations is overlapped by a more intense band 
belonging to pendulum vibrations of CH a groups. 

The doubly degenerate (A' and A") stretching vibration of the Si-C(Me) bonds in the tri- 
methyl(2-furyl)silane molecule and the unsymmetrical vibration of the Si-C(Me) bonds in the 
dimethyldi(2-furyl)silane molecule have frequencies of, respectively, 758 and 784 cm -i In 
the IR spectra the bands of the vibrations under discussion are very intense, whereas weak 
depolarized lines in the Raman spectra belong to them. For these vibrations, in addition to 
a change in the lengths of the Si-C(Me) bonds, one observes an appreciable change in the B(H- 
C-Si) angular coordinates. 

In the spectrum of trimethyl(2-furyl)silane the out-of-plane deformation vibrations that 
are characterized primarily by a change in the P48 and Pus coordinates have a frequency of 
745 cm -i The intensities of the IR bands increase additively with an increase in the number 
of furyl groups, and the frequencies remain virtually unchanged. The lines of out-of-plane 
deformation vibrations in the Raman spectra are very weak and depolarized. 

The completely symmetrical stretching vibration of the Si-C(Me) bonds in the spectrum;. 
of trimethyl(2-furyl)silane has a frequency of 633 cm -I. In the Raman spectrum the line of 
this vibration is very intense and polarized (p = 0.09). On passing to dimethyldi(2-furyl)- 
silane the frequency of the completely symmetrical vibration of the Si-C(Me) bonds increases 
to 677 cm -i, the standard intensity of the line decreases additively with respect to the number 
of Si--C(Me) bonds, and the degree of depolarization changes only slightly (p = 0.ii). In the 
Raman spectrum of methyltri(2-furyl)silane the line with a frequency of 733 cm -I (p = 0.37) 
belongs to the ~(Si-C)(M~ stretching vibration~, 

The calculation of the frequencies in the vibrational spectrum of trimethyl(2-furyl)si- 
lane shows that one of the out-of-plane vibrations of the ring that is charcterized by a change 
in the coordinate of the ~ type has a frequency of 646 cm -i We were unable to detect the 
corresponding line or band in the spectra of RSi(CH~)3, since the stretching vibration of the 
Si-C(M~ bonds shows up very actively in this region. But a weak broad band with a frequency 
of 650 cm -l is observed in the Raman spectrum of dimethyldi(2-furyl)silane; its intensity in the 
2-furylsilane series increases with the addition of furyl fragments, while the frequency does 
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not change. In the Raman spectra very weak depolarized lines correspond to this vibration. 
In addition to the ~ s~ coordinate, which makes the principal contribution to the potential 
energy of this deformation vibration of the furyl skeleton (90%), the psl(Cr--Si) coordinate 
changes appreciably. 

The vibration with a frequency of 597 cm -I is one of the characteristic vibrations in 
the spectra of furan derivatives. This vibration is described primarily by a change in the 

so coordinate; the hydrogen atoms of the furyl fragment are displaced only slightly perpen- 
dicular to the plane of the ring. In the IR spectra of 2-furylsilanes the bands with a fre- 
quency of 597 cm -I are intense, while the lines in the Raman spectra are very weak and de- 
polarized. 

In the spectrum of trimethyl(2-furyl)silane the stretching vibration of the Si-C r bond 
has a frequency of 416 cm -l. The ~7(Cr-Si-C) and ~40(Cr-Si-C) and E~(C-Si-C) and e~9(C-Si-C) 
angular coordinates change appreciably simultaneously with the Q17(Si-~ r) coordinate. The 
Ql? coordinate makes the principal contribution to the potential energy of this vibration. 
In the Raman spectrum the line of the stretching vibration is intense and polarized (p = 0.04). 
In the spectrum of dimethyldi(2-furyl)silane the completely symmetrical stretching vibration 
of the Si-~ r bonds appears at 403 cm-1; the line of the completely symmetrical vibration is 
intense and polarized (p = 0.16), and its contour is almost twice as broad as the contour of 
the line at 416 cm -l in the Raman spectrum of RSi(CH3) 3. An unsymmetrical vibration does 
not appear in the Raman spectrum, whereas the intense band at 475 cm -l in the IR spectrum 
corresponds to it. A decrease in the completely symmetrical vibration of the Si-~ r bonds to 
392 cm -I is observed on passing to methyl tri(2-furyl)silane, and the very strong band at 
503 cm -I is related to the doubly degenerate unsymmetrical vibration of these bonds. In the 
Raman spectrum of tetra(2-furyl)silane a line of the completely symmetrical vibration of the 
~i-C r bonds is observed at 370-380 cm-l; unsymmetrical vibrations do not appear in the Raman 
spectrum, while the most intense and broadest band with a frequency of 535 cm -I corresponds 
to it in the IR spectrum. 

For the low-frequency region of the spectra of 2-furylsilanes we have experimental data 
only from the Raman spectra. The deviation between the experimental and calculated frequencies 
for this region of the spectrum of trimethyl(2-furyl)silane does not exceed 18 cm -I. An addi- 
tional correction of the force field in order to decrease this difference was not made. 

The $28(C----C-Si) and 73=(Cr-Si-C) coordinates, which characterize the changes in the an- 
gles that lie in the plane of symmetry of the molecule, change most markedly for the vibration 
with a frequency of 303 cm -I, and the g6(C-Si-C) and g3s(C-Si-C) coordinates change appreci~ 
ably. The 732 coordinate makes the greatest contribution to the potential energy of this 
vibration. 

In the vibration with a frequency of 283 cm -l, in addition to the coordinates that de- 
scribe the vibration of the -SiC3(Me) skeleton, the coordinates that characterize the out-of- 
plane vibrations of the ring, viz., ps1(Cr-Si) and ~ s~, also change. The line of this vi- 
bration is very weak and depolarized. 

The very strong, broad, and depolarized line with a frequency of 212 cm -l in the spectrum 
of trimethyl(2-furyl)silane belongs to deformation vibrations of the -SiC3(Me) fragment. 

We assign the intense depolarized line with a frequency of 106 cm -I to a vibration asso- 
ciated with a change in the ~28(C----C-Si) and y3=(Cr-Si-~) angular coordinates. 

A vibration that is characterized by deviation of the Cr-Si bond from the plane of the 
ring and a change in the 7~0(Cr-Si-~Z) and 77(Cr-Si-<]) angular coordinates was not observed 
in the experimental spectrum. 

Vibrational Spectra of 2-Furyl~ermanes 

The vibrational problem was solved for the trimethyl(2-furyl)germane molecule (Table 3). 
For the spectra of a number of 2-furylgermanes RnGe(CH3)4_ n (n = 1-3) we assigned the principal 
frequencies (Table 4) on the basis of the solution of the vibrational problem. It is apparent 
from a comparison of the results of measurement of the spectra of 2-furylgermanes and 2-furyl- 
silanes that the frequencies of the stretching vibrations of the ring C--H bonds coincide 
within the limits of the experimental error. The frequencies of the stretching vibrations of 
the C-H bonds of the methyl groups in the spectra of 2-furylgermanes are 10-20 cm -l higher 
than in the corresponding 2-furylsilanes. 
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Of the i0 bands of in-plane vibrations of the furyl fragment that appear at 880-1560 cm -I 
in the spectrum of trimethyl(2-furyl)germane, only the band of a complex vibration for which 
virtually all of the lengths of the ring bonds change (the pulsation vibration) was shifted 
extremely markedly to the long-wave region (Av = 16 cm "I) as compared with the spectrum of 
trimethyl(2-furyl)silane; for the remaining bands the shift in the same direction does not ex- 
ceed 7 cm -l The character of the change in the frequencies of the ring vibrations with the 
addition of furyl fragments is approximately the same as in the case of 2-furylsilanes. 

The deformation vibrations of the methyl groups in 2-furylgermanes appear at 1410-1420 
and 1240-1250 cm -I. In the spectrum of trimethyl(2-furyl)germane the contour of the band at 
1241 cm -I is unsymmetrical, while two markedly overlapped lines are recorded in the Raman spec- 
trum. A similar pattern is observed in the spectrumof trimethyl(2-furyl)silane. 

The frequencies of the five out-of-plane vibrations of the furyl fragment in the spectrum 
of RGe(CH~) 3 lie at 590-870 cm -I. As compared with the spectrum of RSi(CH~)3, a 5-10 �9 cm -l 
decrease in the frequencies of four vibrations was noted, while the frequency of the vibration 
that is characterized by a change in the ~ 5o coordinate remained unchanged (597 cm-l). 

Pendulum vibrations of methyl groups are recorded in the IR spectra of 2-furylgermanes 
in the form of very intense broad bands at 830-840 and 750-765 cm -I, where they are overlapped 
with no less intense bands of out-of-plane vibrations of the ring. In the Raman spectra the 
pendulum vibrations are either inactive or show up in the form of very weak depolarized lines. 

The most intense polarized (p = 0.07) line with a frequency of 575 cm -I in the Raman spec- 
trum of trimethyl(2-furyl)germane belongs to the completely symmetrical stretching vibration 
of the Ge-C(Me) bonds. The unsymmetrical vibration of these bonds has a frequency of 608 

cm-l; the line in the Raman spectrum is intense and depolarized (p = 0.78), while in the IR 
spectrumthe band of this vibration is overlapped with the band of the ring deformation vibra- 
tion, which has a frequency of 600 cm -I On passing to dimethyldi(2-furyl)germane the fre- 
quencies of the completely symmetrical and unsymmetrical vibrations of the Ge-C(Me) bonds are 
shifted to the short-wave region and are equal to 590 and 617 cm -I, respectively, lh the spec- 
trum of methyltri(2-furyl)germane we assign the band with a frequency of 611 cm -I to the 
v(Ge-C) stretching vibration. 

IN the spectrum of'the trimethyl(2-furyl)germane molecule the v(Ge-C r) stretching vibra- 
tion has a frequency of 320 cm -I. In the Raman spectrum the line of this vibration is quite 
intense and polarized (p = 0.13). In the spectrum of dimethyldi(2-furyl)germane the line of 
the completely symmetrical vibration of the Ge-C r bonds shows up with a frequency of 315 cm -I, 
and the very weak depolarized line with a frequency of 340 cm -I can be assigned to the unsym- 
metrical vibration of these bonds. 

Vibrational Spectra of 2-Furylstannanes 

The vibrational problem for the trimethyl(2-furyl)stannane molecule was solved (Table 
5). The principal frequencies in the vibrational spectra of compounds of the RnSn(CH3)4_ n 
series (n = 1-3) were assigned (Table 6). The frequencies of the stretching vibrations of 
the C-H bonds of the furyl fragment remain virtually unchanged on passing from 2-furylgermanes 
to 2-furylstannanes. Stretching vibrations of the C-H bonds of methyl groups are recorded 
at 2995-3005 and 2918-2930 cm-1; this is 7-25 cm -l higher than in the case of the correspond- 
ing 2-furylgermanes. 

In the case of the in-plane vibrations of the ring fragment one observes a tendency for 
a decrease in the frequencies on passing from M = Ge to M = Sn; the maximum shift to the long- 
wave direction was noted for the band of the pulsation vibration of the ring (~v = 17 cm-l). 

In the IR spectrum of trimethyl(2-furyl)stannane the band of deformation vibrations of 
the methyl groups (1198 cm -I) is overlapped with the more intense band of the in-plane ring 
vibration, which has a frequency of 1201 cm-1; in the spectra of dimethyldi(2-furyl)stannane 
and methyltri(2-furyl)stannane the frequencies of these vibrations evidently coincide, and 
the contour of the band becomes symmetrical. Umbrella vibrations of the methyl groups are 
observed at 1400-1412 cm -I only in the IR spectra of 2-furylstannanes. 

Pendulum vibrations of methyl groups were not recorded in the Raman spectra of 2-furyl- 
stannanes, while the broad intense bands at 776 and 720 cm -I correspond to them in the IR spec- 
tra. 
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In the Raman spectrum of trimethyl(2-furyl)stannane we assign the powerful polarized 
(p = 0.08) line with a frequency of 513 cm -I to the completely symmetrical stretching viSra- 
tion of Sn-~(Me) bonds; the line of unsymmetrical vibrations is completely depolarized (0 = 
0.82) and broad with a frequency of 531 cm -I . In the spectrum of dimethyldi(2-furyl)stannane 
the frequency of the completely symmetrical stretching vibration of the Sn-C(Me) bonds in- 
creases to 528 cm -I, and the broad depolarized (p = 0.86) line with a frequency of 545 cm -I 
belongs to an unsymmetrical vibration. In the spectrum of methyltri(2-furyl)stannane the fre- 
quency of the stretching vibration fo the Sn-~(Me) bond is equal to 543 cm -I 

We assigned the broad polarized line with a frequency of 267 cm -I in the Raman spectrum 
of trimethyl(2-furyl)stannane to the stretching vibration fo the Sn-C r bond. In the spectrum 
of dimethyldi(2-furyl)stannane the completely symmetrical Av(Sn-C r) vibration has a frequency 
of 269 cm -I, while the unsymmetrical vibration has a frequency of 281 cm-1; these vibrations 
show up in the Raman spectrum in the form of overlapped broad lines, the first of which is 
polarized (p = 0.18), while the second has a degree of depolarization of 0.41. We assign the 
weak. lines with Frequencies of 270 and 293 cm -I in the spectrum of methyltri(2-furyl)stannane 
to stretching vibrations of the Sn-C r bonds. 

Thus we have interpreted the frequencies in the vibrational spectra of 10 heteroorganic 
furan derivatives. It was noted that a tendency for a decrease in the frequency in the order 
M = Si, Ge, Sn is observed for the bulk of the in-plane and out-of-plane vibrations of the 
ring. The frequency of the pulsation vibration decreases most appreciably (Av = 33 cm-l). 
The methyl groups in the investigated compounds are rather fixed in space, the eigenfunctions 
corresponding to the vibrational levels of the CH 3 groups are degenerate, and one line for 
each of the symmetrical and unsyE~etrical vibrations is, as a rule, observed in the spectra. 
The frequency of the stretching vibrations of the M-C r bonds is considerably smaller than the 
frequency of the vibrations of the M-C(Me) bonds; this is due not only to the kinematic factor 
but also to the smaller degree of rigidity of the M-C r bond. 

EXPERIMENTAL 

The IR absorption spectra of KBr pellets of the crystalline compounds were obtained with 
a UR-20 spectrometer. 

The Raman spectra were obtained with DFS-12 and DFS-24 spectrometers. The lines of cad- 
mium (440 nm) or argon (488 nm) lasers were used as the exciting lines. The samples of the 
powdery substances were first pulverized and then placed in capillaries. The relative intensi- 
ties (I0) of the Raman lines are presented with allowance for the sensitivity of the photomul- 
tiplier (FEU-17, FEU-79). 
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2,2-DIMETHYL-5-(5-R-FURFURYLIDENE)-I,3-DIOXANE-4,6-DIONES. 

3.* SELECTIVE HYDROGENATION OF THE EXOCYCLIC DOUBLE BOND 

AND THREE-DIMENSIONAL STRUCTURES OF THE REACTION PRODUCTS 

G. D. Krapivin, V. E. Zavodnik, 
N. I. Val'ter, V. K. Bel'skii, 
and V. G. Kul'nevich 

I UDC 547.841'727:548. 
737:542.942.3 

The reaction of 2,2-dimethyl-5-(5-R-furfurylidene)-l,3-dioxane-4,6-diones with sodi- 
um borohydride in alcohol leads exclusively to products of hydrogenation of the exo ~ 
cyclic double bond. The three-dimensional structure of one of them - 2,2-dimethyl- 
5-(5-methyl-furfuryl)-l,3-dioxane-4,6-dioxane - was investigated by x-ray diffrac- 
tion analysis (>IDA). 

In [2] on the basis of an analysis of the PMR spectra of substituted 5-benzyl-2,2-dimeth, 
yl-l,3-dioxane-4,6-diones it was concluded that the molecules of these compounds are folded 
into a "sandwich" in which the benzene ring is situated almost parallel to the planar diox- 
anedione ring. However, recent x-ray diffraction studies of Meldrum's acid and its 5-ethyl 
and 5-phenyl derivatives [3, 4] have shown that in the crystal the dioxanedione ring has a 
hoat conformation, while the substituent in the 5 position is equatorially oriented. These 
data cast doubt on the possibility of the formation of the "sandwich" structures proposed in 
[21. 

The present research was carried out to shed some light on the problem of the three- 
dimensional structures of compounds that are, in principle, capable of forming intramolecuiar 
complexes of this type. We selected furfuryldioxanediones as the subjects of our investigation. 
These compounds are of interest, first, from the point of view of the study of the chemical 
properties of furfurylidenedioxanediones [5] - particularly the possibility of the selective 
hydrogenation of the exocyclic C----C bond of the latter - and, second, for a comparison of the 
three-dimensional structures of the molecules before and after hydrogenation of the ylidene 
bond. 

R. 0...,0~ ~CH~(e) R o o~CH~ -- ~ 0~ , . . , o7  
'-~--~ ~ ~,,,CH3 [HI 

R ~ "/~"O~"-S"-[~O R' "'i~'o/~t'~II CH~(.) 

}1 o I~ H 
I a - f  I! a - f  

I, II a-e R=H, f R=Br; a RZ=H, ~bRt=Me, c R~=C~CPh, d Rl=Br, e , f  RI=I 

V a r i o u s  methods  e x i s t  f o r  t h e  hy_drogena t ion  o f  a l k y l i d e n e  and b e n z y l i d e n e  d e r i v a t i v e s  o f  Mel- 
d r u m ' s  a c i d  on b o t h  a h e t e r o g e n e o u s  c a t a l y s t  [6] and unde r  homogeneous c o n d i t i o n s  ( l i t h i u m  
aluminum h y d r i d e  [ 7 ] ,  sodium b o r o h y d r i d e  [ 8 ] ,  t h e  b o r a n e - d i m e t h y l a m i n e  complex [ 9 ] ) .  Our 
investigations showed that the catalytic hydrogenation of furfurylidenedioxanediones I on Raney 
nickel and on palladium on carbon at increased and atmospheric pressure leads to complex and 
difficult-to-separate mixtures of products. Hydrogenation on inactivated (with water and then 
with dilute acetic acid until the pyrophoric character in the dry state vanishes) Raney nickel 
in a stream~ of hydrogen at atmospheric pressure and room temperature makes it possible to ob- 

*See [i] for Communication 2. 
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