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Abstract- The mechanisms of thermal and hotochemlcal transformations of 
or anlc and organometalllc compounds with ?he formation of varlous reactive 
lnfermediates, as well as their spectral and structural parametres have been 
studied by low-temperature IR matrix technlque. 

INTRODUCTION 

involvlIY 
Direct Investigation of mechanisms of chemlcal reactions 

reactive intermediates, as well as of compounds contain1 unusual chemica 
bonds by 
chemistry. various techniques Is an Important task 3 physical organic 

The main difflculties associated with the direct spectroscopic 
detsctlon and Investigation of unstable specles are the high reactivlty and 
short lifetime of these species under normal conditions. One pijssible 
method fijr dlrect studies of unstable Intermediates is based on their 
Isolation in Inert gas matrices at low temperature, usually below 2OK. 
The matrix isolation technique enables to increase the life time of these 
specles almost indefinltely. The combined appllcatlon of this method with 
sultable detection procedure such as ESR, UV, and IR spectroscopy has proved 
extremely fruitful. 

We shall discuss here our results concernlng the ap llcatlon of 
low-tern eratwe matrix 1R-spectrosco y to thermal and photochem ? cal studies 

to formatlon of reactive fntermedlates such as free radlcals, carbenes, %err silicon and 
genanlum analogues , and compounds having double-bonded silicon and 
oermanlum atoms. Pyrolytlc mass-spectrometry has been also used for the 
%-tvestlgation of Some themal reactions and f o r  optimizatlon of thelr 
condltlsns. 

of reac 7 Ions of organic and organome B a l l l c  compounds leadi 

In some cases the structural parameters of the unstable species 
determlned by the high resolution matrlx IR spectroscopy have been further 
supported by as phase electron diffraction data of these species and/or by 
X-ray difract ff on analysis of their molecular complexes. 

These investigations have been started in the late 60s In ow 
laboratory In the Institute of Or anlc Chemlstry (USSR Academy of Sciences) 
by Dr. A.K. Maltsev (1933 - 1986). His contribution to this study Is 
enormous. Other major contributions are due to the work of R.G.Mlkhaelyan, 
V.A.Svyatkin, N.D.Kagramanov, V.A.Korolev, E.G.BaskIr, P.S.Zuev, 
V.N.Khabashesku, Z.A.Kerzina and S.E.Boganov. 

The mass-s ectrometric investigatlons have been carried out in 
coo eration wit{ Dr. J.Tamas and cowordzers from the Central Research 
High-tern erature electron dlffractlon studies of unstable species have been 
conducteg by Prof. I.Har Ittai and his colleagues at the De artment of 
analysis has been erfomed by Prof. Yu.T.Struchkov and his coyleagues at the 
Sciences, Moscow. 

Ins 7 itute of Chemistry of the Hungarian Academy of Sciences, Budapest. 

Structural Studies of the ?I ungarian Academy of Sciences, Buda es?. The X-ray 
Nesmeyanov Institu ! e of Organoelement Compounds of the USSR Academy of 
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TRIHALOMETHYL RADICALS, DIHALOCARBENES A N D  THEIR SILICON 
A N D  G E R M A N I U M  ANALOGUES 

Based on trap i p experlments we have shown that the trihalomethyl 
mercury derivatives k$$Ha13 are convenient precursors of carbenes in the 
gas phase (ref. 1-6). 

Low temperature matrix stabilization (matrix temperature 8-10K) of the 
vacuum pyrolysis (200-600°C ) products of compounds RHgCC13 (R = Ph, C C 1 3 ,  C1) 
has Indicated the presence of dlchlorocarbene CC12 (v, 720, v3 746 cm-' ) and 
trichloromethyl radical CC13 (v3 898 cm-I 1 (ref. 1 , 2  ) .  At 200-5OOolC the 
relative intenslty ratlo of v3(CC12)/v3(CC13) f o r  the studied RHgCC13 varied 
from 1.1 to 4.0 depending on the substituent R. It increased when the 
pyrolysis temperature was reduced. These results s w e s t  that carbene CC12 
and radical C C 1 3  are formed simultaneously and independently, and that the 
formation of C C 1 2  Is preferable. Theseconcluslons have been supported by 
pyrolytlc mass-spectrometry (ref. 2 ) .  

CC12 t RHgCl 

CC13 t [wl 
w c c 1 3  

R = Ph, CC13, C1 
Vacuum pyrolysis (250-450'C) of PhHgCC1,Br in the gas phase is even 

more selective in regard to formation ocf dichlorocarbene (ref. 4). 
Bromochlorocarbene is formed predominantly alo with small mounts of 
CClBr, radical upon the vacuum pyrolysis of PhHgCC ?? Rr2 (ref. 4). 

L 

The observed splltting of the bands, due to 351'1 and 37Cl isotopes, and 
their Intensities are in accordance with the number and the natural 
abundance of the C1 atoms in the studied intermediates. Based on the 
lsoto ic splitting the bond angles In these species have been calculated 

Accordlng to the matrix IR s ectra the preferable formation of 
dichlorocarbene has been also observe5 under vacuum pyrolysis (500-1 O0OoO, 
10-~-10-~torr) of trichloromethyltrichlorosilarie and 
trichloromethyltrichloroge~ane. The CC13 radical was formed in 
substantially lower amounts (ref.8, 9). 

(see F able 1 ) .  

CC12 t MC14 

C13MCC13 

M = Si, Ge k CC13 t IMCl31 

Vacuum pyrolysis (600-1 1 OO'C, 1 0-3-1 O-4torr) of hexachlorodlsllane 
proceeds selectlvely wlth the formation of only SiCL> and SiC14(ref. 8, 10). 

The preferable formation of dihalocarbenes (but not the trihalomethyl 
radicals) upon thermolysis of trihalomethyl mercury, silicon and germanium 
derivatives seems. to be a result of intermolecular coordination, 

of the carbene-forming pathway. 

L 

Of Q M G X 2  
( M  = Hg, Si, Ge) type, and of thermodynamic preference X 

High resolutlon matrix IR spectra of dichlorosilylene SiC12 (ref. 8) 
and of dichlorogermylene GeC12 (ref. 1 1  ) ,  obtained by thermal 
depolymerization of (GeC12), in vacuum, display complex patterns due to many 
comblnatlons of chlorine isotopes (35~1,37~1) as well as Si (28Si,29Si,30S1) 
and Ge (70Ge,72Ge,73Ge,74Ge,76Ge) Isotopes. 
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Intermediate 

CC12 

CClBr 

CF3 

CC13 

CC12Br 

CC1Br2 

a C-Br s t re tch  

233 

Vlbratlon frequencles, cm-’ Bond angle,’ 

C’’Cl2 : 719.5 (vl ),745.8 (v,) 
C C1 C1 : 717.0 (vl  ),744.0 (v3)  
C3%12 : 714.9 (vl 1,741.7 (v,) 

61 1 .4a 

106 35 37 

Cj’ClBr : 743.9 (vg) 
C37C1Br : 739.5 ( v 3 )  

1084 (v, ) ,702 (v2), 1205 (v2tv4), 1249 (v3)  17.BD 

C’’Cl3 : 897.8 (v,) 
C35C1237C1 : 896.4 (v,) 
35 37 15.5b c IC1 C12 : 895.2 ( V 3 )  

C37cl3 : 893.5 ( v 3 )  

!C”Cl,Br L : 888.3 (v3) 

C37C17Br : 884.3 ( v 3 )  

: 886.4 (v,) 835.Ia 

CJ’C1Br2 : 856.5 (v3)  
C37C1Br2 : 853.0 (v3) 

782.8“ 

m2 

C C 1 2  
SlCl*b 
S iBr2 
GeC12‘ 
G e B r 2  

a,”, from IR matrix a,o, from electron 
spectra ( ref .6 ,8 ,11)  ,dlffractlon (ref.12-14) 

106 t 5 109.2 a 
102 t 5 102.8 i 0.6 

102.7 i 0.3 
95 t 4 100.3 i 0.4 

101.2 i 0.9 
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M -  

C 
SI 
Ge 
Sn 
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MC12 MC14 
0 0 0 0 

( M - C l )  ,mdyne/A rM-C1 9 A (M-Cl) Y mdyne/A rM-C1 I A 

2.99 1.71 57a 3.59 1.766 
2.29 2.083 3.37 2.020 
2.08 2.186 2.79 2.113 
2.1 2.347 3.63 2.2808 - 

Table 3. Bond lengths and M-C1 bond force constants 
In MC12 and MCld species ( re f .  8, 12-14) 

ARYL- AND TRIFLUOROMETHYLHALOGEN CARBENES: GENERATION 
AND REACTIONS IN LOW-TEMPERATURE MATRICES 

Another, more tradltlonal approach to the stabllizatlon of carbenes and 
the lnvestlgatlon of their spectral propertles deals with dlrect generation 
of carbenes In low-temperature matrices, e.g. by the photolysls of 
dlazo-compounds or ketenes. 

Thus, the W-Irradlatlon (A> 200 nm, 1 2 K )  of Ar matrlx, containlng 0.1% 
diazirlne 1 ,  gave bls(trlfluoromethy1)carbene (IR bands at 1380, 1344, 1197, 
1157, 965, 671 cm-') and a small amount of (CF3)2C=N2 ( re f .  20). 

3 
Durlng photolysls of 1 In Ar matrix doped wlth 4% CO, bands belo ing 

to the ketene 2 were observed along with those of the carbene. Vpon 
further warming to 40-45K the carbene bands disappeared and were replaced by 
bands of the ketene 2, Indlcating a dlrect lnteractlon of carbene (CF3I2C 
wlth CO. 

Photolysls of 1 In a matrlx doped wlth 3% C12 yielded (CF3)2C and 
(CF3)2CC12 3. Upon warming to 40-45K the lntensltles of the carbene bands 
are decreased slmultaneously wlth the increase of the Intensitles of the 
bands of 3. The photolysls of dlazirines 4 in Ar matrlx was studied In a 
simllar way (ref i 21 1. 

'vCd hv(h>340 nm),Ar,l2K 40-50K 
Ph(X)C 

X'4'N - N2 

X=C1,Br,CF3 

PhCHXCl 

Ph(X)C=C (X)Ph 

PhCXC12 
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hv, (h>300 nm),Ar,12K 30-45K ~-: 
C2H4 8 8 & - N 2  

6 

We were succesful in carrslm out a dlrect IR monltorlw of the 
[1+2l-cycloaddltlon reactlon of cyclopentadienylldene 5 to ethylene In 
Ar matrlx whlch wave a correspondlng cyclopropane 8 (ref. 22, 23). 
UV irradlatlon (hj308 nm) of diazocyclopentadiene 6 at 1 2 K  led to carbene 5 
(bands at 1341, 1335, 1100, 1074, 700, 573 cm-I). The use of a harder matrix 
(Ar t 10-15% N20) enabled us to prevent completely the formatlon of 
fulvalene 7 durlng the photolysls. After the complete photolytlc 
decomposltlon of 6 Into 5 at 12K in Ar matrix doped by 2% ethylene the 
matrlx tem erature was ralsed up to 40-50K. An Increase of cyclopropane 8 

bands were 
observed. 
concentrat I? on and a simultaneous disappearance of carbene 5 

UNSATURATED ORGANIC RADICALS OF ALLYL, PROPARGYL A N D  
BENZYL TYPES 

Unsaturated conjugated organlc radlcals are another g o u p  of unstable 
molecules studled by matrix IR spectroscopy, pyrolysis mass-spectrometry and 
electron dlffractlon. 

The free allsl radical, C3H5, was obtained by vacuum pyrolysls 

(600-1 OOO°C, 1 0-3-1 O-’torr) of varlous allyl compounds (ref. 24-27). 
Stabilizatlon of C3H5 radical In Ar matrlx at 12K enabled us to 

determine for the flrst time (ref. 24) seventeen IR bands of this radical 
(3107, 3051, 3040, 3019, 1602, 1477, 1463, 1389, 1317, 1284, 1242, 1182, 
983, 973, 809, 801, 510 cm-I 1. A year later (in 1983) a simllar matrix IR 
spectrum of the allyl radical was publlshed by G.Maier, H.Bock and cowokers 
(ref. 27). In 1984 we obtained the matrix IR spectrum of C3D5 radical whlch 
dlsplay eleven bands (2285, 2214, 2209, 1263, 1062, 1018, 1007, 767, 762, 

ent of the bands in the IR spectrum was 650, 646 cm-I ) (ref. 25). 
carried out and valence force f eld was calculated . This analysls 
showed that the stretching frequencies of all the C-H bonds are in the 
reglon of ethylenlc CH stretches (>3000 cm-I ) .  The vibrational frequencies 
and the force constant of the carbon frame in C3H5 radlcal (vasccc 1284 

values f o r  a double C=C bond (vc=c 1640 cm-I , FCZC 9.0 mdyne/A) and a single 
C-C bond (vc-c 920 cm-’ , FCbC 4.5 rndyneli). 

Later, we have succeeded In determlnatlon of the molecular structure of 
the free allyl radlcal from hl tem erature electron dlffractlon, a 
by mass spectrometry studles %if. 8 8 ) .  Tge structuralo parameters o talned 
for the allyl radlcal were : rc-c 1.428 A ,  rC-H 1.69 A ,  a ( C C C )  124.6’, a 
(CCH) 120.9’. Thls was the first electron dlffractlon study of an unstable 
organlc molecule. 

Comparlson of IR and ED data f o r  the C3H5 radlcal with IR and X-ray 
data of w-ally1 metal complexes shows that the formation of such complexes 
results In an Increase of the vasccc frequency from 1284 cm-I to 1380 or 
1480 cm-’ and In shortenlng of the C-C bond from 1.428 to 1.380 i. These 
changes may be explalned by the transfer of electron denslty from the metal 
atom to a nonbondlng orbltal of the n-ally1 system rather than to an 
antlbondlng orbital. 

Perfluoroallsl radlcal, C3F5, was obtalned by vacuum pyrolysis 

3-IOdO entafluoro ropylene and was studled by yrolytic mass spectrometry 
(ref. 89) and by ?R spectroscopy In an Ar mat& (ref. 30). 

A s s l y  

cm-l, vsccc 1242 cm- 1 , FCCC 5.8 mdyne/i) lie between theo corresponding 

yted 

( 85O-95O0C, torn) of 1,5-perfluorohexadlene or of 
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Ionization potential of C3F5 radical is 8.44 eV (cf. IPC3H5 8.13 eV) 
(ref. 29). Five bands were registered in matrix IR spectrum of C3F5 radical 
(ref. 30): 1498, 1350, 121 5, 1008, 579 cm-’. A normal coordinate analysis 
has been carried out and force constants were calculated. Comparison of the 
antlsymmetric stretching frequency of the carbon skeleton (vasCcocI 498 cm-’ ) 
of C3F5 and the farce constant of its C-C bonds (FCCC 5.0 mdyne/A) together 
with the corresponding values in C3H5 radical (1284 cm-I and 5.8 mdyne/i) 
and the frequency and othe force constant values in perfluoropropylene 
(1795crn-’ and 7.8 mdyne/A) shows a substantial weakening of the C-C bonds In 
the C3F5 radical compared with perfluoropropylene, m d  an insignificant 
weakening compared with the ally1 radical (ref. 31). 

Proparml radical was produced by vacuum pyrolysis (900-1 050°C , 
10’-4-10-5 torr) of p y a r i g 1  iodide or of diproparal oxalate (ref. 32) and 
It was frozen Into Ar matrix at 12K. We have observed twelve bands In the 
matrix IR spectrum of the C3H3 radical (only three bands were recorded 
earlier (ref. 33) for this radical): 3307, 3111, 3026, 2080, 1440, 1369, 
1001, 1017, 686, 618, 532, 482 cm-’. 

Based on the experimental IR s ectrum a normal coordinate analysis has 

frequencies of the carbon skeleton (vCIC 2080 cm-’ and vc-C 1017 cm-I ) ,  as 

well as calculated values of the force constants (FC-? = J  15.05 mdyne/A, FC-C 
6.53 mdyne/A) show a weakening of the triple bond and stre thening of the 

the conjaated system ( c f .  f o r  methylacetylene HC=CCH3: z~~~~ 2142 cm- , FCaC 

15.8 mdyne/A; vc-C 931 cm-I , FC-C 5.12 mdyne/A). 

been carried out and a valence F orce field was calculated. Stretching 

C-C bond in the propargyl radical due to electron density de Y ocalization in 
0 

0 

1 
o 0 

Vacuum jyr(j1ysis of lodoacetonitrile proceeds similarly to that of 
proparig1 lo ide and leads to the corresponding cyanomethyl radical, C2H2N, 
which was studied by low-ener mass spectrometry in the gas phase and by IR 
spectroscopy in Ar matrix (re!? 34). 

Contrary to the author, who observed only one IR band of this radical 
(664 cm-I ) ( r e f .  35) ,  we have succeeded in detection of seven bands: 31 42, 
3044, 2087, 1431, 1025, 1021, 664 cm-l. The bands at 2087 and 1021 cm-lwere 
assigned to the stretchings of the C d  bond (vcd) and C-C bond ( v ~ - ~ ) ,  
respectively. These frequengies and the calcukated values of the force 
constants(FCd 15.09 mdyne/A, FC-C 6.82 mdyne/A)show (as well as in the 
propargyl radical ) a weakening of the C d  and strengthening of C-C bonds 
caused by delocalization of electron density (cf. for acetonitrile NaC-CH3: 

CI V 
vCd 2267 cm -1 , FCd 17.5 mdyne/A; vC-C 918 cm-’, F,-,-C 5.14 mdyne/A). This 
conclusion is indirectly supported by the high values of the stretching 
frequencies of the CH bonds (vasCH, 31 42 cm-I and ~ ~ ~ ~ , ~ 3 0 4 4  cm-I ) which are 

L 

lying in the region of the C-H strLtchings in ethylene. 

Benzyl radical, C6H5CH2, and its deuterated analogues (C6H5CD2,C6D5CH2) 
were obtained by vacuum thermolysis of dibenzyl derivatives or by pyrolysis 
of the corresponding benzyl bromides (ref. 31). 
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The followlng frequencles were recorded in the matrlx IR spectra of 
benzyl radlcals: 

C6H5C%: 3111, 3069, 1469, 1466, 1409, 1305, 1264, 1015, 948, 

C6H5CD2: 1468, 1440, 1289, 1030, 880, 752, 668 cm-I ; 
C6D5C%: 1410, 1201, 821, 811, 759, 711, 519 cm-'. 

882, 862, 710, 667, 466 cm-I; 

perfluorobenz 1 radlcal has been obtalned slmllarly by vacuum yrolysls 
of  perfluorobenz; lodlde or of perfluorodlbenzyl (ref. 31, 36) Tie matrlx 
IR spectrum of C6F5CF2 radlcal contalned the followlng bands: 1597, 1501, 
1485, 1312, 1267, 892 crn-l. Based both on the determlned lsotoplc shuts and 
the comparlson of the radlcal IR s ectrim wlth the spectra of varlous 

and calculated the force fleld of the benzyl radlcal. 
substltuted benzenes we have asslgne CF the bands of the normal modes 

The Increase of the exocycllc C-C bond stretchlng frequency from 1208 
cm In toluene to 1264 cm-'In the benzyl radlcal and the slmultaneous 
decrease of the C-C rlng bond stretchlng frequencles (from 1494 and 1460 

-1 

cm-' to 1469 and 1446 cm-', respectlvely) result from electron denslty 
delocallzation In the benzyl system. Furthermore, ihe force  constant value 
f o r  the C-T: bond In the C6H5CH, radlcal (5.5 mdyne/A) Is between the values 
f o r  ordinary C-C bond (4.5 mdyne/A) and double C=C bond (9.0 mdyne/A) and Is 
! 'l~;se ,to the correspondlng force  constant jn the ally1 radlcal (5.8 
rndynei" ) . 

L o  0 

Compared wlth perfluorotoluene the stretchlng vlbration frequency of 
the exocycllc (2-C bond In perfluorobenzyl radlcal increase (from 1237 to 
1267 ern-' ) whereas the stretchlngs of benzene rlng decrease (from 1657, 1525 
and 1510 to 1597, 1501 and 1485 cm-I 1. 

Plnally, the cyslopentadienyl radical, C5H5, was obtalned by vacuum 
yrolysis (970°C, 1 O-'torr) of b l s  (cyclopentadleny1)nlekel and It was 
yrozen Into Ar matrlx at 12K ( r e f .  37). Only three bands (3079, 1383, 661 
em-') of the four possible ones f o r  thls hlgh_\ysymmetrlc molecule (D5h) have 
been found in the IR spectrum. The band at 1383 cm-I belongs to a stretchlng 
of the (2-C bond In C5H5. Comparlson of thls band wlth the correspondlng band 
in the IR spectra of the cyclopentadlenyl llgannd. of %-complexes (1410-1435 
cm.-l ) and of free cyclopentadlenyl anlon (1455 cm-I ) leads to the conclusion 
that contrary to oleflnlc systems, the C-C _bond stretchings Increase In the 
order: C5H5 radlcal - C5H5 llgand - C5H5 anlon due to increase in the 
aromatlclty of the cyclopentadlenyl system. 

UNSTABLE COMPOUNDS WITH SILICON A N D  G E R M A N I U M  DOUBLE 
BONDED A T O M S  (SILENES, SILANONES, GERMANONES, 
GERMATHIONES) 

Compounds contain1 0 silicon and germanlum double bonded atoms are the 
nearest analcigs of olef 9 ns, ketones and thloketones. However, most of them 
are very unstable and hlghly reactive specles.  

The flrst successful stablllzatlon of a sllene, (CH3)2Sl=CH2, In an Ar 
matrix has been achleved by us In ex erlments on the vacuum pyrolysis 
of 1 ,I-dlmethylsllacyclobutane (ref. 38F. 

The IR s ectra  of thls sllene and some deuterated analogs were 

642.9, 817.5, 825.2, 1003.5, 1251 .O, 1259.0 cm-lwere asslgned to 
(CH3I2SI=CH2. The band at 1003.5 cm-I was speclflcally asslgned to the 

recorded and t I! elr full assignment was performed (ref. 38-42). The bands at 
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slllcon-carbon double bond stretching vhbratlon. The force constant for the 
Sl=C bond turneB out to be 5.6 mdyne/A. The value ls conslderably higher 
than 3.06 mdyne/A for a sillcon-carbon single bond and is close to thatoof 
well studled hos honlum ylldes, called "salt-free ylides" (5.59 mdyne/A). 
This slmllar~y getween Sl=C and P=C rather than between Si=C and C=C 
reflects a certaln polarity of the silicon-carbon double bond. According to 
Slebert's rule the calculated order of the Si=C bond is 1.62. 

Silene Me2SI=CHMe as one of the products of vacuum pyrolysis of 
trlmethylsIlyldlazomet~e (ref. 19) was stabilized In an Ar matrix. The 
observed fre uencles were In a good agreement with the frequencies assigned 
trlmethylsllyldlazomethane in a sofld Ar matrix (ref. 43). 
to this s P lene which was enerated directly by photolysls of 

The first inorganlc silanones, Cl2Si=0 and F2Si=0, were obtained by 
TJV lrradlatlon of Ar matrices contalning silicon monoxide and halogenes 
(ref. 44). We performed IR-detection of the flrst organic silanone, 
Me2SI=0, as one of the products of vacuum pyrolysis of the 
6-oxa-3-sllablcyclo[3.1.Olhexanes 9 (ref. 45). The bands at 1244, 1240, 

Ar matrix, 12K 
40 K 

8oo-8zooc (C%)2SI=0 - I (CHnl,SIOI, 
CH3 1 $@ 5-10- tom 
CH3 9:R=H, 

J'L J 

1210, 822, 798, 770, 657 cm-'in the matrix IR spectra were asslgned to this 
intermediate, and a full assignment to various vibration modes was made on 
the bash of IR s ectra of isoto lcally labeled species (ref. 45-47). 

Me2SIH2 and Me3SiH with 03. The obtained frequencies of Me,Si=O are in good 
agreement with our data (ref. 48). 

Slightly later, Me2 8 i=O was produce$ in Inert matrices by cophotolysis of 
L 

In each experiment we also observed an unstable dlmer (Me,SiO), besides 
other products of pyrolysis. The presence of (Me2SiO)2 was confirmed by mass 
spectroscopic study (ref. 49). 

L L 

The calculated force constant f o r  the SI=O bond in Me2Si=0 is 8.32 
mdyne/A. It w e e s  wlth slmilar parameters for X,Si=O (X=Cl,F) (ref. 44) 
being equal to 9 mdyne/A, whereas the force constant of the Si-0 single bond 
Is roughly 5.3 mdyne/A. The calculated order of Sl=O bond is 1.45. 

0 

L 0 

0 

For studying the Influence of substituents on the spectral behavior and 
on the thermal and kinetlc stability of sllanones, we stabilized two new 
organic silanones - dlmethylsillcate and sllabenzophenone, which were 
obtained in the vacuum pyrolysis of the corresponding epoxldes 10 (ref. 50). 

Ar matrix, 12K 
A 40 K R2sg> - F$Si=O - (F$SiO)3 

1 0: R=CH30, Ph 

We have found out, that among the studled sllanones silabenzophenone 
seems to be the most thermally stable, whlle dlmethyl slllcate Is the 
kinetically most stable. 
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Recently the first silathione, C12Si=S, has been stabllized in an Ar 
matrix (ref. 51 ): 

hv hv 

vsI=s 805.6 cm-l 
sis t C12 b C12Si=S 4 SiC12 t cos 

10-12 K 10-12 K 

Ten years ago the first Inorganic gemanone, F2Ge=0, was produced by 
reaction of GeO with F2 In an Ar matrix under photolysls ( vGeZO was found 
to be 989.9 cm-l) (ref. 52). Recently three new inorganic gemanones were 
characterized (ref. 53). 

The first organic gemanone Me2Ge=0 was succesfully detected by us upon 
vacuum pyrolysis of the 6-oxa-3-gemablcyclo[3.l.Olhexanes 11 (ref. 54). 

Ar matrix, 12K 
800-850°C 40 K - (C%)2Ge=0 - [(C%)2Ge013 
I  tom 

11 : R=H,CH3 

Seven bands at 1241, 1231, 972, 796, 606, 524 and 465 cm-’ were 
assigned to Me2Ge=0. The force constant for the Ge=O bond has been 
calculated to be 7.2 mdyne/A (cf. FGe=O in Ge=O is 7.34 mdyne/A (ref. 55)). 
The calculated order of the Ge=O bond is 1.75 and its frequency is 972 cm-l. 

0 0 

By using epoxysllacyclopentanes and epoxyeermacyclopentanes as suitable 
precursors of Si=O and Ge=O contain1 species, we have attem ted to 
generate in the gas phase the monomeric?i02 and Ge02, earlier proguced by 
reactions In inert matrices at 10-20K (ref. 56,57). 

Monomeric SiO, has been stabilized in Ar matrix (band at 1419 cm-I), 
but we failed to detect Ge02, although the band of monomeric GeO at 976 cm-I 
was found in the matrix IR spectra of the pyrolysis products. 

Recently the first germathione, Me2Ge=Sy- has been obtained 
inde endently by J.Mich1 et al. (ref. 58) and by us (ref. 59,60) In an Ar 
matryx. It was generated by vacuum pyrolysis of (Me2GeS)3 or by matrix 
reaction of Me,& with atomic sulphur. The IR bands assigned to Me2Ge=S by 
both groups are basically in agreement. As follows from the force field 
calculations , the Ge=S stretchi vibration Is non-characteristic due to a 
strong mixi with the symmetzcal Ge-C vibrationl , which results in 
splitting 1x0 two frequencies at 606 and 518 em- , with the greatest 
contrlbutlon of the Ge=S stretching mode into the latter frequency. Mass 
spectrometric study of the pyrolysis of (Me2GeSI3 has been resulted in the 
determination of ionization energy of Me2Ge=S (8.63 ? 0.1 eV), practically 
coincidlng with that obtained earlier by P E  (8.60 eV) (ref. 61 ) .  

L 

L 

REFERENCES 
1 .  

2. 

3. 
4. 

A.K.Maltsev, R.G.Mlkaelian and O.M.Nefedov, Izv. M. Nu& SSSR, Ser. 
Khtrn., 199 (1971); Dolzl. A2uf.d. Nu& SSSR, 201, 901 (1971). 
O.M.Nefedov, A.K.Maltsev and R.G.Mikaelian, Tetrahe&on Letters, 4125 
(1971 ) .  

~ K.U jszaszy , J.Tamas , N.D.Kagramanov, A.K.Ma1 tsev and 0.M.Nef edov, J. 
Analy t  A p p l .  Pyrol sls, 2, 231 (1980). 

Phys. Chem., 75, 3984 (1971 ) .  
A.K.Maltsev, O.M. % efedov, R.H.Hauge, J.L.Margrave and D.Seyferth, J. 



240 0. M. NEFEDOV 

5. A.K.Maltsev, N.D.Kagramanov, and O.M.Nefedov, Izv. Ahxi. Nauk SSSR, Ser. 
Khtm.. 1993 (1974): 1835 (1977): DokZ. Akud. Nauk SSSR. 224. 630 (1975). 

6. A .K .Ma1 t sev ; R. G :Mikaelian, 0:M .Nef edov , R.H. Hauge ‘and 3. L .Marpavk, 
7 . G.Maass. A.K.Maltsev and J.L.Marerrave. J .  Inorg. Nucl. Chem.. 35. 1945 

Proc. Nut. Acad. S e t .  USA, 68, 3238 (1971). 

8. 

9 

10. 

1 1 .  

12. 

13. 

14. 

15. 
16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 
26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 
34. 

35. 
36. 

37. 

38. 

39. 

(1973); ‘N.D.Kapamanov, V.B.Kazan&y, A.K.Malts&, O.M.Nefedov, 
B.N.Shelimov and A.Ya.Schteinschneider, DokZ. Akud. Nauk SSSR, 273, 140 
(1977). 
V.A.Svyatkln, A.K.Maltsev and O.M.Nefedov, Izv. Akud. Nauk SSSR, Ser. 
Khlm., 2236 (1977). . O.M.Nefedov, A.K.Maltsev and V.A.Svyatkin, Izv. Akud. Nauk SSSR, 
Ser.Khlm., 1901 (1976). 
O.M.Nefedov, A.K.Maltsev and V.A.Svyatkin, Iav. Akud. Nauk SSSR, Ser. 
Khtm., 958 (1974). 
A.K.Maltsev, V.A.Svyatkin and O.M.Nefedov, Dokl. Atad. Nauk SSSR, 227, 
1151 (1976). 
I.Hargitta1, G.Schultz, J.Treme1, N.D.Kapmanov, A.K.Maltsev and 
O.M.Nefedov,J.Am.Chem.Soc.,105,2895 (1983). 
G.Schultz, J.Tremme1, I.Hargitta1, I.Berecz, S.Bohatka, N.D.Kapamanov, 
A.K.Maltsev and O.M.Nefedov, J. Mol. Struct., 55, 207 (1979). 
G.Schultz, J.Treme1, I.Hargitta1, N.D.Kapmanov, A.K.Maltsev and 
O.M.Nefedov, J. Mol. Struct., 82, 107 (1982). 
M.Fujitake and E.Hirota, J. Chem. Phys., 91, 3426 (1989). 
M.Tanlmoto, H.Takeo, C.Matsumura, M.Fujitake and E.Hirota, J. C k m .  

V. .Kulishov, N.G.Boky1, Yu.T.Struchkov, O.M.Nefedov, S.P.Kolesnlkov m d  
B.L.Perlmutter, Zh. Strukt. Khlm., 11, 71 (1970); N.G.Bokyl, 
Yu. T . S truchkov, S . P . Kolesnikov, I. S . Rogozhin and 0. M. Nefedov, Izv. m. 
Nauk SSSR, Ser. Khlm., 812 (1975). 
N.D.Ka amanov, A.K.Maltsev, M.Yu.Dubinsky and O.M.Nefedov, Izv. A M .  
Nauk S g R ,  Ser. Hhtm., 536 (1 983). 
A.K.Maltsev, V.A.Korolev, V.N.Khabashesku and O.M.Nefedov, DOk7. Akad. 
Nauk SSSR, 251, 1166 (1980). 
A.K.Maltsev, P.S.Zuev and O.M.Nefedov, I z v .  Akad. Nauk SSSR, Ser. Khtm., 
957 (1985). 
A.K.Maltsev, P.S.Zuev and O.M.Nefedov, I z v .  Akad. Nauk SSSF,, Ser. W ~ l m . ,  
2159 (1985); 463 (1987). 
A.K.Maltsev, P.S.Zuev, Yu.V.Tomilov and O.M.Nefedov, Tetrahedron 

Letters, 763 (1989). 
A.K.Maltsev. P.S.Zuev. Yu.V.Tomilov and 0.M.Nefedov. Izv. A M .  Nu& 

my., 91, 2102 (1989). 

SSSR, Ser. lihtm., 2202‘(1957). 
A.K.Maltsev, V.A.Korolev and O.M.Nefedov, Izv. Atad. Nauk SSSR, Ser. 
Khtm.. 2415 (1982). 
A.K.M&ltsev,‘ V.A:Korolev and O.M.Nefedov, Izv. Atad. Nauk SSSR, Ser. 
Khlm., 555 (1984). 
A.K.Maltsev, V.A.Korolev, N.D.Kagrmanov and O.M.Nefedov, Izv. Akad. 
Nauk SSSR, Ser. KhZm., 1078 (1983). 
H.Bock, S.Mohmand, T.Hivabayash1, G.Maier and H.P.Reisenauer, Chem. 
Ber., 116, 273 (1983); G.Maier, H.P.Reisenauer, B.Rohde and 
K.Dehnicke, Chem. Ber., 116, 732 (1983). 
E.Vaida, J.Tremme1, B.Rozsonda1, I.Harglttai, N.D.Ka mmov, 

A.K.Maltsev and O.M.Nefedov, J. Am. Chem. Soc., 108, 4352 (Id%). 
N.D.Kagramanov, K.Ujszaszy, J.Tmas, A.K.Maltsev and O.M.Nefedov, Izv. 
Akud. Nauk SSSR, Ser. Khtm., 1683 (1983). 
A.K.Maltsev, E.G.Baskir, N.D.Kagramanov and O.M.Nefedov, Izv. Akud. Nauk 
SSSR, Ser. Khlm., 1998 (1986). 
E.G.Baskir, Ph. D. Z”hests, Institute of Organic Chemistry of USSR 
Academy of Sciences, Moscow, 1989. 
V.A.Korolev, A.K.Maltsev and O.M.Nefedov, I zv .  Akad. Nu& SSSR, Ser. 

K h t m . ,  1058 (1989). 
M.Jacox and D.E.Milligan, Chem. Phys., 4 ,  45 (1974). 
V.A.Korolev, N.D.Kagramanov, A.K.Maltsev and O.M.Nefedov, Izv. Ahxi. 
Hauk SSSR, Ser. Khlm., in ress. 
M.Jacox, Chem. Phys., 43, I&‘ (1979) 
E. G .Baskir, V .A .Korolev, A.K.Maitsev, K.U jszaszy, J.Tamas and 

O.M.Nefedov, Izv. Akud. Nauk SSSR, Ser. hhtm., 818 (1989). 
V.A.Korolev, A.K.Maltsev and O.M.Nefedov, I zv .  Akud. Nuuk SSSR, Ser. 
Khlm., in press. 
A.K.Maltsev, V.N.Khabashesku and O.M.Nefedov, Izv. Ahxi. NUT& SSSR, Ser. 
Khtm., 1193 (1976) . 
A.K.Maltsev, V.N.Khabashesku and O.M.Nefedov, DokZ. Akud. Nu& SSSR, 

233, 421 (1977); I z v .  Akud. NIT& SSSR, Ser. Khlm., 2152 (1979). 



Reactive intermediates with low-coordinated C, Si and Ge atoms 241 

- 
40. O.M.Nefedov, A.K.Maltsev, V.N.Khabashesku and V.A.Korolev, J. Organomet. 
41 . A.K.Maltsev, V.N.Khabashesku and O.M.Nefedov, 5. Organomet. Chem., 226, 

42. V.N.Khabashesku. E.G.Baskir. A.K.Maltsev and 0.M.Nefedov. Izv. M. 

Chem. , 201, 123 (1980). 

1 1  (1982); 271, 55 (1984). 

Nauk SSSR, Ser. 'Khtm., 238 (1983). 
43. O.L.Chapman, C.C.Chang, J.Kolc, M.E.Jy J.A.Lowe, T.J.Barton and 

M.L.Tmey, J .  Am. Chem. SOC., 98, 7844 ( b76); M.R.Chedeke1, 
M.Sko lund, R.L.Kreeger and H.Shechter, J. Amer. Chem. Soc.,  98, 7846 
(1  9767 

44. H.Schnbecke1, An ew. Chem., 90, 638 (1978); 2. Anorg. Allgem. Chem., 
460, 37 (1980); J! hlol. Struct., 65, 115 (1980). 

45. V.N.Khabashesku, Z.A.Kerzina, A.K.Maltsev and @.M.Nefedov, Izv. A k d .  
Nauk SSSR, Ser. Khtm., 1215 (1986). 

46. V.N.Khabashesku, Z.A.Kerzlna, A.K.Maltsev and O.M.Nefedov, in frSZltcon 
Chemtstry", E l l t s  Homuood Publtshers, Chichester, 1988,pS211. 

47. V.N.Khabashesku, Z.A.Kerzina, E.G.Baskir, A.K.Maltsev and @.M.Nefedov, 
J.Organomet.Chem., 347, 277 (1988). 

48. R.Withnal1 and L.Andrews, J.Am.Chem.Soc., 108, 8118 (1986). 
49. J.Tamas, A.Gomory, I.Besenyei, @.M.Nefedov, V.N.Khabashesku, 

Z.A.Kerzina, N.D.Kagrmanov and A.K.Maltsev, J. Organomet. Chem., 349, 
37 (1988). 

50. V.N.Khabashesku. Z.A.Kerzina and 0.M.Nefedov. Izv. A k d .  Nauk SSSR. Ser. 
Khtm., 9, 2187 (1988). 

51. H.Schnoecke1, H.J.Gloecke and R.Koeppe, 2. Anorg. Allgem. Chem., 578, 
159 (1989). 

52. H.Sckinoecke1, J .  Mol. Struct., 70, 183 (1981 ) .  
53. R.Withnal1 and L.Andrews, J .  Ph s. Chem., 94, 2351 (1990). 
54. V.N.Khabashesku, S.E.Boganov an# O.M.Nefedov, Izv. Ahd .  NauR SSSR, Ser. 

Khtm.. 1199 (1990): V.N.Khabashesku. Z.A.Kerzina. S.E.Bo~anov 
and O.M.Nefedov, IX . Internut tonal Sympostm on Organostl tcEn 
Chemtstry, Edinburoh, July 1990, Abstracts, P.8.25. 

55. J.S.Ogden and M.J.hchs, J. Chem. Phys., 52, 352 (1970). 
56. H.Schnoecke1, Angew. Chem., 90, 638 (1978). 
57. A.Bos, J.S.O den and L.O@ee, J. Phys. Chem., 78, 1763 (1974j. 
58. J.Barrau. V. 8 alarli and J.Mlch1. Organometalltcs. 8. 2034 (1989). 
59. V.N.Khab&shesku,- S.E.Boganov, -P.S,Zuev, i).M.Nefedbv, J.Tmas,' A.Gornory 

and I.Besenyei, J.Organomet.Chem., in press. 
60. V.N.Khabashesku, S.E.Boganov, Z.A.Kerzlna, O.M.Nefedov, J.Tarnas, 

A.Gomory and I.Besenyei, 0th Internattonal conference on organometalltc 
and coordtnatton chemtstry of Germantm, Ttn and Lead compoumh, 
Brussel, July 1989; Abstracts, P.37. 

61. C.Guimon, G.Pfister-Guillouzo, G.Rima, M.E1 Amine and J.Barrau, 
Spectroscopy Lett., 18, 7 (1985). 




