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Organic Chemistry 
Addition of CCI 4 to unsaturated compounds catalyzed 

by M3(CO)12 (M = Fe, Ru, Os) 

R. G. Gasanov," 17. M. Dolgushin, A. L Yanovsky, Z. S. Klemenkova, B. V. Lokshin, 
t'. V. Petrovskii, and 3,1. L Rybinskaya 

A. N. Nesmeyanov Institute of Oganoelement Compounds, Russian Academy of Sciences, 
28 ul. Vavilova, 117813 Moscow, Russian Federation. 
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The addition of C C I  4 to he• and to the methyl ester of N-(trans-cinnamoyl)- 
u-proline (2) catalyzed by M3(CO)12 or by the M3(CO)I2+DMF system (M = Fe, Ru, Os) 
was studied. The use of ruthenium and osmium dodecacarbonyls in combination with DMF 
increases the yields of adducts CCI3CH2CHCIC4H9 (4) and PhCHCICH(CCI3)C(O)R" (3) 
over those obtained in reactions catalyzed by the same carbonyls without DMF. In addition 
to adduct 3, salts [M(CO3)CI3]-[Me2NI-[2] + were isolated from the products of the reaction 
between CCI 4 and 1 in the presence of M3(CO)I2+DMF (M = Ru, Os). These salts do not 
catalyze this reaction and apparently result from chain termination. Experimental results in 
favor of a coordination mechanism of the addition of CC14 to olefms in the presence of 
Ru3(CO)t 2 and Os3(CO)12 were obtained. 

Key words: addition reactions, catalysis, wamition metal carbonyls; coordination mechanism. 

Carbonyls and salts of transition metals have been 
used widely and successfully for many years as catalysts 
of the addition of halogen-containing compounds to 
unsaturated compounds. 1-7 The catalytic activity of 
transition metal carbonyls in various processes involving 
homolysis of the C- -Hal  bond increases when they are 
used together with nucleophilic co-catalysts (alcohols, 
amines, amides, etc.). 1,3 The most pronounced increase 
in the activity has been observed in the addition and 
telomerization reactions of c~-olefins with chlorine-con- 
taining telogens catalyzed by the Fe(CO)5+DMF sys- 
tem. 1 In some studies published previously, 3,8 the acti- 
vating role of D M F  in these processes was attributed to 
the promotional effect of  this additive on the formation 
of metal-carbonyl radical cations, which generate free 
radicals by abstracting the halogen atom from R--Hal :  

[M(CO)n ] ' +  + R---Hal ~ [M(CO)n]Hal + Ft" 

In the opinion of other researchers, 9 D MF  activates 
the process by dissolving salts of iron, which are known t~ 
to be formed already in the early steps of these processes 
through the decomposition of iron carbonyls in the 
halogen-containing medium. 

In this work, we studied for the first time the addi- 
tion of CCI 4 to hex- l -ene  (1) catalyzed by M3(CO)12 
(M = Ru, Os) and by their systems containing DMF 
and, for comparison, a similar reaction catalyzed by 
Fe3(CO)12 and Fe(CO)5. The results were compared 
with published data. IIAz Ruthen ium and osmium 
dodecacarbonyls have not been used previously as cata- 
lysts in addition reactions and, therefore, it was also 
important to attempt to isolate any metal-containing 
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complexes  aris ing du r ing  the  process .  Previously,  in 
s tudies  of  reac t ions  ca ta lyzed  by  c o m p l e x e s  of  o t h e r  
t r ans i t ion  meta ls ,  no  a t t emp t s  o f  th i s  sor t  have been  
made ,  1~ a l though  da ta  on  the  s t r u c t u r e s  and  activi t ies of  
these  complexes  would  make  it poss ib le  to  e lucidate  the  
m e c h a n i s m  of  the  process  as a who le .  We  also s tudied  
the  add i t ion  of  CC14 to t he  m e t h y l  es ter  of  N-(trans- 
c i n n a m o y l ) - L - p r o l i n e  (2) ca ta lyzed  by r u t h e n i u m  and  
o s m i u m  carbonyls  in  o rde r  to  inves t iga te  the  regio-  and  
s tereoselect iv i ty  of  this  process  a n d  to  ident i fy  the  pre-  
ferred reac t ion  m e c h a n i s m .  

Exper imenta l  

IR spectra were measured in the 4000--50 cm -I  range on 
Bruker IFS-25 and I F S - t I 3  instruments for solutions in 
CH~Ch, pellets with KBr, and suspensions in vaseline oil. 
IH -NN'IR spectra were recorded on a Bruker AMX-400 spec- 
t rometer  in (CD3)2CO. The yield of  the adduct  
PhCHCICH(CCI3)C(O)R" (3) and the ratio of its diastere- 
omers (from here on, R" is the methyl L-prolinate residue) 
were determined from the intensity of the signals correspond- 
ing to the PhCHCI group (8 5.59 and 5.54, J = I0.11 Hz). 

General procedure. Experiments on  the addition of CCI4 
to unsaturated compounds 1 and 2 were carried out in glass 
cylindrical 1.5-mL tubes, except for the addition of CCla to 2 
catalyzed by Ru3(CO)I2, which was carried out in 8-mL tubes. 
CCI 4 (0.5 mL, 5.17 retool), compound 1 (0.3 mL, 2.4 mmol), 
D M F  (0.04 g, 0.514 retool), and  a metal  carbonyl 
(1.56-10 -2 retool), ([2] 0 = 0.613 tool L - t )  were placed in 
the tubes. Compound 1 and CC14 were distilled in an argon 
atmosphere immediately prior to the reaction, and DMF was 
dried over K~CO 3 and distilled in vacuo. The experiments 
without DMF were carried out under  the same reaction condi- 
tions. The ~nitial concentrations of Me2NH were 0.25 and 
0.5 tool L - t .  The sealed tubes were placed in metallic jackets 
and heated at 95 ~ 

The yield of the adduct CCI3CH2CHC1C4H 9 (4) was 
determined by GLC analysis of reaction mixtures on a LKhM- 
8M-5 chromatograph (katharometer, helium as the carrier gas, 
a 2000• mm column, 15% SE-30 on Chromaton N-AW 
(0.16--0.20 mesh); the temperature of  the detector was 210 ~ 
that of the evaporating chamber was 200 ~ and the tempera- 
ture of the thermostat was 150 *C). 1,1,1 -Trichlorohexane was 
used as the external standard. 

Reaction in the presence of dodecacarbonyttriiron. A dark 
green mixture of CC14, 1, and Fe3(CO)I2 became colorless 
after heating for 4 h, and a precipitate of FeC12, whose IR 
spectrum exhibited no absorption bands due to metal-earbonyl 
groups, was formed. The dependence of the yield of adduct 4 
on the duration of heating is shown in Fig. 1 (curve /). The 
reaction mixture became dark after heating for 40 h. 

Reaction in the presence of Fe3(CO)12+DMF. In the 
presence of DMF. discoloration of the solutions occurred 
sooner. In this case, the precipitate that  formed contained C, 
H, Fe, CI, and N (80, 7, 8, 5, and 0.3%, respectively), which 
can apparently be due to the fact that,  along with iron salts, it 
contained oligomers. The time variation of  the yield of adduct 
4 is illustrated in Fig. 1 (curve 2). 

Reaction in the presence of dodecacarbonyltrirutheninm. By 
the end of the experiment (20 h), the yellow color of the 
solution had virtually disappeared. According to IR spectros- 
copy, along with the small amounts of unreacted Ru3(CO)12, 
the precipitate mostly contained ruthenium carbonyls as indi- 
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1. Dependence of the yield of the product of the addi- 
tion of CCI 4 to CH2=CHC4H9 on t ime and on the catalyst 
or the catalytic system: Fe3(CO)I2 ( t ) ;  Fe3(CO)t2+DMF (7); 
Ru3(CO)t 2 (3); Ru3(CO) I~+DMF (4);  Os3(CO)1~ " ( ~ ;  
Os3(CO)I2+DMF (6) and (7); Fe(CO)5 (83; Fe(CO)5+ 
DMF (9). 

eated by absorption frequencies of 2t40, 2124, and 2078 ~pical  
of vibrations of C=O and by the absorption bands in the region 
of Ru--C1 vibrations (327, 300, 294, and 267 cm-1). Appar- 
ently, a mixture of chloro-derivatives of  ruthenium carbonyls 
was formed. 13 The variation of the -field of adduct 4 with time is 
shown in Fig. I (curve 3). 

Reaction in the presenee of Ra3(CO)I2+DMF.  The rate of 
the formation of adduct 4 (see Fig. 1, curve 4) markedly 
decreased after the reaction mixtures were heated for 20 h. 
Although we did not optimize the process, its chain index was 
-70. Upon cooling to -20 ~ a precipitate was formed. 
Evaporation of 1, CCl4, DMF, and 4 in vacuo and washing of 
the residue with hexane gave the salt [Ru(CO)3CI3]-[Me2NH~] + 
as a pale yellow precipitate in ~70% yield based on the initial 
Ru3(CO)12. Single crystals suitable for X-ray diffraction were 
grown from CH2CI 2. The structure o f  the salt is shown in 
Fig. 2, and the characteristic frequencies observed in its IR 
spectrum are listed in Table 1. 

Reaction in the presence of dodecacarbonyltriosmium. The 
starting lemon color did not change even when the reaction 
mixture was heated for 80 h. Cooling afforded the initial 
Os3(CO)12 as a yellow precipitate. The variation of the yield of 
4 with time is shown in Fig. i (curve 5). 

Reaction in the presence of Osa(CO)Iz+DMF.  The pre- 
cipitate obtained contained, in addition to the initial Os3(CO ) 12, 
the colorless salt [Os(CO)3C13]-[Mez~NH2] +, which precipi- 
tated due to its poor solubility in CH2C12. Table 1 presents the 
[R frequencies for this salt, which coincide with the corre- 
sponding frequencies for the salt [Ru(CO)3CI3]-[Me2NH2] + 
and the salt [Os(CO)3C13]-Cs + described previously. 13 It is 
noteworthy that a change in the concentrat ion of D M F  has a 
marked effect on the rate of formation of 4 (cf. Fig. 1. curves 
6 and 7). 

Addition of CC14 to compound 1 in the presence of  the 
[M(CO)3Ci3]-[MezNH2] + salt. Heating reaction mL'ctures 
consis t ing of  CC14, 1, DMF,  a n d  1 .5 -10  -2 mmol  of  
[M(CO)3CI3]-[Me2NH2] § (M = Ru, Os) for 40 and 60 h 
under the conditions described in the  general procedure af- 
forded adduct 4 in a yield of 2--3%, i.e., the yield was as low 
as that obtained when C C h  is heated with 1 in DMF in the 
absence of metal carbonyls. 
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Fig. 2. Fragment of the crystal structure of [Ru(CO)3C13]-[Me2NH2] +. 

Table 1. IR vibration frequencies (v/cm -~) for the [M(CO)3ClJ-[Me2NH2] + com- 
plexes (M = Ru (5), Os (6)) 

Complex v(C=O) v(M--C1) v(M--C) ~(M--CO) B(CIMCI) v(N--H) 

5 2131(2137) 322(315) 480(475) 174 3090 s, br 
2060(2061) 285(282) 474(472) 580(575) 3036m, br 
2042(2047) 2966 

2830 
2782 

624(624) 180 3090 s. br 
505(505) 604(598) 3036 m, br 
(501) 2966 

2830 
2786 

6 2126(2125) 321(314) 
2036(2046) 286(281) 
2014(2014) 

Note. The corresponding frequencies for [M(CO)3CI3]-Cs + (M = Ru, Os) are given 
in parentheses. 13 

X-ray diffraction study of [Ru(CO)3CI3]-[MezNH 2] +. Tile 
crystals of [Ru(CO)3CIJ-[Me2NH21 + are monoclinic; at 20 ~ 
a = 11.646(2) ~, b = 9.838(2) .~., c = 11.639(2) 2~, 
13 = 119.27(3) ~ , V= 1163.4A 3,dc~c = 1.927 gem - 3 , Z =  4, 
space group .P2t/C. The unit cell parameters and the intensities 
of 3332 independent reflections were measured on a CAD-4 
Enmf-Nonius automatic diffractometer (20 ~ Mo-Kct-radia- 
tion, graphite monochromator, O--5/30-scanning, 0 <_ 30~ 

The structure was solved by the direct method and refined 
by the full-matrix least squares method in the anisotropic 
approximation. The hydrogen atoms were arranged geometri- 
cally and included in the refinement according to the "rider" 
model. The final residual factors were: Rj = 0.0556 (over F 
for 2161 observed reflections with 1 > 2a(/)), wR 2 = 0.1969 
(over F 2 for all of the 3327 independent reflections used in the 
refinement). All the calculations were carried out using the 
SHELXTL PLUS 5 program (gamma-version) on an IBM PC. 
The coordinates of atoms are listed in Table 2. 

Results and Discussion 

As a result of this study, we established (see Fig. 1) 
the dependence of the yield of the product resulting 
from the addition of CC14 to compound I (adduct 4), 
catalyzed by M3(CO)m (M = Fe, Ru, Os) and by sys- 
tems based on these carbonyls and containing DMF, on 
the duration of heating. 

M 3(CO }12 
CCI 4 + CH2=CHC4H 9 ~- CCI3CHzCHCIC4H 9 

1 4 

Of  the M3(CO)[2 used in this reaction, Fe3(CO)t 2 
proved to be the most active catalyst, while Os3(CO)12 
was the least active. However, the addition of DMF to 
Os3(CO)12 promotes the formation of adduct 4 to a 
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Table 2. Coordinates of atoms (x 104) and equiva- 
lent isotropie heat parameters (x 103) in the struc- 
ture of [RuC13(CO)3]-[NH2Me2] + 

Atom - x  Y Z U~q/A 2 

Ru(1) 8259(1) 6244(1) -1369(1) 29(t) 
e l ( l )  8396(2) 3784(2)-1538(2) 45(1) 
C1(2) 7119(2) 6092(2) t003(2) 47(I) 
C1(3) 6183(2) 6212(2)-1348(2) 43(t) 
O(i) 8020(7) 9297(7) -1079(8) 68(2) 
0(2) 9654(8) 6373(8) -4354(6) 69(2) 
0(3) 10803(6) 6130(7) -1247(7) 59(2) 
N(1) 5863(6) 1988(7) 3136(7) 46(2) 
C(1) 8115(7) 8171(9) -1183(7) 40(2) 
C(2) 9134(7) 6352(8) -3241(8) 42(I) 
C(3) 9922(6) 6192(8) -1302(7) 38(I) 
C(4) 5654(11)3402(10) 3553(13) 69(3) 
C(5) 6436(10) 1802(t2) 1716(9)  61(2) 

greater extent, while its addition to Fe3(CO)t2 promotes 
the reaction to a smaller extent. Evidently, all these 
distinctions are due to the increase in the strength of the 
M - - M  bond length on going from top to bottom in the 
subgroup. In fact, the strength of the Fe - -Fe  bond, 
equal to 19.2 kcal tool - l ,  is substantially lower than 
those of  the Ru- -Ru  (27.9 kcal mo1-1) and Os--Os 
(31.1 kcal mol -~) bonds. 14 Therefore, our results sug- 
gest that the M - - M  bonds are cleaved to give catalyti- 
cally active mononuclear  species. The minor effect of  
D M F  on the catalytic activity of Fe3(CO)12 and the 
ability of  the F e C h  resulting from decomposition of  
Fe3(CO)I2 in a medium of  chloro-derivatives to act as a 
catalyst in the same reactions (which follows from pub- 
lished data 7-1~ suggests that the mechanism of the 
catalysis by Fe3(CO)I2 differs from those for Ru3(CO)I2 
and Os3(CO) t~.. 

It is believed that in the case of iron carbonyls, an 
increase in the rate of  initiation is favored by an increase 
in the rate of  formation of iron chlorides (see, for 
example, Ref. I0), which are known 7 to catalyze the 
addit ion of CCI 4 to unsaturated compounds by a redox 
catalysis mechanism (Scheme 1). 

Scheme 1 

FeCl 2 + CCI 4 ~ FeCI 3 + C130" 

CI3C" 4- CH2=CHC4H 9 ~ CCI3CH2C'HC4H 9 

CCl3CH2C'HC4Hg+ FeCt 3 ~ CCI3CH2CHCICaHg+ FeC12 

While discussing the catalytic effect of Fe3(CO)12, it is 
important to compare its activity with the behavior of 
Fe(CO) 5 in the same reaction. Therefore, we carried out 
experiments with Fe(CO) 5 without a promoter (see 
Fig. 1, curve 6) and in combination with D M F  (curve 9) 
under similar conditions. It follows from a comparison of 
these curves that the role of D M F  in Fe(CO) 5 is quite 
substantial compared to that in the case of Fe3(CO)12 (see 
Fig. 1, curves I and 2). It becomes obvious that the action 

of D M F  in catalysis by Fe(CO)5 consists mostly in the 
replacement of the carbonyl group. Since the strength of  
the Fe- -CO bond (27.9 kcal tool-J)  14 is much larger than 
that of  the Fe - -Fe  bond, it is no wonder  that the reaction 
catalyzed by Fe(CO) 5 occurs at a lower rate than that 
catalyzed by Fe3(CO)12. 

As noted above, the catalytic act ivi ty of  Os3(CO)~2 in 
the reaction in question is lower (see Fig. 1, curve 
than the activities of  other metal  dodeeacarbonyls .  How- 
ever, in the presence of D M F ,  its activity increases to a 
markedly greater extent (curve 7) than  those of  Fe3(CO)12 
(curves 1 and 2) and Ruz(CO)l 2 (curves 3 and 4). 

The activating role of  D M F  in the  case of  Ru3(CO)12 
is not as significant as in the case of Os3(CO)t2- As in 
the latter case, the reaction yie lded the [Ru(CO)3C13]- 
[Me2NH2] + salt, whose structure was established in an 
X-ray diffraction experiment (see Fig. 2). The fact that 
the M- -CO and M - - C I  absorpt ion bands for the os- 
mium-containing salt coincide with the corresponding 
bands for the ru thenium-conta in ing  salt and for the 
known cesium salts [M(CO)3C13]-Cs § (M = Ru, Os) is 
indicates that the anions in these compounds  have simi-  
lar structures. The [Ru(CO)3CI3]-[PPN1 + salt is known 
to be an active catalyst of the addi t ion  of  methyl formate 
to ethylene, is Therefore, we a t t empted  to use the iso- 
lated salts [M(CO)3CIa]-[Me2NH2] + (M = Ru, Os) as 
catalysts of the addition of  CCI 4 to compound 1. We 
found that neither the ruthenium salt nor the osmium 
salt catalyzes the addit ion of  CC14 to 1; hence, it can be 
assumed that they result from cha in  termination.  There-  
fore, the metal-carbonyl  complexes  isolated for the first 
t ime from the reaction under considera t ion can provide 
indirect evidence concerning the composi t ion  and struc- 
ture of the catalytically active species. The results indi-  
cate that the reaction is catalyzed by a metal -carbonyl  
species, and, thus, the catalysis can be described in 
terms of the coordination mechan i sm ~ that was de- 
scribed in detail in a previous publicat ion,  t~ Taking into 
account the role of  DMF,  the following scheme for the 
addition of CCI 4 to 1 in the presence of  M3(CO)12 
(M = Ru, Os) can be proposed (Scheme 2). 

According to this scheme, D M F  is assumed to act as 
a 7~-donor facilitating cleavage of  the M - - M  bond and 
promoting the oxidative addi t ion of CCI 4. It is not 
inconceivable that the catalyt ical ly active species is not 
only capable of being ,~-coordinated to compound 1 but 
also partially abstracts CO from the  coordinated D M F  
molecule thus enabling the coord ina t ion  of  Me~_NH to 
the metal. Generally,  amines are s t ronger  n-donors  than 
DMF,  and, apparently, this species  can serve as a spe- 
cies responsible for chain te rmina t ion ,  while the Me2NH 
displaced from the coordinat ion sphere is converted into 
the Me2NH~_ § cation. The data available at this point  are 
not yet sufficient to describe the pathway yielding the 
[M(CO)3CI31-[Me2NH2] + salts; however  the fact that 
the initial Ru3(CO)t2 is conver ted  almost completely 
into this salt is evidence suppor t ing  the assumption that 
the salt results from chain terminat ion.  At the same 
time, when the reaction is ca ta lyzed  by Os3(CO)12, the 
mixture of reaction products does  contain the initial 
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Scheme 2 

M3(CO)12 DMF, A M(CO)4[DMF ] 

M(CO)4[DM F'] 

CI CI 
I I M~CHCHeCCI3 [DMF] M...CCI 3 

/ I  \ ' / I  x CaH 9 

-DMF " ~  

Cl / 1 

1-~ .cc~ 
/ I x  

carbonyt  in add i t ion  t o  the  salt  [Os(CO)3C13]- 
[Me2NH2]*. In fact, after mixtures consisting of CC14, 
1, DMF,  and Os3(CO)12 were heated for 40 h and 
compound 1, CCI 4, DMF,  and the resulting adduct 4 
were isolated from the reaction mixture, 0.5 mL of 
CC14, 0.3 mL of 1, and 0.04 g of  D M F  were again 
added to the solid residue (see Experimental).  The new 
solutions were degassed and then heated for 20 and 
40 h. The yields of  adduct 4 were 18 and 32%, respec- 
tively (see Fig. I, curve 7). In addition, processing of 
the time dependence of  the yield of  adduct 4 using the 
integral method 17 indicates that  the rate of the forma- 
tion of 4 depends linearly on the concentration of CCI 4 
(see Fig. I, lines 6 a n d  7). GLC of  the reaction mixtures 
indicates that no other organic products that could 
result from transformations of CC14 are formed in no- 
ticeable amounts (more than 1%). Thus, the decrease in 
the rate of  formation of adduct 4 with time is due to the 
decrease in the current  concentration of  CCI 4 rather 
than to the consumption of  Os3(CO)12. These results 
imply that in this case, chain terminat ion occurs at a 
lower rate than in the presence of Ru3(CO)12. It should 
be noted that the formation of the salts is not a conse- 
quence of  direct participation of  the M e , N H  arising 
through thermal decomposit ion of  D M F  in these pro- 
cesses. In fact, when some Me2NH is added to the 
reaction mixture of the addition of  CC14 to 1 in the 
presence of M3(CO)I 2 (M = Ru, Os), the yields of 
adduct 4 increase (33.7 and 31.8%); however, D M F  is 
more efficient in this catalysis. It is significant that when 
the concentration of  Me2NH is larger than 0.3 retool, 
the process is markedly inhibited but the [M(CO)3CI3]- 
[Me2NH2] § type salts are not formed. The IR spectra of 
the isolated precipitates do not contain absorption bands 
typical  of  these salts.  These results  suggest that  
(Me2NH)M(CO)3CI(CCI3) formed intermediately in the 
presence of  MezNH is less prone to react with electron- 
donating olefin 1 than its DMF-analog .  As noted above, 
the formation of adduct 4 in the addit ion of  CC14 to 1 in 

the presence of DMF and M3(CO)I 2 (M = Ru, Os) 
most likely follows a coordinat ion  mechanism (see 
Scheme 2). However, the role of  D M F  in this reaction 
might also consist in increasing the rate of  the decom- 
position of  the carbonyls to give M(CO)4 , viz., the 
species responsible for the generation o f  radical adducts 
CCI3CH2C" HC4H 9 and capable of  abstracting chlorine 
from CCI 4. In this case, the addit ion of  CCI 4 to 1 would 
be a free-radical chain process, because the metal-  
carbonyl species [M(CO)3CI3I-[Me2NH21 + do not cata- 
lyze this reaction. To decide between the two above 
schemes, we studied the addit ion of  CCI 4 to the methyl 
ester of N-(trans-cinnamoyl)-L-proline (2) catalyzed by 
M3(CO)I2 (M = Ru, Os) in the presence of  DMF,  
because the PhC" HCH(CCI3)C(O)R" radical adducts 
resulting from the addition of  CCI 3 to 2, unlike the 
CC13CH2C HAIk radical adducts,  do not abstract chlo- 
rine from CC14 .18,19 We found that  the reactions with 
compound 2 occur regio- and stereoselectively to give 
the diastereomers of adduct 3, described previously, Is,19 
which were identified using tH N M R  spectroscopy. The 
yield of  adduct  3 in the case of  Ru3(CO)I2 
([CC14]0 : [2]0 = 230 : I) is 9% after 40 h, while that 
lor Os3(CO)12 and [CC14] 0 : [2]0 = 16 : 1 is 22% after 
80 h. In the case of Ru3(CO)t2 without DMF,  adduct 3 
was not formed udder these experimental  conditions. In 
the case of Os3(CO)I2, its yield was 1 I%. According to 
1H N M R  spectroscopy, the diastereomers were formed 
in a ratio of 1.5 : 1. 

Thus, the use of M3(CO), 2 (M = Ru, Os) in combi-  
nation with D M F  increases the catalytic activities of 
these carbonyls in the addit ion of  CC14 to monomer  2. 
The high stereoselectivity of  the addit ion observed under 
the reaction conditions chosen suggests that  the reaction 
follows a coordination mechanism. 

The bond lengths and angles in the structure of  the 
salt [Ru(CO)3C1j]-[Me2NH2] + are listed in Table 3. 

The tar-isomer of the octahedral  [Ru(CO)3CI3]- 
anion has been s t ruc tura l ly  cha rac t e r i zed  in two 
complexes :  [ R u ( C O ) 3 C I 3 ] - [ H s O 2 ] + . S b C I  3 20 and 
[Ru(CO)3CI3I-[SsNs]+- I /2  CH2C12. zt The geometric 
parameters of  the [Ru(CO)3CI3]- anion are fairly close 
to those found before; 2~ however, the crystal structure 
of the salt [Ru(CO)3CI3I-[M2NH2] + has some interest- 
ing peculiar features. 

[n the structure of this salt, centrosymmetrical  dimers 
consist ing of  two [Ru(CO)3CI3] -  anions  and two 
dimethylammonium cations (see Fig. 2) are formed 
through N--H. . .CI  hydrogen bonds. Both hydrogen at- 
oms of the NH 2 group in the  d imethylammonium cation 
(all the H atoms in the salt structure were arranged 
geometrically, see Experimental) part icipate in the lbr- 
mation of  the hydrogen bonds with two Ct atoms of the 
neighbor ing anions: N ( 1 ) . . . C I ( I )  is 3 .24(I )  A 
(H(Ia). . .CI(1) is 2.40 A and the N(1 ) - -H( Ia ) . . .C I ( I )  
angle is 157~ N(I). . .CI(2a) is 3.23(1) A (H(lb) . . .Cl(2a)  
is 2.40 A and N(1)- -H(Ib) . . .CI(2a)  is 154~ This dimer 
contains two more shortened contacts between the N 
atom and the C1(3) atom (N(I) . . .CI(3)  is 3.23(1) A and 
N(I).._CI(3a) is 3.39(1) A); however, taking into ac- 
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Table 3. Bond lengths (d) and angles (co) in the structure of 
[RuCI3(CO)3]-[NH2Me2] + 

Bond d/A Bond d/k 

Ru(I)--C(2) 1.904(8) O(1)--C(I) 1.114(10) 
Ru(1)--C(1) 1.906(9) O(2)--C(2) 1.131(10) 
Ru(I)--C{3) t.977(7) O(3)--C(3) 1.061(9) 
Ru(I)--CI(3) 2.406(2) N(1)--C(4) 1.454(12) 
Ru(1)--CI(2) 2.413(2) N(1)--C(5) 1.460(11) 
Ru(1)--CI(1) 2.428(2) 

Angle o/deg Angle o/deg 

C(2)--Ru(1)--C(1) 92.4(3) 
C(2)--Ru(I)--C(3) 93.5(3) 
C(1)--Ru(1)--C(3) 93.2(3) 
C(2)--Ru(I)--CI(3) 89.2(2) 
C(1)--Ru(1)--Cl(3) 88.8(2) 
C(3)--Ru(1)--CI(3) 176.6(2) 
C(2)-- Ru( 1 )--C1(2) 179.0(2) 
C(I)--Ru(I)--CI(2) 87.9(2) 
C(3)--Ru(1)--CI(2) 87.4(2) 
CI(3)--Ru(I)--CI(2) 89.94(7) 

C(2)--Ru(1)--CI(1) 89.2(2) 
C(1)--Ru(I)--CI(1) I78.3(2) 
C(3)--Ru(1)--CI(1) 87.1(2) 

CI(3)--Ru(I)--CI(1) 90.77(6) 
CI(2)--Ru(I)--CI(1) 90.48(7) 

C(4)--N(l)--C(5) 114.0(8) 
O(1)--C(1)--Ru(I) 179.2(7) 
O(2)--C(2)--Ru(1) 1779(8) 
O(3)--C(3)--Ru(1) 177.9(8) 

count the much larger distances, H(la) . . .CI(3) ,  2.78 A, 
and H(lb) . . .Cl(3a) ,  2.87 .A, and the smaller angles, 
N( I ) - -H( l a ) . . .C I (3 ) ,  I15 ~ and N( I ) - -H( Ib) . . .CI (3a ) ,  
119 ~ one can hardly speak of  the existence of a bifur- 
cated H-bond.  This is indicated by the geometry, of the 
anion, which is character ized by markedly inequivalent 
Ru--C1 distances. In fact, the Ru( I ) - -CI(3)  distance 
(2.406(2) A) is somewhat  shorter than the two other 
Ru- -CI  distances (Ru(1) - -CI (1 )  is 2 . 4 2 8 ( 2 ) A  and 
Ru(1)--CI(2) is 2.413(2) ,i,), which can be explained by 
participation of the CI(I)  and C1(2) atoms in hydrogen 
bonds. Dissimilar Ru- -CI  distances have also been found 
in another study, 2~ in which formation of  a complex 
system of hydrogen bonds involving CI atoms has also 
been observed. The fact that  the C1(3) does not partici- 
pate in the H-bonds  in the salt under consideration 
leads, apparently, to a substantial trans-influence of this 
atom. As a consequence,  the Ru(1)--C(3)  distance, 
equal to 1.977(7) A, is much longer than the two other 
distances: Ru(1)- -C(1) ,  1.906(9) A, and Ru(1)--C(2) ,  
1.904(8) ,~, while the C(3) - -O(3)  distance, 1.061(9) A, 
is correspondingly shorter  than that of the C( I ) - -O(1)  
bond, 1.114(10) ~., or the C(2)- -O(2)  bond, 1.131(I0) iX. 

A further interesting feature of  the geometry of the 
anion in the salt under  considerat ion is that the C - -  
Ru- -C  angles in the octahedron are slightly but re~ma- 
larly increased. Evidently, this results from the decrease 
in the C - - R u - - C I  angles; the C1--Ru--C1 angles retain 
values close to 90 ~ (see Table 2). It is noteworthy that 
similar changes in the bond angles in the coordination 
octahedron of the Ru atom in the [Ru(CO)3CI3]- anion 
have been described in earlier publications, zo,zi 

carried out with the financial support  of  the Russian 
Founda t i on  for Basic Research  (Pro jec t s  Nos.  
96-03-34082 and 94-03-08338). 

References 

I.R. Kh. Freidfina, F. K. Vetichko, E. Ts. Chukovskaya, 
M. Ya. Khorlina, B. A. K.rentsel', D. E. ll ' ina, N. V. 
Kruglova, L. S. Mayants, and R. G. Gasanov, Metody 
elementoorganicheskoi k.himii. Khlor. Alifaticheskie soedineniya 
[Methods of Heteroorganic Chemistry. Chlorine. Aliphatic 
Compounds], Nauka, Moscow, 1978, 132 (in Russian). 

2. E. Ts. Chukovskaya, R. G. Gasanov, I. I. Kandror, and 
R. Kh. Freidlina, Zh. Vsesoyuz. Khim. Obshch. ira. D. L 
Mendeteeva, 1979, 24, 161 [Mendeleev Chem. Z, 1979, 24 
(Engl. Transl.)]. 

3. R. Kh. Freidlina, R. G. Gasanov, E. Ts. Chukovskaya, and 
N. A. Kuz'mina, Usp. Khim., 1985, 54, 1127 [Russ. Chem. 
Rev., 1985, 54 (Engl. TransL)]. 

4. D. E. Evans, Science, I988, 240, 420. 
5. H. M. Colquhoun, J. Hot[on, J. Thompson, and M. V. 

Twigg, New Pathways for Organic Synthesis: Practical Ap- 
plication for Transition Metals, Plenum Press, New York, 
1984. 

6. A. J. Fatiadi and J. Res, Natl. dust. Stand. TechnoL, 1991, 
96, I. 

7. B. A. Dolgoplosk and E. I. Tinyakova, Okislitel'no- 
vosstanovitel'nye sistemy kak istochniki .swobodnykh radikalov 
[Redox Systems as Sources of Free Radicals], Nauka, Mos- 
cow, 1972, 132 (in Russian). 

8. J. P. Collman, L. S. Hegedus, J. R. Norton, and R. G. 
Finke, Principles and Applications o f  Organotransition Metal 
Chemistry, 1984. 

9. M. Asher and D. Vorsi, Zh. Org. Khim., 1966, 2, 377 
[./i Org. Chem. USSR, 1966, 2 (Engl. Transl.)]. 

10. C. R. Eady, B. F. G. Yohnson, and J. Lewis, J. Chem. 
Soc., Dalton Trans., I976, 1706. 

11. R. Davis and J. F. Groves, 3. Chem. Soc., Dalton Trans., 
1982, 228l. 

12. R. Davis, J. L. A. Durrant, and C. C. Rawland, 
J. Organamet. Chem., 1986, 316, 147. 

13. M. J. Cleare and E. R. Griffith, .T. Chem. Soc., A, 1969, 
372. 

14. Comprehensive Organometallic Chemistry, Pergamon Press, 
Oxford, [982, 4, 616. 

15. N. Lugan. G. Lavigne, J. M. Soulie, S. Fabre, P. Kalek, 
J. Y. Saillard, and J. F. Halet, Ovganometallics, 1995, 14, 
1712. 

16. M. Kameyama and N. Kamigata, Bull. Chem. Soc. Jpn., 
1987, 60, 3687. 

17. K. Y. Laidler, Reaction Kinetics, Pergamon Press, O~ord-- 
London--New York--Paris, t963. 

18. R. G. Gasanov, S. O. Videnskaya, V. V. Pintekin, and 
I. V. Stankevich. l~v. Akad. Nauk, Ser. Khim., 1995, 452 
[Russ. Chem. Bull., 1995, 44, 437 (Engl. Transl.)]. 

19. R. G. Gasanov, S. O. Videnskaya, and L. V. ll'inskaya, 
I~. Akad Nauk, Set. Khim., [995, 1 390 [Russ. Chem. Bull., 
1995, 44, 1342 (Engl. Transl.)l. 

20. P. Teulon and J. Roziere, Z. Anorg. Allg. Chem., 1981, 483, 
219. 

21.A. Berg, K. Dehnicke, and D. Fenske, Z. Anorg. AUg. 
Chem., 1985, 527, 111. 

The authors wish to thank L. V. Rybin for participa- Received November 20, 1996; 
tion in the discussion of  the results. This work was in revisectform January 29, 1997 


