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19-Electron arenecyclopentadienyl complexes of ruthenium 
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A series of arenecyclopentadienyl complexes, ie., [ Ru(qS-CsRs)(q6-arene)l + (I, R = H, 
arene = C6tl6; 2, R = Me, arene = C~,H6 3, R = H, arene = C6H3Me 3 4, R = Me, 
arene = C6H3Me3; 5, R = H, arene = CoMee,; 6, R = Me, arene = C~,Me6) was studied 
by cyclic voltammetry. These compounds are capable of both oxidation and reduction The 
reduction potential values depend on the number of methyl groups in the complex 
Reduction of benzene complexes 1 and 2 by sodium amalgam in TH F leads to the formation 
of decomplexation products, the addition of hydrogen to benzene, and dimerization of the 
benzene ligands. Both chemical and electrochemical reductions of mesitylene complexes 3 
and 4 result in dimeric products [(qS-CsRs)Ru(~a-qS:rlS-Me3H~C~,C~,tl3Me3)Ru(qS-CsRs) I 
(14, R = H; 15, R = MeL The action of sodium amalgam on compound 5 gives products 
of hydrogen addition to both hexamethylbenzene (17) and cyclopentadienyl (18) ligands 
along with the major product, the dimer [(qS-CsHs)Ru(Ia-qs:rlS-Me6C~C6Me6)Ru(qS-Cstts) I 
(16). In contrast to 5, its ~rmethylated analog 6 is only capable of adding hydrogen to the 
hexamethylbenzene ligand. 
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Previously,  t - 4  we have s tudied methods  for genera t -  
ing and react ing 19-electron sandwich complexes  of- 
p la t inum metals.  In contras t  to the relatively stable and 
wel l -s tudied  19-electron compounds  of  the first row 
transi t ion metals ,  s - s  the analogous complexes  of  t ransi-  
t ion metals  o f  the second and third rows are highly 
reactive and readily enter  into reactions involving both 
the format ion  and the cleavage of  C - - H  and C - - C  
bonds ,  t - t °  The  s te r ic  and  e l e c t r o n  p rope r t i e s  of  
cyc lopen tad ieny l  l igands significantly affect the reactiv- 
ity of  19-electron meta l locenes ,  as has been shown for 
rhodocene  derivatives.  I , t l , t2 In the present work an 
a t tempt  has been made to compare  the influence of  the 
nature of  cyc lopen tad ieny l  and arene ligands on the 
reactivity of  neutral  a renecyclopentad ienyl  complexes  of  
ruthenium~ 

In contras t  to wel l -known 19-electron mixed sand- 
wich complexes  of  iron [Fe(q5-Cp)(q6-arene) l ,  5 the ru- 
then ium analogs have virtually not been studied until 
the present t i m e  It has been assumed that cat ionic 
n tonoarene  complexes  of  ru thenium [Ru(q$-Cp)(q  ~'- 
arene)]  + are not reduced up to high negative poten-  
tials, t3`t4 The reduct ion potent ial  has been de termined 
only tbr the c o m p o u n d  [Ru(rtS-CsHs)(n~'-C6H6)I +15 
The  prepara t ive  reduc t ion  of  the la t ter  by sodium 
a m a l g a m  re su l t ed  in a c y c l o h e x a d i e n y l  c o m p l e x  
[Ru(rlS-CsHs)(qs-C6HT)] .  16 Later, t7 a number  of mono-  
and bint, c lear  complexes  with fused aromat ic  ligands 
was s tudied by cyclic vo l tammet ry  ( C V )  

Results and Discussion 

!. Studies of arenecyclopentadienyl 
complexes of ruthenium by CV 

A series of a renecyclopentadienyl  complexes  of  ni-  
thenium I - - 6  was studied by CV (see Table I). The 
reduction of  all compounds  is one-e lec t ron  and irrevers- 
ible, which is evidence for high reactivity of  the 19-elec- 
tron in termedia tes  formed. The cyclic vo l t ammogram of  
compound  6 is shown in Fig. 1~ The analogous curves 
for compotmds  1--5 only differ in their  quanti ta t ive 
characterist ics.  The reduction potent ials  of  the com-  
plexes are shifted to more negative potent ia ls  as the 
number  of  methyl  groups increases in both five- and six- 
membered  rings. The increase in the potent ia l  due to 
each methyl  group of the arene ligand is 31 inV. This 
value is close to that de termined tT:~r a representat ive 
series of arene complexes (28 mV). t8 "l'he value of  tile 
potential  shift on going from cyc lopentad ienyl  com-  
plexes to pentamethylc~clopentadienyl  complexes  varies 
in the range from 45 to 95 mV per methyl  group for 
various compounds ;  7,19 and amounts  to 61 mV for corn- 
pounds 1--6.  

We failed to observe the oxidat ion peak for the 
IRu(qS-C5Hs)(q6-C6H6)I + complex  (1) below +2.5 V, 
which is in agreement  with the l i terature data. 13,14 The 
potentials  of  the peaks of irreversible oxidat ion for com-  
plexes 2 - - 6  lie in a relatively narrow range from +1.9 V 
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Fig. I. Cyclic voltammogram of the complex 
[Ru(qS-CsMes)(rl6-C6Me6)] * (C = 2- 10 -3 tool L - I ,CH3CN, 
0~1 M Bu4NBF 4, V = 200 mV s - I ,  relative to SCE)  
I, oxidation; 2, reduction 

to +2.2 V and depend weakly on the number  of  methyl 
substi tuents in the complex  (Fig. 1, Table 1). 

2. Reduction of arenecyclopentadienyl 
complexes of ruthenium 

2.1. Reduction of [Ru(r ls-CsRs)(q6-C6H6)]  + (1, R = 
1t; 2, R = Me) .  Previously, in the reduct ion of  complex 
1 by 1 % s o d i u m  amalgam in T H F  (or in the two-phase 
pen t ane - -wa te r  system), cyc lohexadienyl  complex  9 was 

Table I. CV data fo~ complexes 1--6 ( C =  2"10 .3 tool L -1, 
CH3CN, 0,1 M Bu4NBF 4, V : 200 mVs I, relative to SCE) 

Complex G c / V  Epa/V 

[ Ru(rls-C5 H s)(q6-C6H0)l + (1) - 2 0 2  -- 
[ Ru(qS-CsMes)(q6-CoH6)l * (2) - 2 3 2  +211 
[Ru(qS-CsIts)(q6-C6H3Me~)] + (3) -2.13 +225 
[ Ru(qS-C~Mes)(q6-C6H 3Me3)] * (4) -2.41 +ZI2  
[Ru(qS-CsHs)(@-C6Me6)] * (5) -2.18 +2.00 
[ Ru(qS-CsMes)(rl6-C6Me6)] + (6) -251  +213 

isolated in low yield, t6 We a t tempted  to reproduce  the 
reduction of  compound  1 by sodium amalgam in T H E  
Ruthenocene (10) was found to be the o ther  product  of  
this react ion along with cyclohexadienyl  complex  9 
(Scheme I ). 

Scheme I 

+e 
Ru 

H 

9 1 0  

It is l ikely that  the 19-electron radical formed in the 
reduct ion o f  I (as well as its iron analog 2°,21) is unstable 
and undergoes decomposi t ion.  The C p - a n i o n ,  which is 
released in the process, enters a reaction with the [ Ru(@- 
CsH5)(q6-C6H6)]" radical to give ru thenocene  (10), 
similarly to the reduction of  iron compounds ,  zz 

The product  obtained in high yield in the reduction 
of pen tamethylcyc lopentad ienyl  complex  2 under  the 
same condi t ions  was cyclohexadienyl  complex  11. It is 

0 
t, Ru+ , 

Scheme 2 

b Ru" 

H 

Ru 

Note. Ep, a and Ep,c are potentials of anodic and cathodic 
peaks, respectively. 1 1 
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likely that the presence of methyl substituents in the 
cyclopentadienyl ligand increases the stability of the 
19-electron radical. 

2.2.  Reduction of  [Ru(@-CsRs)(q6-C6H3Me3)]  + (3,  
R = H; 4, R = Me).  Both the chemical reducrion of  3- 
( 1 %  sodium amalgam, THF)  and the electrochemical 
reduction of  4 (at a potential o f - 2 , 5  V, THF)  result in 
the formation of  the products of dimerization of  the 
initially formed 19-electron radicals (Scheme 3)  In each 
case, the dominant  isomer is a dimer in which tt~e 
mesitylene ligands are bonded through the unsubstituted 
carbon atoms (14a, 15a). In addition to these, the 
asymmetric dimeric compounds  14b and 15b were found 
in mother  liquors obtained when the reaction mixture 
was cq,'stallized from hexane. According to IH N M R  
data, the yields of  those isomers do not exceed 5--10 %. 
No formation of  isomers in which the mesitylene ligands 
were bonded through two substituted carbon atoms was 
observed. 

The d imer iza t ion  of  the mesitylene ligands in 
the r educ t ion  of  the ca t ion ic  complex  [Mn(q  6- 
C6H3Me3)(CO)31 + proceeds with participation of  either 
two substituted carbon atoms or one substituted and one 
unsubstituted carbon atom. z3 It is likely that because of 
the low elec t ron-donor  ability of  the Mn(CO) 3 flag- 
menL the inductive effect of  the methyl groups leads to 
some increase in the electron density at the carbon 
atoms bonded to them, which makes those carbon atoms 
become favorable centers of  dimerization. In our case, 
the strong e lec t ron-donor  properties of  the Ru(qS-CsRs) 
fragments level the spin electron density on the methy- 
lated and non-methyla ted  carbon atoms of mesitylene, 
and the formation of  isomers 14a and 15a is due to 
those insignificant steric hindrances that are exerted by 
the methyl groups of  mesitylene. 

In contrp t to benzene complexes 1 and 2, the 
reduction of  their mesitylene analogs 3 and 4 does not 
restllt in the formation of products of the addition of 
hydrogen to the mesitylene ligands. It is likely that this 
result can be explained by an increase in the stability of  
the 19-electron complexes as the number of  methyl 
groups in the arene ligand increases. Is As a conse- 
quence, two radicals manage to react with each other 
despite the presence of excess solvent, which is a donor  
of  hydrogen atoms. 

2.3.  Reduction of [Ru(rls-CsRs)(q6-C6Me6)]  + (5,  
R = H; 6, R = Me).  The reduction of  Ilexamethyl- 
benzene complex 5 by sodium amalgam in TH F results 
in the formation of  dimer 16 in 58 % yield (Scheme 4). 
It should be noted that the reduction of an analogous 
iron complex (unlike its less methylated complexes) 
gives a stable 19-electron radical not capable of  dimer- 
ization, z°,zl Like in the case of ruthenium derivatives 
there is a greater tendency for the hapticity of  complexes 
of transition metals of the second and third rows to 
change and R~r redistribution of  the electron den- 
sity 7,18,21,24-°27 

It was established using ~H N M R  spectroscopy that, 
besides complex 16, two other compounds,  the products 
of the addition of  hydrogen to hexamethylbenzene (17) 
and cyclopentadienyl (18) ligands, are present in the 
reaction mixture. The content of  compounds  17 and 18 
is riot high (~10 and 5 %, respectively). 

Complex 6 was reduced electrochemically at a po- 
tential o f - 2 . 6  V (THF/0 .2  M Bu4NPF 6, Hg-electrode).  
A mixture of isomeric hexamethylcyclohexadienyl com-  
plexes 19a,b (Scheme 5) was isolated from the elec- 
trolysis products. Unfortunately, one can not determine 
from the N M R  spectra, which isomer (exo-H or endo-H) 
is the major one; the ratio of  isomers is I : 6. 
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This  d i f fe rence  in the behav io r  o f  hexame thy l  c o m -  
plexes 5 and 6 cou ld  probably  be expla ined  by the excess 
e l ec t ron  dens i ty  in pe rme thy l a t ed  c o m p o u n d  6; it is so 
high that the process  of  the abst ract ion o f  hydrogen  
f rom the so lvent  p roceeds  faster than the d imer i za t i on  of  
two radicals.  

Thus ,  o n e - e l e c t r o n  reduc t ion  o f  a r e n e c y c l o p e n t a -  
dienyl  ca t ion ic  c o m p l e x e s  o f  r t t thenium results in the 
fo rmat ion  o f  h igh ly - reac t ive  neutral  19-e lec t ron  radi-  
cals. F u r l h e r  reac t ion  pathways  o f  these c o m p o u n d s  are 
d e t e r m i n e d  by the  p resence  and the n u m b e r  o f  methyl  
groups  in the q 5  and @ - b o n d e d  a romat i c  ligandso Thus ,  
f i v e - m e m b e r e d  a r o m a t i c  l igands,  as a rule, do not par- 
t ic ipate  in the  reac t ions ;  however ,  the presettce o f  me-  
thyl subs t i tuen ts  in the C s M e s - r i n g s  increases  the stabil-  
ity o f  the  19 -e l ec t ron  complexes .  An increase in the 
n u m b e r  o f  me thy l  subs t i tuents  in the a rene  l igand also 
results in an increase  in the stabil i ty o f  the radical 
c o m p o u n d s  t b r m e d ,  and the i r  d i m e r i z a t i o n  b e c o m e s  the 
prefer red  process .  At the  same  t ime ,  in the case o f  

Ru + 

Scheme 5 
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perme thy la t ed  c o m p l e x  6 the  total  e l e c t r o n - r e l e a s i n g  
effect  o f  e leven  methyl  groups  is found to be so signif i-  
cant  that  on ly  the  addi t ion  o f  hydrogen  to the  hexa-  
m e t h y l b e n z e n e  l igand is observed.  

Experimental 

All reactions were carried out using standard Schlenk 
techniques under an argon atmosphere, Tetrahydrofi~ran and 
benzene were distilled over benzophenone sodium ketyl before 
use; hexane was dried by boiling over a sodium wire; acetoni- 
trile was purified by successive distillation over P4OI0, 
KMnOgNaHCO3,  and Call  2 Starting complexes of  ruthe- 
nitlm were obtained using the known p r o c e d u r e s  
[Ru(qS-CsHs)(qr-Cr|{~)I ' ( i )  13 [Ru(qS-CsMes)(q6-C6Hr)] ÷ 
(2); 28 [Ru(qS-CsIIs)(q6-C6H3Me3)] * (3); 29 [Ru(qS-CsMe5)(@ - 
CrH3Me3) I .... (4):28 [Ru(q5-CsH~) (@-CoM%)]  + (5); :9 

Ru(@-C5 Mes)(qa-Ce, Me~)] + (6) z~ 
CV data were obtained on a fast acting potentiostat Pl-50 +t 

in acetonitrile solutions at -20 '~C under an argon atmosphere 
Bu4NPF 6 (0.l M) was used as the supporting electrolyte, and a 
terrocene/ferroceninm pair (/¢~ = 040 V) was used as tile 
internal standard The concentrations of the substances under 
study and of the internal standard were 2- 10 -'3 tool L -I ,  Tile 
potential scan rate was 200 mV s -I The measurements were 
carried out using a three-electrode scheme with a glassy- 
carbon electrode and a saturated calomel electrode (SCE) as 
the working electrode and the reference electrode, respec- 
tively Potentials are given relative to SCE. "The data obtained 
are presented in Table I 

Potential-controlled electrolysis was performed using a 
P-5827M potentiostat in THF solutions under an argon atmo- 
sphere in an electrolyzer with cathodic and anodic spaces 
separated by a diaphragm of porous glass A stirring Hg-cathode 
with an area of 1 I cm 2 served as the working electrode and a 
platinum plate was used as the auxiliary electrode. Aqueous 
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Table 2. IH NMR spectra of the reduction products of complexes I - -6  (C6D 6, 8, J /Hz,  relative to SiMe4) 

Complex R le~o, R I e.rto R 2 R 3 R 4 L 

~5 9 2 .55--275 5.76 (t, I H, 4 .72(s ,  
(m, 2 ff) J = 4.6) C5H5) 

a 1 
o x o  

Ra R 2 F ale ,, d o 
~ ~  I I 

R4 R a ~ ~ R  2 14a 

Ru(qS-k) 
14b 

15a 

16 

17 

19a 

19b 

2.55--2.75 
(m, 1 H): 
285- -  3.00 
(m, I H) 

160--1.95 
(m, 2 H) 

98  (s, 2 I1) 

29  (s, Me); 

47  (s, I H) 

86  Is, I H) 

31 (s. Me) 

0.46 (d. Me, 
J = 65) :  
246  {q, I H, 
J = 6 . 5 )  

055  {d, Me, 
J = 6.4); 
2.22 (q, 1 H,  
J = 6.4) 

0,82 (d, Me, 
J = 6.57; 
2.33 (q, I H, 
J = 65 )  

2,53 (m, 2 H) 

.78 (s, 2 Me) 

81 ( s  2 Me); 

237 (s, 2 H) 

163 (s, 2 Me) 

I 55 (s, 2 Me) 

180 (s, 2 Me) 

445  (dd, 2 H. 
J = 6.0; J = 
46 )  

4,08 (dd, 2 H, 520  (t, I H, 187 (s~ 
J = 5.9: I = 52)  J = 52)  CsMe s) 

4.24 (s, 2 H) 2,31 (s, Me) 4.50 (s, 
C5H5) 

183 (:, 2 Me); 227 (s. Me); 4 5 2  (s, 
C5tt5); 

433  ( s  2 H) 572  (s. I H) 4 5 9  (s. 
C5H5) 

360  (s, 2 It) 210  (s. Me) 176 ( s  
CsMes) 

201 (~< 2 Me ~ 240  (s, Me) 4 3 2  (s. 
C5H5) 

I 98 (s, 2 Me) 239  ( s  Me) 4A0 (s. 

Cst ls)  

1.53 (s, 2 Met 1.95 (s, 2 Me) 2.10 (s, Me) 170 (s, 
CsMes) 

142 (s, 2 Me) 153 (s, 2 Me) 2.10 (s, Met 1072 (s, 
CsMes) 

SCE, connected  to the solution in the electrolyzer with a salt 
bridge filled with the same solution as in the electrolyzer, 
served as the reference electrode. Before introduction of a 
substance under  study, a solution of the supporting electrolyte 
was subjected to shor t - t ime electrolysis at the potential chosen 
for electrolysis of tile complex tinder study on the basis of CV 
d a t a  Electrolysis of complexes was perl~armed until their 
disappearance (CV monitoring).  The number  of electrons 
participating in the electrode process was determined coulo- 
metrically using a Radelkis OH-404 ( lhmgary)  digital coulo- 
meter. 

IH and 13C N M R  spectra were obtained on Bruker WP- 
200SY and Bruker-AMX-400 spectrometem in C~D6; chemical 
shifts are reported in the 8 scale relative to SiMe 4 The data 
obtained are presented in Table 2 and Table 3. 

Mass spectra were recorded on a Kratos MS-890 mass 
spec t romete r  

Reduction of [Ru(qS-CsHs)(q6-C6tl6)]  + (1),  general pro- 
cedure. A suspension of ! (200 rag, 051 mmol) in T H F  
(30 mL) was added to an excess of 1 %  sodium amalgam and 
stirred for 2 h at -20 °C. The reaction mixture was filtered 
and evaporated to dryness in vacuo. The solid residue was 
extracted with benzene (2x25 cm3), the solution was filtered 
and evaporated. Recr,/stallization of the residue from hexane 
g a v e a  mixture of 9 a n d  10 (69 mg, the r a t i o9  : 10 = 2 : I )  
MS (El.  70 eV), re~z: 245 [M1 + (9), 232 [M] + (10); IH NMR 
of 10 (C6D6), 8 : 4 5 6  (s, 10 H). 

Complexes 1 !, 14-- 18 were reduced analogously, 
Complex 11 (92 rag, 58 %) was obtained from 2 (200 rag, 

0.50 re tool)  Found (%): C, 62.05; H, 6 4 2  CI6H22Ru. Cal- 
culated (%): C, 6093:  H, 703.  

Complex 14. A mixture 14a,b (85 rag, 65 %) was obtained 
from 3 (200 rag, 0 46 mrnol) After recrystatlizatiou from 
hexane, yellow needle-shaped ccvstals were precipi ta ted  The 
yield of 14awas62  rag(48 % )  Found (%) :C,  58.90; H, 6 1 0  
C28H34Ru2 Calculated (%)  ( ,  58.72 H, 5.98. A mixture of 
14a and 14b (23 rag, 17 %, tile ratio 14a 1411 = 4 : 17 was 
obtained by evaporation of the mother  liquor. 

Complex 15 (106 rag, 74 %, the ratio 15a : 15b = 8 : I) 
was obtained from 4 (200 mg, 0 4 0  mmol).  Fonnd ( % )  
C, 65 28; H, 8 0 7  Casl-ts4Ru2~ Calculated (%): C, 64.01~ 
H, 7.63 

Complexes  16--18 were ob ta ined  from 5 (200 tug, 
042  retool)  The yield of 16 was 81 mg (58 % )  Fotlnd (%): 
C, 6223;  H, 7 2 9  CaaH46Ru2. Calculated (%): C, 62.17: 
H~ 7.06 A mixture of 16, 17~ and !8 (21 rag, the ratio 
16: 1 7 : 1 8  = 5 : 2 :  I) was obtained by evaporation of  the 
mother  l iquor  IH NMP, of 18 (C6D6), 8 2.10 (s. 18 H 
C6Me6): 2.31 (m~ 2 H, H~); 284  (ddd, I H, Ile,~d o, J = 9 5 ,  
J = I = 16 Hz); 3.78 (d, I H, He.w, J = 9.5 Ftz); 4.69 (m, 
2 H, H~) 

Electrochemical  reduction of  [ R u ( n S - C s M e s ) ( q  6- 
C6H3Me3)]+PF6 - (4). Electrolysis of  4 (200 rag, 0A0 retool) 
was carried out in T H F  (0.2 N Bu4NPF 6) at a Hg-cathode at 
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Table 3. I?~C N M R  spectra of the reduction products of complexes I - -6  (C6D6, 8, J/Hz, relative to SiMe4) 

Complex C Rle,~o, Rlendo CR 2 CR 3 CR I L 

3 R 2 I- ~I 
R 4 ~  Me 

R 3¢, ' -  ~ ' ~  R p 

Ru(q5-k) 

n d o  

9 2255 CH2 3018 CH 7045 CIt  78.82 CH 75.52 CsH 5 

II 2984 CH 2 3287 Ct1 8020  CH 88 51 CH 11.12 C5M~5; 
7942  (~5Me 5 

14a 5895 Cl t  2712 CMR; 79.25 Ct1 2134 CM~; 77.71 CsH s 
4091 (~'Me 9047  ~ M e  

15a 5845 CH 2417 CM~; 8192  ( l l  1924 CM~, 1021 C5M~5; 
41 36 ~'Me 8667 ~TMe 87 19 ~;75Me5 

16 30 17 CMC; 1895 C~]e; 2435 C M c  18 03 Cble ;  79 74 CsH 5 
5238 ~TMe 4656 CMe 8959  CMe 9025 (*Me 

19a 1380 C ~ H ;  1477 C~d~; 1974 CMc; 2012 C ~ ;  942  CsM_~, 5 
49.62 ~ M e H  3920 (,'Me 8721 ~ M e  9046 CMe 85.97 ~5Me5 

the potential £ = ~ 2 5  V The starting current (25 mA) was 
smoothly reduced to 3 mA over a period of 45 ra in  The 
quantity of electricity consumed in the reduction process 
corresponded to the transfer of one electron (Qexp = 39~1 C; 
Qcalc (,,: I ) =  385  C )  After electrolysis, a cyclic voltam- 
mogram showed the disappearance of the peak of reduction of 
the starting compound 4 and the appearance of one anodic 
oxidation peak ( £ p a  = - 0 2 7  V). The electrolyzed solution 
was evaporated to dryness in vacuo, and the residue was 
extracted with benzene (2x25 cm3). The c o m b i n e d o b e n z e n e  
solution w ~  filtered and evaporated, the residue was recrystal- 
lized from hexane, and a mixture of isomers 15a/15b (97 rag, 
68 %, the ratio 15a : 15b = 8 : I) was obtained. 

Electrochemical  reduction of [ R u ( @ - C 5 M e s ) ( q  6- 
C6Me6)]+PF6 - (6), Electrolysis of 6 (170 mg, 032  mmol} 
was carried out in T H F  ( 02  N Bu4NPF 6) at a Hg-cathode at 
the potential E = - 2 6  V The starting current (20 mA) was 
smoothly reduced to 3 mA over a period of 40 min The 
quantity of electricity consumed in the reduction process 
corresponded to the transfer of one electron (Qexp = 3LI  C 
Qcatc = 302  C )  After electrolysis, a cyclic vol tammogram 
showed the d i~ppea r ance  of the peak of reduction of the 
starting compound 6 and the appearance of the anodic peaks 
(Ep:, I = -~008 V and Epa 2 =: + 0 4 5  V )  The electrolyzed 
solution was evaporated to dwness  in vacuo, the residue was, 
extracted with benzene (2×25 cm :~) The combined benzene 
solution was filtered and evaporated, the residue was recrystal- 
lized flora hexane,  and a mixture of isomers 19a and 19h 
{75 rag, 60 %, the ratio 19a : 19b = 6 : I) was ob ta ined  
Found (5'~,): C, 6637 ;  t1, 8 5 3  C22t134Ru Calculated {o2) 
C, 6 6 1 3  H, 8 5 8  

T h e  a u t h o r s  are  g ra te fu l  to D V Z v e r e v  for reg is t ra -  
t i on  of  mass  s p e c t r a  

T h i s  work  was ca r r i ed  out  wi th  the  f i nanc i a l  s u p p o r t  
o f  the  Russ ian  F o u n d a t i o n  tk}r Basic  R e s e a r c h  (P ro j ec t  
N o  9 4 - 0 3 - 0 8 5 9 8 )  
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