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Abstract 

A study of the properties exhibited by the catalyst precursors of formula [Rh(-q5-C5H4RXC2H4)2] (R = NMe2, tBu, Me, H, CI, 
NO2, CF3, or COOMe) in the co-cyclization of a variety of 1-alkynes (R'CCH) and nitriles (R 'CN) to pyridine derivatives is 
reported. Initial reaction rates as well as chemoselectivity and regioselectivity are markedly influenced by the electron donor-  
acceptor properties of the R groups on the cyclopentadienyl ring, as well as by the steric and electronic effects induced by the 
substituents (R'  and R") attached to substrates. 

1. Introduction 

It has been known since 1973 that the co-cyclization 
of alkynes and nitriles to pyridine derivatives can occur 
in the presence of cobalt-based catalyst precursors [1]. 
As a consequence of the fundamental research carried 
out by Bfnnemann and coworkers [2] and by Wakat- 
suki and Yamazaki [3], cobalt(I) complexes of the type 
[CoYL,] have attracted much interest, mainly with 
respect to the possibility of controlling their catalytic 
action by varying the effects caused by different Y 
which remain attached to cobalt throughout the cat- 
alytic cycle. In addition, the role played by the steric 
and electronic effects exerted by the substrate-attached 
groups in influencing the regioselectivity of the co- 
cyclization of 1-alkynes and nitriles has been the object 
of theoretical and experimental studies [4-6]. 

In 1983 we found that the co-cyclization of alkynes 
and nitriles to pyridines can also be carried out effi- 
ciently in the presence of half-sandwich rhodium(l) 
complexes of the type [RhCp'L n] [7]. Since the cataly- 
sis seems to occur on the "Cp 'Rh"  core generated by 
such complexes, the catalytic properties of the above 
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rhodium catalyst precursors depend on the Cp' [8]. 
However, no systematic study of these interactions has 
yet been reported. Thus for the rhodium-catalysed 
reactions, it is not possible to evaluate the relative 
importance of steric and electronic effects of the CY- 
clopentadienyl ligands. Some dramatic differences ob- 
served in the catalytic activity between "CsHsRh" and 
"C5Me5Rh" systems were rationalized in terms of 
electronic effects, while the different regioselectivities 
exhibited by these systems were related to the markedly 
different steric demands of the two cyclopentadienyl 
ligands [8]. 

We find now that this last idea is substantially 
incorrect. The study we report here, of which prelimi- 
nary results have already been communicated briefly 
[9], shows clearly that, as far as the Cp' is concerned, 
the electronic effects preponderate over the steric ef- 
fects. Indeed, with substituents of different electron-re- 
leasing or electron-withdrawing properties on the cy- 
clopentadienyl ring, it was possible to correlate the 
activity, the chemoselectivity, and the regioselectivity of 
a number of catalyst precursors of formula [Rh(~75- 
C5H4R)(C2H4) 2] (1) with the electron donor-acceptor 
properties of the cyclopentadienyl moiety. Moreover, 
comparison of these results with those obtained for 
catalysis by cyclopentadienyl cobalt(I) complexes [2], 
reveals a marked metal effect. 

0022-328X/93/$6.00 © 1993 - Elsevier Sequoia S.A. All rights reserved 



292 P. Diversi et al. / Co-cyclization of alkynes and tu,,~e~ 

2. Results and discussion 

2.1. Choice and preparation of  the catalyst precursors 
and general remarks on catalytic reactions 

In order to minimize the steric demands of the Cp' 
ligands, the monosubstituted cyclopentadienyl deriva- 
tives l a - l h  were employed as catalyst precursors. At 
temperatures higher than 40°C [10], ligands -qS-C5H4R 
can easily assume the most favourable conformation by 
placing their substituents in the least sterically hin- 
dered molecular space. Hence the complexes l a - l h  
can be considered approximately identical as far as 
their steric influence on catalysis is concerned: 

[ Rh(r/5-Csn4a) (r/2-e2n 4)2] 

1 

la,  R = NMe2; lb, R =tBu; le, R = Me; 

ld, R = H; le, R = Cl; lf, R = NO2; lg, R = CF3; 

lb, R = COOMe 

To the best of our knowledge la, lf, and lg had not 
been reported. We report here what we believe are the 
first published preparations of these complexes which 
were performed according to a classic scheme based on 
the reaction of the appropriate Tl, Na, or Li cyclopen- 
tadienide with Cramer's salt. la and If  were obtained 
in 16% and 3% yields respectively, and with some 
experimental difficulty. In particular, with la  the use of 
CH3SOaNMe 2 in the preparation of N,N-dimethyl- 
1,3-cyclopentadienylamine [11] may be dangerous as it 
decomposes explosively on standing at room tempera- 
ture. Therefore, we used the more thermally stable 
N,N-dimethyl-O-(p-toluensulphonyl)hydroxylamine, p- 
MeC6H4SOaNMe 2 [12]. 

The very low yields obtained in the synthesis of If  
may be due to the poor nucleophilicity of the nitrocy- 
clopentadienyl anion as a result of a high charge delo- 
calization due to the nitro group [13]. Very little chlo- 
ride displacement from Cramer's salt results under our 
experimental conditions (reaction medium diethyl 
ether + pentane, or diethyl ether, or tetrahydrofuran; 
reaction time 6-16 h; reaction temperature -78  to 
25°C). Finally, lg was obtained in ca. 50% yield by 
reaction of (trifluoromethyl)cyclopentadienylthallium 
[14] with Cramer's salt in THF. 

R' 

R'CCH + R"CN , [ ~  

R ' / - x  N / ~  R" 

The complexes were isolated and purified by column 
chromatography on alumina (silica-gel, in the case of 
lf) and were analysed by 1H NMR spectroscopy, la, lf, 
and lg were also characterized by elemental analysis. 

All catalytic runs were carried out under dinitrogen, 
employing an alkyne-to-nitrile ratio of 1/5.4 and a 
catalyst precursor-to-alkyne ratio of 1/100 [8]. The 
pairs of substrates we used were 1-hexyne and propi- 
onitrile, t-butylacetylene and propionitrile, phenyl- 
acetylene and propionitrile, trimethylsilylacetylene and 
propionitrile, and 1-hexyne and t-butyl cyanide. 

In all cases different amounts of arenes (1,2,4- and 
1,3,5-trisubstituted regio-isomers) were obtained in ad- 
dition to pyridine derivatives, these being mixtures of 
2,4,6- and 2,3,6-trisubstituted regioisomers, 2 and 3 
respectively (Scheme 1). 

2.2. Activity o f  the catalyst precursors l a - l h  
Between 80 and 150°C, l a - l h  are active in the 

co-cyclization of 1-alkynes and nitriles and lead to very 
variable amounts of pyridine and benzene derivatives, 
depending on the cyclopentadienyl ligand. 

In the co-cyclization of 1-hexyne with propionitrile, 
the lowest pyridine yields were obtained using the 
catalyst precursor If  (R = NO 2) (see Table 1 and Fig. 
1). Due to this and to the difficulty of preparing this 
compound, its catalytic properties were not investi- 
gated further. 

The unique behaviour of la  (R = NMe 2) is evident: 
it is the only precursor which furnishes some pyridine 
at temperatures lower than 80°C and it exhibits its 
highest activity at 80°C, while the other catalyst precur- 
sors give the highest pyridine yields at temperatures 
around 130°C. la is the only rhodium-based catalyst 
precursor known to exhibit some activity in pyridine 
synthesis at temperatures below 80"C [8]. Above this 
temperature, its activity decreases slowly. In contrast, 
at temperatures between 80 and 130°C, the pyridine 
yields obtained employing lb, lc, ld, le, lg, and lh 
increase to more than 60%, with the exception of le 
(R = C1) (maximum yield 32%). Finally, between 130 
and 150°C, all catalysts show a decrease in activity. 

At 80°C, the catalyst precursors with electron-donat- 
ing R substituents on Cp', i.e. la  ( R =  NMe2), lb 
(R=tBu),  and lc (R=Me) ,  are better in terms of 

R I 

R' R" R' R' 

(2) (3) (4) 

Scheme 1. 
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TABLE 1. Influence of reaction temperatures  on pyridine and benzene derivative yields in the co-cyclization of 1-hexyne and propionitrile 
catalysed by the complexes l a - l h  

Catalyst Temperature  ( ° C )  

precursor 60 70 80 100 130 150 

l a  6.0 18.3 30.5 26.3 21.3 17.6 
(8.5) (23.9) (39.5) (41.1) (34.5) (31.8) 

l b  - - 3.5 28.3 67.8 60.0 
( - )  ( - )  (2.7) (10.6) (17.3) (18.2) 

lc  - - 1.2 18.4 62.3 56.0 
( - )  ( - )  (2.8) (7.6) (19.6) (20.6) 

ld  - - 0.3 6.6 64.5 61.0 
( - )  ( - )  (0.4) (3.3) (18.7) (20.0) 

l e  - - 0.7 8.3 32.2 29.1 
( - )  ( - )  (0.8) (7.3) (20.0) (18.8) 

I f  - - - 2.6 8.0 - 

( - )  ( - )  ( - )  (17.6) (14.5) ( - )  
lg  - - 0.2 9.0 65.7 65.0 

( - )  ( - )  (2.2) (9.2) (15.5) (18.0) 
l h  - - 0.5 10.8 67.7 67.9 

( - )  ( - )  (2.3) (5.6) (19.4) (17.8) 

Yields are based on starting alkyne; benzene derivative yields are given in parentheses; reaction conditions are 1-hexyne 8.74 mmol; 
[1-hexyne]/[propionitrile] 1/5.4;  [1-hexyne]/[Rh] 100; reaction time 3 h. 

pyridine yield than those carrying electron-withdrawing 
R groups or H. At 100°C, considerable differences are 
still observed, a sharp boundary lying between la,  lb, 
and le, on the one hand, and ld  (R = H), le  (R = C1), 
lg  (R = CF3) , and lh  (R = COOMe), on the other. At 
130°C, these differences become smaller and lb, lc, ld, 
lg, and lh  give pyridine yields ranging from 62% to 
68%. 

The influence of reaction time upon the yields of 
pyridine derivatives is illustrated by the data in Fig. 2. 
There is a marked difference between la (R = NMe 2) 
and le (R = (21) on the one hand, and lb, lc, ld, lg, 
and lh, on the other hand, these last showing similar 
yields with time. Electron-releasing substituents on Cp' 
produce slightly higher initial reaction rates. 

The pyridine yields under constant experimental 

TABLE 2. Influence of substrate structure on pyridine and benzene  derivative yields in the co-eyclization of alkynes and nitriles catalysed by the 
complexes l a - l h  

Catalyst Substrate couple 

precurs0I BuCCH t BuCCH PhCCH MeOCH 2CCH Me 3SiCCH n BuCCH 
EtCN EtCN EtCN EtCN EtCN t BuCN 

l a  21.3 4.7 7.4 40.2 17.0 10.4 
(34.5) (24.2) (26.7) (41.0) (60.0) (4.5) 

l b  67.8 4.8 16.0 58.0 8.8 16.4 
(21.6) (19.5) (22.8) (20.9) (34.6) (28.4) 

lc  62.3 7.9 19.8 60.0 6.9 23.4 
(19.6) (10.5) (53.8) (22.2) (38.0) (39.4) 

ld  64.5 4.7 36.3 41.9 4.8 16.3 
(18.7) (14.0) (45.0) (11.0) (24.9) (26.5) 

le  32.2 4.8 14.0 ' 11.2 10.1 5.4 
(20.0) (17.3) (49.0) (14.3) (24.5) (17.3) 

I f  8.0 . . . . .  
(14.5) ( - )  ( - )  ( - )  (_) (_) 

lg  65.7 9.1 32.1 72.6 24.6 15.4 
(15.5) (12.0) (46.1) (19.4) (11.1) (23.1) 

l h  67.7 8.5 29.9 67.1 31.7 13.5 
(19.4) (14.3) (52.3) (12.3) (31.5) (29.4) 

Yields are based on starting alkyne; benzene derivative yields are given in parentheses; reaction conditions are alkyne 8.74 mmol; [alkyne]/[nitrile] 
1 / 5 . 4 ;  [ a l k ' y n e ] / [ R h ]  1 0 0 ;  reaction temperature  130°C; reaction time 3 h.  
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la ~ - -  lb ~ l c  - ~ -  ld  ~ le  - e -  lg - ~ -  lh  

Fig. 1. Pyridine derivative yield as a function of reaction tempera- 
ture. Catalyst precursors la, lb, lc, ld, le, lg, lh; [1-hexyne]/[Rh] 
100; [1-hexyne]/propionitrile] 1/5.4; reaction time 3 h; yields are 
based upon the starting alkyne (8.74 mmol). 

la -+- lb  ~ l c  - e -  ld  ~ le  - ~ -  lh 

Fig. 3. Chemoselectivity, given as [mol of pyridine derivatives/(mol 
of pyridine derivatives+tool of benzene derivatives)]Xl00, as a 
function of reaction temperature. Catalyst precursors la, lb, It,  ld, 
l e ,  lg, lh; [1-hexyne]/[Rh] 100; [1-hexyne]/[propionitrile] 1/5.4; 
reaction time 3 h. 

conditions vary widely with the nitrile-alkyne couple, 
with la  (R = NMe 2) or le (R --- CI) rather low pyridine 
yields are obtained, whatever substrates are used (Ta- 
ble 2). However, the catalyst precursors l a - l h  give 
their highest pyridine yields when 1-hexyne-pro- 
pionitrile or methylpropargyl ether-propionitrile cou- 
ples are used. Sterically hindered alkynes lead to yields 
which never exceed 10%. The yields obtained in the 
case of tBuCCH-EtCN co-cyclization catalysed by lg 
(R = CF a) or lh (R = COOMe) (9.1% and 8.5% re- 
spectively) are nevertheless the best figures ever ob- 
served for such substrates [8]. Finally, both the co-cycli- 
zations of phenylacetylene or trimethyisilyiacetylene 
with propionitrile give rather low yields in pyridine 
derivatives with all catalyst precursors l a - l h .  

Pyr id ine  yield,  % 
80~ 

70 

60  

50 

40 

30  

20 

10 

0 - -  
0 

k i i i i i 

0.5 1 1.5 2 2.5 3 3.5 
Time, hours 

l e  --4"- lb  ~ lo  ~ ld  --x-- le  ~ lg ~ -  lh 

Fig. 2. Pyridine derivative yield as a function of reaction time. 
Catalyst precursors la, lb, lc, ld, le, lg, lh; [1-hexyne]/[Rh] 100; 
[1-hexyne]/[propionitrile] 1/5.4; reaction temperature 130"C; yields 
are based upon the starting alkyne (8.74 mmol). 

2.3. Chemoselectivity of  the catalyst precursors l a - l h  
The catalytic synthesis of pyridines by co-cyclization 

of alkynes and nitriles is accompanied by the formation 
of different amounts of arene arising from alkyne self- 
cyclotrimerization, whatever the catalyst precursor 
[1,2,8]. In particular, it has already been found that the 
chemoselectivity (defined as the number of moles of 
pyridine derivatives divided by the number of moles of 
pyridine plus benzene derivatives, all multiplied by 
100) of the rhodium-catalysed reactions increases on 
increasing the nitrile-to-alkyne ratio, being highest 
when this is greater than five [8]. 

We now find that the chemoselectivity observed in 
the reaction catalysed by l a - l h  depends on the nature 
of the Cp' and the reaction temperature. No signifi- 
cant dependence upon the reaction time was observed. 
A further peculiarity of la  ( R = N M e  2) that its 
chemoselectivity is almost uninfluenced by temperature 
(Fig. 3), whereas in the case of the other catalyst 
precursors a sharp increase in selectivity is observed 
when the reaction temperature increases from 80 to 
100°C. However, the chemoselectivities known by la  
were never higher than 54%, while the highest chemo- 
selectivities for the other catalyst precursors range 
from 80% to 87%, with the exception of le  (R = CI) 
(maximum chemoselectivity 71% at 130°C). 

Whatever the substrates, the chemoselectivity in- 
creases slightly with the electron-withdrawing power of 
the substituents on the Cp' ring (Fig. 4). However, 
sterically hindered alkynes or nitriles, as well as 
trimethylsilyl- or phenyi-substituted acetylenes, invari- 
ably lead to chemoselectivities rather lower than those 
obtained in the co-cyclizations of 1-hexyne or methyl- 
propargyl ether with propionitrile. 
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Fig. 4. Chemoselectivity, given as [mol of pyridine derivatives/(mol 
of pyridine derivatives+mol of benzene derivatives)] ×100, as a 
function of the structure of reactive substrates. Catalyst precursors 
la, lb, lc~ ld, le, lg, lh; [1-alkyne]/[Rh] 100; [1-allojne]/[nitrile] 
1/5.4; reaction time 3 h; reaction temperature 130"C. 

Rogloselectivlty 

la lb lc ld le lg lh 
Catalyst precursor 

I n-Bu-COH/EtCN I t-Bu-COH/EtCN ~ Ph-CCH/EtCN 

l MeOCH2-CCH/EtGN I l l  Me3SI-CGH/EtCN I--7 n-BuCCH/t-BuCN 

Fig. 5. Regioselectivity, given as [mol of pyridine isomer 2/(mol of 
pyridine isomer 2 + mol of pyridine isomer 3)] × 100, as a function of 
the structure of reactive substrates. Catalyst precursors la, lb, le, ld, 
le, lg, lh; [1-alkyne]/[Rh] 100; [1-alkyne]/[nitdle] 1/5.4; reaction 
time 3 h; reaction temperature 130"C. 

2.4. Regioselectivity of  the catalyst precursors l a - l h  
In addition, the regioselectivity, (defined as the 

number of moles of isomer 2 divided by the number of 
moles of isomers 2 and 3, all multiplied by 100) while 
little affected by reaction temperature or time, varies 
markedly with the electronic properties of the Cp'. 
Indeed, catalyst precursors carrying electron-releasing 
groups on Cp', such as la  (R = NMez), lb  (R--tBu),  
and le (R = Me), cause the 2,4,6-trisubstituted isomer 
2 to be more abundant than the 2,3,6-trisubstituted 
isomer 3 (Fig. 5). In particular, la  leads to the nearly 
exclusive formation of isomer 2, typical regioselectivity 
figures being around 90% or higher. 

[ C p ' R h ( C 2 H 4 )  2] 

i[R'CCH 

" [Cp,Rh(R, CCH)2] < 

R' 
/ R '  ~ 

C p ' R h ~  + Cp' 

R' R' 
(5) (6) 

R~CN/R,CCH 

The co-cyclization of trimethylsilylacetylene and 
propionitrile deviates from such a trend. However, 
even in this case isomer 2 is formed preferentially to 3 
(77% vs. 23%) if la  is used as catalyst precursor. 

Electron-withdrawing substituents on Cp' cause an 
inversion of the above trend: in particular, in the 
co-cyclizations catalysed by lg (R = CF 3) and lh  (R = 
COOMe), the percentage of 3 exceeds that of isomer 2 
unless sterically hindered alkynes or nitriles are used. 
As expected, this tendency is amplified in the case of 
the co-cyclization of trimethylsilylacetylene with propi- 
onitrile, the isomer 3 now predominating (Fig. 5). 

R# 

R' R" R' R" R' R' 
(2) (3) (4) 

Scheme 2. 
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The trend is now qualitatively similar to that found 
for the cobalt-catalysed pryidine synthesis [2], i .e.  the 
percentages of the isomers 2 and 3 vary with the 
electron density on cobalt caused by the electronic 
properties of Cp'. However, percentages of isomer 2 
higher than 85% had never been observed in the 
absence of strong steric restrictions introduced by the 
reactive substrates, with either cobalt- or rhodium- 
based catalysts. Moreover, it is now possibly to direct 
the co-cyclization of 1-alkynes and nitriles towards 
isomers of type 3, by changing the structure of the 
catalyst precursor. 

3. Conclusions 

This study shows that even small changes of the 
structure of half-sandwich rhodium(I)-based catalyst 
precursors may cause marked effects in the co-cycliza- 
tion of alkynes and nitriles to pyridine derivatives. 
Moreover, on the basis of this work it is clear that, as 
far as the Cp' is concerned, the electronic effects 
overcome the steric effects. Even though the data 
reported in this study were not obtained under isocon- 
version conditions of one of the two reactants (alkyne 
and nitrile), the observed trends clearly indicate that 
an increase in the electron-withdrawing power of the 
substituents on Cp' rings gives lower activity at low 
temperatures, with a somewhat higher chemoselectivity 
and a lower percentage of 2,4,6-isomer. 

A persuasive rationalization of some of these trends 
can be based on the commonly accepted mechanism 
[2,5,6,8] (Scheme 2). 

In the case of the cobalt-catalysed pyridine synthe- 
sis, it has been shown that the substitution of the 
ancillary L ligands by two alkyne molecules is of pri- 
mary importance in controlling the activity of catalyst 
precursors of the type [CoCp'L 2] [2,3], such a reaction 
being kinetically favoured by the presence of electron- 
withdrawing substituents on the Cp' ring [3,12,15]. 

As far as the catalyst precursors l a - l h  are con- 
cerned, this study shows that electron-releasing sub- 
stituents on the Cp' ring make the corresponding com- 
plexes more active, at least at temperatures between 60 
and 100°C, the most remarkable effects having been 
observed in the case of la  (R = NMe2). While ruling 
out the substitution of ethylene by alkyne molecules as 
a rate-determining step in rhodium catalysis, these 
results may implicate the oxidative cyclization reaction 
(scheme 2, step ii) as a kinetically important step. Since 
the electronic effects of the substituents on the Cp' 
ring should be transmitted to the central atom [12], 
such an oxidative process should be facilitated by elec- 
tron-releasing groups. Moreover, a more electron-rich, 
less acidic rhodium(Ill) centre should be less efficient 

in discriminating between g-donating species (nitriles) 
and ~r-acceptor species (alkynes), leading to a lower 
pyridine-to-benzene ratio. 

The observed dependence of regioselectivity on the 
structure of the catalyst precursor employed cannot be 
explained easily. Because the 2,4,6-trisubstituted iso- 
mer is derived from the metallacycle 5 and the 2,3,6- 
trisubstituted one from the metallacycle 6 (scheme 2), 
one obvious conclusion is that the regiochemistry of 
the oxidative cyclization step is influenced not only by 
the electronic [4] and steric [5,6,8] effects of the reac- 
tive substrates, but also by the electron density on the 
rhodium atom, which is influenced by the Cp' ligands. 
Thus, lg (R = CF 3) and lh  (R = COOMe), which both 
give principally the 2,3,5-trisubstituted isomer, should 
favour the formation of the metallacycle 6 (scheme 2). 
This metallacycle should not be favoured on the basis 
of purely, electronic factors associated with 1-alkynes 
[4]. 

The knowledge as a whole we now have of the 
effects of the Cp' ligands not only offers the opportu- 
nity of tuning the cobalt or rhodium half-sandwich 
catalyst for the synthesis of a given pyridine derivative, 
but may also illuminate the possible role of Cp' ligands 
in controlling other reactions catalysed by cyclopenta- 
dienyl derivatives of transition metals. 

4. Experimental details 

1H NMR spectra were run at 200 MHz on a Varian 
Gemini 200 instrument using Me4Si as internal stan- 
dard. Mass spectra were obtained with a VG 70-70E 
instrument. GLC analyses were performed on a 
Perkin-Elmer Sigma 3B instrument equipped with 
FID, using 6 foot x 1/8 inch stainless steel columns 
packed with 10% Carbowax 20M + 2% KOH on Supel- 
coport (Supelchem) and with 3% silicon gum rubber 
SE 30 on Supelcoport (Supelchem). All manipulations 
of organometallic compounds were routinely carried 
out using standard Schlenk techniques under dinitro- 
gen. Diethyl ether, tetrahydrofuran, benzene, and pen- 
tane were first refluxed and distilled from potassium in 
the presence of benzophenone and then from lithium 
aluminium hydride under dinitrogen. N,N-Dimethyl- 
formamide was distilled from calcium dihydride under 
dinitrogen. Di-g-chlorotetrakis(7/E-ethylene)dirho- 
dium(I) [16], (~75-cyclopentadienyl)bis(*12-ethylene)rho - 
dium(I) [17], (r/s-t-butylcyclopentadienyl)bis(7/2- 
ethylene)rhodium(I) [10], bis(~72-ethylene)(~TS-methylcy - 
clopentadienyl)rhodium(I) [10], (~75-chlorocyclopenta - 
dienyl)bis(r/2-ethylene)rhodium(I) [18], (rlS-carboxy - 
methylcyclopentadienyl)bis(~72-ethylene)rhodium(I) 
[10], nitrocyclopentadienylsodium [13], trifluoromethyl- 
cyclopentadienylthallium [14], and N,N-dimethyl- 
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TABLE 3. 1H NMR and MS data for pyridine derivatives 
R' H d 

297 

Pyridine derivative M+(m/e) IH NMR 

R'= C(CH~) 3 219 
R" = CHfCHJ 
R'= Si(CH~) 3 251 
R" = CH~CH~ 
R' = C6H ~ 259 
R" = CH~CH~ 

7.5, d (J = 8.4), Ha; 7.0, d (J = 8.4), He; 7.1, d (J = 1.7), Ha; 
6.9, d (J = 1.7), Hb; 2.7-3.0, m, Hf; 1.2-1.5, m, H g and H e 
7.6, d (J = 7.4), He; 7.3, d (J = 7.4), Ha; 7.3, d (J = 40), H a and Hb; 
2.8-3.0, m, Hf; 1.3-1.4, m, Hs; 0.3, m, H e 
8.2-7.3, m, Ha-He; 3.0-2.8, m, Hf; 1.5-1.2, m, H g 

a Measured on mixtures of the two pyridinic isomers in CDCI 3 using Me4Si as internal standard, and given as chemical shifts (8), multiplicity, 
coupling constants in hertz: d doublet, m multiplet. 

aminocyclopentadienyllithium [12] were prepared as 
described. 1-Hexyne (Aldrich), phenylacetylene (Al- 
drich), methylpropargyl ether  (Aldrich) and trimethylsi- 
lylacetylene (Aldrich) were distilled under  dinitrogen 
before use. Propionitrile (Aldrich) and t-butylcyanide 
(Aldrich) were distilled from P4010 and stored under  
dry dinitrogen. 

4.1. Bis(,12-ethylene)(,15-N,N-dimethylaminocyclopenta - 
dienyl)rhodium(I) la 

A reaction mixture containing N,N-dimethyl-  
aminocyclopentadienyilithium (180 mg, 1.5 mmol) and 
[Rh2CIE(CEH4) 4] (300 mg, 0.75 mmol) in T H F  (30 ml) 
was prepared at - 3 0 ° C  and kept at this temperature 
for 2.5 h. The mixture, on evaporation to dryness under  
vacuum at - 3 0  °, left a brown solid residue that was 
extracted with pentane (40 ml) at room temperature.  
The pentane extract was concentrated to 2 ml and 
chromatographed on an alumina column (Merck, activ- 
ity grade I I - I I I ,  70-230 mesh, length 12 cm, diameter 
1 cm) using pentane as the eluant. The first yellow 
band gave the title compound (65 mg, 16% yield) as a 
yellow microcrystalline solid (16% yield). 1H NMR 
(C606): t~ 4.7 (m, 2H), 4.55 (m, 2H), 2.6-3.2 (m, 4H), 
2.2 (s, 6H), 0.9-1.5 (m, 4H) ppm. Anal. calcd. 
Cl lHlsNRh:  C, 49.45; H, 6.79; N, 5.24%. Found: C, 
49.40; H, 6.70; N, 5.19%. 

4.2. Bis(~12-ethylene) (~lS-nitrocyclopentadienyl)rhodi - 
um(I) I f  

A reaction mixture containing nitrocyclopentadi- 
enylsodium (468 mg, 4 mmol) and [RhECIE(CEH4)4] 
(300 rag, 0.75 mmol) in T H F  (40 ml) was kept at room 
temperature for 8 h. The mixture, on evaporation to 
dryness under vacuum, furnished a dark brown residue 
that was extracted with pentane (40 ml). The pentane 
extract was concentrated to 2 ml and chromatographed 
on a silica gel column (Merck, 70-230 mesh, length 8 

cm, diameter 1 cm) using a pentane + diethyl ether 
mixture (1 /1 ,  v /v )  as the eluant. The title compound 
was obtained as a yellow-orange microcrystalline com- 
pound by evaporation to dryness of the first orange 
band. None of many preparations that were carried out 
furnished yields exceeding 3%. 1H NMR (C606): t~ 5.2 
(m, 2H), 4.5 (m, 2H), 0.6-1.5 (m, 8H) ppm. Anal. calcd. 
CaH1ENOERh: C, 40.16; H, 4.49; N, 5.20%. Found: C, 
40.11; H, 4.41; N, 5.15%. 

4. 3. Bis (*12-ethylene) (7 5.trifluoromethylcyclopentadi_ 
enyl)rhodium(I) lg  

[RhECI2(CEH4) 4] (600 mg, 1.5 mmol) and THF  (30 
ml) were added to trifluoromethylcyclopentadienylthal- 
lium (1.01 g, 3 mmol), at -78°C.  While stirring, the 
mixture was allowed to warm up to room temperature,  
then kept for 1 h at this temperature,  and finally was 
worked up exactly as described above for the prepara- 
tion of la.  The title compound was obtained as an 
orange-yellow oil (432 mg, 47% yield). 1H NMR 
(C6D6): t~ 4.86 (m, 2H), 4.65 (m, 2H), 2.4-3.4 (m, 4H), 
0.6-1.7 (m, 4H) ppm. Anal. calcd. C10H1EF3Rh: C, 
41.12; H, 4.14%. Found: C, 40.65; H, 4.12%. 

4.4. General procedure for catalytic reactions 
A Pyrex Carius tube (25 ml capacity) fitted with a 

Coming Rotaflo Teflon tap (DISA, Milan) was charged 
under  dinitrogen with the appropriate amount of cata- 
lyst precursor and with nitrile and acetylenic com- 
pound, at room temperature.  The Teflon tap was closed 
and the Carius tube was immersed into a thermostat- 
ted ( +  0.2°C) oil bath and kept at the desired tempera- 
ture for the appropriate reaction time. After cooling, 
the reaction mixture was worked up and analysed as 
already described [8]. Table 3 reports the 1H NMR and 
MS data for the pyridinic isomers which are not given 
in refs. 8 or 6. 
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