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Organometallic Chemistry 
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Solid-state photochemical ligand exchange in silica gel-supported x-complexes of transi- 
tion metals has been demonstrated for the first time for cymantrene compounds. The method 
~ggested allows the synthesis of monophosphine complexes to be carried out on preparative 
and analytical scales. 
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Many reactions of  organic compounds  for which 
solvents are conventional ly used can successfully be 
carried out  in the solid state. Reactions of  solid reagents 
in the absence o f  a solvent are oRen more efficient and 
selective than those in solutions, l - s  Although solid- 
state reactions o f  coordinat ion compounds  of  transition 
metals have been known a long t ime,  they cover mainly 
thermal and photochemical  decomposit ion of these com- 
plexes. 6 - s  The first studies devoted to the solid-state 
synthesis of  organoelement  compounds  have appeared 
only recently. 9-11 In this work, we demonstrated for the 
first t ime the possibility of  sol id-state photochemical  
ligand exchange reactions in x-complexes  of  transition 
metals.  

Irradiation of  a quartz p la te-suppor ted mixture of  
cymantrene (1) and t r iphenylphosphine (2) powders 
with a mercury lamp results in a change in its color  from 
pale yellow to dark orange and the aplaearance of v(CO) 
bands at 1870 and 1940 cm - I  in the IR spectrum. The 
bands indicate the formation of  the monophosphine 
complex CsHsMn(CO)2PPh 3 (3) t3 (Scheme 1). The for- 

mation of  this compound is also conf i rmed by the IH 
and 31 p N M R  spectra o f  so lu t ions  o f  the  react ion mix-  
ture, according to which the yield o f  complex  3 amounts  
to 10--15% after 30-min irradiat ion.  This result indi-  
cates the possibility of  so l id-s ta te  l igand exchange dur-  
ing photolysis of  compound 1 and  its derivatives. 

Scheme 1 

b y  . 

co )'Vl, n Mn 
o o  

Mn 
OC CO PPh3 

Mn 
O C / I  CO OH 2 

Translated from l~estiya Akadernii Nauk. Seriya Khimicheskaya, No. 5, pp. 992--995. May. 1999. 

1066-5285/99/4805-0984 $22.00 �9 1999 Kluwer Academic/Plenum Publishers 



Solid-state photochemical ligand exchange Russ.Chem.Bull., VoL 4g, No, 5, May, 1999 985 

Further study was carded out using a standard 
photoreactor with a lamp for inner immersion in aque- 
ous suspensions of reagents. 

Irradiation of a suspension of powders I and 2 in 
water for ! h results in the formation of complex 3 in a 
yield of  <5%, and most of compound 1 remains un- 
chmaged after the reaction. During the reaction, the 
aqueous phase becomes crimson-red (EAS: 2~n ~ = 
390 rim), which indicates, most likely, that it contains 
the CsHsMn(CO)I(H20) complex. In the latter, by 
analogy with THF and other oxygen-containing sol- 
vents, t4 a water molecule plays the role of the O-coor- 
dinated ligand (see Scheme 1). 

In this case, a low conversion of the reagents is due, 
most likely, to their different hydrophobicities, because 
of which compounds 1 and 2 are in different parts of 
the reactor and cannot contact each other. To achieve 
a more efficient spatial contact between the reagents, 
in the experiments described hereinafter, the ligand 
exchange was performed by photolysis of a SiO2-adsor- 
bed suspension of a mixture of compounds 1 and 2 in 
water. 

Under these conditions, the photolysis of the mix- 
ture of reagents allowed phosphine complex 3 to be 
isolated in 46% yield after 30 rain with an 80% conver- 
sion of  compound 1. A crimson coloring of the aqueous 
phase is not observed, Le., the reaction occurs com- 
pletely in the solid phase on the SiO 2 surface. The CO 
ligand is also efficiently substituted in molecule 1 during 
irradiation of its mixture with 1,2-bis(diphenylphosphi- 
no)ethane in a 1 : I ratio. Although in this case, the 
formation of mononuclear complex 4 can be expected in 
the solid-state synthesis, bridged complex 5 (Scheme 2) 
is the main reaction product, whose yield after l-h 
irradiation amounts to 29%. At the same time, in the 
conventional method of ligand substitution, photolysis 
of the reagents in a solution, Is the yield of this com- 
pound at~er 18 h is 21%. 

Scheme 2 
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When diphenylphosphinocymantrene (6) is irradi- 
ated in the absence of compound 2, the reaction pro- 
ceeds nonselectively and resuhs in a complex mixture of 
mono- and binuclear phosphine complexes, whose for- 

mation has previously been observed for this reaction in 
the liquid phase, i~ However, mainly complex 7 is formed 
in 53% yield upon simultaneous photolysis of com- 
pounds 6 and 2 in the solid state (Scheme 3). 

Scheme 3 
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The described variant of" photochemical ligand ex- 
change using silica gel as the support allows reactions to 
be performed in the absence of a solvent with both 
solid and fiquid reagents. In fact, (triphenylphosphi- 
ne)(dicarbonyl)methylcyclopentadienylmanganese (9) is 
formed in 60% yield upon 40-rain photolysis of a silica 
gel-supported mixture of compound 2 with liquid 
methylcymantmne (8). The yield of compound 9 after 
15-h photosubstitution in a solution is 44%. t7 

By contrast to the examples considered above, irra- 
diation of a silica gel-supported suspension of a mixture 
of hydroxymethyleymantrene (10) m with PPh 3 in water 
results in an intense crimson coloring of the aqueous 
phase, w.hich is also related, most fikely, to the forma- 
tion of aqua-complex 11 (Scheme 4). The yield of the 
product of ligand exchange (12) is very low (<5%). 

Scheme 4 
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Although cymantrene and its derivatives, as well as 
phosphines, are poorly water-soluble, as a rule, the 
reaction course in the case of alcohol l0 invoked us to 
estimate the solubility of compounds used in water by 
EAS. Under photoreaction conditions, all compounds 
except for l0 form solutions with concentrations not 
higher than 10-5--10 -4 tool. L-I.. The value obtained 
agrees well, in particular, with the known value of 
solubility of methyicymantrene in water (29 mg L-l). 19 
By contrast, the concentration of alcohol 10 in water is 
at a level of 10 -3 mol L -t and does not decrease when 
silica gel is added. Thus, a low yield of the substitution 
product formed during the photolysis of compound 10 is 
probably associated with its high solubility in water and 
decomposition during irradiation in solution in the ab- 
sence of phosphine. To confirm the structure of alcohol 
12, which has not been described previously, we at- 
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tempted to synthesize it by the conventional method of 
photolysis of a mixture of compounds 10 and 2 in 
benzene in the presence of THF.  The reaction in solu- 
tion is also accompanied by considerable decomposition 
of the starting compound,  due to which the yield of 
alcohol 12 does not exceed 5--1096. Thus, a low yield of 
this compound during ligand substitution is associated 
not only with a high solubility of alcohol 10 in water but 
also with a low ability of this compound to undergo 
ligand exchange with triphenylphosphine. 

All st)lid-state reactions described above were carried 
out with mieroquantities of substances during irradiation 
of  the compounds on Silufol plates followed by chroma- 
tography of the reaction products. The results of these 
experiments, as well as the photolysis of  a mixture of 
reagents 1 and 2 on the quartz support, show that water 
used in the solid-state photolysis is not the medium in 
which ligand exchange occurs. Nevertheless, the role of 
water in stabilization of  intermediate dicarbonyl com- 
plexes on the SiO 2 surface can be sufficiently important. 
At the same time, our  experiments on silica gel plates 
provide for fast preparation of compounds in minor  
amounts  by a simple method and for verification of the 
possibility and direction of solid-state photochemical 
re, actions. 

Thus, we showed the possibility of solid-state photo- 
chemical reactions of CO ligand exchange in x-complexes 
of  the cymantrene series. In several cases, this method is 
more efficient than photolysis in solution and can be 
especially useful when the compounds used are poorly 
soluble. 

Experimental 

IH and 31p NMR spectra were recorded on a Bruker 
WP-200 SY spectrometer in CDCI 3 using Me4Si as the inter- 
pal standard. Mass spectra (El, 70 eV) were recorded on a 
Kratos MS-890 instrument. Electronic absorption and IR spectra 
were recorded on Speeord UV-VIS and UR-20 instruments, 
respectively. Photoreactions were carried out using a TQ 150 
(Normag) immersion high-pressure mercury lamp. 

Compounds 3, 5--7, 9, and 10 were obtained by the 
known procedures. 13-17 Phosphines and compounds 1 and 8 
are commercially available and were purified by standard 
methods. 

Solld-state ligaud exchange reactions (general procedure). 
SiO 2 (100--400 tam) (2--3 mL) was added to a solution of the 
complex (1 retool) and phosphine (1 mmol) in benzene 
(50 mL), and the solvent was removed on a rotary evaporator 
at 20 Torr. The sample obtained was additionally exposed to 
air at 25 *C for 24 h and placed in a standard Pyrex 
photoreactor with an inlet of inert gas and a cooling jacket 
between the lamp and reaction zone. A su,spension of reagents 
in 200 mL of distilled water was irradiated in a nitrogen flow 
at 20 *C for 45--80 rain with intense stirring on a magnetic 
stirrer. Then the solid phase was filtered off, dried, and placed 
in a column (2x 10 cm) packed with silica gel. The reaction 
products were isolated by elution with gradual changing of the 
solvent from hexane to CHCI 3 and monitoring of the compo- 
sition of fractions by Tt+C on Silufol plates, The structures of 

products were confirmed by the determination of their melting 
points and comparison of their I g  and NMR spectra with 
those of authentic samples. 

Irradiation on quartz plates. A mixture of compounds I 
(20 ms) and 2 (26 ms) supported as a thin layer on the 
surface of a 7• qtmrt2 plate was irradiated from a distance 
of 25 cm for 30 min. Then the reaction products were washed 
off with benzene, and complex 3 was isolated in 9% yield 
(4 ms) by preparative TLC on Silufol plates using a hexane-- 
benzene mixture as the eluent. 

l~,,,~ll mmlMlt~mlioa reacaoas oa Silufol I~tes (general 
procedure). Solutions of mixtures of  reagents were supported 
as spots on the starting line of the chromatographic plate and, 
after drying, irradiated with a I-I8 lamp from a distance of 
25 cm for 10 rnin. Then spots of the starting mixture and 
reference compounds were supported on the plate and 
chromatographed in hexane--CHCI 3 systems. 

Hydroxymethylcyclopentadlenld(dicm-bomyl) (lripheuylphns - 
phhte)m-apmese (12). A solution of  compound 8 (234 nag, 
1 retool) and compound 2 (316 ms, 1.2 mmol) in benzene 
(150 mL) and THF (20 mL) was irradiated in the photoreaetor 
in an argon flow for 90 rain at 15 *C. During the reaction, the 
solution became yellow, and a porous brown precipitate was 
formed. The reaction mixture was f'dtered, and the filtrate was 
evaporated to 2--3 mL and ehromatographed on a column 
packed with SiO 2 (100--200 nun, CHCI 3 as the eluent), col- 
leering fractions with Rr 0.I. Complex 12 with m.p. 215-- 
216 *C was isolated in 4~  yield (19 rng) after recrystallization 
from hexane. MS (El), talc 468 [M+I, 412 [M § - 2 COl, 334 
[M + - 2 CO - PhHI, 262 [PPh3I. IR (CH2C12), v/era-z: 
1938, 1870. IH NMR (CDCI3), ,5:2.08 (br.s, 1 H, OH); 3.94 
(s, 2 H, CH2); 4.19 (m, 2 H, Cp); 4.40 (m, 2 H, Cp); 7.1-- 
7.5 (m, 15 H, Ph). 
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