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SUMMARY 

Synthetic methods are described for the convenient and efficient 
preparation of o- and a-ally1 complexes of iron, manganese and molybdenum 
from metal carbonyl halides and ally1 halides in phase transfer catalyzed 
reactions- 

Ally1 transition metal complexes have much utility in organometallic 
chemistry as catalysts and reaction intermediates.] Synthetic methods for the 
preparation of both the cr- and ir-complexes have been available for tWo decades, 
but most of the methods require initial generation of a metal carbonyl anion 
in a time-consuming step.2 In many cases, the ir-complex is not obtained 
directly and must be prepared after tedious isolation of a usually air-sensitive 
o-complex.3 Several years ago, Abel and Moorhouse reported an alternate route 
to the z-complexes utilizing metal carbonyl halides together with ally1 tin 
derivatives. These reactions offer some advantages for the preparation of the 
n-complexes since the yields are moderate to good and the reaction times are 
usually not long. However , it is necessary to prepare the intermediate ally1 
tin compounds (which do no: have long shelf 1 ives) and to separate the final 
product from a tin halide at the end of the sequence. 

Much more recently, Al per-5 and his coworkers have reported that ally1 
cobalt derivatives could be obtained from Coz(CO)g and ally1 halides in phase 
transfer catalyzed (TTC) reactions. In trying to adapt this technique ourselves 
to other metal carbonyls as well as to some systems already bearing an organic 
1 igand, we found that the method did not i-iork xell. 

We b:ish to report a new synthetic route to n-ally1 complexes zhich can 
also be adapteci, wi ih some systems, to provide the u-complex instead. The 
reactions utilize easily available (and stable) metal carbonyl halides together 
with ally1 halides in benzene or dichloromethane as the organic phase and 
benzyltriethylammonium chloride as the phase transfer catalyst in aqueous 
NaOH _ The results of our k:ork are summarized in Table 1. 
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These reactions provide the ally1 complexes in high yields after short 
times and easy work-up procedures (see experimental methods). In most cases 
they are far superior to currently available methods as the following two 
examples will demonstrate: the present method for x-C3H$pFe(CO) requires2 
about 10 hours and proceeds in overall 276 yield whereas our method yields 
the n-tom 
methods4, e 

lex in 60% yield from CpFe(C0)2Br after only 4 hours; the present 
5 for ~-C~H~C~NO(CO)~ require 40-120 hours to give yields of 609: 

whereas our method provides this compound in 95% yield from CpMo(C0)3CI after 
only 8 hours. Furthermore the procedures avoid the use of dangerous and 
moisture-sensitive reagents such as sodium amalgam2a or potassium hydride.2b*d 

The reactions of transition metal carbonyis with hydroxide ion are, in 
general, not very well understood at present. One proposed intermediate-results 
from direct addition of hydroxide 
intermediate may decarboxylate or 

ion t.o a carbonyl ligand; subsequently this 
ser 

substitution by a second nucleophiler 1% 
to labil ize the metal carbonyl toward 

M(CO), + -OH ____fb [M(co),-ICOOHI- 
-co2 

b HM(C0) -x-l 

4-L 
-co / 

d 
[LM(CO)x_2COOH] - 

-OH- 
- LM(CO),_, 

Alternatively, Alper has provided strong evidence that Co(CO)4- is the major 
product resulting from hydroxide ion attack on cO2(co)8 in.PTC reactions_ In 
synthesizing a-ally1 cobalt complexes in this way, Alper proposed that an 
unstable c-complex might be intermediate. 

The u-ally1 Fe and MO complexes in Table 1 are known2p1’ to require 
photolysis to induce decarbonylation, thus it is perhaps not surprising that 

the PTC reaction conditions can be adjusted to provide these instead of the 
s-complexes. However, o-C3HgMn(C0)5 is also known 3 to require forcing condi- 
tions (heating for several hours at 80”) to cause its conversion to the 
a-complex, yet it is not seen as a reaction product. In thinking that OH- might 
be functioning as a labi!izing agent for c-a conversion, we have treated bo’_h 
c-C3HsMn (CO) 5 and a-CjHgCp.?o (CO)3 with the PTC reagent and NaOH. In neither 
case does (T-X conversion take place. 

Reactions of the manganese carbonyl halides conducted under PTC condi- 

tions without an ally1 ha1 ide provide products which appear as intermediates in 
the syntheses of the ally1 complexes. These compounds are completely formed in 
the first 15 minutes of the reactibns and it is these which are converted by 
subsequent reactions to the final n-complexes by processes which require the 
PTC reagent as we1 1 as aQ_allyl halide. Intermediates derived from 
Mn (CO) 5Br” and Mn (CO) 5C_I .... have been isolated and characterized as binuclear 
anionic complexes of the type formed from photolysis of Mn2(CO)TO in the 

“Bz&Et3[Br-Mn(CO)&-Mn(C0)5~: m-p. 93-94”; 
lYSO(vs), 197O(vs), 1945(m) 

IR UC-O(CH2C12) 2080(w), 2010(S), 
and 1903(m); isolated in 848 yield. 

“‘“Bz&Et3 [Cl -Mn (CO) 4-Mn (CO) ST: n-p. 85-87”; IR vCsO(CH2C12) 2080(w), 2010(s), 
IY~O(VS), 197O(vs), 1950(m) and 1905(m); isolated in 822 yield from PTC reaction 
of Mn(CO)SCl and identical with a. sample prepared from BzNEt3Cl and Mn2(CO)IO_l7 
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presence of quaternary ammonium halides. 17 In the PTC reactions, we believe 

these may be formed as follows: 

X-Mn(CO)5 ow x-yn(COj4 X-Hn(C0)5b X-Mn(CO)4-Mn(CO)5 + X- 
I 

COOH COOH 
X = Br, Cl 

\ 
-co2 

&Et3 [X-Mn (CO) 4-Mn (CO) 5’i + H20 aBPaEtq ‘OH- X-Mn (CO) 4-Mn(C0) 5 
H 

A 

The route by which compounds of structure A are converted to the final s-ally1 
products is presently under study. It is hoped that these reactions may con- 
tribute some additional insight into he general questions surrounding nucleo- 
philic additions to metal carbonyls. 16 

The metal carbonyl systems used thus far contain either chlorine or 
bromine with one exception: CpFe(CO)2I. The iodide was found to be much less 
reactive than the chloride and bromide. This order of reactivity parallels 
the behavior of metal carbonyl halides in some other reactions which involve 
loss of the halogen,ll but phase transfer phenomena may be responsible instead-l9 

Only when the mechanism of these reactions is more clearly understood will we 
be able to answer this question. 

Experimental: 

A?1 reactions were carried out under dry nitrogen. Benzene, dichloro- 

methane and ally1 bromide were distilled before use. The following compounds 

were prepared as described previously: Mn(CO)5Br6, CpMo(C0)3C111, CpFe(C0)2Bri4, 

CpFe(C0)2C113, Mn (CO) 4 (P53) Br8; Mn2(C0)10 was purchased from Strem Chemical 

Co. and used without further purification. The following compounds were pre- 

pared by slightly modified literature procedures: a) Mn2(co)gc127: 

Hn(CO)5C120 was heated in a slurry with heptane at 45” for 2 hours with 

nitrogtn slo:~ly bubbling through the solution (product yield: 90%); 

b) (--c~H~)F~(co)~B~~: a slurry of Fe2(CO)g21 and ally1 bromide (1;l) in 

benzene was heated at 40” for 1 Ii2 hours, filtered and the solvent removed 

by evaporation (product yield after crystallization from hexane/CH2Cl2: 709). 

Benzyltriethylammonium chloride was obtained from Aldrich Chemical Co- and 

used directly. 

Method A 

Benzyltriethylammonium chloride, 1.5 m moles, was dissolved in 45 ml 
of 5N NaOH and added to a stirred solution containing 15 m moles of ally1 
bromide and 3 m moles of the metal carbonyl halide in benzene or dichloro- 
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methane (see Table I for the solvent used with a particular compound). After 
the reaction was over, the organic layer was separated, washed with water and 
then dried over MgS04. After solvent evaporation, the crude product was 
purified as described previously. The new compound, 
purified by chromatography on silica gel. 

t-C3H5Mn(C0)4(P03), was 

Method B 

A solution containing 1 m mole of the metal carbonyl halide in 15 ml 
of benzene was added slo~rly to a mechanically stirred mixture containing 5 m 
moles of benryltriethylamnonium chloride, 20 ml of 5N NaOH and 10 m moles of 
ally1 bromide in 15 ml of benzene. After completion of the reaction, the 
benzene layer was separated, washed and then dried over MgS04. After solvent 
evaporation, the crude product VJ~-S purified by vacuum sublimation. 
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