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(n3: nlALLYLCARBONYL)IRON TRICARBONYL COMPLEXES. 1. TRANSFORMATION OF COMPLEXES FROM
ELECTROPHILIC GEM-DIMETHYLCYCLOPROPENES INTO FUNCTIONALIZED ISOPRENIC DIENE-IRON TRI-
CARBONYL COMPLEXES BY THERMOLYSIS OR PHOTOLYSIS (1).
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ELectrophilic gem-dimethyl cyclopropenes react with diiron enmeacarbonyl to give (n3:nl

allyleanbonyl)inon trnlearnbonyl complexes. These complexes, bearing in this work electron
withdrawing substituents, anre shown 2o be nather Labile thewmally and photochemically, Lea-
ding easily to isoprenic diene-inon thicarbonyl complexes.

Certain methyl- and phenyl- substituted cyclopropenes were shown to react with
iron carbonyls via ring opening and carbonylation to (n3: n1a11y1carbony1)iron tricarbo-
nyl complexes (2-4). Our own investigations of this carbonylating coordination reaction
were done with different cyclopropenes, i.e., electrophilic ones (5). As a result, gem-
dimethylcyclopropenic esters and ketones are producing the same kind of vinylketene T1i-
gand complexes (6) which show, however, a new property, the tendency to be easily trans-
formed into isoprenic diene-iron tricarbonyl complexes. This result can be achieved ther-
mally with Toss of carbon monoxide or photochemically without carbon monoxide evolution,

as will be seen in this communication.

In a first complexation attempt, the cyclopropenic ester 1 was heated for seve-
ral hours in refluxing benzene with diiron enneacarbonyl. Under these conditions, the diene-
iron tricarbonyl complexes 2, 3Z and 3E, isolated in the approximate ratio of 3:2:1 with
an overall yield of 80%, are the only products formed :
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2,3Z,3E : yellow liquids separated by column chromatography on silicagel (7).

2 : V(C=0) 1725 cm_1 ; NMR : 0,22 ppm (1H, 4, J=2Hz), 0,77 ppm (1H, q, J=5Hz), 1,66 ppm
(14, 4, J=2Hz), 1,44 ppm (3H, 4, J=5Hz), 2,18 ppm (3H,s), 3,98 ppm (3H, s).

3Z: v(c=0) 1700 em™} ; NMR : 1,50 ppm (1H, 4, J=3Hz), 2,05 ppm (1H, d, J=3Hz), 2,87 ppm
(1H,s), 2,20 ppm (6H, s}, 3,57 ppm (3H, s).

3E: v(c=0) 1710 cm ® ; NMR : 0,54 ppm (2H, m), 1,90 ppm (1H, 4, J=3Hz), 2,17 ppm (3H, ),
2,48 ppm (3H, s), 3,66 ppm (3H, s).

At first the coordination chemistry of this cyclopropenic ester seems thus to be very dif-
ferent from that of unfunctionalized cyclopropenes ; the T1igands of the complexes obtained
here are simple ring opening isomers of the starting material. This process is not, howe-
ver, a simple isomerization induced by complexation. Complexation of the cyclopropenic
ester 1 with FeZ(CO)9 in methylene chloride at room temperature leads, after 18 hours, to
a 1:1 mixture of the carbonylation complexes 4 and 5 (80%). The isolated complex 4, after
refluxing in benzene for one hour, quantitatively produces complex 2. Complex 5, which is
slightly more stable than 4, behaves similarly to produce, in a non-stereospecific manner,
however, complexes 3Z and 3E :
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4 : separated by low pressure column chromatography (SiOz).

4 : pale yellow crystals F = 40°C ; v(C=0) 1770 and 1725 em™! ; NMR : four singlets at 1,23;
1,84 ; 1,92 and 3,94 ppm {(each 3H}.

5 : orange-yellow crystals F = 49°C ; v(C=0) 1780 and 1715 cm_1 ; NMR : four singlets at

1,28 ; 1,92 ; 2,51 and 3,80 ppm (each 3H).

The formation of the diene complexes 2 and 3 from cyclopropene 1 results, therefore, not
from a simple isomerization and subsequent complexation but from the much more complicated
process of ring opening and carbonylation to vinylketene complexes followed by decarbonyla-
tion and hydrogen migration !

The lability of complex 4, as compared to the greater thermal stability of complex
5 or to the apparent stability of the unfunctionalized iron tricarbonyl vinylketene compie-
xes in the literature, is general for complexes bearing the carbomethoxyl or acetyl E sub-
stituent in the middle of the m-allylic ligand part (type A). Thus, the type A complexes
5 - 9 give quantitatively the diene complexes 10 - 14 by simple heating whereas the isomeric
complexes 15 and 16, which belong to the more stable type B (E substituent contiguous tc the
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cyclic carbonyl) again give mixtures where the sterically least favourable Z isomers predo-

minate :
0 0
R A R H E
Fe(CO): | Fe(CO) Fe(CO)s
Bz P
E R
E or MeOH
2-2 10 - 14 15,16
type A type B
5, 10, 15 R = n.C.H 8, 13 R =i.c.H
_I _I - 3 7 8 13 3 7 )
& s 18 = C6s E = COyMe 9,14 R =t.Bu E = COMe
7, 12 = i.C3H7

For complexes of type A the temperature where the decarbonylation is achieved up to 90% in
3 hours varies from Tess than 70°C for the complexes 4, 5 and 6 (R = CHy, n.Pr, CcHe) to
80°C for the complexes 7 and 8 (R = i.Pr) to reach 110°C for the complex 9 (R = t.Bu). The
decarbonylation rate thus clearly depends upon the size of the substituent R. A mechanism
with an intermediate acyl hydrido complex such as that for aldehyde decarbonylations cata-
lyzed by transition metal derivatives (8) is likely, especially since a similar rate varia-
tion was observed for the same substituents (9).

Clearly, since the presence of an electron-withdrawing substituent in the middle
position of the m-allylic system makes the decarbonylation easier by activating the methylic
hydrogens, the first step must indeed be the transfer of that hydrogen onto the metal :
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On the other hand, the fact that the sterically least favourable Z isomers like 3Z are pre-
ferentially obtained by thermolysis of complexes of type B can be rationalized if we admit
the intermediate formation of heterodiene-iron tricarbonyl complexes.

Photochemical transformation into isoprenic diene complexes, starting with type B
complexes, can also occur. The complex 17 solely formed from 3,3-dimethyl carbomethoxycyclo-
propene (1,6) thus gives a mixture of the isoprenic aldehyde complexes 18 and 187 (~.1:1,
overall yield 65%) after photolysis in benzene solution (10). These new complexes formal
result from a [ 1,5 1 hydrogen shift. Similar sigmatropic shifts are responsible for the
isomerization of uncomplexed methylated vinylketenes into dienals (11) but, unlike the pre-
sent case, these reactions are not photochemical. Two consecutive [ 1,3 ] hydrogen shifts
are, however, not involved as can be seen by deuteration. Again an iron hydrido complex
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is a Tikely intermediate. The same photolysis in methanol solution leads to a completely
different result since the diester 19 is now quantitatively isolated after work-up in pre-
sence of oxygen. The first step is therefore probably the rupture of the iron-acyl bond
with formation of a free ketene.
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17 orange-yellow crystals F = 84°C ; V(C=0) 1780 and 1710 cm_1 ; NMR (C6D6/TMS) : 0,90 ppm
(34, s), 1,20 ppm (34, s), 3,27 ppm (34, s), 5,85 ppm (1H, large s).

18 (one isomer) : v(C=0) 1705 and 1665 cem~1 ; NMR (C6D6/TMS) : 1,30 ppm (1H, 44, J=1,5 and
3Hz), 1,76 ppm (1H,m), 1,47 ppm (3H, s), 3,28 ppm ( 3H, s), 5,73 ppm (1H,m), 9,90 ppm
(1H, 4, J=2Hz).

18 (other isomer) : v{(C=0) 1710 and 1670 em™! i NMR (CgDg/TMS) : 1,49 ppm (1H, m), 1,74 ppm
(14, m), 1,52 ppm (3H, s), 3,22 ppm (3H, s), 5,58 ppm (1H, m), 9,68 ppm (1H, large s).

19 colourless liquid ; v(C=0) 1730 cm~! ; NMR : 1,69 ppm (3H, 4, J=1,5Hz), 1,78 ppm (3H, 4,
J=1,5Hz), 3,74 ppm (6H, s), 4,28 ppm (Ha, d, Jab=10Hz), 5,48 ppm (Hb, dm, Jab=10Hz).

Both transformations described show that functionalized (n3: n1a11y1carbony1)iron
tricarbonyl complexes are easily converted into diene-iron tricarbonyl complexes whenever
the possibility of hydrogen migration exists, as here with the methyl substituents.
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