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The synthesis ob-alkoxyphenols by the photoinduced CO inser- Scheme 2
tion and cyclization ¢rtho-benzannulation) of dienyl Fischer car- o g ¢
. : Me
bene complexes was originally reported from our laboratbeiad (OCCr 00p5CO 4 o OMe HiC. o~ ~OMe
later improved by Merlic and co-workers (Schemé This reaction — Bomeme + N |
has been explored and developed as a synthetic method and has —  80°C.2h % o H;C OMe
been utilized in the total synthesis of Carbazoquinocire@ember CHs (o
. : ) . 4a 5a 39% 6a ~30%
of a family of compounds possessing neuronal cell protecting activ-
ity, and in the total synthesis of Calphostins-B, inhibitors of pro- Sources of iron tricarbonyl that were successful include diiron
tein kinase C.The reaction requires that tiog/-double bond irl nonacarbonyl and benzylidene acetone iron tricarbonyl, both of
has a cis-disposition of the carbene complex and the second doublévhich were superior to triirondodecacarbonyl. It was of interest to
bond. As a consequence of synthetic expediency, most of the com-note that the yields dba and7a were only slightly better under a

plexes of the typd that have been examined either have dhe- carbon monoxide atmosphere than under argon (Table 1). The best
unsaturated double bond incorporated into an aryl ring or were thosesolvent for this reaction was THF, which gave an 81% total yield
that could be directly prepared from a{42] or [2 + 2] cycloaddi- of 5aand7a. The dienone comple%a could be converted to the

tion onto the alkyne function of an enynyl carbene complex. In a o-methoxyphenol7a in 91% yield upon stirring in BN/H,O at

few rare cases where the substituerfta®l R were embedded into  room temperature for 5 h. The control reaction under argon without
a strained four-membered ring, the formationoedlkoxyphenols a source of iron does produce a small amour&af8% yield) but
from complex1 could be induced thermalfyThe corresponding car-  only after 144 h. After 144 h under a CO atmosphere, a 70%
bonylative cyclization ofranstrans-dienyl complex2 to o-alkoxy- recovery of4ais obtained, and only trace @&is observed. Clearly,
phenols is not known and has been reported to fail under photo- jron is playing the key role in this carbonylative cyclization.
chemical condition8.
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1 Table 1. Optimization with Added Iron Tricarbonyl Sources
om )/( R? R additive solvent CO/Ar  time,h  5a%yield  7a %yield
€ R3
2 co 144 <0.5
(0C)sCr R | . 3 benzene Ar 144 8
— co 18 70 8
Rl — FeCO) benzene Ar 28 58 6
R® R4 co 36 68 7
Fe(CO) heptane Ar 20 54 5
2 CcOo 36 61 20
_ _ Fe(CO) THF Ar 20 50 10
In the course of a control experiment for a cyclopropanation reac- co 17 68 12
) ; . Fe(CO) CH,CN
tion, we had occasion to heat thanstrans-pentadienyl carbene Fe(COMbaP b A(f:o 238 3%0 87
complex4ain benzene at 80C under 500 psi of carbon monoxide e(CO)(ba enzene
(Scheme 2). As expected, the penta@aeesulting from dimerization awith 70% recovery ofta. P Benzylideneacetone iron tricarbonyl.
of the carbene ligand was obsenfediyt what was most certainly
not expected was thg-dienyl iron complexsa. The structure of this In an effort to explore the scope of this reaction, a number of

product was determined by its NMR spectra, X-ray diffraction analy- differenttranstrans-dienyl carbene complexes were investigated,
sis, mass spectra, and the presence of iron was confirmed by SEM/all of which (except#d) were directly prepared by an aldol reaction
EDS. The reaction was performed in a Monel Paar reactor which is of the methyl carbene compleékwith unsaturated aldehydes and
composed of 65% nickel, 33% copper, and only 2% iron and did not ketones (Scheme 3§ For many of the substrates, THF was the
look corroded. The mechanical stirrer, on the other hand, appearedoptimal solvent, and cyclization gave high to excellent yields of
to be quite corroded and was suspected to be the source of iron.dienone iron tricarbonyl complexes andéemethoxyphenols (Table
With the mass of the stirrer rapidly diminishing, we decided to 2). The dienone complexes could be converted to their correspond-
pursue other sources of iron for this reaction. In addition, for the ing phenols by treatment with bas@a( Table 1) or by stirring
purpose of convenience and to be able to maintain rigorous controlwith silica gel in the presence of airlf, Table 2). In all cases, only
over the source of iron, conditions were sought where the reaction a single diastereomer of the dienone iron tricarbonyl complex was
could be carried out in glass under 1 atm of carbon monoxide. formed, and the stereochemistry of each was assigned as syn based
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Table 2. Iron-Mediated Reactions of Dienyl Fischer Carbene
Complexes?
aldehyde carbene complex ® dienone phenol
H OMe 9
o (0C)sCr OMe HsC OMe
:Qz\ — HyC™ O
CH, —\
CH;3 FC(CO)3
9a 4a 52% (63%) 5a 81%(75:25)  Ta
OMe
H (0C)sCr
o:<_\ : — \©/0~\4€
Ph Ph Fe((,O);
9% 4b-Cr 68% 5b 82%(40:60)  Th
78% (0:100) ©
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0C)sW OMe
()‘J,\—\ (0C)s :<=\—\ O OMe
Ph [ 5
Ph Fe(CO)_«,
9% 4b-W 65% 5b 92%(25:75)  Th
OMe OH
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aUnless otherwise specified, all reactions were carried out in THF at 80
°C with 1 equiv of Fe(CO), under 1 atm of CO at 0.02 M in. b Yields
in parentheses are based on unrecovered starting matéerfad. crude
reaction mixture was stirred with silica gel for-3 days.9 In benzene.
on the X-ray structure dda. The reaction can also be used to gener-
ate a spiro-cyclohexadienone iron tricarbonyl compley 85%).
Attempts were made to generate ttistrans-dienyl complex
4d from cistrans-dienyl iodide10d; however cistrans4d under-
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went spontaneous cyclization to give the cyclopentadiehgince
the cyclopentenon&5 was isolated from the reactidrin contrast,
thetranstrans-4d complex is stable and, upon treatment with-Fe
(CO) at 80°C, gave an 87% yield dbd and 7d (Table 2).

How does this iron-assisted conversion of the dienyl chromium
carbene complexes mwalkoxyphenols occur? In the only related
chemistry, thermolysis df6 gives the dienone compléX, demon-
strating that a likely iron carbene complexed intermediate can insert
CO and cyclize to a dienone (Schemé%yVith regard to how the
organic fragment is transferred from chromium to iron, the two
most likely possibilities are that the iron tricarbonyl unit becomes
complexed to the dienyl unit i4 followed by loss of chromium or
there is a direct trans-metalation to give an iron carbene complex
which then undergoes internal coordination to the diene in some
fashion such that the,S-trans-double bond is isomerized. The
transfer of the carbene ligand from chromium Fischer carbene
complexes to other metals is an active area of interest and, if it
occurs here, would be the first example to ifoechanistic and
further synthetic studies will be reported in due course.
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Note Added after ASAP Publication. After this paper was
published ASAP on November 17, 2005, structdesin Table 2
was corrected. The corrected version was published ASAP on
November 21, 2005.
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spectral data for all new compounds including X-ray diffraction and
SEM/EDS data foba. This material is available free of charge via the
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