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Abstract

Bis(imido) chromium(VI) complexes are efficient catalysts for promoting the cyclopropanation of activated
monosubstituted olefins with ethyl diazoacetate. 2,2'-Disubstituted activated olefins and non-activated - and
cyclo-olefins, however, are much less reactive. © 1999 Elsevier Science Ltd. All rights reserved.
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Various types of cyclopropane-containing compounds occur in nature and many exhibit interesting
physiological properties. Cyclopropanes are also extensively used as versatile intermediates in organic
synthesis,! so that the stereaselective preparation of cyclopropanes is today an ever-increasing topic
in organic chemistry.? The direct transfer of carbenes to alkenes is the most straightforward route to
cyclopropanes. When diazocarbonyl compounds are used as carbene precursors, various transition—metal
complexes are known to catalyse the reaction. The most efficient and most general catalysts are based
on rhodium and copper. Ruthenium complexes have also been recently introduced as catalysts for olefin
cyclopropanation but without providing any real breakthrough.*

The ability of chromium complexes to catalyse olefin cyclopropanation was hitherto studied
in less detail.3»® In the presence of Cr(CO)s®> and (CgHg)Cr(CO)s,° ethyl diazoacetate and o-
diazoacetophenone reacted with electron-deficient alkenes (&,B-unsaturated carbonyl compounds
and nitriles) to form derivative cyclopropane and vinyl C-H insertion products. On the other hand,
in the presence of (n?-cis-cyclooctene)Cr(CO)s, ethyl diazoacetate and diazofluorene reacted with
electron-rich alkenes such as enol ethers to give the corresponding cyclopropanes in high yields.”

* Corresponding authors. Fax: +32-4-366 34 97; e-mail: a.demonceau @ulg.ac.be and
fax: +7-095-135 50 85; e-mail: ustynyuk @ineos.ac.ru

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(99)01091-6



5696

Table 1
Addition of ethyl diazoacetate to styrene, &-methylstyrene, and cyclooctene catalysed by complexes
1-3

Cyclopropanation yield, %P (cis/trans or endolexo ratio)

Styrene o-Methylstyrene© Cyclooctene
Complex Temperature : 60 °C 80°C 80°C 80°C
1 80 (0.624d 90 (0.65) 64 (0.32) 3 (0.16)
2 76 (0.60) 92 (0.64) 50 (0.29) 5 (0.21)
3 81 (0.60) 89 (0.66) 54 (0.30) 3 027

2 Reaction conditions : catalyst, 0.00375 mmol (1), 0.0075 mmol (2 and 3); olefin, 20 mmol; ethyl diazoacetate, 1 mmol diluted by
the substrate up to 1 mL; addition time, 4 h. The reactions were conducted under nitrogen, using olefins distilled and kept under N>.

b Based on added ethyl diazoacetate, and determined by GC using dibutyl fumarate as an internal standard.

€ At 60 °C: 1, 27 % (cis/trans = 0.30); 2, 26 % (cis/trans = 0.30); 3, 39 % (cis/trans = 0.28).

d At40°C:1,51% (cis/trans = 0.60).
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As part of our continuing effort in the search of new catalytic systems, we have synthesised® and tested
novel imido chromium complexes as catalysts for olefin cyclopropanation. Bis(imido) chromium(VI)
complexes 1-3 are 16 electron species with one vacant site which should —in principle — be available
to the diazo compound and hence to the carbene moiety, despite the sterically protective imido ligands.
Furthermore, organoimido species are ideally suited for a study of the reactivity of metal-carbene bonds
because of their ability for variable electron donation and their strength of Tt-bonding.’

Chromium complexes 1-3 proved to promote the cyclopropanation of styrene in high yield, provided
the reaction occurred at a temperature higher than 50°C (Table 1 and Fig. 1). Furthermore, these
complexes displayed the same level of activity despite the striking difference in solubility between 1
and its halogenated analogues, 2 and 3; the former is poorly soluble in olefins whereas the latter are
highly soluble in these substrates.
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4-Substituted styrenes were also cyclopropanated in high yield (Table 2), and neither electron-
donating nor electron-withdrawing groups seemed to have any marked effect on the yield. In addition
to cyclopropanes, compounds 4 were also formed in 3-10% yields. These products formally result from
an insertion of the carbene into the different sp> C-H olefinic bonds of styrenes. Carbene dimers, diethyl
fumarate and diethyl maleate, were also formed in these reactions. In the presence of x-methylstyrene,
o- and cyclo-olefins, these products predominated.



5697

® 1QOT T v T T
- I o a ]
S sl of .
= | = ]
3
2 60 I o » -
qé.)’ S nE .I
£ 40 lu " 40°C
o - 8 60°C
1y = -
20 " 80°C
)
0 20 40 60 80
Time, h

Figure 1. Influence of the temperature on the decomposition rate of ethyl diazoacetate in styrene, in the presence of complex 1.
Reaction conditions: the same as in Table 1

Table 2
Addition of ethyl diazoacetate to representative olefins catalysed by complex 1*

Cyclopropanation yield, %b Cyclopropanation yield, %b
Olefin (cisltrans or endolexo ratio) Olefin (cisltrans or endolexo ratio)
Styrene 90 (0.65) a-Methylstyrene 64 (0.32)
4-Methylstyrene ) 86 (0.46) 1-Decene® 6 (0.49)
4-1-Butylstyrene 85 (0.43) Cyclohexene 5 (0.45)
4-Methoxystyrene 83 (0.46) Cyclooctene 3 (0.16)
4-Chlorostyrene 91 (0.51) Norbormnene 1 -

ab Reaction conditions same as in Table 1 (80 °C).
€ 2, 7% (cis/trans = 0.40); 3, 7 % (cis/trans = 0.46).

CH,CO,Et EtO,CCH,
Ar CH,CO,Et Ar Ar
4.a 4.b 4.c

The yield of formation of cyclopropanes was extremely low with non-activated terminal linear olefins
and with cycloolefins (Table 2). Furthermore, it is worth pointing out that steric effects strongly affected
olefin cyclopropanation. The decomposition of ethyl diazoacetate was found to be much slower in the
presence of a 1,1- or a 1,2-disubstituted olefin than in the presence of the related monosubstituted one
(compare x-methylstyrene versus styrene, and cyclooctene versus 1-decene in Fig. 2). Accordingly, in
an equimolar competition, styrene proved to be eight times more reactive than o-methylstyrene. With
norbornene, no cyclopropanation, or ring-opening metathesis polymerisation (ROMP)!? occurred under
these conditions, but 1,3-dipolar addition took place in nearly quantitative yields.

According to the literature, the generally accepted mechanism involves the formation of a reactive
carbene complex intermediate, resulting from electrophilic attack of the metal centre at the carbon atom
of the diazo group and subsequent elimination of N». Then, transfer of the carbene fragment to the alkene,
regenerates the catalytically active species and the catalytic cycle starts again. The two imido ligands in
the five-coordinate chromium—carbene complex are assumed to adopt a mutually cisoid orientation, by
analogy to that suggested for related pentacoordinated complexes, Cr(N-z-Bu), X;(pyridine) and [Cr(N-
t-Bu), X(Me; PCH,CH,PMe»)IX (X=Cl, Br).%2
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Figure 2. Influence of the substrate on the decomposition rate of ethyl diazoacetate in the presence of complex 1, at 80°C. ()
Styrene; (O) x-methylstyrene; (o) 1-decene, and (o) cyclooctene. Reaction conditions: the same as in Table 1
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Depending on the nature of the ancillary ligands, chromium—carbenes have been shown to react
with electron-deficient>®!! or electron-rich alkenes.” At this stage of our research, the question of
the nucleo- or electrophilicity of the chromium—carbene intermediate remains unanswered.!? To this
end, ethyl diazoacetate was reacted with ethyl acrylate in the presence of complexes 1-3 to produce
cyclopropane and vinyl C-H insertion products. Pyrazoline and dimeric carbenoid products were also
formed competitively, but in very low yields. An equimolar competition between ethyl acrylate and
styrene revealed that the former reacted preferentially to the latter which was cyclopropanated in only
minute amounts (relative reactivities: 97:3). These results clearly suggest that the reactive intermediate in
these reactions catalysed by bis(imido) chromium(VI) complexes 1-3 possesses appreciable nucleophilic
character. Further definitions of these reactions are under investigation.

Acknowledgements

We thank the National Fund for Scientific Research (F.N.R.S.), Belgium, and the Conseil de la
Recherche (University of Liege) for the purchase of major instrumentation. INTAS (grant 96-1185) is
also thanked for financial support.

References

1. For some recent reports, see: (a) Sakaguchi, K.; Fujita, M.; Ohfune, Y. Tetrahedron Lett. 1998, 39, 4313-4316. (b) Booker-
Milburn, K. L; Barker, A.; Brailsford, W. Tetrahedron Lett. 1998, 39, 4373-4376. (c) Ogawa, A.; Ogawa, I.; Obayashi, R.;
Umezu, K.; Doi, M.; Hirao, T. J. Org. Chem. 1999, 64, 86-92.

2. For some recent reports, see: (a) Sakaguchi, K.; Mano, H.; Ohfune, Y. Tetrahedron Lett. 1998, 39, 4311-4312. (b) Dorizon,
P.; Su, G.; Ludvig, G.; Nikitina, L.; Ollivier, J.; Salaiin, J. Synlett 1998, 483-486. (c) Krief, A.; Ronvaux, A. Synlest 1998,
491-494. (d) Kitaori, K.; Mikami, M.; Furukawa, Y.; Yoshimoto, H.; Otera, J. Synlett 1998, 499-500. (e) Moorhoff, C.
M.; Winkler, D. New J. Chem. 1998, 1485-1492. (f) Miiller, P.; Imogai, H. Tetrahedron: Asymmetry 1998, 9, 4419-4428.
() Yamazaki, S.; Inoue, T.; Hamada, T.; Takada, T. J. Org. Chem. 1999, 64, 282-286.



(=

10.

11.

12.

5699

. (a) Maas, G. Top. Curr. Chem. 1987, 137, 75-253. (b) Ye, T.; McKervey, M. A. Chem. Rev. 1994, 94, 1091-1160. (c)

Noels, A. F.; Demonceau, A. In Applied Homogeneous Catalysis with Organometallic Compounds, Vol. 2, Developments;
Comils, B.; Herrmann, W. A., Eds.; VCH, 1996, pp. 733-747.

. (a) Simal, F.;; Demonceau, A.; Noels, A. F. Tetrahedron Lett. 1998, 39, 3493-3496. (b) Simal, F.; Demonceau, A.; Noels,

A.F; Knowles, D. R. T.; O’Leary, S.; Maitlis, P. M.; Gusev, O. V. J. Organomet. Chem. 1998, 558, 163-170. (c) Noels, A.
F.; Demonceau, A. J. Phys. Org. Chem. 1998, 11, 602-609. (d) Simal, F.; Jan, D.; Demonceau, A.; Noels, A. F, Tetrahedron
Lett. 1999, 40, 1653-1656, and references cited therein,

. (@) Doyle, M. P.; Davidson, J. G. J. Org. Chem. 1980, 45, 1538-1539. (b) Tamblyn, W. H.; Hoffmann, S. R.; Doyle, M. P.

J. Organomet. Chem. 1981, 216, C64—C68.

. Doyle, M. P.; Dorow, R. L.; Tamblyn, W. H. J. Org. Chem. 1982, 47, 4059—4068.
- (a) Pfeiffer, J.; Dotz, K. H. Angew. Chem. 1997, 109, 2948-2950. Angew. Chem., Int. Ed. Engl. 1997, 36, 2828-2830. (b)

Pfeiffer, J.; Nieger, M.; Dotz, K. H. Eur. J. Org. Chem. 1998, 1011-1022.

- Rufanov, K. A.; Ustynyuk, N. A; Gourevitch, D. N.; Avtomonov, E. V.; Sundermeyer, J.; Kipke, J., to be published.

See also: (a) Meijboom, N.; Schaverien, C. J.; Orpen, A. G. Organometallics 1990, 9, 774-782. (b) Danopoulos, A. A.;
Wilkinson, G.; Sweet, T. K. N.; Hursthouse, M. B. J. Chem. Soc., Dalton Trans. 1995, 2111-2123. (c) Coles, M. P;; Dalby,
C.L; Gibson, V. C,; Clegg, W.; Elsegood, M. R. J. J. Chem. Soc., Chem. Commun. 1995, 1709-1711.

. Nugent, W. A.; Mayer, J. M. Metal-Ligand Multiple Bonds. The Chemistry of Transition Metal Complexes Containing

Oxo, Nitrido, Imido, Alkylidene, or Alkylidyne Ligands, Wiley-Interscience, 1988.

(a) Stumpf, A. W.; Saive, E.; Demonceau, A.; Noels, A. F. J. Chem. Soc., Chem. Commun. 1995, 1127-1128. (b)
Demonceau, A.; Stumpf, A. W.; Saive, E.; Noels, A. F. Macromolecules 1997, 30, 3127-3136.

Détz, K. H.; Fischer, H.; Hofmann, P; Kreissl, F. R.; Schubert, U.; Weiss, K. Transition Metal Carbene Complexes, Verlag
Chemie: Weinheim, 1983.

(a) Carter, E. A.; Goddard III, W. A. J. Am. Chem. Soc. 1986, 108, 2180-2191. (b) Carter, E. A.; Goddard I, W. A. J. Am.
Chem. Soc. 1986, 108, 4746-4754.



