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The Vinylogous Wolff
Rearrangement Catalyzed with
Rh'!' Complexes

Shahrokh Motallebi* and Paul Miiller

Abstract. Decomposition of 3,y-unsaturated diazoketones has been investigated in the
presence of Rh,(OAc), catalyst. These reactions produce exclusively the products of
the vinylogous Wolff rearrangement with higher yields than Cu!! catalysts. Chiral
catalysts such as tetrakis [methyl (S)-5-oxopyrrolidine-2-carboxylate]dirhodium(1l)
and Cu! bis(oxazoline) complexes, which are effective catalysts for the inter and/or
intramolecular cyclopropanations reactions, catalyze the vinylogous Wolff rearrange-
ment to produce the expected products with low levels of enantioselectivity.

Introduction

The thermocatalytic (Ag,0, MeOH,
4) or photochemical (hv, MeOH) decom-
position of f3,%-unsaturated diazoketones
leads not only to the expected esters de-
rived from the normal Wolff rearrange-
ment, butalso to isomeric secondary prod-
ucts, which are derived from a skeletal
rearrangement. In contrast, the Cul'-cata-
lyzed decomposition of these unsaturated
diazoketones affords only the rearranged
¥, 6-unsaturated-acid derivatives. The proc-
ess leading to the rearranged products has
been termed ‘vinylogous Wolffrearrange-
ment’ [1][2]. The reaction pathway for
this transformation is believed to involve
formation of a highly strained bicyclo-
[2.1.0]pentanone intermediate (Scheme 1),
originating from an intramolecular carbe-
noid addition to the olefinic bond. The

Scheme |

intermediate fragments to a f,j-unsaturat-
ed ketene which is captured by added
nucleophiles such as CH,OH to produce
the stable rearrangement products.
Overtherecent years, Rh!-derived cat-
alysts have been recognized to exhibit
particular efficiency for reactions of dia-
zoketones. In their presence, diazoketones
decompose to metallocarbenes which par-
ticipate in addition reactions to double
bonds and in insertions into C—H bonds.
The Wolff rearrangement is not observed,
when diazoketones are decomposed with
Rh'". Recently, Doyle et al. reported that
novel rhodium(II) catalysts such as
tetrakis[methyl (S)-5-oxopyrrolidine-2-
carboxylate]dirhodium(Il) are very effi-
cient in the intramolecular cyclopropana-
tion of allylic diazoacetates, and produce
the corresponding 3-oxabicyclo[3.1.0]-
hexan-2-ones (see Scheme 3) with high
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chemical yields and very-good-to-excel-
lentenantioselectivities [3]. The Rh!' com-
plexes are in some respect complementary
to the chiral Cu' bis(oxazoline) complexes
of C, symmetry, which catalyze the inter-
molecularcyclopropanation of olefing with
high enantioselectivity [4-6].

The structural analogy between the
allylic diazoacetates and the f3,)~unsatu-
rated diazoketones suggests the possibili-
ty of realizing the vinylogous Wolff rear-
rangement with Rh!" (or Cu') catalysts.
Chiral Rh"! or Cu! catalysts should allow
the generation of a chiral tertiary or qua-
ternary centre, provided the diazoketone
is appropriately substituted.

Results and Discussion

Some substituted fB,j-unsaturated dia-
zoketones (1-5) which are known to un-
dergo the vinylogous Wolffrearrangement
with Cu!!, and produce rearranged esters
(6-10) with a chiral centre were synthe-
sized following the procedures reported in
the literature [13[7][8]. The rearrangement
reactions were performed by slow (24 h)
addition of the 3, -diazoketones in CH,C1,
to a CH,C1, solution of the Rh'! catalyst
(2.0 mol-%) and a three-fold molar excess
of alcohol (MeOH, benzyl alcohol). One
runin which Cul - P(OMe), wasemployed
as catalyst was carried out in toluene. At
the end of the addition, the reaction mix-
ture was passed through a short column of
silica gel, which was washed exhaustively
with CH,Cl, to remove the catalyst. After
evaporation of the solvent, the products
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Table 1. Decomposition of Diazoketones in Presence of Rk and Cu'! Catalysts
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Diazoketones Products Reaction conditions Yields [%]
Analytical Isolated
Cu(AcAc),, MeOH 48%)
@/\ COCHN, Rh,(AcO),, MeOH 63 52
Cul-P(OCH,),, MeOH 19 10
6 COOR Rh,(AcO),. BnOH 54 42
: Rh,(AcO),, Citronellol 43 3l
L = CuSO,, MeOH 85%)
COCHN, Rh,(Ac0),, MeOH 90 84
COOR
2 7
L CuSO,, MeOH 67%)
COCHN, Rh,(AcO),, MeOH 75 62
COOR
3 8
~ Cu(AcAc),, MeOH 5590)
(.O(.HN;_ Rh,(AcO),, MeOH 17 9
COOR
a 9
COCHN- z Cu(OTf),, BnOH 32%)
| . Rh,(AcO),, BnOH 23 14
COOR !
S 10
" From [1]. ") From [8].
were separated by column chromatogra-
. e . . JBu
phy and identified by comparison of their 0 o
spectroscopic data given in the literature. . COOMe 0
u

The results are summarized in Table 1. Meoo‘t'?‘ N
Itis interesting to note that the Rh,(OAc), / yz
catalyzed decomposition of the f3,7~un-

saturated diazoketones leads exclusively | /|
to products of vinylogous Wolffrearrange-

ment producing in mostcases higher yields 0 IB:I k/o
than are obtained with Cul'l, Use of Cu! as B
catalystalsoresultsin the vinylogous Welff
rearrangement, but the chemical yield is I
lower than with both Rh!! or Cull,
Scheme 2
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. OMe
LiALH, i
COOR———» cH,0on & CICOCCH(Ph(OMe) l(lj\ '
* *
RZ ) R RZ ()/
R R R? / (ST>Pn
CF,




FORSCHUNG

121

Decomposition of the same diazoke-
tones in the presence of tetrakis[methyl
(8)-5-oxopyrrolidine-2-carboxylate]di-
rhodium(Il) (Rhy,(MEPY),) (I) under the
reaction conditions described above, re-
sulted in a significant reduction of the
yield compared to those obtained with
Rh,(OAc),. Noimprovementwasachieved
when the decomposition was carried out at
higher temperature (refluxing CH,CL,).
We reasoned that the lower yield was due
to the presence of MeOH, which was add-
ed for interception of the ketene, since itis
known that Rh,(MEPY), slowly decom-
poses in the presence of MeOH [9]. In-
deed more satisfactory results were ob-
tained when the diazoketone and the cata-
lyst were added simultaneously via two
separate syringes to a solution of CH,Cl,
and MeOH or by slow addition of diazoke-
tone and MeOH to a solution of catalystin
CH,CI,. The bis(oxazoline)copper com-
plex II used for the decomposition of
diazoketone 2 was prepared according to
[6] and activated with phenylhydrazine in
dichloroethane. Slow addition (24 h) of 2
in dichloroethane to this solution afforded
the expected product 7.

The Rh,(OAc),-catalyzed reactions
produce racemic mixtures of esters. For
determination of the enantiomeric com-

position, the intermediate ketenes were
intercepted with (-)-(S)-citronellol, and
separation of the diastereoisomeric esters
was attempted by capillary GC. This
proved to be impossible, however. On the
other hand, interception of the ketenes
with (-)-menthol failed. Finally, the enan-
tiomeric composition of the products was
achieved by reducing the methyl esters to
alcohols with LiAlH, and esterification of
the latter with (+)-(S)-o-methoxy-o-phe-
nyl-o-(trifluoromethyl)acetyl chloride
[10][11] to provide a mixture of diastereo-
isomeric esters (Scheme 2).

All of these diastereoisomeric esters
are separable either by GC using a methyl-
silicone capillary column, or by 'H-NMR
and YF-NMR using a shift reagent
(Eu(fod)s).

As Table 2 shows, even under im-
proved conditions the yields of the
Rh,(MEPY),-catalyzed reactions are usu-
ally significantly below that of those cat-
alyzed with Rh,(OAc),. Unfortunately,
the enantiomeric excess in all of the reac-
tion is very low, and never exceeds 21%.
In the one case where the chiral Cu' com-
plexH wasused, thee.e.isevenbelow that
obtained with Rh,(MEPY),. This result is
surprising considering the high (up to 94%)
e.e.’s achieved with the Rh,(MEPY), cat-

Table 2. Yield and Enantiomeric Excess in Rhy(MEPY) -Catalyzed Vinylogous Rearrangements

Diazoketones Products

COCHN,

o

COCHN,

2

COCHN,

iy

COCHN,

e

COCHN,

<

10

Reaction conditions

Rh,(AcO),. MeOH
Rhy((5)-MEPY),, MeOH

COOR
Rh,(AcO),, MeOH
Rh,((5)-MEPY),. MeOH
Bis(oxazoline) Cu, MeOH
COOR
Rh,(AcO),, MeOH
Rh:(l.\'llkllip‘l' )y» MeOH
COOR
Rh_‘[r\\‘()ll. MeOH
Rh,((S)-MEPY),, MeOH
COOR
Rh,(AcO),. BnOH
Rh,((5)-MEPY),. BnhOH
COOR ;

CHIMIA 46 (1992) Nr. 4 (April

alyst in the intramolecular cyclopropana-
tion of allylic diazo esters [3]. There are
two important differences between the
allylic and the B,7unsaturated diazo es-
ters. The first one concerns the presence of
the O-atom in the chain of the former,
which might contribute to the efficiency
of the reaction. It is known from Rh'l-
catalyzed intermolecular cyclopropenation
[12] and intramolecular C,H-insertion re-
actions [13] that substrates containing
oxygen give often better results than their
hydrocarbon analogues. The second dif-
ference lies in the chain length connecting
the carbenic centre to the reacting double
bond. The intermediate leading to the vi-
nylogous Wolffrearrangementis a bicyclo
[2.1.0]pentan-2-one, which is much more
strained than the homologous bicyclo
[3.1.0]hexan-2-one, a perfectly stable com-
pound (Scheme 3). The strain of these
species must be in part reflected in the
respective transition states. According to
the Hammond postulate, the more strained
transition state will occur later on the
reaction coordinate. With respect to ge-
ometry, this means, that the metal—carbene
distance will be longer, and interactions
between the chiral ligands of the metal and
the substituents of the carbene decrease,
which results in loss of stereochemical

‘I'.Ii.'hf.\ [':' | c.C.

63

o6l 9%*)
90

54 16%*)
42 1%

15

46 21%*")
17

12 17%°))

23

16 109%"))

) Determined by GC using a methylsilicone capillary column. ®) Determined by 'H-NMR. ©) Determined by '?F-NMR using a shift reagent

(Eu(fod),).
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Scheme 3

control. At the same time, the distance
between the carbene and the double bond
decreases, and one might expect more
influence by the olefinic substituents. This

is, however, compensated, because the
substituents move away from the carbenic
centre owing to rehybridization of the
olefinic C-atoms.
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Formal Synthesis of (+)-Coriolin
by Diastereocontrolled Nickel(0)-
Catalyzed ‘Metallo-ene-type’

Cyclization/Methoxycarbonylation

Wolfgang Oppolzer* and Akira Ando

Abstract. Bicyclooctanone (£)-2, an advanced intermediate for the synthesis of (£)-
coriolin, has been synthesized in ten steps starting from 2,2-dimethylpent-4-enal (7).
The key step 6 — 3 + 11 is a highly diastereoselective, Ni’-catalyzed, tandem
intramolecular alkene allylation/carbonylation reaction.

The development and creative appli-
cation of transition-metal-catalyzed reac-
tions is presently at the forefront of organ-
ic synthesis [1]. Thus, recently discovered
Pd%- and Nif%catalyzed intramolecular
alkene (alkyne) allylations I — II show

attractive perspectives for the stereocon-
trolled construction of various carbo- and
heterocyclic systems (Scheme 1) [2].
This holds particularly for the tandem
allylation/carbonylation I — II — III as
illustrated by the syntheses of pentalenol-

actone E methyl ester (3}, (+)-3-isoraunit-
icine [4], and, most recently, [5.5.5.5]fe-
nestranes [5]. We present here a rational
application of this process in a synthesis of
the triquinane terpenoid coriolin which
features the topological bias of a pre-
existing stereocenter over developing ster-
eocenters in the carbometalation step I —
IL. Coriolin, a metabolite from the Basid-
iomycete Coriolus consors has been as-
signed structure 1 (Scheme 2) [6].

Reports of antibiotic and antitumor
activity contributed to the popularity of 1
as a test case for cyclopentenone-annula-
tion methodology [7]. The synthesis of
{($)-1, reported by Exon and Magnus thus
proceeds via the bicyclo[3.3.0]Joctanone
2, in turn assembled by means of a stereo-
selective intramolecular Pauson-Khand
process [7e].
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