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The rhodium-catalyzed CH-insertion reaction of diazo ester derivatives into dihydroaromatic compounds was expanded to the application of
various polysubstituted and functionalized 1,4-dienes generated from a cobalt-catalyzed Diels —Alder reaction. The highly regioselective CH-
insertion process produces after DDQ oxidation polysubstituted, polyfunctionalized aromatic compounds in good overall yields.

The research of efficient ways to construct complex chemical
structures from readily available starting materials continues
unabated. C—H activation by means of rhodium-carbenoid-
induced C-H insertion represents one of the major progresses
in synthetic organic chemistry of the past decadéiller

and Davies reported that DAc), catalyzes the decom-
position of ethyl 2-diazopropionate in the presence of 1,4-
cyclohexadiene affording the CH-insertion product, whereas
the formation of a cyclopropanation product could not be
detected. This reaction can be used for the synthesis of
natural products and biologically active compounds such as
2 (Scheme 1¥M:3 However, in these transformations, the
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commercially available 1,4-cyclohexadiene is used in large
excess to the diazo estér

Scheme 1. Stereoselective-Catalyzed CH-Insertion into
Dihydroaromatic Compounds
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We are not aware of any rhodium-catalyzed CH-insertion
reactions where other more complicated monocyclic, multiply
substituted, or highly functionalized dihydroaromatic com-
pounds have been used thus far, besides the polycyclic
dihydronaphthalene derivativés

Because the cobalt(l)-catalyzed Diels—Alder reaction of
alkynes and acyclic 1,3-dienes is a powerful tool for the

(3) (a) Davies, H. M. L.; Gregg, T. Mletrahedron Lett2002,43, 4951.
(b) Davies, H. M. L.; Walji, A. M.; Townsend, R. Jetrahedron Lett.
2002,43, 4981.



generation of dihydroaromatic compounds in excellent
yields? a possible approach to highly substituted benzene
derivatives was envisioned.

Because the experimental procedure described by Miller

the dihydroaromatic compound forming the products of type
5 exclusively.

The effect of the temperature was examined next. No
substantial improvement in the yield was obtained lowering

was believed to not be suitable, especially regarding the the temperature te-18 °C, and at—78 °C, no reaction
considerable excess of the reacting 1,4-cyclohexadiene (10occurred (Table 1, entries—B). A fast addition of the diazo

equiv), a large excess of dihydroaromatic compound should

be avoided because the diazo ester as well as the dihydroardi NN

matic compounds are equally valuable. More economic

reaction conditions were reported by Davies avoiding a large
excess of reagents in the reaction of valuable dihydronaph-

thalene derivative¥ Therefore, an optimization process
was started first. Preliminary tests with the 1,4-di@end
ethyl diazoacetate (4a, R H) showed that mixtures of
insertion and cyclopropanation products were formed. In a
further set of experiments, ethyl 2-diazopropionadé, (

R = CHs;) and methyl 2-diazophenylacetatéc( R = Ph)
were tested (Scheme 2).

Scheme 2. Regioselective Formation of Polysubstituted
Benzene Derivatives
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With these alkyl/acceptord@) and acceptor/dono#l))
substituted carbene precursors, respectively,
product was generated exclusivélyhe lower yield of the
diazo estedtacould be rationalized by the altered reactivity
profile of such carbenoids compared to acceptor/donor
carbenoids such ath.®

Table 1. Optimization for the Rhodium-Catalyzed

CHe-Insertion
diazo 3/4 Rhy(OAc)s temp  addition % yield
entry ester ratio (mol %) (°C) time (min) (5b/5¢)
1 4b 1:3 2.0 0 60 58
2 4b 1:3 2.0 -18 60 59
3 4b 1:3 2.0 —78 60 0
4 4b 1:2 2.0 0 5 30
5 4b 1:2 0.5 0 60 52
6 4b 1:2 0.5 0 60 30
7 4c 1:3 2.0 0 60 70
8 4c 1:2 0.5 0 60 89
9 4c 1:2 0.5 0 60 78

esterdb favored the carbene dimerization with consequently
low vyield of the desired C—H insertion product (entry 4).
When the diene/diazo ester ratio was reduced to 1:2 and 0.5
mol % of the catalyst was used, the isolated yield could be
raised to 52% (entry 5). A similar trend was also observed
with the diazo estefc (entries 7 and 8), and the correspond-
ing insertion produchc was isolated in excellent 89% yield
after DDQ oxidation. Consequently, the best results for the
CHe-insertion process were obtained when the diazo esters
were added at OC over a period D1 h by syringe pump.
The amount of excess diazo ester could then be reduced to
2 equiv to produce the desired prodicin acceptable to
good vyields. Improved yields were also obtained when the

the CH-insertioryy, o 4iym catalyst loading was reduced, indicating that the

rate of decomposition of the intermediately formed rhodium
carbene species is enhanced when higher catalyst concentra-
tions are used. Although the yields are slightly higher in the
case of a larger excess of diazo egtbr(entries 1 and 2),

On the other hand, acceptor/acceptor substituted carbeng, ey an economical point of view, the conditions in entry

precursors such as ethyl diazoacetoacetateR = COCH;)
gave very low or no conversion of the 1,4-dieBeln the
reactions with ethyl 2-diazopropionatédh) and methyl
2-diazophenylacetate (4c), the regioselectivity for the CH-

insertion process could already be evaluated. It was found

that the rhodium-catalyzed carbon—carbon bond formation
exclusively takes place at the less-hindered, @rbup of
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5 are preferable on the basis of the lower amount of
expensive rhodium catalyst and the lower excess of diazo
ester needed.

Scheme 3. Rhodium-Catalyzed CH-Insertion into Various
Dihydroaromatic Compounds
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in Table 2. Although the vyields for the trisubstituted
Table 2. Results of the Rhodium-Catalyzed CH-Insertion into dlheroaromatlc compoun.ds are gqod,. lower yields were
Dihydroaromatic Compounds obtained when tetrasubstituted derivatives were used. As
before, lower yields and increased decomposition were
Entry 1,4-Diene (7) Product (9) Yield® observed usingb. The combination ofb with a tetrasub-

CO,Et stituted dihydroaromatic derivative (entry 8) gave only very
\ﬁ low yields. Nevertheless, even when a higher excess of the

nY
:-j i

60% diazo esters was used, only the mono CH-insertion products
9 were formed.
Ph OzMe When isoprene was employed in the cobalt(l)-catalyzed
Diels—Alder reaction, two regioisomefifa and 10b were
77% formed and the unsymmetrical nitrogen-functionalized diene
Me,Si was obtained as a nonseparable mixture in a 2.5:1 ratio
Ph OzMe (Scheme 4). Because of the asymmetry of the diciizs

=

M83Si

44%

Scheme 4. Rhodium-Catalyzed Carbene Insertion into the
Unsymmetrical Dihydroaromatic Compoud@a,b
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and10b, a complex mixture of products (11) was expected
traces from the reaction with ethyl phenyldiazoacetadé) under
rhodium catalysis and subsequent DDQ oxidation.
2Yields are based on the content of the dihydroaromatic compound ~ Out of the four possible productdla—d, a mixture of
determined prior to the reaction by NMR spectroscopy. three isomers in an 85:11:4 ratio could be isolated in 68%
yield. The major product was assigned by two-dimensional
NMR techniques (Figure 1) to be the isonied, whereas
the second most abundant isomer detected in 11%ag
The isomerllc is unlikely formed based on the greater
sterical hindrance compared to the formation of the regio-
isomerllbwhich is proposed to be the third isomer detected.
Whereas the signals farld in the HMBC experiment
could be clearly assigned, the intensity of the other isomers
was not strong enough for a distinct assignment.
In conclusion, we developed a rhodium-catalyzed carbene
CHe-insertion process into the bisallylic position of polysub-
stituted dihydroaromatic compounds. The reactions were

MeO

=
@
(@]

9i

Under the now optimized reaction conditions, several
dihydroaromatic compounds were converted by rhodium
catalysis and DDQ oxidation to the corresponding adducts
(Scheme 3). During the course of the investigation, we found
that the dihydroaromatic compoundsshould be better
isolated by short column chromatography followed by
Kugelrohr distillation. Thereby, an unknown impurity could
be removed which diminishes the yields of the reaction by
approximately 10—20%. The oxygen-sensitive dihydroaro-
matic compounds were freshly prepared, and the content was
directly verified by NMR before use.

The results of the rhodium-catalyzed CH-insertion reac- (7) The ratios were determined by integration of the signals for the methyl
tions on various dihydroaromatic compounds are summarizedgroups in*H NMR.
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tivity of the rhodium-catalyzed reactions for unsymmetrical
products is also excellent so that after DDQ oxidation various

Vo " tetra- and pentasubstituted benzene derivatives could be
5 SR isolated in good yields of up to 85%.
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Figure 1. Significant HMBC signals for the elucidation of the
regiochemistry of the main produdtld. . . . )
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