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Rhodium-catalyzed reactions of 2-aryl-substituted 2H-chromenes with a-diazo esters prepared from
dimethyl and tert-butyl methyl malonates were investigated, and the results were compared with reac-
tions carried out with phenyliodonium ylides prepared from the same esters. The phenyliodonium ylide
prepared from dimethyl malonate was found to give superior yields of cyclopropane products compared
to the corresponding a-diazo equivalent. However, this result was reversed with tert-butyl methyl mal-
onate when Rh2(S-TBSP)4 was used to decompose the diazo compound. All reactions gave 1,1-cyclopro-
pane diesters as single diastereomers.

� 2012 Elsevier Ltd. All rights reserved.
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Aryl-substituted benzodihydropyrans or chromans are
associated with a broad range of biological activities, including
anticancer,1 antibacterial,2 antifungal,3 anti-inflammatory,3 and
anti-malarial properties.4 A number of these compounds, such as
the myristinins,3,5 licoricidin,2 and licorisoflavan,2 are naturally-
occurring. However, many promising lead compounds have also
been identified through analogue synthesis,1 which places a
premium on new synthetic methods that offer access to novel chro-
man-based structures.

Because the alkene moiety of 2H-chromenes has been shown to
be highly susceptible to functionalization with electrophilic
reagents and dipolarophiles,6 the derivatization of easily-accessi-
ble 2-aryl-2H-chromenes offers an obvious approach to structures
of interest.7 In that context, we recently reported a two-step ap-
proach to tetrahydro-2H-furochromenones with complete diaste-
reo- and regioselectivity. This entails reaction with a-substituted
a-diazo tert-butyl acetates under rhodium catalysis to form
donor–acceptor cyclopropane derivatives which rearranged upon
treatment with Sn(OTf)2 (Scheme 1).8 We found that the use of
more standard methods for lactonizing alkenes, which typically
require the use of oxidizing conditions,9 caused unwanted side
reactions such as aromatization of the pyran ring.10 However,
ll rights reserved.
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one limitation of our method was the low reactivity of the 2H-
chromene when it was substituted at the 2-position by an aryl
substituent. In these cases, mostly starting material was recovered
and very little cyclopropane product was isolated.

Iodonium ylides have offered a convenient and safer alternative
to diazo compounds for alkene cyclopropanations. They are more
reactive than their diazo equivalents, and often require smaller cat-
alyst loadings.11 However, they are also known to be less stable
and quickly degrade.11,12 The in situ generation of these reagents
has been used to circumvent this problem, but this can result in
OMeO
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Scheme 1. General route to tetrahydro-2H-furochromenones.
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Table 1
Reactions of chromenes 1a–c with phenyliodonium ylide 2a
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MeO
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Rh2(esp)2, DCM O

CO2Me
CO2Me

MeO
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3
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Entry Chromene R1 R2 Producta Yieldb (%)

1 1a H H 3a 67
2 1b OMe H 3b 88
3 1c H OMe 3c 79

a Reaction conditions: 2H-chromene 1 (1 equiv), ylide 2a (4.5 equiv), Rh2(esp)2

(0.3 mol %).
b Isolated yields.
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4a R1, R2, R3, R5, R6 = H
R4 = OMe

4b R2, R3, R5, R6 = H
R1, R4 = OMe

4c R1, R2, R3, R5, R6 = H
R4 = Me

4d R1, R2, R6 = H
R3, R4, R5 = OMe

4e R1, R3, R5 = H
R2, R4, R6 = OMe

4f R1, R2, R3, R4, R5, R6 = H

Figure 1. Reactants used for the study.

Table 3
Reactions of chromenes 4a–f with reagents 2 and 5

Rh catalyst, DCM, 25 °C
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Z
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Entry Chromene Reagent R Z Catalyst Producta Yieldb (%)

1 4b 5b t-Bu N2 Rh2(S-TBSP)4 6b 68 (84)c

2 4c 5b t-Bu N2 Rh2(S-TBSP)4 6c 65
3 4f 5b t-Bu N2 Rh2(S-TBSP)4 6f 47
4 4a 5a Me N2 Rh2(S-TBSP)4 7a 50
5 4b 5a Me N2 Rh2(S-TBSP)4 7b 78
6 4c 5a Me N2 Rh2(S-TBSP)4 7c 61
7 4d 5b t-Bu N2 Rh2(S-TBSP)4 None —
8 4e 5b t-Bu N2 Rh2(S-TBSP)4 None —
9 4c 2a Me IPh Rh2(esp)2 7c 84
10 4a 2a Me IPh Rh2(esp)2 7a 95
11 4d 2a Me IPh Rh2(esp)2 7d 49
12 4e 2a Me IPh Rh2(esp)2 7e 52
13 4a 2b t-Bu IPh Rh2(esp)2 None —
14 4b 2b t-Bu IPh Rh2(esp)2 None —
15 4c 2b t-Bu IPh Rh2(esp)2 None —

a Diastereomeric purity established by 1H NMR.
b Isolated yields.
c Yield based on recovered chromene.
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lower yields.13 Charette has recently reported an improved method
for preparing and isolating iodonium ylides of dialkyl malonates.11

Using Rh2(esp)2 as catalyst, impressive yields of cyclopropanations
of a variety of alkene donors were reported.11 Applying these
conditions to 2H-chromenes 1a–c, we observed good yields of
cyclopropane diester products with reagent 2a (Table 1). Moreover,
reactions were complete after 2 h, compared to 12–16 h typically
required when diazo compounds were used.8 This suggested to
us that these reagents might be a viable alternative to a-diazo es-
ters for cyclopropanating the more sterically hindered 2-aryl-
substituted chromenes.

To test this, compounds 4a–f (Fig. 1) were prepared using the
method of Nagata and co-workers.14 While the lability of 2-aryl-
2H-chromenes has been well documented,15 most of the chrom-
Table 2
Formation of cyclopropane diester 6a from chromene 4a
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Entry Catalyst

1 Rh2(OAc)4

2 Rh2(CF3CF2CF2CO
3 Rh2(S-PTAD)4

4 Rh2(esp)2

5 Rh2(S-TBSP)4

a Isolated yields.
b Reaction conditions: 2H-chromene 4a (1 equiv), diaz
enes we prepared were found to be moderately stable when stored
under inert atmosphere at low temperature. Those that were prone
to decomposition, such as 4d and 4e, were used immediately fol-
lowing their synthesis. In addition to ylide 2a, reagents 2b, 5a,
and 5b, were also prepared according to published procedures
from dimethyl- and tert-butyl methyl malonates.11,16 To the best
of our knowledge, compound 2b had not been previously reported.
Because the iodonium ylides had a very short shelf-life, even when
stored at �10 �C under inert atmosphere, they were used immedi-
ately to avoid decomposition.

Studying cyclopropanations of styrene, Charette and co-work-
ers reported superior yields of products using phenyliodonium
ylides of malonate esters compared with their diazo counter-
parts.11 However, we noticed that only Rh(OAc)4 was used as the
catalyst with the diazo reagents. We therefore decided to first
study the reactions of derivative 4a with tert-butyl methyl
a-diazomalonate 5b in the presence of different rhodium catalysts
to optimize the formation of derivative 6a (Table 2). As expected,
using different rhodium catalysts
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Figure 2. The X-ray crystal structure of 7a.

Table 4
Sn(OTf)2 initiated rearrangement of cyclopropane diesters 6 to c-lactones 8
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Entry Cyclopropane R1 R2 Product Yield (%)

1 6a H OMe 8a 75
2 6b OMe OMe 8b 53
3 6c H Me 8c 66
4 6f H H 8f 74
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Rh2(OAc)4 gave disappointing results, as did three other catalysts
(entries 1–4). However, Rh2(S-TBSP)4 gave a satisfactory yield of
the desired product (entry 5). In addition to the 1,1-cyclopropane
diester product 6a, formation of the carbene dimer was an
unavoidable by-product which fortunately could be separated by
column chromatography. In order to achieve complete cycloprop-
anation of 4a, 3 equiv of 5b were required.

These conditions were found to be general for most reactions
studied (Table 3, entries 1–6). The exceptions were compounds 4d
and 4e which failed to react with diazo derivative 5b (entries 7
and 8). As noted earlier, these trimethoxyaryl-substituted chrom-
enes were found to be highly susceptible to decomposition and
were used immediately. However, we suspected that their lack of
reactivity might have been due to their higher rate of decomposition
relative to cyclopropane formation which required 12–16 h to com-
plete. The chromenes 4d and 4e were equally unreactive to reagent
5a, suggesting the reaction duration was a factor in these reactions.
Indeed, the faster reacting iodonium ylide 2a gave cyclopropane
products with both 4d and 4e, albeit in moderate yield (Table 3, en-
tries 11 and 12). In these cases, we surmise that reactions were able
to progress significantly before substantial decomposition of the
chromene occurred. Moreover, reactions with ylide 2a in general
gave higher yields of cyclopropane products than their diazo coun-
terparts (Table 2, entries 9 and 10). To our surprise, however, no
reaction was observed when reagent 2b was used, in which one of
the ester groups was tert-butyl (Table 3, entries 13–15). This was
somewhat disappointing, in light of the fact that the iodonium ylide
of ditert-butyl malonate has been shown to add to styrene.11
In every case, the 1,1-cyclopropane diester formed as a single
diastereomer, and not surprisingly the X-ray crystal structure of
7a showed that cyclopropanation occurred anti to the C2-aryl sub-
stituent (Fig. 2). As an added note, because Rh2(S-TBSP)4 is chiral,
we checked for enantiomeric enrichment in the products formed
in the presence of this catalyst. However, we found no evidence
of kinetic resolution in these reactions.

As expected, cyclopropanes substituted with a tert-butyl ester
group rearranged to c-lactone on treatment with Sn(OTf)2

(Table 4). In comparison, the corresponding 1,1-dimethyl ester
derivatives gave multiple products on treatment with a variety of
Lewis acids (TiCl4, BF3, Sc(OTf)3, Sn(OTf)2). We are currently investi-
gating the use of these lactones in the synthesis of biflavonoid
natural products.

In conclusion, iodonium ylides and a-diazo derivatives of dial-
kyl malonates serve complimentary roles in the formation of 1,1-
cyclopropane esters from 2-aryl-2H-chromenes. Diazo compounds
are the preferred reagents for forming tetrahydro-2H-furochrome-
nones, because of the need for a tert-butyl ester group to facilitate
the rearrangement step. However, the choice of catalyst is critical.
In contrast, superior yields of gem-dimethyl esters are obtained
using the iodonium ylide 2a (see Table 3). These donor–acceptor
cyclopropanes should lend themselves to a multitude of transfor-
mations, hopefully yielding a variety of novel aryl-substituted
chroman structures.17
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