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ABSTRACT
CHO CHO pn SQMe
Ph NO, Rhy(OAc), >@70Me
>:N2 + + EE—— o}
MeQOC CH2C[2
NO, OMe O,N NGO,
1.5 equiv 1.0 equiv 2.0 equiv 95% yield 4.8:1d.r.

Rhodium(ll) acetate catalyzed 1,3-dipolar cycloaddition of methyl phenyldiazoacetate with a mixture of electron-rich and electron-deficient aryl
aldehydes gave 1,3-dioxolanes in high yield with excellent chemoselectivity.

The catalytic generation of carbonyl ylides from diazo decomposition of aryldiazoacetate with aldehydes or aryl
compounds and related reactions continue to receive a greaketones. Later, a similar epoxidation process was used to
deal of attentiort. Among the carbonyl ylide reactions, the prepare spiro-indolooxiranes with cyclic diazoamides by the
1,3-dipolar cycloaddition of a carbonyl ylitéwith a suitable Muthusamy groupg.

dipolarophile such as an alkene or alkyne forming highly  As Doyle and Davies reported (Scheme 1), stereospecific
substituted heterocycles is the most general reaction. Inring closure of methyl phenyldiazoacetate-derived carbonyl
particular, intramolecular 1,3-dipolar addition reactions have ylides gave (Z)-epoxides as the only products in high yield
been used to prepare complex synthetic targets by Padwawithout any formation of 1,3-dioxolane. To our surprise,
and others. In contrast, the intermolecular reactions with when the reaction was performed in the presence of a mixture
aldehydes or ketones have received limited atterftiand of an electron-rich and an electron-deficient aldehyiend
most of them led to 1,3-dioxolanéxSdRecently, the Doyfe 3), 1,3-dipolar cycloaddition occurred to produce 1,3-
and Davie$ groups, respectively, reported stereospecific
epoxide formation from rhodium acetate catalyzed diazo
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Scheme 1
Ph Rhy(OAC), COOMe
No + ACHO —————> A
MeOOC 2Clz
49 - 98% only

dioxolanes as major products. Notably, only two diastereo-

mers out of 16 possible dioxolanes were formed (Scheme

2). None of the dioxolanes derived from the diazo compound

Scheme 4
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no formation of

Rh,(OAC), 4a and 5a
—» 6+7

+ 7

CH,Cl,

are trans to each othef.A control reaction of diazd with

1 with two of the same aldehydes was observed. To the bestaldehyde3a (2a) in the presence of epoxide(7) resulted

of our knowledge, this is the first example of such an
intermolecular “cross” 1,3-dipolar cycloaddition reaction, in

which a carbonyl ylide derived from one aldehyde selectively
reacts with another aldehyde.

Scheme 2
i Ph E:OOOMe
Ar{” TH o>‘Ar1
Ph 2 Rhy(OAc),  An2
>:N2 + E— 4
MeOOC 0 CHLChth chome
1 Ay H T =an
Ars” O
Arq=electron-rich aryl ring 5

Ary=electron-deficient aryl ring

The first indication of this reaction occurred in the Rh
(OAC),- catalyzed reaction of methyl phenyldiazoacetate with
2 equiv each op-anisaldehyde anp-nitrobenzaldehyde to
give 50% isolated yield of the dioxolands and 5a with
45:55 dr (Scheme 3). Epoxidésaand7 were formed in 13%
and 11% vyield, respectively, based ®hNMR quantitation
of the crude product. The stereochemistry is reverse from
the epoxidation produc and?, in which two aryl groups

Scheme 3
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in no dioxolane formation indicating that tlleand5 were
not formed from ring opening of the corresponding epoxides
(Scheme 4).

Encouraged by the initial results, we further examined the
process with the combination of various electron-rich and
electron-deficient aryl aldehydes. As shown in Table 1,

Table 1. Reaction of Methyl Phenyldiazoacetate with Different
Electron-Rich and Electron-Deficient Aldehydes (Schenfe 2)

yield® dre
entry Ary Ar; product (%) (4/5)
19 p-MeOPh p-NO2Ph 4a+5a 50 4555
2¢  p-MeOPh 2,4-(NO2)-Ph 4b+5b 95 81:19
3¢ 0-MeOPh 2,4-(NO2)-Ph 4c+5c 90 83:17
48 piperonyl 2,4-(NO>)2Ph 4d +5d 94 81:19
5¢  m-MePh 2,4-(NO2)-Ph 4e +5e 91 84:16
6¢ Ph 2,4-(NO2)2Ph 4f + 5f 85 85:15
7¢  2,4-(MeO);Ph  p-NOzPh 4g+5g 78 4357
84 2,4-(MeO);Ph p-NO,Ph 4g+5g 61 4357
9d  2,4,6-(MeO)sPh p-NO.Ph 4h +5h 74 4555
104 2,4,6-(MeO)sPh 0-NO,Ph 4i + 5i 65 60:40
119 2,4,6-(MeO)sPh Ar,CHO = 4j + 5j 50 4357
o-phthalaldehyde

124 2,4,6-(MeO)sPh p-CFsPh 4k +5k 63 32:68
134 2,4,6-(MeO)sPh p-CNPh 4] + 51 71 40:60
149 2,4,6-(MeO)3Ph 2,4-(NO,).Ph 4m+5m 80 77:23

a8 Reactions were performed in GEl, under reflux with 1.0 mol % of
rhodium(ll) acetate® Isolated yield of products (4- 5) after column
chromatography purificatiorf.Ratios were determined Bi# NMR of crude
reaction mixtures? Substrate ratid/2/3 = 1:2:2 mmol.¢ Substrate ratio
1/2/3= 1.5:2.0:1.0 mmol.

“cross” 1,3-dioxolanes were the major products, and the
electron-deficient aldehydes served as dipolarophiles at all
times. The reaction of a more electron-deficient dipolarophile
with a carbonyl ylide derived from an electron-rich aryl

(4) (a) de March, P.; Huisgen, R. Am. Chem. So0d.982,104, 4952.
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Khatuya, H.Tetrahedron Lett1999,40, 5439—5442. (f) Hamaguchi, M.;
Matsubara, H.; Nagai, T.. Org. Chem2001, 66, 5395-5404. (g) Johnson,
T.; Cheshire, D. R.; Stocks, M. J.; Thurston, V.Synlett2001, 646—648.
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Nair, V.; Mathai, S.; Nair, S. M.; Rath, N. Fletrahedron Lett2003,44,
8407-8409. (h) Nair, V.; Mathai, S.; Varma, R. LJ; Org. Chem2004,
69, 1413-1414.
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Figure 1. ORTEP representation of the crystal structure of 4-electron ring closure
dioxolane4l.
o)

Arg, 2 LOOMe Ph goOOMe Ph goOOMe
aldehyde gave dioxolanes in higher yield. For example, the H Ph j: D=Ary \[ DAy
combination of 2,4-dinitrobenzaldehyde gndnisaldehyde Ag © Ay ©
provided the 1,3-dioxolane in 95% isolated yield favoring 4 5

4bin 81:19 selectivity (entry 2). Benzaldehyde could serve
as an “electron-rich” aldehyde to give successful “cross”
dioxolanation in high yield (entry 6), aratphthalaldehyde  forded high diastereoisomeric ratios in all ca%@$e steric
could serve as an “electron-deficient” aldehyde to conduct effect of ortho substitution on electron-rich aldehydes did
the 1,3-dipolar cycloaddition with moderate yield (entry 11). not noticeably affect the diastereoselectivity of the products

The stereochemistry of stereoisomets and 51 was  (4/5) (entries 2 and 3). Attempts to achieve dioxolanation
confirmed by their X-ray structures. The perspective views from two electron-deficient aldehydes such as 2,4-dinitroben-
of 41 and5lI clearly exhibit the cis relationship between the zaldehyde with 4-nitrobenzaldehyde were unsuccessful, and
2-C and the 4-C aryl rings in both isomers (Figures 1 and epoxides were found to be major products (epoxides/
2). The’H NMR chemical shift §) of 4-COOMe in5lwas  dioxolanes> 10:1 from crudéH NMR). Complex mixtures
were obtained when aliphatic aldehydes were employed as
electron-rich aldehydes in this reaction.

Mechanistically, the formation of the dioxoladeand5
is considered to be a dipolar cycloaddition in which the

carbonyl ylide 8 generated from the carbenoid with an
! Ph 5s351 electron-rich aldehyde was chemospecifically trapped by
’”“3/—4(.,000,\,'6 ' another electron-deficient aldehyde (Scheme 5). The fixed
1003 cis-relationship between 2-C Aand 4-C Ph supports the

concert process. The reason accounts for the diastereoselec-
tivity giving different ratio of4 to 5 is unclear. The issue
deserves further investigation.

OMe To address if ylideB is metal associated, the reaction of
diazo compound. with 2,4,6-trimethoxybenzaldehyde and
p-nitrobenzaldehyde (entry 9) was carried out with@ap),

and Rh(S-DOSP) individually. Preliminary results support
metal-free ylide intermediate in this case. Produdis {

5h) were obtained in 41% and 45% vyield, respectively, with

shifted to more upfield due to obvious shield from the 5-C . .

aryl group, as can be seen in Figure 2. This diagnostic peakthe. same ratio o#th/5h = 45:55.W'th both catalysts. The

was used to assign the stereochemistry for other analoguesr.at'o. was also the_ same as USING-RIAC)s (eptry 9). In
It is interesting that the diastereoselectivity at 5-C highly addlt'lon, no gnantloselectlwty was observed in bunhar]d

depends on the electronic feature of the dipolarophile Shwith the chiral catalyst RESDOSP). The preferred ylide

aldehyde and was less dependent on the electron-rich Onecon1‘ormati0r\8 is evidenced by the stereospecific formation

2-Nitrobenzaldehyde and 2,4-dinitrobenzaldehyde continued of (Z)-epoIX|d.e through a 4-elictron conr?tat;)n;]rmg CIOSU.]E.G'
to give the diastereomer favoridgwhile other less electron- In conclusion, we report a first example of chemospecific

deficient aldehydes favoresl 2,4-Dinitrobenzaldehyde af- dioxolane formatiqn from “cross”_ 1,3-dipolar cycl_oaddition
of methyl phenyldiazoacetate with an electron-rich and an

Figure 2. ORTEP representation of the crystal structure of
dioxolane5l.
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(7) Muthusamy, S.; Gunanathan, C.; Nethaji, Biynlett2004 639- epoxide product without trace amounts of dioxolane; see the Supporting
642. Information.
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electron-deficient aldehyde in the presence of dirhodium thank Prof. Kai-Bei Yu of Chengdu Institute of Organic
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with the electron-rich aldehyde selectively reacts with the
electron-deficient aldehyde to give 2,4,5-triaryl-1,3-dioxo-
lanes in moderate to high yields.

Supporting Information Available: Experimental pro-
cedures and characterization data of all new compounds, as
well as X-ray crystallographic data fdb, 41, and5l in CIF
format. This material is available free of charge via the
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