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ABSTRACT
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Exo-cycloadduct was obtained with high stereoselectivity by the addition of ytterbium triflate (Yb(OTf);) (10 mol %) in the rhodium(ll) acetate
(Rhy(OAc),)-catalyzed decomposition of o-(methoxycarbonyl)-a-diazoacetophenone in the presence of benzaldehyde. In the reaction in the
absence of Yb(OTf);, almost no selectivity was obtained. Stereoselectivity in the reactions with p-nitrobenzaldehyde, p-anisaldehyde, and
benzyloxyacetaldehyde could be also controlled to high exo preference by the addition of Yb(OTf)s.

Intramolecular carbenoid—carbonyl cyclization has repre- with propionaldehyde after separation of the cycloadducts
sented one of the most effective methods for generating (Scheme 1}.In the case of brevicomin, bo#ixoandendo
carbonyl ylide$ since we demonstrated the utility of the isomers are exuded by the female Western Pine Beetle but
method by studying the transition metal-catalyzed decom- the exo isomer is known to be a key component of the
position of o-(alkoxycarbonyl)ei-diazoacetophenorteFor aggregation pheromone of this destructive pest. Control of
example, Padwa reported the application of this methodologythe stereoselectivity in cycloadditions of carbonyl ylides
to the synthesis oéxo- andendo-brevicomin by using the therefore presents a challenge, with the prospect of applica-
Rh(OAc)s-catalyzed reaction of 1-diazo-2,5-hexanedione tions in the synthesis of agrochemicals and medicinal
chemicals!

ISZ'QEQTJ gicglresrifity- Recently, we reported the first attempt to control stereo-
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s Rhy(OAc),-catalyzed decomposition of diazoacetophenone

Scheme 1 1in the presence of benzaldehyde (2 equiv) in,CH at
o room temperature gave cycloadducts as a 1:1 mixtuexof
HacMH and endoproducts (Scheme 2, Table 1, entries 1 and 2).
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Aluminum Lewis acids, aluminum tris(2,6-diphenylphen-
oxide) (ATPHYf and methylaluminum bis(2,6-di-tert-butyl-
ylide ® That is, the addition of 10 mol % of Yb(OTf)was 4-methylphenoxide) (MADY,were first examined to deter-
extremely effective in producing cycloadducts with high mine whether stereoselectivity was affected by the hindered
endaselectivity in the transition metal-catalyzed reaction of structure of the catalysts (entries 3 and 4). Almost no effect
o-(methoxycarbonyl)-a-diazoacetophenog \With N-sub- was found in terms of stereoselectivity. On the other hand,
stituted maleimides. In this paper, we report that the addition the addition of Yb(OTf) (10 mol %) in the RHOAC),-

of Yb(OTf); resulted in highexo-selectivity in the case of catalyzed reaction df with benzaldehyde in C}l, greatly

the reaction with aromatic aldehydes and benzyloxyacetal- influenced stereoselectivity to give cycloadduztsith high
dehyde. We also report that the stereoselectivity was greatlyexo-selectivity (entry 5). We also found that the use of
influenced by the ionic radii of rare earth elements in the molecular sieves (MS) increased yield. MS 4A Powder, 4A
reaction with benzaldehyde. 1/16, 3A Powder, and 5A Powder were all effective (entries

Table 1. Reaction of Diazoacetophenofewith Benzaldehyde

entry catalyst (mol %) solvent MS yield,” % exo:endoP
1 ha(OAC)4 (2) CH.Cl, 7 51:49
2 Rh2(0OAC)4 (2) CHCl; 4A Powder 83 50:50
3 Rh2(0OAC)4 (2) + ATPH (10) CH_Cl, 68 51:49
4 Rh2(OAC)4 (2) + MDA (10) CHCl; 76 54:46
5 Rh2(OAC)4 (2) + Yb(OTf)3 (10) CHCl 76 94:6
6 Rh2(OAC)4 (2) + Yb(OTf)3 (10) CHCl, 4A Powder 96 90:10
7 Rh2(OAC)4 (2) + Yb(OTf)3 (10) CHCl, 4A 1/16 86 92:8
8 Rh2(OAC)4 (2) + Yb(OTf)3 (10) CHCl, 3A Powder 83 88:12
9 Rh2(OAC)s (2) + Yb(OTH)3 (10) CHCl, 5A Powder 80 937
10 Rh2(0AC)4 (2) + Mg(OTH)3 (10) CH.Cl, 4A Powder 93 51:49
11 Rh2(OAC)s (2) + Sc(OTf); (10) CHCl, 4A Powder 82 69:31
12 Rh2(0AC)s (2) + Lu(OTf)3 (10) CH.CI, 4A Powder quant. 89:11
13 Rh2(OAC)4 (2) + Tm(OTH); (10) CH,Cl, 4A Powder 96 87:13
14 Rh2(OAC)4 (2) + Ho(OTf)3 (10) CHCl; 4A Powder 93 83:17
15 Rh2(OACc), (2) + Eu(OTHf)3 (10) CHClI; 4A Powder 99 73:17
16 Rh2(0AC)s (2) + Sm(OTH); (10) CH.Cl, 4A Powder 91 70:30
17 Rh2(0OAC)4 (2) + La(OTf)3 (10) CH.Cl; 4A Powder 87 55:45
18 Rh2(0OAC)4 (2) + Yb(OTf)s (10) CHClI; 4A Powder 79 90:10
19 Rh2(OAC)4 (2) + Yb(OTf)3 (10) CICH,CHCI 4A Powder 89 90:10
20 Rh2(OAC)4 (2) + Yb(OTf)3 (10) CsHe 4A Powder 67 79:21
21 Rh2(OAC)4 (2) + Yb(OTf)3 (10) THF 4A Powder 7 60:40
22 Rh3(OAC)s (2) + Yb(OTf)3 (10) diethyl ether 4A Powder 89 97:3

a A solution of diazo compouni was added to a solution of benzaldehyde in the presence®Rb), (2 mol %) and a Lewis acid (10 mol %) at room
temperature over a period of 1 hDetermined by HPLC analysis.
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Table 2. Reaction of Diazoacetophenotievith Other Aldehydes

entry R catalyst (mol %) solvent products yield,” % exo:endo
1 p-MeOCsH4 Rh2(0AC)s (2) CHxCl» 3a, 3b 68 46:54
2 p-MeOCgH4 Rh2(OAC)s (2) + Yb(OTf)3 (10) diethyl ether 3a, 3b e 87:13
3 p-NO2CeH4 Rh2(0AC)s (2) CHxCl» 4a, 4b 93 25:75
4 p-NO2CgHa4 Rh2(OAC)s (2) + Yb(OTf)3 (10) diethyl ether 4a, 4b 99 82:18
5 CH3CH2CH; Rh2(0AC)s (2) CHCl, 5a, 5b 82 50:50
6 CH3CH2CH; Rh2(0AC)s (2) + Yb(OTf)3 (10) CHCI; 5a, 5b 89 45:55
7 (CH3).CH Rh2(0AC)s (2) CHCl; 6a, 6b 77 70:30
8 (CH3)2.CH Rh2(0ACc)s (2) + Yb(OTf)3 (10) CHCl, 6a, 6b 65 34:66
9 (CH3)2.CH Rh2(0AC)s (2) + Yb(OTf)3 (10) diethyl ether 6a, 6b 37 55:45
10 c-hexyl Rh2(0AC)s (2) CHCl, 7a,7b 83 71:29
11 c-hexyl Rh2(OAC)4 (2) + Yb(OTf)3 (10) CHCl, 7a, 7b 95 69:31
12 PhCHzOCHz ha(OAC)4 (2) CH2C|2 861, 8b 96 69:31
13 PhCH,OCH, ha(OAC)4 (2) + Yb(OTf)a (10) CHCl, 8a, 8b 97 93:7

a A solution of diazo compound was added to a solution of aldehyde in the presence ef@¥c), (2 mol %), Yb(OTfi (10 mol %), and MS 4A
Powder at room temperature over a period of ? Isolated yield.

6—9). It is also interesting that the stereochemical direction investigated. In the presence of 10 mol % of the chiral
of the cycloaddition was the opposite of thatNdEubstituted ytterbium catalyst, which was prepared frorR){2,2'-
maleimides. dihydroxy-1,1-binaphthyl (R)-BINOL), Yb(OTf)s, and 1,2,6-
The effect of other metal triflates was also examined trimethylpiperidine according to Kobayashi's procedutiee
(entries 10—17¥.Interestingly, the metal elements strongly reaction (it 1 h in the presence of MS 4A in CKCl,)
influence the stereoselectivity. Thus, gaoa-selectivity was  proceeded with higlexo-selectivity (exo:ende= 91:9) in
obtained when the ionic radii of the lanthanide elements were 97% yield. However, almost no asymmetric induction was
close to that of ytterbium (entries 12 and 13). Larger or observed (ex0:0% eendo:2% ee). (S)-BINOL-dichlorodi-
smaller ionic radii resulted in decreasing steroselectivity. The isopropoxytitanium-catalyst (10 mol %530 °C, 5 h in the
effect of different solvents was also investigated. When the presence of MS 4A in C¥Cl,) showed almost no diastereo-
reactions in several solvents were examined (entries 18 (exo:endo= 68:32) and enantioselective effee:3% ee,
22), diethy ether was found to be the best solvent in terms endo:3% ee).
of the highesexo-selectivity and high yield (entry 22). Interestingly, ytterbium  tris(S)-1,1'-binaphthyl-2,2'-diyl
The reactions of diazoacetophendhwith p-substituted phosphonate (Yb[(S)-BNB] known to be an effective
benzaldehydes, aliphatic aldehydes, and benzyloxyacetaldeqqia\yst for hetero Diels—Alder reaction of Danishefsky’s

hyde were also carried out in the presence and the absencgjeneto showed moderate enantioselectivity, although almost
of Yb(OTf)s (Scheme 2, Table 2). In the casepssubstituted no diastereoselectivity (exo:ende 57:43) was observed

benzaldehydes, the addition of Yb(OFWas also effective (Scheme 3, the absolute configuration of the products was

in obtaining highexaselectivity which is independent of the not determined). To the best of our knowledge, this is the
electronic character of thp-substituent (entries 2 and 4).

However, in the reaction with simple aliphatic aldehydes,
the addition of Yb(OTf) slightly increased theendo-

cycloadduct or did not affect in terms of stereoselectivity Scheme 3
(entries 5—11). On the other hand, in the reaction with o) Rhy(OAc),
benzyloxyacetaldehyde, the addition of Yb(OsMas quite OMe 0 (2 mol%)
L - . . +
eﬁectlyg in producing cycloadducts with extremely higyo CHN, HJ\CHZOBn Yb{(S)-BNP;
selectivity (entry 13). I (10 mol%)
Enantioselectivity in the reaction of diazoacetophenbne 1
with benzyloxyacetaldehyde using a chiral Lewis acid was OMe OMe
[0} o
(6) Saito, S.; Shiozawa, M.; Ito, M.; Yamamoto, 8. Am. Chem. Soc. S + Q
1998,120, 813 and references therein. 0 (I)
(7) Maruoka, K.; Ito, T.; Sakurai, M.; Nonoshita, K.; Yamamoto, H. 0 “Bn 0 “Bn
Am. Chem. Sod 988,110, 3588 and references therein.
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LX (0.84), Yb (0.85), Tm (0.86), Ho (0.89), Eu (0.96), Sm (0.97), La (1.04) 14% ee 52% ee
(9) (a) Kobayashi, S.; Hachiya, |.; Ishitani, H.; Araki, Nletrahedron
Lett. 1993,34, 4535. (b) Kobayashi, S.; Ishitani, H.; Araki, M.; Hachiya, O 0.0
|. Tetrahedron Lett1994,35, 6325. (c) Kobayashi, S.; Ishitani, Bl. Am. TPl
Chem. S0c1994,116, 4083. OO O OYb  YbI(S)-BNPs
(10) (a) Inanaga, J.; Sugimoto, Y.; Hanamoto,New J. Chem1995,
19, 707. (b) Hanamoto, T.; Furuno, H.; Sugimoto, Y.; Inanag&ydlett 3
1997, 79.
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first example of asymmetric induction found in the chiral asymmetric reactions using the chiral lanthanide catalyst for
Lewis acid-catalyzed cycloaddition reaction of a carbonyl cycloaddition of carbonyl ylides are now in progress.
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