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The hydroxy group was directly converted into the trifluoroacetamido group by reacting p-hydroxy- o-diazo carbonyl compounds with
trifluoroacetimidoy! chloride in the presence of DBU. Rh(ll)-catalyzed reactions of these diazo compounds gave 2,3-migration products in high
yields.

1,2-Migration is one of the fundamental reactions in transi- carbonyl oxygen of the acetoxy group interacts with the
tion-metal-catalyzed reactions af-diazo carbonyl com-  electron-deficient Rh(Ih-carbene center (Scheme 1). If 1,2-
poundst Among the 1,2-migration reactions, the 1,2-hydride

migration is generally predominant, but 1,2-alkyl, 1,2-aryl, || NGNS

1,2-thio group, 1,2-vinyl, and 1,2—apetylenyl migrations are Scheme 1. 1,2-Acetoxy Migration
also observed:.* The Rh(OAc);-mediated 1,2-acetoxy group —
migration was first reported by Ganem and co-workers in : CO.Et Rhy(OAC), )\ﬁ/coga
1981%2 and later, the synthetic application of this reaction CH.CI
.. - N2 2v2 OAc
was explored by Lopez-Herreta¢ Mechanistically, it is . 2
believed that the 1,2-migration of acetoxy proceeds through .
a five-centered transition state, in which the lone pair of the /Qa HaC _/<O
o 3

) - };icoza -

(1) For comprehensive reviews, see: (a) Doyle, M. P.; McKervey, M. -2 @] —CO,Et
A.; Ye, T. Modern Catalytic Methods for Organic Synthesis with Diazo @hau R Rholg
Compounds; Wiley-Interscience: New York, 1998. (b) Ye, T.; McKervey, . 2
M. A. Chem. Rev1994,94, 1901. Five-center Three-center

(2) 1,2-Hydrogen migration: (a) Frazen, Vebigs Ann. Cheml957, transition state transition state

602, 199. (b) Pellicciari, R.; Fringuelli, R.; Ceccherelli, P.; SisaniJE.
Chem. Soc.Chem. Commuril979, 959. (c) Pellicciari, R.; Fringuelli, R.;
Sisani, EJ. Chem. Soc., Perkin Trans1981, 2566. (d) Hoffmann, K.-L.; . . . .
Regitz, M. Tetrahedron Lett1983,24, 5355. (e) Hudlicky, T.; Olivo, H. acetoxy group migration indeed proceeds through this

F.; Natchus, M. G.; Umpierrez, E. F.; Pandolfi, E.; Volonterio, JCOrg. mechanism. this shoul he fir xample of 2.3-migration
Chem.1990, 55, 4767. (f) Taber, D. F.; Hoerrner, R. $. Org. Chem. . echanism, this should be t e. stexample of 2,3-migratio
1992 57, 441. (g) Taber, D. F.; Hennessy, M. J.; Louey, JJ.FOrg. Chem in the Rh(ll)—carbene reaction. However, the acetoxy

1992,57, 436. (h) Taber, D. F.; Herr, R. J.; Pack, S. K.; Geremia, J.M.  migration may also proceed through a three-centered transi-

Org. Chem.1996, 61, 2908. (i) Sarabia Garcia, F.; Pedraza Cebria. - . . . .
M.. Heras Lopez, A Lopez Herrera, F Tetrahedrori998,54, 6867. () 1N state, as depicted in Schem&1n radical chemistry, a

Ye, T.; McKervey, M. A.Tetrahedron1992,48, 8007. similar problem has been investigated in some detail, and it
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has been found that both three- and five-centered transitior|jj Nk kRG—TTHEEEE

states are possible, depending on the substrates and reaction

conditions®

We conceived that an-diazo carbonyl compound bearing
a 3-amido group may also undergo a similar migration in a
Rh(ll)-catalyzed reaction to give arny,S-unsaturated
a-enamino carbonyl compound. If this is the case, the
migration should proceed through a five-centered transition
state. In this communication, we report the ;@AC),-
catalyzed reaction of diazo compoun8a~I. The results
demonstrate facile 2,3-migration in the Rhftharbene

reaction.
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In our previous study, it was found that tifehydroxy
group of g-hydroxy a-diazocarbonyl compounds could be
directly converted into an amido group under normal
imidation conditions®" Further study suggested the
position of thea-diazocarbonyl compound was liable to
nucleophilic substitutior.Thus, the diazo compoun@a~I

were prepared by a similar reaction as shown in Scheme 2.

The -hydroxy-o-diazocarbonyl compoundswere easily
prepared by DBU-catalyzed condensation of an aldehyde
with an ethyl or methyl diazo acetdteMethyl 2-diazo-3-
hydroxy-3-phenylpropionatel( R = Ph, B = Me) was first
subjected to the standard conditions of imidatiby treat-
ment withN-phenyl trifluoroacetimidoyl chlorid@ with NaH
as base and in THF between°G and room temperature.
The reaction gave produ@a in 35% isolated yield. The

(3) 1,2-Aryl and 1,2-alkyl migrations: (a) Nagao, K.; Chiba, M.; Kim,
S.-W. Synthesid 983, 197. (b) Kanemasa, S.; Kanai, T.; Araki, T.; Wada,
E. Tetrahedron Lett1999,40, 5055. (c) Jiang, N.; Qu, Z.; Wang, Qrg.
Lett. 2001, 3, 2989. (d) Shi, W.; Jiang, N.; Zhang, S.; Wu, W.; Du, D;
Wang, J.Org. Lett.2003,5, 2243. (e) Jiang, N.; Ma, Z.; Qu, Z.; Xing, X.;
Xie, L.; Wang, JJ. Org. Chem2003,68, 893. (f) Aggarwal, V. K.; Sheldon,
C. G.; Macdonald, G. J.; Martin, W. B. Am. Chem. So2002 124, 10300.
1,2-Thio group migration: (g) Xu, F.; Shi, W.; Wang, d.. Org. Chem.
2005,70, 4191. 1,2-Vinyl and 1,2-acetylenyl migrations: (h) Shi, W.; Xiao,
F.; Wang, JJ. Org. Chem2005,70, 4318.

(4) Very recently, a rare case of 1,2-alkyl migration that overrode 1,2-H
migration has been reported; see: Vitale, M.; Lecourt, T.; Sheldon, C. G;
Aggarwal, V. K.J. Am. Chem. So2006,128, 2524.

(5) ,2-Acetoxy migration: (a) Ikota, N.; Takamura, N.; Young, S. D.;
Ganem, B.Tetrahedron Lett1981, 22, 4163. (b) Lépez-Herrera, F. J.;
Sarabia-Gara, F.Tetrahedron Lett1994,35, 6705. (c) Lopez-Herrera, F.
J.; Sarabia-Gafa| F.Tetrahedron1997,53, 3325.

(6) Crich, D.; Yao, Q.; Filzen, G. K. Am. Chem. So@995 117, 11455.

(7) Shi, W.; Zhang, B.; Liu, B.; Xu, F.; Xiao, F.; Zhang, J.; Zhang, S.;
Wang, J.Tetrahedron Lett2004,45, 4563. (b) Shi, W.; Zhang, B.; Zhang,
J.; Liu, B.; Zhang, S.; Wang, Drg. Lett.2005,7, 3103.

(8) Jiang, N.; Wang, Jretrahedron Lett2002,43, 1285.

(9) Overman, L. E.; Owen, C. E.; Pavan, M. M.; Richards, GOd.
Lett. 2003,5, 1809.

(10) Uneyama, K.; Ohkura, H.; Hao, J.; Amii, H. Org. Chem2001,
66, 1026.
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Scheme 2. Preparation oBa~I
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structure of3a was established by spectral data and X-ray
crystallographic analysis. When DBU was used as base
instead of NaH, the isolated yield &a was improved to
95%. For methyl 2-diazo-3-hydroxypentanoate gt = Et,

R3 = Me), the reaction gave similar prodigth in 61% yield.
The structure o8b was also established by X-ray crystal-
lographic analysis!

This direct transformation of the hydroxy group to the
amido group was found to be general. Th#ifluoroaceta-
mido-a-diazo carbonyl compounds were obtained in medium
to good yields (Table 1) The yields were generally higher

Table 1. Preparation o8a—I

entry R! R2 R3 product yield (%)*

1 Ph Ph Me 3a 95
2 Et Ph Me 3b 61(99%)
3 Et Ph Et 3c 68(86°)
4 Et p-MeOC¢Hys Et 3d 65
5 n-hexyl p-MeOCgHy  Et 3e 51
6 Ph p-MeOCeH, Et 3f 82
7 p-PhCeH; p-MeOCgHs Et 3g 92¢
8 Et p-O2NCgHy Et 3h 31
9 n-hexyl p-O2NCgHs Et 3i 33

10 Ph p-O2NCgHy Et 3j 62

11 Et 3,4-CloC¢Hs Et 3k 48

12 Ph 3,4-Cl,C¢Hs Et 31 90

aYields after column chromatographic purification with silica gel.
bYields after recovering the starting materia¥ield after column chro-
matographic purification with neutral ADs.

when R was an aryl group rather than an alkyl group. When
R? wasp-NO,CgH4, the diazo product3h and3i were found
to be unstable on a silica gel column, which resulted in
relatively low isolated yields (Table 1, entries 8 and 9).

(11) For X-ray structures, see the Supporting Information.

(12) General procedure: In a flamed three-necked round-bottom flask,
trifluoroacetimidoyl chloride (1.0 mmol) and DBU (1.2 mmol) were added
to a solution off3-hydroxy-a-diazo compound (1.0 mmol) in 10 mL of
CH,Cl> under N. The mixture was stirred for 5 h betweerf© and room
temperature. The solution was concentrated under reduced pressure, and
the residue was subjected to chromatography on silica gel to afford the
products3a—I.
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With these g-trifluoroacetamido-o-diazocarbonyl com-
pounds3a—I in hand, we proceeded to study their behaviors
under the catalyst of R{DAc),. The diazo decomposition
of 3a(R'= Ph, R=Ph, R=Me) and3b (Rl =Et, R =
Ph, R = Me) occurred smoothly to give a stereoisomeric
mixture of product$Ea,b and6Za,b, whose structures were

demonstrated that 1,2-H and 1,2-aryl migrations are facile
processes for Rh(IHcarbené;® the results summarized in
Table 2 demonstrate that 2,3-migration is the highly favorable
pathway in the Rh(ll)-catalyzed reaction 3d—I. Although

the 1,2-migration of the singlet free carbene and metal
carbene has been well-known, the corresponding 2,3-

characterized by spectral data (Scheme 3). Because themigration has only been documented by the Rh(ll)-catalyzed

Scheme 3. Rh(OAc),-Catalyzed Reaction dda~|
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1,2-acetoxy shif(d ¢ The 2,3-migration in the Rh(ll)-
catalyzed reaction o8a~I is considered to be due to the
favorable conformation of the five-centered transition state
as depicted in Scheme 1. The current study supports the five-
centered transition state that was proposed by Ganem and
co-workers for 1,2-acetoxy migration.

It was interesting to compare the current result3aff
with the similar RR(OAc),-catalyzed reaction afa,b, which
we have reported previously (Scheme 4). In the cas@a bf

products through a three-centered transition state might give
the products with similar NMR spectral data, the structures
of 6Ea and6Za were further established by X-ray crystal-
lographic analysi&t

The Rh(OAc)s-catalyzed reaction of other diazo com-
pounds3c~I| under the same conditions all gave similar
results!® as shown in Table 2. In most cases, the(R¥#\c),-

Scheme 4. Rhy(OAc),-Catalyzed Reaction dfa, b
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Table 2. Rh(ll)-Catalyzed Reaction of Diazo Compoungis—I|

entry diazo substrate yield of 6 (Z + E) (%)* ratio (Z:E)?
1 3a 98 1.4:1
2 3b 90 2.1:1
3 3c 91 2.6:1
4 3d 99 100:0
5 3e 79 100:0
6 3f 83 1.7:1
7 3g 99 1.2:1
8 3h 97 1.6:1
9 3i 95 1.3:1

10 3j 99 2.8:1
11 3k 95 2.0:1
12 31 99 1.5:1

aYields after column chromatographic purification with silic atio

determined by*H NMR (300 MHz) of the crude product.

Q

catalyzed reaction occurred efficiently to give 2,3-migration
products in high yield; however, th&E selectivity was poor,
ranging from 1.2:1 to 2.8:1. ThéandE isomers were found
to be difficult to separate by column chromatography. It is
also interesting to note that, for the diazo compouds
and3e, the reaction gave ongisomers (Table 2, entries 4
and 5).

In all cases, the products due to 1,2-H migration and 1,2-
aryl migration were not observed as inspected by ‘the
NMR of the crude products. Because previous studies have

(13) General procedure for the Rhp(OAc)s-catalyzed reaction: In a
flamed round-bottom flask, R{OACc)s (1 mol %) was dissolved into 10
mL of anhydrous CECl,. A solution of diazo substrat&a—! in anhydrous
CHCl, was added dropwise at°C over the course of 15 min. The reaction
mixture was stirred until TLC analysis indicated the complete disappearance
of the starting material (24 h). The solvent was then removed under reduced
pressure, and the crude residue was purified by column chromatography to
give the corresponding 2,3-migration products.

only the 1,2-aryl migration product could be identifi&d,
whereas in the cases @&a,f, the RR(OAc),-catalyzed
reaction only gave 2,3-migration products. The difference
in migratory aptitude may be attributed to the N-substitution,
which should affect the conformation of the transition states
in the migration process. Our recent study suggests that steric
factors play an important role in affecting 1,2-migratory
aptitude in Rh(ll)-carbene reactiorn$. Inspection of the
X-ray structures of3a and 3b indicates that the amido
carbonyl group is pointed to the diazo group, with the
distance between the amido carbonyl oxygen and the diazo
carbon being 2.815 and 2.897 A, respectively. If the X-ray
structure also represents the stable conformation of the
corresponding diazo compound as well as the Rh(ll)—
carbene intermediate in solution, then the facile 2,3-migration
in these cases may be attributed to the conformational factors.
The effect of the conformation on the migratory aptitude
could be demonstrated by the comparison o&(RIAC),-
catalyzed reactions dda and 9b (Scheme 5). The diazo

Scheme 5. Rhy(OAc),-Catalyzed Reaction da,b*

el CCly
R\ ’ R\N 0O I(_::t[;;C /N«
N o Rh,(OAC), R
Et COEt g, g N1 T H Y°
N, 0°c CO,Et COzEt
9a,R=H 68 % 10a 100:0 11a
9b, R = Me 95 % 10b  0:100 11b

(11b: E/Z mixture)
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in other systems of metakarbene reactions as well as in

free carbene reactions. Moreover, this also represents g0L061047D

concise two-carbon homologation for converting aldehydes

to a-keto ester derivative’$,which are useful structural units (15) For examples of converting aldehydesotdeto ester derivatives

; ; ; by two-carbon homologation, see: (a) Dalla, V.; Cotelle, P.; Catteau, J. P.
in organic synthesis. Tetrahedron Lett1997,38, 1577. (b) Norman, B. H.; Kroin, J. S. Org.
Chem.1996,61, 4990. (c) Hanessian, S.; Mascitti, V.; Rogel,J0Org.
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