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Receied March 11, 2006 metal carbenes similar migratory aptitude as in the case of

singlet carbene has been kno#m, dramatic nonmigrating
(bystander) effect has been observed. For example, the 1,2-aryl

NHCOCCl; g, (OAc) NHCOCCI; NHCOCCls migration becomes comp_letel_y predominant over 1,2-H migra-
COR 2 4 )ﬁ/COR . ~__COR tion when there is a nonmigrating substituent NHCgAached
Ph H CHJCl, Ph H to the migration origin (Scheme 19 This effect of the bystander
N2 Ph has been attributed to their electronic effects. As shown by the
R =Me 0 : 100

transition state in Scheme 1, the migration origin is supposed
to have more positive charge development in 1,2-H migration

A series of diazo carbonyl compounds bearing different than in 1,2-Ph migration. Thus, a stromgelectron-donating
substituents have been prepared in order to investigate thed™0UP, such as hydroxy group, will accelerate 1,2-H migration,
steric effect in 1,2-migration reaction of rhodium(ll) carbene. While relatively less electron-donating group such agCCr
Through the investigation on the diazo decomposition of (O)NH has the opposite effect. As a continuation of this
these compounds with RIDAC)s, it was found that the steric |nv¢st|gat|on, we report in this paper that stgnc fa_ctors also have
effect could dramatically influence the migratory aptitude. a7 important effect on the 1,2-migratory aptitude in the reactions
In many cases, the steric effect could override the inherent©f 'hodium(ll) carbene.
electronic effect of the substituent. A series of diazo carbonyl compountia—f, 2a—e, and3a—
e, which bear different substituents, have been prepared ac-
cording to known method%:® In the diazo compound$a—f
1,2-Migration represents afundamental reaction pathway for and 2a—e, the B substituents are NHTs and {CIC(O)NH,
both_ free carbenes and metal-_assomated partﬂe?rlashe cases respectively. The R is changed from small group to large group
qf singlet carpene, .the 1,2-migratory aptltudt_a has beer) INVeS- (from Me to'Bu, and from Ph to 2,6-@CsHs, respectively). It
tigated extensively in the past decades. The inherent migratory;q easy to expect that with the increase of the bulkiness of R, a

aptitude is in the order of H> Ar > alkyl. This migratory | in th the phenvi il b
preference has also been known to be affected by steric andarge group, In fhese cases e phenyl group, Wit become

¢ tional factord We h tv studied th bl gradually difficult to migrate. In the series 8a—e, the size of
g?ri 3{%?9;%?;}/?&:@;[1 ‘m’s ;ggg”og r?](l; dill? mﬂt)irpl))rgneem the 3 substituent is gradually changed from small to large. It is
which is generated through Rh(Il) complex catalyzed reaction expected that a largé substituent will push a large group (the

of a-diazocarbonyl compoundsAlthough in 1,2-migration of phenyl) to migrate in order to relieve the steric congestion.

R = Bu 100 : O
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TABLE 1. Rhy(OAc)s-Catalyzed Reaction of la-f2

TABLE 2. Rhy(OAc)s-catalyzed Reaction of 2a-e?

NHTs
| Rh(OAQy, NS NHTs I I
P COR' ——— | N COR' + A COR' NHCCCls NHCCCl;
H CH.Ch rt PN H Rhy(OAc)
Cla, rt. _ATTA COR xCOR
N, H Ph 2a-e ph +
CH,Cl,, r.t.
1a-f 4a-f 5a-f Ph
6a-e 7a-e
entry R ratio 4:5)P yield® (%)
1 Me 17:83 74 entry R ratio 6:7)P yield® (%)
2 iPr 91:9 90 1 Me 0:100 87
3 Bu 100:0 91 2 ipr 65:35 53
4 Ph 15:85 81 3 Bu 100:0 85
5 2-CIGsH4 38:62 93e 4 Ph 2:98 68
6f 2,6-ChCeH3 73:27 56 5 2-ClGsH4 68:32 97

a|f not specifically noted, the reaction was carried out in,CH at room
temperature with 0.5 mol % R{DAc),. ° Ratio was determined By NMR
(400 MHz) of the crude product.If not specifically noted, refer to the
isolated yield of the major products, which haZeonfigurations® Both
(2)- and E)-isomers ofse were isolated® Refer to the combined yield of
the two productsf The reaction was carried out in refluxing 1,2-dichloro-
ethane.

With these diazo compounds in hand, we then proceeded to
examine the diazo decomposition under.@®®Ac);-catalyzed
conditions. First, diazo compoundla—f were investigated. The
diazo decomposition occurred smoothly with ;BDAC), in
CHCI, at room temperature fola—e to afford the 1,2-
migration products in excellent yields (Table 1, entries5)L
For 1f, the RB(OAc),-catalyzed reaction at room temperature
was sluggish, presumably due to the steric hindrance around
the diazo group which blocks the approach of Rh(ll) catalyst.
A similar problem has been encountered in our previous
studies®™ To substantiate this reasonintf, was treated with
catalytic TsOH with the expectation that protonic acid-catalyzed
diazo decomposition should not be sensitive to steric hindrance.
However, the reaction only gave a complex mixture under these
conditions. On the other hand, the Rh(ll)-catalyzed reaction of
1f occurred efficiently in refluxing 1,2-dichloroethane (Table
1, entry 6).

The configuration of the products could be easily identified
as indicated by'H NMR the existence of hydrogen bonding
between N-H and the carbonyl group. In most cases, oy (
isomers were obtained for both 1,2-H and 1,2-Ph migrations.

Our previous study has shown that the NHTs group switches
the 1,2-migration from 1,2-H to 1,2-Ph. In the caselaf in
which the R is a relatively small methyl group, the 1,2-Ph
migration predominates (Table 1, entry 1). When R is switched
to a bulkier'Pr group, the ratio is completely reversed (Table
1, entry 2). When the size of R is further increasetBia, only
the 1,2-H migration product could be obtained (Table 1, entry
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68, 893-900. (c) Shi, W.; Jiang, N.; Zhang, S.; Wu, W.; Du, D.; Wang, J.
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2 The reaction was carried out in GEl, at room temperature with 0.5
mol % Rh(OACc),. P Ratio was determined biH NMR (400 MHz) of the
crude product¢ If not specifically noted, refer to the isolated yield of the
major productd Refer to the combined yield of the two products.

TABLE 3. Rhy(OAc)s-Catalyzed Reaction of 3a-e?

OSiRR'R" OSiRR'R"
Rh,(OAC)

3a-e 2 : Ph)\rCOZEt + H)\(COZEt

CH2C|2, rt H Ph

8a-e 9a-e

entry 3a—e,SIRRR" ratio (8:9)° yield® (%)

1 3a, SiMe; 11:89 57
2 3b, SiMe;Ph 10:90 79
3 3¢, SiMeBu 9:91 79
4 3d, SiEt 9:91 g2
5 3e Si'BuPh, 4:96 92

2 The reaction was carried out in GEl, at room temperature with 0.5
mol % Rh(OAc),. P Ratio was determined biH NMR (300 MHz) of the
crude product® Refer to the isolated yield of the major produ¢tThe

corresponding enol was obtained after separation with silica gel column.

3). For the series otd—f, the trend is similar, although the
product ratio change is less sensitive than thatlforc.
Next, the RR(OAc)s-catalyzed reaction da—e was inves-

tigated (Table 2). Our previous study has demonstrated that

CIsCC(O)NH is more efficient than TsNH in promoting 1,2-
aryl migration*d As shown in Scheme 1, only the 1,2-phenyl

migration product is observed in the case of ethyl diazoester.

In the Rh(OAC),-catalyzed reaction ®fa—e, a similar change

of migratory aptitude was observed, as shown by the data

collected in Table 2. Again, the steric bulkiness effectively
overrides the electronic effects.

Finally, the steric effect of substituent on the 1,2-migration
was investigated through RIDACc),-catalyzed reaction Ga—e

(Table 3). The previous study has demonstrated that 1,2-H
migration predominates when the bystander is an electron-

donating group, such as hydroxyl or alkyl grotim the reaction
of 3a, in which thef substituent is trimethylsiloxy, the ratio of
1,2-phenyl migration vs 1,2-hydride migration is 8:1 (Table 3,

entry 1). Since a siloxy substituent is considered an electron-

donating group in general, this result is not in accordance with

the previous observations. Here, the steric bulkiness of the

trimethylsiloxy group might be more determinant in affecting
the migratory aptitude. This rationalization is supported by the
Rhy(OAc)s-catalyzed reaction o8b—e, in which the size of

siloxy substituent is gradually increased. As shown by the data

in Table 3, more 1,2-phenyl migration is observed when the
B-siloxy substituent becomes bulkier.
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proceeds through a rather late transition state, as discussed in
our previous stud§d The transition states resemble the olefin
products with the Rh(ll) catalyst being departed to a considerable
extent. Thus, the migratory aptitude is largely governed by the
stability of the products. The steric bulkier group in the
migrating origin will obviously favor a large group, such as
the phenyl group, to migrate, because the steric hindrance can
thus be relieved. On the other hand, when there is a bulkier
group attached to the carbene carbon, a small group (H) will
migrate in order to relieve steric congestion in the product.

In conclusion, we have demonstrated that, in addition to
electronic factors, steric factors play an even more important
role in affecting the 1,2-migratory aptitude in rhodiumgtl)
carbene reactionsThese results provide useful information in
understanding the mechanism of 1,2-migration reaction of
rhodium(ll) carbene.

Experimental Section

The above results clearly demonstrate that steric effects play Caution! Diazo compounds are generally toxic and potentially

an important role in affecting the migratory aptitude. In general,
the steric effects can override the electronic effects of the
bystander group. As previously proposed, the 1,2-migration
proceeds through the overlap of the migrating bond with the
empty p orbital of the carbene cenfé€ The migration is

supposed to be a concerted process with a transition state show

explosive. They should be handled with care in a well-ventilated
fume hood.

General Procedure for Rh(OAc),-Catalyzed Reactions of
la—f, 2a—e, and 3a-e.To a stirring solution of anhydrous G8l,
(10 mL) containing RE(OACc)4 (0.5 mol %) was added the diazo
compoundla—f, 2a—e, or 3a—e (1.0 mmol). The reaction mixture

Was stirred at room temperature. When the diazo compound

in Scheme 1. In the transition state, there is a positive Chafgedisappeared as indicated by thin-layer chromatography, solvent was

development in the migrating origin. This explains the electronic
effects of the bystander group. More positive charge is
developed in 1,2-H migration than that in 1,2-phenyl migration.

Thus, an electron-donating bystander group that is attached to

the migrating origin will promote 1,2-H migration, while an
electron-withdrawing group, such assCICONH, will work in
an opposite way.

For the migration to occur, the migrating bond needs to be

removed under reduced pressure to give a crude residue, which
was purified by silica gel column chromatography.
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parallel to the p orbital of the carbene carbon. The conformations including the preparation of the diazo compounds and the charac-

10 and 11 that will lead to 1,2-H or 1,2-Ph migration are
depicted in Scheme 2. However, it is difficult to get a clear
insight into the substituent effect on migratory aptitude through
conformationl0 or 11. The steric effect observed in this study
can be simply rationalized by assuming that the 1,2-migration
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