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Summary: Highly selective aldol reactions with a-un-
substituted enolates are described for a new class of
chiral carbene complexes derived from chiral imidazoli-
dinones in which the position of the chiral center is
specifically defined by the chelation of the chiral auxil-
liary to the metal center.

Any consideration to the design of chiral carbene
complexes for applications to asymmetric synthesis would
have to include the classes of complexes 1—4. Those with
chiral phosphine ligands could exist as either cis or trans
complexes which are known to readily interconvert,! and
complexes of the type 2 which are chiral at metal are
limited by the need for resolution and by other concerns.?
In complexes of the type 3 derived from chiral alcohols
there will be uncertainty in the positioning of the chiral
center relative to the metal center due to the two degrees
of freedom associated with the single bonds of the oxygen
atom.’~% One less degree of freedom is possible with
complexes derived from chiral cyclic amines, and these
complexes have been useful in photochemical reactions
of carbene complexes® and in Michael addition reactions.”
In the latter study it was found that the enolate 5a
bearing a prolinol methyl ether chiral auxiliary led to
good induction in Michael additions to enones” but gave
low selectivities in the addition to isobutyraldehyde.?
There are at least two issues associated with the dynam-
ics of the enolate 5a that play a role in the selectivities
of their reactions (Scheme 1). First, while the neutral
complex 4a exists as two noninterconvertable rotamers,
the anions 5a—FE and 5a—Z readily interconvert at low
temperature.” Second, it is quite possible that enolate
5a, like amide enolates,® are pyramidalized at nitrogen
(complex 5a’) leading to geometries in which the meth-
oxymethyl group is nearer to the plane of the enolate and
thus resulting in less facial selection at the enolate
a-carbon. It was anticipated that the carbonyl group of
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the internally chelated imidazolidinone carbene com-
plexes 9 and 10 would serve to both lock in the conforma-
tion of the chiral auxiliary by coordination to the metalt?
and to maintain planarity at nitrogen when the neutral
complex is deprotonated to give the enolate. We herein
report on the preparation of chelated imidazolidinone
carbene complexes as a new class of chiral carbene
complexes and the first asymmetric aldol reactions of
Fischer carbene complexes.!1:12

One of the more difficult problems associated with the
development of the asymmetric aldol reaction over the
last decade has been in achieving high asymmetric
induction with o-unsubstituted (acetate) enolates.!®-15
For this reason we have chosen to first examine methyl-
substituted carbene complexes. Our initial efforts in-
volved attempts to prepare the oxazolidinone chelate
complex 8, but it was found that this compound was
apparently too unstable to be isolated. This was subse-
quently confirmed by Montgomery, Wieber, and Hegedus
who also found that the thermal decomposition product
was a vinyl carbamate.!® In contrast, the imidazolidinone
complex 10 was directly preparable in 65% yield from
the reaction of imidazolidinone 7'7-2° and the chromium
acylate 6.2122 Complex 10 is remarkably stable to water,
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Table 1. Aldol Reactions of Imidazolidinone Complex 10+

(CO), )
Cr=0O ;; n-Buli HQ o O H o}

Q 9 o Ho
addiy KOH ?
CHSAN)LN'MS 3 RCHO R/\/U\N)LN‘MG * RJ\/U\NJLN‘MQ - R/\/ILOH
— 4) HoAc/Ce'Y — — MeOH/H,0

P CH PR CH, PR CH 14
10 12 13
time ratio yield elimination product yield
entry aldehydeR T,°C (min) additive (12:13) (12+18)%  product 15,2 % series 14° %

1 Ph -35" 30 none >98:2 60 11 a 87 (+40.9¥

2 i-Pr -78 600 none 91:9 87 2 b

3 i-Pr -30 30 none 95:5 88 3 b

4 i-Pr -10 10 none 91:9 83 6 b

5 n-Pr -78 120 none 55:45 (59:41) 87 (85)» 3(3) ¢

6 n-Pr -30 30 none 89:11 (87:13)* 87 (85) 5 (3)* c

7 n-Pr —20¢ 5 none’ 92:8 83 3 ¢

8 n-Pr -10 2 none 937 83 4 c

9 n-Pr 0% 1 none 91:9 83 4 ¢
10 n-Pr 23k 1 none 86:14 76 10 c
11 n-Pr -78 660 none 73:27 85 7 c
12 n-Pr -78 120 none 62:38™ 80 3 c
13 i-Pr -60/ 30 . n-BusB 98.6:1.47 80 <1 b 89 (+39.1)
14 n-Pr -60 30 n-BusB 72:28° (77:23) 80 (78) <1(<1) c 88 (+28.2y
15 n-Pr -30 2 n-BusB (78:22y (78 (4)9 ¢
16 n-Pr -60f 30 n-BuzB¢ (62:38)¢ (78) (<2x c
17 Ph ~78 30 n-BugBOTY 10:90 37 a
18 i-Pr -60/ 30 n-BugBOTf 25:75 (22:78)" 55 (67 16 (<1)* b
19 n-Pr —-78 30 n-Bu,BOTf 14:86 76 <1 ¢

@ Unless otherwise specified, all reactions were carried out with the following procedure. A 0.07 M solution of the anion of 10 was
generated with n-BulLi at —78 °C in THF, and after 5 min 1.1-1.5 equiv of additive was added. After 5 min the solution was warmed to
the indicated temperature for 5 min, and 1.1—1.4 equiv of aldehyde was added. The reaction was quenched at —78 °C by the addition of
5 equiv of HOAc, and the chromium was oxidatively removed by the addition of aqueous cerric ammonium nitrate. If an organoborane
was employed, the crude reaction mixture was also oxidized with hydrogen peroxide in methanol at 25 °C for 90 min. ? Determined with
13C NMR by integration of CHOH. ¢ Total isclated yield after purification on silica gel: 12 and 18 are readily separable (AR; ~ 0.1).
d 3—5% of acetylimidazolidinone was recovered from entries 11, 15, and 186. ¢ Isolated yield of 14 from purified 12. The auxiliary 7 was
recovered in 80—94% yield in each case. [a]p values given in parentheses. f Aldehyde added at —78 °C. # 14a was obtained as methyl
ester by treatment of 12a with MeOMgBr (ref 24). » Anion of 10 generated with LDA. ¢ Enolate generated at —20 °C./ Enolate generated
at ~10 °C. * Enolate generated at 0 °C. ! Reaction at 0.007 M in 10. ™ Enolate was generated at —78 °C, warmed to —30 °C (10 min), and
then cooled to —78 °C before addition of aldehyde. *» Determined by capilliary GC after silylation of mixture. ° [a]p = +41.7 lit. (ref 25).
P The same ratio and yield was observed when 1 equiv of aldehyde and 2 equiv of n-BusB were employed. ¢ Aldehyde and n-BusB premixed
at —78 or —30 °C (15 min). " [a]p = +28.3 lit. (ref 25). s Reaction with the tungsten analog of 10.

air, and silica gel and is approximately equal in stability As indicated in Table 1, excellent induction could be
as the methoxymethyl complex prepared by the methy- obtained with the three major classes of aldehydes: aryl
lation of 6.21 (entry 1), a-branched aliphatic (entries 3 and 13), and
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o-unbranched aliphatic (entry 8). In the case of the
adduct with benzaldehyde, the relative stereochemistry
was determined for the silylated addition product 11%3
by X-ray diffraction (Scheme 2). The crystal structure
of 11 also reveals that the two five-membered rings of
the chelated imidazolidinone lie essentially in one plane.
In the general case the aldol reactions include an oxida-
tive workup to give the acylimidazolidinones 12 and/or
13 from which the optically pure S-hydroxy acids 14 could
be liberated in high yields and whose absolute configura-
tions could be determined by comparisons with literature
optical rotations. The reactions indicated in Table 1
appear to be kinetically controlled as judged by an
attempted equilibration experiment of the carbene com-
plexes 17¢ and 18c (corresponding to 12¢ and 13c¢)
isolated from the reaction indicated in entry 5. In this
case an oxidative workup was not employed. These
complexes were isolated as a 60:40 mixture of 17¢ and
18c in 75% total yield and could be separated by silica
gel chromatography. A THF solution of 18¢ at —78 °C
was treated with 1.0 equiv of n-Buli and was then stirred
at —30 °C for 30 min before the anion was quenched with
acetic acid as describd in Table 1 which gave a 66%
recovery of 18¢ with no detectable amount of 17¢ present
in the crude mixture.

It was remarkable to find that that induction in the
reaction of the enolate of 10 with n-butanal had an
inverse temperature dependence with an optimal induc-
tion (93:7) at —10 °C and the lowest induction at —78 °C
(55:45). This is not due to an irreversible autoreaction
of the enolate since it was determined that if the enolate
of 10 was generated at —78 °C, warmed to —30 °C, and
then recooled to —78 °C, the low selectivity associated
with this temperature was again observed (entry 12).
Coupled with the fact that the selectivity is also depend-
ent on the concentration (entries 5 and 11) it is likely
that the lithium enolate of 10 can aggregate and that
higher selectivities are observed under conditions in
which deaggregation in favored.?® The presence of di-
isopropylamine apparently does not affect this aggrega-
tion (entries 5 and 6). The selectivities for the reactions
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with isobutyraldehyde are much less sensitive to tem-
perature (entries 2—4).

The stereoselectivities in these reactions could also be
influenced by the presence of Lewis acids. The selectivity
for the aldol adduct 12b could be increased from 91:9 to
98.6:1.4 for isobutyraldehyde if the aldehyde was first
precomplexed with tri-n-butylboron (entries 2 and 13).
Surprisingly, the sense of induction is reversed when di-
n-butylboron triflate is substituted for tri-n-butylboron.
Also, it should be noted that the induction observed for
the aldol reaction of the tungsten analog of 10 with
n-butanal (entry 16) is lower than that for the same
reaction of 10 (entry 14). This is in accordance with the
general observation that tungsten carbon bonds are
longer than chromium carbon bonds.?” The results from
the aldol reactions without an additive and also from
those with tri-n-butylboron as additive can be explained
by an open transition state model similar to that pro-
posed for Mukaiyama-type aldol additions and a consid-
eration of the six-gauche conformers that are possible
from addition to both faces of the aldehydes.?® The data
for the reactions in the presence of di-n-butylboron
triflate are suggestive of a change in mechanism to one
in which a closed transition state is operative. Investiga-
tions are underway to further probe the nature of the
mechanism of these aldol reactions.

The success achieved with the imidazolidinone carbene
complex 10 as a chiral acetate enolate equivalent in the
aldol reaction will undoubtedly prompt investigations of
these complexes in other types of aldol reactions, and in
the broader scope, the use of chiral imidazolidinone
carbene complexes for the development of asymmetric
versions of a variety of reactions of Fischer carbene
complexes that posess synthetic potential.?”2®
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