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ABSTRACT
: 1) n-BuLi; PivHN  E
PivHN -15 °C,MTBE e
CeHs  2)-15 °C, (-)-sparteine e
3)-78 °C,E
dr and er up to 99:1
1 411
The resolution in the lithiation-substitution sequence from 1 to 4 —11 in MTBE is shown to be under thermodynamic control in contrast to the

previous report of kinetic control in diethyl ether. Diastereomeric equilibration of a soluble complex is shown to be controlling and an asymmetric
synthesis of a 3,4,5-substituted benzazepine is reported.

Dynamic resolution under thermodynamic control can be to provide syntheses of either enantiomer and with thermal
used to transform a moderately asymmetric reaction into areequilibration to give enantioenrichments which are beyond
highly asymmetric reaction by straightforward proceddres. that afforded by a single equilibratidr.In this Letter, we
Previous work has demonstrated that management of ex-demonstrate that a resolution which has been reported to be
perimental conditions may offer control of the diastereomeric kinetically driven to give modest enantioenrichment can be
equilibrations which can drive dynamic thermodynamic transformed into a resolution that is thermodynamically
resolutions (DTR) to provide significantly improved enan- driven and gives high enantioenrichment by solvent selection.
tioselectivities. Protocols which use DTR have been shown The present work also shows that the resolution step is not
necessarily driven by a selective crystallization and provides
an asymmetric synthesis of a 3,4,5-substituted benzazepine.
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Treatment ofo-benzyl pivanalide 1) with 2.2 equiv of the corresponding ketone with an er of 82:18. The authors
n-BuLi at —15 °C in methyltert-butyl ether (MTBE, 0.13 tested the reaction for DTR and reasonably concluded it was
M) followed by 3.0 equiv of {-)-sparteine Z) at —15 °C, not operable in diethyl ether under their conditions. They
cooling to—78 °C, and addition of an electrophile provides suggested the diastereomeric complexez8to be rapidly
the productsR)-4—11 with the enantiomeric ratios shown equilibrating in diethyl ether, i.e., under kinetic control.
in Table 1. The absolute configurations are assigned on the In MTBE, however, our investigation of the diastereose-

lectivity and enantioselectivities for the reaction sequence

_ of 1 with benzaldehyde shows the reaction to gién

Table 1. Products from the Asymmetric Lithiation Substitution MTBE (Table 1) to be under thermodynamic control when

of 1 a warm cool sequence is employe@hen the reaction is
_ carried out totally at-78 °C, the alcohol is obtained in
PvRN 1)n2.i32ue|_(i1;u'v PIVNLI i 71% yield as a 50:50 mixture of diastereomers with er values
CeHs  -15°C, CeHs of 75:25 and 77:23 as shown for the first two entries in Table
in MTBE _ 25 With use of sequences with warming of the first and
2) 3.0 equiv L*,
1 15°G 23
E\-78 °C
Table 2. Temperature Variation for the Synthesis®from 1
Piv = (CHg)3CCO PivHN - E PivHN
L* = (-)-sparteine (2) CeHs n-BuLi 2 CgHsCHO
CeHs 05 15h 0.5h
Step1 Step2 Step 3
(R)-4-11
1
E product yield (%) er PivHNHO Cefs
CeHsCH, 4 80 93:7 "'CgHs
p-BrCsH,CH, 5 85 98:2
CHy=CHCH, 6 80 94:6 9
(CH3)3Sn 7 85 88:12
CsHs(CH,):Si 8 77 90:10 temprature (°C) yield er
CsHsCHOH 9 950 99:1; 90:10 stepl step2 step3 (%) dr major  minor
(CHOMORCHCHCH, 11 660 9omi89a1 I
s s o -78 -78 -78 65 49551 7525  179:21
aBase wass-BuLi. °dr is 81:19.cdr is 97:3.9dr is 92:8. —78 -15 —78 87 83:17 98:2 24:76
-15 -15 -8 95  81:19  99:1 10:90
-15 -15 -8 5  80:200  99:1 16:84
basis of the absolute configurations &f and a N-p- 0 0 -78 91 7733 982 2179
bromobenzoy!l derivative ofl1 as determined by X-ray 2% 2 -1 8 7525 973 264
crystallography and the assumption the other products 20.1 equiv of benzaldehyde.
conform to these absolute and relative configuratiohke
configuration of9 at the benzylic position was established
by a deoxygenation sequence that provided second steps or only the second step, major improvements
The lithiation substitution ofL with s-BuLi and (-)- in the product selectivities are observed as shown for the

sparteine 2) in diethyl ether has been reported previously third and fourth entries in Table 2. With the reactants initially
by Wilkinson et at Under a number of reaction conditions &t —15 °C for the steps of lithiation and addition &
similar to those used for this work, that reaction was found followed by cooling to—78 °C prior to the addition of

to provide products with lower enantioenrichments than benzaldehyde, the produis obtained in 95% yield as an
shown in Table 1. The conversion @fto 6 proceeded in ~ 81:19 mixture of diastereomers with er values of 99:1 and
90-95% vyields with er values of 85:15 to 88:12. The 10:90. With the warm-cool sequence the diastereoselectivity
formation of4 from 1 proceeded in 80% vyield with an er of has beenimproved, as has the enantioselectivity of the major
73:27. The lithiation ofL followed by the addition of and diastereomer. The enantioselectivity for the minor isomer is
reaction with 2-furaldehyde gave the expected alcohols with Doth improved and inverted. The fifth entry in the table shows

a dr of 50:50. Oxidative conversion of those alcohols gave the stereoselectivities to be relatively independent of the
equivalents of benzaldehyde. Apparently the diastereomeric

(3) The absolute configuration is assigned2t8 based on analogy to
the invertive course established for an analogous reaction. (a) Faibish, N.  (5) Whens-BuLi was used for the sequence in MTBEwas obtained

C.; Park, Y. S.; Lee, S.; Beak, B. Am. Chem. S0d.997 119, 11561. (b) in 54% vyield with an er of 93:7 as opposed to the 80% yield and er of

Park, Y. S.; Weisenburger, G. A.; Beak, R.Am. Chem. S0d.997, 119 73:27 in diethyl ethef.

10537. (c) Weisenberger, G. A.; Faibish, N. C.; Pippel, D. J.; Beal, P. (6) Since subsequent work shows the diastereomeric complexes to have

Am. Chem. Sod 999 121, 9522. similar reactivities toward benzaldehyde, the formation of nonracemic major
(4) Wilkinson, J. A.; Rossington, S. B.; Ducki, S.; Leonard, J.; Hussain, and minor products in the first two entries is provisionally attributed to an

N. Tetrahedron Asymmetrn2004 15, 3011. asymmetric deprotonation.
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complexes do not have greatly different rates of reaction with
this electrophile. The sixth and seventh entries in Table 2
show the range of improvements for different temperatures
for the first two steps.

Thus an asymmetric lithiation substitution, which was
reported to be under kinetic control in diethyl ether, can be
transformed into a reaction that is under thermodynamic
control when the reaction is carried out in MTBE. Significant
improvement in both diastereoselectivity and enantioselec-
tivities has easily been accomplished.

It is also significant that reactions dfin MTBE (0.03
M) at —15 °C remain homogeneous and give comparable

results. This establishes that selective diastereomeric com-

plexation in solution can be the driving force for a DTR.
An advantage of thermodynamic over kinetic control of a
resolution is that the formation of either enantiomer may be
possible from one ligand. Tin lithium exchange®(88:12
er) in MTBE at —78 °C provides 2-(R)-3, which is
configurationally stable under these conditions (Scheme 1).
Addition of p-bromobenzyl bromide at-78 °C provides
(9-5 (85:15 er), consistent with an invertive substitution.

Table 3. Temperature Variation for the Synthesisidf from 1

HaCO,C._CO,CH3
PivHN I
) HsC”H
n-BuLi 2 12
CeHs
05h 15h 0.5h
; Step 1 Step 2 Step 3
(HsCO,C)HC,
piviN O
“CeHs
11
temperature (°C) yield er
solvent stepl step2 step3 (%) dr major minor
toluene —78 —78 —78 51 62:38 79:21 50:50
toluene —15 -15 —78 90 76:24 96:4 75:25
ether —78 —78 —78 31 66:34 90:10 75:25
ether -15 -15 —78 64 88:12 >99:1 90:10
MTBE -15 -15 —78 66 92:8 >99:1 89:11
THF -15 -15 —78 70 54:46  57:43 55:45

Scheme 1
PivNH  Sn(CHa)s PiVNLi Li-2
z -78 °C :
CgHs in MTBE CeHs
2.2 equiv n-BulLi
er 88:12 3.0 equiv of 2
7 2-(R)-3

PivNH CH,CgH4p-Br

p-BrCeH4CH2Br C6H5

er 85:15
(S)-5

We have carried out reactions 2fS)-3 with 12 to probe
the effect of solvent and temperature control in a conjugate
addition. As shown in Table 3, the warm to cool sequence
with MTBE is the protocol of choice although diethyl ether
is also satisfactory in this case. The diastereoselectivity of
92:8 and enantioselectivities 8f99:1 and 89:11 for entry 5

suggest this approach should be useful for synthesis. Toluene

gives intermediate results while THF is ineffective.

The improvement in diastereomeric and enantiomeric
ratios under DTR can offer an advantage for synthetic
applications. This is demonstrated by the first asymmetric
synthesis of a 3,4,5-substituted 1-benzazegi®¢Scheme
2) 89 Lithiation of 1, addition of2, and conjugate addition
to 13 providesl4in 67% vyield with a dr of 98:2 and an er
of 99:1. The absolute and relative configurationd éfvere
assigned based on the formationldf Hydrolysis of14 to
15, followed by cyclization provide46 in a yield of 70%

with an er of 99:1. Further conversions by stereospecific
lithiation—alkylation to17 or 18, respectively, and reduction
of 17 to 19 complete the synthetic sequence.

In summary, the present work demonstrates that kinetic
or thermodynamic control of a resolution can be determined

Scheme 2
CO,CH,
HsCO,C i «CgHs
1) n-BuLi 13 | PivHN
-15° CeH "
1 15°C 2.3 6Hs CeHs
2) L%,
-15°C
14, 67%, 98:2 dr
1) HCI | 2) CH30H
AcClI
Q CO,CH;
H-N CgHs HoN ~CeHs
/ EtsAl
CeHs ~ CeHs
16, 94% 15, 74%
99:1 er
1) n-BuLi
2) CeH5CHzBf or
CH,=CHCH,Br CgHs
(0] R
H~ WCgH
HN CeHs BH; N 65
“CeH
CGHS 615
19, 91%

17, 79% (R = CH,CgHs)
18, 72% (R = CH,CH=CHy)

(7) Since many DTRs are carried out at low temperatures with solid
observable, it is possible that some cases do involve resolution by
crystallization. In such cases, the favored crystallized diastereocisomer may
redissolve but maintain its structure before reaction with an electrophile.
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by selection of the solvent. It is also established that
crystallization is not a necessary condition for the operation
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Note Added in Proof: Wilkinson and co-workers have
reported, based on further work, that equilibration of the
diastereomeric complexes is not occuring-at8 in diethyl
(8) Asymmetric syntheses of 5- and 4,5-substituted 1-benzazepines andether. Wilkinson, J. A.; Rossington, S. B.; Ducki, S.;

3,4-substituted 1-benzazepin-2-ones have been reported as drug candidates. . i
(a) Matsubara, J.; Kitano, K.; Otsubo, K.; Kawano, Y.; Ohtani, T.; Bando, Eeonard, J.; Hussain, NLetrahedron2006 62, 1833.

M.; Kido, M.; Uchida, M.; Tabusa, FTetrahedron200Q 56, 4667. (b) Supporting Information Available: All experimental
Das, J.; Floyd, D. M.; Kimball, S. D.; Duff, K. J.; Vu, T. C.; Lago, M. W.; PP 9 . ) P
Moquim, R. V.; Lee, V. G.: Gougoutas, J. Z.; Malley, M. F.; Moreland, S.; Procedure and spectroscopic data for new compounds, and

Brittain, R. J.; Hedberg, S. A; Cucinotta, G. &.Med. Chem1992, 35, crystallographic data for5 and the N-p-bromobenzoyl

773. . . . L .
(9) An asymmetric synthesis of 4,5,6- and 3,4,5,6-substituted azepanesder'vat've of11. This material is available free of charge

by a conjugated addition of aX-Boc allyllithium (—)-sparteine complex via the Internet at http://pubs.acs.org.
and subsequent conversions has been reported recently. Lee, S. J.; Beak,
P.J. Am. Chem. So@006 128 2178. OL0604015
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