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Abstract

2-FormylN,N-dialkylnaphthamides are chiral, atropisomeric compounds, provided they are subgpiuited
to the amide group. They may be obtained as single enantiomers by dynamic resolution on formation of
diastereoisomeric aminal derivatives and used as chiral auxiliaries in a new addition/rearrangement strategy.
Nucleophilic attack by vinyl anion equivalents in the presence of Lewis acids leads atroposelectively to single
diastereoisomers of allylic alcohols, whose derivatives undergo stereospecific [3,3]-sigmatropic rearrangements.
Reductive ozonolysis of the rearrangement product returns an enantiomerically pure functionalised alcohol and
in principle allows recovery of the atropisomeric auxiliary. © 2000 Published by Elsevier Science Ltd. All rights
reserved.

Despite the long history of axially chiral compounds (in particular binaphthyls) as chiral ligands,
enantiomerically pur@on-biarylatropisomers have only recently found uses in asymmetric synthesis.
The perpendicular architecture of atropisomeric anilides, naphthamides and benzamides allows these
groups to exert powerful diastereoselective control over new stereogenic centres in the racerdi¢ sense,
and recently the anilidekhave been obtained in enantiomerically enriched fofrand employed as chi-
ral auxiliaries to asymmetric enolate alkylations and aldélsycloaddition$ and iodolactonisatiorf.
We® and other¥ have recently reported enantioselective routes to atropisomeric benzanates
the related naphthamides, but uses for enantiomerically enriched atropisomeric benzamides have been
confined to NADH model studiésand components of tachykinin NKeceptor agonists In this letter
we describe the first use of compounds in this class as chiral auxiliaries.

To facilitate removal of the auxiliary, most chiral auxiliaries are linked to their substrates by means
of an ester or amide, with the disadvantage that there are always at least three bond lengths between
the source of asymmetric induction and the newly forming stereogenic centre. We have pdblshed
alternative strategy (Scheme 1) in which an aldel8/fienctions as a C—C bonded chiral auxiliary, allow-
ing a new stereogenic centre to be formed immediately adjacent to the auxiliary’s chiral influence under
Felkint“~Anh® control. Diastereoselective attack by a vinyl anion equivadetat give 5, followed by
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stereospecific [3,3]-sigmatropic rearrangement (or its equivalent), leads to an alkéose ozonolysis
returns the aldehyde auxiliaB/and a 2-substituted aldehy@as the product®
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Scheme 1. The strategy

The key step is the diastereoselective addition to the aldehyde: originally, we used phenylalanine-
derived3a because of its highly selective, non-chelation controlled reactions with organolithiums and
Grignard reagent¥’. We have recently discover&tthat, in the presence of certain Lewis acids, additions
to 2-formyl-N,N-dialkyl-1-naphthamide8d (R=H) are among the most diastereoselective additions to
aldehydes known, and we now describe the use of related compounds as chiral auxiliaries in a similar
strategy.

Aldehyde3d (R=H) is barely atropisomeric and racemises with a half-life of only 12 min at 20°C,
making it unsuitable as a chiral auxilia¥yHowever, in a recent study peri-substituted naphthamidés
we found that heteroatomic 8-substituents (R=NMeMe) provide highly effective barriers to racemi-
sation by incipient donation into the<® * orbital. The half life for racemisation ddc (R=NMe) is
estimated as 80 days at 20°C; that 3tw(R=OMe) is >10 years at 20°€.

We decided to use the most stable chiral aldeh§dgR=0OMe) as the auxiliary. It was made in
racemic form in multi-gram quantities from naphthalic anhydride by a published high-yielding?foute,
and was resolved by chromatographic purification of one of a pair of diastereocisomeric atfiaals
epi10 (Scheme 2%3 The aminals were made by refluxiBt with the diamine9 (available in four steps
from proliné?) in xylene? Some interconversion of the atropisomers must have taken place during the
formation of the aminal, because the two diastereoisoh@endepi10 were formed as a 4:1 mixture
in 92% yield. Simply hydrolysing the crude mixture of aminals returnedp-ffuantitatively, with 62%
ee. Alternatively,L0 could be purified on basic alumina and hydrolysed (HGIOMHto give the aldehyde
(-)-3bin 99% ee and 36% overall yield from the racemate. It proved impossible to isolate a pure sample
of the unstablepi10.

A similar, but complete, interconversion of atropisomers accompanies the formation of homologous
aminals fronBb (R=H). In that case, it is the aminal products which equilibrate, a process which amounts
to a dynamicthermodynamiaesolution. However, re-subjecting purifidd to the conditions of the
reaction gave nepi10, so the atropisomeric enrichment 1 in this case appears to represent instead
a dynamickineticresolution of3b, whose racemisation at the temperature of the reaction is estimated to
take place over a matter of a few hodtg>

For the next step, stereoselective addition of a vinyl anion equivalent, we decided to use the strategy
employed previoush? of adding a lithiated alkyne and reducing the product to an allylic alcohol.
Lithiated octyne added to (-3b to give synll (whose relative stereochemistry was proved by an
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Scheme 2. Dynamic resolution of the aldehyde

X-ray crystal structure) relatively unselectively, but in the presenceBii, AIH or Me3zAl the same
nucleophile gavanti-11 with >97:3 selectivity (Scheme 3). Alkylaluminiums appear to coordinate to
the aldehyde oxygen, fixing $ttransto the amide, prevent chelation of the two carbonyls by a metal ion,
and encouragingnti-selective nucleophilic attack. The anti productanti-11 was reduced either to the
E-allylic alcohol (+)£-12 with RedAP [NaAlH,(OCH,CH,OMe),] or to theZ-allylic alcohol (+)Z-12

by hydrogenation over Lindlar’'s catalyst.
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Scheme 3. Stereoselective construction of allylic alcohols¥Rexyl)

The next step in the strategy requires stereospecific allylic rearrangeméagttoftransfer stereo-
chemistry to the stereogenic centre which will remain once the auxiliary is recovered. We chose to use
two variants of the [3,3]-sigmatropic Claisen rearrangement of known stereospecificity. Allylic alcohol
Z-12was heated with trimethyl orthoacetate to give the ketene atétethich underwent a stereospecific
Johnson—Claisen rearrangentérih 12 h at 110°C (Scheme 4). The product edi@was isolated as a
single diastereoisomer in 84% yield. By contrast, Eschenmoser—Claisen rearrarfdeh&nt2 with
dimethylacetamide dimethoxy acetal in refluxing xylene at 130°C for 20 h gave a mixture of epimers
of the product amidé&4. The most reasonable explanation for this is that the higher temperature allows
equilibration of the atropisomeric epimers, particularly in the rearranged product which has a small,
trigonal substituent (&rans double bond) adjacent to the amide axis. The newly formed centre was
nonetheless evidently formed with high stereospecificity, because ozonolylisvith reductive work-
up yielded an optically active alcohdR)-(-)-15 whose Mosher est& 16 (formed from (+)-MTPACI)
contained less than 5% of the diastereoisomer formed from the Ki¢®r(+)-15.

Unfortunately, it proved impossible to recover the auxiliary (in its reduced form) from the ozonolysis
step: the only other product turned out to be a benzarhi@lderived from further oxidation of the
naphthalene’s more electron-rich ring.
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Scheme 4. Stereospecific rearrangements and cleavageh@xyl)

In summary, we have shown that atropisomeric amides may be dynamically resolved by formation
of epimeric aminals, and we have illustrated their use as a new class of chiral auxiliaries by making
a chiral amidoalcohol using an unusual stereoselective addition—stereospecific rearrangement strategy.
In principle, a variety of 2-substituted (including 2-heterosubstituted) alcohols and aldehydes should be
available using this route simply by variation of the nature of the allylic rearrangement. We would hope
that optimisation of the oxidative cleavage step could also allow recovery of the auxiliary.

PPN

HO, OH

HO.
19

Acknowledgements

We are grateful to the EPSRC for a studentship (to CMcC), and to Dr. M Helliwell for determining the
X-ray crystal structure adyn11.

References

. Noyori, R. Asymmetric Catalysis in Organic Synthedidiley: New York, 1994; Rosini, C.; Franzini, L.; Raffaelli, A.;
Salvadori, PSynthesid 992 503.

. Clayden, JAngew. Chem., Int. Ed. Endl997, 36, 949.

. Curran, D. P; Qi, H.; Geib, S. J.; DeMello, N. @.Am. Chem. S0d994 116, 3131, Curran, D. P.; Hale, G. R.; Geib, S.
J.; Balog, A.; Cass, Q. B.; Degani, A. L. G.; Hernandes, M. Z.; Freitas, L. e@ahedron: Asymmetrd997, 8, 3955;
Bach, T.; Schroder, J.; Harms, Retrahedron Lett1999 40, 9003.

. Clayden, JSynlett1998 810.

. Hughes, A. D.; Simpkins, N. Synlett1998 967.

. Hughes, A. D.; Price, D. A.; Simpkins, N. $.Chem. Soc., Perkin Trans1999 1295.

. Kitagawa, O.; Izawa, H.; Sato, K.; Dobashi, A.; Taguchi)JTOrg. Chem1998 63, 2634.

. Kitagawa, O.; Momose, S.-i.; Fushimi, Y.; Taguchi,TEtrahedron Lett1999 40, 8827.

. Clayden, J.; Lai, L. WAngew. Chem., Int. Ed. Endl999 38, 2556.

. Koide, H.; Uemura, MJ. Chem. Soc., Chem. Comm@if98 2483; Thayumanavan, S.; Beak, P.; Curran, Defahedron
Lett. 1996 37, 2899.

w N

O OVWoo~NO U DN



11.

12.

13.

14.
15.

16

17.
18.
19.

20.
21.

22

26.

27.
28.

3283

Vekemans, J. A. J. M.; Boogers, J. A. F.; Buck, H. MOrg. Chem1991, 56, 10 and references therein; Okamura, M.;
Mikata, Y.; Yamazaki, N.; Tsutsumi, A.; Ohno, Bull. Chem. Soc. Jpri993 66, 1197 and references cited therein.

Ikeura, Y.; Ishichi, Y.; Tanaka, T.; Fujishima, A.; Murabayashi, M.; Kawada, M.; Ishimaru, T.; Kamo, I.; Doi, T.; Natsugari,
H. J. Med. Chem1998 41, 4232; lkeura, Y.; Ishimaru, T.; Doi, T.; Kawada, M.; Fujishima, A.; NatsugariJHChem.
Soc., Chem. Commuh998 2141.

Clayden, J.; McCarthy, C.; Cumming, J. Getrahedron Lett1998 39, 1427.

Cherest, M.; Felkin, H.; Prudent, Netrahedron Lett1968 2199.

Anh, N. T.; Eisenstein, ONouv. J. Chim1977, 1, 61; Anh, N. T.Top. Curr. Chem198Q 88, 145.

. For similar strategies, see Savage, |.; Thomas, E. J.; Wilson, P.Chem. Soc., Perkin Trans.1B99 3291; Spino, C.;

Beaulieu, CJ. Am. Chem. S04998 120, 11832; Beaulieu, C.; Spino, Cetrahedron Lett1999 40, 1637.

Reetz, M. T.; Drewes, M. W.; Schmitz, Angew. Chem., Int. Ed. Endl987, 26, 1141.

Clayden, J.; McCarthy, C.; Westlund, N.; Frampton, CJ.8Chem. Soc., Perkin Trans. i press.

Ahmed, A.; Bragg, R. A.; Clayden, J.; Lai, L. W.; McCarthy, C.; Pink, J. H.; Westlund, N.; Yasin, $etfahedrornl 998

54, 13277. Rapid bond rotation is typical of atropisomers bearing only trigonal blocking groups. See also: Meyers, A. |.;
Flisak, J. R.; Aitken, R. AJ. Am. Chem. So04987, 109, 5446.

Clayden, J.; McCarthy, C.; Helliwell, MChem. CommurL999 2059.

Estimates of half-life for racemisation assumes constancy®f,. with temperature.

. Clayden, J.; Frampton, C. S.; McCarthy, C.; WestlundT®&trahedronl999 55, 14161.
23.
24.
25,

Alexakis, A.; Mangeney, P.; Lensen, N.; Tranchier, J.; Gosmini, R.; Rauss@ur& Appl. Chem1996 68, 531.

Asami, M.; Ohno, H.; Kobayashi, S.; Mukaiyama,Bull. Chem. Soc. Jpri978 51, 1869.

Even though it appears to be formed under kinetic conti@ls clearly also thermodynamically more stable tlegi 10,

which decomposes on attempted purification. We are therefore confident in assigning stereochemistry from the crystal
structure of the more stable aminal derived frBm(R=H) (Ref. 8). We were unable to obtain crystalsléfof sufficient

quality for X-ray analysis.

Johnson, W. S.; Werthemann, L.; Bartlett, W. R.; Brocksom, T. J.; Li, T.-t.; Faulkner, D. J.; Petersen)J MArR.Chem.
Soc.197Q 92, 741.

Wick, A. E.; Felix, D.; Steen, K.; Eschenmoser, elv. Chim. Actel964 47, 2425.

Dale, J. A.; Dull, D. L.; Mosher, H. Sl. Org. Chem1969 34, 2543.



