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ABSTRACT

Ar CN Ph
Ph™ N’ Ar 782210955 drs
éoc 1. n-BulLli, (-)-sparteine NC r N 95:5 to 99:1 ers
2. R R Boc
Ar = p-CH,OPh NCICN
Yo F R™OR RLF
NC X
\/\N toluene, =78 °C M 55:45 to 99:1 drs
Ar” "Boc CN Y  N-Boc 87:13t0 97:3ers
Y =Ph, TMS, ¢-CgHyy Ar
o-tert-BuPh

Highly enantioenriched quaternary centers are obtained by the reaction of chiral lithiated intermediates complexed to (-)-sparteine with
tetrasubstituted, o, o-dinitrile activated olefins. Lithiated N-Boc-N-Aryl benzylamine furnishes products with drs from 78:22 to 95:5, with ers
exceeding 94:6. Lithiated N-Boc-N-Aryl allylamine reactants provide enecarbamate products with drs from 55:45 to 99:1, with ers ranging from
87:13 to 97:3.

Synthesis of highly enantioenriched all-carbon quaternary a-heteroatoms has not experienced high levels of success.
centers is a challenging taské The development of one- A conjugate addition strategy would be useful, but there are
step procedures not involving-carbonyl compounds or  few precedents for highly diastereoselectiiradditions that
create all-carbon quaternary cent&tsVe now wish to report
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enriched benzylic and allylic organolithium species that are

complexed to (—)-sparteine. The products have all-carbon Scheme 2
guaternary centers at tifieposition with a range of diaster- Ph Me
eomeric ratios and high enantiomeric ratfos. NC Oy el INGH “
The lithiation of 1 with n-BuLi/(—)-sparteine to give, CN Ph N-Ar ON Ph Mear
followed by conjugate addition to a dinitrile tetrasubstituted g B 10 Boc
olefin, provides3 in high yield with a 92:8 dr and a 95:5 er 95%, 80:20 dr, 86%, 80:20 dr,
. " 937, 88:12 er . X
as previously reporte. The additions of2 to othera,o- 95:5, 87:13 er
dinitrile g,p-aryl, alkyl- and alkyl, alkyl-substituted olefins NC _CN
proceed as shown to give products with drs that range from PhIMe NCICN
moderate to excellent and ers that are greater than 94:6 for ‘ o Et
the major diasteromers (Scheme 1). The lowest dr of 78:22 ph._~ n-BuLi, L* Ph\ﬂﬁ'/L
Boc” N~ toluene, <78 °C Boc” VA NCICN
7 8 (95:5dn)* e Et
Scheme 1 NC. _CN \
CN Ph I
N7 N\'Boc ar Boc mPre Me o\
PH "Me ‘ar CNPh e N Pre Me S
3, 91%, Ar NC DAy CN Ph E—Ar
92:8 dr, 95:5 er 4, 89%, CN Ph N-Ar 11 5%
NC. _CN 85:5dr, 99:1 er 1'2 Boc 9;5;&55:4461 :rr
I NC._.CN 89%, 55:45 dr,
Ph” "Me I 88:12, 90:10 er
", P Et
Ph/\r;l’8°° n-BuLi, L* LA B
Ar toluene, ~78 °C Ar were separated by HPLC, and the enantiomeric ratio of each
1 2(91:9.dn% NC. _ON diastereomer was established by chiral HPLC.
NC. _ON I The scope of this methodology has been investigated for
I I Me” “Et substitutions on the allyl terminus and on the olefin.
Ar = pmethoxypheny! Pr” "Me Lithiation of the allyl substrateg and13—215with n-BuLi/
L* = (-)-sparteine oN  Ph ON  Ph Boo (—)-sparte_ine gives IiFhiated inFermediates that, on addition
J?/L _Boc CNJy'\N'\ of the activated olefins, providé7—20, respectively, in
CN™ 27 "N me” BtOA . .
3 Mg “npr A useful yields with a range of drs and excellent ers (Scheme
NN 6, 94% > 60%, 3).

78:22 dr, 98:2 er
87:13dr, 98:2 er

. . N . . Scheme 3
is obtained for the olefin in which the difference between PO "
. . . . e

the -substituents is methyl vs ethyl. The diastereomeric NE.X A e Me
ratios were determined froAH NMR integrations, and the AN Ph N-Ar | \N_Ar
diastereomers fob and 6 were separated by preparative Boc Boc
HPLC. The enantiomeric ratios were determined by chiral . _17c; 73%3 18, 62%,
HPLC using racemic compounds as standards. The absolute o5 dr 73 er oo an T3 ot
configurations of4—6 are assigned by analogy to that NC. CN
established foB.82 /

T . . NC CN

The asymmetric lithiation of proceeds to givé, which TIPSOCH,™ ~Me j[
on conjugate additions ta,o-dinitrile f,5-disubstituted R n-BuLi, L* R Lin Ph” “Me
olefins provide®,8210, 11, and12in high yields (86-96%) N. toluene. 78 G jN\
with moderate drs (55:4580:20) and good ers (87:13 Boc™ Ar B°§ Ar NCICN
95:5) for each diastereomer (Scheme 2). The diastereomers 7.R=pPh Ph” “Me
13, R = o-tert-BuPh NC. CN
14, R = 6-CgHy4 I
(7) Diastereoselective conjugate additions to activated olefins with single 15, R = Si(CH,), B M Ph_ Me

substituents at thg-positions are being rapidly developed for the formation 16,R=H e \
of highly enantioenriched tertiary centers. Reviews: (a) Sibi, M. P.; Ph,_ Me
Mangem, STetrahedror200Q 56, 8033. (b) Krause, N.; Hoffmann-Roder, NC NP
A. Synthesi®001,2, 171. CNTMS N-Ar

(8) The only cases we are aware of in which all-carbon quaternary centers
are formed ai3-positions in asymmetric syntheses by nucleophilic 1,4-
additions tog, - disubstituted olefins are: (a) Curtis, M. D.; Beak,P.

Org. Chem.1999,64, 2996. (b) Soloshonok, V. A.; Cai, C.; Hruby, V. J.
Tetrahedron1999,55, 12045.

Boc
20, 66%,
90:10 dr, 96:4 er

19, 61%,
65:35dr, 96:4 er
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The formation ofl7 provides a compound with a highly  structures shown provide working rationales for the stereo-
enantioenriched quaternary center that has orthogonal funcselectivities (Scheme 5). The approach of the electrophile
tionalities on three of the four carbons. The enecarbamate
may be hydrolyzed to an aldehyde or reduced to an amine,

and the dinitrile and protected alcohol functionalities are
available for further synthetic elaborations. The preparation
of 18 shows that ortho substitution by a large group on the
aromatic ring of the allyl group does not reduce the
enantiomeric ratio. The synthesesl®&and20 establish that

an aryl group is not necessary for formation of the highly
enantioenriched quaternary carbon center.

We have found that reaction of the unsubstituted allyl-
amine 16 in this sequence gives products with low ers on
additions to the3,5-phenyl methyl oi3,5-n-propyl methyl-
substituted dinitrile olefins. Apparently, a terminal substituent
is necessary to achieve high enantioselectivities.

Hydrolyses of enecarbamat@snd10 have been used to
establish the absolute configuratichhis sequence dem-
onstrates application of the methodology to an asymmetric
synthesis of substituted cyclopentanes. Acidic hydrolysis of
9 afforded a 50:50 diastereomeric mixture of cylopentanol
21 (Scheme 4). Tosylation of this mixture followed by

Scheme 4
Ph R Ph UGN
NC_ N HCl, CHCL, | NC H «Ph
- NC
CN Ph l}l—Ar 12 h CN Ph O HO'
Boc 21 (R=Me)

9 (R=Me) 937 er
10 (R=Et) 95:5 er

Ph

R
NC N\

«Ph 1. chromatograph
VY P ey

Et;N, TsCl, DMAP

CH,Cl,, 12 h o 2. crystal growth o
$=0 S=0
W A
22 (R=Me) 22a (R=Me)
74%, 52:48 dr 23a (R=Et)

separation of the diastereomers by chromatography gave
Crystals suitable for X-ray analysis @Pawere grown by
liquid diffusion in CHCl, and heptane, and the absolute
configuration of the quaternary center was determined by
X-ray crystallography of this sulfur-containing derivatitfe.
The same sequence was carried out Widho provide23a.
The reactions of both organolithium intermediageand
8 proceed with inversion of configuration. The transition

(9) (@) Weisenburger, G. A.; Beak, B. Am. Chem. Sod 996,118,
12218. (b) Park, Y. S.; Beak, B. Org. Chem1997,62, 1574. (c) Kim, B.
J.; Park, Y. S.; Beak, R. Org. Chem1999,64, 1705. (d) Whisler, M. C.;
Soli, E. D.; Beak, PTetrahedron Lett2000, 41, 9527. (e) Lim, S. H.;
Curtis, M. D.; Beak, POrg. Lett.2001,5, 711. (f) Lim, S. H.; Ma, S.;
Beak, P.J. Org. Chem2001, 66, 9056. (g) Faibish, N. C.; Park, Y. S;
Lee, S.; Beak, PJ. Am. Chem. S0d.997,119, 11561. (h) Weisenburger,
G. A,; Faibish, N. C.; Pippel, D. J.; Beak, P.Am. Chem. S0d4999,121,
9522.

(10) On the basis of these results, the absolute configuration of the
quaternary center assigned3as reassigned as the opposite of what we
previously proposed by analogy.
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can be seen to take place from the sterically less encumbered
bottom face, resulting in inversion of configuration to give
the observed high enantioenrichments.

A rationalization for the opposite sense of olefin orientation
of 2 and8 is not obvious. In the formation dfo, the favored
transition state requires reaction of the electrophile on the
re-face. Reaction on th&-face leads to the formation df

X-ray crystal structure analysis of the Michael acceptor
((Ph)MeC=C(CN)) shows the phenyl ring to be out of the
plane by 41°and sterically larger than the alkyl group. If
this is maintained in the transition state leadingtiasteric
size appears to be more of an influence 4othan in the
transition state leading tbO.

In summary, the formation of highly enantioenriched all-
carbon quaternary centers can be carried out by conjugate
additions of configurationally stabld-Aryl, N-Boc-substi-
tuted benzylic and allylic organolithium nucleophiles com-
plexed to (—)-sparteine ta,a-dinitrile j3,5-disubstituted
olefins. The ers are high, and the drs range from low to high
and appear to be electrophile dependent. Compounds with
functionalities suitable for further elaboration can be prepared
by this approach. Understanding the course of the reaction
and developing the synthetic consequences of this methodol-
ogy will require further investigation.
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