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ENANTIOSELECTIVE SYNTHESIS OF SEC-ALLYLALCOHOLS BY CATALYTIC ASYMMETRIC ADDITION OF
DIVINYLZING TO ALDEHYDES.

Wolfgang Oppolzer”, Rumen N. Radinov

Département de Chimie Organique, Université de Genéve 4, CH-1211 Genéve, Switzerland

Readily available chiral tridentate ligand 8 catalyzes the highly Si-face selective addition
of diethyl-, di-n-propylzinc and, more significantly, of divinylzinc to aromatic and aliphatic
aldehydes whereas bidentate ligands 11 and 12 exert a topologically reversed catalytic bias.

Asymmetric formation of C,C- bonds by means of chiral catalysts is a formidable challenge
to the organic chemist 1. Recent years have witnessed very encouraging progress on f-
aminoalcohol catalyzed n-face selective 1,2-additions of diethylzinc to aldehydes (1 + 2 » 3

or 4, Scheme 1) 2’3).
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However, high induction (90 - 98% e.e.) has been described only on transfer of ethyl

(methyl) groups, preferably to aryl- or «,B-unsaturated aldehydes. In view of the pivotal role
of chiral allylalcohols in organic synthesis catalytic stereofacially biased delivery of

alkenyl groups to a more general array of aldehydes would be desirable “)

. To this end a
series of new bi- and tri-dentate ligands was prepared from camphor-10-sulfonic acid as
exemplified by compounds 8, 11 and 12 (Scheme 2).

Scheme 2

/ ; /: ” —_— H
R o 7% ° OH
o o

10
NR'R? Y XNy
W e, )\_<
5R=cnzsoi_-] 7 R'=Me, P = (CH)NMs, 8x=H, 11x=0
6 R=COH 10 R =RP=i-Pr 9x-0 12x=H,

Amidation of ketopinic acid 6 ) gave ketoamide 7 6)(72%) which on reduction with LiAlH4
furnished directly 8 6,7) (71.5%, m.p. of di-hydrogenmaleate 163 - 164° (MeOH)). Exo-
diaminoalcohol 8 was also obtained by selective ketone reduction of 7 (NaBH,, MeOH, 0°) to
give recrystallized amidoalcohol 9 6)(70%, m.p. 85 - 86°) which was further reduced (LiA1H4)
to 8 (91%). Analogous amidation 6 - 10 &) (89%, m.p. 130 - 131°) and reductions 10 - 11 ©)
(90%, m.p. 184 - 185°) —» 12 ©) (84%, m.p. 70 - 73°) furnished bidentate ligands 11 and 12.
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The stereochemical bias of ligands 8, 1l and 12 on the process 1 + 2 + 3 + 4 is summarized
in the Table 8)

Table: Enantioselective Catalyzed Additions of (RZ)ZZn to Aldehydes

Entry Aldehyde (Rz)zzn Catalyst Product %Yield!? %e.e. Configuration
R? R? (equiv) (mol%)

1 CgHg GoHg  (1.2) 8 (5) 3a 85 87% s
2 CgHg CoHs  (1.2) 8 (20) 3a 85 922 s
3 Gl CoHg  (1.2) 12 (20) 4a 35 (96)  82% R
4 CgHs CoHg  (1.2) 11 (20) ba 68 (98) 912 R
5  CgHg n-GgHy  (1.2) 8 (20) 3b 85 92% s
6 CgHs CHy=CH (2.0) 8 (2) 3c 96 87% s
7 CH3(CH,), CHy=CH (2.0) 8 (2) 3d 88 88" R
8 CHy(CHy), CHy=CH (2.0) 8 (10) 3d 82 924 R
9 CHg(CHy), CHy=CH (2.0) 8 (20) 3d 90 >96*) R
10 CH3(CH,)5 CHy=CH (2.0) 8 (2) 3e 86 87 R
11 cyel-CgHyy CHy=CH (2.0) 8 (2) 3f 83 824 s

L yields in parentheses based on unchanged PhCHO; 2) GC of (IR,28,5R)- menthylcarbonate; 3 gc
of (1S)-camphanic acid ester; 4) 1§ NMR of (18)-camphanic acid ester; Entry 9: no trace of 4d

was detected in the product mixture.

Entries 1 - 4 deal with the reference addition 2,3

of diethylzinc to benzaldehyde.
Treatment of Etzzn (1.2 molequiv, hexane, Aldrich) with the corresponding ligand (hexane, 0°)
followed by addition of PhCHO (1 equiv), stirring at 0° for 1 - 3 h, quenching with sat aq.
NHACI, extraction (Et20) and FC gave l-phenyl-l-propanols 3a and 4a. Thus, the (S)-enantiomer
3a was obtained smoothly in 87% or 92% e.e. when employing tridentate ligand 8 (5 mols or 20
9)

mol%, respectively) . It is interesting to note that the bidentate ligands 12 and 11

accelerate the addition process less efficiently but exert a reversed asymmetric induction 10)
leading to the (R)-antipode 4a in 82% and 91% e.e. (Entries 3,4).

Entry 5 illustrates the transfer (promoted by 8) of the n-propyl group to benzaldehyde
giving the (S)-product 3b in 92% e.e..

We then focussed our attention on the asymmetric addition of divinylzinc to a variety of
aldehydes. Following the above mentioned protocol, but using only 2 mol$% of tridentate ligand
8 and adding a solution of divinylzinec 1) (2.0 molequiv in Et,0) to PhCHO gave (S)-allylic
alcohol 3c in 87% e.e. (Entry 6). Divinylzinc adds to linear, (Entries 7 - 10) and a-branched
(Entry 11) aliphatic aldehydes in the presence of 8 (2bmol%) to furnish allylic alcohols 3d,
3e and 3f in comparable yields and enantiomeric purities (82 - 88% e.e.). Entries 7 - 9 show
an increase of induction 88% - ~100% e.e. on raising the amount of 8 from 2 to 20 mol%.

To clarify the mechanism of this catalytic induction we first established the expected

2e).

involvement of two zinc atoms in the addition process Sequential additions of ~ equally

reactive 12)(C,Hg),Zn and (C,D5)yZn to 8 followed by PhCHO (1:1:1:1) gave PhCH(OH)C,Dg (95%,
GC) whereas adding (CZDS)Zn first, then (CZHS)Zzn and benzaldehyde yielded PhCH(OH)CZHS (94%
GC, 82% isol.). Accordingly, the observed stereochemical outcome is consistent with the

rationalization depicted in the Scheme 3.
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Thus (RZ)ZZn reacts first with alcohol 8 to provide the chiral catalyst 13. In 13 the

central Zn'!-alkoxide is chelated by the nitrogens N, and N, forming a 6-membered rin
y 3 A B g 4

featuring an "sp®-Zn'!"

occurs distal to the C(8)Me group probably by forming a pentacoordinated Zn- intermediate

species

Coordination of aldehyde-oxygen (trans to RY) with 13

13)

Then R? is transferred via a six-centered bimetallic transition state 13# to give (after aq.
workup) alcohols 3.

In contrast, the topicity of transition state l4# corresponds more closely to the models

proposed for f-aminoalcohol-catalyzed diethylzinc-aldehyde additions Ze)

. Accordingly, in the
complex formed from y-aminol 12 the central Zn'l-atom is trisubstituted so that its fourth
valence orbital can be occupied by coordination with R'CHO. Subsequent transfer of R? from the
peripheral Zn leads to the antipodal product 4. The catalytic role of amide 1l may be

explained by an analogous transition state 15# showing chelation of the central Zn®'

to the
amide oxygen. Apparently, l4# is sterically more congested than 15#, consistent with the lower
rate enhancing efficiency of amine 12.

In summary, ligand 8 so far compares favorably with other catalytic systems described for
the enantioselective addition of diethylzinc to aldehydes 2’3). Chirophor 8 and its enantiomer
are readily accessible in three simple steps from either (+)- or (-)-camphor-10-sulfonic acid
(both relatively inexpensive bulk chemicals). It catalyzes (2 mol%), in particular, the
asymmetric addition of divinylzinc to aromatic and aliphatic aldehydes at a convenient
temperature (0°) thus providing a new access to chiral allylalcohols in synthetically useful
enantiomeric purities. Further exploration of this and other bornane-10,2-bifunctionalized
chiral ligands is presently under way in our laboratories 14)
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