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Summary: The use of Ti(Or-Bu)g, or related bulky titanium(IV) alkoxides, as cocatalysts instead of Ti(Oi-Pr)y in
the enantioselective addition of dimethylzinc to aldehydes in the presence of the catalyst 2 (8 mol%) leads to a
dramatic improvement of the enantioselectivity (O%ee to 93%ee). The scope and the limitations of this effect are
described.

We have recently reported that various dialkylzincs prepared via an iodine-zinc exchange,! add with high
enantioselectivity to aldehydes 1 in the presence of Ti(0i-Pr)4 (1-2 equiv) and the catalyst 2 (5-8 mol%) leading
to secondary alcohols.Z The addition to unsaturated aldehydes affords polyfunctional allylic alcohols (3) which
are useful chiral building blocks.3 Unfortunately, the addition of dialkylzincs 10 B-monosubstituted-a,fB-
unsaturated aldehydes proceeds with only 80-82%ee (entry 1 of table 1), and better results are only obtained with
o-substituted unsaturated aldehydes.3® We have also noticed that Me;2n, which is a highly reactive and sterically
non-demanding dialkylzinc, adds to unsaturated aldehydes with mediocre enantioselectivity. Thus, the addition
of MeaZn to the aldehyde 1a produces the allylic alcohol 3a in 80% but 0%ee. After much experimentation, we
have found that by replacing Ti(Oi-Pr)4 with Ti(Ot-Bu)4,% a dramatic enhancement of the enantioselectivity is
observed and the product 3a is now obtained in 76% yield and 93%ee (eq 1).

Q Me,Zn, TI(OR), OH
TIPSO~ A, e~ TPSOLA,, (1)
1a ONHTf 3a
e B =FPri80%; 0% (20 °C,3h)

2. 8mol% 1 =FBU76%;93%ee (0°C, 12h)

This stereoselectivity improvement obtained by using a more bulky titanium alkoxide has some generality and
other aldehydes, such as 1c or 1d, add MeaZn in the presence of Ti(Oi-Pr)s with 55%e¢e and 25%ee respectively,
whereas in the presence of Ti(Or-Bu), the allylic alcohols 3¢ and 3d are obtained with 92%ee and 89%ee
respectively (entries 2-5). A more systematic study on the influence of the titanium(IV) alkoxide on the
enantioselectivity shows that titanium(IV) ¢-butoxide also gives excellent results for the addition of Pent;Zn 10
(E)-2-hexenal (92%ee compared t0 82%ee using Ti(Oi-Pr)4; entries 1 and 6). The use of bulky ligands also
allows the enantioselective additions at higher temperature. By running the reaction using Ti(Or-Bu)g at 0 °C
instead of -20 °C an enantioselectivity of 95%ee¢ is obtained (entry 6). Besides Ti(Or-Bu)y, Ti(OCH(Et)2)4 gives
also excellent results (entry 8), however, the use of the less sterically demarnding Ti(OPh)4 gives only a mediocre
enantioselectivity (entry 9). The addition of functionalized diorganozincs in the presence of Ti(O#-Bu)g is less
efficient and requires long reaction times (2-4 days at 0 °C) and leads to the alcohols 3e and 3f in moderate
yields but good enantioselectivity (93%ee and 86%ee respectively, entries 10 and 11). The present study clearly
shows that the low steric hindrance of a small diorganozinc or unhindered aldehyde can be compensated by the
use of a bulky titanium alkoxide. Further studies for improving the enantioselectivity are underway.$
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Table 1. Secondary alcohols obtained by the addition of dlalkylzmcs to aldehydes in the presence of various ti-
tanium alkoxides and a catalytic amount of 2 at -20 °C.

Entry aldehyde RaZn titanium product ield? b
R allcoxide ® | @
lb o) OH
1 | pr \ Pent Ti(Oi-Pr)4 /\/‘\Pent 3b | 92 82
H
TIPSO TIPS
2 Me Ti(Oi-Pr)s 2 94 55
3 lc Me Ti(Or-Bu)y 79 | o2
xCHO OH
4 [P Me Ti(Oi-Pr)s ~ 97 | 25
1d Ph Me 3d
5 1d Me Ti(Or-Bu)s 3d 66 | soc
6 1b Pent Ti(O-Bu)s 3b 83 |92 95y
7 1b Pent Ti(OSiMe3)q 3b 69 88
8 1b Pent | Ti(OCH(Eth)s 3b 94 | osd
9 1b Pent Ti(OPh)4 3b 84 20
OH
10 1b (CH2)30Piv | Ti(Or-Bu)s Pro X 20 49 | o3
PivO
OH
11 1b (CH2)4OPiv | Ti(O#-Bu) X 58 | sec
3f
PivO

4 Isolated yield of analytically pure products. b Determined by preparing the corresponding O-acetylmandelates
using ($)-(+)-O-acetylmandelic acid. € The reaction temperature was 0 °C. d The reaction temperature was 20 °C.
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6. Typical procedure (entry 6). A 20 mL three-neck flask equipped with an argon inlet, a thermometer and a
septum cap was charged with the catalyst 2 (0.139 g, 0.37 mmol), Ti(Or-Bu)4 (3.51 g, 10.3 mmol) and
toluene (10 mL). The reaction mixture was heated to 50 °C for 0.5 h. After cooling to rt, PentyZn (2.49 g,
12.0 mmol) was added, followed after 0.5 h by 1a (0.45 g, 4.58 mmol) was added. GC analysis indicates the
completion of the reaction after 1 h. The reaction mixture was worked up as usual and the resulting residual
oil was purified by chromatography (hexanes : ether 4 : 1). The pure alcohol 3b (0.65 g, 3.82 mmol, 83%)
was obtained as a colorless 0il (95 %ee; [a]p = +0.55 (¢ = 7.3, benzene)).
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