ORGANIC
LETTERS

2012
Vol. 14, No. 13
3368-3371

Diastereoselective Chelation-Controlled
Additions to S-Silyloxy Aldehydes

Gretchen R. Stanton, Meara C. Kauffman, and Patrick J. Walsh*

P. Roy and Diana T. Vagelos Laboratories, University of Pennsylvania, Department of
Chemistry, 231 South 34th Street, Philadelphia, Pennsylvania 19104-6323,
United States

pwaslsh@sas.upenn.edu

Received May 16, 2012

ABSTRACT

O OSiR,
H "
RZ OH OsiR,
i.CyoBH oo ZNE| iii.  Me :
[l 7 Etzn il e
-Fa R! EtZnONf .
H‘I R Me
Cram chelation:Felkin
6:1to>20:1

A general diastereoselective method for the addition of dialkylzincs and (E)-di- and (E)-trisubstituted vinylzinc reagents to /3-silyloxy aldehydes is
presented. This method employs alkyl zinc triflate and nonaflate Lewis acids and affords chelation-controlled products (6:1 to > 20:1 dr).

The traditional approach to complex molecule synthesis
is to utilize existing substrate stereogenic centers to influ-
ence the introduction of new stereocenters.' In particular,
this strategy has proven useful in the addition of
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organometallic reagents to protected a- and S-hydroxy
aldehydes and ketones to afford diol moieties. For quite
some time, the paradigm that rationalizes the stereoche-
mical outcomes of these additions has encompassed the
Felkin—Anh,? Cornforth—Evans,®> and Cram-chelation®
models.” According to these models, stereoinduction in
such additions is dependent on the size of the protecting
group.® Sterically undemanding protecting groups such as
Me, Bn, and MOM promote chelation (Figure 1, Cram-
chelation model).” In contrast, bulky silyl protecting
groups disfavor chelation and give Felkin addition products
(Figure 1). One major shortcoming in the application of
this paradigm is that the protecting group is chosen to
afford the desired stereochemistry during the carbonyl
addition step and may not be best suited for the global
protecting group strategy. To override substrate control,
chemists have utilized chiral catalysts,® enantioenriched
stoichiometric auxiliaries, and optically active stoichio-
metric additives.” Our approach is to develop methods
to reverse the diastereoselectivity predicted by the
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aforementioned paradigm through introduction of Lewis
acids capable of chelating substrates that normally under-
go Felkin addition.
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Figure 1. Models for 1,2-asymmetric induction for protected o-
methyl 8-hydroxy aldehydes.

To date, few exceptions to the current stereoinduction
models have been reported.®"’*!° In particular, there are
limited examples of methods to promote chelation in
additions to S-silyloxy aldehydes and ketones. Evans and
co-workers have demonstrated the remarkable ability of
Me,AICI and MeAICl, to chelate 3-silyloxy aldehydes in
Mukaiyama aldol reactions.”® As shown in Scheme 1a, the
active Lewis acid results from the disproportionation of
MeAICl,. Somfai and co-workers have disclosed interest-
ing studies to elucidate the origin of reversed diastereos-
electivity of Mukaiyama aldol additions to a-silyloxy and
chloro aldehydes.'! En route to developing methods for
the in situ generation of (Z)-vinylzinc reagents, our group
observed unexpected chelation-controlled additions to
B-silyloxy aldehydes in the presence of ZnBr,, albeit in
modest selectivity (Scheme 1b).'> In efforts toward the
synthesis of mycolactone polyketides, Burkart observed
high selectivity for the chelation-controlled product in the
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allylation of aldehyde ent-1 using allyltrichlorostannane
(Scheme 1c)."?

Scheme 1. Previous Examples of -Chelation to 8-Silyloxy
Aldehydes
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More recently, we have shown that alkyl zinc halides and
triflates are viable Lewis acids to chelate a-silyloxy alde-
hydes and ketones to enable chelation-controlled additions
to these substrates.'* Given the high levels of diastereos-
electivity of these reactions and their generality, we set out
to determine whether highly diastercoselective additions of
organozinc reagents to [-silyloxy aldehydes could be
achieved. We perceived this to be a challenge considering
that o-chelation is more favorable than S-chelation and
usually furnishes a product of higher dr.'* Furthermore,
general chelation-controlled additions of organometallic
reagents to B-silyloxy aldehydes are unknown.

Initially, we investigated the reaction of diethylzinc with
aldehyde 1. Interestingly, in the absence of EtZnX Lewis
acids, the reaction of diethylzinc (1.2 equiv) with (R)-3-
TBS-2-methylpropanal 1 provided the chelation con-
trolled product with 3.5:1 dr in <10% yield (Table 1,
entry 1). The absolute stereochemistry of the major dia-
stereomer was ascertained through comparison to litera-
ture data'® and confirmed by modified Mosher ester
analysis.!” To achieve synthetically useful diastereoselec-
tivities and yields, Lewis acids that could chelate the
substrates were utilized. Additions employing 25— 150 mol %
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Table 1. Optimization of Diethylzinc Addition to 1

[o] OTBS OH OTBS OH OTBS
Et,Zn : .
—_— =
H (1.2 equiv)
Me EtZnX Me Me

chelation product Felkin product

entry temp ("C)  concentration (M)* LA (mol %)° dr° yield (3%)°
1 0 02 0 351 <10
2 0 02 E{ZnClI (25) 571 50
3 1] 02 EtZnCl (50) 5.7:1 61
4 0 0.2 EtZnCl (100) 7.4:1 77
5 0 0.2 EtZnCI (150) 6.5:1 83
6 -15 0.2 EtZnCl (150) 691 83
7 -30 0.2 EtZnCi (150) 521 61
8 0 05 EtZnCl (150) 891 89
9 0 0.5 EtZnBr (150) 7.9:1 85
10 0 0s E{ZnOTF (150) 15.5:1 78
1 0 05 EtZnONf (150) 10:1 87
12 1] 05 EIZnN(Tf), (150) 6:1 72

“ Concentration is with respect to the aldehyde.  mol % of Lewis acid
is with respect to the aldehyde. “dr determined by '"H NMR of the
unpurified product or by GC analysis of the TMS-protected product
derivatives and refers to the ratio of chelation/Felkin addition products.
4Refers to yield of isolated, purified product.

of EtZnCl led to chelation-controlled products with slightly
improved dr (entries 2—5). Lowering the temperature did
not improve the diastereoselectivity of the reaction (entries
6 and 7). Furthermore, increasing the concentration of the
reaction afforded the addition product in 89% yield with
8.9:1 dr (entry 8). Encouraged by these results, we next
surveyed other zinc Lewis acids (entries 9—12). Employing
either EtZnOTf or EtZnONf gave the expected addition
product with 15.5:1 and 10:1 dr, respectively (entries 10
and 11). These Lewis acids can be prepared simply by
reaction of the dialkylzinc with the sulfonic acid at low
temperature. 18

The optimized reaction conditions in Table 1 (entry 10)
were applied to the addition of other dialkylzincs to
aldehyde 1. It is important to note that R groups on the
dialkylzinc and Lewis acid must be the same due to
expeditious alkyl exchange. As shown in Scheme 2, the
addition of dimethylzinc to afford 3 was less selective
(dr = 5:1) and can be attributed to the smaller size of the
nucleophile, resulting in a reduced energy difference between
the transition states leading to the chelation or Felkin
addition products. Additionally, MeZnOTTf has limited
solubility in dichloromethane. Addition of di-n-butylzinc
to aldehyde 1 occurred to give 4 with comparable dr to
diethylzinc (16:1). An excess of di-n-butylzinc (3 equiv) was

(18) Oppolzer, W.; Schroder, F.; Kahl, S. Helv. Chim. Acta 1997, 80,
2047-2057.

(19) (a) DiMauro, E. F.; Kozlowski, M. C. Org. Lett. 2002, 4, 3781—
3784. (b) DiMauro, E. F.; Kozlowski, M. C. J. Am. Chem. Soc. 2002,
124, 12668-12669. (c) Fennie, M. W.; DiMauro, E. F.; O’Brien, E. M.;
Annamalai, V.; Kozlowski, M. C. Tetrahedron 2005, 61, 6249-6265.
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Scheme 2. Chelation-Controlled Addition of Dialkylzincs to 1

[¢] OTBS OH OTBS OH OTBS
RyZn (1.2 equiv) : .
H RZnOTf (1.5 equiv) R R
Me 0°C, CHyClp, 0.5 M Me Me
1 4-10h chelation product Felkin product
OH OTBS OH OTBS OH OTBS
n-Bu

Me Me Me
2 3 4

78% yield, dr = 15.5:1 62% yield, dr = 5:1 73% yield, dr = 16:1

(3 equiv EtyZn)

required due to the facile formation of a reduction side
product via a A-hydride reduction mechanism."”

Chiral allylic alcohols are important structural motifs
that are commonly used as key intermediates in synthesis
and are found in many natural products.'“** To broaden
the substrate scope of our method, we studied the addition
of (E)-vinylzinc reagents to silyl-protected AB-hydroxy

Table 2. Generation of (E)-Di- and Trisubstituted Allylic Alcohols

o] OPG
i H
R i.Cy,BH,0°Ctort OH OoPG
| | CH,Cly:toluene Rz/\/ ZnEt | i, Me :
(1:1), 0.5M R Eth)°((1,5 equiv) R
R2 ii. Et;Zn, -78 °C 1.2 equiv -15°C, 14-18 h R Me

chelation product

entry PG alkyne dr?, EtZnONf (yield) dr®, EtZnOTf (yield) major product
1 TBS nBu—=—H 10:1 (61%) 4.8:1 (83%) 5 OH OTBS
n-Bu” X
Me
2 ®+H 5.8:1 (66%) 231 (50%) 6 OH OTBS
X
Me
3 tBu——H 10:1 (70%) 3.6:1 (78%) 7 OH OTBS
t—BuW
Me
4 tBu ——=—Me 20:1 (80%) 111 (77%) g OH OTBS
tBuW
Me Me
5 -Pr——=——Me 17:1 (78%) 7.8:1 (77%) 9 OH OTBS
Me Me
6 TES pBu—=—-* 11:1 (65%) 7.8:1 (84%) 10 OH OTES
n-Bu” X
Me
7 ®+H 9:1 (78%) 4.6:1 (67%) 1 OH OTES
X
Me
8 tBu ——H 18:1 (71%) 10:1 (45%) 12 OH OTES
Me
9 tBu—=—=—Me  >20:1(76%) 17.5:1 (76%) 13 OH OTES

+Bu

4

Me  Me

“dr determined by 'H NMR of the unpurified groduct and refers to
the ratio of chelation/Felkin addition products. ” The relative stereo-
chemistry was determined by modified Mosher ester analysis (see
Supporting Information).
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aldehydes. The (FE)-vinylzinc reagents were generated
in situ using the Srebnik/Oppolzer procedure.?' Hydro-
boration of alkynes and subsequent B to Zn transmetalation
with Et,Zn gave the (E)-vinylzinc intermediates. These
vinylzinc reagents were then added to S-silyloxy aldehydes
in the presence of EtZnX Lewis acids. It is well precedented
that vinyl- and arylzinc reagents add to aldehydes signifi-
cantly faster that alkylzinc reagents.*

After extensive screening, we found that optimal yields
and diastereoselectivities were achieved at —15 °C in 1:1
toluene to dichloromethane solvent. Similar to the addi-
tion of dialkylzincs, initially EtZnOTf proved to be the
most effective Lewis acid, providing the chelation-con-
trolled addition product with moderate to good dr (Table 2).
However, employing EtZnONf further improved the
diastereoselectivity of the reaction. For example, a 2-fold
increase in the dr of product 5 is seen in entry 1 when
EtZnONf is used compared to the same reaction using
EtZnOTf (dr = 10:1 vs 4.8:1). It is conceivable that this
improved diastereoselectivity is due to the greater solubi-
lity of EtZnONf in dichloromethane at low temperature.
As shown in Table 2, a variety of terminal alkynes can be
employed in the reaction with 1.5 equiv of EtZnONf and
both TBS or TES-protected 3-hydroxy-2-methylproponal.
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Oppolzer, W.; Radinov, R. N.; Brabander, J. D. Tetrahedron Lett. 1995,
36, 2607-2610. (d) Oppolzer, W.; Radinov, R. N.; El-Sayed, E. J. Org.
Chem. 2001, 66, 4766-4770.
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sen, T.; Bolm, C.; Norrby, P.-O. Angew. Chem., Int. Ed. 2003, 42, 3002—
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Chem. Soc. 2005, 127, 1548-1552.
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The (E)-disubstituted allylic alcohol products were furn-
ished with > 5.8:1 dr and 61—-80% yield (entries 1—3 and
6—38). Lower yields were observed in some cases owing to
the formation of ethyl addition byproducts (entries 2 and 8
using EtZnOTY). Furthermore, when internal alkynes were
utilized in the reaction, (E)-trisubstituted allylic alcohols
were generated with = 17:1 dr (entries 4, 5, and 9).
Reactions with less sterically hindered TES-protected 3-
hydroxy-2-methylproponal generally yielded products
with higher dr, most likely due to more favorable chelate
formation.

In summary, chelation-controlled addition of organo-
zinc reagents to TBS and TES-protected S-hydroxy alde-
hydes can be accomplished in the presence of EtZnOTf or
EtZnONf. Our method represents an alternative approach
to the use of stoichiometric amounts of chiral auxiliaries to
reverse the diastereoselectivity in additions of organome-
tallic reagents to o-chiral S-silyloxy aldehydes.
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