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One of the most intensely studied areas in chemical synthesis atScheme 1

present is the development of new catalytic and highly enantiose-
lective processes, especially for the efficient synthetic construction
of a-oxy anda-amino carbonyl compoundsAfter our early study
of nitroso aldol synthesidwe had demonstrated that the BINAP
silver complex is an effective catalyst for th@-nitroso aldol
synthesis of tin enolatésin this Communication, we describe the
isolation of three structures of BINAFsilver complexes identified
by NMR study and X-ray analysisFurthermore, each of the three
complexes plays a different role in regio- and enantioselectivity in
the nitroso aldol synthesis (Scheme 1).

In an effort to investigate the coordination of BINABilver
metal, low-temperature NMR studies were undertaken. In the
preparation of 1 equiv of AgOTf folR)-BINAP in THF, the catalyst

O-Nitroso Aldol
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was unambiguously discerned as a mixture of three species, 1: 2741 1. 1:1 (AgX-(R)-BINAP) Complexes in O-Nitroso Aldol

(A), 1:1 B), 2:1 (C) (AgOTf-(R)-BINAP) complexes, in théP
NMR spectrum at-78 °C (molar ratio of three complexe#/B/C
= 21/63/16)> We were very pleased to learn that, during a
systematic survey of the metal-to-ligand ratio, either Aher the
C complex was selectively generated from 2 equivRFBINAP
or 0.4 equiv of R)-BINAP for AgOTf, respectively. The generation
of the 1:1 complex was highly dependent on the choice of silver
anion, but, fortunately, this complex was also obtained almost
exclusively by switching the silver salt from AgOTf or AgC{@
AgOAc or AQOCOCK. Furthermore, we were able to isolate each
metal species, and the X-ray crystallographic study provided us a
clear view of the structure of each catal§3the tetragonal geometry
of complex A (X = OTf) conformed to that of the proposed
structure previously reported by our |&Fhe tetragonal geometry
of complexB (X = OCOCE,) is likewise similar to that of a closely
related X-ray structure of BINAIAGOACc reported by Yamagishi
et al., with silver coordinated to two oxygen atoms. The crystal-
lographic data for complexc (X = OTf) revealed a trigonal
geometry, but with a metal center coordinated to one phosphine
and triflate on another silver salt.

Given each of the silverBINAP complexesA, B, C via the
proper combination of metal/ligand ratio and/or choice of metal
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entry mol % AgX yield, %° ee, %°
1d 10 AgOTf 88 99
2 2 AgOAc 93 97
3 2 AgOCOCR 94 95

a Reactions were conducted with a catalytic amounfRM{EINAP-AgX,
1.0 equiv of nitrosobenzene, and 1.0 equiv of trimethyltin enolate in THF
at —78 °C for 2 h.bIsolated yield.° Determined by HPLC (Supporting
Information).d Reactions were conducted with a catalytic amountR)f (
TolBINAP-AgOTf, 1.0 equiv of nitrosobenzene, and 1.0 equiv of trimeth-
yltin enolate in THF at-78 °C for 2 h.

N selective) with<1% ee and thus did not contribute to the nitroso
aldol reaction. Taken into account all of the above results, it appears
that 1:1 compleB should be the responsible catalyst for the silver
catalyzedO-nitroso aldol process as evidenced by the enantiose-
lectivity/regioselectivity profile.

Turning now to the hydroxyamination issue, due to relatively

salt, a representative selection of tin enolates was evaluated in thehigh N-selectivity in the reaction catalyzed by the 10 mol % of
O-nitroso aldol process. The reaction with the trimethyltin enolate AGOTf and R)-BINAP system in THF O-/N- = 8:92, 54% ee of

of cyclohexanone in the presence of 10 mol % of catalyst derived N-adduct), tributyltin enolate of cycloheptanone was chosen for
from (R)-TolBINAP and AgOTf (THF, 1 h,—78 °C) afforded evaluation of these complexes in tReselective pathwa§ Complex
O-adduct with exceptional regio- and stereoselectividy/il- = A resulted in completdl-selectivity but without any enantioselec-
>99:1, >99% ee). The AgOAc- or AgOCOGHlerived 1:1 tivity (O-/N- = 1:>99, 2% ee oN-adduct). The enantioselectivity

complexesB should also be efficient catalysts that exhibit the
capacity to participate in the activation as a Lewis acid uniformly
to give high enantioselectivities and efficiencies{®7% ee, 93
94% vyield) under the relatively low catalyst loading (Table 1). In
contrast to these results, reaction with comp@xafforded the
O-adduct in low enantioselectivityot/N- = 95:5, 9% ee). Further,
complexA was totally ineffective in producing th8-adduct ¢&99%
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of N-adduct was also very low using compl®&« derived from
AgOAc (~20% ee). A dramatic increase of enantio- and regiose-
lectivities was observed by using compl€xin THF, to give the
N-adduct in 87% ee with 96% regioselectivity.

The high enantioselectivity in the use of tin enolate of cyclo-
heptanone associated with the use of comilegrompted us to
select catalys€ for the development ofi-hydroxyamino ketone
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Table 2. Solvent Effect in N-Nitroso Aldol Synthesis?

OSnBug o catalyst C G OH 0
@ . 0 {amo%) é/N\Ph . ij/o\N,Ph
Ph” solvent H
-78°C,2h

entry solvent yield, %° N-/O- ee of N-adduct, %°
1 THF 94 5/95 9
2 DMF 90 94/6 5
3 ELO 92 73127 90
4 MeOCHOMe 97 92/8 59
5 MeOCHCH,OMe 93 92/8 40
6 EtOCHCH,OEt 94 96/4 >99
7 MeOCHCH,0'Bu 92 93/7 87

aReactions were conducted with 4 mol % of complexX = OTf),
1.0 equiv of nitrosobenzene, and 1.0 equiv of tributyltin enolate in
corresponding solvent at78 °C for 2 h.? Isolated yield. Determined by
HPLC (Supporting Information).

Table 3. Reaction Scope in N-Nitroso Aldol Synthesis?

OSnBuz igtaly?g/ C)> O OH 0
3 1l mol%%
1 R+ — = J\*(N\ . O. .Ph
R )\( PhN EOCH,CH,0Et BT X “Ph * R N
R2 -78°C, 2h R*R RrReRe H
ent enolate ield, %°  N-/O- ee of \-
v yield, o adduct, %°
1 OSnBuz n=1 90 97/3 86
2 n=2 95 96/4 >99
)n
3 n=3 9% >99/1 97
OSnBugz
4 Ph 94 >99/1 77
OSnBugz
5 97 >99/1 98

a Reactions were conducted with 4 mol % of complexX = OTf),
1.0 equiv of nitrosobenzene, and 1.0 equiv of tributyltin enolate in ethylene
glycol diethyl ether at-78 °C for 2 h.PIsolated yield.* Determined by
HPLC (Supporting Information).

synthesis? Variation of the solvent has a pronounced effect on
regio- and enantioselectivity, and some of our results are sum-
marized in Table 2. Generally, the compléxcatalyzed\-nitroso
aldol reaction performs well in a number of ether solvents with
moderate-to-high enantioselectivities. Excellent levels of enantio-

and regioselectivities were observed when the reaction was carried

out in ethylene glycol diethyl ether (Table 2, entry 6).
The benefits of comple extend over a wide range of cyclic

substrates, and those experiments that probed the scope of tin

enolates in ethylene glycol diethyl ether are summarized in Table
3.1 Extremely high enantioselectivities were observed during the
examination, an indication that compl€Xis indeed very effective

and that these reactions proceed via a highly organized transition

state.

The synthetic transformations described herein provide new
insights into the developing area of catalytic enantioselective nitroso
aldol synthesis and new methodology for the construction of a
variety of chiral building blocks. Further, the new method of
selective generation of three different silv@INAP complexes
opens a hew entry into various unknown synthetic reactions. These
catalysts are easily generated and provide clear guidance for the
design of an even more effective catalyst.
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