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Abstract: The trichlorosilyl enolates of cyclopentanone and cycloheptanone were prepared
by a mercury(ll)-catalyzed metathesis from their TMS enol ethers in good yield. These
enolates underco spontaneous addition to aldehvdes to nrovide the aldol adducts svn-4 8Sa-e
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in high yield and selectivity (dr 19/1 to >49/1). More electron rich aldehydes tend to be
more diastereoselective. The reaction of these enolates with aldehydes is also catalyzed by
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15/1 to 35/1) and enantloselectlvny (er 84.4/15.6 to 95.9/4.1). In these cases, a trend is
apparent only with sterically similar benzaldehyde derivatives. In addition, optimization
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reaction. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction

Catalytic, asymmetric aldol additions have come to the forefront of synthetic methodology due to both the
synthetic utility of the products and the challenge of designing such a transformation.! There are now a number of
reports concerning the addition of silyl enol ethers or silyl ketene acetals to aldehydes using chiral Lewis acids that
proceed with good-to-high enantioselectivity.2 These additions, however, typically suffer from lack of control of
the sense of diastereoselectivity, i.e. both geometries of starting enol silane lead to the syn diastercomer.3 We
recently disclosed a novel approach that involves the Lewis base-catalyzed aldol addition of chlorosilyl enolates to
aldehydes.4 Examples with cyclohexanone- and propiophenone-derived trichlorosilyl enolates demonstrated high
diastereoselectivity in additions to aldehydes in the presence of catalytic quantities of the stilbenediamine-derived
provided the anti-aldol product and the Z-enolate provided the syn-aldol product.”
consistent with a closed chair-like transition structure for the catalyzed reactions. Also, the trichlorosilyl enolates
were highly reactive toward aldehydes without external activation; the cyclohexanone-derived enolate provided aldol
adducts with high syn-diastereoselectivity, indicative of a closed, boat-like transition structure (Scheme 1).

Studies on silicon-substituted chlorosilyl enolates of methyl acetate revealed a distinct electronic component
in the catalyzed reaction: at least three electronegative substituents on silicon were required for catalysis by
HMPA .4 This obtains because only these silanes are sufficiently electron deficient to accept two additional basic
ligands (phosphor e and aldehyde). Although the selectivities overall were modest, the electronic and steric

dlfferences in the environment around the silicon center clearly manifested themselves in the overall rate and
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report out results involving trichlorosilyl enolates derived from cyclic ketones and electronically modified
benzaldehydes catalyzed by (S,5)-1 to provide the corresponding aldol adducts.

Scheme 1
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Results and Discussion
Enolate Synthesis.

Trichlorosilyl enolates have been prepared in the literature by two distinct methods. In 1968 Benkeser
reported the synthesis of the trichlorosilyl enolate of acetone utilizing chloroacetone, tributylamine and
trichlorosilane.® We have found this to be the method of choice for preparing this enolate, though the
transformation is limited due to lack of general availability of chloroketones and other experimental difficulties. The
other route involves SiClsy-mediated metathesis of a stannyl enolate (either C- or O-bound) to provide the

i) ./

ketones (e.g. Scheme 1), the use of stoichiometric amounts of tin reagents is disadvantageous for both health and
purification reasons. Additionally, while investigating methyl ketone substrates we encountered difficulty in
preparing regiochemically pure stannyl-ketones on route to trichlorosilyl enolates,4d

In light of these problems we sought a new, more general method for the preparation of trichlorosilyl
enolates, preferably from trimethylsilyl enol derivatives. Initial experimentation demonstrated that under strictly
anhydrous conditions, TMS enol ethers and even TMS ketene acetals were inert in the presence of SiCly4 over days
at room temperature.8 Consequently we explored the possibility to catalyze the exchange of silyl groups via an o-

metalloketone (analogous to the stannylketones above) which could then undergo reaction with SiCly to regenerate
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to catalyze the process with Hg(OAc),. Gratifyingly, combination of a TMS enol ether, SiCly, and catalytic
quantities (1 mol %) of Hg(OAc); resulted in fast, efficient conversion to the desired trichlorosilyl enolates.4d As
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outlined in Scheme 2, we believe that the TMS enol ether undercoes C-mercuration concomitant with logs of TMS
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enolate with the assisted loss of HgX», which can then re-enter the catalytic cycle.
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with 1 mol % Hg(OAc); only to find thai

Increasing the mercury loading to S mol % did lead to complete conversion to the trichlorosilyl enolates in 22 h.

metathesm was much slower than in the methyl ketone-derived systems.

Removal of the excess SiCly and the TMSCI byproduct, followed by distillation, provided the trichlorosilyl enolates
3a and 3b in good yield and purity (Scheme 3). Both enolates were stable and could be stored for weeks at -20 °C
under an inert atmosphere without decomposition (based on spectroscopic analysis and subsequent reactivity).

Scheme 3
T™S SiCl3
ﬂ EtgN, TMSCI i SiCly, CHClo ?L
iy N2 CHON - (2 "5 o Hg(OAg)
—{Cr2)na \(CHo)pa ° ™ 01% Hg(OAc) \—(on)m
2a,n =5, 85% 3a,n=5,73%
2b,n=7,91% 3b,n=7, 78%

Uncatalyzed Aldol Additions.
With our knowledge from previous studies that trichlorosilyl enolates derived from ketones are reactive
toward aldehydes without additional activation,* uncatalyzed reactions of the enolates 3 were investigated. The
yde srngothly in CHACl, (0.5 M) at 0 °C to provide the
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xcellent yield (Scheme 4). 'H NMR analysis of the crude reaction mixture indicated a 22/1
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he high syn selectivity was presaged by our observation that Lewis acidic silyl e
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react through boat-like transition structures in the absence of promoters.il We chose to study the electronic effect
on diastereoselectivity of the various substituents in the benzaldehyde derivatives depicted in Figure 1. The results

with the cycloheptanone-derived trichlorosilyl enolate 3b are summarized in Table 1.
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Figure 1. Benzaldehyde derivatives used in this study.

The trichlorosilyl enolate 3b reacted cleanly and efficiently with aldehydes a-e in CH,Cly (0.5 M) at 0 °C to
provide the aldol adducts ()-5a-e in good to excellent yield, and high diastereoselectivity (19/1 to >49/1, as
determined by 'H NMR analysis of the crude reaction mixture), agai

r

trend is apparent, in that highly electron deficient aldehydes, e.g. a, are less diastereoselective than benzaldehyde
A (e €Ty SRR P mraldalerda FRY Z/Malila 1 amgeion 1 2Y ss-dbila sbhiy lonsenss wialh aldablecedan 3 o1 o /T LT,
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i, entries 4,5) provided very high (>49/1) levels of diastereoseiection.

We suspect that these reactions are taking place by initial aldehyde coordination to the trichlorosilyl enolate,
activating both partners toward addition. Aldolization takes place via this pentacoordinate intermediate in a six-
membered boat-like transition structure (ii, Scheme 5). We have previously proposed the activation of silyl
enolates by aldehydes in studies concerning silacyclobutyl-derived ketene acetals!!2 as has Myers in the reaction of

a silyl-N,O-ketene acetal.!? In addition, the silyl-directed aldol addition has been studied computationally by Gung

v onn udied com 1onail

and co-workers at high levels of theory (MP2/6-31G**//MP2/6-31G*).13 The transition structure located in this
: IN] baa b oaldabuda and analote aocnnving anieal and bacal nocitione reenectivaly aronnd

S‘C‘dd‘y’ did resemble a boat, with aidenyde ana enoiale OCCUpying apica anda vasai posilions, respectively, arouna a

trigonal bipyramidal silicon atom (e.g. ii, Scheme 5). Gung's resuits suggest that the nucleophilicity of the enol
double bond is more important than aldehyde activation for the trihydridosilyl enolate studied. This hydridosilane
would be both more nucleophilic and less Lewis acidic than the trichlorosilyl enolates used in the present studies.
Due to these differences we still suggest dual activation is taking place upon coordination of the aldehyde to the

trichlorosilyl enolate.
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Table 1. Uncatalyzed aldol additions of enolate 3b.2

QSiCl ~ le Y] -

Sl (!
N 1. CHCly, 0 °C M
fL\ + RCHO ———2— R,

\__/ 2. aq.NaHCO3 { ) L)
35 &
en

:unc!
- I

I-L\ syn-§ (L\_anti B

x)-5yn wj-ani-5
try  aldehyde time,h products syn/antib yield,c %
i a i1 5a 19/1 90
2 b 9 5b 28/1 92
3 C 10 5¢ 26/1 96
4 d 8 5d >49/1 96
5 e 11 S5e >49/1 91

a All reactions performed at 0 °C, 0.5 M in aldehyde.P Determined
by 'H NMR analysis. ¢ Analytically pure material.

Scheme 5

The reason for the seemingly intrinsic preference for boat-like structures over chair-like structures with

pentacoordinate siliconates predicted computationally by Gung (and by ourselves at semi-empirical levels!12) and
demonstrated for a number of enolate classes remains unclear. In his studies of zirconium enolates, Evans
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pPOStul1atCa wndt aiStortions in ui€ SiX-mEmDErea ransition Struciure reiative [(0] Lyplbdl €noiates couia ieaqa to a

preference for boat-like structures.14 In addition, calculations have suggested that boron-based enolates may react
through boat or twist-boat transition structures in aldol reactions.13 The energy difference between chair- and boat-
like transition structures is probably small, and even subtle changes in bonding could perturb the observed
selectivity. Changes in the O-M-O bond angle, the O-M bond lengths, and even the conformation (and resulting
steric contribution) of "spectator" ligands bound to the metal center have all been used to rationalize the switch in
preference from chair to boat in different systems.!6 Clcarly the factors involved in controlling the transition
structure of tht‘SC reactions are unclear at the nreqent t

One possible explanation for the modest trend in diastereoselectivity involves the differential coordinating
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nnnnnnnnnn LY | ot PR
h ] WIS DAdED ) PthUllldUly umu {0 S11ICOII MoT

the aldehyd yacs a-e. More electron rich
tightly. This would lead to shorter Si-O bond lengths, perhaps accentuating any steric biases present in the

competing transition structures. Experimental evidence for variable bond lengths in the complexation of
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electronically distinct aldehydes is scarce, though seems intuitively reasonable. Indeed such differences need not be
large when one considers the difference in AAG? for the production of (+)-5a and ()-5e is roughly 0.5 kcal mol-1.

Catalyzed Aldol Additions.
On the basis of our earlier results with the trichlorosilyl enolate derived from cyclohexa
phosphoramide (8,5)-14> we expected bot
enantioselectivity in the anti manifold from the corresponding cyclopentenyl and cycloheptenyl-derived enolates.
iti somewhat disappointing. Although there was tremendous rate acceleration
(reaction time of <} hour at =78 °C/0.1 M compared to severai hours at 0 °C/0.5 M uncatalyzed), analysis of the
crude reaction mixture by H NMR spectroscopy indicated a syn/anti ratio of only 1/6 (Table 1). Additionally, the
enantioselectivity of the reaction was markedly lower than initially hoped (er anti, 85.1/4.9). Through optimization
studies we discovered that rate of addition of aldehyde to the cold solution of enolate and catalyst was critical. In
initial experiments, aldehyde was added neat over roughly 1 minute to a cold (=78 °C) solution of enolate and

catalyst (Table 2, entry 1). It was found however, that if the aldehyde was added slowly (over 45-55 minutes, in

half the total reaction volume) the diastereoselectivity not only improved dramatically (Table 2, entry 2) but became

more reproducible as well. Interestingly, the enantioselectivity of the process changed little with this modification,
: mer v adas - bl mmoao T Al A~ ad dasnbe ceronmey ~bedocioe 1 2 st el

remaining modest. In both cases the aldol adducts were obtained in near quantitative yield

Table 2. Catalyzed aldol additions of enclate 3a with benzaldehyde.2
QSiCls 0 OoH 2 oH
1. (S,9)-1, CHoCly, —78 °C 2
2. ag. NaHCOg3
3a (+)-syn-4 (-)-anti-4

entry addition time, min syn/anti® ersyn®d  eranti® yield,f %

1 i 176 65.7/343 85.1/14.9 99
2 50 1722 71.4/28.6 87.7/12.3 98
2 All reactions performed at —78 °C with 10 mol % (5,5)-1. ® Determined by

mol %
1H NMR analysis. ¢ Determined by CSP SFC analysis. 9 Absolute
f

configuration not established. € Absolute cor figuration assigned by analogy to

(—)-anti-5. f Analytically pure material.
The catalyzed additions of 3b to ldehyde benzaldehyd (c) also showed a significant de pendence on the
rate o i ; i i i i
experiments, the enantiomeric composition of the anti-diastereomer remained constant. In fact, regardless of the
conditions used and the diastereoselectivity of the reaction, the enantiomeric ratio of the anti-product did not change,
though the enantiomeric ratio in the syn-manifold was somewhat variable. The results for enolate 3b and aldehydes

a-e utilizing the optimized procedure are summarized in Table 3.
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Table 3. Catalyzed aldol additions of enolate 3b.2

0SiCly o QH

=
WG
I

1. (5,5)-1, CHyCly, 78 °C
=\ 4+ RCHO 27" R, R
— 2. ag. NaHCO;, - -
3b (+)-syn-5 (-)-anti-5
entry  aldehyde products syn/anti®  er syncd er antic®  vyield,f %
1 a Sa 1/17 70.3/29.7 90.8/9.2 91
2 b 5b 1/15 60.5/39.5 84.4/15.6 96
3 c 5c¢ 1/29 68.2/31.8 92.0/8.0 97
4 d 5d 1735 61.2/38.8 95.9/4.1 97
5 € S5e 1720 70.6/29.4 93.7/6.3 94
a ANl raantinne narfarmad at _7Q O gnth 1N mnl [7ANEN . | b Matarminad hy 10T
L2l Lvauviiviio y\allullll\/u alL — 1o A WILIL 1V i1 /U \L),l)} LIDLE[IIIIIIUU v X

NMR analysis. ¢ Determined by CSP SFC analysis, 4 Absolute configuration not
established. © Absolute configuration (2R,1'S). f Analytically pure material.

All adducts were obtained in very good chemical yield, and with high diastereoselectivity favoring the anti-
icamar nractimahly aricing fram o chair il a tronaitinn otemantiiea N atawraethe 10 tha teand ~AF diactarancalan~tiyvitiag
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with respect to the uncatalyzed reactions. Where steric interaction are aimost certainly minimal {(no 2- or 3-
substituents on the aromatic ring, Table 3, entries 2-4), there is a clear trend, as before, with the more electron-rich
aldehyde being the most selective. This breaks down at both ends of the spectrum (Table 3, entries 1 and 3),
wherein the presence of 3-substituents on the aromatic ring may well offer a steric contribution. This is especially
reasonable when one considers the crowding, even far removed from the reactive center, that would result from
phosphoramide and aldehyde simultaneously bound to silicon in a hexacoordinate array. These steric interactions,
coupled with the electronic differences in aldehydes a and e could lead to the deviations from the trend.

rom moderate to hig
forthe an ereom n from moderate to nig

The same rationale may be employed here as well, the more electron-rich aldehydes forming tighter closed transition
structures, and amplifying the steric differences between the diastereomeric (in the presence of chiral
phosphoramide) chair-like transition structures. It is interesting to note that where a trend seems to exist (entries 2-
4) the enantioselectivity is much more sensitive than the diastereoselectivity to the electronic nature of the aldehyde
component. This suggests that tight aldehyde coordination is more critical in discerning between the competing
chair-like transition structures than between chair- and boat-like transition structures. This is not surprising as
subtle differences are more likely to manifest themselves more strongly in similar (chair vs. chair) rather than

dissimilar (chair vs. boat) global arrangements of the transition structure. The enantioselectivities in the syn-
manifald were nnifarmly nanr Claarly the chiral enviranment nravided hyv the nhaenharamide in the chair-like
ERRCARRERNZINL VYA /RN, WAERIAVUIRELLD HUUL \,‘IUUIAJ L1V WILER QAL WEL YV IR VURLILLANV ALY Plu'lu\-‘u U-, Liiw Pllul’yllvl“lll‘uv ALl VALV WREGRLL  AREWW
bopam it obemzatitsn lan Al o b tlan nandl tozamnaa Ao s toamsmolata 1xrall b dlan Fomcacrssmmnlale) lhmné 1ibra svntrvra ~AF thAaca
LIAISILION SLTUCLUIC ICAUlIlyE O UIC alli-1S0OIICEd UUCD ot transiaie CI1 10 HIT [ PICSULIIdULY ) DUAL-LIAC THatulc Ul Uiust

transition structures that operate in the syn manifold.
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b=
—t

though it could involve the intrinsic higher reactivity of hypervalent silicon.18 The apparent preference for a chair-
like transition structure with hexacoordinate silicon enolates is also unclear. Interestingly, when (S,5)-1 is used as
the catalyst the resulting configuration of the major product obtained from 6- and 7-membered cyclic (E) enolates is
(2R,1'S), whereas the propiophenone-derived (Z) enolate provides the (25,1'S) isomer. We postulate that while
the general constellation of the transition structure (i.e. hexacoordinate siliconate) is responsible for the relative
induction (diastereoselectivity), the chirality of the catalyst controls the topicity of attack on the aldehyde or enolate
(enantioselectivity). Thus, the products obtained from E- and Z-enolates are of opposite configuration at C(2),

derived from attack on the same face of geometrically isomeric enol double bonds. The configuration of the

hydroxyl-bearing center in the aldol products is found to be § regardless of enolate type or configuration when
OO 15 g | e ko Lo 20 40 mmrcaniionrs salotizie Canial thnminits smdiimad gy sbeg Al 100w _tat
(D,0)-1 15 UdCU d> Proolicr LIS 15 da CONSCYJuUOnee 1€1dal1ve 14C1dl LOpICILY 1INauced Dy inc cnair-iike ransiton

structure in the octahedrally coordinated siliconate coupied with enantiofacial preference of the catalyst. In the
absence of additional experimental information (e.g. on the absolute configuration of the minor components) or
computational studies, specific claims about these transitions structures, particularly the preference for the observed

absolute configuration of the products, is impossible.

Scheme 6
p— —
. NR2 i
R &0
OSilLg N NR,
XN  RCHO

The origin of the dramatic effect addition rate has on diastereoselectivity also remains unclear. However,
one possibility does arise from specific trends presented above. Since the enantiomeric ratio of the anti-
diastereomer does not change with diastereomeric ratio, and as the syn-diastereomer is produced in much lower

enantiomeric ratio in all cases we propose that only the anti diastereomer arises from a hexacoordinate siliconate

e J uid windas N N i

species. The syn product then being derived from a mechanistically distinct pathway, which is somehow
M 7 ol~ver T4~ TA b dn nnd snbhacanmsls, AanAd xrstla 1 1 + T + ¥
disfavored by slow addition of aldehyde and inherently proceeds with poor enantioselection. The precise nature of

such a second pathway is unknown at the present time. We expect that studies designed to understand this effect
and the overall composition and arrangement of the transition structure will ultimately lead to better understanding

and improved catalyst designs.

Summary
We have demonstrated that the mercury-catalyzed metathesis from TMS enol ethers to trichlorosilyl enolates

r cyclic ketone substrates. In turn, these enolates react spontaneously wit



S. E. Denmark et al. / Tetrahedron 54 (1998) 10389-10402 10397
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provide higher diastereoselectivity in these uncatalyzed aldol additions. Aldol additions of trichlorosilyl enolates are
also catalyzed by the chiral phosphoramide (S,5)-1 to provide aldol adducts in excellent yield, now with high anti-
diastereoselectivity and moderate-to-high enantioselectivity in the anti manifold, derived from a chair-like transition
structure organized around an octahedral, hexacoordinate siliconate. A trend similar to that found in the uncatalyzed
pathway seems to hold true for sterically similar aldehydes (b-d), that is, more electron rich aldehydes lead to
higher diastereo- and enantioselectivitics. However, both of these trends fail when 3-substituted aldehydes are
employed, perhaps due to combined electronic and steric effects. We have discovered that slow addition of

aldehyde is crucial for high diastereoselectivity in the catalyzed reaction. This may due to a second, poorly

ennntlnceler‘hvp hichlv svn-selective nathwav heing onerative in the catalvzed reaction. Studies to investioate this
.............. g1y syn-seieclive palitway beng operative n ihe catalyzed reaction. studies to mvestigate this
hanAamanan in add: " ~ - #er - ; . e vyrsementlar vaan A xroen A

Experimental

General Information. 'H NMR spectra and 13C NMR spectra were recorded on Varian Unity 500 or Varian
Inova 500 (500 MHz, H; 126 MHz, !3C) spectrometers. Spectra are referenced to residual chloroform (8 7.26

P | S PO I I W B Vo L NSRS S DS DU o IR B S B e Ve A L Ve T DS SIS ML SRt B [ LI e W 0 s ]
ppm, *ri; 0 / /.U ppm, *°C) Oof tetrametnyisiane (o v ppin, ‘M, A-U) I L3 Uniess ot rwise stated. '“F NMR
cneactra ware nhtainad Aan a Varian TTnitv A (276 MHE2Y and rafaranrad tn havaflnarahenzene (& — 1682 O nnm)
Spelird WErc O0Lalnea Ol a4 varian vty «uu (370 viriZ) ana rereronced o lXanorooinaine (0 —i104.v ppiny.
Chemical shifts are reported in ppm (8); multiplicities are indicated by s (singlet), d (doublet), t (triplet), q (quartet),

pent (pentet), m (multiplet) and br (broad). Coup]mg constants, J, are reported in Hertz. Mass spectrometry was
performed by the University of Illinois Mass Spectrometry Center. Electron impact (EI) spectra were performed on
a VG 70-VSE spectrometer. Data are reported in the form of m/z (intensity relative to base peak = 100). Infrared
spectra (IR) were recorded on a Mattson Galaxy 5020 spectrophotometer. Peaks are reported in cm=! with
mdlcatcd relative intensities: s (strong, 67-100%); m (medium, 34-66%); w (weak, 0-33%). Optical rotations were

nhtainad acrnn MID_2AN Aiaital nalarimatar and ara rannrtad ac fallawe- fevl! tomnaratiira M Aancantratinn (-~
UUKalll\/u Ull (1 JASVU LI TIOUV Ulsllal pvra.l 1111V Allvu alv l\rt}\)l Wil Ad 1VILIUWD l\hJD L\-llll.)\al Aiuiv 1 ), CuUdIvviuaivi (u
= g/100 mL) and solvent. Elemental analyses were performed by the University of Illinois Microanalytical Service
Laboratory.

All reactions were performed in oven and/or flame dried glassware under an atmosphere of dry argon.
Dichloromethane (CH,Cly) was distilled from P>0s, SiCly was heated to reflux for 2-4 h then distilled immediately
before use. Commercial reagents were purified by distillation or recrystallization prior to use. Analytical thin- layer

Ny A A

chromatography was performed on Merck silica gel plates with QF-254 indicator. Analytical supercritical fluid

rorntaaranhe QL irae Frarmad o Pargar Tnatmimmants mankad ~aalivrmmn CEO with hailé_in Atamatein

bhlUlllalUélaPlly or \’} was PCIIUI mca on a u51551 1NSIrUments pabncu COLULLL \)1 Wil vuiie-iul PllUlUlllelll\/
detector (A = 220 nm) using Daicel Chiralpak AD, Chiralpak AS and Regis (R,R)-Whelk-O1 columns . Preparative
HPLC was performed with a Ranin Dynamax pumping system on a Regis 10 pm SiOp 2.11 X 25 cm column.
Melting points (mp) were determined in vacuum-sealed capillaries on a Thomas-Hoover apparatus and are
corrected.

Starting Materials. [(Cyclopentenyl)oxy]trimethylsilane (2a) and [(cycloheptenyl)oxyltrimethylsilane (2b)
were prepared by the method of Kochi,!? (§,5)-1 was prepared as previously reported.42

- 15

Qs -

TrichlaralfavelanantenvDayy o (221 inan fotrachlarids (020 mI 81 2 mmnl 2 N aqniv)
A L1ivi11UL UL\Lylepculc y § l’UAyJDll 1< \Jaj. DIV O CIHIVUIIAC \ 7.0V 1L, Ol.4 LUV, 4.U UHUIV}
was adde qnicklv to a anpgpsjgn of Hg(QAP)z (6()0 0 mg, 2.0 mmol, 0.05 equiv) in (‘HqC]z (40 mL) ___uring

2.0 mr equiv) ! ).
the dddmon the mercury salt dissolved. [(Cyclopentenyl)oxy krlmethvlsllane (2a) (6.35 g, 40.6 mmol) was then
added to the solution dropwise over 10 min and the solution was stirred at rt for an additional 10 h. During this
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time the reaction mixture became somewhat cloudy. Removal of an aliquot and 1H NMR analysis indicated that the
reaction was complete. The mixture was concentrated at reduced pressure (150 mmHg) and the resuiting oil was
distilled twice through a 7.5 cm Vigreux column to give 6.43 g (73%) of the trichlorosilyl enolate 3a as a clear,
colorless o0il: bp 45-46 °C (7 mmHg); !H NMR (500 MHz) 5.10 (pent, J = 2.0, 1 H), 2.44-2.40 (m, 2 H), 2.36-

............. 222225 22 ANAVAIN VMV avaLis) 2 &%)y & N O\ Rddy v Ak LS

2.31 (m, 2 H), l 98-1.90 (m, 2 H); 13C NMR (126 MHz) 150.75, 108 38, 32. 14' 28.30, 20.99; MS (EI, 70 eV)
222 (3), 220 (5), 218 (11), 216 (18), 55 (100); IR (neat) 1657 (s). Anal. Calcd for CsH7C130Si (217.55): C,
27.60; H, 3.24,; Cl, 48.89. Found: C, 27.61; H, 3.35; Cl, 48.60.

Trichloro[(cycloheptenyl)oxy]silane (3b). Silicon tetrachloride (19.20 mL, 168.0 mmol, 20
equiv) was added quickly to a suspension of Hg(OAc), (1.30 g, 4.2 mmol, 0.05 equiv) i

Thiring tha additiann tha rmaarss oalt diacnlerad M6 ralalh astasne TN ~or POR-PUORY'S R ied 1.-..,.,-. /LY /1& &N ~ OA 1 [N AY
1/ulllly it 4agaition uwic meicu l_y Sall UiddUI VCLL l\byblUllCPlCllyI)UijllllllCl ylb 1allC (&4} 10,0V g, 0.1 11111V1)
was then added to the solution dropwise gver 10 min and the solution was stirred at rt for an additional 11 h.

During this time the reaction mixture became somewhat cloudy. Removal of an aliquot and !H NMR analysis
indicated that the reaction was complete. The mixture was concentrated at reduced pressure (150 mmHg) and the
resulting oil was distilled twice through a 7.5 cm Vigreux column to give 16.12 g (78%) of the trichlorosilyl enolate
3b as a clear, colorless oil: bp 84-85 °C (10 mmHg); !H NMR (500 MHz) 5.44 (t, J = 6.5, 1 H), 2.38-2.35 (m, 2
H), 2.05 (br q, J = 4.9), 1.73-1.55 (m, 6 H); 13C NMR (126 MHz) 152.80, 113.78, 34.16, 30.68, 27.06, 24.93,
24.75; MS (EI, 70 eV) 247 (2), 245 (2), 55 (100); IR (neat) 1673 (s). Anal. Calcd for C7H11ClI30Si (245.61): C,
34.23; H, 4.51; Cl, 43.30. Found: C, 34.05; H, 4.67; Cl, 43.48.

S 4 Unedina. Sy VIO P §

(ZR*, ’R*) 2- (Hydroxy(phenyl)methyl)cyclopentanone ((£)-syn-4). General Procedure I:
Uncatalyzed Aldol Additions of Trichlorosilyl Enolates. Benzaldehyde (c¢) (203 pL., 2.0 mmol) was
added dropwise over 2 min to a solution of enolate 3a (478 mg, 2.2 mmol, 1.1 equiv) in CHCl, (4.0 mL) at 0 °C.
The mixture was stirred at 0 °C for 10 h then was poured into cold (0 °C) sat. ag. NaHCO3 solution and was stirred
for 15 min. The two- phase mixture was filtered through Celite, then the phases were separated and the aqueous

PRSP A YT TL . P —

1a8€ was €X i‘ducu Wllll el [3 X JU I‘lu.,) 1ne Urg l(. p[ld.b€5 WwErc CO llb
ntrated 1H NMR anhlcuc {S0N MH2\ af the crmide matarial indicatad a

Fola)
VAU AL, L1 LINIVAIN auary o \LUY LVELLL ] VUL UIC LVIUUL 1AW idr maicaead

JE I Lileoen
a, UTICU Over lV d2\3U4 iiiter
n

anti r;hn n{: ]0/] T]'\p ocmde
valiil 1auy H . 0 Cruac

CL

e
5y
material was purified by column chromatography (SiO;, hexane/EtOAc, 4/1) to give an oil which was crystallized
from EtOAc/hexane to afford 343.0 mg (90%) of (+)-syn-4 as white needles. Data for (1)-syn-4: mp 59-60 °C
(EtOAc/hexane); 1H NMR (500 MHz) 7.36-7.31 (m, 4 H), 7.29-7.25 (m, 1 H), 5.31 (br s, 1 H), 2.49-2.44 (m, 1
H), 2.39-2.33 (m, 1 H), 2.18-2.10 (m, 1 H), 2.06-1.94 (m, 2 H), 1.86-1.80 (m, 1 H), 1.74-1.64 (m, 1 H); 13C
NMR (126 MHz) 220.50, 142.72, 128.36, 127.32, 125.55, 71.51, 56.09, 39.16, 22.72, 20.43; MS (EI, 70 eV)
190 (7), 84 (100); IR (CHCI3) 1731 (s); TLC Rf0.35 (hexane/EtOAc, 3/1). Anal. Caled for C12H 402 (190.24):

r"7<7<u’1/m E‘AnnAP7 QY- 78N
I i1, 7.JV.

g
Ny F2u7 Ty AL, [, Vuiiu. .y, 1J.04, 7

(2R*, 1’R*) 2-[Hydroxy-(3,5-bis(trifluoromethyl)phenyl)methyllcyc
syn-5a). FOHOng General Procedure 1, enolate 3b (420 pL, 2.2 mmol,

bis(trifluoromethyl)benzaldehyde (a) (330 puL, 2.0 mmol) were stirred in CH2Cl, (4 mL) for 11 h at 0 °C. Workup
provided the crude aldolates in a 19/1 syn/anti ratio. The crude product was purified by column chromatography

(5103, hexane/EtOAc, 7/1) to glve 21.0 mg of (+)-anti-5a as a clear oil and 618.0 mg (90% total) of (£)-syn-5a as

PR 10y AT ATy /52NN RATT_N\ 77 QN 2 A ITN 7T T0

a thick oil which SlOle bOllCllIlC(l on stanamg Data for (xT)-syn- S5a: ‘H NMR (QUU IVI1Z) /.84 \DI' S,2n), /./Y
(hee TN §2) fhee 1 HY 2 A6 74 I—QOIU\’)Q"IA I.=1NK8 I.—-727 1H\ 27028 (m 1 HY 2 80
UL 5y 1 11y D J4L \UL D5 1 11), VUV Uy J = Jody 1 A1)y &O7 \Uby J( = 11U, Jt = Jody 1 LlJy L fUTLUT (L, 1 11]y LTV
(ddd, J = 15.6, 11.7, 3.9, 1 H), 1.93-1.80 (m, 3 H), 1.74-1.64 (m, 1 H), 1.60-1.54 (m, 1 H), 1.51-1.43 (m, 1

H), 1.33-1.23 (m, 2 H); 13C NMR (126 MHz) 217.49, 144.69, 131.55 (q, J = 33.1), 126.17, ]23 33(q,J =

272.4), 121.18 (sept, J = 3.7), 71.96, 56.87, 43.81, 29.05, 28.89, 23.66, 23.42; !9F NMR (376 MHz) -63.00;

MS (EL, 70 eV) 354 (8), 112 (100); IR (CHCl3) 1688 (s); TLCRy 0.66 (hexane/EtOAc, 3/1). Anal. Caled for

Ci16H16F602 (354.34): C, 54.25; H, 4.55; F, 32.16. Found: C, 54.13; H, 4.40; F, 32.09.

(2R* 1I’R*)-2-[Hydroxy-(4 (trlfluoromethyl)phenyl)methyl]cycloheptanone ((£)-syn-5b).
A

I‘J

AllAvsrimer Hanarn 1 Dynaradiira T annlata T (AN ol 7Y mnal 1 armiiv) and A_(temflhiaramathulhanoalda a
i UllUWlllé Jelividal 1 1uveuule 1, v a\c Ry \""AU ’LL L e llllllUl, 1. l CLlulV} Alivg -+ \tlllluUlUlllblll 1}UuuLaxuuu uv
(h) (273 uL, 2.0 mmol) were stirred in CH»Cly (4 mL) for 9 h at 0 °C. Workup provided the crude aldolates in a

28/1 syn/dntx ratio. The crude product was purified by column chromatography (5102, hexane/EtOAc, 4/1) to give
15.1 mg of (¥)-anti-5b as a clear oil and 541.1 mg of (+)-syn-5b as an oil which was crystallized from
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itOAc/hexane to give 510.0 mg (92% total) of (£)-syn-5b as white needles. Data for (%)-syn-5b: mp 60-61 °C
(EtOAc/hexane); 1H NMR (500 MHz) 7.61 (d, J = 8.1, 2 H), 7.46 (d, J = 8.0, 2 H), 5.25 (br s, 1 H), 3.50 (d, J =
2.2, 1 H), 2.85 (dt, Jg = 10.8, J; = 2.7, 1 H), 2.65-2.57 (m, 1 H), 2.47 (ddd, J = 15.8, 12.0, 3.7, 1 H), 1.91-

1.79 (m, 3 H), 1.70-1.60 (m, 2 H), 1.50-1.41 (m, 1 H), 1.31-1.19 (m, 2 H); 13C NMR (126 MHz) 217.87,

A2/ A ARjy A ER A ¥ AN 14 AViialy

145.97, 129 34 (q, J = 32.2), 126.22, 125.16 (q, J 3.7), 72.61, 57.26, 43.90, 29.11, 29.02, 23.90, 23.58; l9F

NMR (376 MHz) —62.68; MS (EL 70 eV) 286 (6), 112 (100); IR (CHCl3) 1686 (s); TLC Ry 0.34 (hexane/EtOAc,

3/1). Anal. Calcd for CysH7F307 (286.27): C, 62.93; H, 5.99; F, 19.91. Found: C, 63.14; H, 5.97; F, 19.72.
(2R*,1’R*)-2-(Hydroxy(phenyl)methyl)cycloheptanone ((x)-syn-5¢). Following General

~ea

Procedure I, enolate 3b (420 pL, 2.2 mmol, 1.1 equiv), and benzaldenyde (c ) (.{UJ ML, 2.0 mmol) were stirred in

(CHACTIAS (A I YV Far 1Nk at N O Warkiim nravidad tha amida aldalatas in o sevfnsmts ratin Tha Amesda meadiias
ALY T L) IUL LV L at v O, Yy Ull\ul} PIUV iaca I_UC CIUUC aluuidiod 11 a /-UI l aylucuxu [atlv. 11C Liuuc pivduct

was pnrili__d bv column (‘.hrnmm’namnhy (8103, hexane/EtOAc, 6/1) to cnvp 143 mg of (+)-anti-Sc¢ as a clear oil

(AN LES S 01 QR S | RV piapil Lalier Uil

and 420.0 mg of (£)-syn-Sec as an oil which was crystallized from EtOAc/hexane to give 405.0 mg (96% total) of
(£)-syn-5c as a white solid. Data for (+)-syn-5¢: mp 80-81 °C (EtOAc/hexane); 'H NMR (500 MHz) 7.37-7.31
(m, 4 H), 7.27-7.24 (m, 1 H), 5.18 (d, J=2.7, 1 H), 3.35 (brs, 1 H), 2.84 (dt, Jg = 11.0, J; = 3.0, 1 H), 2.61-
2.54 (m, 1 H), 245 (ddd, J = 15.7, 12.0, 3.7, 1 H), 1.91-1.80 (m, 3 H), 1.79-1.73 (m, 1 H), 1.65-1.56 (m, 1
H), 1.51-1.43 (m, 1 H), 1.31-1.19 (m, 2 H); 13C NMR (126 MHz) 218.15, 141.93, 128.16, 127.08, 125.84,
73 32, 57.75, 43.95, 29.13, 29.07, 24.09, 23.78; MS (EI, 70 eV) 218 (8), 112 (100); IR (CHCl3) 1686 (s); TLC

- () 856 (hPY"H’\PI‘:an(‘ Q/I\ Anai. Caled for P- 4” nnn M1 IM- C 7703 H 831 Found: F 77.13:- H

0.56 (hexane/EtOAc, Calcd 80> (218.30): C, 77.03; H, 8.31. Found: 13; H,
8.23.

(2R*,1’R*)-2-[Hydroxy-(4-methoxyphenyl)methyl]cycloheptanone ((x)-syn-5d).
Following General Procedure I, enolate 3b (420 pL, 2.2 mmol, 1.1 equiv), and 4-methoxybenzaldehyde (d) (243
pL, 2.0 mmol) were stirred in CH>Cla (4 mL) for 8 h at 0 °C. Workup provided the crude aldolates in a >50/1
syn/'anti ratio. The crude product was purified by column chromatography (8102, hexane/EtOAc, 4/1) to give 7.1

mg of (+)-anti-54 as a clear oil and 481.6 mg of (£)-syn-5d as an oil which was crystallized from EtOAc/hexane to

give 467.3 mg (96% total) of (+)-syn-5d as white crystals. Data for ()-syn-5d: mp 69-70 °C (EtOAc/hexane); 1H
NMR (500 MHz) 7.24 (d, J =8.5,2 H), 6.88 (d, / =8.7,2 H), 5.11 (d, J = 2.9, 1 H), 3.81 (s, 3 H), 3.28 (br s,
1 H), 2.80 (dt, J4 = 11.0, J; = 3.2, | H), 2.58-2.52 (m, { H), 2.43 (ddd, J = 15.6, 12.0, 3.9, 1 H), 1.90-1.76 (m,
4 H), 1.64-1.54 (m, 1 H), 1.50-1.40 (m, 1 H), 1.30-1.20 (m, 2 H); 13C NMR (126 MHz) 218.23, 158.69,
134.06, 127.02, 113.59, 73.12, 57.87, 55.22, 44.00, 29.16, 29.07, 24.36, 23.80; MS (EI, 70 eV) 248 (7), 137
(100); IR (CHCI3) 16 6, TLC Ry 0.33 (hexane/EtOAc, 3/1). Anal. Calcd for Cys5Hp003 (248.32): C, 72.55; H,
8.12. Found: C, 72.6

O\OO
2]
-

(YRP*x 1'% \=‘)=f"vﬂrnvu=(1 4 S trimathavvnhanvliimathvllevelahantananao ({F.evm_Ko)
(eiy Ty T Jram i YUEORY S\ Sy, d=tlAliCuiUR Y P neR Yy L jiGCun Y1 jJUYCaUiil peainviid WL)=5§yn-2¢,.
Following General Procedure I, enolate 3b (420 ulL, 2.2 mmol, 1.1 equ iv), and 3,4,5-trimethoxybenzaldehyde (e)

1

(392 mg, 2 0 munol) were stirred in CH2Cls (4 mL) for 11 hat 0 °C Workup provided the crude aldolates in a
>50/1 syn/anti ratio. The crude product was purified by column chromatography (SiO,, hexane/EtOAc, 2/1) to give
8.1 mg of ()-anri-5e as a clear oil and 553.3 mg (91% total) of (£)-syn-Se as a thick oil which which slowly
solidified on standing. Data for (+)-syn-Se: 1H NMR (500 MHz) 6.52 (s, 2 H), 5.08 (t, J=3.0, 1 H), 3.84 (s, 6
H), 3.81(s,3H),3.79(d,J=1.3,1H),2.75(dt, Jg = 11.0, J = 3.1, 1 H), 2.58-2.52 (m, 1 H), 2.46 (ddd, J =
154, 11.9, 3.7, 1 H), 1.90-1.80 (m, 3 H), 1.79-1.72 (m, 1 H), 1.63-1.52 (m, 1 H), 1.50-1.42 (m, 1 H), 1.31-
1.19 (m, 2 H); 13C NMR (126 MHz) 218.12, 153.03, 137.75, 136.74, 102.72, 73.44, 60.74, 57.94, 56.04,
43.96, 29.17, 28.99, 24.08, 23.83; MS (EI, 70 eV) 308 (19), 196 (100); IR (CHCl3) 1686 (m); TLC Ry 0.11
(hexane/EtOAc, 3/1). Anal. Caled for C17H2405 (308.37) C, 66.21; H, 7.84. Found: C, 66.30; H, 7.92.

(+)-(2R,1°S)-2-(Hydroxy(phenyl)methyl)cyclopentanone ((+)-anti-4). General Procedure
II: Aldol Additions of Trichlorosilyl Enolates Catalyzed by (§,5)-1. Catalyst (5,5)-1 (74 mg, 0.2
mmol, 0.1 equiv) was dried under vacuum (0.05 mmHg) for 12 at rt, CH,Clp (10 mL) was added and the solution

nnnnnnnn lad ¢ TR O fintarnall Trinhlaracilul annlata 2a f1ATR mao 7 9 mmal 1 1 aaniv) wae addad dranwica nvue
wads CUUICU VU — /0 o \lll‘-Clllal} All\,ulUlUDII_yl Cllulal\t Ja \‘7[0 llls, L r4 ]lllllUl, .1 U\iulv’ Wad auuniaa uluywuyu Uvwi

2 min. A solution of benzaldehyde (c¢) (203 pL, 2.0 mmol) in CH,Cl, (10 mL) was then added to the first
solution, dropwise, via cannula over 50 min. During the addition the temperature remained at -75 °C. The reaction
mixture was stirred at —75 °C for 30 min, then it was quickly poured into cold (0 °C) sat. aq. NaHCO3 solution and

2]
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the slurry was stirred for 15 min. The two-phase mixture was filtered through Celite, the phases separated, and the

aqueous phase was extracted with CH2Cly (3 X 50 mL). The organic phases were combined, dried Na2SOg,
filtered and concentrated. The syn/anti ratio was determined by !H NMR (500 MHz) analysis to be 1/22. The

crude material was purified by column chromatography (SiO3, hexane/EtOAc, 4/1) to give 372.4 mg (98%) of an
analytically pure mixture of diastereomers as a clear, colorless oil. A pure sample of (+)-anti-4 was obtained b

vV
preparative HPLC (hexane/EtOAc, 19/1). Data for (+)-anti-4: IH NMR (500 MHz) 7.36-7.26 (m, 5H),4.71 (d,J
=90, 1 H), 454(s, 1 H), 2.47-2.37 (m, 2 H), 2.29-2.20 (m, 1 H), 2.00-1.92 (m, 1 H), 1.78- 167(m 2 H),
-1.45 (m, 1 H); 13C NMR (126 MHz) 223.11, 141.41, 128.42, 127.98, 126.54, 75.18, 55.29, 38.70, 26.95,
MS ‘EI, 70 eV) 190 (6), 84 (100); IR (neat) 1710 (s); TLC Ry 0.35 (hexane/EtOAc, 3/1); [ocj 2 437.1° (¢

. 2 P YD o A A NO fAC 1YY A
Iiciy),

FC ir (2R,1°5)-4, 4.08 min (87.7%); tr (25,1’R)-4, 4.59 min (12.3%) (Chiralpak AS, 150
inCO,. 2.5 ml m;n—l)_ Anal. Caled for CisHi405 (190.24Y: C. 75.76° H 7.42. Found:

I 11n 1 N\S Sy been 1EERL LNEEND faliali. vaiviud 1ol \-‘111114UZ \17V.a ). N0y T I.70U, 11, .74, L7UULIUL

C 75.87; H, 7. 55 Data for syn-4: SFC tg syn-4', 5.97 min (28.6%); tr syn-4, 11.08 min (71.4%) (Chiralpak
AS, 150 bar, 40 °C, 3% CH30H in CO3, 2.5 mL min-1).
(+)-(2R,1°’S)-2-[Hydroxy-(3,5-bis(trifluoromethyl)phenyl)methyl]cycloheptanone ((+)-
anti-Sa). Following General Procedure II, 3,5-bis(trifluoromethyl)benzaldehyde (a) (330 pL, 2.0 mmol) in
CH;Cl3 (10 mL) was added over 50 min to a cold (=75 °C) solution of (5,5)-1 (74 mg, 0.2 mmol, 0.1 equiv) and
enolate 3b (420 puL, 2.2 mmol, 1.1 equiv) in CH2Cl; (10 mL). Workup prov1ded the crude aldolates in a 1/17
1ot 1 \

xrng muirifiad lag ~Anl at An-—r\“‘\ uuuuu T A~ TI1N - Six

syn/anti ratio. The crude pmd‘uct was puriiiea oy coiumin chrom tograpny \oluz, hexane/EtOAc, 7/ 1) 0 give 33.2
___g of ( ) syn Sa as aclear oil and 614 .4 mg (Ql% J.)ual) of (4-) -anti-8a as a clear, thick oil. Data f@r (-L\ anti-5a:
IH NMR (500 MHz) 7.81 (s, 3 )493(dd.l 7.6,4.9,1H), 379, J=49,1H), 301295(m1H)

2.61-2.55 (m, 1 H), 2.49 (ddd, J = 154, 11.2, 42, 1 H), 193 1.64 (m, 4 H), 1.60-1.54 (m, 1 H), 1.44-1.24
(m, 3 H); 13C NMR (126 MHz) 216.89, 144.55, 131.68 (q, J = 33.1), 127.16, 123.25 (q, J = 273.4), 121.81,
74.59, 57.78, 44.06, 28.55, 28.08, 23.36; 19F NMR (376 MHz) —63.03; MS (EI, 70 eV) 354 (2), 112 (100); IR
(CHCI3) 1690 (m); TLC R 0.45 (hexane/’EtOAc 3/1), [oc]le +8.9 ° (¢ = 3.13, CHCh), SFC tR (2R i'S)-5a, 3.72

S IC 1IN Ea QAD min (0906 (Whell 180 ha 1IN oM 1ol (I, UL SRNURTIN |
(90.8%); tr (25,1'R)-5a, 8.42 min (9.2%) (Whelk-C1, 150 bar, -10 °C, 1% CH30H in C0O3, 2.5 mL min™!).

Anal. Caled for C1gH16F602 (354.24): C, 54.25; H, 4.55; F, 32.16. Found: C, 54.06; H, 4.50; F, 32.05. Data
for (-)-syn-5a: [a]é‘ -36.8 ° (¢ = 1.32, CHCIR); tr (-)-5a, 4.06 min (70.3%); tgr (+)-5a, 4.63 min (29.7%)
(Whelk-01, 150 bar, 0 °C, 0.5% CH30H in CO», 3.0 mL min—1).
(+)-(2R,1’S)-2-[Hydroxy-(4-(trifluoromethyl)phenyl)methyljcycloheptanone ((+)-anti-
5b). Following General Procedure II, 4-(trifluoromethyl)benzaldehyde (b) (273 L, 2.0 mmol) in CH,Cl; (10
mL) was added over 55 min to a cold (—75 °C) solution of (8,5,)-1 (74 mg, 0.2 mmol, 0 1 equlv) and enolate 3b

(ADN DY el T aaaaien) 710 TN YXR7_._ 1 __,.-.AJ A4t
(Fov ]»LL:, 4.4 iiMo1, 1.1 CquV) lll \,ﬂzblz L1V HHY). VVUIKLIP pioy 1dca uic

The crude product was pnrrﬁm‘l bv column nhrnmafnoraphy (S‘O h
5b as a clear oil and 515.0 mg (96% total) of (+)-anti-Sb as a white s
MHz) 7.61 (d, J = 8.3, 2 H), 7.46 (d, J = 8.1, 2 H), 4.87 (dd, J 78
2.95 (m, 1 H), 2.59-2.52 (m, | H), 2.48 (ddd, J = 15.6, 11.2, 4.4, lH) ]90]82(rn 2H) ]80 165(m,2
H), 1.60-1.54 (m, 1 H), 1.40-1.24 (m, 3 H) 13C NMR (126 MHz) 217.20, 145.97, 129.87 (q, J = 33.1),
127.30, 125.40 (q J =3 7) 124.08 (q
(376 MHz) —62.80; MS
[ +7.2° (c = 171, QR,1’
(Chiralpak AD, 150 bar 40 °C, 10% CH2O0H ir

JY Udl -LE5VJRL

74.97, 57.97, 44.08, 28.65, 28.61, 28.11, 23.47; I9F NMR

NN, TN 77 ET

.6),

100); IR (CHCI3) 1638 (s); TLC Ry 0.28 {(hexane/EtOAc, 3/1);
)-5b, 2.17 min (84.4%); tg (25,1’R)-5b, 3.00 min (15.6%)
1 CO9, 3.0 mL mm—l\ Anal. Calcd for C15H;7F302 (286.27): C,

altidd 1_,...—1, S22 \EOULT ) s

62.93; H, 5.99; F, 19.91. Found: C, 63.12; H, 6.02; F, 20.16. Data for (-)-syn-5b: [ ]2' -20.0 ° (¢ = 0.21,
CHCl3); SEC tr (+)-5b, 1.72 min (39.5%); tr (-)-5b, 1.97 min (60.5%) (Chiralpak AD, 150 bar, 40 °C, 10%
CH3O0H in CO3, 3.0 mL min-1),

(+)-(2R,1’S)-2-(Hydroxy(phenyl)methyl)cycloheptanone ((+)-anti-5c¢). Followin

= 21 £y AN LT WP B Y VS R PV all

Procedure 11, benzaldehyde () (203 1., 2.0 mmol) in CH,Clp (10 mL) was added over 50 min t
caolition of (S Q 174 rrlg 0 2 mmal 01 aqmv) uud nr\}afp 1‘\ l/l’)n ul 772 mmnl 1 1 aaniy

fe i)t
e LLUIIVLy Ve VYUY VU MLy Lk HNUL 1.1 LYuLY

P pLOULLL Wa,

mL). Workup provided the crude aldolates in a 1/ 2 9 syn/anti ratio. The crude product was purified by colu
chromatography (5103, hexane/EtOAc, 6/1) to give 13.0 mg of (-)-syn-Sc as a clear oil and 411.0 mg (97% total)
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)-

of (+)-anti-5c as a ciear oil. Data for
Iy 2 20 1T LI N QO 7rAAA ¥y - 1
i), 3.59 \m S, 1 1), 2.7 (G4q, v = 1

D,
H), 1.90-1.82 (m, 2 H), 1.77-1.65 (m, 2 H), 1.56-1.50 (m
217.30, 141.65, 128.42, 127.85, 126.99, 75.32, 58.31, 43. 90 28.68, 28 53 MS (El
(6), 112 (100); IR (neat) 1698 (s); TLC Ry 0.34 (hcxanc/EtOAc 3/1); [a]m +11 8 ° (c = 0 82, CHC13) SFC tR
(28,1’R)-5¢, 3.95 min (8.0%); tg (2RI’ S) Sc, 4.46 min (92.0%) (Chlralpak AS, 150 bar, 40 °C, 6% CH3OH in
CO7,2.5mL mm‘l) Anal. Calced for C14H1307 (218.30): C, 77.03; H, 8.31. Found: C, 77.01; H, 8.36. Data

for (-)-syn-Sc: [ ] -47.7 ° (¢ = 0.31, CHCI); SFC 1R (+)-5¢, 3.84 min (31.8%); tr (-)-5¢, 4.99 min (68.2%)

[O8) Um

(+)-anti-
n Q2
U.3, 8.3,

ol
‘\/
Pk
W
o= =

ienlmal Nl ANOM L£07 YT NILT .. MMy AL T I\
\\_,uud.lpdh I\) L)U Ddl, 4uU \.,, 070 Linjurl 11 LV, 4.0 L Min *)
(-l.\ (9R 1°C\. " Hvdravv.id-mathavvnhanvlilimaoathvllevelnhantannnao f{aN_nnti_RAN
T\ AAN § R WX T AJ K UJ\J T lll‘vlllUA: FII\«IIJ l}lll\rllll IJ‘J \rl\lll‘-lllaallu.ll‘a \\_l—] wWisesr~“ oy
Followmz General Pro«.ed e II, 4-methoxybenzaldehyde (d) (243 uL, 2.0 mmol) in CH2 "5 (10 mL) was added
over 45 min to a cold (=75 °C) solution of (5,5,)-1 (74 mg, 0.2 mmol, 0.1 equiv) and enolate 3b (420 pL, 2.2

mmol, 1.1 equiv) in CH;Cly (10 mL). Workup provided the crude aldolates in a 1/35 syn/anti ratio. The crude
product was purified by column chromatography (SiO2, hexane/EtOAc, 4/1) to give 9.5 mg of (—)-syn-5d as a clear
oil and 474.0 mg (97% total) of (+)-anti-5d as a white solid. Data for (+)-anti-5d: TH NMR (500 MHz) 7.26 (d, J
=83,2 H), 6.88 (d, /=8.1,2 H), 4.77 (d, J = 8.5, 1 H), 3.81 (s, 3 H), 3.28 (br s, 1 H), 2.95 (ddd, J = 11.3,
95,34, 1 H), 2.61-255 (m, 1 H), 2.49 (ddd, J = 15.4, 11.2, 3.7, 1 H), 1.90-1.82 (m, 2 H), 1.75-1.65 (m, 2
H), 1.55-1.49 (m, 1 H), 1.36-1.20 (m, 3 H); 13C NMR (126 MHz) 217.33, 159.21, 133.77, 128.16, 113.79,

74.77, 58.51, 55.21, 43.85, 28.75, 28.52, 27.92, 23.63; MS (EI, 70 eV) 248 (6), 137 (100); IR (CHCI3) 1687
(s); TLC Ry 0.17 (hexane/EtOAc, 3/1); [a], +2.2 ° (c = 1.90, CHCl3); SFC tg (25,1°R)-5d, 9.73 min (4.1%);
1R (2R,1°$)-5d, 10.70 min (95.9%) (Chiralpak AS, 150 bar, 40 °C, 6% CH30H in CO3, 2.5 mL min-1). Anal.
Calcd for C15H2003 (248.32): C, 72.55; H, 8.12. Found: C, 72.45; H, 8.03. Data for (-)-syn-5d: [oc]ﬁ,l -23.1°

AT TN N VT I P - ] rno Oo7 e Te)

(c=0.65, CHCl3); SFC IR (+)-5d, 5.97 min (38.8%); g (~)-5d, 7.99 min (61.2%) (Chiraipak AA, 150 bar, 40

o K07 r*u NLY Vol e Y T, SRS, LY
w, U/¢ k.,Llle,l Ml \/UL, ot llLL4 11 ]

(+)-(2R,1’S)-2-[Hydroxy-(3,4,5-trimethoxyphenyl)methyl]cycloheptanone ({(+)-anti-Se).
Following General Procedure II, 3,4,5-trimethoxybenzaldehyde (e) (392 mg, 2.0 mmol) in CH,Cl; (10 mL) was
added over 50 min to a cold (=75 °C) solution of (S,5,)-1 (74 mg, 0.2 mmol, 0.1 equiv) and enolate 3b (420 pL,
2.2 mmol, 1.1 equiv) in CH2Cl, (10 mL). Workup provided the crude aldolates in a 1/20 syn/anti ratio. The crude
product was purified by column chromatography (Si03, hexane/EtOAc, 2/1) to give 24.3 mg of (-)-syn-5e as a
clear oil and 551.0 mg (94% total) of (+)-anti-5e as a clear, thick oil. Data for (+)-anti -5e: 'TH NMR (500 MHz)

2H). 474 (dd. J = 8.6. 3.8 1 H). 3.87 (s. 6 H). 2.84 (s. 3 H). 3.37 J=371H), 294 (ddd, J =
6.56 \a,Ln), {aa 0, 5.0, L n), (S, 6 11), 3.04 (8, > ), 3.57 \u,J—J/ 1 I}, 2.24 {4aaq, v
1

4 s J 0.0, / 4
m4 QA. 33’114) 2.62- 5‘,( 1I—I\’) (dd J = ]56 “_24’)111\10]12‘2(111 2H 1201_67
(m, 2 H), 1.60-1.54 (m, 1 H), 1.40-1.24 (m, 3 H); 13C NMR (126 MHz) 217.29, 153.20, 137.47, 137.27,
103.89, 75.54, 60.76, 58.44, 56.08, 43.86, 28.76, 28.57, 27.89, 23.65; MS (EL 70 eV) 308 (13), 196 (100); IR
(CHCl3) 1688 (s); TLC Ry 0.054(hexane/EtOAc, 3/1); [oc]21 +12.6 ° (¢ = 1.02, CHCl3); SFC tr (2S,1’R)-5e,

2.93 min (6.3%); R (2R,1’S)-5¢, 3.44 min (93.7%) (Chiralpak AS, 150 bar, 40 °C, 7% CH3OH in CO3, 3.0 mL

l\)H
th U
> o
-

mm—l) Anal. Calcd for Cy7H2405 (308.37): C, 66.21i; H, 7.84. Found: C, 66.03; H, 7.82. Data for (-)-syn-5e:
I.12 AT N O £ MEY QI & 1 N1 ....:... A0 AO7N. 4_ N En 2 LY ies TN Lm\ (MNhivaleal
&, —27.2 " {c= 0.81, CHCl3); SFC 1R (+)-5e, 3.01 min (29.4%); tr (-)-5e, 3.61 min (70.6%) (Chiralpak AS,

150 bar, 40 °C, 7% CH30H in CO3, 3.0 mL min~1).
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