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ABSTRACT
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Ry = CCly, R = TBS (18), R = Bn (20) 0°C Ry =CCly R¢ = p-NO,CgHy

major isomer major iscmer

with R = TBS and Bn only with R = PMB

We wish to describe here that good levels of substrate-based, 1,5-  syn-stereocontrol could be achieved in the boron-mediated aldol reactions
of p-trichloromethyl methylketones with achiral aldehydes, independent of the nature of the p-alkoxy protecting group.

The aldol reaction is one of the most powerful and [

fundamental methods for carbenarbon bond formation as Scheme 1
well as for the creation of 1,3-dioxygen relationships in b-alkoxy o
H 7~ substituent
organic molecyleé. we . RO oBR, iR,
In the reactions off-alkoxy boron enolates of methyl- -
. . . Ri 1 Me tertiary amine Ri 2
ketones1, the kinetic boron enolat® (less-substituted s solvent  Kinetic boron enolate
. . yo-anti
enolate) is generated after treatment of the methylketone with T Solvents: E4,0, CH,Cl, or pentane
the corresponding diakylborane (boron triflates or dialkyl wH Amnes: B, DIZEA (s spropyienyiamine)
chloro boranes), followed by addition of a tertiary amine RT3 R R'= Bn, PMB, Me, alkyl groups

(usually EtN or DIPEA) in solvents like CECl,, ELO, or

pentane (Scheme 1)The presence of g-heteroatom  the S-alkoxy substituent is critical in determining the level
substituent in these boron enolates influences the stereoof induction as, usually, the use ofasilicon protecting

chemical outcome of the corresponding aldol reactions andgroup gives rise to little or no selectivity?

moderate to high levels of 1,5-arsymmetric induction are To gain insight into the principles that dictate the 1,5-
observed:* High selectivities favoring the 1,8nti aldol diastereoselectivity in aldol reactions of kinetic boron eno-
adduct are obtained in aldol reactions ffsubstituted |ates generated from methylketones, we decided to study the
methylketones when thg-alkoxy protecting group is ben-  influence of electron withdrawing groups at theposition

zylic (OBn, OPMB) or a benzylidene acetal. The nature of of the boron enolate by using Zp-nitrophenyl group as
well as ag-trichloromethyl groug®
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nitrophenyl methylketones angtalkoxy-S-trichloromethyl
methylketones with achiral aldehydeslotably, especially
with a3—CCl; group, these reactions give the Bymisomer,
opposite to 1,5nti stereoinduction observed for boron aldol

Et,O or CH.CI; for enolization and were optimized in GH
Cl; as solvent, to give the 1 &nti and 1,5-syraldol adducts
(Scheme 3, Table 1}.

reactions of simplg-alkoxy methylketones, indicating the || NN AN

overriding contribution in this special case from the sub-
stituent at theg-position, which is a very strong electron
withdrawing group. More surprisingly, independent of the
nature of thg-oxygen protecting group, the 1gynisomer
is obtained as the major product. To the best of our
knowledge, this is the first report of boron-mediated aldol
reactions of methylketones leading to the &yBisomer with
useful levels of diastereoselection, even withg@OBn
substituent.Methylketones withert-butyldimethylsilyl (TBS),
benzyl (Bn), ang-methoxybenzyl (PMB) protecting groups
at the s-positon were employed to evaluate the potential
steric and electronic impact of tifealkoxy protecting group.
Our studies began with the preparation of fhalkoxy-
B-p-nitrophenyl methylketoneS (R = PMB) and6 (R =
TBS) starting with an aldol reaction between acetone and
p-nitrobenzaldehyde (Scheme 2)lreatment of methyl-

Scheme 2
O g 5%(wiv) NaOH sol. oH ©
H acetone, 0 °C, 15 min. Me
> 4
ON O,N

OCR O

/©)\/“\Me
5. R = PMB (64%)

6. R=TBS (93%)

Et,0, PMB acetimidate
TfOH cat., rt, 1 day
or
TBSCI, DMF, pyridine 92N
AgNOg, i, 18 h

ketone4 with PMB-acetimidate in the presence of catalytic
amounts of TfOH gave methylketon® in 64% yield.
Protection of thegg-oxygen in4 as its TBS ether was achieved
by using TBSCI and AgN@in DMF at room temperature
for 18 h providing6 in 93% yield (Scheme 2P

The aldol reactions of the methylketonBsand 6 with
aldehyde&a-f were investigated using (c-HeBCI/Et;N in

(4) (a) Evans, D.A.; Coleman, P.J.7@pB. J. Org. Chem1997,62,
788. (b) Evans, D. A;; Trotter, B. W.; Coleman, P. J3t€®.; Dias, L.
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Scheme 3
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H R 1,5-anti 1,5-syn

Table 1. Aldol Reactions ofs and6 with R"CHO

aldehyde dre yield

entry R R (1,5-anti:1,5-syn) (%)
1 PMB 7a,Pr 96:04 57
2 PMB 96:04 78
3 TBS 39:61 90
4 PMB 7b, Ph >95:05 65
5d PMB 87:13 74
TBS 29:71 81
7 PMB T7c, Et 92:08 34
8 TBS 41:59 50
9 PMB 7d, C(Me)=CH, 93:07 54
10 TBS 41:59 70
11 PMB 7e, p-CsHsOMe >95:05 63
12 TBS 37:63 67
13 PMB  7f, p-CsHsNO2 >95:05 56
14 TBS 43:57 69

aRatio was determined b¥H NMR analysis of the diastereoisomeric
mixture of adducts? Isolated yields of both syn and anti isomers after SiO
flash chromatography.Et,O as solventd Aldehyde addition at OC.

The enolizations were performed at© and the addition
of the aldehyde at-78 °C. These boron-mediated aldol
reactions were found to proceed with good yields and high
degrees of remote 1,5-argiereoinduction for methylketone
5 (R = PMB) providing8a—f as the major products. In all
the cases studied, 1dmti isomers8a—f were isolated as
the major products.

The boron enolate addition of methylketoBe(with a
B-TBS protecting group) to aldehyd@a—f gave a mixture
of aldol adductd.0 and11 favoring the 1,5synaldol adducts
11a—f(Scheme 3, Table 1}.The stereoinduction observed
in these reactions (with a TBS protecting group at the
B-oxygen) shows that the reaction weakly favored the 1,5-
synproduct, indicating that there is a mild inherent selectivity
by the resident electron-withdrawingnitrophenyl group.
The best selectivity was observed with benzaldehyde (entry
6, anti/syn= 29:71). It is noteworthy that the presence of a
B-OTBS leads to the 1,5-syimomer.

The 1,5-antirelative stereochemistry for aldol adducts
8a—f was then unambiguously established after conversion

(10) (a) Hakimelahi, G. H.; Proba, Z. A.; Ogilvie, K. Kletrahedron
Lett. 1981,22, 4775. (b) Cossy, J.; Bauer, D.; Bellosta, Metrahedron
2002,58, 5909.

(11) (a) The ratios were determined Hy and3C-NMR spectroscopic
analysis of the unpurified product mixture. (b) All of the percentage values
represent data obtained from at least three individual trials.
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of 8a to the corresponding isopropylidene aceidl and At this point we decided to investigate the stereochemical
benzylidene acetdl4 (Scheme 4}? Selective reduction of  impact of as-trichloromethyl substituent. Theé-trichlorom-
ethyl methylketonel8 was prepared by an aldol reaction of

I occione with chloral hydraté7 (Scheme 6)° The best

Scheme 4
Puso o o MedrB(OM: - pusp gH o I
I Me CSAACOH P Me Sen .
cheme
ON 8a Me  CHyCN,-22°C o,N 12 Me
2 18 h, 54% ds >95:05 TBSCI, AgNO;
. DDQ. 4 AMS 0 CLC. oH NHOH OH O pyridine, DMF RO O
100.2 ppm ow\e’ e rt t, 89% /I\/U\
oS CH,Cly, 6°C e we® 1 o che Mo o= ClyC Me
2omm | 2450mm \\m <‘ 1.5 h, 83% e 55% 18 18 R=TBS
- He " 17 BnBr, K,CO; 19, R=
Me(Me C 20,R=Bn
PMBO O7 O 7% TBAI, acetone
‘L Me reflux, 55%
OH
Me R =g _A_Me % \—%H
O 13 Y Noe Ha 777 44
Me  analysis 4%

conditions involved treatment df8 with TBSCI, AgNG;,

and pyridine in DMF (Scheme 69.This supports the notion
8ato the 1,3anti diol 12 (54% yield) followed by treatment  that the basic nature of th&oxygen atom is sufficiently

of 12 with Me,C(OMe), and CSA catalyst provided acetal attenuated owing to the strong electron withdrawing capabil-
13 (Scheme 4). Analysis of th®C NMR spectra showed ity of the trichloromethyl group.

resonances at 25.0, 24.3, and 100.21f8y characteristic of Enolization of methylketonel9 (R = TBS) with (c-
a 1,3-antiacetonidé? Treatment ofl2 with DDQ in CH,- Hex)%,BCl and Eg§N in CH,CI, at room temperature, pro-
Cl, gave benzylidene aceta#l in 83% vyield (Scheme 4. ceeded smoothly providing the corresponding kinetic enol

Analysis of the'H NMR coupling constants, specifically ~borinate, which was used in the aldol reactions with
JHa—re = 11.2 Hz,J4a—ne = 2.7 HZ,4p-nec = 11.2 Hz and aldehydes’a—e(Scheme 7, Table 2).
Jhb-na = 2.5 Hz, proved that Ha, Hb, and Hc are all axial in
14. This was supported by the illustrated NOE interactions. _
To assign the stereochemistry for aldol adducts obtained Scheme 7
from methylketones (R = TBS), we first treated alddBa
RO o RO O OH RO O OH

(R = PMB) with DDQ, to give diol 1,5anti 15 in 36% M 1. {o-Hex)oBCI/ EN WR-+013CWR-

nonoptimized yield (Scheme 5). The 39:61 mixture of syn A 2. R=TBS

9 o 23,R=Bn 24, R=Bn
= 2. R'CHO,0°C ! .
20,R=Bn 1,5-syn 1,5-anti
scheme 5 1

PMBG O OH CHQCIQ H;O OH O OH

Table 2. Aldol Reactions ofl9 and20 with R'"CHO
sa O°C DDQ, 2.5h MY -
major lsomer 36% 1,5-anti dre yleld
entry R aldehyde (R') (1,5-anti:1,5-syn) (%)°
TBSO O OQH CH;CN:CH,CI, (4:1) OH O OQH
O)\)K/\(Me—> QA)K/\( 1 TBS 7a,Pr 18:82 92
48% HF (aqueousyf 20 h 15
10a P 2 Bn 19:81 76
minor isomer ON 1.5-anti
3 TBS 7b, Ph 17:83 82
TBSO O OH CHgCN CH,Cl, (4:1) 4 Bn 22:78 72
M)\r 48% HF(aqueousy 20h W 5 TBS 17c,Et 19:81 60
major isomer 93% 1.5-syn 8 Bn 20:80 85
7 TBS 7d, C(Me)=CHa 20:80 87
8 Bn 20:80 72
and anti aldol adducts0aand11a(R = TBS) was separated 9 TBS  7e, p~CeHsOMe 20:80 53

by flash column chromatography and both aldols were aRatio was determined bfH NMR analysis of the diastereoisomeric

independently treated with HF in GBN to give diols15 mixture of adducts? Isolated yields of both syn and anti isomers after SiO
. . . : flash chromatography.

and 16, respectively, in good yields. The dibb, prepared

from the minor aldollOawas identical in all respects with

the 1,5-antialdol prepared from PMB removal &a. This

proved that the 1,5-syisomer is the major product in the

aldol reactions with a TBS protecting group.

We were delighted to find that this reaction led to the
formation of 1,5synproducts2la—eas the major isomers
(up to 83:17 diastereoselectivity) in moderate to high yields

(12) Evans, D. A.: Chapman, K. Tetrahedron Lett1986, 27, 5939, (Scheme 7, Table 2). Thesg studies showed a remarkable
(13) (a) Rychnovsky, S. D.; Skalitzky, D. Jetrahedron Lett1990,31, influence of the resideng-trichloromethyl group on the
945. (b) Evans, D. A.; Rieger, D. L.; Gage, J. Retrahedron Lett1990, stereochemical course of these aldol reactions.

31, 7099. (c) Tormena, C. F.; Dias, L. C.; Rittner, R.Phys. Chem. A
2005,109, 6077.

(14) Oikawa, Y.; Yoshioka, T.; Yonemitsu, Oetrahedron Lett1982, (15) Feng, L.; Xu, L.; Lam, K.; Zhou, Z.; Yip, C. W.; Chan, A. S. C.
23, 889. Tetrahedron Lett2005,46, 8685.
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With methylketone20 (R = Bn) we observed the same with a5-alkoxy substituent, it is proposed that a stabilizing
trend and the overall diastereoselection of the process wasormyl hydrogen bond favors the 1,5-argidol adduct by

again controlled by the strong facial bias of therichlo- minimizing steric interactions between tiealkyl group and
romethyl group of boron enolate to give the SyEproducts one of the ligands on boron.
23a—eas the major isomers (Scheme 7, Tablé'2). In our case, because of the lower intrinsic basicity of the

The relative stereochemistries of the major aldol adducts oxygen with electron withdrawing groups at theposition,
21 were determined byH NMR and NOESY analysis of  this formyl hydrogen bonding is prevented and probably the
the bicyclic derivative?6 (Scheme 8). Diastereoselective 1,3- transition state proposed by Paton and Goodman is not
possible. Then, we believe that the main factor controlling
_ the preference for the 1&yn isomer is minimization of
Scheme 8 dipole moments in the corresponding boatlike transition states
A andB (Scheme 10). Transition stafe with the 5-CCls

cely

NOE
1. Me NBH(OAC) MeC(OMe); O 7 i
TBSO O OH GCSAw,-25°C  Ho OH OH  csa,, Hb
O™ ™ " 2 HRICHON ORCT T P Frof 10%e o7 I
o if
w0 g 2 Scheme 10
92% Ha, dd. J10.0, 4.0 Hz

Hd, dd, J 11.0,6.5 Hz
Hg, dt, /6.5 Hz

anti reduction of21awith Me;NBH(OAC); gave the corre-
sponding diol, which after removal of the TBS protecting
group with HF/CHCN provided triol25 (Scheme 8}3 bossibie tonston sate | R=TBS, B0 Possibie pansion state
Treatment of triol 25 with trimethylorthoacetate and leading to 1,5-anti (Higher eneray) leading to 1,5-syn (Lower energy)
catalytic amounts of CSA gave the bicyclic derivatiXe.
Analysis of the'H NMR coupling constants, specifically
Jha—rc = 4.0 Hz, Jya—np = 10.0 HZ,Jug—ne = 6.5 Hz, Jug—nis group anti to the €0 bond of the enolate and anti to the
= 11.0 Hz anddug—mp = Jng-nr = 6.5 Hz, proved that Ha  aldehyde C=0 bond has the approach of the aldehyde from
and Hd were both axial i26. This was also supported by the same side of the OR group (RTBS, Bn) and should
the illustrated NOE interaction. be disfavored. In transition staBs the aldehyde approaches
To assign the stereochemistry for aldol adduz®s—e from the side opposite to the OR group, leading to the 1,5-
obtained from methylketon20 (R = Bn), we first treated ~ Synisomer. Theoretical studies are underway to clarify this.
aldol 21a (R = TBS) with HF in CHCN to give diol27in We have described here that good levels of substrate-

56% yield (Scheme 9). The mixture of syn and anti aldol based, 1,5-syn-stereocontrol could be achieved in the boron-
mediated aldol reactions gftrichloromethyl methylketones

I with achiral aldehydes. The moderate internal stereoinduction

of the corresponding kinetic boron enolates dominated the

s0 O on Hj;:ir:?cg o o o overa_lll stereochemical outcome of these aldol a_ddition

o Mo ——_—— Clac)\)g/'\(Me reactions. Indepen_dent of_the nature of W}@rqtectmg
Ha e 7 pe group, the 1,5-synliastereocisomer was always isolated as
B0 QO OH . oucey oM O oH the_major product when boron enolates generated frpm
mgc%”‘e v CIECM&'\(ME p-trichloromethyl methylketones were used. Further studies
major isomer "° 7o in this direction are underway to explore and better under-
stand their generality and origin and will be described in

due course.

adducts23a and 24a (R = Bn) was submitted to hydro-
genolysis to give dioR7 as the major isomer. This diol was
identical in all respects with the 1$ndiol prepared from
TBS removal of21a. This proved that the 1 $misomer is
the major product in the aldol reactions with both TBS and

Bn protecting groups at th@-oxygen of19 and 20. The Supporting Information Available: Product character-

stereochemical outcome of these reactions with both TBSization for the prepared compounds. This material is available

and Bn protecting groups at th@position seems to be  free of charge via the Internet at http:/pubs.acs.org.

controlled mainly by the residefittrichloromethyl substitu-

ent of boron enolate and tends to give the 1,5isgmer.
In 20.06’ Patqn a.nd Goodman pl'.lthhEd .V(.:"ry Interesting (16) (a) Paton, R. S.; Goodman, J. K@rg. Lett. 2006, 8, 4299. (b)
theoretical studies in order to explain the origins of the 1,5- stocker, B. L.; Teesdale-Spittle, P.; Hoberg, JEOr. J. Org. Chem2004
anti asymmetric induction in boron-mediated aldol reactions 33(()i7)( L1, . Paddow-Row, M. N.: Houk, K. N Org. Chem1990
- a) LI, Y.; Paddow-row, M. N.; HoOuK, K. NI. Org. em y

of methylketoned® They concluded that these reactions 55, 1535. (b) Bemardi, F.; Robb, M. A.; Suzzi-Vall, g_; Tagliavini, E.:

proceed via boatlike transition statés’/ For boron enolates ~ Trombin, C.; Umani-Ronchi, AJ. Org. Chem1991,56, 6472.
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