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Abstract: Rhodium-catalyzed hydrogenation of methyl vinyl ketone and ethyl vinyl ketone in the presence
of N-Boc-a-aminoaldehydes 3a—8a at ambient temperature and pressure results in reductive C—C coupling
to furnish aldol adducts 3b—8b and 3c—8c, respectively, which incorporate stereotriads that embody high
levels of syn-aldol selectivity accompanied by high levels of anti-Felkin—Anh control. The collective data
are consistent with a catalytic mechanism involving addition of the Z(O)-rhodium enolate to the sterically
less-encumbered aldehyde zz-face of an intramolecularly hydrogen-bonded chelate through a Zimmerman—
Traxler type transition structure. Stereochemical assignments are supported by single-crystal X-ray diffraction
analysis of 5b-0-3,5-dinitrobenzoate, iso-5b, N-Me-iso-5b-0O-3,5-dinitrobenzoate, and 7b. As revealed by
HPLC analysis, optical purity of the stereochemically labile o-aminoaldehydes is completely preserved
under the conditions of hydrogen-mediated aldol coupling. Deletion of the intramolecular hydrogen bond,
as in the case of N-methyl-N-Boc-L-leucinal N-Me-5a, inverts stereoselectivity to furnish the Felkin—Anh
product N-Me-iso-5b in 17% yield. Additionally, reactions performed in the presence of tert-amyl alcohol
(10 equiv) exhibit markedly lower levels of anti-Felkin—Anh control (7:1 versus = 20:1). The collective
studies suggest that intramolecular hydrogen bonding plays a key role in both activating the a-aminoaldehyde
toward addition and directing facial selectivity.

Introduction be achieved through stoichiometric enone reducienabling
generation of enolate isomers that cannot be formed selectively
through acid-base-mediated enolizatidnSubsequently, the
direct metal-catalyzed reductive coupling of enones to aldehydes

was achieved, termed the “reductive aldol reacti®md date,

Discovered over a century adgahe aldol reaction continues

to challenge chemists, inspiring the development of increasingly
effective protocols for stereocontrolled aldol additfoithe
advent of metallié and organic catalystsfor the direct . . )
enantioselective aldol addition of unmodified carbonyl com- Cat?!%sﬁs‘_ f_or relgiuctlve _zald?IZbcouplln(I:JZ based on _cob;ﬂtodl-
pounds represents an especially significant milestone, as thesé/M:'*iridium, 22 palladium;?® copper;?>"¢ and indiunt*" have
processes herald a departure from the use of chiral auxiliaries?€€N reported.

and preformed enol(ate) derivatives. Nevertheless, for direct (5) Exposure of 2-butanone to both chiral organic or metallic catalysts for direct
enantioselective aldol additions, the issue of regioselective or enantioselective aldol coupling results in preferential functionalization of

. . L . ] C-1 rather than C-3. Such regioselectivity is incompatible with the synthesis
site-specific enolization remains largely unresolvess first of polypropionate natural products. Specific examples are cited in refs 3

: e : and 4.
reported by Stork et al., regiospecific enolate generation may (6) (a) Stork, G.: Rosen, P: Goldman, N.L Am. Chem. So961, 83, 2965

2966. (b) Stork, G.; Rosen, P.; Goldman, N.; Coombs, R. V.; Tsuji, J.
J. Am. Chem. Sod.965 87, 275-286.
(7) A classical example of the subtle factors governing regioselective enolization

(1) Though largely attributed to Wiz, the aldol reaction was reported first
by Borodin: (a) von Richter, VBer. Dtsch. Chem. Ge4869 2, 552—

554 (Borodin’s earliest results are cited in this article). (b)r&,uA. Bull.
Soc. Chim. Fr.1872 17, 436-442. (c) Borodin, A.Ber. Dtsch. Chem.
Ges.1873 6, 982-985. See also: Kane, Rnn. Phys. Chem. Ser.1838
44, 475.

of nonsymmetric ketones involves the deprotonation of steroidal ketones.
Whereas cholesteran-3-one exhibits a thermodynamic preference for
formation of theAs-enolate, with little kinetic selectivity for formation of
Ax-enolate, introduction of 7,8-unsaturation results in a thermodynamic

(2) For selected reviews on stereoselective aldol additions, see: (a) Heathcock, preference for formation of thA,-enolate, with little kinetic selectivity
C. H. Sciencel981, 214, 395-400. (b) Heathcock, C. HAm. Chem. Soc. for formation of As-enolate. (a) Velluz, L.; Valls, J.; Nomine, Gngew.
Symp. Serl982 No. 185 55-72. (c) Evans, D. A.; Nelson, J. V.; Taber, Chem. Int. EJ1965 4, 181-200. (b) Corey, E. J.; Sneen, R. A. Am.

T. R. Top. Stereochem.982 13, 1-115. (d) Machajewski, T. D.; Wong, Chem. Socl955 77, 2505-2509. (c) Berkoz, B.; Chavez, E. P.; Djerassi,
C.-H. Angew. Chem. Int. Ed200Q 39, 1352-1374. (e) Palomo, C.; C.J. Chem. Soc1962 1323-1329. (d) Mazur, Y. Sondheimer, B. Am.
Oiarbide, M.; Gar@, J. M.Chem. Soc. Re 2004 33, 65-75. Chem. Soc1958 80, 6296-6299.

(3) For arecent review on the use of metallic catalysts for direct enantioselective (8) For reviews encompassing catalytic reductive aldol reactions, see: (a)
aldol additions, see: Shibasaki, M.; Matsunaga, S.; Kumagai, Molern Motherwell, W. B.Pure Appl. Chem2002 74, 135-142. (b) Huddleston,
Aldol ReactionsMahrwald, R., Ed.; Wiley-VCH: Weinheim, 2004; Vol. R. R.; Krische, M. JSynlett2003 12—21. (c) Jang, H.-Y.; Huddleston,
2, Chapter 6. R. R.; Krische, M. J.Chemtracts2003 16, 554-559. (d) Jang, H.-Y.;

(4) For arecent review on the use of organic catalysts for direct enantioselective Krische, M. J.Eur. J. Org. Chem2004 19, 3953-3958. (e) Jang, H.-Y.;

aldol addition, see: List, B. IModern Aldol ReactionsMahrwald, R.,
Ed.; Wiley-VCH: Weinheim, 2004; Vol. 1, Chapter 4.

10.1021/ja066198q CCC: $33.50 © 2006 American Chemical Society

Krische, M. J. Acc. Chem. Re2004 37, 653-661. (f) Chiu, P.Synthesis
2004 2210-2215.
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While highly diastereoselectifecd.10c.11e.12e.hgnd enanti- aldol selectivity were found to depend critically upon the use
oselectivéddahl2aigeductive aldolizations have been achieved, of tri-2-furylphosphine as ligan#. These studies set the stage
enantioselective variants have only been realized in connectionfor the generation of stereotriads by way of reductive aldol
with the use of acrylates as enolate precursors. Asymmetric aldolcouplings to optically enriched-chiral aldehydes. Hence, the
additions involving vinyl ketones have not been described. hydrogenation of vinyl ketones in the presenceosélkoxy
Further, substrate-directed asymmetric induction in reductive aldehyde®® was explored. Here, it was found that for certain

aldol couplings toa-chiral aldehydes remains entirely unex-
plored!314Here, we disclose that hydrogenation of vinyl ketones
in the presence afi-amino aldehydes at ambient temperature

substrate combinations, useful levelsasfti-Felkin—Anh se-
lectivity could be attained. Suchnti-Felkin—Anh selectivity
is often observed in aldol additions 8fO)-enolates ta.-chiral

and pressure using tri-2-furylphosphine ligated rhodium catalysts aldehydes that proceed through Zimmermamnaxler type

results in highly stereoselective aldolization to afford sye:
aldol anti-Felkin—Anh products?® The collective studies suggest

transition structures and is presumed to arise as a consequence
of synpentane interactions evident in the alternate Fetkinh

that persistence of an intramolecular hydrogen bond under themode of approacH However, as demonstrated by the formation

conditions of hydrogen-mediated coupling both activates the
aldehyde toward addition and directs facial selectivity through
chelation controt®

O--—-H Rh(COD),OTf (5 mol%) o H

H)H/NBW (2-Fur)sP (12 mol%) R1)j\_/\_/R2
Ro 200 (10 malk) CHs NHBoc
: 55 - 91% Yield

Hy (1 atm) >20:1 syn-Aldol

12->20:1 anti-Felkin-Anh

0]

=

nQ

Results and Discussion

Hydrogen-Mediated Aldol Coupling of Vinyl Ketones to
o-Aminoaldehydes Recently, a catalytic system enabling
highly syndiastereoselective hydrogen-mediated reductive aldol
coupling methyl vinyl ketone (MVK) and ethyl vinyl ketone
(EVK) was developed in our laboratot High levels ofsyn

(9) For cobalt catalyzed reductive aldol reaction, see: (a) Isayama, S.;
Mukaiyama, T.Chem. Lett.1989 2005-2008. (b) Baik, T.-G.; Luis,
A. L.; Wang, L.-C.; Krische, M. JJ. Am. Chem. So2001, 123 5112~
5113. (c) Wang, L.-C.; Jang, H.-Y.; Roh, Y.; Lynch, V.; Schultz, A. J.;
Wang, X.; Krische, M. JJ. Am. Chem. So@002 124, 9448-9453. (d)
Lam, H. W.; Joensuu, P. M.; Murray, G. J.; Fordyce, E. A. F.; Prieto, O.;
Luebbers, TOrg. Lett.2006 8, 3729-3732.

For rhodium catalyzed reductive aldol reaction mediated by silane or other
reductants, see: (a) Revis, A.; Hilty, T. Retrahedron Lett1987, 28,
4809-4812. (b) Matsuda, |.; Takahashi, K.; SataT8trahedron Lett199Q

31, 5331-5334. (c) Taylor, S. J.; Morken, J. B. Am. Chem. S0d.999
121, 12202-12203. (d) Taylor, S. J.; Duffey, M. O.; Morken, J. R.Am.
Chem. Soc200Q 122 4528-4529. (e) Emiabata-Smith, D.; McKillop,
A.; Mills, C.; Motherwell, W. B.; Whitehead, A. JSynlett2001, 1302~
1304. (f) Freifa, M.; Whitehead, A. J.; Tocher, D. A.; Motherwell, W. B.
Tetrahedror2004 60, 2673-2692. (g) Fuller, N. O.; Morken, J. Bynlett
2005 1459-1461. (h) Nishiyama, H.; Siomi, T.; Tsuchiya, Y.; Matsuda,
I.J. Am. Chem. So@005 127, 6972-6973. (i) Willis, M. C.; Woodward,

R. L. J. Am. Chem. So@005 127, 18012-18013.

For rhodium catalyzed reductive aldol reaction mediated by hydrogen,
see: (a) Jang, H.-Y.; Huddleston, R. R.; Krische, Ml.JAm. Chem. Soc.
2002 124, 15156-15157. (b) Huddleston, R. R.; Krische, M.Qrg. Lett.
2003 5, 1143-1146. (c) Koech, P. K.; Krische, M. @Org. Lett.2004 6,
691-694. (d) Marriner, G. A.; Garner, S. A.; Jang, H.-Y.; Krische, M. J.
J. Org. Chem2004 69, 1380-1382. (e) Jung, C.-K.; Garner, S. A.; Krische,
M. J. Org. Lett.2006 8, 519-522.

For reductive aldol coupling catalyzed by other metals, see: Iridium: (a)
Zhao, C.-X.; Duffey, M. O.; Taylor, S. J.; Morken, J. ©rg. Lett.2001,

3, 1829-1831. Palladium: (b) Kiyooka, S.; Shimizu, A.; Torii, S.
Tetrahedron Lett1998 39, 5237-5238. Copper: (c) Ooi, T.; Doda, K.;
Sakai, D.; Maruoka, KTetrahedron Lett1999 40, 2133-2136. (d) Lam,
H.-W.; Joensuu, P. MOrg. Lett. 2005 7, 4225-4228. () Lam, H.-W.;
Murray, G. J.; Firth, J. DOrg. Lett.2005 7, 5743-5746. (f) Zhao, D.;
Oisaki, K.; Kanai, M.; Shibasaki, MTetrahedron Lett2006 47, 1403—
1407. (g) Deschamp, J.; Chuzel, O.; Hannedouche, J.; RiarAnGew.
Chem. Int. Ed2006 45, 1292-1297. Indium: (h) Shibata, I.; Kato, H.;
Ishida, T.; Yasuda, M.; Baba, AAngew. Chem. Int. EQR004 43, 711—
714. (i) Miura, K.; Yamada, Y.; Tomita, M.; Hosomi, ASynlett2004
1985-1989.

For selected reviews encompassing additiona-adkoxy andf-alkoxy
aldehydes, see: (a) Reetz, M. Angew. Chem. Int. EAL984 23, 556—
569. (b) Mengel, A.; Reiser, @Chem. Re. 1999 99, 1191-1224.

For selected reviews encompassing additions-zmino andg-amino
aldehydes, see: (a) Jurczak, J.; GolebiowskizAem. Re. 1989 89, 149—
164. (b) Reetz, M. TAngew. Chem. Int. EAL991, 30, 1531-1546. (c)
Reetz, M. T.Chem. Re. 1999 99, 1121-1162.

(10

(11

(12)

(13)

(14)
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of 1b versus2b, the extent ofinti-Felkin—Anh selectivity was
found to be highly substrate dependent, and for most systems
examined, synthetically useful levels of selectivity were not
obtained. It was reasoned tletti-Felkin—Anh selectivity might

be enhanced if chelation could be established between the
o-heteroatom and the oxygen atom of the aldehyde carbonyl.
Use of an intramolecular hydrogen bond was deemed feasible,
as hydrogen-mediated aldol coupling occurs under essentially
neutral conditions in a low dielectric medium (dichloromethane,
DCM). Boc-protectedr-amino aldehyde8a and4aincorporate

an internal hydrogen-bond donor in the form of the carbamate
N—H. In the event, hydrogenation of MVK in the presence of
o-amino aldehyde8aand4adelivers aldol adductdb and4b

with high levels ofsyntaldol selectivity accompanied by high
levels ofanti-Felkin—Anh control (Scheme 1).

To further challenge the hypothesis that intervention of an
intramolecular hydrogen bond is responsible for directing-
Felkin—Anh selectivity, N-Boc+.-leucinal 5a and the corre-
spondingN-methylated compounil-Me-5a were subjected to
conditions for hydrogen-mediated aldol coupling with MVK.

In the former case, theynaldol anti-Felkin—Anh product5b
was the major isomer obtained (20:1 dr). Byeraldol Felkin—
Anh productiso-5b is the minor isomer produced under these
conditions. The stereochemical assignmentShtofind iso-5b
were corroborated by single-crystal X-ray diffraction analysis.
In contrast, the major isomer observed in the reductive aldol
coupling of MVK to N-Me-5a is the syrraldol Felkin—Anh
productN-Me-iso-5b (10:1). The stereochemical assignment of
N-Me-iso-5b-O-3,5-dinitrobenzoate was corroborated by single-
crystal X-ray diffraction analysis. Of additional interest is the
fact that the isolated yield in the coupling of the intramolecularly
hydrogen-bonded aldehy8a (66% yield) is substantially higher

(15) For examples of aldol additions toamino aldehydes, see: (a) Narita,
M.; Otsuka, M.; Kobayashi, S.; Ohno, Metrahedron Lett1982 23, 525—
528. (b) Reetz, M. T.; Rivadeneira, E.; Niemeyer, Tetrahedron Lett.
1990 31, 3863-3866. (c) Hayashi, K.; Hamada, K. Y.; Shioiri, T.
Tetrahedron Lett1991 32, 72877290. (d) Annunziata, R.; Cinquini, M.;
Cozzi, F.; Cozzi, P. G.; Consolandi, E.Org. Chem1992 57, 456-461.

(e) Gennari, C.; Pain, G.; Moresca, D. Org. Chem.1995 60, 6248—
6249. (f) Nagafuji, P.; Cushman, M. Org. Chem1996 61, 4999-5003.

(g) Kohli, R. M.; Burke, M. D.; Tao, J.; Walsh, C. T. Am. Chem. Soc.
2003 125 7160-7161. (h) Espelt, L.; Parella, T.; Bujons, J.; Solans, C.;
Joglar, J.; Delgado, A.; ClapeP.Chem. Eur. J2003 9, 4887-4889. (i)
Marco, J. A.; Carda, M.; Diaz-Oltra, S.; Murga, J.; Falomir, E.; Roeper,
H. J. Org. Chem2003 68, 8577-8582.

Hydrogen-bond directed addition of 2-(trimethylsilyl)thiazoleot@ami-
noaldehydes has been reported: (a) Dondoni, A.; Fantin, G.; Fogagnolo,
M.; Pedrini, P.J. Org. Chem.199Q 55, 1439-1446. (b) Dondoni, A,;
Perrone, D.; Merino, PJ. Org. Chem1995 60, 8074-8080.

For tri-2-furylphosphine effects in metal catalyzed reactions, see: (a) Farina,
V.; Krishnan, B.J. Am. Chem. S0d.991, 113 9585-9595. (b) Farina, V.
Pure Appl. Chem1996 68, 73—78. (c) Anderson, N. G.; Keay, B. A.
Chem. Re. 2001, 101, 997-1030.

(18) Roush, W. RJ. Org. Chem1991], 56, 4151-4157.
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Selective Formation of syn-Stereotriads
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Scheme 1.

o (0]
H3CJ\” AR
OBn
1a, R=Ph
2a, R=Me

(0] (0]
H3CJ\” N

NHBoc

3a, R=Ph
4a, R = Me

Rh(COD),OTf (5 mol%)
(2-Fur)sP (12 mol%)

H, (1 atm)
Li,CO3 (10 mol%)
DCM, 25 °C

Rh(COD),0Tf (5 mol%)
(2-Fur)sP (12 mol%)

H, (1 atm)
Li,CO3 (10 mol%)
DCM, 25 °C

anti-Felkin-Anh
Addition via Minimization

Directing Anti-Felkin—Anh Selectivity in Hydrogen-Mediated Aldol Couplings to a-Alkoxy and a-Aminoaldehydes?

e O OH
/*\éjo\‘;m_n ™ HC Re
OBn H;C CH; OBn

1b, R = Ph, 76% Yield, 8:1 dr°
2b, R = Me, 84% Yield, 2:1 dr°

of syn-Pentane Interactions
CH3
BocN—H O o oH R
/0 Rth 7 HC ’
CH; NHBoc

antI-FeIkln-Anh )
Addition via H-Bond

3b, R =Ph, 81% Yield, >201dr
4b, R = Me, 78% Yield, 12:1 dr’

Chelation Control
a|n order to depict a clear cross-comparison, the enantiomeric amino aldeBgydesi4a are indicated. The-a-amino aldehydes were actually used.
bCited yields are of material isolated by Si€hromatography. Diastereomeric ratios were determinetHoMMR analysis of the crude reaction mixtures.
See Experimental Section for detailed procedufEse diastereomeric ratio refers to the indicated major isomer versus all other isomers coifittieed.
diastereomeric ratio refers to the indicated major isomer vsyn@ldol Felkin—Anh product. Other isomers were not observed.

Scheme 2. Inversion of Diastereoselectivity in Hydrogen-Mediated Aldol Couplings to a-Aminoaldehydes in Response to Deletion of an
Intramolecular Hydrogen Bond?

Rh(COD),0Tf (5 mol%)

i N Q OH OH
(2-Fur)3P (12 mol%) )W\
ch)‘jl NBoc H3C™ Y~ Y~ SiPr HiC " Nipr
CH; - Hp (1atm) CH; NHBoc CHs NHBoc
Li,CO3 (10 I’Eol%) o 66% YVield "
CH DCM, 25 °C _ so-
sa (erayof 035 20dr G000
dinitrobenzoate)
o O CH;  Rh(COD)OT (5 mol%) O OH o on
NBoc  (2-FurP (12 mol%) )J\/\/\
HsC | H HsC i-Pr HsC " Nipr
CHe Li 4 (11atm) 1% CH3 NCHsBOC CH3 NCH3Boc
i2CO3 (10 moo %) i o
i peM, 257¢ 1:10 dr s
N-Me-5a (x-ray o 5-

dinitrobenzoate)

a Cited yields are of material isolated by Si€hromatography. Diastereomeric ratios were determinetHlyMR analysis of the crude reaction mixtures.
The stereochemical assignmentssbf iso-5b, andN-Me-iso-5b have been corroborated by single-crystal X-ray diffraction analysis.

Table 1. Hydrogen-Mediated Reductive Aldol Coupling of Methyl Vinyl Ketone (left) and Ethyl Vinyl Ketone (right) to Representative N-Boc
Protected L-a-Aminoaldehydes?

(e}

OH O OH O OH O OH O OH O OH
HC” Y ) ™ Y O HECJ\_/\/\I Pr Y A < -Pr
CH; NHBoc CH; NHBoc CH, NHBoc CH; CH; NHBoc CH; CH; NHBoc CH; CH3 NHBoc
3b, 81% Yield 4b, 78% Yield 5b, 66% Yield 3¢, 80% Yield 4c, 87% Yield 5¢c, 78% Yield
>20:1dr 12:1dr >20:1dr >20:1dr 12:1dr >20:1dr
O OH OH CH;, 0 OH O OH O OH CH, O OH
H;C)]\z/\z/\Ph Hsc)j\./\/\OTBDPS " ph v " CH, v OTBDPS
CH; NHBoc CH3 NHBoc CH; NHBoc CH, CH; NHBoc CH; CH; NHBoc CH, CH, NHBoc
6b, 84% Yield 7b, 55% Yield 8b, 78% Yield 6c, 91% Yield 7c, 64% Yield 8c, 91% Yield
>20:1dr 10:1dr >20:1dr >20:1dr 14:1dr >20:1dr

a Cited yields are of material isolated by Si€hromatography. Diastereomeric ratios were determinetHdyMR analysis of the crude reaction mixtures.
All a-amino aldehydes were prepared via DIBAL reduction of the corresponding esters. See Experimental Section for general procedures.

than that involving\N-Me-5a (17% yield), which is lacking the phenylglycinal andN-Boc--phenylalaninal, which possess
intramolecular hydrogen bond. These data suggest that intramo-aromatic side chains, undergo highly stereoselective coupling
lecular hydrogen bonding not only direcésti-Felkin—Anh to provide thesynaldol anti-Felkin—Anh products.oc.-Amino
selectivity but also plays a key role in enhancing aldehyde aldehydes that incorporate aliphatic side chaifhsBpc--
reactivity through stabilization of the incipient alkoxide in the alaninal,N-Boc--leucinal, andN-Boc-L-valinal) provide the
transition structure (Scheme 2). aldol productstb, 4c, 5b, 5¢, 7b, and7c, respectively. Couplings
To assess the scope and limitation of this process, a range oto N-BocA.-serinal also occur in a highly stereoselective manor
o-amino aldehydes were subjected to conditions for hydrogen- to furnish 8b and 8c. As revealed by a survey of counterion
mediated aldol coupling using commercially available MVK (Rh(COD}X, where X = OTf, BF;, Sbk, BARF = {3,5-
and EVK as pronucleophiles. As demonstrated by the formation (CFs),CeHz} 4B?), Rh(CODYOTT is the optimum precatalyst for
of 3b, 3¢, 6b, and 6¢, the a-amino aldehydesN-BocA.- couplings of this type. Rh(CORPTT purchased from Umicore

J. AM. CHEM. SOC. = VOL. 128, NO. 51, 2006 17053
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was found to be superior to other commercial sources. Finally, observed. Significant erosion in diastereoselectivity in response
it is noteworthy that the diastereoselectivities observed in the to the presence of competitive hydrogen-bond donors represents
present hydrogen-mediated aldol additions, which are conductedadditional evidence in support of substrate-directed asymmetric
at ambient temperature, exceed those observed in related aldoinduction via intramolecular hydrogen bonding.

additions toa-amino aldehydes involving stoichiometrically

preformed enolates (Table B. o} O----H ha(CFOD)zPOT1f2<5 mlg/l%) 0 OH
Most o-aminoaldehydes are configurationally unstable, es- HSCJ\” HJ\(NBOC _(@FunsP (12 mol%) H3CJ\./-\./\OTBDPS

; H ; i H, (1 atm) H N
peC|aII)_/ un_der bgsm reaction conditioFsTo assess whether OTBOPS LiC 023 (10 mol%) CH3 NHBoc
the optical integrity of thé-Boc-protectedx-amino aldehydes 8a DCM, 25 °C 8b, 78% Yield
is preserved under the conditions of hydrogen-mediated aldol >20:1 dr
coupling, the optical purities df-Boc4.-phenylalaninabaand
the corresponding aldol adduéb were evaluated by chiral o) O---H O OH

: ; ; ; \ As Above z
stationary phase HPLC using authentic samples of racémic HaC H NBoc H3CJ\-/\-/\OTBDPS
and6b as standards. The-amino aldehydéN-Boc--phenyla- te?;/agg)v'm/z';?f)w' &H; NHBoc
laninal 6a was chosen specifically for this test, as it is gaOTBDPS ° 8b. 84% Yield
notoriously prone toward racemizatiéh.Starting with L- "7 dr

phenylalanine of98% optical purityN-Boc-L-phenylalaninal
6awas prepared via DIBAL reduction of the corresponding ethyl Summary

ester in 88% enantiomeric excess after isolation by silica gel |, summary, we report a highly diastereoselective catalytic

chromatography. Hydrogen-mediated aldol coupling using MVK' ¢qyctive aldol coupling of vinyl ketones t-Boc-o-aminoal-

as pronucleophile provides the aldol coupling prodiicin 88% dehydes, wherein high levels afynaldol selectivity are

enantiomeric excess, thus demonstrating complete preservatiorhccompanied by exceptional levelsanfti-Felkin—Anh control.

of optical purity under the conditions of hydrogen-mediated Thjs method enables generation of amine containing aldol

aldol coupling. More highly optically enriched-Boc-- stereotriads with control of both relative and absolute stereo-

phenylalaninaléa may be prepared through oxidation of the = chemistry. Because catalytic hydrogen-mediated aldol coupling

correspondinga-aminoalcohol using IBX ¢-iodoxybenzoic  qceurs under essentially neutral conditions (10 mol % ef Li

aCld)-Zlb_ _ _ _ CO;, a heterogeneous base in DCM), even very senditiec-
Specifically, L-phenylalanine 0=98% purity was reduced o-aminoaldehydes, such AsBoc--phenylalaninaba, partici-

using NaBH-I,2!#and the resulting amino alcohol was subject pate in the coupling without detectable loss of optically purity.
to IBX oxidatior?*to furnishN-Boc+-phenylalaninabain 94% Future studies will focus on the development of related
enantiomeric excess. Hydrogen-mediated aldol coupling of this yransformations, including enantioselective hydrogen-mediated
material using MVK as pronucleophile provides the aldol adduct 51qo| couplings employing chirally modified rhodium catalysts.
6b in 85% yield and 94% enantiomeric excess.

Experimental Section

S Rh(COD),0Tf (5 mol%)
0 0--—-H O OH )
NBoc  (2FursP (12 mol%) )J\/:\/\ General. Anhydrous solvents were transferred by an oven-dried
HsC H o (1 at HC™ Y Y 'Ph syringe. Flasks were flame-dried and cooled under a stream of nitrogen.
Ph Lizcozs((1g %% ) CHz NHBoc Dichloromethane (DCM) was distilled from calcium hydride. Analytical
6a, 88% ee (HPLC) ~ DCM, 25 °C 6b, 84% Yield thin-layer chromatography (TLC) was carried out using 0.2-mm
Prepared via DIBAL Reduction 88% ee (HPLC), >20:1 dr commercial silica gel plates (DC-Fertigplatten Kieselgel 6@,)F
of Corresponding Ester Preparative column chromatography employing silica gel was performed
o OH o OH according to the method of StilH NMR spectra were recorded with
NBoc As Above )J\/E\/\ a Varian Mercury 400 (400 MHz) or Unity 300 (300 MHz)
HsC H HC™ Y~ Y Ph spectrometer. Chemical shifts are reported in deljaufits, parts per
Ph CHz NHBoc million (ppm) downfield from tetramethylsilane. Coupling constants
6a, 94% ee (HPLC) 6b, 85% Yield are reported in Hertz (Hz). Carbon-13 nuclear magnetic resoniae (
Prepared via IBX oxidation 94% ee (HPLC), >20:1 dr NMR) spectra were recorded with a Varian Mercury 400 (100 MHz)

of Corresponding Amino Alcohol or Unity+ 300 (75 MHz) spectrometer. Chemical shifts are reported

. in delta @) units, ppm relative to the center of the triplet at 77.0 ppm
To further corroborate the role of intramolecular hydrogen for deuteriochloroform*3C NMR spectra were routinely run with

bonding as a Stereochemlcal control elemem' the CQupIIng of broadband decoupling. High-resolution mass spectra were obtained on
MVK and N-Boc--serinal8a was performed in DCM in the 3 Micromass ZAB-E spectrometer. FIR spectra were obtained using
presence ofert-amyl alcohol (1000 mol %). Whereas in neat  a Nicolet Impact 410 spectrometer. Melting points were obtained on a
DCM aldol adducBb is produced & 20:1 diastereomeric ratio,  Thomas-Hoover Unimelt apparatus and are uncorrected.

in the presence dert-amyl alcohol a 7:1 diasteromeric ratio is Representative Procedure for the Reductive Coupling of Enones

to N-Boc-Protected a-Amino Aldehydes. To a 13 mmx 100 mm

(19) For selected discussions of the configurational stability of various N- test tube charged with }CO; (2.8 mg, 0.038 mmol, 10 mol %), (2-
protecteda-aminoaldehydes, see: (a) Lubell, W. D.; Rapoport,JHAm.
Chem. Socl987, 109, 236-239. (b) Myers, A. G.; Zhong, B.; Movassaghi, ~ [Ury)sP (10.7 mg, 0.046 mmol, 12 mol %), Rh(CQDJTf (9.0 mg,

M.; Kung, D. W.; Lanman, B. A.; Kwon, STetrahedron Lett200Q 41, 0.019 mmol, 5 mol %), antl-Boc-L-phenylglycinal3a (90 mg, 0.38
1359-1362. 0 i

(20) (a) Luly, J. R.; Dellaria, J. F.; Plattner, J. J.; Soderquist, J. L.; Yi, N. mmol, 100 mol %) was added dichloromethane (2801.0 M). The .
J. Org. Chem1987, 52, 1487-1492. (b) Rittle, K. E.; Homnick, C. F.; test tube was sealed, and Ar(g) was bubbled through the reaction
Ponticello, G. S.; Evans, B. B. Org. Chem1982 47, 3016-3018. mixture followed by H(g) for 20 s each. The reaction mixture was

(21) (a) McKennon, M. J.; Meyers, A. |.; Drauz, K.; Schwarm,MOrg. Chem. .
1993 58, 3568-3571. (b) Ocejo, M.; Vicario, J. L.; Badia, D.. Carrillo, ~ Placed under an atmosphere of hydrogen using a balloon. MVK (94

L.; Reyes, ESynlett.2005 2110-2112. ul, 1.15 mmol, 300 mol %) was added to the reaction mixture, and
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the reaction mixture was allowed to stir at Z5 for 16 h. The reaction

found, 288.2182. FTIR (film): 3350, 2967, 2875, 2100, 1686, 1525,

mixture was evaporated onto silica, and the residue was purified via 1459, 1378, 1311, 1272, 1237, 1176, 1124, 1078, 1035, 1004, 965,

flash chromatography (SO EtOAc/hexane) to furnish the aldol
coupling producBb (95 mg, 0.31 mmol) in 84% yield.
(1S,2S,39)-(2-Hydroxy-3-methyl-4-oxo-1-phenylpentyl)carba-
mic Acid tert-Butyl Ester, “MVK- N-Boc--phenylglycinal Adduct”
(3b). *H NMR (400 MHz, CDC4, 6): 7.26-7.37 (m, 5H), 5.42 (dJ
= 7.9 Hz, 1H), 4.65 (br, 1H), 4.11 (br, 1H), 2.67 (br, 1H), 25663
(m, 1H), 2.17 (s, 3H), 1.42 (br, 9H), 1.23 (d,= 7.2 Hz, 3H).2°C
NMR (100 MHz, CDC4, ): 212.3,156.0, 140.4, 128.7, 127.6, 126.6,
79.7, 74.9, 56.9, 48.6, 29.2, 28.3, 11.8. HRMS: {M1] calcd for
C17H2sNO,4, 308.1862; found, 308.1862. FTIR (film): 3440, 3155, 2981,
2253, 1794, 1705, 1494, 1369, 1251, 1167, 1094, 904'cfu]p =
+30.0 € = 0.50, CHCY}).
(1S,2S,39)-(2-Hydroxy-3-methyl-4-oxo-1-phenylhexyl)carbamic
Acid tert-Butyl Ester, “EVK- N-Boc+.-phenylglycinal Adduct” (3c).
IH NMR (400 MHz, CDC4, 6): 7.23-7.35 (m, 5H), 5.46 (dJ = 8.2
Hz, 1H), 4.62 (br, 1H), 4.08 (br, 1H), 2.76 (br, 1H), 2.66 (quindet
6.9 Hz, 1H), 2.54 (dg, A of ABXJag = 18.1 Hz,Jax = 7.2 Hz, 1H),
2.42 (dq, B of ABX,Jag = 18.1 Hz,Jgx = 7.2 Hz, 1H), 1.41 (br, 9H),
1.20 (d,J = 7.2 Hz, 3H), 1.03 (dJ = 7.2 Hz, 3H).3C NMR (100
MHz, CDCl, ¢): 215.0, 155.8, 140.6, 128.6, 127.4, 126.5, 79.7, 75.1,
56.7, 47.8, 35.2, 28.2, 12.4, 7.5. HRMS: [# 1] calcd for GgHor
NO,, 322.2018; found, 322.2020. FTIR (film): 3155, 2982, 2384, 2254,
1794, 1708, 1602, 1550, 1468, 1381, 1166, 1095, 911 ckiP: 88—
89 °C. [a]p = +21.7 € = 0.69, CHC}).
(1S,2S,39)-(2-Hydroxy-1,3-dimethyl-4-oxopentyl)carbamic Acid
tert-Butyl Ester, “MVK -N-Boc+.-phenylalaninal Adduct” (4b). *H
NMR (400 MHz, CDC}, 6): 4.84 (d,J = 8.5 Hz, 1H), 3.73-3.76 (m,
1H), 3.68 (br, 1H), 3.15 (br, 1H), 2.70 (quintdt= 7.0 Hz, 1H), 2.21
(s, 3H), 1.44 (s, 9H), 1.20 (&l = 7.2 Hz, 3H), 1.18 (dJ = 6.5 Hz,
3H). C NMR (100 MHz, CDC}, 0): 212.7, 156.1, 79.4, 74.8, 49.4,
48.5, 29.2, 28.3, 18.6, 12.1. HRMS: [M 1] calcd for G2H23NOs,,
246.1705; found, 246.1707. FTIR (film): 3435, 3055, 2981, 2935, 2305,
1703, 1506, 1454, 1393, 1367, 1266, 1167, 1079, 1024, 992, 896 cm
[alo = —24.3 € = 2.47, CHC}).
(1S,2S,39)-(2-Hydroxy-1,3-dimethyl-4-oxohexyl)carbamic Acid
tert-Butyl Ester, “EVK- N-Boc--phenylalaninal Adduct” (4c). *H
NMR (400 MHz, CDC}, 8): 4.71 (br, 1H), 3.73-3.77 (m, 1H), 3.65
(br, 1H), 2.85 (br, 1H), 2.672.74 (m, 1H), 1.44 (s, 9H), 1.18 (d,=
7.2 Hz, 3H), 1.05 (tJ = 7.2 Hz, 3H).13C NMR (75 MHz, CDC}, 6):
215.4, 156.0, 79.4, 75.0, 48.5, 35.0, 28.5, 28.3, 18.8, 12.3, 7.5.
HRMS: [M + 1] calcd for GsH2sNO,4, 260.1862; found, 260.1860.
FTIR (film): 3435, 3055, 2980, 2937, 1703, 1506, 1456, 1367, 1266,
1166, 1102, 1025, 976, 896 cf[a]p = —24.0 € = 2.08, CHCY}).
(1S,2S,3S)-(2-Hydroxy-1-isobutyl-3-methyl-4-oxopentyl)carba-
mic Acid tert-Butyl Ester, “MVK- N-Boc-.-leucinal Adduct” (5b).
H NMR (400 MHz, CDC}, 0): 4.70 (d,J = 9.2 Hz, 1H), 3.76-3.80
(m, 1H), 3.60-3.66 (m, 1H), 2.90 (dJ = 5.8 Hz, 1H), 2.72 (quintet,
J = 7.2 Hz, 1H), 2.21 (s, 3H), 1.601.68 (m, 1H), 1.441.50 (m,
1H), 1.44 (s, 9H), 1.261.34 (m, 1H), 1.20 (dJ = 7.2 Hz, 3H), 0.92
(d, J = 6.5 Hz, 3H), 0.91 (dJ = 6.5 Hz, 3H).13C NMR (100 MHz,
CDCl;, 0): 212.9, 156.2, 79.3, 74.0, 50.9, 49.5, 41.9, 29.4, 28.3, 24.8,
23.0, 22.1, 12.9. HRMS: [Mt+ 1] calcd for GsHzgNO4, 288.2175;
found, 288.2178. FTIR (film): 3374, 2960, 2871, 1711, 1564, 1502,
1453, 1367, 1251, 1166, 1042, 955, 8687 ¢nfalp = —42.5 € =
2.24, CHCY).
(1S,2R,3R)-(2-Hydroxy-1-isobutyl-3-methyl-4-oxopentyl)carba-
mic Acid tert-Butyl Ester, “MVK- N-Boc-.-leucinal Adduct” (iso-
5b). 'H NMR (400 MHz, CDC}, 6): 4.33 (d,J = 9.0 Hz, 1H), 3.7+
3.76 (m, 1H), 3.583.64 (m, 1H), 3.12 (br, 1H), 2.732.77 (m, 1H),
2.21 (s, 3H), 1.661.70 (m, 1H), 1.441.50 (m, 1H), 1.44 (s, 9H),
1.24 (d,J = 7.0 Hz, 3H), 1.19-1.24 (m, 1H), 0.93 (dJ = 6.5 Hz,
3H), 0.91-0.94 (m, 1H), 0.91 (dJ = 6.1 Hz, 3H).2*C NMR (100
MHz, CDCl, 6): 213.8, 155.9, 79.5, 74.4,51.2, 48.7, 40.6, 28.8, 28.3,
24.7,23.8,21.4,11.0. HRMS: [Mt 1] calcd for GsH2oNO,, 288.2175;

908, 876 cm*. MP: 102-103°C. [a]p = —11.8 € = 0.85, CHCY}).
(1S,2R,3R)-(2-Hydroxy-1-isobutyl-3-methyl-4-oxopentyl)methyl-

carbamic Acid tert-Butyl Ester, “MVK- N-Me-N-Boc--leucinal

Adduct” (N-Me-iso-5b). *H NMR (400 MHz, DMSO, mixture of

rotamersy): 4.80-5.01 (m, 1H), 3.86:4.08 (m, 1H), 3.743.86 (m,

1H), 3.52-3.74 (m, 1H), 2.542.68 (m, 3H), 2.32-2.40 (m, 1H), 2.07

2.10 (m, 3H), 1.421.49 (m, 1H), 1.251.40 (m, 10H), 0.931.00

(m, 3H), 0.8%+0.91 (d, 6H).13C NMR (100 MHz, DMSO, mixture of

rotamers): 210.8, 210.7, 210.5, 210.1, 210.0, 155.8, 155.4, 155.0,

78.7, 78.6, 78.4, 78.2, 75.0, 74.6, 73.0, 72.7, 72.4, 72.1, 71.9, 71.6,

71.4, 71.0, 70.9, 55.2, 54.5, 50.1, 49.5, 49.1, 48.9, 37.5, 37.3, 37.0,

36.9, 34.6, 29.4, 28.8, 28.6, 28.2, 28.1, 28.1, 28.0, 28.0, 27.5, 24.6,

24.3, 24.1 24.0, 23.9, 23.6, 23.4, 21.7, 21.3, 21.2, 21.1, 13.0, 12.9,

10.6, 9.4, 9.0. HRMS: [Mt 1] calcd for GgH3iNO4, 302.2331; found,

302.2337. FTIR (film): 3945, 3673, 3446, 3055, 2984, 2686, 2306,

1684, 1456, 1422, 1394, 1367, 1326, 1266, 1152, 1109, 1048, 984,

897 cnl. [a]p = —31.6 € = 0.79, CHCH).
(1S,2S,3S)-(2-Hydroxy-1-isobutyl-3-methyl-4-oxohexyl)carba-

mic Acid tert-Butyl Ester, “EVK- N-Boc--leucinal Adduct” (5c).

H NMR (400 MHz, CDC}, 6): 4.67 (d,J = 9.6 Hz, 1H), 3.78-3.81

(m, 1H), 3.56-3.62 (m, 1H), 2.80 (br, 1H), 2.73 (quintet= 7.2 Hz,

1H), 2.48-2.63 (m, 2H), 1.58-1.68 (m, 1H), 1.44 (s, 9H), 1.461.50

(m, 1H), 1.26-1.35 (m, 1H), 1.19 (dJ = 7.2 Hz, 3H), 1.05 (t) = 7.2

Hz, 3H), 0.92 (d,) = 6.5 Hz, 3H), 0.91 (dJ = 6.5 Hz, 3H).23C NMR

(100 MHz, CDC4, 9): 215.5, 156.1, 79.1, 73.9, 50.8, 48.7, 42.1, 35.1,

28.3, 24.7, 22.9, 22.2, 13.2, 7.4. HRMS: [ 1] calcd for GgHas-

NO,, 302.2331; found, 301.2334. FTIR (film): 3440, 2961, 1711, 1564,

1502, 1453, 1367, 1250, 1170, 1109, 1021, 975, 867'ciu]p =

—26.2 € = 1.72, CHC}).
(1S,2S,3S)-(1-Benzyl-2-hydroxy-3-methyl-4-oxopentyl)carba-

mic Acid tert-Butyl Ester, “MVK- N-Boc+-phenylalaninal Adduct”

(6b). *H NMR (400 MHz, CDC}, 8): 7.30-7.32 (m, 2H), 7.197.21

(m, 3H), 4.80 (dJ = 8.5 Hz, 1H), 3.75-3.83 (m, 2H), 3.03 (br, 1H),

2.80-2.94 (m, 2H), 2.70 (quintet] = 7.1 Hz, 1H), 2.15 (s, 3H), 1.39

(s, 9H), 1.19 (dJ = 7.2 Hz, 3H).2*C NMR (75 MHz, CDC}, 9):

213.1, 156.1, 138.1, 129.2, 128.4, 126.5, 79.5, 72.3, 54.1, 49.8, 38.8,

29.3, 28.3, 12.8. HRMS: [Mt 1] calcd for GgH2/NO,, 322.2018;

found, 322.2015. FTIR (film): 3451, 2977, 2933, 2865, 2805, 2606,

1961, 1714, 1494, 1445, 1383, 1351, 1296, 1248, 1153, 1121, 1076,

1043, 934, 845 cnt. [a]p = —29.0 € = 2.07, CHC}, 94% ee).
(1S,2S,39)-(1-Benzyl-2-hydroxy-3-methyl-4-oxohexyl)carbamic Acid

tert-Butyl Ester, “EVK- N-Boc+.-phenylalaninal Adduct” (6c). *H

NMR (400 MHz, CDC}, 6): 7.26-7.30 (m, 2H), 7.187.23 (m, 3H),

4.79 (d,J = 9.2 Hz, 1H), 3.79-3.83 (m, 1H), 3.723.78 (m, 1H),

3.07 (br, 1H), 2.95-2.83 (m, 2H), 2.83 (br, 1H), 2.71 (quintet= 7.2

Hz, 1H), 2.38-2.61 (m, 2H), 1.38 (s, 9H), 1.17 (d,= 7.2 Hz, 3H),

1.01 (t,J = 7.2 Hz, 3H).13C NMR (100 MHz, CDC4, d): 215.7,

156.0, 138.2, 129.2, 128.4, 126.3, 79.5, 72.5, 65.8, 54.0, 48.9, 39.0,

35.1, 28.3, 15.2, 13.2, 7.5. HRMS: [M 1] calcd for GgHzgNOs,

336.2175; found, 336.2175. FTIR (film): 3432, 3055, 2980, 2937, 1704,

1499, 1456, 1392, 1367, 1266, 1169, 1080, 1023, 976, 895.¢ndp

= —30.9 € = 1.78, CHC}).
(1S,2S,39)-(2-Hydroxy-1-isopropyl-3-methyl-4-oxopentyl)car-

bamic Acid tert-Butyl Ester, “MVK- N-Boc--valinal Adduct” (7b).

'H NMR (400 MHz, CDC}, 6): 4.78 (d,J = 9.2 Hz, 1H), 3.99-4.03

(m, 1H), 3.173.22 (m, 1H), 2.66-2.73 (m, 2H), 2.20 (s, 3H), 1.81

1.89 (m, 1H), 1.45 (s, 9H), 1.20 (d,= 7.2 Hz, 3H), 0.97 (d) = 6.8

Hz, 3H), 0.92 (d,J = 6.8 Hz, 3H).13C NMR (75 MHz, CDC}, 9):

213.2,156.5, 79.2, 71.3, 58.2, 57.3, 49.9, 38.4, 30.3, 29.5, 28.3, 19.7,

19.0, 12.8. HRMS: [M+ 1] calcd for G4H2/NO,, 274.2018; found,

274.2019. FTIR (film): 3436, 3054, 2985, 2685, 2410, 2305, 1707,

1606, 1549, 1501, 1422, 1367, 1265, 1170, 896%cmIP: 120-121

°C. [a]p = —16.4 € = 1.22, CHC}).
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(1S,2S,39)-(2-Hydroxy-1-isopropyl-3-methyl-4-oxohexyl)carba-
mic Acid tert-Butyl Ester, “MVK- N-Boc+.-valinal Adduct” (7c). H
NMR (400 MHz, CDC4, 6): 4.80 (d,J = 9.2 Hz, 1H), 4.06-4.03 (m,
1H), 3.13-3.18 (m, 1H), 2.76 (br, 1H), 2.71 (quintdt= 7.2 Hz, 1H),
2.44-2.61 (m, 2H), 1.86-1.89 (m, 1H), 1.44 (s, 9H), 1.18 (d,= 7.2
Hz, 3H), 1.04 (tJ = 7.2 Hz, 3H), 0.97 (dJ = 6.8 Hz, 3H), 0.92 (d,

(M, 4H), 7.38-7.46 (m, 6H), 5.17 (d) = 9.2 Hz, 1H), 4.15-4.18 (m,
1H), 3.82 (dd, A of ABX,Jas = 10.6 Hz,Jax = 3.8 Hz, 1H), 3.78
(dd, B of ABX, Jag = 10.6 Hz,Jsx = 4.3 Hz, 1H), 3.59-3.61 (m,
1H), 3.30 (d,J = 2.7 Hz, 1H), 2.75 (quintet] = 7.3 Hz, 1H), 2.4%+

2.60 (m, 2H), 1.44 (s, 9H), 1.18 (d,= 6.5 Hz, 3H), 1.07 (s, 9H),
1.03 (d,J = 7.4 Hz, 3H).13C NMR (100 MHz, CDC4, d): 214.6

J = 6.8 Hz, 3H).*C NMR (100 MHz, CDC}, 8): 215.8, 156.5, 79.2,
71.5,58.2,49.1, 35.2, 30.6, 28.3, 19.7. 19.0. 13.0. 7.5. HRMS+[M 35.4, 28.3, 26.8, 13.3, 7.5. HRMS: [M] calcd for,d843NOsSi,
1] calcd for GsHa9NOy4, 288.2175; found, 288.2173. FTIR (film): 3436, 514.2989; found, 514.2991. FTIR (film): 3443, 3072, 3052, 2977, 2934,
3055, 2978, 2877, 2409, 2348, 1703, 1502, 1461, 1391, 1367, 1266,2860, 1962, 1900, 1822, 1705, 1590, 1502, 1462, 1428, 1392, 1367,
1171, 1021, 975, 895 cth MP: 96-98°C. [a]p = —10.8 ¢ = 1.39, 1263, 1170, 1112, 1043, 1025, 975, 857, 824 €nMP: 102-103
CHCly). °C. [o]p = 1+9.8 (c = 2.05, CHCY}).
(1S,2S,39)-[1-(tert-Butyl-diphenylsilanyloxymethyl)-2-hydroxy-3-
methyl-4-oxopentyl]carbamic Acid tert-Butyl Ester, “MVK- N-Boc-
L-serinal Adduct” (8b). 'H NMR (400 MHz, CDC}, 6): 7.63-7.68
(m, 4H), 7.3%7.47 (m, 6H), 5.11 (dJ = 9.2 Hz, 1H), 4.144.17 (m,
1H), 3.84 (dd, A of ABX,Jas = 10.6 Hz,Jax = 3.8 Hz, 1H), 3.78
(dd, B of ABX, Jag = 10.6 Hz,Jex = 4.1 Hz, 1H), 3.65-3.67 (m,

155.7, 135.5, 135.5, 132.4, 129.9, 127.8, 79.3, 73.1, 66.7, 52.4, 48.4,
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(100 MHz, CDC}, 6): 211.9, 155.9, 135.5, 135.5, 132.4, 130.0, 127.9, Rapoport.

79.4,2.9,66.7,52.4,49.2, 29.5, 28.3, 26.8, 19.1, 12.9. HRMS:+[M

1] caled for GgHaiNOsSi, 500.2832; found, 500.2834. FTIR (film): Supporting Information Available: Spectral data for all new
3441, 3053, 2965, 2933, 2860, 2306, 1963, 1709, 1589, 1501, 1473,compounds_ Single-crystal X-ray diffraction data $-O-3,5-
1428, 1392, 1367, 1266, 1170, 1113, 913, 872, 823'cju]p = +11.8 dinitrobenzoateiso-5b, iso-N-Me-5b-O-3,5-dinitrobenzoate, and

(c = 2.96, CHCY). _ _ 7b. This material is available free of charge via the Internet at
(1S,2S,39)-[1-(tert-Butyldiphenylsilanyloxymethyl)-2-hydroxy-3- http://pubs.acs.org.

methyl-4-oxohexyl]carbamic Acid tert-Butyl Ester, “EVK- N-Boc-

L-serinal Adduct” (8c). *H NMR (400 MHz, CDC4, 6): 7.63-7.69 JA066198Q
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