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syn-o-Substituted -amino Weinreb amides are new chiral building blocks for asymmetric synthesis of
aldehydes, and ketones and are prepared by addition of prochiral lithium enolates of Weinreb amides to sulfinimines (
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syn-a-substituted  -amino acids,
N-sulfinyl imines).

B-Amino aldehydes and ketones are important chiral building functionalized piperidine,ndolizidinesi® and other alka-
blocks for the asymmetric synthesis of nitrogen-containing loids!* However, there are few methods reported for the

biologically active molecule’? For example, they have been
employed in the synthesis gfamino acid$and 1,3-amino
alcohols?~® They undergo Wittig-type condensatiéfis to
give homoallylic amines which were employed in the
asymmetric synthesis of)-197B, atrans-2,5-disubstituted
pyrrolidine® The intramolecular Mannich cyclization of

B-amino ketones with aldehydes is a particularly useful
protocol for the asymmetric synthesis of stereodefined ring
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synthesis of enantiopufamino aldehydes and ketones, and
most of these are of limited scopEWe recently disclosed
a general procedure for the asymmetric synthesisarmhino
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reagents toN-sulfinyl f-amino Weinreb amide$. The
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Weinreb amides were prepared in good to excellent yields ||| N N RAARRE

and high de values by addition of the potassium enolate of Scheme 2
N-methoxy-N-methylacetamide to sulfinimingd-gulfinyl Me
m_unes) or reactlon Qf I|th|unNéO—dlmeththydroxyIam|ne /\[(N\OMe 0 °
with N-sulfinyl S-amino ester$? o o8 SS9 o H

Methods for the asymmetric synthesis @fsubstituted PN - S ome + Z7NH O o
B-amino ketones that are required for the synthesis of 2~ N "R base78°C BT l\’}/‘le R“l)kr}r ©
architecturally complex piperidine alkaloids via the Mannich Me
cyclization protocol are limited. Several racemic syntheses (5)-4a: Z=4-MeGgH,-, R = Ph syn:ant-9: Z=4-MeCgHy-, R = Ph

. . b:Z = 4-MeCgHy-, R = Et syn.anti-10: Z = 4-MeCgHy-, R = Et

of a-substituteds-amino ketone'$ and a number of asym-  (s).5. 7= tMe,C-, R = Ph syn:anti-11: Z = 2,4,6-MesCgHa-, R = Ph

metric syntheses af-substituted3-amino esters have been (5)-6a:2=246-MeCeHo, R=Ph  syn:anti12:Z=2,4,6-Me;Cetly-, R = Et
5 b: Z = 2,4,6-MesCgHo-, R = Et syn:anti-13: Z = 2,4,6-i-Pr;CgHo-, R = Ph

reportedt> To the best of our knowledge, the only asym- (s)-7a:z=24,6--Pr,CoH,, R = Ph syn:anti-14: Z = 2,4,6--PryCsHy-, R = Et

metric synthesis of an-substituteg3-amino ketone is our b:7=2,46--PryCeHz, R =Bt

highly diastereoselective addition of tielithium enolate

of 4-heptanoné to sulfinimine §-(+)-1.1% A 12:1 separable

mixture of f-amino ketonesyn-3andanit-4 was obtained

(Scheme 1). A limitation of this procedure is that the ketone

the addition of prochiral enolate and carbanion species to
sulfinimines® exist where the formation of four diastereo-
isomers is possibl®. The chemistry of prochiral Weinreb
amide enolates has not been descritféd.

The prochiral Weinreb amide enolate Nfmethoxy-N-

Scheme 1 methylpropylamide&) was generated at78 °C by addition
o of 1 equiv of the appropriate base a¥8 °C (Scheme 2).
pTolyl”>*NH O After 2 h 0.5 equiv of sulfinimine§)-4(Z = 4-MePh) was
oLi : added to the preformed enolate and TLC monitored the
/\)\k mPr progress for completion (typically 30 min). Products were
~ isolated by chromatography and are recorded in Table 1.
© H 2 syn-3 (67%) These results reveal that good levels of stereoinduction were
pTolyl” >N “Pren Et,0, -78 °C g observed for formation of theyna-methyl8-amino Weinreb
(8)-(+)-1 194 p-Tolyl” NH fo} amides,syn-9and syn-10, regardless of the base (Table 1,

entries -4 and 6). Optimum results were noted for LIHMDS

in THF (Table 1, entries 1 and 6). However, all four
diastereoisomers were detected and they were not separable
by conventional chromatography. This phenomenon has
occasionally been observed for the addition of carbanion
species to sulfinimines and can usually be overcome by
changing theN-sulfinyl group?? DiverseN-sulfinyl imines

n-Pr

anti-4

needs to be symmetrical. A more general way of preparing
a-substituted-amino ketones would be the reaction of

organometallic reagents with a sulfinimine-deriveesub- (17) For reviews on Weinreb amides see: (a) Sibi, MORg. Prep.
stitutedf-amino Weinreb amide. We describe here a study Proced. Int.1993,25, 15. (b) Khlestkin, V. K.; Mazhukin, D. GCurrent

. . . . . Org. Chem.2003,7, 967.
of the asymmetric synthesis afsubstituteq3-amino Wein- (18) For recent reviews on the chemistry of sulfinimines see: (a) Morton,

reb amides and their conversion intesubstituteds-amino D.; Stockman, R. ATetrahedron2006,62, 8869. (b) Senanayake, C. H.;

; ; ; _ ; Krishnamurthy, D.; Lu, Z.-H.; Han, Z.; Gallou, Aldrichim. Acta2005,
acids, aldehydes, and unsymmetricasubstituted’-amino 38, 93, () Reference 9. (d) Eliman, J. A: Owens, T. D. Tang, AAde.
ketones. Chem. Res2002,35, 984. _

Conceptua”y the most direct Way for preparhg;ubsti_ (19) (a) Garcia Ruano, J. L.; Fernandez, I.; Del Prado Catalina, M.;

. . . . .. . Hermoso, J. A.; Sanz-Aparicio, J.; Martinez-Ripoll, 31.0rg. Chem1998,
tuted-amino Weinreb amides is the addition of a prochiral g3, 7157, (b) Garcia Ruano, J. L: Alcudia, A.: Del Prado, M. Barros, D.:

Weinreb amide enolate to a sulfinimine (Scheme 2). Weinreb I\P/IaeEslfro, M'JCK Eegwandé:ﬁ,l 2Oorg.2 %f;er%fgo(ygfg%ﬁ- |(?C) Tangj TL
; ; ; ; .; Ellman, J. AJ. Org. Chem ,67, . arcia Ruano, J. L.;

amides, introduced by_ Nahm and Wemr.eb in 198are Aleman, J.; Del Pradg, M.; FernandezJI.Org. Chem2004,69, 4454.

valuable carbonyl equivalents and are widely used for the (e) Davis, F. A.; Deng, JOrg. Lett.2004,6, 2789. (f) Davis, F. A.; Deng,

i i J. Org. Lett.2005,7, 621. (g) Reference 10b. (h) Wang, Y.; He, Q.-F,;
synthesis of carbonyl compountsOnly a few studies on Wang, HW.: Zhott, X Huang, Z.Y . Oin, ¥J. Org. Chem2006.71,
1588. (i) Davis, F. A.; Zhang, Y.; Qui, HOrg. Lett.2007,9, 833.

(14) (a) Loh, T.-P.; Wei, L.-LTetrahedron Lett1998 39, 323. (b) Zarghi, (20) The aldol reaction witha-isocyano Weinreb amide has been
A.; Naimi-Jamal, M. R.; Webb, S. A.; Balalaie, S.; Saidi, M. R.; Ipaktschi, reported. Sawamura, M.; Nakayama, Y.; Kato, T.; Ito,JY Org. Chem
J.Eur. J. Org. Chem1998, 197. (c) Kobayashi, S.; Busujima, T.; Nagayama, 1995,60, 1727.

S. Synlett1999, 545. (d) Loh, T.-P; Liung, S. B. K. W.; Tan, K.-L.; Wei, (21) For reports of aldol reactions with isoxazolidines chiral auxiliaries
L.-L. Tetrahedron2000,56, 3227. (e) Miura, K.; Tamaki, K.; Nakagawa, see: (a) Abiko, A.; Liu, J. F.; Wang, G. Q.; Masamune,T8trahedron

T.; Hosomi, A. Angew. Chem.Int. Ed. 2000, 39, 1958. (f) Schunk, S.; Lett. 1997,38, 3261. (b) Farr, R. NTetrahedron Lett1998,39, 195. (c)
Enders, D.Org. Lett. 2001, 3, 3177. (g) Wabnitz, T. C.; Spencer, J. B. ~ Sharma, G. V. M.; Reddy, I. S.; Reddy, V. G.; Rao, A. V.TRetrahedron:
Tetrahedron Lett2002,43, 3891. (h) Ma, Z.; Zhao, Y.; Jiang, N.; Jin, X.; Asymmetry1999, 10, 229.

Wang, J.Tetrahedron Lett2002,43, 3209. (22) (a) Davis, F. A.; Lee, S.; Zhang, H.; Fanelli, D. 1.Org. Chem.
(15) For reviews see: (a) Cérdova, Acc. Chem. Re004,37, 102. 2000,65, 8704. (b) Davis, F. A.; Mohanty, P. K. Org. Chem2002,67,

(b) Davies, S. G.; Smith, A. D.; Price, P. Detrahedron Asymmetn2005 1290. (c) Davis, F. A.; Wu, Y.; Yan, H.; McCoull, W.; Prasad, K. R.

16, 2833. (c) Reference 3a. Org. Chem2003,68, 2410. (d) Davis, F. A.; Melamed, J. Y.; Sharik, S. S.
(16) Nahm, S.; Weinreb, S. Mletrahedron Lett1981,22, 3815. J. Org. Chem2006,71, 8761.

2414 Org. Lett, Vol. 9, No. 12, 2007



Table 1. Synthesis of-Substituteds-Amino Weinreb Amides
at—78°C

% yield®
entry Z R base® solvent (dr syn:anti)°

1 4a Ph LiHMDS THF 99 (87:13:<1:trace)

2 LiHMDS THF:Et20 (1:1) 35 (93:7:trace)

3 NaHMDS THF 67 (91:6:3:0)

4 Et20 99 (73:17:9:1)

5 KHMDS THF NR

6 4b Et LiHMDS THF 67 (75:11:10:4)

7 5 Ph LiHMDS THF NR

8 6a Ph LiHMDS THF 99 (96:4:0:0)

9 6b Et LiHMDS THF 72 (80:17:3:0)
10 7a Ph LiHMDS THF 74 (92:5:3:0)

[syn-13, 68%]¢

11 7b Et LiHMDS THF 95 (4:1:0:0)

[syn-14,76%],
[anti-14,19%]%
aRatio of base t@®. ® Combined yield of diastereoisomers that were not

separable unless otherwise note®etermined by*H NMR on the crude
reaction mixtured Isolated yields.

can be prepared with use of tiNesulfonyl-1,2,3-oxathia-
zolidine-2-oxide chiral auxiliary introduced by Senanayake
and co-workerg® These workers also reported that for
the addition of Grignards to sulfinimines the stereo-
induction improves as the steric size of thesulfinyl moiety
increaseg®®

Scheme 3
o
S NH, O
TIPP""°NH © HCI/MeOH - _OMe
S ome —— R/\;)L’}‘
R™ ¥ 'N 97-99% * Me
- Me

(2R,3R)-(-)-15a

(Ss,ZR,SR)-(+)-13 (R = Ph) (2R,38)'(+)'15b

(Ss,2R,35)-(+)-14 (R = Et)

TsCLEN ~ TS°NH O e T O
cat. DMAP _OMe -
- R z N e H
: Me 71%
(2R,3R)-(+)-16a (68%) (2R3S)()18
aR=ph  (2R.35)-(+)-16b (76%)
b:R=FEt
aq KOH LiEt,BH
EtOH
99% 95%
ToH Ts~NH
Ph/-\/COZH -

(\/\OH

(2R38)-()-19

(2R3RA)-(+)-17

conversion to products of known stereochemistry as outlined
in Scheme 3. Selective removal of theesulfinyl groups in
(+)-13 and (H)-14 gave amines (3-15a and (H-15b in
excellent yield, which when treated with TsCHHNtgave the
correspondingN-tosyl S-amino Weinreb amidesH)-16aand

To improve the separation of the diastereoisomers and 0(+)-16b in 68% and 76% isolated yields, respectively.

explore the effect of the sulfiniminBl-sulfinyl moiety on
the stereoselectivity, the prochiral enolate3afias added to
sulfinimines (S)-5, $)-6, and (S)-Avhere theN-sulfinyl
group wagert-butyl (TB), 2,4,6-mesityl (TMP), and 2,4,6-
triisopropylphenyl (TIPP), respectively. These sulfinimines

Hydrolysis of (+)-16awith aqueous KOH gave the known
acid (2R,3R)-(+)-17n 99% yield?®> When (+)-16bwas
subjected to DIBAL-H reduction, aldehyde-)-18 was
obtained in 71% yield and reduction of the aldehyde with
Super hydride gave the known 1,3-amino alcohd®,@S)-

were prepared by condensation of the corresponding enan{_y_19in quantitative yielc?® Both amino acid (+)-1and

tiopure sulfinamides (Z-S(O)NHP® with the appropriate
aldehydes, using Ti(OEths previously described.

Unexpectedly, addition of the lithium enolate 8fto
N-tert-butanesulfinyl imine9-5 resulted in no reaction and
recovery of starting material (Table 1, entry 7). The reason
for this result may be related to the larger size of tie-
butyl moiety that inhibits addition of the bulky amide enolate.
Both the less bulk\N-(2,4,6-mesitylsulfinyl) and thal-(2,4,6-
triisopropylphenylsulfinyl) imines, §)-6 and (S)-7, gave
results similar to those ofS)-4 with the syn-isomers
predominating (Table 1, entries-81). Importantly, both the
N-(2,4,6-triisopropylphenylsulfinyl)amidesynil13 andsyn
14, could be isolated in 68% and 76% yield, respectively
(Table 1, entries 10 and 11). The mireoti-14isomer was
obtained in 19% vyield (Table 1, entry 11).

The absolute configurations of thesubstituteg3-amino
Weinreb amides (+)-1&nd (+)-14were determined by

(23) (a) Han, Z.; Krishnamurthy, D.; Grover, P.; Fang, Q. K.; Su, X;
Wilkinson, H. S.; Lu, Z.-H.; Magiera, D.; Senanayake, C.Ti¢trahedron
2005,61, 6386. (b) Han, Z.; Krishnamurthy, D.; Grover, P.; Fang, Q. K;
Pflum, D. A.; Senanayake, C. Hetrahedron Lett2003,44, 4195.

(24) Davis, F. A.; Zhang, Y.; Andemichael, Y.; Fang, T.; Fanelli, D. L;
Zhang, H.J. Org. Chem1999,64, 1403.
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amino alcohol {)-19 have properties identical with those

of authentic samples. These results establish that the major
diastereoisomer formed in the addition of the prochiral
lithium enolate of8 to sulfinimines has theynstereochem-
istry. Importantly thesea-substituted-amino Weinreb
amides exhibit high configuration stability under the chemical
transformations shown in Scheme 3.

The stereochemistry of the minor product isolated in the
addition of the enolate @ to (S)-7bis shown to benti as
shown in Scheme 4. Weinreb amidg;,@S,3S)-(+)-14vas
converted to theN-tosyl derivative (—)-20, which was
hydrolyzed to theg-amino acid )-21. Treatment of the
acid with DCC/cat. 4-pyrrolidinopyridine afforded tffelac-
tam (—)-22in 67% yield. The protords 4 coupling constant
in (—)-22 of 6.4 Hz is suggestive of ais-relationship for
these proton® However, the large NOE (4.5%) for the C-3
proton and C-4 methyl group indicates that they have the
expectedanti-relationship.

(25) Davis, F. A.; Reddy, G. V.; Liang, C.-H.etrahedron Lett1997,
38, 5139.

(26) Abrahams, |.; Motevalli, M.; Robinson, A. J.; Wyatt, P. B.
Tetrahedron1994,50, 12755.
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Scheme 4
0 1) HCI/MeOH
.S. Ts-
TIPP"O'NH O Z)TS?"DE,JI?ANP NH O
: cat. - .OMe
N,OMe B — N
Ve 67% Me
(55,25,35)-(+)-14 (25,39)-(-)-20
Ts-NH O
aq. KOH/EtOH DCC

B ——

reflux 60 h, 95%

—_—
cat. 4-pyrrolidino-
pyridine, 67%

o)
TSI\AI_J(
-

(35,48)-(-)-22

(25,35)(-)-21

Reaction of 5 equiv ofn-butyl and phenylmagnesium
chloride with ($,2R,3S)-(+)-14gave the corresponding
unsymmetricab--methyl-amino ketones<)-23aand (t+)-
23b in 83% and 72% yields, respectively (Scheme 5).

Scheme 5
0 0
TIPP/S\NH 0 8.
- RMgCI TIPP f?lH O
~ .OMe
N Et,0, -78 °C <" "R
Me :
(85,2R,35)-(+)-14 (+)-23a: R = n Bu (83%)
(+)-23b: R = Ph (72%)
0
/\)J\N,OMG (éj
24 Me  PTOTNH O n-PrMgCl "
S)-(+)-1 .OMe +)-3
(S . N (93%)
LiHMDS : |
~

52%

(dr 71:12:10:7) (Ss:2R,35)-(+)-25

o-Ethyl f-amino ketonesyn(+)-3 was obtained in 93% yield
by treating {+)-25 with n-propylmagnesium chloride. This
Weinreb amide was prepared by reaction of the lithium
enolate oN-methoxyN-methylbutrylamide with sulfinimine
(S)-(+)-1and isolated in 52% yield from the diastereomeric
mixture of isomers.

Addition of the prochiral enolates of estéf§,glycine
esters?e!a-bromoesterd’ ketones® andO-Boc-a-hydroxy
ester$’"to sulfinimines givesyn-2,3-disubstituted-amino

carbonyl derivatives as the major product. These results are

(27) Davis, F. A,; Liu, H.; Zhou, P.; Fang, T.; Reddy, G. V.; Zhang, Y.
J. Org. Chem1999,64, 7559.
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rationalized as involving addition of the-enolate species
to the sulfinimine via the usual six-membered chairlike
transition states. A similar transition stat&-1 explains the
formation of the majosynproduct observed in the addition
of lithium Weinreb amide enolates to sulfinimines (Figure
1). However, lithium enolates of amides are known to have

E-26

Figure 1. Transition state for enolate addition.

the Z-geometry, because!Ainteractions are thought to be
lower than in the E-fornd This dichotomy is not easily
explained and attempts to determine the geometry of the
lithium enolate of8 have failed. Perhaps because a Weinreb
amide enolate is likely to exist in an intramolecular chelated
form, the A-® interactions inE-26 are not as important as
they would be in a nonchelated amitfe.

In summary, of four possible diastereocisomerssiie-a-
substituteds-amino Weinreb amide is the major product
observed in the addition of lithium prochiral Weinreb amide
enolates to sulfinimines. These new sulfinimine-derived
chiral building blocks are important precursors ofia-
substituteds-amino acids, aldehydes, and ketones on hy-
drolysis, reduction, and reaction with Grignard reagents,
respectively.
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