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Cooperative catalysis
Diazo decomposition
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. to afford p-hydroxyl-w-amino acid scaffolds (Scheme 1ALhe
1. Introduction and collaborators developed an asymmetric apprtmachiral p-
hydroxyl-w-aminophosphonates with chiral dirhodium (Il)
carboxamidates (Scheme 1B)Gong and co-workers have
reported the enantioselective Brgnsted acid/rho@lym

Thiamphenicol, and Droxidopa (Fig. 1).As such, the . .
development of efficient approaches for the comsion of - coopgratlvely cat_alyzed_ three-gomponent aldol-tygction 2f
. trapping ammonium ylides with glyoxylates (Schem@).

hydroxyl-w-amino acid structures with high stereoselectiviy i ) s N
However, only arylamines were effective in formingtiee

much desirable in organic synthesis. As one of thstrpowerful . -
strategies, multicomponent reactions (MCRs) can sizaot ylides, and theNTar.y_I group can not .be eas!Iy (emoved from the
polyfunctional molecules that contain multiple stgenic products_, thus limiting their synthetic apphcaﬂdhecently, our
centers from simple substrates in a convergent an roup discovered a three-cpmponéna.nm(.:h-.typ; reaction by
atomeconomical manner within one synthetic operdtion rapping _car_bamate ammonlumh(jes with Imin€e . As part of
our continuing interestn developing practical methods for the
synthesis of3-hydroxyl-a-amino acid derivatives, we decided to
extend substrates of the carbamate ammonylide trapping
Ho process to aldehydes. Herein, we report the readtioough
O OH trapping of carbamate ammonium ylides with aldehyeésch
N gives B-hydroxyl-a-amino acid derivatives in good yields with
excellent diastereoselectivity (Scheme 1D).

B-hydroxyl-w-amino acid derivatives are important structural
motifs present in many drugs, including Chlorampben

R=NO, Chloramphenicol

R=SO,Me  Thiamphenicol Droxidopa

Fig. 1. Representative drugs containin@-aydroxyl-w-amino acid fragment.
Previously, we reported a novel JRDAC), catalyzed three-

component reaction through trapping of ammoniumdedi
generated in situ from-diazo esters and amines with aldehydes
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Scheme 1. Synthesizg-Hydroxyl-a-Amino acid derivatives

2. Results and discussion

In recent years, cooperative catalysis, inclgadlual-metal and
metal-organo catalysis, has proved to be an effedirategy to
enhance selectivity and reactivityWe have applied such a
strategy to  effectively control  stereoselectivity n i
multicomponent reactions based on oxonfurammoniunt,
carbamate ammonium ylidésand zwitterionic intermediates
trapping proces¥. Initially, we began to investigate the reaction
of methyl phenyldiazoacetatd)( benzyl carbamate2) and 4-
nitrobenzaldehyde 3] in the presence of RIOAc), catalyst
alone. The desired three-component produetas obtained in
very low yield due to insufficient reactivity of 4trobenzalde.
Significant amount of N-H insertion produét (from benzyl
carbamate) was isolated as a major side productgTabentry
1). We envisioned that an appropriate Lewis acidcatadyst
would activate the aldehydes. To validate this hiypsis, we
screened a number of Lewis acids as co-catalystshoddh
Cu(OTf), was ineffective in the reaction, we obtained theiree
three-component  product when we used Mg(@Tf)
Zn(OTf),, Yb(OTf)s, In(OTf),and InCk as a co-catalyst (Table 1,
entries 2-7). Among the effective co-catalysts, ingdve the
best result, with the formation of product in 55%lgi with
excellent diastereoselectivity in favor of thai isomer (Table 1,
entry 7). Control experiment revealed that ,®#Ac), was
indispensable for this reaction (Table 1, entry 8).

Tablel
Screening of co-cataly$ts

N>
Ph)i\COZMe CbzzNHz Egvzv(i(s)ggi)é on WlNHCbz NHCbz
+ o, CHCL 1 o mbone * b ~come
/Ej anti-4 5
OHC 3
Entry Cocat. (15 % mol ) 4, Yield (%) dr
1 - <5 -
2 Cu(OTf <5 .
3 Mg(OTf) 10 >20:1

& Unless otherwise noted, all reactions were cawigdvith 0.15 mmol scale,
1 mol % RRB(OAc); and 15 mol % Lewis acids, arid2:3=1.3:1.0:1.2.°
Isolated yields were obtained after column chroma@phy purification.®
The diastereomeric ratio was detectedyNMR(400 MHz) spectroscopy.
In the absence of ROAC),.

Then, various solvents were tested and@jHwvas found to be
the most efficient (Table 2, entry 1). The reactiemperature
was also investigated and it has negligible effectie reaction
(Table 2, entries 4-6). The isolated product yields slightly
improved to 65% when the amount of methyl phenyliaetate
was increased from 1.3 to 1.9 equiv (Table 2, eB)ryt is worth
mentioning that diazo compounds can be added itiopsy
avoiding gradual addition of diazo compounds. Thignge
makes the synthetic protocol more practical and/epignt.

Table2
Optimization of reaction conditiohs

M CbzNH OH
ZNF2 InCls : _NHCbz
Ph ) CO.Me 2 RhA(OAG)s m
+ CO,Me
Solvent, T O,N Ph
NO,
D/ anti-4
OHC 3
Entry Solvent T (°C) Yield (% ¥ dr
1 DCM rt 55 >20:1
2 CHCE rt 39 >20:1-
3 toluene rt 31 >20:1
4 DCM rt 52 >20:1
5 DCM 0 51 >20:1
6 DCM -20 48 >20:1
7 DCM rt 57 >20:1
8° DCM rt 65 >20:1

@ Unless otherwise noted, all reactions were cawigdvith 0.15 mmol scale,
1 mol% Rh(OAc), and 15 mol% InG| and 1:2:3=1.3:1.0:1.2.° Isolated
yields were obtained after column chromatographyifipation. ¢ The
diastereomeric ratio was detected'ByNMR(400 MHz) spectroscopy.1.6
equiv of 1 was used1.9 equiv of 1 was used.

With the optimized reaction conditions in hamg turned to
evaluate the generality of this protocol. A variefysubstituted
aldehydes were first examithe Benzaldehyde that bears no
electron withdrawing group delivered the product 0%6yield
with excellent diastereoselectivity (Table 3, enfty To our
delight, even electron-donating 4-methoxybenzaldehgfforded
the corresponding produdb in 39% vyield (Table 3, entry 2).
Aromatic aldehydes bearing an electron withdrawingigro

Table3
The generality of the reaction with different digide$

Ny CbzNH, InCly OH
oh G oMe + 2 Ro(OAG) ;\{NHCbz
1 RCHO CHoCly, rt ppy COzMe
3 anti-4
Entry R 4, Yield (%9 dr
1 Ph 4a, 60 >20:1
2 p-MeOPh 4b, 39 >20:1
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p-SO,Ph 4c, 76 >20:1
p-BrPh 4d, 85 >20:1
0-NO-Ph 4e, 75 >20:1
m-NO,Ph 4f, 67 >20:1
P-NO,Ph 4qg, 65 >20:1
2-furyl 4h, 69 >20:1
2-thienyl 4i, 64 >20:1
cinnamonyl 4j, 62 60:40

& Unless otherwise noted, all reactions were cawigdvith 0.2 mmol scale,
1 mol % RR(OAc), and 15 mol % InG| andla:2a:3a=1.9:1.0:1.2." Isolated
yields were obtained after column chromatographifipation. ¢ The
diastereomeric ratio was detectedByNMR (400 MHz) spectroscopy.
regardless of the arene substitution (o-, m-, geherally gave

much higher vyields (Table 3, entries 3-7). When ngsi

heteroaromatic aldehydes,

such as 2-furaldehyde and

thiophenyl aldehyde, the reactions led to produrct§9% and
64% yields, respectively (Table 3, entries 8 and@htifyingly,

even conjugated aldehydeE){cinnamaldehyde reacted with

methyl phenyldiazoacetate and benzyl carbamateftoday,s-
unsaturated3-hydroxyl-w-amino acidin 62% yield, though with
decreased diastereoselectivity (Table 3, entry 10).

We next carried out screening of a series of cadb@snand
diazo compounds. FmocNHand BocNH are equally good

substrates,
stereoselectivity (Table 4, entries 2 and 3).

which gave products with similar yieldsd a
Imagal, the

reaction was tolerated to various substituted eleetich and -
deficient aryldiazo compounds, giving rise to threducts with
moderate to good yields and high diastereoselégt(iiable 4,
entries 4-9).

Table4

The generality of the reaction towards carbamatedsdéazo compounds

N2

R'NH,
OH
CO,Me InCl ]
. 2 Rhy(OAC)s A NHR'
+ CH,Cl, 1t m COMe
O:N
NO, .
/©/ anti-4
OHC 3
Entry Ar R 4, Yield (%Y dr
1 Ph Cbz 49, 65 >20:1
2 Ph Boc 4k, 58 >20:1
3 Ph Fmoc 41, 60 >20:1
4 p-MePh Chz 4m, 70 >20:1
5 p-MeOPh Cbz 4n, 51 >20:1
6 p-FPh Cbz 40, 60 >20:1
7 o-BrPh Cbz 4p, 49 >20:1
8 m-BrPh Cbz 4q, 81 >20:1
9 P-BrPh Cbz 4r, 52 >20:1

& Unless otherwise noted, all reactions were camigdwith 0.2 mmol scale,
1 mol % Rh(OAc); and 15 mol % InG| andla:2a:3a=1.9:1.0:1.2° Isolated

yields were obtained after column chromatographyifipation.

¢ The

diastereomeric ratio was detectedByNMR (400 MHz) spectroscopy.

Fig. 2. X-Ray crystal structure anti-4p.

OH OH
Jij/?\fNHBoc TFA ~sNH2
“/CO,Me > mcone
Ph CH,Cly, rt Ph
0,N 2v2 O.N
80% yield
anti-4k 6

Scheme 2. Deprotection of the produenti-4Kk.

The relative stereochemistry of the products wagasd as
anti in analogy withanti-4p as determined by single-crystal X-
ray diffraction (Fig. 2). Deprotection of the prodweas easily
carried out by using TFA at room temperature in,Chkito give
free amine in 80% vyield (Scheme'?).

A plausible reaction pathway for this JRBAc), and InC} co-
catalyzd three component reaction is shown in Sch@&me
Rh,(OAc), decomposes diazo compounds to form the
corresponding rhodium carbene spedigsvhich further reacts
with carbamates to give the active carbamate ammoryiides
Ila or Ilb. In the presence of aromatic aldehydes that was
activated by InGl the active ylide species undergo aldol-type
addition to afford the desired three component pcadTo have
an insight into the reaction process, we carried cwttrol
experiments to exclude the possibility that thedpia 4g is
produced from N-H insertion produgtAs a result, when treated
the N-H insertion producdd with aldehyde under the identical
conditions, no three component product was detecldu:
observed stereoselective control can be explailyecomparing
the transition statedla andlllb, as shown in Scheme 3. The
anti-4 is obtained from the favored transition stHtb with less
steric hindrance compared with the disfavored IT&.

N [~ cor ] L, RhO o OH
2 H,N® ~OMe : _COMe
. N o
CO,Me o ‘7 — Ar 1 COR
l RhL, P e ORfke Ar) Ph N z
steric replusion
RAL, 1 P syn-4
Py disfavored TS llla
Ph C02Me7—>’
1 _COR Ln
o HNG H ™o OH GOR
e P oCOsMe \ ﬁ/\ g ORAL, o NH
n /
RO™ "NH, RO,C OMe ol “COMe
b H | Ar
L _ i
Ph anti-4
favored TS lllb

Scheme 3. Proposed mechanism for the three-component reaction
3. Conclusion

In summary, by using a transision metal-Lewis acid
cooperative catalysis strategy, we have realized ighlyh
stereoselective three-component aldol-type reactibndiazo
compounds and carbamates with aldehydes. The ptotoco
provides a straightforward and efficient route tocess f3-
hydroxyl-w-amino acid derivatives in highly stereoselective
manner. This catalytic system accommodates aroralteéhydes
containing a variety of electron—donating and —widhidng
groups, heteroaromatic aldehydes, and conjugatehydieds,
demonstrating wide substrate scope. Efforts to aehie
enantioselective control of this practical methsdcurrently in
progress in our laboratory.



4
4. Experimental section

4.1. General

Tetrahedron

44.46, 44.39; HRMS (ESI) m/z calcd for £H,s NNaO,
(M+Na)" 506.1249, found 506.1237.

424. (2R*,3R*)-methyl 2-(((benzyloxy)carbonyl)amino)-3-(4-

HRMS (ESI) Mass spectra were recorded on BrukePromophenyl)-3-hydroxy-2-phenylpropanoate (anti-4d). ‘H NMR
micrOTOF-Q 10198 mass spectrometer. NMR spectra werg*00 MHz, CDCJ) 5 7.49 (d,J = 6.8 Hz, 2H), 7.45-7.34 (m, 8H),

recorded on a Brucker Ascend-400 MHz spectromete
Dichloromethane was distilled over calcium hydride.ridias
aryl diazo compounds were prepared by the treatnmnt
corresponding aryl acetate with p-
acetamidobenzenesulfonylazide-ABSA) in the presence of
DBU.*

4.2. General procedure for the three-component reaction of
diazo compounds with carbamates and aldehydes

To a stirred mixture of RKOAC), (1 mol%), InC} (15 mol %),
carbamatel (0.20 mmol), aldehyd@ (0.24 mmol), and 4A-MS
(200 mg) in DCM (1.5 mL) was added diazo compoGn@.38
mmol) in DCM (1 mL) in portions at room temperatuidter the
addition of diazo compound completes, the reaatidxture was
stired for 1 h. Then, the reaction mixture wasef#d and
concentrated under reduced pressure. The crudeugiraudas
subjected to 'HNMR analysis for the determination of
diastereoselectivity. The crude product was puritigdcolumn
chromatography on silica gel (eluent: EtOAc /lightrpeeum =
1:20~1:10) to give the corresponding pure proddcts

421. (2R*,3R*)-methyl  2-(((benzyloxy)carbonyl)amino)-3-
hydroxy-3-(4-nitrophenyl)-2-phenylpropanoate ~ (anti-4a). 'H
NMR (400 MHz, CDC})) é 8.01 (d,J = 8.7 Hz, 2H), 7.47-7.33
(m, 10H), 7.18 (dJ = 8.5 Hz, 2H), 6.26 (s, 1H), 6.10 (s, 2H),
5.22 (d,J=12.1 Hz, 1H), 5.07 (dl = 12.1 Hz, 1H), 3.73 (s, 3H);
*C NMR (100 MHz, CDGCJ) 3171.09, 157.12, 147.53, 147.19,
135.68, 135.22, 130.50, 129.84, 128.78, 128.72,6B28.28.61,
127.89, 127.71, 123.09, 75.36, 70.34, 67.99, 53HMS (ESI)
m/z caled for GH,,N.,NaO, (M+Na)" 473.1308, found
473.1325.

422. (2R*,3R*)-methyl  2-(((benzyloxy)carbonyl)amino)-3-
hydroxy-3-(4-methoxyphenyl)-2-phenylpropanoate (anti-4b). 'H
NMR (400 MHz, CDC)) 6 7.54 (d,J = 7.1 Hz, 2H), 7.45-
7.32(m, 8H), 7.00 (d) = 8.3 Hz, 2H), 6.74 (d] = 8.5 Hz, 2H),
6.36 (s, 1H), 5.95 (d] = 7.4 Hz, 1H), 5.89 (d] = 7.3 Hz, 1H),
5.22 (d,J=12.2 Hz, 1H), 5.06 (dl = 12.2 Hz, 1H), 3.78 (s, 3H),
3.68 (s, 3H);"*C NMR (100 MHz, CDCJ) 5170.69, 157.17,
153.95, 142.10, 135.89, 135.78, 128.98, 128.60,5128.28.35,
128.14, 127.30, 110.22, 107.70, 72.18, 69.93, 675294;
HRMS (ESI) m/z calcd for GH,sNNaQ; (M+Na)™ 458.1580,
found 458.1585.

42.3.  (2R*,3R*)-methyl  2-(((benzyloxy)carbonyl)amino)-3-
hydroxy-3-(4-(methyl sulfonyl) phenyl)-2-phenyl propanoate (anti-
4c). '"H NMR (400 MHz, CDCJ) & 7.74 (d,J = 7.8 Hz, 2H),
7.33-7.39 (m, 5H), 7.47-7.39, 7.22 (&= 8.0 Hz, 2H), 6.27 (s,
1H), 6.08 (s, 2H), 5.20 (d,= 12.1 Hz, 1H), 5.07 (dl = 12.1 Hz,
1H), 3.71 (s, 3H), 3.02 (s, 3H}’C NMR (100 MHz, CDGJ)
6171.07, 157.15, 146.18, 139.89, 135.72, 135.31,702828.55,
128.03, 127.19, 127.00, 126.44, 77.42, 77.10, 763812, 70.34,
70.11, 68.06, 67.95, 67.84, 53.90, 53.77, 53.634%344.53,

r

7.32 (d,J = 8.3 Hz, 2H), 6.92 (d] = 8.1 Hz, 2H), 6.32 (s, 1H),
5.97 (s, 2H), 5.21 (dl = 12.2 Hz, 1H), 5.06 (d} = 12.2 Hz, 1H),
3.70 (s, 3H);”*C NMR (100 MHz, CDG)) & 171.16, 157.10,
138.80, 135.86, 135.77, 131.09, 128.70, 128.65,582828.49,
128.46, 127.29, 121.90, 75.50, 70.43, 67.79, 53HIBMS (ESI)
m/z caled for GH,,NNaQBr (M+Na)* 506.0579, found

506.0582.

425. (2R*,3R*)-methyl  2-(((benzyloxy)carbonyl)amino)-3-
hydroxy-3-(2-nitrophenyl)-2-phenylpropanoate ~ (anti-4e). 'H
NMR (400 MHz, CDC}4) 6 7.70 (d,J = 7.9 Hz, 1H), 7.44-7.37
(m, 8H), 7.37-7.33 (m, 3H), 7.33-7.27 (m, 2H), 6.75J(d 5.5
Hz, 1H), 6.30 (s, 1H), 6.08 (d,= 5.4 Hz, 1H), 5.26 (d] = 12.3
Hz, 1H), 5.06 (dJ = 12.1 Hz, 1H), 3.55 (s, 3H}*C NMR (100
MHz, CDCk) 8 171.12, 157.19, 149.27, 135.78, 135.60, 133.04,
131.86, 130.73, 128.81, 128.66, 128.61, 127.02,90239.79,
69.43, 68.08, 54.00; HRMS (ESI) m/z calcd foguHG,N.NaG,
(M+Na)" 473.1325, found 473.1304

426. (2R*3R*)-methyl  2-(((benzyloxy)carbonyl)amino)-3-
hydroxy-3-(3-nitrophenyl)-2-phenylpropanoate ~ (anti-4f). 'H
NMR (400 MHz, CDC}) 8 8.12 (d,J = 7.9 Hz, 1H), 7.99 (s, 1H),
7.51-7.44 (m, 2H), 7.44-7.34 (m, 10H), 6.31 (s, 1H226(s,
1H), 6.13 (s, 1H), 5.21 (d,= 12.1 Hz, 1H), 5.08 (dl = 12.1 Hz,
1H), 3.75 (s, 3H)**C NMR (100 MHz, CDGCJ) § 171.00, 157.28,
147.88, 142.10, 135.58, 135.32, 133.26, 129.00,7528.28.71,
128.66, 128.51, 127.15, 122.95, 121.98, 75.36, 37068.13,
53.93; HRMS (ESI) m/z caled for £H,,N,NaO, (M+Na)"
473.1325, found 473.1311.

427. (2R*,3R*)-methyl  2-(((benzyloxy)carbonyl)amino)-3-
hydroxy-3-(4-nitrophenyl)-2-phenylpropanoate  (anti-4g). 'H
NMR (400 MHz, CDC})) é 8.01 (d,J = 8.7 Hz, 2H), 7.47-7.36
(m, 10H), 7.18 (dJ = 8.5 Hz, 2H), 6.26 (s, 1H), 6.14-6.02 (m,
2H), 5.22 (dJ =12.1 Hz, 1H), 5.07 (dl = 12.1 Hz, 1H), 3.73 (s,
3H); CNMR (100 MHz, CDCJ) & 171.09, 157.12, 147.53,
147.19, 135.68, 135.22, 128.78, 128.72, 128.69,612827.89,
127.18, 123.09, 75.36, 70.34, 67.99, 53.8RMS (ESI) m/z
calcd for GHN,NaQ; (M+Na)* 473.1325, found 473.1308.

428. (2R*,3S)-methyl  2-(((benzyloxy)carbonyl)amino)-3-
(furan-2-y1)-3-hydroxy-2-phenylpropanoate (anti-4h). ‘HNMR
(400 MHz, CDC}) 6 7.59 (d,J = 7.4 Hz, 2H), 7.33—7.42 (m, 7H),
7.27-7.32 (m, 2H), 6.65 (s, 1H), 6.29 (dds 3.2, 1.9 Hz, 1H),
6.25 (d,J = 3.1 Hz, 1H), 6.16 (dJ = 10.0 Hz, 1H), 6.05 (d] =
9.9 Hz, 1H), 5.15 (d) = 12.3 Hz, 1H), 5.03 (d} = 12.3 Hz, 1H),
3.74 (s, 3H); °C NMR (100 MHz, CDCJ) & 171.25, 159.21,
157.11, 136.23, 136.01, 131.75, 129.48, 128.60,5228.28.45,
128.30, 128.11, 127.39, 113.38, 75.71, 70.72, 67%H18;
HRMS (ESI) m/z caled for GH,;NNaQ; (M+Na)" 418.1267,
found 418.1277.



429. (2R*,3S*)-methyl  2-(((benzyloxy)carbonyl)amino)-3-
hydroxy-2-phenyl-3-(thiophen-2-yl)propanoate ~ (anti-4i). 'H
NMR (400 MHz, CDCJ) é 7.60 (d,J = 7.4 Hz, 2H), 7.48-7.31
(m, 8H), 7.24 (dJ = 5.0 Hz, 1H), 6.98-6.89 (m, 1H), 6.82 {d;
3.3 Hz, 1H), 6.62 (s, 1H), 6.34 (d,= 8.1 Hz, 1H), 6.29 (d] =
8.1 Hz, 1H), 5.19 (d) = 12.2 Hz, 1H), 5.09 (d} = 12.2 Hz, 1H),
3.71 (s, 3H); ®CNMR (100 MHz, CDCJ) § 170.73, 157.25,
143.66, 135.86, 128.72, 128.61, 128.49, 128.46,382827.22,
126.46, 125.20, 124.89, 73.25, 70.84, 67.86, 53tBBMS (ESI)
m/z calcd for GH,;NNaQ;S (M+Na) 434.1038, found 434.1059.

4.2.10. (2R*,3R*,E)-methyl 2-(((benzyloxy)carbonyl)amino)-3-
hydroxy-2,5-diphenylpent-4-enoate (anti-4j). '"H NMR (400 MHz,

CDCl) § 7.57 (d,J = 7.6 Hz, 2H), 7.46-7.18 (m, 13H), 6.79—

6.62 (M, 2H), 6.13 (dd] = 15.7, 4.9 Hz, 1H), 5.61-5.44 (m, 2H),
5.15 (d,J = 12.2 Hz, 1H), 5.05 (dl = 12.2 Hz, 1H), 3.71 (s, 3H);
3CNMR (100 MHz, CDCJ) § 171.24, 156.98, 136.56, 136.10,
135.86, 132.52, 128.63, 128.60, 128.54, 128.38,3t28.28.14,
127.82, 127.19, 127.11, 126.73, 75.12, 70.25, 67%H86;
HRMS (ESI) m/z calcd for GH,sNNaG, (M+H)* 454.1630,
found 454.1608.

4.2.11. (2 R*,3 SF,E)-methyl 2-(((benzyloxy)carbonyl)amino)-3-
hydroxy-2,5-diphenyl pent-4-enoate (syn-4j). '"H NMR (400 MHz,
CDCly) 6 7.47 (dd,J = 8.2, 1.3 Hz, 2H), 7.40-7.33 (m, 4H),
7.32-7.27 (m, 5H), 7.26-7.20 (m, 5H), 6.63Jd; 15.9 Hz, 1H),
6.02 (ddJ = 15.9, 5.3 Hz, 1H), 5.78 (s, 1H), 5.24 (s, 1H), 599
2H), 3.77 (s, 3H);"*C NMR (100 MHz, CDCJ) 6 171.74, 156.28,
136.47, 136.05, 133.00, 128.67, 128.51, 128.43,2828.28.15,
127.82, 126.62, 126.42, 125.74, 75.70, 69.83, 675326;
HRMS (ESI) m/z calcd for gH,sNNaQ; (M+H)" 454.1630,
found 454.1617.

4212. (2R*,3R*)-methyl  2-((tert-butoxycarbonyl)amino)-3-
hydroxy-3-(4-nitrophenyl)-2-phenylpropanoate ~ (anti-4k). 'H
NMR (400 MHz, CDC)) 6 8.16 (d,J = 8.8 Hz, 2H), 7.51-7.30
(m, 7H), 6.36 (s, 1H), 6.12 (d,= 7.6 Hz, 1H), 6.04 (s, 1H), 3.75
(s, 3H), 1.46 (s, 9H)**CNMR (100 MHz, CDCJ) & 171.35,
156.83, 147.75, 147.67, 135.63, 128.57, 128.02,1727123.04
(s), 81.83, 75.37, 70.28, 53.72, 28.21; HRMS (ESH calcd for
CoiH2aN,NaO; (M+H) *439.1481, found 439.1477.

4.2.13. (2R*,3R*)-methyl 2-((((9H-fluoren-9-
yl)methoxy)car bonyl)amino)-3-hydroxy-3-(4-nitrophenyl)-2-
phenylpropanoate (anti-4l). *H NMR (400 MHz, CDCJ) &

8.07 (d,J = 8.2 Hz, 2H), 7.82 (d] = 7.5 Hz, 2H), 7.56 (1) = 8.1
Hz, 2H), 7.46 (tJ = 7.4 Hz, 2H), 7.43-7.30 (m, 7H), 7.17 &=
8.0 Hz, 2H), 6.15 (s, 1H), 6.07 (@= 6.7 Hz, 1H), 6.00 (s, 1H),
4.75-4.60 (m, 1H), 4.59-4.46 (m, 1H), 4.22)(t 5.8 Hz, 1H),
3.74 (s, 3H);”®C NMR (100 MHz, CDG)) & 171.21, 157.11,
147.60, 147.07, 143.28, 141.52, 135.18, 128.73,082827.23,
127.18, 127.04, 124.78, 124.69, 123.12, 120.22267570.10,
67.18, 53.83, 47.22; HRMS (ESI) m/z calcd foy;HGeN.NaO,
(M+H)"561.1638, found 561.1637.

4214, (2R*,3R*)-methyl  2-(((benzyloxy)carbonyl)amino)-3-
hydr oxy-3-(4-nitrophenyl)-2-(p-tolyl)propanoate  (anti-4m). H
NMR (400 MHz, CDC}) & 8.01 (d,J = 8.6 Hz, 2H), 7.487.40 (m,
3H), 7.40-7.35 (m, 2H), 7.32 (d] = 7.7 Hz, 2H), 7.247.13 (m, 4H),
6.24 (s, 1H), 6.08 (s, 2H), 5.22 (i 12.1 Hz, 1H), 5.06 (d = 12.1

5
Hz, 1H), 3.73 (s, 3H), 2.37 (s, 3HC NMR (100 MHz, CDCJ) 5
171.25, 157.11, 147.52, 147.29, 138.65, 135.73,2832129.41,
128.74, 128.67, 128.59, 127.92, 127.03, 123.085/5.0.16, 67.93,
53.78, 21.09 HRMS (ESI) m/z calcd for gH,.N.NaO, (M+Na)*
487.1481, found 487.1490.

4215, (2R*,3R*)-methyl  2-(((benzyloxy)carbonyl)amino)-3-
hydr oxy-2-(4-methoxyphenyl)-3-(4-nitrophenyl)propanoate (anti-
4n). 'H NMR (400 MHz, CDCJ) & 8.01 (d,J = 8.3 Hz, 2H), 7.53
7.28 (m, 7H), 7.18 (d] = 8.1 Hz, 2H), 6.90 (d] = 8.3 Hz, 2H), 6.23
(s, 1H), 6.06 (s, 2H), 5.21 (d,= 12.1 Hz, 1H), 5.06 (dl = 12.1 Hz,
1H), 3.82 (s, 3H), 3.73 (s, 3H}*C NMR (100 MHz, CDGC)) &
171.28, 159.69, 157.10, 147.50, 147.34, 135.71,78528128.71,
128.59, 128.44, 127.87, 127.13, 123.07, 114.0877/%9.94, 67.94,
55.30, 53.78 HRMS (ESI) m/z calcd for gH,,N,NaQ; (M+H)*
503.1430, found 503.1453.

4.2.16. (2R*,3R*)-methyl 2-(((benzyloxy)carbonyl)amino)-2-(4-
fluorophenyl)-3-hydr oxy-3-(4-nitrophenyl)propanoate (anti-40).
'H NMR (400 MHz, CDCJ) 5 8.02 (d,J = 8.4 Hz, 2H), 7.59-
7.29 (m, 7H), 7.18 (d) = 8.3 Hz, 2H), 7.08 (t) = 8.3 Hz, 2H),
6.28 (s, 1H), 6.13 (s, 1H), 6.06 @= 8.0 Hz, 1H), 5.21 (d] =
12.1 Hz, 1H), 5.05 (d) = 12.1 Hz, 1H), 3.75 (s, 3H}*C NMR
(100 MHz, CDC}) 8 170.71, 162.67 (d] = 248.9 Hz), 157.14,
147.59, 147.10 (s), 135.55, 131.23 (&; 2.9 Hz), 129.20 (d] =
8.3 Hz), 128.85, 128.73, 128.64, 127.68, 123.20,711%d,J =
21.7 Hz), 75.53, 70.05, 68.10, 53.9% NMR (376 MHz, CDG))
& -112.93 (s) ; HRMS (ESI) m/z calcd for,#8,;N.,NaOF
(M+H)" 491.1230, found 491.1249.

4.2.17. (2R*,3R*)-methyl 2-(((benzyloxy)carbonyl)amino)-2-(2-
bromophenyl)-3-hydroxy-3-(4-nitrophenyl)propanoate (anti-4p).
H NMR (400 MHz, CDCJ)) 5 8.31 (d,J = 7.8 Hz, 1H), 8.228.06
(m, 2H), 7.59 (ddJ = 7.9, 1.3 Hz, 1H), 7.53.46 (m, 1H), 7.44 —
7.33 (m, 5H), 7.34-7.29 (m, 2H), 7.28 — 7.22 (m) 16163 (s, 1H),
6.55 (s, 1H), 5.86 (s, 1H), 5.18 (i 12.2 Hz, 1H), 5.03 (d = 12.2
Hz, 1H), 3.63 (s, 3H)*C NMR (100 MHz, CDGJ) 5 168.59, 157.60,
147.97, 146.62, 135.89, 135.58, 135.20, 132.06,1830128.67,
128.65, 128.62, 128.28, 127.78, 123.20, 121.7146/70.88, 68.18,
53.90 HRMS (ESI) m/z calcd for £H»N.NaOBr (M+H)*
551.0430, found 551.0443.

4.2.18. (2R*,3R*)-methyl 2-(((benzyloxy)carbonyl)amino)-2-(3-
bromophenyl)-3-hydroxy-3-(4-nitrophenyl)propanoate (anti-4q).
H NMR (400 MHz, CDC}) § 8.00 (d,J = 8.8 Hz, 2H), 7.60 (s, 1H),
7.52-7.45 (m, 1H), 7.45-7.37 (m, 4H), 7:3629 (m, 2H), 7.23 (d]
= 4.1 Hz, 1H), 7.15 (d] = 8.7 Hz, 2H), 6.25 (s, 1H), 6.13 = 7.8
Hz, 1H), 6.01 (dJ = 8.3 Hz, 1H), 5.18 (d] = 12.1 Hz, 1H), 5.04 (d,
J = 12.1 Hz, 1H), 3.73 (s, 3H)*C NMR (100 MHz, CDCJ) &
170.30, 157.13, 147.63, 146.91, 137.79, 135.51,9131130.38,
130.17, 128.84, 128.77, 128.58, 127.68, 126.08,2423122.86,
75.51, 70.13, 68.17 (s), 54;1HRMS (ESI) m/z calcd for
C,4H,:N,NaOBr (M+H)* 551.0430, found 551.0417.

4.2.19. (2R*,3R*)-methyl 2-(((benzyloxy)carbonyl)amino)-2-(4-
bromophenyl)-3-hydroxy-3-(4-nitrophenyl) propanoate(anti-4r).

H NMR (400 MHz, CDCJ) & 8.02 (d,J = 8.5 Hz, 2H), 7.52 (d] =
8.4 Hz, 2H), 7.487.41 (m, 3H), 7.41-7.32 (m, 4H), 7.18 (= 8.5
Hz, 2H), 6.28 (s, 1H), 6.16 (d,= 7.7 Hz, 1H), 6.04 (d] = 8.4 Hz,
1H), 5.21 (d,J = 12.1 Hz, 1H), 5.04 (d] = 12.1 Hz, 1H), 3.75 (s,
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3H); °C NMR (100 MHz, CDGJ)) § 170.38, 157.15, 147.61,

146.99, 135.49, 134.63, 131.89, 129.05, 128.87,7428128.66,
127.63, 123.24, 123.04, 75.48, 70.24, 68.16, 54166MS (ESI) m/z
calcd for G4H,NoNaOF (M+H)* 491.1230, found 491.12

4.3.(2R*,3R*)-methyl 2-amino-3-hydroxy-3-(4-nitrophenyl)-2-
phenylpropanoate (6)

To a solution oftik (45 mg, 0.108 mmol) in DCM ( 2 mL) was

added TFA ( 0.5 mL) at room temperature. The reaatiixture
was stirred for 5h, and then solvent was removedatue. The
residue was diluted with DCM. pH was adjusted to abowitl8
a ammonium solution (7M) in methanol and the nmtwas
concentrated in vacuo. The crude product was pdrifig flash
chromatography on silica gel (eluent: EtOAc /lightrpkeum =

1:10~1:2) to give the produét(34.2 mg, 80% vyield) as a white

solid. *H NMR (400 MHz, CDCJ) § 8.13 (d,J = 7.7 Hz, 2H),

7.54 (d,J = 7.9 Hz, 2H), 7.48-7.30 (m, 5H), 5.50 (s, 1H), 363 (

J = 1.2 Hz, 3H), 1.86 (br, 3H*C NMR (100 MHz, CDC) 5
174.09, 147.65, 146.59, 138.97, 128.69, 128.45,472622.90,
5.87, 68.06, 52.73; HRMS (ESI) m/z calcd fore;N,Os
(M+H)*317.1137, found 317.1144.
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