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SUPPORTING INFORMATION

General: Unless otherwise stated]l reactionswere carried outunder strictly anhydrousair-free
conditions. All reagentsusedare commerciallyavailablefrom NovaBiochem, Aldrich, Flukaand Acros
Chemicals. All solvents were dried and distilled by stangandedures.All acid chloridesweredistilled
by standard procedures. Cataly@tsand3b," anda-chloroglycine2a& were madeccording to literature
precedent. Physicalata, identity,and absolute configuration &a-d and 6a-c were consistent with
literatureprecedent. Polymer supportedatalyst3c was made according to literature precedéncdhe
'H, °C, and"F NMR spectra were acquired on a Varian Unity Plus 400 MHz instrum@f @i, unless
otherwise stated. THel (400 MHz) and®*C (101 MHz) chemical shifts agiven inparts pemillion ()
with respect to internalMS standard oresidual solvenpeaks unlesstherwise stated°F (376 MHz)

chemical shifts are given in parts per milliafth respect to internaCFCl, standard. HPLC analysis was
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performed with a Waterblillipore Model 510 head unit a Regis Technologid®,) Whelk-01Chiral, a
Waters Millipore Lambda-Max Model 481L spectrophotometer andHewlett Packard integrator.

Solution phase IR data were recorded on a Bruker Vector 22 FTIR spectrometer.

General procedure for B-substituted aspartic acids 5a-e? A 25 mL round-bottom flask equipped
with a stir bar was loaded under nitrogen witbhloroamine2a (63 mg, 0.26 mmol), protosponge4 (83
mg, 0.39 mmol), and the benzoylquinine catadgst6 mg, 0.013 mmol). Toluene (1 mL) was added to the
mixture and stirredor 1 h. The solutionvas dilutedwith toluene (7 mL)and cooled te78 °C in a dry
ice/acetone bath. Phenylacetyl chlord@g20 mg, 0.13 mmol) in toluene (1 mL) was added to the reaction
drop wise. The reaction wadlowed to slowlywarm toroom temperature overnighExcessmethanol (6
mL)®> was added and trsolutionwas refluxed. The reaction was monitored by TLC astdppedwhen
all of theB-lactam had reacted (~ 4 h). The solvent was removeatuoand the residue was taken up in
chloroform (10 mL) and wagdwith 1 M HCI (3 x 10 mL). The organic layer was driegith MgSO,
and filteredthrough Celite. The filtrate was concentrateshd the residue was submittedfi@sh column

chromatography to yielfain 62% yield (22 mg) and 95% ee.

General Procedure for Methanolysis of3-lactams. In a 10 mL round-bottom flask equipp®dth a
stir bar and condenser, the N-apylactam9a (15 mg, 0.046 mmol) was suspended in meth&h6l mL).
Benzoylquinine(2.0 mg, 0.0046mmol) and scandiur(lll) triflate (2.3 mg, 0.0046 mmol) suspended in
methanol (0.5 mL each) were added to the solution. The reaction was refluxed and continuously monitored
by TLC until all of the lactanhad been consumedlhe solution was concentrated and the residue was

eluted through a plug of silica with EtOAc/hexanes (2:5) yielding the d¢s@menno acid.

+ Ketene7efrom 4-methoxyphenoxyacteyl chloride was formed at 0 °C in 6 mL of toluene andiriee
solution was added to it at -78 °C.

* For the synthesis oba-e¢ methanol wasubstitutedwith 0.26 mmol of thecorresponding ame, which
was added directly to the reaction mixturecam temperature and stirred untiile reaction was complete
by TLC.

® The methanolysis of thg-lactam proceeds faster tifie toluene is removednd the crude mixture is
refluxed in methanol.



(3R,4R)-2-Benzoylamino-3-p-methoxy)-phenoxy-succinic acid 1-ethylester 4-methyl ester
(5e).White crystalline solid recrystallized from,Bthexanes: mp = 147-148; [a], = +21.T (c = 0.01,
CHCL); 'H NMR (CDCL) & 7.82(d, 2H), 7.52 (m, 1H),7.46 (m, 2H), 7.38 (m, 2H),7.00(t, 1H), 6.95
(brd, 1H), 6.90 (d, 2H), 5.51 (dd, 1H), 5.23 (d, 1H), 4.24 (g, 2H), 3.@H)s1.24(t, 3H) ppm; °C NMR
(CDCl,) 6 169.6, 169.4, 168.7, 158.2, 155.2, 134.5, 135.6, 128.7, 127.4, 117.9, 115.3, 80.3, 77.1, 62.7,
55.4, 53.9,15.0 ppm; IR (CHC)) 1377, 1475, 1660, 1793, 1822251 cm: HPLC (5%iPrOH/1.0%
HOAc/hexanesl1.0 mL/min) R,R = 30.1, R, = 28.4, 6,R = 33.7, §,9 = 39.3min. Anal Calcd for
C,H,.NO,: C, 62.8; H, 5.78; N, 3.49. Found C, 62.5; H, 5.81; N, 3.46.

[2-Benzoylamino-3-(methoxycarbonylmethyl-carbamoyl)-3-phenyl-propionylamino]-acetic
acid methyl ester (10)White crystalline solidecrystallized from EO/hexanes: mp = 156-138; [a],
= +20.2 (c = 0.01, CHC); 'H NMR (CDCL) & 7.81(m, 2H), 7.54-7.43(m, 4H),6.98 (brd, 1H),6.89
(brm, 2H), 6.80 (m, 4H)5.46 (dd, 1H),5.14 (d, 1H),4.10-4.20(m, 4H), 3.74 (s, 3H),3.68 (s, 3H) ppm;
“C NMR (CDClL) 6 173.1, 171.5, 170.7, 169.9, 168.1, 136.8, 134.9, 133.0, 129.9, 129.8, 129.4, 129.3,
128.0, 62.1, 61.9, 56.7, 56.3, 53.7, 53.4 ppm; IR (GHTA15, 1422, 1570, 1666, 1724, 173685 cn:
HPLC (10%iPrOH/1.0% HOAc/hexanes, 1.0 mL/mig,B = 9.32, R,9 = 7.58, 6,R = 8.01, 6,9 =
11.42 min. Anal Calcd for £H,.N,O.: C, 60.6; H, 5.53; N, 9.23. Found C, 60.4; H, 5.51; N, 9.28.

1-[(3-Benzoylamino-3-ethoxycarbonyl-2-phenyl-propionylamino)-acetyl]-pyrrolidine-2-
carboxylic acid methyl ester (6d)White crystalline solid recrystallized from Bthexanes: mp = 142-
144C; [a], = +19.2 (c = 0.01,CHCL); 'H NMR (CDCL) & 8.02(d, 1H),7.78(d, 2H), 7.48 (m, 1H),
7.42(m, 2H) 7.38-7.30(m, 2H), 7.30-7.22(m, 2H),6.70 (bs, 1H),5.20 (m, 1H),4.50 (m, 2H), 4.20 (m,
2H), 4.15 (m, 2H), 3.78 (m, 1H), 3.70 (s, 3H), 3.58 (m, 1H), 3.45 (m, 1H), 2.20 (M2DM)s, 3H),1.25
(t, 3H) ppm; “C NMR (CDCl) 5 172.3, 172.2, 171.0, 167.3, 166.3, 135.5, 134.1, 131.7, 129.1, 128.7,
128.6, 128.3, 127.3, 61.9, 59.0, 55.6, 52.6, 46.1, 42.3, 29.9 ppm; IRJARALD, 1402, 1576, 1673, 1725,
2280 cm: HPLC (10%iPrOH/1.0% HOAc/hexanes, 1.0 mL/mif},R = 12.41, R,9 = 9.92, 6,R =
11.25, 6,9 = 14.93 min. Anal Calcd for {H,,N.,O.: C, 67.8; H, 6.53; N, 6.98. Found C, 67.6; H, 6.53;
N, 6.91.



Benzoylaminoa-chloroglycine 2,2,2-trifluoro-ethyl ester (2b). To a solution of 2,2-
trifluoroethanol(12.4 mL, 171.5mmol) in CH,CI, was added triethylaming3.7 mL, 98.1mmol). The
resulting solution was cooled to —-78 and fumaryl chlorid€5.3 mL, 49.0mmol) was addedrop wise.
The reaction was allowed twarm toroom temperature and then washedith 1M HCI followed by
saturated sodium bicarbonate. The organic layer was thenvdtietgSO, and concentrated. The oily
residue was placed on gplug of silica gel and elutedwith EtOAc/hexanesyielding 22,2-
trifouroethylfumarate as white solid (10.17 g). A flask antaining 2,2,2-Trifluoroethylfumaraté.0 g,
17.9 mmol) dissolved in 0/50 mixture of EtOAc/MeCN225 mL)was cooled to OC. Ruthenium
trichloride (0.26 g, 1.25mmol) andsodiumperiodate(5.7 g, 26.9mmol) were combined ir87.5 mL of
water and added to the reaction which then stirred@tfér 1 hour. It was then quenchedth 175 mL of
saturated sodium sulfite and thgueoudayer was extracted three timegh EtOAc. Theorganicswere
combined,dried with MgSO,, and concentrated. The resulting brown seolias recrystallized from
CH.Cl./hexanegyielding 2,2,2-trifluoroethyltatrate as a pale yellealid (2.5 g, 7.96mmol). This was
dissolved in diethyl ether (25 mL) and cooled t&) Periodicacid (1.81 g, 7.96nmol) was added and
the reaction was allowed tgarm toroom temperature. Tihe flask was added 4 A mol. sieves and the
resulting mixture stirred for 1 hour. The sieves were filtered from the reaction and the solvearhoxses
in vacuo. yielding 2,2,2-trifluoroethyl glyoxalateydrate as an orange oil. Thigas combinedwith
benzamide (1.15 g, 9.48mol) in ethylacetate(30 mL) andrefluxed for 12 hours. The solvent was
removed in vacu@nd theresiduewas recrystallizedvith EtOAc/hexanes vyielding white solid. The
resulting N-acyl-a-hydroxyamine (0.83 g, 3.thmol) was combineavith oxalyl chloride (0.58 g, 4.5
mmol) and 2drops ofN,N-dimethylformamide in CECI, (15 mL) and stirred at C for 6 hours. The
solution was then concentrated in vacuo yield@b@s a pale yellow solid. The solichs refrigerated and
would polymerize upon standing at room temperatdk€.NMR (CDCL); 5 9.08 (brd,1H),7.98 (d, 2H),
7.63(m, 1H), 7.50(m, 2H),6.78 (d, 1H), 4.88 (m, 2H) ppm. 2b wasused as is andas not further

characterized.



p-Fluorobenzoylamino-a-chloroglycine ethyl ester (2c)mp = 68-70°C; ‘H NMR (CDCL); 5 7.88
(m, 2H), 7.35 (brd, 1H), 7.19 (m, 2H), 6.45 (d, 14)38 (m, 2H), 1.34 (t, 3H) ppm;**C NMR (CDCL) 5
166.5, 166.0, 135.5, 132.2, 128.7, 128.4, 127.4, 63.2, 60.5 ppm. Anal CalcHQEIENO,: C, 50.9; H,
4.27; Cl, 13.6, N, 5.39. Found C, 51.2; H, 4.22; CI, 13.8; N, 5.33.

(p-Phenyl)-benzoylaminoe-chloroglycine benzyl ester (2d)mp = 72-73C; '"H NMR (CDCL); &
7.88 (d, 2H), 7.49-7.46 (m, 8H), 7.40 (m, 2H), 7.18 (d, 2H), 6.78 (brd, 1H), 6.37 (d, 1H), 5.31 (s, 2H) ppm;
*C NMR (CDCL) 5 167.6, 167.0, 146.7, 140.7, 135.3, 131.8, 130.1, 129.6, 129.3, 129.0, 128.5, 128.4,
128.3, 128.1, 70.5, 61.7 ppm. Anal Calcd fgH;,CINO,: C, 69.6; H, 4.78Cl, 9.33; N, 3.69. Found C,
69.6; H, 4.77; Cl, 9.30; N, 3.72.

NMR Experiment. A **F NMR of N-4-fluorobenzyole-chloroamine2c (62 mg, 0.26 mmol) in (0.5
mL) benzene-gdcontaining CFClas aninternalstandardvas obtained. To the sample was added in one
portion benzenezdsolution (0.4 mL) of proton spongé (64 mg, 0.26 mmol). The mixture was
monitored by**F NMR over thecourse of 30 minutes duringhich time no noticeable changes in the
spectrum wereoted. To the mixture was added BQni@, 0.013 mmol) as a solutio(0.1 mL) in
benzene-gand the reaction monitored B¥ NMR until the startindN-4-fluorobenzyolei-chloroamine2c

had been completely consumed ( approximately 30 minutes).

The rate dependency ahine formation on the concentration pfoton spongewas determined as
follows: Three separate NMR samples containing the same quantities of catalysti8(0(6 eq), N-4-
fluorobenzyole-chloroamine2c (1 eq), andsolvent(0.5 mL) benzenezdvereprepared. T@ach sample
was added a different quantity pfoton sponge as a solution in benzep€dd?2 mL). The addition of
proton sponge tthe sampleswvas as follows: sample (64 mg, 2 eq), sample 2128 mg, 4 eq), and
sample 3 (192 mg, 6 eq). Thate of imine formatiorand thecorresponding consumption tife starting
N-4-fluorobenzyole-chloroamine 2c were monitored by”*F NMR. Under these conditions no

discernable rate difference between the three samples was apparent.



1-[(Biphenyl-4-carbonyl)-3-(4-methoxy-phenoxy)-4-oxo-azetidine-2-carboxylic acid emzyl
ester (99).A 25 mL round-bottom flask equippesith a stir barwas loadedunder nitrogenwith a-
chloroamine2d (87 mg, 0.26 mmol), proton spongé83 mg, 0.39 mmol), and the benzoylquinine catalyst
3a(6 mg, 0.013 mmol). Toluene (1 mL) was added to the mixture and stirred for Ulelsolution was
diluted with toluene (5 mL) and cooled t@8 °C in a dryice/acetonébath. A prepared solution of 4-
methoxyphenoxyketengég (26 mg, 0.13mmol) in toluene (2 mL) was added to the reactioop wise.
The reaction was allowed to slowlyarm toroom temperature overnight. The solvent was removed in
vacuoand the residue was taken upcinloroform (10 mL) and washedith 1 M HCI (3 x 10 mL),
saturated NaHCO(3 x 10 mL), driedwvith MgSO, and filtered. Thdiltrate was concentratednd the
residuewas submitted tdlash column chromatographge fractions containing theroductwere pooled
and concentrated. The product was recrystallized frg@vligxane yieldin@gin 48% yield (32 mg) and
95% ee ashe major cis diastereométr 11:1): mp = 151-154° C; [aF -24.3° (c = 0.010, CHQL 'H
NMR (CDCL) 8.13(d, 2H),7.69(d, 2H),7.62(d, 2H), 7.46 (t, 2H), 7.41-7.35(m, 2H),7.31 (brd, 1H),
7.29 (d, 2H), 7.24 (d, 2H), 6.87 (d, 2H), 6.@6 2H),5.39(d, 1H),5.20 (dd, 1H), 5.17brs, 2H),3.64 (s,
3H) 3.35(s, 2H) ppm;*C NMR (CDCL) 166.9, 166.5, 161.7, 156.6, 152.1, 147.7, 140.8, 135.9, 131.7,
130.1, 130.0, 129.7, 129.6, 129.5, 129.4, 128.4, 128.1, 118.2, 115.7, 80.7, 68.%658dym; IR
(CHCI,) 3024, 2963, 1801, 1749, 1368, 1265, 1217, 1169, 18E) cm-1. HPLC (5% i-PrOH/ 1%
HOAc/hexanes1.0 mL/min)(R,R) = 18.2, (R,S) = 15.7, (S,R) = 22(8,S) = 27.9min. Anal Calcd for
C,H,.NO, C, 73.36; H, 4.96; N, 2.76. Found C, 73.35; H, 4.94; N,2.77.

2-Amino-3-(4-methoxy-phenoxy)-succinamic acid (13)Dry liquid ammonia cooled t&/8° C with
the aid of a dry ice/acetone bath was added a solutiors-fflactam9g (100 mg, 0.20 mmol) in CHCI,
(1 mL) dropwise over thecourse of 5 min. The resultingellow solutionwas gradualvarmed toroom
temperature and the ammonia allowed to evaporate. The white heterogeneouswastwacentrated by
reduced pressure rotaryevaporationand the residue subjected to column chromatogra@6po
EtOAc/hexanes) on short plug ofsilica gel(1.0 cm x 5cm) the fractions containing th@oductwere
pooled and concentrated to affordedtate solid which was recrystallizedfom (EtOAc/Ether/Hexanes:

1/3/8) giving pure produdl (88%, 92 mg). mp = 212-215° &1 NMR (DMSO-d) 8.13(d, 2H),7.69
6



(d, 2H), 7.62 (d, 2H), 7.46 (t, 2H), 7.41-7.33 (m, 2H), 7.29 (d, 2H), 7.24 (d, 2H), 6.87 (d, 2HI.62F),

5.39(d, 1H), 5.20(qt, 2H),5.12(d, 1H), 3.74 (s, 3H) ppm; *C NMR (DMSO-d,) 166.9, 166.5, 161.7,

156.6, 152.1, 147.7, 140.8, 135.9, 131.7, 130.1, 130.0, 129.7, 129.6, 129.5, 129.4, 128.4, 128.1, 118.2
115.7, 80.7, 68.9, 58.1, 56.7 ppAnal Calcdfor C,,H,,N20, C, 70.9; H, 5.38; N, 5.34. Found C, 71.1;

H, 5.41; N, 5.33.

Compoundl1 (86 mg, 0.16 mmol) was dissolved 10 mL) of a (EtOH/DMF:5/1) mixture and Pd/C
(10 mg) was added. The resulting slurry waacuatecand an atmosphere of hydroggasreestablished
with the aid of aballoon filledwith hydrogen. Theeaction wasstirred for 5 h under aatmosphere of
hydrogen and thefiltered through a plug of Gege. The filter cake was washed wittOH and the
organics combined and concentrated. The resulting wakdhoroughly dried yielding ahite solid 12
(99%, 69 mg). (Note: The product could be purified by column chromatoguesninysilica gel and a
gradient solvensystem of (Hex:EtOAc/3:1jollowed by (EtOAc) and finally (EtOAc:MeOH/4:1) if
necessary. : mp = 138-141° & NMR (DMSO-d)) 8.71(d, 1H),7.97(d, 2H), 7.75 (d, 2H), 7.70 (d,
2H), 7.59(s, 1H),7.46 (t, 2H), 7.37 (t, 1H), 6.85(q, 4H),5.23-5.20(m, 1H),5.11(s, 2H),4.99(d, 1H),
3.64(s, 3H) ppm;*C NMR (DMSO-q) 172.4, 172.1, 167.9, 155.7, 153.1, 144.6, 140.6, 137.0, 133.8,
130.6, 129.9, 129.6, 128.4, 118.5, 116.1, 80.2, &8 ppm; Anal Calcdfor C,,H,,N,0, C, 66.35; H,
5.10; N, 6.45. Found C, 66.17; H, 5.08; N, 6.48.

A 10 mL round-bottom flask equippeudth a stir barwas chargedvith (67 mg, 0.15 mmol) and 3%
NaHg amalgam (45 mg). The solids were suspended in (3 mL) of methanol and vigorouslyosti2réd
under a nitrogen atmosphere. The yellow solution was filtered to remove the solids and codlédatedO
the solutionacidified with 2 NHCI. Themethanol was removed bgducedpressure rotargvaporation
and the aqueous solution washed with EtOAc (4 mL). The aqueous layer was concentrated to afforded was
a white solidL3 that was sufficiently pure yield (67%, 26 mg). (Note: To obtain a sample of higher purity
the product could be recrystallized fromqueous EtOH omlternatively purified by ion exchange
chromatography. mp = 208-211° & NMR (D,O) 6.89(d, 2H), 6.823(d, 2H),5.13(d, 1H),5.05 (brs,
2H), 4.34(d, 1H),3.66 (s, 3H) ppm;*C NMR (D,0) 172.5, 169.9, 130.15, 127.9, 118.5, 116.1, 77.6,
56.8,55.7 ppm; Anal Calcdfor C,;H,,N,O, C, 51.97; H, 5.55; N, 11.02. Found C, 52.10; H, 5.54; N,
10.98.



Threo-B-hydroxy-succinamic acid (14). Compound13 (26 mg, 0.10 mmol) was dissolved in
CH,CN (3 mL). Ceriumammonium nitrat¢60 mg, 0.11 mmol) was added to treolution at 0°C. The
solvent was removed yieldirty in 82%yvyield. Thecompoundwas converted to thdClI saltfor further
characterization and to prevent decomposition. White crystalline salig=[28.2 (c = 0.01, 1IMHCI).

All other data consistent with literature precedent.

’ (a) Singerman, A.;ilwschitz, Y.Tetrahedron Lett1986 9, 4733-4734. (bkai, H.; 1zumiya, N.; Bull
Chem Soc. Jpri969 42, 3550-3555.



