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Experi mental Section

General Methods. The 1H NVMR and 13C NMR spectra were
recorded at 400 WMHz and 100 WMHz, respectively. The
chem cal shifts are reported in ppm down field to TMS
(d=0) for 1H NVR and relative to the central CDCl 4
resonance (d=77.3) for 13C NMR Solvents were dried
according to standard procedures. Purification of
reactions products was carried out by flash
chromat ography (FC) using Merck silica gel 60 (230-400
mesh). Optical rotations were neasured on a Perkin-El nmer
241 polarinmeter. The enantioneric excess (ee) of the
products were determned by HPLC wusing a Daice

Chi ral pak AD col umm.

Materi al s.
2,2 -isopropylidenebis[(4S)-4-tert-butyl-2-oxazoline],
met hyl enebi s[ (4R, 5S) - 4, 5- di phenyl - 2- oxazol i ne], 2,2 -

i sopropylidenebi s[ (4R)-4-phenyl - 2- oxazol i ne]j, Cu( OTf) 5,



2- 0oxo-butyric acid, ethyl pyruvate 1la, ethyl 2-o0oxo0-4-
phenyl butyrat e lc, di -tert-butyl di carbonate, N, N-
di met hyl - 4- am nopyri dine and My-powder were purchased
from Aldrich and used as recieved. Ethyl bronopyruvate
1d was purchased from Acros in 80% pure form and used as
reci eved. (R)-Tol -BlI NAP was purchased from Lancaster and
used as recieved. N-tosyl-a-ester 2[1l and CuPFgl2l were
preparred by litterature procedures. Et hyl 2- 0XO0-
butyrate 1b was preparred by refuxing 2-oxo-butyric acid
in ethanol in the precense of a catalytic amunt of HC

foll owed by destillation.

General Procedure for Catalytic Asymmetric Mannich-type
reaction: In an oven dried Schlenk tube equipped with a
magnetic stirrer bar, Cu(OTf), (9 nmg, 0.025 mml) and
2,2-isopropylidenebis[(4R)-4-phenyl -2-oxazoline] (9 ng,
0.027 mml) were added. The m xture was stirred under
vacuum for 2h and filled with Ar. Dry CH,Cl, (1 nmL) was
added and the solution was stirred for 2h. 1.5 mL of a
0.25 M CH,Cl , solution of the imne (0.375 nmmol) were
added followed by the addition of 0.25 mml of the ethyl
pyruvate derivative. After 40h the reaction m xture was
filtered through a plug of silica using 30% EtOAc in
CH,Cl , as the eluent. Evaporation of the solvents in-
vacuo afforded the crude product, which was purified by
FC to give the diethyl-N-tosyl-4-oxo-glutamc acid

ester.



Conmpound 3a: [a]'tp=-29.6° (¢=0.01 g/nL, CHxCl,); IH NWR
(400 MHz, CDCl3) d 7.74 (d, J = 8.2, 2H, ArH), 7.29 (d, J
= 8.2 Hz, 2H, ArH), 5.53 (d, J = 7.4 Hz, 1H, NH), 4.42
(dt, J = 7.4, 4.8 Hz, 1H, CH), 4.31 (g, J = 7.1 Hz, 2H,
OCH,), 4.04 (g, J = 7.1, 2H, OCH,), 3.43 (d, J = 4.8 Hz,
2H, CH,), 2.41 (s, 3H), 1.36 (t, J = 7.1, 3H, CHy), 1.11
(t, J = 7.1, 3H, CHg); 13C NMR (100 MHz, CDCl3) d 191.1,
169.8, 159.9, 144.1, 136.6, 130.0, 127.5, 63.2, 62.7,
51.4, 43.2, 21.8, 14.2, 14.0; HRMS C;gH,;NO,S [ MtNa]*
cal cul at ed 394. 0936; found 394. 0940.

Conpound 3b: 1H NMR (400 MHz, CDCl3) d 7.70 (d, J = 8.0,
2H, ArH), 7.30 (d, J = 8.0 Hz, 2H, ArH), 5.55 (d, J =
8.8 Hz, 1H, NH), 4.60 (dd, J = 8.8, 5.6 Hz, 1H, CHN),
4.36 (dq, J = 7.2, 2.0 Hz, 2H, OCH,), 4.00 (dq, J = 7.2,
2.0, 2H, OCH,), 3.69 (dgq, J = 6.4, 5.6, 1H, CHWe), 2.42
(s, 3H), 1.40 (t, J = 7.2, 3H, CHg), 1.14 (d, J = 6.4,
3H, CHg), 1.09 (t, J = 7.2, 3H, CHg); 13C NWR (100 MHz,
CDCl 3) d 192.7, 169.8, 160.3, 144.1, 136.5, 130.4, 128.0,
63.0, 62.7, 56.5, 45.4, 21.8, 14.2, 14.1, 11.1; HRMS
C,7H,3NO;S [ M+Na] © cal cul at ed 408. 1093; found 408.1094.

Conpound 3c: 1H NMR (400 MHz, CDCl3) d 7.51 (d, J = 8.0,
2H, ArH), 7.20 (m 5H, ArH), 7.08 (d, J = 8.0, 2H, ArH),
5.40 (d, J = 7.9 Hz, 1H, NH), 4.27 (dd, J = 7.9, 5.2 Hz,
1H, CH), 4.18 (m 2H, CH,), 4.00 (m 1H, CH), 3.88 (m
2H, CH,), 3.08 (dd, J = 14.0, 8.2 Hz, 1H, BnCH), 2.85



(dd, J = 14.0, 6.9 Hz, 1H, BnCH), 2.32 (s, 3H), 1.24
(dt, J = 7.1, 0.9, 3H, CHg), 1.03 (dt, J = 7.1, 0.9, 3H,
CHy); 13C NMR (100 MHz, CDCl3) d 192.4, 169.7, 160.1,
144.1, 137.6, 136.1, 129.9, 129.5, 128.8, 127.6, 127.0,
63.0, 62.8, 55.7, 53.1, 21.8, 14.1, 14.0; HRVS Cy3H,7NO,S

[ MtNa] * cal cul at ed 484.1406; found 484. 1404.

Compound 3d: HRMS  CigHyoBrNO,S [MtNa]® cal cul at ed
472.0042; found 472.0042. The enantioneric excess of 3b
was determned by reduction of the conpound to 3a.
Commpound 3a was fornmed by reaction of 3d with MIl,,

foll owed by reduction w th NaHSO;.

Representati ve Procedure for Enanti o- and
Di astereosel ective Formation of N-tosyl-4-am no-5-o0xo0-
tetrahydro-furan-2-carboxylic acid ethyl esters: In an
oven dried Schl enk tube equi pped with a magnetic stirrer
bar, Cu(OTf) (41 ng, 0.1125 nmol ) and 2, 2-
i sopropyl i denebi s[ (4R) - 4-phenyl - 2- oxazol i ne] (40 ng,
0.118 mml) were added. The m xture was stirred under
vacuum for 2h and filled with Ar. Dry CH,Cl, (4 nmL) was
added and the solution was stirred for 2h. 430 ng of the
imne (1.68 mmol) was added foll owed by the addition of
143 nmL (1.125 nmol) of ethyl 2-oxo-butanoic acid ester

After 40h the reaction mxture was filtered through a
plug of silica using 30% EtOAc in CH,Cl , as the eluent.
Evaporation of the solvents in-vacuo afforded the crude

product. The crude product from the Mannich reaction was



added to a Schl enk tube equipped with a magnetic stirrer
bar. The Schl enk tube was evacuated and filled with Ar.
Dry THF (5 nL) was added, and the solution was cooled to
—-78°C. 1.3 nmL of a 1 M THF solution of L-Selectride was
added, and the solution was stirred for 90 m nutes. The
reaction mxture was then poured into 20 nmL of 1 N HC
and extracted with CH,Cl,. Evaporation of the solvents
in-vacuo afforded the crude alcohol, which after
treatment with PTSA (cat) in toluene at 70°C for 4h gave

the | actone, which was purified by FC

Conmpound 8b: [a]'tp=-19.9° (¢=0.01 g/nL, CHyCl,); IH NWR
(400 MHz, CDCl3) d 7.80 (d, J = 8.4, 2H, ArH), d = 7.33
(d, J = 8.4, 2H, ArH),5.08 (d, J = 7.3 Hz, 1H NH), 4.38
(d, J = 9.5 Hz, 1H, CHCOOEt), 4.28 (g, J = 7.1 Hz, 2H,
OCH,), 3.75 (dd, J = 7.3, 10.5 Hz, 1H, CHN), 2.45 (m
1H, CHMe), 2.43 (s, 3H, CHg), 1.40 (d, J = 6.6, 3H, CHy),
1.31 (t, J = 7.1, 3H, CHg); 13C NMR (100 MHz, CDCl3) d
172.4, 168.3, 144.2, 137.1, 130.0, 127.5, 79.1, 62.6,
58.9, 42.4, 21.8, 15.0, 14.3.HRVS C;5H;gNCsS[ MtNa] *

cal cul ated 364.0831; found 364.0895.

Conmpound 8c: [a]'tp=-48.7° (¢=0.01 g/nL, CHxCl,); IH NWR
(400 MHz, CDCl3) d 7.73 (d, J = 8.0, 2H, ArH), 7.18-7.27
(m 7H, ArH), 5.40 (d, J = 6.6 Hz, 1H, NH), 4.41 (d, J =
8.4 Hz, 1H, CHCOCEt), 4.04 (m 1H, CHN), 3.92 (m 2H,
CH,), 3.14 (m 1H, CHBn), 2.84 (m 2H, CH,Ph), 2.34 (s,
3H), 1.12 (t, J = 7.1, 3H, CHg): 13C NMR (100 MHz, CDCl j)



d 172.2, 168.7, 144.3, 137.0, 135.8, 130.1, 130.0,
129.0, 127.6, 127.5, 77.2, 62.7, 55.8, 47.5, 34.6, 21.8,
14.1. HRMS C,y1H,3NOzS[ MkNa] * cal cul ated 440.1144; found
440. 1149.

Boc-protection of lactone 8b. 50 nmg (0.15 mol) of
| actone 8b is placed in a flask which evacuated and
filled with Ar. 5 mL HPLC-grade MeCN is added foll owed
by 0.2 equiv DMVMAP and 1.5 equivalent di-tert-
but yl di car bonat e. The solution is stirred at room
tenperature over night. The solvent is renoved in-vacuo.
The crude is redissolved in ether and extracted twce
with 0.2 Mcitric acid and once with saturated NaHCO;.
The crude is filtered through a plug of silica and
transferred to a Schlenk flask after renoval of the
sol vent in-vacuo. Lactone 9 is obtained as white

crystals in 98%yield (63 ng) after FC

Compound 9: J[a]ftp=-61.6° (c=0.01 g/m, CHyCly); 1IH NWR
(400 MHz, CDCl3) d 7.85 (d, J = 8.0, 2H, ArH), d = 7.27
(d, J = 8.0, 2H, ArH), 4.93 (d, J = 10.8 Hz, 1H, CHN),
4.41 (d, J = 9.6 Hz, 1H, CHCOOEt), 4.24 (q, J = 7.2 Hz,
2H, CH,), 2.98 (m 1H, CHMe) , 2.37 (s, 3H, CHg), 1.41
(d, J = 6.4, 3H, CHy), 1.26 (t, J = 7.2, 3H, CHg), 1.24
(s, 9H, C(CHg)3); 13C NMR (100 MHz, CDCl3) d 170.7, 168.0,
149.2, 145.0, 136.3, 130.2, 129.3, 128.6, 128.1, 86.8,
79.6, 79.0, 62.4, 38.8, 27.9, 21.3, 15.8, 14.4. HRMS
CooHy7NOgS[ MkNa] * cal cul at ed 464. 1355; found 464. 1367.



Det osylation of am nolactone 9. 90 ng (0.2 mmol) of
| actone 9 is transferred to an oven dried Schlenk tube
equi pped with a magnetic stirrer bar. The Schlenk flask
is evacuated and filled with Ar and then charged wth
1.5 nL of dry MeOH followed by the addition of 5 equiv
of My. The reaction mxture is sonicated for 45 mn and
then poured into 1M HCL and extracted with ether. The
organi c phase is washed with saturated NaHCO; and bri ne.
The solvent is renmoved in-vacuo and 41 nmg of 10 (71% is

obt ai ned after FC.

Compound 10: [a]'tp=-9.1 (c¢=0.01 g/nm., CHCl5); IH NWR
(400 MHz, CDCl3) d 5.16 (d, J = 8.0, 1H, NH), 4.44 (d, J
= 10.0, 1H, CHCOOEt), 4.21 (dd, J = 8.0, 10.8 Hz, 1H,
CHN), 2.45 (m 1H, CHMe), 3.81 (s, 3H, OCH3), 1.34 (d, J
= 6.8, 3H, CH;), 1.43 (s, 9H, C(CHg)3); 13C NMR (100 MHz,
cbClg) d 173.2, 168.9, 155.7, 81.0, 79.2, 56.9, 53.2,
42.7, 28.5, 15.4. HRMS Cjo,HigNO; [MtNa]® cal cul ated
296.1110; found 296.1115.
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