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General Experimental Information: Proton NMR spectra were recorded on Varian Unity or Varian Plus (500 or
400 MHz) spectrometers. Chemica shifts are reported in parts per million (d) downfield from tetramethylsilane as an
internd standard. Low resolution electrospray mass spectra were recorded on a Micromass ZMD spectrometer using
a Waters 2690 HPLC (2.1 x 100 mm C18 column, HoO/MeCN w/0.05% TFA) for sample introduction. Samples
provided for accurate mass measurement were taken up in acetonitrilewater:glacia acetic acid (50:50:0.1%v/v). The
solutions were andlyzed by use of eectrospray ionization (ESI) or atmospheric pressure chemical ionization (APCI) on
ather a Bruker Datonics 3T or 7T Fourier transform ion cyclotron resonance (FTICR) mass spectrometer. Externd
cdibration was accomplished with polypropylene glycol (425 or 750). Slicage 60 (230-400) mesh from EM Science
was used for flash column chromatography, and andyticd thin layer chromatography was performed on EM Science
Kiesdlgd 60 F254 plates. Solvents and reagents were obtained from commercial sources and used without further
purification. The reported yields are the actud isolated yields of purified materid and are not optimized.

2-[(2-Naphthylmethyl)amino]ethanol (4a): To a solution of ethanolamine (414 g, 678 mmol) in 600 mL of
acetonitrile a room temperature was added dropwise a solution of 2-(bromomethyl)nagphthaene (10.0 g, 45.2 mmoal) in
125 L of acetonitrile. After 2 hours, the solution was concentrated in vacuo, and the residue partitioned between
dichloromethane and saturated aqueous NaHCO; solution. The agueous layer was extracted three times with
dichloromethane, and the combined organics were dried (N&SQ,), filtered, and concentrated in vacuo. The crude
product was recrystdlized from hot EtOAc-hexane to provide 4a as a white crysdline solid (5.88g, 65% yidd).
Anaytica LCMS: single pesk (1.00 min, CH;CN/H,0/0.05% TFA, 4 min gradient) >95% pure by UV (215 nm); 'H
NMR (500 MHz, CDCk) d 7.79-7.88 (m, 4H), 7.46-7.53 (m, 3H), 4.04 (s, 2H), 3.72 (t, J = 5.0 Hz, 2H), 2.89 (t, J
=5.0Hz, 2H), 2.16 (br s, 2H); m/z (ES") = 202.3 (MH").

General procedurefor carboxylation/Mitsunobu cyclization (Table 2):
3-(2-Naphthylmethyl)-1,3-oxazolidin-2-one (6a): To a solution of 2[(2-naphthylmethyl)amino]ethanol @a) (100
mg, 0.497 mmol, 1.0 equiv.) in 25 mL of anhydrous acetonitrile was added 1,8-diazabicyclo[5.4.0lundec-7-ene (7
nmL, 0.05 mmol, 01 equiv.). The resulting heterogeneous solution was then stirred under an amosphere of carbon
dioxide gas via a bdloon, during which the mixture turned homogeneous momentarily and then heterogeneous. After 45
minutes, the reaction was cooled to 0 °C. n-BwP was added (0.260 mL, 1.04 mmol, 2.1 equiv.), followed by a
solution of di-tert-butyl azodicarboxylate (240 mg, 1.04 mmol, 2.1 equiv.) in 1 ml of acetonitrile in a dropwise manner.
Over a period of 20 minutes the system became homogeneous. Remova of the solvent in vacuo afforded a clear
yelow resdue which was purified by flash chromatography (30-50% EtOA c/hexanes) to give 1-(2- naphthylmethyl)- 2-
oxazolidinone 6a (104 mg, 92%) as awhite solid. Analyticad LCMS: single pesk (2.22 min, CH;CN/H,0/0.05% TFA,
4 min gradient) >97% pure by UV (215 nm); "H-NMR (500 MHz, CDCl) d 7.81-7.86 (m, 3H), 7.73 (br s, 1H),
7.48-7.52 (m, 2H), 7.42 (d, J’= 8.5 Hz, 1H), 4.60 (s, 2H), 4.31 (t, J = 7.1 Hz, 2H) and 3.45 (t, J = 7.1 Hz, 2H) ppm;
m/z (ES’) = 228.2 (MH"); HRMS (APCI) exact mass cacd for C14H14NO, (M+H"): 228.1019; found 228.1032.

3-Phenyl-1,3-oxazolidin-2-one (6b):* Analyticd LCMS: single pesk (1.64 min, CH;CN/H,0/0.05% TFA, 4 min
gradient) >99% pure by UV (215 nm); *H NMR (500 MHz, CDCl) d 7.56 (br d, J = 9 Hz, 2H), 7.39 (t, J = 7.5 Hz,
2H), 7.15 (t, J = 7.5 Hz, 1H), 449 (t, J = 8 Hz, 2H), 4.07 (t, J = 8 Hz, 2H); m/z (ES") = 164.2 (MH"); HRMS
(APCI) exact mass calcd for CgHioNO, (M+H"): 164.0706; found 164.0712.

(4R)-4-Benzyl-1,3-oxazolidin-2-one (6¢):*> Andyticd HPLC: single pesk (1.73 min, CH;CN/7.4 mM agq NH,OH, 5
min gradient) 95.8% pure by UV (254 nm); *H NMR (500 MHz, CDCk) d 7.38 (t, J= 7.1 Hz, 2H), 7.30 (t, J= 7.1
Hz, 1H), 7.20 (br d, J = 7 Hz, 2H), 4.95 (br s, 1H), 451 (dd, J = 9 and 8 Hz, 1H), 4.18 (dd, J = 8.8 and 5.6 Hz,
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1H), 4.10 (m, 1H), 2.91 (dd, J = 13.4 and 5.6 Hz, 1H), 2.86 (dd, J = 13.4 and 8.3 Hz, 1H); m/z (ES’) = 178.0
(MH"); HRMS (APCI) exact mass caled for CyoH1:NO, (M+H"): 178.0863; found 178.0869.

(4S)-4-Phenyl-1,3-oxazolidin-2-one (6d):* Andyticd LCMS: single pesk (1.07 min, CH;CN/H,0/0.05% TFA, 4
min gradient) 97.3% pure by UV (215 nm); *H NMR (500 MHz, CDCk) d 7.33-7.42 (m, 5H), 5.97 (br s, 1H), 4.96
(brt, J= 8 Hz, 1H), 4.74 (t, J = 8.6 Hz, 1H), 4.19 (dd, J = 8.6 and 6.9 Hz, 1H); m/z (ES’) = 164.3 (MH"); HRMS
(APCI) exact mass caed for CoH1oNO, (M+H"): 164.0706; found 164.0712.

(5R)-5-Phenyl-1,3-oxazolidin-2-one (6€):* Andyticd LCMS: single pesk (1.10 min, CH;CN/H,0/0.05% TFA, 4
min gradient) >95% pure by UV (215 nm); *H NMR (500 MHz, CDCk) d 7.36-7.43 (m, 5H), 5.68 (br s, 1H), 5.63
(brt, J=8.2Hz 1H), 3.98 (t, J = 8.6 Hz, 1H), 3.54 (t, J = 8 Hz, 1H); m/z (ES") = 164.2 (MH"); HRMS (APCI)
exact mass cacd for GHioNO, (M+H"): 164.0706; found 164.0709; [a]p? = -24.6° (c 0.045, EtOH); literature
vaue for opposite enantiomer: [a]p® = +23° (c 4.3, EtOH).

(4R,5R)-4-(M ethoxymethyl)-5-phenyl-1,3-oxazolidin-2-one (6f):> Andyticd LCMS: single pesk (129 min,
CH5CN/H,0/0.05% TFA, 4 min gradient) >95% pure by UV (215 nm); *H NMR (500 MHz, CDC}) d 7.35-7.40
(m, 5H), 5.77 (br s, 1H), 5.24 (d, J = 5.6 Hz, 1H), 3.89 (br g, J = 6 Hz, 1H), 3.55 (dd, J = 9.5 and 4.6 Hz, 1H),
3.51 (dd, J = 9.5 and 6.9 Hz, 1H),3.41 (s, 3H); m/z (ES’) = 208.3 (MH"); HRMS (APCI) exact mass cdcd for
C1oHuuNO (M+H'-CO,): 164.1075; found 164.1075. Proof of structure was provided by hydrolysisto give (1R .2R)-
2-amino-3-methoxy- 1-phenylpropan1-ol (4f). To asolution of 6f (87 mg, 0.42 mmol) in 1 mL of ethanol was added
05 mL of 20% agueous KOH solution. The mixture was heated a 60 °C for 3 days, then cooled to room
temperature. The solution was partitioned between CHCl; and water, and the aqueous layer was extracted three times
with CHCL. The combined organic layers were dried (N&SQ,), filtered, and concentrated in vacuo. Purification by
flash column chromatography (7-10% MeOH/CH,Cl,) gave 4f as a colorless ail (38.8 mg, 50% yidd), which was
spectroscopicaly identicd (H NMR, Andyticad LCMS) to commercid materid, and had the correct sgn of optical
rotation: [a]p? = +19.2° (¢ 0.030, CHCy); literature value: [a]p? = +25° (c 10.6, CHCL).

(4R,5S)-4-M ethyl-5-phenyl-1,3-oxazolidin-2-one (6g):° Andytical HPLC: single pesk (1.92 min, CH;CN/7.4 mM
ag NH,OH, 5 min gradient) >99% pure by UV (254 nm); *H NMR (500 MHz, CDCk) d 7.36-7.43 (m, 3H), 7.32
(br d, J =8 Hz, 1H), 5.74 (d, J = 7.8 Hz, 1H), 5.08 (br s, 1H), 4.22 (dg, J= 7 and 7 Hz, 1H), 0.83 (d, J = 7.8 Hz,
3H); m/z (ES’) = 178.2 (MH"); HRMS (APCI) exact mass calcd for CioHiNO, (M+H"): 178.0863; found
178.0870.

(4R,5R)-3,4-Dimethyl-5-phenyl-1,3-oxazolidin-2-one (6h):” Analyticd HPLC: single pesk (2.14 min, CH;CN/7.4
mM ag NH,OH, 5 min gradient) >99% pure by UV (254 nm); *H NMR (500 MHz, CDCl) d 7.37-7.43 (m, 5H),
4.92 (d, J= 7.8 Hz, 1H), 3.55(dg, J = 7 and 7 Hz, 1H), 2.88 (s, 3H), 1.38 (d, J = 7.8 Hz, 3H); m/z (ES") = 192.0
(MH"): HRMS (APCI) exact mass calcd for GiH1NO, (M+H"): 192.1019; found 192.1024; [a]p? = -30° (C
0.040, CHCIL).

(4R,55)-4,5-Diphenyl-1,3-oxazolidin-2-one (6i):® Anayticd LCMS: sngle pesk (1.73 min, CH;CN/H,0/0.05%
TFA, 4 min gradient) >97% pure by UV (215 nm); *H NMR (400 MHz, CDCl) d 7.01-7.07 (m, 6H), 6.87-6.92 (m,
4H), 5.89 (d, J = 8.3 Hz, 1H), 5.73 (br s, 1H), 5.13 (d, J = 8.3 Hz, 1H); m/z (ES") = 240.3 (MH"); HRMS (APCl)
exact mass caed for CisH1NO, (M+H"): 240.1019; found 240.1025; [a]p? = +80.8° (¢ 0.013, CHCls) (measured
[a]p® =-80.4° (c 0.013, CHCl,) for athentic commerdidly available opposite enantiomer).

(4S,59)-3-Benzyl-4,5-diphenyl-1,3-oxazolidin-2-one  (6)): Andyticd LCMS. dngle pesk (320 min,
CH5CN/H,0/0.05% TFA, 4 min gradient) 94% pure by UV (215 nm); *H NMR (500 MHz, CDCl) d 7.38-7.41 (m,
3H), 7.26-7.29 (m, 3H), 7.22-7.24 (m, 6H), 7.17 (m, 1H), 7.10 (m, 1H), 7.07 (m, 1H), 5.22 (d, J = 7.4 Hz, 1H),
4.90 (d, J =149 Hz, 1H), 425 (d, J = 7.4 Hz, 1H), 3.67 (d, J = 14.9 Hz, 1H); m/z (ES") = 330.1 (MH"); HRMS
(APCI) exact mass caed for CHaoNO, (M+H'): 330.1489; found 330.1479.
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Figure 1. NMR spectrd assgnments for 6j derived from *H NMR (600 MHz, CDCl),
HMQC, gHMBC and difference NOE experiments. A: 'H NMR assignments (ppm); B: NOE
sgna enhancements (%); C: *C NMR assignments (ppm).

Support for the structure assgnment was provided by hydrolyss to give (1S,29)- 2- (benzylamino)- 1,2- diphenylethanol.
To asolution of 6] (20 mg, 0.061 mmal) in 1 mL of ethanol was added 0.5 mL of 20% agueous KOH solution. The
mixture was heated to 60 °C for 24 hours, after which another portion of 20% aqueous KOH solution was added.
After 1 hour the solution was cooled, then extracted three times with CH,Cl,. The combined orglmic layers were dried
(N&SQ,), filtered, and concentrated in vacuo to give an ail (W/z (ES) = 304.2 (MH")), the *H NMR spectrum of
which does not match commercidly avaldble (1R 2S)- 2- (benzylamino)- 1,2-diphenylethanal (4)).

(3aR,7aS)-3-Benzylhexahydro-1,3-benzoxazol-2(3H)-one (6k):° Andyticd LCMS: sngle pesk (231 min,
CH3CN/H,0/0.05% TFA, 4 min gradient) >97% pure by UV (215 nm); *H NMR (500 MHz, CDC}) d 7.30-7.38
(m, 5H), 4.80 (d, J = 15.1 Hz, 1H), 448 (q, J = 5 Hz, 1H), 4.06 (d, J = 15.1 Hz, 1H), 3.51 (q, J = 7 Hz, 1H), 1.95
(m, 1H), 1.77 (m, 2H), 1.58 (m, 2H), 1.50 (m, 1H), 1.44 (m, 1H), 1.24 (m, 1H); m/z (ES") = 232.1 (MH"); HRMS
(APCI) exact mass alcd for G4HisNO, (M+H"): 232.1332; found 232.1341. Support for the structure assignment
was provided by hydrolyss to give (1S,2R)-2- (benzylamino)cyclohexanol. To asolution of 6k (20 mg, 0.086 mmadl) in
1 mL of ethanol was added 0.5 mL of 20% aqueous KOH solution. The mixture was heated to 60 °C for 24 hours,
after which another portion of 20% agueous KOH solution was added. After 48 hours, the solution was cooled, then
extracted three times with CH,Cl,. The combined organic layers were dried (N&SO,), filtered, and concentrated in
vacuo to give an ol (m'z (ES") = 206.3 (MH")), the *H NMR spectrum of which does not match commercialy
avaladle (1R 2R)- 2- (benzylamino)cyclohexanal (4K).

7.29 A B 127.7 C
7.34 128.7
730 2 o 181 ?
4.78N (0] N 936 O 58 N O
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Figure 2. NMR spectrd assgnments for 6k derived from *H NMR (600 MHz, CDCl),
HMQC, GCOSY and difference NOE experiments. A: 'H NMR assgnments (ppm); B: NOE
signa enhancements (%); C: *C NMR assignments (ppm).

(+)-4-Phenyl-1,3-oxazinan-2-one (9):*° Andyticd LCMS: single pesk (1.04 min, CHsCN/H,0/0.05% TFA, 4 min
gradient) >97% pure by UV (215 nm); *H NMR (500 MHz, CDCl) d 7.39 (br t, J = 8 Hz, 2H), 7.31-7.35 (m, 3H),
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5.55 (br s, 1H), 4.66 (t, J = 6.1 Hz, 1H), 4.28-4.34 (m, 2H), 2.26 (m, 1H), 1.98 (m, 1H); m/z (ES") = 178.3 (MH");
HRMS (APCI) exact mass cacd for CioH1,NO, (M+H"): 178.0863; found 178.0870.

I ntermolecular carboxylation/Mitsunobu reaction (eq 4):

Benzyl 3,4-dihydroisoquinoline-2(1H)-carboxylate (23):* To a solution of 1,2,3,4-tetrahydroisoquinoline (22)
(203 mg, 0.1.52 mmol, 1.0 equiv.) and benzyl dcohol (0.237 mL, 2.29 mmol, 1.5 equiv.) in 7 mL of anhydrous
acetonitrile was added 1,8-diazabicyclo[5.4.0]undec- 7-ene (23 i, 0.15 mmol, 0.1 equiv.). The resulting solution was
then stirred under an atmosphere of carbon dioxide gas via abdloon, during which the mixture remained homogeneous.
After 45 minutes, the reaction was cooled to 0 °C. n-BusP was added (0.799 mL, 3.20 mmoal, 2.1 equiv.), followed
by a solution of di-tert-butyl azodicarboxylate (737 mg, 3.20 mmol, 2.1 equiv.) in 2 ml of acetonitrile in a dropwise
manner. After 20 minutes, removd of the solvent in vacuo afforded a clear yellow resdue which was purified by flash
chromatography 60-80% CH,Cl./hexanes) to give benzyl 3,4-dihydroisoquinoline-2(1H)-carboxylate 23 (365 mg,
90%) as a colorless ail. Andytical LCMS: single pesk (2.49 min, CH;CN/H,0/0.05% TFA, 4 min gradient) 97% pure
by UV (215 nm); *H-NMR (500 MHz, CDCk) d 7.33-7.42 (m, 4H), 7.14-7.21 (m, 5H), 5.20 (s, 2H), 4.67 (s, 2H),
3.75 (br t, J=5Hz, 2H) and 2.87 (br s, 2H) ppm; m/z (ES") = 268.2 (MH"); m/z (El) = 176 (C10H10NO5), 132
(CoH1oN), 91 (CH5).

Procedurefor carboxylation/Mitsunobu cyclization using **0-labeled CO, (eq 2 and 3):

(Compounds 10 and 11): A mixture of aminodcohol (ether 4g or 4h, 0.33 mmol, 1.0 equiv.) and 1,8-
diazabicyclo[5.4.0]undec-7-ene (5 uL, 0.03 mmol, 0.1 equiv.) in 3 mL of anhydrous acetonitrile was degassed by
bubbling argon through the solution for 20 minutes. The resulting solution was then stirred under an atmosphere of *°0-
labeled carbon dioxide gas (97 atom **0; ISOTEC lot no. CR0916) via balloon, during which the mixture remained
homogeneous. After 45 minutes, the reaction was cooled to O °C. n-BwP was added (0.173 mL, 0.69 mmoal, 2.1
equiv.), followed by a solution of di-tert-butyl azodicarboxylate (160 mg, 0.69 mmoal, 2.1 equiv.) in 0.5 ml of degassed
acetonitrile in a dropwise manner.  After 20 minutes, LCM S andlysis indicated the presence of a single product pesk.
Remova of the solvent in vacuo afforded a clear yellow resdue which was analyzed directly by LCMS (ES), HRMS
(APCI) and *H NMR spectroscopy. The *H NMR (500 MHZz) spectrum of the crude reaction mixture containing 10
was identicd to that for crude 69, and the corresponding spectrum of the crude reaction mixture containing 11 was
identicd to that for crude 6h. Copies of the LCM S and HRM S spectra from these experiments are shown at the end of
this document.
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Following Pages:
Copies of the'H NMR spectra for compounds 6a-k, 9 and 23:
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Copies of the LCM S and HRM S spectra from the car boxylation/Mitsunobu cyclization reaction of 4g using
80-labeled CO, to give 10 (eq 2):

Openlynx Report Page 1
Sample: 1 Vial:1:83 Date:20-Feb-2004
JobGode dinsmore2 196
Printed; Fri Feb 20 13:42:16 2004
1: M5 ES+ :TIC 4.Be+006
1.89
100-! n
k| i
] 1.85
| 0.28 1.25 w0 aER %583
e o r L e g e T T : — Time
Q.00 8.50 1.00 1,50 2.00 2:50 2.00 3.50
2: DAD: 215 6.3e+005
(3}
298 1B0.21
i (1 1.26
5 153.25
] .27
e et : T e, e —— : ———rr—— Time
0.00 0.50 1.00 1,50 2,00 2,50 3,00 3.50
Peak Number Time  Area %Total 150 o
1 0.27 12.28 = [
2 034 6.62 A .
3 1.26 81.10 O NH  Or 50 [‘JH
Ve T
BH e PR Me
Peak ID Time Area %EBPR 10 PeakID Time Area %BP
1 0.27 15 2 0.3 &
Combime {19:20-(1+47:52)) 1:MS ES+ Combine (26:36-(2:74+57:62)) 1:M8 ES+
{55, 153.3 1.28+005 | lE:-|l.3 6.3e+004
] o
| 154.3 154,32
0 L — — Wi E - : e ——m/z
152,00 184,00 155.00 152,00 154.00 156.00
Peak I Time Area%BP
3 126 100
Combine (118:1%28-{95:100+147:152}) 1:MS ES+
180.2 5.Te+004
100+
% ki 181.2 221.2
% ROy N | g e
175,00 200.00 225.00

B u3?!EG
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Copies of the LCM S and HRM S spectra from the carboxylation/Mitsunobu cyclization reaction of 4h using

80-labeled CO, to give 11 (eq 3):

Openlynx Report Page 1
Sampla: 2 Wial:1:84 Date:20-Fab-2004
JobCode:dinsmore2138
Printed: Fri Feb 20 13:47:58 2004
1: MS ES+ :TIC 5.0e+006
100 23R
% ||.
1 1.84 )
TODe2B g 4q dedu s 2,223
o T S ER ' = , e Time
0.60 o.50 1.00 1.506 2.00 2.50 1.00 3.50
2: DAD: 215 2.0e+008
{5)
100~ {1) (1) i
{  153.24 ;
1 148,22 148
% 0.27  0.46 '
i
j L \_ | S
o 0 e —— T T : S o er— Time
Q.00 0.50 1.00 1,50 2.00 2.50 3.00 3.50
Peak Number Time Area %Total
1 027 15.08 o]
2 D34 8.00
3 042 12.64 1EOJL‘N ~Me
4 0.46 22.41 \
o 1.48 30.36 o/ %
6 238 10.60 P Me
11
Peak ID Time Area %BF PeaklD Time Area %BP
1 0.27 50 2 0.34 29
Combina (19:29-46:51) 1:M8 ESs Combine (26:36=(2:7#55:160)) 1:MS ES+
100~ 153.2 4.4e+004 :Loa- 153.2 2.2e4004
% 148.2
1 184,32 1 b i§6.2
o i it o mfz o e . /3
L152.00 154,00 156.00 150.00 160.00
Peak ID Time Area%BP PeaklD Time Area %BF‘
3 042 42 -+ AB
Combine (34:44-{10:15+61:66}) 1:¥8 ES+ Combine (39:45-(16: 211-72 T 1:M5 ES+
,4e+ 008
160-, 14B.2 1.324005 100 148.32 1.4e+
% 166.3 B _ 166.3
f1as. 149.2 luas1 | 149.2 i
otz 0- e ————m/z
150.00 160.00 150.00 160.00
Peak ID Time Area%BP Peak ID Time Area %BP
5 1.48 100 B 2.38 35
Combine (140:148-({117:122+167:172)) 1:M8 ES+ Combine (229:239-(176:181+257:262)) 1:MS ES+
i e i 1.3a4003
mu—_n‘? a 1.3e+005 100- 25
ol | ‘11295;1 41 180.2 o 411.3
3 3119,2 iog.2 197.2 237.2 '[ |T323.2 395.3 ) 412.2
0 il ! oL T+ O/E o- ae 3 A — T ——a/z
150,00 200.00 200.00 400,040
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