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Asymmetric Desymmetrization of Meso-Pyrrolidine Derivatives by
Enantiotopic Selective C-H Hydroxylation Using
(Salen)manganese(I1I) Complexes

: <raclas TToo nn
QCICTICE, RYUSITU UIIVETSILY JJ

Received 5 April 1999; accepted 9 June 1999

Abstract: Chiral (salen)manganese(Ill) complexes 1 catalyzed the asymmetric desymmetrization of N-
protected meso-pyrrolidine derivatives 3, 6-8, 15 and 18 by enantiotopic sclective C-H oxidation in the
presence of terminal oxidant iodosylbenzene, The oxidation occurred chemoselectively at the carbon o to
the nitrogen atom to afford optically active hydroxypyrrolidine derivatives 9, 11, 13, 16, 19 and 21 that

ids : t Thoa AL tacting groime nf tha
were further oxidized to chiral lactams with Jones reagent. The N-protecting groups of the meso-

pyrrolidine derivatives have notable effect on the enantioselectivity. © 1999 Elsevier Science Ltd. All rights
reserved.
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are the excellent catalysts for enantioselective epoxidation of unfunctionalized alkenes3 and C-H oxidation of
prochiral benzylic substrates.1?¢ Quite recently, we also disclosed that the well-designed Mn-salen complex 1a
efficiently catalyzed the asymmetric desymmetrization of meso-cyclic ethers by enantiotopic selective C-H
oxidation.# The oxidative desymmerization of meso-cyclic ethers provides an effcctive approach for the
synthesis of multi chiral centered optically active lactols that are versatile intermediates for the synthesis of

provide a useful tool for the synthesis of other chiral heterocyclic compounds. To explore this possibility, we
. P . L o e . en s ot
examined the C-H oxidation of meso-pyrrolidine derivatives and communicated the preliminary results that the

oxidation of meso-N-acylpyrrolidines with Mn-salen complexes 1 and the subsequent Jones oxidation provided
opticaily active lactams of 75-84% ee (Eq. 1).6 The optically active lactams and intermediary
hydroxypyrrolidine derivatives are useful chiral building blocks for the synthesis of nitrogen containing natural
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products.” Herein, we describe the detailed study on the oxidative desymmetrization of N-protecied meso-
pyrrolidine derivatives using 1 as the catalyst in the presence of terminal oxidant iodosylbenzene.

1 1e
a: R'=-(CHp)s-, R2=Ph
b: R'= R2=Ph

¢: R'=3,5-(Me);CeHs-, R2=Ph

d: R'= Ph, R2= 4-(TBDPS)CgHs-
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Scheme 1 (a) 10% Pd/C, MeOH, room temperature, 24 h; (b) LiAlH4 (2.5 equiv.), THF, reflux, 30 h; (c)
RCOC], Ei3N, CH3Clp, room temperature, 8h; (d) K20sO4 2H20 (0.01 equiv.), KzFe(CN)g (3
equiv.), K2CO3 (3 equiv.), DABCO (0.75 equiv.), --BuOH-H70O(1:1), room temperature, 24 h; (e)
BnNH3 (1 equiv.), THF, reflux, 10 h.
Results and Discussion
The meso-pyrrolidine derivatives 3, 4, 6, 7 and 8 were prepared from the commercially availabie
dicarboxylic acid derivatives (Scheme 1).8.9 First, we cxamined the oxidation of N-benzoyl-8-
azabicyclo[4.3.0]nonane 3a as the standard substrate using Mn-salen complex 1 in various solvents in the
presence of terminal oxidant, iodosylbenzene or pentafluoroiodosylbenzene.8 The oxidation occurred
preferentially at the carbon o to the nitrogen atom, affording optically active hydroxypyrrolidine derivative 9a
which behaved similarly to unreacted 3a in SiOp-chromatography. Thus the resulting mixture of compounds 9a

5

d 3a was directly oxidized to chiral lactam 10a by Jones reagent without purification. Enantiomeric excess of

d hy HPT (" an "Ono ione. acetonitrile was found to he the
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solvent of choice in both terms of enantioselectivity and chemical yield (Entry 7). The oxidation procceded
smoothly in chlorobenzene but enantioselectivity was suffered. The reaction with pentafluoroiodosylbenzene
showed the same enantioselectivity as that with iodosylbenzene but the yield of 10a was slightly better in the
former reaction (Entry 7). We next examined the reaction using a series of Mn-salen complexes 1a-¢ and found
that complex 1b was the most suitable catalyst for the oxidation of pyrrolidine derivative 3a. Moderate
enantioselectivity of 64% ee was obtained in the reaction at -25 °C (Entry 9). It is also noteworthy that, in

accord with the desymmetrization of meso-furans, the (R ,R)-complex 1b was proven to be better catalyst for the
present oxidation than the diastereomeric (R,S)-complex le which was an excellent catalyst for benzylic
[T SR TRPCI | Y RN LI SAPCIRZ o SN . S |
nyaroxyiauon**-* and cpoxiaauon (&nuy 13).~
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Entry Catalyst 1 Solvent Temp. (°C) Time (h) Yield(%)a.b eed
1 a Chlorobenzene rt 2 58 19
2 " " 0 4 34 27
3 " " -20 12 41 33
4 " Ethyl acetate -20 12 27 4
5 Dichioromethane -20 12 27 10
6 " Acetone -20 12 42¢ 42
7 " Acetonitrile -20 14 43, 47¢ 46
8 b " -20 12 43¢ 61
9 " " -25 14 55¢ 64
10 c " -25 14 S56¢ 61
11 d " -25 14 41 29
12 e " 0 4 37 5
13 " " -20 12 29 12
a) Carried out using 1 equivalent of iodosylbenzene as the terminal oxidant.
b) Isolated yield of 10a.
¢) Pentafluoroiodosylbenzene was used as the terminal oxidant.
d) Determined by HPLC analysis v cmg DAICEL CHIRALCEL OD-H column (hexane/isopropanol 9:1).
To ascertain the effect of amino-protecting groups on the enantioselectivity, we examined the oxidation of
series of N-acylated meso-8-azabicycio[4.3.0jnonanes 3 with complex 1b and pentafluoroiodosyibenzene in

acetonitriie (Tabie 2). Both 4-nitro- and 4-methoxybenzoylated 3 showed the diminished selectivity suggesting
that electronic effect did not exert a major role in enantioselection (Entries 2 and 4). Then, we studied the
oxidation of 3 protected with propionyl, 4-methylbenzoyl, naphthoyl and phenylacetyl groups and found that
good enantioselectivity of 76% ee was realized (at -27 °C) when N-phenylacetyl group was used as the
protecting group (Entry 7). Consistently, the oxidation took place regio- and chemoselectively at the carbon o
to the nitrogen atom in the pyrrolidine ring.



Table 2. Effect of N-Protecting groups
H O w Mo WP o
A~ 1 ANA M dones A
\NAR k/l\/N R Oxdn U\/N H
; CeFslO i f
& H H
3 ) 10
Eniry R Temp.(°C) Time (h) Yield(%)®? o
1 Ethyl (3b) -25 14 65 364
2 4-Nitrophenyl (3¢) " 14 42 43d
3 4-Methylphenyl (3d) " 12 41 39d
4 4-Methoxyphenyl (3e) " 12 37 284
5 Naphthyl (3f) " 14 43 58¢
6 Phenylmethyl (3g) 0 4 40 44¢f
7 " -27 14 65 76¢/

a) Carried out in acetonitrile using 1 equivalent of pentafluoroiodosylbenzene as the terminal oxidant.
b) Isolated yield of 10.
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d) Determined by HPLC analysis nsing DAICEL CHIRALPAK AD column (hexane/isopropanol = 9:1).
¢) Determined by HPLC analysis using DAICEL CHIRALCEL OD-H column (hexane/isopropanol = 9:1).
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f) Accompanied with ca. 10 % of unidentified by-proGucts
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Scheme 2 48%, 75% ee

Asymmetric desymmetrization of meso-pyrrolidines 6 and 7 also proceeded with good enantioselectivity
under these optimized conditions (Scheme 2). We next examined the oxidation of N-phenylacetyl-meso-8-
azabicyclo[4.3.0]non-3-ene 15 under the above reaction conditions. Interestingly, the oxidation took place
chemoselectively at the carbon a to the nitrogen atom without affecting the double bond but enantioselectivity

was un xpeuedlv low (Table 3 Fmrv 1). Thus, we re-examined the reaction conditions for this reaction, and

Vv S 2QVi0 J, 228U AL LALND LU Y 2 il Lay 11, 4ailld

found that chlorobenzene and toluene were more suitable solvents in this case and moderate enantioselectivity
of 55% ec was observed in ihe reactions, though the chemical yield of 17 was insufficient (Table 3, Entries 5

and 6).

We further examined about the N-protecting group and found that carbamoyl group is a suitable one.
For example, oxidation of meso-azabicyclo[4.3.0.]non-3-ene 18a chemoselectively proceeded without affecting
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Table 3. Oxidation of N-Phenylacetylated Meso-8-azabicyclo[4.3.0]non-3-ene

¥y o9 y OHQ Hpo
e =N\ AN denes N
| ~ “CHgPh w ~CHaPh w HoPh
H PhiO, -25 °C i Oxdn ﬁ
H H
15 16 17
Entry Solvent Time (h) Yield (%)ab ee (%)cd
1 Acetonitrile 15 25 34
2 Acetone 17 19 51
3 2-Butanone 21 16 34
4 Fiuorobenzene 21 23 46
5 Chlorobenzene 20 17 55
6 Toluene 21 19 55
7 Dichloromethane 23 13 19

a) Carried out using 1 eguivalent of indosylbenzene as the terminal oxidant.

b) Isolated yield of 17.

¢) The % ec of 17.

d) Determined by HPLC analysis using DAICEL CHIRALCEL OD-H column (hexanefisopropanol = 9:1).

the double bond to give the desired a-hydroxy pyrrolidine 19a with the improved enantioselectivity of 64% ee,
though the chemical yield was still modest (Table 4, Entry 1). Unreacted 18a was recovered intact (67%).
Substrate 18b protected by phenylcarbamoyl group also underwent C-H oxidation smoothly with high

enantioselectivity to afford a mixture of the corresponding optically active hydroxypyrrolidine 19b and lactam

L Vi UL LUl auvil Ly LU VIR RE W atiyg idavidill
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diminished to some exient {Eniry 4). Subsiraies 13e-g bearing oxygen funciionaliies were also
chemoselectively oxidized at the carbon o to the nitrogen atom with moderate to high enantioselectivities (Table
4, Entries 8-10). It is worth to mention that desymmetrization of 18f and 18g induces 4 asymmetric carbons at
once. However, the best solvent varies with the substrate: acetonitrile was a better solvent for the reactions of
these substrates 18b-d than chlorobenzene (Entries 2,4 and 6), while chlorobenzene was a better solvent for the
oxygenated substrates 18e-g (Entries 8-10). Single recrystallization of 20e from ethylacetate-hexane (1:1)
provided optically pure 20e with 11% yield (>99% ec).

The oxidation of N-protected meso-norbornane derivative 8 using complex 1b also provided the optically
active hydroxypyrrolidine derivative 21 that was further oxidized to chiral lactam 22 with good

68 %, 76% ee
Scheme 3
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Carried out using | equivalent of iodosylbenzene as the terminal oxidant.

Isolated vield of 20.

The % ee of 20.

Determined by HPLC anaiysis using DAICEL CHIRALCEL OD-H column (hexane/isopropanoi = 9:1).
Determined by HPLC analysis using DAICEL CHIRALCEL OJ column (hexane/isopropanol = 4:1).
Accompanied with unidentified byproduct (7%).

Determined by HPLC analysis using DAICEL CHIRALPAK AD column (hexane/isopropanol = 2:1).
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The absolute configuration of the lactams 10g and 17 was determined to be 15,6R after their conversion to
the corresponding known lactams (Scheme 4).
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H
s =25 o
[a]p -24.0° (c05, CHCI3) (88% ee)
Scheme 4
The stereochemistry of the hydroxy groups in the intermediary hyd irolidines is considered to be exo

Section).

In conclusion, we have developed an efficient and useful synthetic method for the synthesis of optically
active hydroxypyrrolidines and lactams from meso-pyrrolidine derivatives by enantioselective C-H oxidation.
These two chiral compounds, hydroxypyrrolidines and lactams, are versatile synthetic intermediates for the
synthesis of nitrogen-containing natural products’ and the new method described here provides a useful tool for

the synthesis of this class of compounds.

Materiais and Methods. Iodosylbenzene was purchased from Tokyo chemical Industry Co., Ltd.
Manganese(1l) acetate tetrahydrate was purchased from Nacalai Tesque Inc. Sodium hexafluorophosphate was
purchased from Aldrich Chemical Co., Inc. IH NMR spectra were recorded at 270 MHz on a JEOL EX-270
spectrometer. All signals were expressed as ppm down field from tetramethylsilane used as an internal standard
(8-value in CDCl3). NOE experiment was performed with Varian Unity-Inova 600 600MHz. IR spectra were
obtained with a Shimadzu FTIR-8600 spectrophotometer. Mass spectra were recorded on a Shimadzu QP-5000

mass spectrometer. High resolution FAB mass spectra were obtained from JEOL JMX-SX/SX 102A
enanteamatar noing m_nitrahanzul alaahAl mateiv MNintinal ratatinn wae mancnrad writh o TAQOMN NID_1AN
bpb\allulll\/‘&zl I.lbllls I L'lllllUU\fllL]l ARVULIUL L1IIAULLIA, upuwal ITULAGLIVIE YW AD LLIVASMIVU WILL QA JZWLUT L7118 ~JuUy
_ PR  LALPI | S B P S V 7 T ~ L PR b | a1t 1 TINYT OMR AT T e 70 NEa T oY QNN |
automauc aigitdi poianmeler, Loiuimn cnromdtograpny wds Conducied on Siica gel b w-~s.4uivlrl, /u-Z mesit
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ASTM, high performance liquid chromatography on Hitachi L-4000 cqmppca with an appropriate opticaily
active column, as described in the footnotes of Tables. The reaction tempcrature was controlled with EYELA
COQOL ECS 50. Solvents were dried and distilled shortly prior to use. Reactions were carried out under
nitrogen atmosphere.

Preparation of Chiral Mn-salen (1b).

Mn(OAc); 4H20 (24.5 mg, 0.1 mmol) was added to a solution of (R, R)-(+)-1,2-diphenylethylene-
diamine (21.2 mg, (.1 mmol) in abhsolute EtOH (7 ml) and the reaction mixture was stirred at room temperature
ar 1 o thic eonlution wace added (4R A foarmvul- 2 hvdraxv.?'-nhanvl.1 1"_hinanhthvl (74 R mo D ? mmal)
for 1 h. To this solution was added (aR)-3-formyl-2-hydroxy-2'-phenyl-1,1'-binaphthy! (74.8 mg, 0.2 mmol)
srad tha whala mmivtizers wrae atisead at £0 O Fhe K h 20 atse MNanlad tn snnme tammneaties AaDE. /04 .o N K
AlI\ LK 1HUIC A LUL Wad SUIICU al UU O 1ul U lll dll CUUICU U TUVUIl W1 ll)Cl LuIcC, Ivar r \O% 1 ‘5’ U.J

mmol) was added and the reaction mixture further stirred for 20 h. Concentrated in vacuo, and the residue was
chromatographed on silica gel (dichloromethane/methanol = 1/0 to 19/1) to afford 1b (96%) as dark brown
crystals, IR(KBr): 3528, 1607, 1584, 1560, 856, 751 cm-1. HRMS (m/z). Calcd for CsgHagO2N2Mn(-PF6)
(M1): 977.2942. Found: 977.2940. Anal. Calcd for CggH4602N2MnPFg 2H,0: C, 70.45; H, 4.35; N, 2.42.

Found: C, 70.21; H, 14.41; N, 2.38.

General Procedure for the Synthesis of meso-8-Azabicyclo[4.3.0]lnonanes (3).
cis-Cyclohexane-1,2-dicarboximide. 10% Pd/C (0.3 g) was added to a solution of cis-1,2,3,6-

tetrahvdraonhthalimide (30 ¢, 19 Q0 mimaol) in methanol (100 mD). and the reaction mi

eranyeropninnalimice (3.0 g, 127 mmey) i melhane: (100 mi), ang g reaciion mixiure was med un
bar Ao - ryrimws toaeviseaasenfrizsan Fve 30 b Dilewa v nevAd Aavinmanaticim AF tha cnalirant offredad do nunlabhacons 19
llyul JL. wi lpcl HUic 1Vl & VdPUldl«ll, 1 UL W0 DULVUIIL allUTUCU CLY~L YLIUL AllU~ 1,4

i N m\ aa 1 -~ O~

dicarboximide as coloriess crystals (3.0 g, 98%). M.p. 122-123 o(. iR (CDCl): 6 7.80i(s, iH), 2.87-
2.96(m, 2H), 1.76-1.83(m, 4H), 1.45-1.51(m, 4H). IR(KBr): 8, 2956, 2945, 2925, 2883, 1759, 1710, 1461,

1365, 1338, 1195, 1174, 1136, 1072, 1047, 937, 842, 742 ¢ 1. MS(m/z): 153(M+), 138, 125, 111, 99, 82,
67(100), 54.

cis-8-Azabicyclononane. To a stirred slurry of LiAlHy4 (1.86 g, 49 mmol) in 15 ml of dry THF, a solution of
cis-cyclohexane-1,2-dicarboximide (3.0 g, 19.6 mmol) in THF (50 ml) was added dropwise at such a rate that
the solvent in the flask refluxed gcntlv.sa After the addition of the imide was complete, the solution was
refluxed for 30 h. The mixture was cooled and the excess of LiAlHa dP(‘nmanPd hv the addition of H»Q. The

arg - 23 LI Al RURNLPVISUE il LR AN

M
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precipitate that formed was filtered off and THF evaporated. The residue was extracted with ether and dried

over NazSO4. E‘vapor"nm of the solvent provided cis-8-azabicyclononane which was distilled under reduced
0% s 1an lexr wvnamy s AnAIIl T 20y 1 TT MTEN A A sl T & oo n s
pressure (1.96 g, 80% yicid). *H NMR (CDCl3): 6 2.92(dd, /=6.9 and 10.6 Hz, 2H), 2.74(dd, /=5.6 and 10.6

Hz, 2H), 2.02-2.12(m, 3H), 1.32-1.75(m, 8H). MS(m/z): 125(M+), 124, 95, 81, 67, 55.

Acylation. Acid chloride (2 mmol) was added to a stirred solution of cis-8-azabicyclo[4.3.0]nonane (0.25 g, 2
mmol) and triethylamine(0.3 ml, 2.2 mmol) in dichloromethane(5 ml) at 0 °C. The reaction mixture was
allowed to warm up to room temperature and stirred for additional § h. Dichloromethane was removed in
vacuo, and the residue was dissolved in ethylacetate (25 ml). The organic layer was successively washed with
saturated NaHCO3 (3 x 10 ml) solution and brine (3 x 10 ml). Drying (Na3SO4) and evaporation of the solvent

ue which was distilled or purified on column chromatography (hexane/ethyl acetate, 7:3) to afford

e
N- nzoyl-meso-S-azablcyclo[4 3.0]nonane (3a) Colorless liquid. 'H NMR(CDCl3): § 7.28-7.53 (m, 5H),
3

4 A A~ oT ~Ane

.52-3.62(m, 2H), 3.41-3.47(m, 1H), 3.14-3.30(m, 1H), 2.10-2.36(m, ZH), 1.34-1.67(m, 8H). IR(neat): 3050,
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2925, 2854, 1620, 1575, 1479, 1446, 1336, 1176, 1070, 790 cm-1. MS(m/z): 229(M™), 186, 172, 146, 124, 105,
77, 51. Anal. Calcd for C1sH19ON: C, 78.56; H, 8.35; N, 6.11. Found: C, 78.34; H, 8.44; N, 6.05.

N-Propionyl-meso-8-azabicyclo{4.3.0]nonane (3b). Colorless liquid. 1H NMR (CDCl3):  3.33-3.46(m, 3H),
3.25(dd, J=5.6 and 9.9 Hz, 1H), 2.17-2.31 (m, 4H), 1.35-1.85 (m. 8H), 1.21 (t, J=7.60 Hz, 3H). IR(neat): 2927,
2854, 1643, 1463, 1434, 1375, 813 cm'l. HRMS(m/z). Calcd for C11H19ON (M*+1): 182.1545. Found:

trohenza Rarahicvelnfld 2 Blnonane (e Calarlece nowder Mn 096-.07 1 NMR
S-NITOVENZOYI-MESO-C-RZADICYCIG | S.2.000nane (2C). LOoI0riess powdaer 1.p. F0-27 V. H NMK
O MY R QI8 QN0 Fvn VLIV T AL " AQMn LT 2 RA DY LQfmn DIIN 2 AV/AA T_ L £ A TN D) LTa 1TIY 2 D1/ A4AA
WLRLL3 ) U 6.25-0.27 (ili, 451), /.00-/.O5\ili, <11}, 53.3%-3.00\0, «11j, 5.41{G0, y=0.0 8004 1V.c 1iZ, 1153), 3.21{G,
' i &z N 2 1N 7 ¥X E R 8 AY Lk e N & N a3 8 A% 1 A ™. ™1 s OTTN AR o VA 74 » DAY (2 T84S0 7AY MmO LY 1AL 1 Zdvy 181™ 1 AN 0
J=l.U ana 1v.o nz, i1n), L.2i-4.41{m, £, 1.L0-1.71(m, 81). IK(KRDI). LY5U, Lo0U, 102D, 12¥), 101/, 1430,

)

. {
1338, 1317, 867, 721 cm-1. MS (m/z): 275(M++1), 274, 257, 231, 217, 191, 175, 150(100), 134, 120, 108, 104,
76, 50. Anal. Calcd for CysHgO3N2: C, 65.68; H, 6.61; N, 10.21. Found: C, 65.40; H, 6.56; N, 10.11.
N-4-Methylbenzoyl-meso-8-azabicyclo{4.3.0]nonane (3d). Colorless liquid. IH NMR (CDChL): & 7.41-
7.65(m, 2H), 7.18-7.26(m, 2H), 3.56-3.62(m, 2H), 3.46(dd, J=6.6 and 10.6 Hz, 1H), 3.30(dd, J=6.3 and 10.3
Hz, 1H), 2.3(s, 3H), 2.14-2.42(m, 2H), 1.33-1.65(m, 8H). IR(necat): 2925, 2854, 1624, 1569, 1421, 1180, 831,
752 cmt. HRMS(m/z). Caled for CigH21ON (M*+1): 244.1702. Found: 244.1701.

N-4-Methoxybenzoyl-meso-8-azabicyclo{4.3.0]nonane (3¢). Colorless liquid. IH NMR (CDCl3): 6 7.50-7.55
3

A kY Y 3 1 Q S FHY 1
m, 2}, 3-0. 1, 251}, 3. , 311}, 32.41-3 m, 31), 3. 3.2Mm, 1), S 2{m, 23), 1. m,
QI TD/anel- 07 IQEA 1£0Q 1£90 1814 1492 1ANA 1982 1174 1114 10790 QAN T£2 ~ma-1 LIDAIQ/ . 20\
Orl). IRUIIEAE): 2747, 2004, LU, 104V, 1J14, 1823, 14U%, 1230, 1174, 1114, 1U2Y, 64, /0O Cili NRIVDWZ )
1 t B Y /R & AL T RN o 3

Calcd for C1H2102N (M+): 260.1650. Found: 260.1651.

N-Naphthoyl-meso-8-azabicyclo[4.3.0]nonane (3f). Colorless liquid. 'H NMR (CDCl3): & 7.86-7.90(m, 2H),
7.31-7.54(m, 5H), 3.74(dd, J=2.6 and 7.3 Hz, 2H), 3.16(dd, J=6.9 and 10.6 Hz, 1H), 2.96(dd, J=5.6 and 10.6
Hz, 1H), 2.30-2.39(m, 1H), 2.14-2.18(m, 1H), 1.26-1.62(m, 8H). IR(necat): 3053, 2925, 2852, 1633, 1508,
1463, 1384, 802, 731, 781 cm-!. HRMS(m/z). Calcd for C1gH21ON (M++1): 280.1701. Found: 280.1707.
N-Phenylacetyl-mesa-8-azabicyclo[4.3.0]nonane (3g). Colorless crystals. M.p. 53-54 °C. IH NMR(CDCl3):
8 7.23-7.34(m, 5H), 3.65(s, 2H), 3.39-3.41(m, 3H), 3.25-3.31(dd, /=5.6 and 9.9 Hz, 1H), 2.14-2.23(m, 2H),
1.35-1.54(m, 8H). IR(KBr): 2925, 2860, 2841, 1632, 1448, 1481, 1182, 725 cm-1. MS(m/z): 243(M+), 200,

168, 152(100), 124, 109, 95, 91, 67, 55. Anal. Calcd for C1gH210N: C, 78.97; H, 8.70; N, 5.76. Found: C,

7O 7O0. LT O 710. N &£ £C
10.10, 11, O.7/77, 1N, J.J0.

Synthesis of N-Phenylacetyl-meso-3,4-dimethylpyrrolidine (6).

N-Benzyl-3,4-dimethylmaleimide. To a stirred solution of 3,4-dimethylmaleic anhydride (1.26g, 10 mmol) in
THF (5 ml), was added benzylamine (1.1 ml, 10 mmol) dropwise at 0 °C.82 The reaction mixture was refluxed
for 10 h and cooled to room temperature. The solvent was removed in vacuo, and the residue was dissolved in
ethyl acetate (50 ml). The organic layer was washed with brine solution and dried over NapSO4. Evaporation
of the solvent in vacuo provided N-benzyl-3,4-dimethylmaleimide (96%). 1H NMR (CDCl3): § 7.2-7.35(m,
5H), 4.62(d, J=2.3 Hz, 2H), 1.94(s, 3H), 1.93(s, 3H). IR(KBr): 1701, 1434, 1406, 732 cm-l. MS(m/):

SRRy WL, 1iL, &xa,, 13y S22/, FINS, DI/ 2283422

215(M), 197, 186, 172, 132, 110, 104, 91, 65, 55.
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N-Benzyi-3,4-dimethyisuccinimide. Hydrogenaiion of N-benzyi-
10% Pd/C in methanoi according to the procedure for the synthesis of 3, afforded N-benzyi-3,4-
dimethylsuccinimide as a mixture of cis and trans (13:1) isomers (98%). M.p. 50-51 °C. MS(m/z): 218(M*),
217, 189, 174, 160, 134, 132, 106, 104, 91, 65, 56(100). 'H NMR (CDCl3) for cis compound: & 7.24-7.37(m,
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5H), 4.63(s, 2H), 2.87-2.93(m, 2H), 1.20(d, J=6.9 Hz, 6H). IR(KBr): 2979, 1697, 1400, 1342, 752 cm".
N-Benzyl-3,4-dimethylpyrrolidine. The N -benzyl-3,4-dimethylsuccinimide mixture (cis and trans) was
reacted with LiAlH4 in THF according to the procedure for the synthesis of 3 to afford a mixture of cis and
trans N-benzyl-3,4-dimethylpyrrolidines in 70% yield as colorless liquid.32 'H NMR (CDCl3) for cis -isomer:
0 7.20-7.31(m, 5H), 3.57(s, 2H), 2.99(dd, J=7.3 and 8.6 Hz, 2H), 2.2-2.31((m, 2H), 1.94(m, 2H), 0.88(d, J=5.9
Hz, 6H).
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10.9 Hz, 2H), 2.8(s, lH) 2.52(dd, J=6.3 and 10.6 Hz, 2H), 2.0 20(m 2H), 0.89(d, J=6.6 Hz, 6H).
N-Phenylacetyl-meso-3,4-dimethylpyrrolidine. A mixture of cis and trans 3,4-dimethylpyrrolidines was

C‘J

treated with phenylacetyl chloride as described for the synthesis of 3 to provide 6 of a mixture of cis and trans
isomers. Two isomers were separated on silica gel column chromatography using solvents hexane and ethyl
acetate (8:2). Data for the meso-isomer 6: 1H NMR (CDCl3): 8 7.23-7.34 (m, 5H), 3.63(s, 2H,), 3.48-3.59(m,
2H), 3.23(dd, J= 5.6 and 11.8 Hz, 1H), 3.11(dd, J=3.9 and 10.0 Hz, 1H), 2.13-2.32(m, 2H), 0.92(d, J=1.7 Hz,
3H), 0.89(d, J=1.6 Hz, 3H). IR(neat) 2960, 2873, 1624, 1496, 1456, 1191, 1147, 1076, 723 cm-1. HRMS(m/2)
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1H NMR(CDCl3): 8 7.23-7.34(m, SH), 3.68(s, 2H), 3.57-3.71(m, 2H), 3.32(dd, J=4.3 and 12.5 Hz, 1H),
3.2(dd, J=3.6 and 10.6 Hz, 1H), 2.57-2.64(m, 2H), 1.57-1.84(m, 6H). IR(neat): 2950, 2868, 1638, 1456, 696
cm-l. MS(m/z): 229(M+), 215, 200, 152, 138(100), 110, 95, 91, 67, 55.

N-Phenylacetyl-meso-8-azabicyclo[4.3.0]non-3-ene (15). Prepared by the reduction of cis-1,2,3,6-
tetrahydrophthalimide and subsequent acylation as described for the synthesis of 3 in over all 70% yield. 1H
NMR(CDCIl3): & 7.23-7.31(m, 5H), 5.59-5.67(m, 2H), 3.64(s, 2H), 3.47-3.57(m, 2H), 3.34(dd, J=5.3 and 11.9
Hz, 1H), 3.21(dd, /=6.3 and 9.6 Hz, 1H), 2.28-2.38(m, 4H), 1.81-1.88(m, 2H). IR(neat): 3026, 2935, 2881,

2839, 1639, 1496, 1456, 1425, 1159, 1029, 723, 669 cm-l. MS(m/z): 241(M*), 150, 122, 107, 91(100), 93, 80,
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General Procedure for the Synthesis of N-Phenylcarbamoylated-meso-Pyrrolidine Derivatives (8 and 18).
Phenyl chloroformate (0.25 ml, 2 mmol) was added to a stirred solution of meso-pyrrolidine derivative (2
mmol) and triethylamine (0.28 ml, 2 mmol) in dry THF (5 ml) at 0 °C. The reaction mixture was stirred for
additional 5 h at room temperature and concentrated in vacuo. The residue was dissolved in ethyl acetate and
successively washed with saturated NaHCO3 solution (3 x 15 ml) and brine (3 x 10 ml). Drying(NaS0O4) and
evaporation of the solvent gave residue which was purified on silica gel column chromatography using hexane

and ethyl acetate as eluent.

N-Phenyloxycarbonyl-meso-8-azatricyclo[4.3 125]decane (8). meso-8-Azatricyclo[4.3.0.125]decane was
RO NI N Sy B | mnvliw 1l aal Al da ten Arranall ZNOT in1d nn o Anlaslana nemrotala
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according to the procedure described for the synihesis of 6. M.p. 56-57 ¢C. 'H NMR(CDCl3): 8 7.10-7.35(m,

SH), 3.16-3.32(m, 2H), 3.7-3.84(m, 2H), 2.62-2.68(m, 2H), 2.57-2.59(m, 2H), 1.36-1.52(m, 6H)
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IR(KBr):2876, 1717, 1406, 1178, 750 cm-!. MS(m/z): 257(M*), 164(100), 136, 121, 93, 79,
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Calcd for CigH1902N: C, 74.66; H, 7.44; N, 5.44. Found: C, 74.15; H, 7".37; N, 5.35.

N-Phenyloxycarbonyl-meso-8-azabicyclo{4.3.0]non-3-ene (18a). Synthesized as colorless crystals from cis-
1,2,3,6-tetrahydrophthalimide in 72% yield according to the procedure described for 15. M.p. 44-45 °C. 1H
NMR(CDCl3): 8 7.07-7.41(m, 5H), 5.62-5.70(m, 2H), 3.66(dd, J=6.7 and 10.3 Hz, 1H), 3.56(dd, J=5.9 and
10.6 Hz, 1H), 3.27-3.39(m, 2H), 2.25-2.46(m, 4H), 1.94-2.01(m, 2H). IR(neat): 3026, 2941, 2883, 2839, 1780,

1724, 1593, 1494, 1398, 1209, 1653 688, 754 cm-1, MS(m/z): 243(M+*), 214, 188, 150, 122, 107, 93, 79, 77,
und: C, 73.84: H, 7.02: N, 5.65.

51. Anal Calcd for CicHiy : 0

1. Atal LR 100 LSsE17Y2: U, H, 040N, D700 Foundl O, /2.84 1, /7 QL0 IN, DL

AN _Phanviavvsarhanul_smaca R arahisvaslald 2 Alnanana (18h)Y Cunthacizad ac rnlarlace pryctale accarding tn
AVTE BNGER lul,wl wll:l llwnv'“’mul\;}\-lul" oJolF JEIFILGRIC \ LOW ). Uylllllbollabu ad> VUIULILOD bl]omo awlull‘s w
R TR DR A PRSI, YA e 0y 10 MNAD AN LN S M AL T AN fn ALIN T 1A A AL - ALY
ine pruwuum umr")cu dDUVﬂ M p 24-33 . i INMIK(UBDULT ) O /.00-7.424 (M, 211), [.14-1.423(111, 211),

3.33-3.60(m, 4H), 2.21-2.30(m, 2H), 1.37-1.75(m, 8H). IR(neat): 2928, 2860, 1780, 1720, 1595, 1492, 1394,
1211, 1182, 1078, 752, 686 cm-i. MS(m/): 245(M+), 214, 164, 152(100), 135, 124, 109, 94, 81, 67, 55. Anal.
Calcd for C15H1907N: C, 73.44; H, 7.8; N, 5.71. Found: C, 73.37; H, 7.81; N, 5.63.

N-Benzyloxycarbonyl-meso-8-azabicyclo[4.3.0]nonane (18c). Obtained as colorless liquid according to the
procedure described above. 14 NMR(CDCl3): 8 7.26-7.42(m, 5H), 5.13(d, J=3.4 Hz, 2H), 3.23-3.45(m, 4H),
2.14-2.24(m, 2H), 1.33-1.69(m, 8H). IR(neat): 2927, 2856, 1706, 1417, 1448, 1359, 1172, 1124, 1107, 1091,
875, 767, 698 cm-l. MS(mk): 259(M+), 214, 168, 152, 124, 92, 91(100), 84, 65, 55. Anal. Calcd for
O;N: C, 74.09: H, 8.17; N, 5.40. Found: C, 73.90; H, 890: N, 5.
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procedure described above. M.p. 43-44 :07. (dd,

Hz, 1H), 3.58(dd, J=6.6 and 10.9 Hz, 1H), 3.17-3.30(m, 2H), 2.25-2.39(m, 2H) 1. O(d =2.3 Hz, 3H) 0.98(d,
J=2.3 Hz, 3H). TR(neat): 2964, 2877, 1766, 1728, 1606, 1593, 1398, 1211, 1163, 1055, 754, 68 cm-1. MS(m#k):
219(M), 219, 126, 94, 83, 69, 55(100). Anal. Calcd for C13H1702N: C, 71.19; H, 7.82; N, 6.39. "Found: C,
71.16; H,7.79; N, 6.33.

Synthesis of N-Phenyloxycarbonyl-meso-3,4-isopyropylenedioxy-pyrrolidine (18e).
N-Phenyloxycarbonyl-3-pyrroline: To a stirred solution of 3-pyrroline (0.77 ml, 10 mmol), triethylamine (1.4

v

ml, 10 mmol) in THF (10 ml) was added nhenyl chloroformate (1.25 ml, 10 mmol) drnnwme at 0 °C. The

reaction mixture was warmed up to roo temperalure stirred for 5 h, and concentrated in vacuo. The residue
onlirad fe athesl acetate f‘l wnl A orrrmn 1. A NALIMN e olen
was dissolved in uly1 aliudil (O 1

1
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Drying (Na2S0O4) and evaporation of the solvent afforded N-phenyloxycarbonyi-3-pyrroline (1.72 g, 91%) as
colorless crystals. M.P. 90 °C.

N-Phenyloxycarbonyl-meso-3,4-isopyropylenedioxypyrrolidine: A solution of N-phenyloxycarbonyl-3-
pyrroline (0.567 g, 3 mmol) and K20s04 2H20(10 mg, 0.03 mmol) in -BuOH (20 ml) and H»O (20 ml) was
added to a mixture of DABCO (84 mg, 0.75 mmol), K3Fe(CN)g (3.05 g, 9 mmol), and Kp2CO3 (1.25 g, 9
mmol). The reaction mixture was stirred at room temperature for 24 h. Then, NaSOj3 (15.55 g, 123.4 mmol)
was added, and further stirred for another 0.5 h. The organic Iaver was separated, and the aqueous layer was

xtracted with dichloromethane (3 x 15 ml). The combined organic layers were concentrated in vacuo to give

aleiiiy Clc LUl o5t

the residue which was diluted with ethyl acetate (50 ml), wash d successively with 1M sulfuric acid, aqueous
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phenyloxycarbonyi-meso-3,4-dihydroxypyrrolidine as a thick liquid (435 mg, 659 ):
7.39(m, SH), 4.20-4.21(m, 2H), 3.42-3.78(m, 4H). IR(neat): 3400, 2949, 1705, 1595, 1418, 1209 cm"1. The

diol was stirred with 2,2-dimethoxypropane (1.2 ml) and catalytic amount of p-toluenesulfomc acid in DMF (5
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ml) for 24 h at 50 ©C. The mixture was cooled to room temperature, diluted with ethyl acetate (50 ml), and
washed successively with aqueous NaHCO3 (3 x 15 ml) and brine ( 3 x 15 ml). Drying (Na2SOy4) and
evaporation of the solvent gave residue which was purified on column chromatography (hexane/ethyl acetate,
6:4) to give 18e (446 mg, 87%) as colorless crystals. M.P. 80 °C. !'H NMR (CDCls): § 7.11-7.38(m, SH),
4.79(d, J=2.9 Hz, 2H), 3.93(dd, J=12.5, 19.8 Hz, 2H), 3.45-3.57(m, 2H), 1.53(s, 3H), 1.36(s, 3H). IR(KBr):
2872, 1780, 1398, 1198, 1053 cm-!. HRMS(m/z): Calcd for C14H1704N (M++1): 264.1236. Found: 264.1236.
N-Phenyloxycarbonyl-meso-3,4-isopyropylenedioxy-8-azabicyclo[4.3.0]nonane (18f). Synthesized from 4

accordine to t nraocedure descrihed for 18e n. 72-713 oC I NMR ((‘W‘Io\ 7.11-7.38(m, 5H), 4.0-
according to the procegure gescrnibed for 18e. M. f2-/5°C. 'R CDC iz o0 /.1 s8(m, JH}, 4.0
AA1lea DEIY 279 2 Q%% v YHY 21729 m YHY D AND £A(m 2HY DI DALY DA DHY 1 251 £33/ YHN

F.51\00L, &x1), 3.70-53.F5\IN, &xij, F.17=3.2i\T, &8}, &.Cu=4.0FIN, &11), £.UU=4& U0\, £11), 1.33=1.05(\I0, <1ij,
1 E1s0 AN 1 AL TN TH/UTA. ANLA ANOE ADLA AN A0L0 17170 18Q0 1472 13797 124C 1710 1101

1.51(s, 3H), 1.36(s, 3H). IR(KBr): 3060, 2985, 2960, 2930, 2869, 1728, 1589, 1433, 1377, 1365, 1218, 1191,
1170, 1043, 1060, 752 cm-1. MS(m/z): 317(M*), 302, 224(1 00), 166, 123, 95, 79, 77, 59. Anal. Calcd for

Ci1gH2304N: C, 68.12, H, 7.3; N, 4.41. Found: C, 67.92; H, 7.30; N, 4.35.
N-thyloxycarbonyl-s,l-dibenzoyhxymo-s-lublcyclo[‘l.3.0]nonane (18g). Usual N-benzoylation of 4
with benzoyl chloride afforded 18g as colorless crystals in 95% yield. M.p. 144-145 °oC. 1H NMR(CDCls): §
7.14-8.04(m, 15H), 5.40-5.53(m, 2H), 3.75(dd, J=7.3 and 10.9 Hz, 1H), 3.56-3.70(m, 2H), 3.49(dd, J=5.0, and
10.9 Hz, 1H), 2.29-2.40(m, 2H), 2.66-2.79(m, 2H), 1.91-2.07(m, 2H). IR(KBr): 2950, 2879, 1118, 1720, 1705,
1600, 1390, 1284, 1215, 1118, 713 cm!. Anal. Caled for Co9H»70¢N: C, 71.74; H, 5.61; N, 2.88. Found: C,
70.57; H, 5.64; N, 2.89. |
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ondine Derivatives Using Mo-Salen
Complexes 1 as the Catalysts.

Todosylbenzene (22 mg, 0.1 mmol) was added at once to a precooled solution of N-protected meso-
pyrrolidine derivative 18 (0.1 mmol) and 1b (2.2 mg, 2 pmol) in acetonitrile (1 ml) under nitrogen at -25 °C.
After stirring 32-46 h, the reaction mixture was quenched by adding dimethy! sulfide and concentrated in
vacuo. The residue was passed through a short column of silica gel (ethyl acetate/hexane) to afford hydroxy
pyrrolidine derivative 19 . Crude 19 was dissolved in acetone (5 ml) and cooled to 10 °C under nitrogen. To
this solution was added aqueous CrO3 reagent (25 pul, 1.7M)10 rapidly with stirring. After 20 min, few drops of
isopropanol was added, and the solution was concentrated in vacuo . The residue was dissolved in ethyl acetate

(15 ml), and washed with saturated NaHCO3 solution. Drying (Na3SOy4), and evaporation of the solvent gave a

=rno svvie umn Al Ageaml rntm oy af anatatalhavinna DannttAanac:a

residue which was puuucu uy silica gex column chromato grapiy using culyl acetate/hexane. Enantiomeric
11 Y
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excess of lactam 20 was determined by HPLC analysis using optically active column.
N-Benzoyi-8-azabicycioi4.3.0jnon-7-one (10a). Coloriess liquid. Yieid 55% (64% ee). |_a Jo +24.75% (¢
0.65, CHCl3). 1H NMR (CDCl3): §7.38-7.60(m, 5H), 3.8(dd, J=5.9 and 11.6 Hz, 1H), 3.68(dd, J=2.0 and 11.2
Hz, 1H), 2.68-2.72(m, 1H), 2.40-2.46(m, 1H), 2.04-2.09(m, 1H), 1.89-1.91(m, 1H), 1.13-1.86(m, 6H).
IR(neat): 2933, 2854, 1747, 1670, 1448, 1321, 1292, 689 cm-!. MS (m/z): 243(M*), 138, 105, 77, 51. Anal.
Caled for CjsH170;N: C, 74.04; H, 7.05; N, 5.76. Found: C, 74.05; H, 7.06; N, 5.66.
N-Propionyl-8-azabicyclo[4.3.0]lnon-7-one (10b). Colorless crystals. M.p. 34-36 °C. Yield 65% (36% ec).

[ } +11.89° (¢ 0.41, CHCI). IH NMR (CDCIR): 6 3.58 (d, J=4.0 Hz, 2H), 2.89-3.02 (m, 2H), 2.65-2.82 (m,

1H), 2.30-2.38(m, 1H), 2.07-2.27(m, 1H), 1.05-1.78(m, 10H). IR(KBr): 2978, 2936, 2856, 1736, 1697, 1371,
1244 el MS(m/z): 195(M#), 167, 152, 140, 124, 112,95, 81, 67, 57. Anal. Calcd for Cj1H170,N: C, 67.66;

¥ - tnrﬂzr\ IY O TQ. WY "7 177

,8.78: N, 7.17. Found: C, 67.52; H,8.78; N, 7.17.
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N-4-Nitrobenzoyl-8-azabicyclo[4.3.0]non-7-one (10c). Colorless crystals. M.p. 91-92 °C. Yield 42% (43%
ce). [m]ﬁ'i +7.79 (¢ 0.12, CHCl3). 1H NMR (CDCl3): & 8.25-2.29(m, 2H), 7.67-7.70 (m, 2H), 3.75-3.83(m,
2H), 2.72-2.75(m, 1H), 2.45-2.48(m, 1H), 1.92-2.07(m, 1H), 1.86-1.92(m, 1H), 1.20-1.69(m, 6H). IR(KBr):
2932, 2853, 1749, 1663, 1605, 1524, 1350, 1226, 1168, 1116, 866, 712 cm*1. MS(m/z): 288(M*), 233,
150(100), 138, 120, 104, 81, 76, 50. Anal. Calcd for CysH604N2: C, 62.48; H, 5.60; N, 9.72. Found: C,
62.35; H, 5.61; N, 9.65.

N-4-Methylbenzoyl-8-azabicyclol4,3.0lnon-7-one (18d). Colorless powder. M.p. 61-62 °C. Yield 41% (39%
24

ee). [alf' +14.70 (¢ 021, CHCl3). IH NMR (CDCl3): 8 7.50(d, J=8.3 Hz, 2H), 7.21 (d, J=8.6 Hz, 2H),

3.82(dd, J=5.9 and 11.2 Hz, 1H), 3.65(dd, J=1.9 and 11.2 Hz, 1H), 2.67-2.71 (m, 1H), 2.33-2.45(m, 1H), 2.4(s,

8

i H i

3H), 2.04-2.16(m, 1H), 1.24-1.6%(m, 7TH). IR(KBr): 2926, 2858, 2889, 1736, 1670, 1610, 1319, 1292, 756 ¢
I MS(m/f): 257(M*), 242, 229, 238, 120, 119(100), 91, 65, 53. Anal. Caled for CjgH1902N: C, 74.67; H,
7.45; N, 5.45. Found: C, 74.55; H, 7.36; N, 5.38.

N-4-Methoxybenzoyl-8-azabicyclo[4.3.0]non-7-one (10¢). Colorless powder. M.p. 63-64 °C. Yield 37%
(28% ee). [oc]f,3 +20.180 (¢ 0.17, CHCl3). 1H NMR (CDCl3): 87.63(d, J=8.6 Hz, 2H), 6.90(d, J=8.9 Hz, 2H),
3.85(s, 3H), 3.82(dd, J=5.6 and 11.2 Hz, 1H), 3.65(dd, J=1.7 and 10.9 Hz, 1H), 2.67-2.71(m, 1H), 2.41-2.45(m,
1H), 2.06-2.11(m, 1H), 1.82-1.90(m, 1H), 1.34-1.69(m, 6H). IR(KBr): 2936, 2853, 1726, 1670, 1602, 1510,
1319, 1254, 845, 767, 609 cm-1. MS(m/z): 74(M++l), 273, 245, 135(100), 107, 92, 77, 63. Anal. Calcd for
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N-Naphthoyi-8-azabicyclo[4.3.0]non-7-one (10f). Colorless liquid. Yield 43 % (58% ee). [ ]3 +17.03° (¢
0.4, CHCI3). 'H NMR (CDCi3): 8 7.79-8.70(m, 3H), 7.44-7.59(m, 4H), 3.85-3.90(m, 2H), 2.67-2.47(m, 1H),
1.91-1.99(m, 1H), 2.46-2.47((m, 1H), 1.67-1.70(m, 1H), 1.08-1.55(m, 6H). IR(ncat): 3057, 2932, 2855, 1749,

1668, 1508, 1317, 783, 631 cm-l. MS(m/z): 293(M1), 265, 171, 155(100), 138, 127, 115, 101, 83, 67, 55.
Anal. Calcd for CigH19O2N: C, 77.79; H, 6.53; N, 4.77. Found: C, 77.69; H, 6.49; N, 4.65.

(15,6R)-N-Phenylacetyl-8-azabicyclo[4.3.0lnon-7-one (10g). Colorless liquid. Yield 65% (76% ece).
[a 2 +11.3° (¢ 0.23, CHCl3). 1H NMR (CDClg): & 7.21-7.35 (m, 5H), 4.30(s, 2H), 3.59(d, J=3.7 Hz, 2H),
2.66-2.72 (m, 1H), 2.26-2.38 (m, 1H), 2.06-2.17(m, 1.13-1.79(m, 7H). IR(neat): 2938, 2855, 1786, 1751

Q.
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1717. 1309, 1290, 1170. 877. 696 pm-l. MS(m/z):
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s liquid. Yield 49% (84% ee ) 1ne enantiomeric

257(M+), 140, 118, 95, 91, 67, 55. Anal. Calc
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N-P nenylacetyl-J,Q-mmemylpyrronmn-4-0ne (
excess of 12 was determined by CHIRALPAK AD coiumn (i0{):1, hexane/isopropanol). L(X. jo +8.4% {¢ 0.4,
CHCl3). IH NMR (CDCl3): 8 7.15-7.28(m, 5H), 4.2(d, J=2.3 Hz, 2H), 3.68(dd, J=6.3 and 11.6 Hz, 1H), 3.43-
3.48(dd, J=3.6 and 11.6 Hz, 1H), 2.62-2.72(m, 1H), 2.3-2.45(m, 1H), 1.10(d, /=7.3 Hz, 3H), 0.90(d, /=7.3 Hz
3H). IR(neat): 2933, 2854, 1786, 1751, 1716, 1309, 1290, 1267, 1170, 696 cm'l. HRMS(n/z). Calcd for
Ci4H1702N (M++1): 232.1337. Found: 232.1338.

N-Phenylacetyl-7-azabicyclo[3.3.0]octan-6-one (14). Colorless liquid. Yicld 48% (75% ce). Enantiomeric
excess of 14 was determined by CHIRALCEL OD-H column (9:1, hexane/isopropanol). [a 2 +9.8°(c 0.1
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C15H1702N: C, 74.()5; H, 7.()4‘, N, 5.76. Found: C, 74.88; H, 7.15; N, 5.72.
(IS,6R)-N-Phenylacetyl-8-azabicyclo[4.3.0]non-3-en-7-one (17). Colorless powder. Yield 17% (55% ece).
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M.p. 45-46 °C. [a]3‘+39 20 (¢ 0.7, CHCl3). IH NMR (CDCl3): § 7.20-7.34 (m, SH), 5.70-5.74(m, 2H), 4.28(d,
J=3.0 Hz, 2H), 3.62-3.74(m, 2H), 2.81-2.88(m, 1H), 2.18-2.58(m, 5H). IR(neat): 2844, 1740, 1700, 1697,
1364, 1252 cm-l. HRMS(m/z). Calcd for C1gH (702N (M*+1): 256.1338. Found: 256.1338.

N-Phenyloxycarbonyl-8-azabicyclo{4.3.0)non-3-en-7-one (20a). Colosless powder. Yield 29% (64% ee).
M.p. 88-89 C. [a]ﬁs+ 19.17° (c 0.41, CHCl3). H NMR (CDCl3): § 7.36-7.42(m, 2H), 7.13-7.27(m, 3H),
5.70:5.77(m, 2H), 3.90(dd, J=5.6 and 10.9 Hz, 1H), 3.69(dd, J=2.3 and 10.6 Hz, 1H), 2.82-2.88(m, 1H), 2.51-

2.63(m, 2H), 2.25-2.40(m, 2H), 1.88-1.98(m, 1H). IR(KBr): 3032, 2843, 1759, 1728, 1364, 1319, 1310, 1201,
1182 750 666 cm- l HRMQ(mI‘y\ Caled for C
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Cl3): 8 7.

1H), 2.59-2.65(m, 1H), 2.09-2.31(m, 2H), 1.18-1.84(m, 8H). IR(KBr): 3070, 2920, 2856, 1794, 1710, 1375,
1286, 1170, 960, 763, 692 cm-i. MS(m/z): 259(M*), 215, 166, 138, 109, 95(100), 81, 67, 55. Anal. Calcd for
Ci1sH1703N: C, 69.48; H, 6.61; N, 5.40. Found: C, 69.33, H, 6.74; N, 5.13.

N-Benzyloxycarbonyl-8-azabicycle{4.3.0]lnon-7-one (20c). Colorless liquid. Yield 56% (77% ee).
[a]".? - 8.90° (¢ 0.47, CHCl3). TH NMR (CDCl3): 8 7.29-7.46(m, SH), 5.28(d, J=3.3 Hz, 2H), 3.68(dd, J=59
and 10.9 Hz, 1H), 3.49(dd, /=2.0 and 10.6 Hz, 1H), 2.59-2.65(m, 1H), 2.31(m, 1H), 2.09-2.13(m, 1H), 1.18-
1.84(m, 7H). IR(neat): 2933, 2854, 1786, 1716, 1309, 1290, 1170, 977, 696 cm-!. HRMS(m/z). Calcd for

Ci6H1903N: (M*+1): 274.1443. Found: 274.1443.

N-Phenyloxycarhonyl-3,4-dimethylpyrrelidin-d4-one (20d). Colorless crystals. M.p. 49-50 °C. Yield 60%
(82% ee). [a]> —4.3° (c 1.05, CHCl3). 'H NMR (CDCl3): § 7.17-7.42(m, 5H), 3.94(dd, J=6.6, and 10.9 Hz,
1H), 3.58(dd, /=5.0 and i0.9 Hz, 1H), 2.61-2.80(m, 1H), 2.46-2.58(m, 1H), 1.19(d, J=7.26 Hz, 3H), 1.06(d,
J=6.93, 3H). IR(KBr): 2972, 2939, 2877, 1798, 1759, 1730, 1494, 1315, 1164, 947, 689 cm-!. HRMS(m/z)

Calcd for C13H 503N (M++1): 234.1127. Found: 234.1130.
N-Phenyloxycarbonyl-3,4-isopropylenedioxy-pyrrolidin-2-one (20e). Colorless crystals. M.p. 220 °C.
Yield 35% (79% ee), [11% yield, >99% ee after single crystallization from ethylacetate/hexane(1:1),
[0]3 -36° (c 0.18, CHCl3)]. 'H NMR (CDCl3): §7.18-7.43(m, 5H), 4.74-4.81(m, 2H), 4.2(d, J=12.5 Hz, 1H),
3.98(dd, J=3.9 and 12.5 Hz, 1H), 1.53(s, 3H), 1.43(s, 3H). IR(KBr): 1753, 1734, 1309, 1196, 1215, 1101 cm"
1. HRMS(m/z). Caled for Cj4H 505N (M++1): 278.1028. Found: 278.1028.
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3.07(m, 1H), 2.69-2.81(m, 1H), 2.
2H). IR(KBr): 2920, 1784, 1701, 1387, 1306, 1190, 1037 764, 687 cmr-
C1gH210OsN(M++1): 332.1497. Found: 332.1498.
N-Phenyloxycarbonyl-3,4-dibenzoyloxy-8-azabicyclo[4.3.0]non-7-one (20g). Colorless powder. Yield 55%
(68% ee). M.p. 144-145°C. [a]5® +59°(C 0.15, CHCI3). TH NMR (CDCl3): & 7.21-8.07(m, 15H), 5.35(t,
J=2.3 Hz, 1H) 5.18-5.24(m, 1H), 3.95(dd, J=5.6 and 11.2 Hz, 1H), 3.73(d, J=11.2 Hz, 1H), 2.99-3.10(m, 1H),
2.79-2.85(m, 1H), 2.56-2.63(m, 1H), 2.35-2.46(m, 2H), 1.79-2.18(m, 1H). IR(KBr): 2957, 1794, 1742, 1724,
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=
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-

1308, 1209, 754, 690 cm-!. HRMS(m/z). Caled for CogHp507N (M*): 500.1707. Found: 500.1709.
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N-Phenyloxycarbonyl-8-azatricyclo[4.3.0.12-]decan-7-one (22). Colorless crystals. M.p. 110-111 °C. Yield
68% (76% ee). The enantiomeric excess of 22 was determined by CHIRALCEL OJ column (4:1, hexane and
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isopropanol). [aja' -59.49 (¢ 0.36, CHCl3). 1H NMR (CDCi3): & 7.18-7.39(m, 5H), 3.81-3.88(m, 2H),
3.06(dd, J=5.6 and 10.7 Hz, 1H), 2.61-2.75(m, 2H), 2.42(s, 1H), 1.54-1.57(m, 6H). IR(KBr): 2973, 2939,
1894, 1729, 1303, 1271, 1209, 712 cm-l. MS(m/%): 271(M™), 227, 192, 178, 150, 122, 107, 94, 79(100), 77, 56.
Anal. Caled for C1gH1703N: C, 70.82; H, 6.32; N, 5.16. Found: 70.81; H, 6.31; N, 5.17.

8-Azabicyclo{4.3.0]non-7-one (23). To a stirred solution of 10g (0.8 mmol, 20 mg) in THF and water (1 ml,
1:1) was added LiOH H;O0 (17 mg). The reaction mixture was stirred at room tempcramre for 1h and

T d

@o:1, hexanehsopropanol) [a}ff -22.40 (¢ 0.25, CH Cl3) (Lit.8¢ (86% ee) [a]5 -23.30 (¢ 0.5, CHCI3)]. M.p.
94-95 oC. iIH NMR (CDCl3): & 5.77(s, 1H), 3.37(dd, J=5.9 and 9.6 Hz, 1H), 2.94(d, J=9.2 Hz, 1H), 2.40-
2.44(m, 2H), 2.0-2.03(m, 1H), 1.20-1.74(m, 7H). IR(KBr): 3240, 2932, 2855, 1701, 1655, 1445, 1259, 1061,
759 cm-1. MS(m/z): 139(M), 110, 96, 84, 67, 54.

8-Azabicyclo[4.3.0]non-3-en-7-one (24). According to the procedure described for 23, the phenylacetyl group
of 17 was removed to afford 24 as the colorless crystals with 100% yield (54% ee). The enantiomeric excess of
24 was determined by CHIRALCEL OB-H column (20:1, hexane/isopropanol). [afga +15.3° (c 0.21, CHCl3)
[Lit.8¢ (88% ee) [oz]ga -24.0° (¢ 0.5, CHCl3)]. M.p. 74-75 °C. TH NMR (CDCl3): § 5.71-5.81(m, 2H), 5.50(s,

1H), 3.49(dd, J=4.3 and 8.9 Hz, 1H), 3.0(d, J=9.9 Hz, 1H), 1.88-2.60(m, 6H). IR(KBr): 3231, 3022, 1701,
1£70 17£2 1101 -1 AAQ/ LN, 1AT/RALY 190 1NQ OL 770 77 €1
1076, 1£0), 1171 CM™*. MOPFZ). 12I\IV}' ), 144, 1UD, 70, 17, 1,51

N-Phenyioxycarbonyi-7-hydroxy-8-azabicycio{4.3.0jnonane (i9b). Iodosyibenzene (22 mg, 0.1 mmol) was
added to the precooled stirred solution of N-phenyloxycarbonyl-8-azabicyclo[4.3.0lnonane 18b (24.5 mg, 0.1
mmol) and 1b (2.2 mg, 2 pmol) in acetonitrile (1 ml) under nitrogen at -25 "C. After 32 h, the reaction mixture
was quenched by adding dimethyl sulfide, and concentrated in vacuo. The residue was purified on silica gel
column chromatography (ethyl acetate/hexane, 1:1) to afford 19b which was contaminated with a trace amount
of the diastereomeric isomer at C7. 73% yield (88% ee). Enantiomeric excess of 19b was determined by HPLC
analysis using CHIRALCEL OB-H column (hexane/isopropanol, 20:1). M.p. 98-99 oC. {a]u +46.7° (¢ 1,
CHCl2). 1H NMR (CDCl1): 8 7.13-7.40(m, 5H), 5.28-5.33(m, 1H), 3.72(dd, J=7.2 and 10.5 Hz, 1H), 3.39-

3.57(m, 1H), 2.52-2.60(m, 1H), 2.11-2.17(m, 1H), 1.31-1.72(m, 8H). IR(KBr): 3456, 2916, 1717, 1382, 1195,

f 10L ..
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746 cm-l. MS(m/z): 261(M+), 168, 150, 124, 94(100), 79, 65, 55. Recrystallization o
ethylacetate/hexane (2:8) provided a singie crystal whose structure was determined by X-ray analysis (Fig. 1).
Crystallographic data: C5H9gNO3, M = 261.32, orthorhombic, space group P2;2;2;, a = 10.5443(4) Ab=
24.1956(8) A, ¢ = 5.2838(1) A, V = 1348.03(8) A3; Z=4; D, = 1.288 g cm-3, u(Cu-Ka) = 7.27 ecm'l, R =
0.030, Rw= 0.035 for 1156 reflections and 174 variables, GOF = 1.54. Data were collected on a Rigaku
RAXIS RAPID imaging plate area detector with graphite monochromated Cu-Kat at 25 °C. Structural analysis
was performed using the teXsan crystallographic software package. The structure was solved by the direct
m s (SIR92) and expanded using Fourier techniques. All non-hydrogen atoms were refined anisotropically

LIl E 5 <) Siwas

en atome were included but not refined
en atoms were 1ncluded but not refined.
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Figure 1. ORTEP drawing of 19b with thermal ellipsoids at 50% probability level.
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