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Abstract: A novel diastereoselective syntheses of both (2R,3R,5R)-1 and its enantiomer (25,35,55)1

were accomplished by employing trams-selective nucleophilic addition of cyanide to 3-benzoyloxy-N-

acyliminium ijons as the key step, starting from frans-4-hydroxy-L-proline.
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An unusual amino acid, 3-hydroxy-5-methyl-2-pyrrolidinecarboxylic acid (1) was found as a minor
component of a peptide antibiotic actinomycin Z; produced by Streptomyces fradiae.! After the syntheses of the

four diastereoisomers of 1, the relative stereochemistry of this compound was elucidated to be 2,3-trans and 2,5-

cis configuration based on analyses of TH-NMR coupling constants by Mauger et al.2 The absolute configuration
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to produce such amino acid in an enantiomerically pure form is crucial. To our knowledge, only two reports on
the synthesis of 1 are found in literature, one of the four racemic diastereoisomers,? and another of the optically

active forms,3 which were prepared by [3+2] dipolar cycloaddition starting from L-vinylglycine.
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In continuing our studies in the asymmetric synthesis of novel unusual c-amino acids containing

nvrrolidine rine no i
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is illustrated in Scheme 1. Thus, the carboxyl group of a-amino acid moiety of (R)-configuration can be
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groups. In connection with the reaction of N-acyipyrrolidine 2-iminium ions,” Wistrand has reported that the
stereoselectivity of nucleophilic addition of cyanide anion to the N, O-diprotected 3-hydroxypyrrolidine-2-iminium
ions can be controlled by the nature of the O-protecting group at the C3-position.” On the other hand, Shono and
Matsumura have reported that the degree of stercoselectivity depends on both the steric bulkiness of N -protecting
groups and the nature of the substituents of the pyrrolidine ring.6 We therefore investigated the reaction of N-
acyliminium ion B with different N, O-diprotecting groups in order to enhance the desired trans selectivity.

Results and Discussion

1. Synthesis of (2R,3R,5R)-1
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First, for the synthesis of (2R, 3R, 5R)-1, nucleophilic addition of cyanide to N-acyliminium ion é with

stericaliy bulky O-tert-butyidimethyisiiyl (O-TBS) group at C3-position was examined as shown in Scheme 2.
Thus, ruthenium tetroxide (RuO4) oxidation’ of 2 easily prepared from trans-4-hydroxy-L-proline,® followed by
chemoselective partial reduction of the resulting lactam 3 with LiEt3BH in tetrahydrofuran at -78°C led to a
diastereomeric mixture of hemiaminal 4 and subsequent treatment of 4 with pyridinium p-toluenesulfonate
(PPTS) in methanol gave the corresponding 2-methoxypyrrolidine S5 as a mixture of diastercoisomers. § was
directly converted into 2-cyanopyrrolidines (7 and 8) by treatment with trimethylsilyl cyanide (TMSCN) in the

presence of boron trifluoride etherate in dichloromethane at -78°C°%d and the desired 2,3-trans-2-

chromatography on silica gel.

The stereochemistries of the newly formed stereogenic centers at Cz position of these isomers 7 and 8
were assingned by NOE experiments, as indicated in Scheme 2. Thus, for the compound 7, irradiation of the
Cs-H resulted in enhancement of the the signal due to the C2-H and irradiation of the C3-H gave no enhancement
of the signal due to the C2-H. For the compound 8, irradiation of the C3-H resulted in enhancement of the signal
due to the C2-H. Accordingly, the C2-H and C3-H in 7 and 8 were assigned to have frans- and cis-

configurations, respectively.
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(Bz)-N -methoxycarbonyl (Moc) iminium ion 20, respectively, as shown in Scheme 3. Thus, after removal o
TBS protecting group of 3 with n-BugNF, sequential acetylation of the resulting alcohol 9 afforded O-Ac
protected lactam 10. By employing the reaction sequence similar to that described for the preparation of 7 and 8
from 3, 10 was converted to 2-cyanopyrrolidines (14a/b) in 70% yield (3 stcps), as an inscparable
diastereomeric mixture ( 14a:14b=58:42 by 400MHz 'H-NMR analysis) via 2-hydroxypyrrolidine 11 and 2-
methoxypyrrolidine 12. The diastercoselectivity was not improved. As a further exchange of both N- and O-
protecting groups of 13, O-Bz-N-Moc lactam 17 was preparared from the alcohol 9 via 3-step sequence as
follows: 1) benzoylation of 9, 2) deprotection of N-Boc group of 15, and 3) N-protection of 16 with methyl

chlorocarbonate (MocCl) in the presence of lithium bis(trimethylsilyl)amide (LIN(TMS)2) as base at -15° c’?
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hydroxypyrrolidine 18 and 2-methoxypyrrolidine 19.

The stereochemistries of the stereogenic center at C2 in both 21 and 22 were proven by NOE
measurements in their 400 MHz !H-NMR spectra. Thus, for the compound 21, imradiation of the Cs-H resulted
in enhancement of the signal due to the C2-H and irradiation of the C3-H gave no enhancement of the signal due
to the C2-H. For the compound 22, irradiation of the C3-H resulted in enhancement of the signal due to the C2-H
and irradiation of the Cs-H gave no enhancement of the signal due to the C2-H. Accordingly, C2-H and C3-H in
21 and 22 were assigned to have trans- and cis-configurations, respectively. Thus, absolute configurations of
these compounds 21 and 22 were unambiguously determined as (2R,3R,5R)-21 and (2S,3R,5R)-22,
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can be explained by the preferred transition state conformations of 6 and 20 as shown in Figure 2. Thus, the
conformers 6B and 20B is expected to be more favored than the other conformers 6 A and 20A which have
Al2.gtrain between the N-protecting groups (Boc and Moc) and the methyl groups. The improved trans-
selectivity in the case of the O-Bz-N-Moc iminium ion intermediate 20 can be explained by the known ability of
the carbonyl oxygen of the benzoyloxy group to bridge to ajacent cationic center (transition state 20B),5310 and
hence a cyanide anion may approach the cation center preferentially from the opposite side to the benzoyl group.
Also, good trans-selectivity in the case of O-Bz iminium ion intermediate 20 than the case of the O-Ac

Figure 2
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a cyanide anion occu
y from the same side of O-TBS group of 6 under an influence of stercoclectronic effect3d:!
(transitlon state 6B), giving rise to undesirable 8 as a major product . Finally, the acidic hydrolysis of both 21
and 22 with 6M HCI at 110°C for 24h afforded the target free amino acids (2R, 3R, 5R)-1, [¢] Pp +18.6° (c
1.02, H20); lit.3 [a]p +18° (c 0.32, H20), in 75% yicld, and its isomer (25,3R,5R)-1, [o] 20D -85.1° (¢ 0.70,
H20), in 78% yield, respectively, after ion-exchange chromatography on Dowex 50W x 8 (Scheme 3).

The stereochemical assignment of (2R, 3R, 5R)-1 and (25,3R,5R)-1 were made on the basis of NOE
experiments. Thus, for the compound (2R, 3R, 5R)-1, imradiation of the Cs-Ha (& 2.18) resulted in
enhancements both of the the signals due to the Cz- and Cs-H (8 3.98-4.10) and irradiation of the C3-H (3 4.64-
4.77) gave no enhancement of the signal due to the C2-H. For the compound (25,3R,5R)-1, irradiation of the
C3-H (8 4.70) resulted in enhancements both of the signals to the Cr-H (8 4.24) and Ca-H (8 1.91)
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Accordingly, Cz-H and C4-H in (2R,3R,5R)-1 and (25,3R,5R)-1 were assigned to have trans- and cis-
configurations, respectively. No epimerization of the Cz stereogenic centers in both (2R,3R,5R)-1 and
(25,3R,5R)-1 had occured during the hydrolysis described above. The structure was confirmed by the reported
(2R,3R,5R)-1, whose IH- and 13C- NMR spectra data were in good agreement with the literature data3 of its
enantiomer (25,35,55)-1

2, Synthesis of (25,35,55)-1
For the synthesis of (25,35,55)-1, the intermediate (3R,55)-N-Boc-3-hydroxylactam 25 derived from

=%
(3R,55)-23,12 was submitted to the Mitsunobu inversion!3 followed by exchange N-Boc protecting group with
N-Moc group to give ent-17. Conversion of enz17 to ent-21 was achieved by the procedure similar to  that
described above, and the ent-21 was hydrolyzed to afford the target free amino acid (25,35,55)-1,
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[a] #p -17.6" (c 0.80, H20); lit.3 [a]p -17° (c 0.50, H20), in 70% yield, whose spectra data were in good

agreement with the literature data3 of (25,35,55)-1

LA ALL VY NIV MIVAGLGAL U oS g JUR

In summary, a novel diastercoselective syntheses of (2R,3R,5R)-1 and its enantiomer (25,35,55)-1 were

accumpusnw Dy cmpxoymg the frans-seicciive BUCICOPIIIUC addition of cyamuc anion to the 3- DCHZOYIOX}"IV -

acyliminjum ions as the key step, starting from #rans-4-hydroxy-L -proline.

Experimental

General. Melting points were measured on a Yanaco MP-S3 micro melting point apparatus and uncorrected
Optical rotations were measured with a JASCO DIP-370 automatic digital polarimeter. Infrared (IR) spectra were
recarded with a itnr‘ *i 27”,1“ cnectrometer 1U= and 13(‘=m cnertra were meacnured with a TNM. GSY400
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from tetramethylsilane as internal standard in CDCI3 solutions, or from 3-(trimethylsilyl)-1-propane-sulfonic acid
sodium sait as internal standard in D20 solutions. The following abbreviation are used: singlet (s), doublet (d),
triplet (t), multiplet (m), and broad (br). Electron impact mass spectra (EIMS) and high resolution mass spectra
(HRMS) were obtained with JMS DX-300 spectrometer. Routine monitoring of reactions was carried out using
Merck TLC aluminium sheet silica gel 60 F254. Column chromatography was performed on Merck silica gel, 70-
230 mesh. Usual workup means that organic layer was dried over magnesium sulfate, and evaporated in vacuo.
The trans-4-hydroxy-L-proline as a chiral starting meterial was purchased from Sigma Chemical Co.
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fcponw method.® cis-4 ydroxy-U-px“Ollnc was pGCaraCd from ﬂ‘alls-‘l'-nydl'oxy-L-prounc according to e

reported method. 12

(3R,5R)-1-(tert-Butoxycarbonyl)-3-(tert-butyldimethylsilyl)oxy-5-methyl-2-pyrrolidinone
(3) and Its (3R,5S)-Isomer (24)

a) Preparation of 3 from 2: A solution of 2 (10.8 g, 26 mmol) in ethyl acetate (80 m!) was added to a mixture
of RuO2:xH20 ( 0.4 g) and 10% aqueous NalO4 (120 ml). The solution was stirred vigorously for 3 h at room

l!

temperature. The layer was separated and the aqueous layer was extracted with ethyl acetate (80 ml). The exiract
was treated with 2-propanol (0.2 ml). Black-colored RuO2 which precipitated from the solution was mtcred off
and the filtrate was washed with brine, and usual workup gave a residue which was purified by column
chromatography (hexane: ethyl acetate=6:1) to give 3 (7.6 g, 88%) as a colorless oil. [a]¥p +13.4° (c 1.04,
MeOH). IR (neat): 1798, 1768, 1726 cm™}. 'H-NMR (CDCl3): 8 0.13, 0.18 (6H, each s, Si(CH3)z), 0.91 (9H,
s, SiC(CH3)3), 1.31 (3H, d, J=6.23 Hz, CH3), 1.53 (9H, s, C(CH3)3), 2.03-2.14 (2H, m. C4-H2), 4.15-4.24
(1H, m, Cs-H), 4.45 (1H, t, ]=8.80 Hz, C3-Hz). 13C-NMR (CDClz): 6 -5.28, -4.44, 18.29, 20.58, 25.75,
28.04, 36.04, 49.67, 70.23, 82.95, 150.05, 172.81. HRMS: calcd for CisH32NO4Si (M+H)*: 330.2100.
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from 2 gave
726 cm’L, h (SH, s, SiC(CH3)3),
1.42 (3H, d, J=6.23 Hz, CH3), 1.53 (9H s, OC(CH3)3), 1.50-1.62 (1H, m, C4-H0.) 2.37 (1H, ddd,
J=13.19, 7.33, 1.02 Hz, C4-HB), 3.98-4.80 (1H, m, Cs-H), 4.22 (1H, dd, J=7.69, 6.23 Hz, C3-H). 3¢
NMR (CDCI3): § -5.25, -4.53, 18.19, 21.75, 25.72, 28.07, 35.79, 51.34, 71.27, 82.92, 150.24, 172.87.

HRMS: calcd for C16H32N04Si (M+H)*: 330.2100. Found: 330,2082.

Lithium triethylborohydride in THF (1.0 M solution, 14.4 mi, 14.4 mmol) was added to a solution of 3 (4.0
g, 12 mmol) in THF (50 ml) at -78°C under nitrogen atmosphere. After 30 min, the reaction was quenched with
saturated aqueous NaHCO3 and the mixture was allowed to warm up to room temperature. The mixture was
extracted with ethyl acetate (80 ml). Usual workup afforded (3R,5R)-1-(tert-Butoxycarbonyl)-3-(tert-
butyldimethylsilyl)oxy-2-hydroxy-S-methylpyrrolidine (4) (3.85 g), which was dissolved in methanol (50 ml).
The methanolic solution of 4 was treated with a catalytic amount of pyridinium p-toluenesulfonate (0.25 g, 1.0
mmol) for 12h at room temperature. The mixture was diluted with ethyl acetate, The organic layer was washed

TS Ts T T T Tt T e e TETTRR TTETTTE Y FET S|esssT T = s i Tt T -
successivelv with 10% aqueous citric acid. saturated agueous NaHCQ=z. and brine. Usual workup followed bv
ccessively with 10% aqueous CHric acid, saturateg aqueous Nari(CU3, andg orine, Ysual workup 1olowed 9y
rnlisran Ahenmaatasranhe {L--n--. athel athar_ L1 ooea E M1 5 ~ &0 D gtamc) ac A maiviiara af hon
Conimin Coromarograpny (nexainc. Culyr <uiCi=oi1) gave o5 (5.1 g, /270, < S5iEpS) as a miXwic OI two

diastereomers. This material was directly used for the next step without scparation. IR (neat): 1715 am’l. 1H-
NMR (CDCli3z): 6 0.05, 0.06 (6H, m, Si(CH3)2), 0.85 (9H, s, SiC(CH3)3), 1.27 (3H, br d, J=6.25 Hz, CHz),
1.48 (9H, br s, OC(CH3)3), 1.72-2,02 (2H, m, Cs-Hz2), 3.31, 3.34 (3H, each s, OCH3), 3.88-4.02 (1H, m,
Cs-H), 4.82-4.98 (1H, m, C3-H). 13C-NMR (CDCl3): & -4.88, -4.82, -4.67, 17.89, 21.65, 21.73, 22.18,
22.27, 25.48, 25.63, 28.20, 28.40, 40.01, 40.12, 40.55, 40.68, 52.63, 54,57, 54.70, 54.78, 54.85, 73.90,
74.49, 79.54, 79.57, 79.63, 95.09, 155.24, 155.26. HRMS calcd for C17H36NO04Si (M+H)*: 346.2414.

Found: 346.2408,

Trimethylsilyl cyanide (1.50 ml, 11mmol) and boron trifluoride etherate (1.40 ml, 11 mmol) were added
successively to a stirred solution of 5 (2.6 g, 7.5 mmol) in dry dichloromethane (20 ml) at -78°C under nitrogen.
After 1.5 h, the reaction was quenched with saturated Na2CO3 (8 ml) at -78°C, and the mixture was allowed to

warm up to room temperature. The mixture was extracted with dichloromethane (60 ml). Usual workup followed
etate=5:1) gave 7 (0.65 g, 25%) as a more polar product and 8 (1.5

RILLILEALL TRiLRSLIAG g * o +=, ~ byl
o KQOL) ac a lacg malar mradiist
5, g7 /U} ad a Ivod lJU.lcu PLUUU\-l.
7: colorless oil. [0]®D +6.6° (c 0.94, McOH) R (neat): 2220, 1698 cml. TH-NMR (CDCl3): 6 0.06-0.10

—~ £ AN TT TY_

(6H, m, Si(CH3)2), 0.93 (9H, s, SiC(CH3)3), 1.21 (3H, d, J=6.23 Hz, CH3), 1.51 (SH, s, OC(
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1.92 (1H, m. Ca-Hg). 2.16-2.32 (1H, m. Cs-Hg). 3.92-4.10 (2H. m. Co-. Cs-H). 4.47-4.56 (1H. m. C3-H)
N 3’ 3 ~7 v/ Lol& 420y B3y RATNG S S TLNAY \&8R, R, ogdmy 5%, SN D A58 15 S"2%).
13C.NMR (CDCla): & -4 05 .4 82 (S CHaY) 17.08 (SiCYCH-)2). 2192 91 .86 (CHa). 25.54 (SiC(CHa))
SeTANIVEIN (a1 S ) Telely W lSdw \WPR\ AR JLJy IS0 NI\ A A5 )5 )y duddmduy LahaOU \NddD ]y AT \NMANADIARTIFS )y
20 (OC(CH3)3), 39.42 (C4), 53.71 (Cs), 54.13 (C4), 69.69 (C3), 81.50 (OC(CH3)3), 116.19 (CN), 156.62

(":U) HRMS caicd for C17H32N203S8i (M*): 340.2182. Found: 340.2172.

8: colorless prisms. mp 77-78°C (ethyl acetate-isopropyl ether). [¢]®p -34.1° (¢ 1.15, MeOH). IR (KBr):
2220, 1712 cm’l. 1H-NMR (CDCl3): 8 0.06-0.10 (6H, m, Si(CH3)2), 0.93 (9H, s, SiC(CH3)3), 1.20 (3H, d,
J=6.23 Hz, CH3), 1.51 (9H, s, OC(CH3 ) 3), 1.80-1.90 (1H, m, C4-Hp), 2.17-2.30 (1H, m. C4-Ha), 3.88-4.10

(2H, m, Cz-, Cs-H), 4.45-4.56 (1H, m, C3-H). I3C.NMR (CDCl3): & -4.93, -4.80 (Si(CHz)), 17.99
QI ITAMY 21 10 D1 MK (LT AR £ Qi MILTINA  IQ 2L INCYTLTANLY 20 QK (M., &1 AQ /=Y &4 172
\Ol&_\\«llj}_ ), L1.,17 4, Ll \\mll.)}, ) ST ‘IJIL«\LII } O, \U\z\kl.l }j}, Q27,00 \\.,4] < L.7TO \\.43}, V.
(C2), 69.48 (C3). 81.30 (OQ(CH3)3), 116.13 (CN), 155.98 (C=0). Anal. Caled for C17H32N203Si: C, 59.96;

.22. Found: C, 59.86; H, 9.38; N, 8.04.

K
X
-
N
bzl
o
‘\.I

(3R,5R)-1-(tert-Butoxycarbonyl)-3-hydroxy-5-methyl-2-pyrrolidinone (9) and Its (3R,5S5)-
Isomer (25)

acetate: benzene=2:1) to give 9 (3.3 g, 92%) as a colorless solid. Rccrystallization from ethyl acetate: isopropyl

L ATT.

ether gave an analytical sampie of 9 as coloriess prisms, mp 112-113°C. [@]**p +4.6° (c 1.19, MeOH). IR
(KBr): 3620-3200, 1786, 1748 cm-l, ‘H-NMR (CDCls): & 1.33 (3H, d, J=6.23 Hz, CH3), 1.54 (9H, s,
OC(CH3)3), 2.05-2.24 (2H, m, C4-H2), 3.30-3.54 (1H, br s, OH), 4.20-4.29 (1H, m, Cs-H), 4.50 (1H, dd,
J=11.36, 8.43 Hz, C3-H). 13C-NMR (CDCl3): & 20.43, 28.01, 34.58, 50.53, 69.18, 83.46, 149.54, 174.94.
EIMS m/z: 215 (M*). Anal. Calcd for C1gH17NO4: C, 55.80; H, 7.96; N, 6.51. Found: C, 55.68; H, 7.84; N,

6.50.

b) Preparation of 25 from 24: Treatment of 24 (6.9 g, 20.9 mmol) in the same manner as described for the
nrenaration of @ fram 2 cave 28 (R Q o 8RR\ ac a calorlece enalid Recrvetallization from ethvl acetate: iconronvl
ylvr’m“b‘vll VA 7 LiIVill W Eu'v et W \Jnl 5’ v fu] CUo U wWUIVI LW OV LING,. l\vvl) WDAALLALAMVAVIL ALV V\-Jl:& Wit v e lth’d\JrJl
ather gave an analutical camnle af 28 ae ecnlarlece nrieme mn 97.0R°C rn]zr)n 1275 1°%° (e 192 MeOHY T
Wwiliwl EQVU All Alidly Liwal Dﬂ.ultll\-« \JL dwad QO WAJIVL IWDD HIIDIIID’ 11 L AT IO e L“_I L T / /el \W dodwimy AVAWSZAAJs 22N
IFTIN, AN 3NN 179Q 1408 ~e-=l 1ITARNAD s/ TN, &8 1 A2 73T A T2 IT5 CIT-Y 1 £2 /QLT o
(ADI). O%92LU=-J34UU, 1/00, 1070 ( . a=INIVIIN (VDUI3 )0 O 1L.a0 (O1, U, J=0.40 Il4, \.I13), 1.090 (711, b,
OC(CH3)3), 1.56-1.6 (1H, m, Ca-Ha), 2.52-2.62 (1H, m, C4-Hp), 3.62 (1H, br s, OH), 3.96-4.05 (1H, m,

2 , 28.02, 34.52, 51.07, 69.93, 83.37,

3
Cs-H), 4.33 (1H, t, J=8.43 Hz, C3-H). 13C-NMR (CDCl3): & 21.7
149,85, 175.10, Anal. Caled for C1oH17NOg4: C, 55.80; H, 7.96; N, 6.

(3R,5R)-3-Acetoxy-1-(tert-butoxycarbonyl)-5-methyl-2-pyrrolidinone (10)

Alrnhal 0 77 S o 19 mmal) wae dicenlvad in a mivture of aretic anhvdride (30 ml) and drv nvridine (30 1) at
LAUGULIVL 7 (& gy L& 1HHIIULS VWAS WIS0ULY WU Ll 4 JLUALULY Ul devile GIULY MLIMY (VW dlid) B30 W2y 7y 4432808 A 2258y 552
MO~ 3 oaby combeidimn cxomo bfeond ik e ki £me WY L Tha onluvants wrara ramnvad s uacnua and the
U L, dnd e SOIUtoOn wds SHLICU dt JTOOH 1IC] LUI€ 101 24U 1. 11I€ SOLVTIND wijl ICHIUVLeU i vatal alg uiv

Ti
f— . e R

1]
residue was dissoived in ethyl acetate (50 mi). The solution was washed succesively with 10% aqueous CitTic
acid, saturated aqueous NaHCO3, and brine. Usual workup followed by column chromatography (hexane: ethyl
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acetate=2:1) gave 10 (2.8 g, 95%) as a colorless oil a1l +257° (c 1.16 eOH). IR (neat); 1798, 1754,
R~ AN (24 Ay 83 € LRSS LALLM b TaESS (M 2.2, VARSI, A5 Al ] ¥
1724 ool IH-NMR (CDClaY: 8 1.37 (3H. d. 1=6.22 Hz CH2). 154 (OH. 5. OC(CH2)). 2.15 (3H. s
. \MWASA e VLT DKLy Uy JTULLD Kldy VKL3), LWJT \TRL, Sy WNAMARLSZSS)y Ledd \FERy Oy

o~ m TR Ew -~ e

z, C3-H). 13C-NMR (CDCiz): 8 20.55, 27.99,
32.53, 50.24, 69.97, 83.53, 149.60, 169.17, 170.01. HRMS calcd for C12H19NOs (M*): 257.1263. Found:
257.1248.

(3R,5R)-3-Acetoxy-1-(tert-butoxycarbonyl)-2-methoxy-5-methylpyrrolidine (12)

Treatment of 10 (2.4 g, 9.3 mmol) in a similar manner to that described for the preparation of 5 from 3 gave
12 (2.1 g, 82%, 2 steps) as a mixturc of two diastereomers via (3R, SR)-3-acetoxy-1-(tert-butoxycarbonyl)-2-
hydroxy-5-methylpyrrolidine (1 l\ after purification by column chromatography (hexane: ethyl acetate=3:1). This

material was directly used for the next reaction without further separation.

12'""!“{"55 Gll IR (npat)r 17745 14£QN ml III_KTKJD (T 12Y A 1 191 22 MIH m CH2Y 180 (O ¢
wATALIR B \ll\tﬂl} LJ'TJ, AT IYU Ndld EATLIVLIVLEN \\.zu\/l_’l YV 1,01 ,J0 \Jll- l.l.l’ \411'3” Lol U \lll’ Ty

OC(CH3)3, 2.01 (3H, s, COCH3), 1.90-2.20 (2H, m, Cs4-Hz), 3.37 (3H, brs, OCH3), 3.88-4.10 (1H, m, Cs-
H), 4.93-5.10 (1H, m, C3-H). HRMS calcd for C13H24NOs (M+H)*: 274.1655. Found: 274.1642.

(2R,3R,5R)-3-Acetoxy-1-(fert-butoxycarbonyl)-2-cyano-5-methylpyrrolidine and Its
(25,3R,5R)-1somer (14a/b)

) as a mixture of two diastercomers after purification by column
1 H Q 4
1 o 4

chramataogranh avonas athel ncnatota Y ~alarlace fl Te121 N° (a1 £0 AL TR fmaad). 29740 1984
Caromatograpiy (ncxane: €yl act J. COLOL1ESS Oit, |G 7D +0.u (T 1,0vU, vidurl), 1N ({I84Y). 2e7y, 1757,
191 £ Ana-l lrr MATRATDY 77T, & 4 A4 4 A0 faoa 1 AT 1 1 Y_ s A2 YT YT 1 aYarlf e & PUPEY
1710 C . =INIVIK \LULI}) 0 1.29, 1.5Y (101al 5K, cacn a, J=0.45 117, Lt‘.l3), 1.51 (Jl‘l, §, uL{Ln3i)3),

(3R,5R)-3-Benzoyloxy-1-(tert-butoxycarbonyl)-5-methyl-2-pyrrolidinone (15) and Its
(ent-15)

a) Preparation of 15 from 9: To a stirred solution of alcohol 9 (3.1 g, 14.4 mmol) in dry pyridine (50 ml) was
added benzoyi chioride (2.4 g, 17.3 mmoi) at 0°C and the mixture was stirred at room temperature for 20 h. The
solvent was removed in vacuo and the residue was dissolved in ethyl acctate (50 ml). The solution was washed
succesively with 10% aqueous citric acid, saturated aqueous NaHCO3, and brine. Usual workup followed by
column chromatography (hexane: ethyl acetate=4:1) gave 15 (3.7 g, 82%) as a colorless solid. Recrystallyzation
from petroleum ether gave an analytical sample of 15 as colorless needles, mp 86-87°C. [2]*%p -6.9° (c 1.56,
MeOH). IR (KBr): 1794, 1768, 1726, 1598 cm*!. 1H-NMR (CDCl3): 8 1.42 (3H, d, J=6.60 Hz, CH3), 1.56
(9H, s, OC(CH3)3), 2.28 (1H, ddd, J=12.45, 10.99, 8.79 Hz, Cs-Hp), 2.39 (1H, ddd, J=12.45, 8.43, 1.10
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Hz, C4-Ha), 4.30-4.42 (1H, m, Cs-H), 5.76 (1H, dd, J=10.99, 8.43 Hz, C3-H), 7.40-8.12 (SH, m, aromatic-
C4-Ha), 4. 42 (1H, m, Cs-H), 576 (1H, dd, J=10,99, 8. 43 Hz, C3-H), 7.40-8.12 (5H, m,

Y} 13(‘LNMD (CDClY & 2065 2807 RO SN TN 47 {IKN 172841 12014 13001 133 49
A&, T T A TATVAAN \\/U\/LJII A bU-\lJ’ hvs\lﬁ, .l‘-.vv, -/U--IU’ IU._TI’ U-IAU\I, LhUp'TL’ b S A b AN\ Ay Awl 'y VS y
149.70, 165.64, 169.09. EIMS my/z: 319 (M*). Anal. Calcd for C17H21NOs: C, 63.93: H, 6.63; N, 4.39
Found: C, 63.77; H, 6.60; N, 4.40

b) Preparation of ent-15 from 25: To a stirred solution of alcohol 24 (3.5 g, 16.2 mmol) in THF (80 ml) was
added benzoic acid (3.9 g, 32.5 mmol) followed by PPh3 (8.5 g, 32.5 mmol). The solution was then cooled to
0°C, and a solution of diethyl azodicarboxylate (DEAD, 5.6 g, 32.5 mmol) in THF (20 ml) was added dropwise.
The reaction mixture was stirred for 1 h at 0°C, and 15 h at room temperature. The rcaction mixture was
concentrated in vacuo to give a thick yellow oil residue, The residue was dissolved in dichloromethane (100 ml)
and the solution was washed with saturated aqueous NaHCO3 and brine. Usual workup followed by column

ch_m_mafgg hy (hexane: e hvl acetate=4: 1) gave ent-15 (4, 4g , 85%) as a colorless oil. fa]zsn +6.7° (c 1.60,
MaDIN Tha TR LT NMD 130 NMD  nnd mace cnectra nf this motarial urars jdaméinal with thaes ranarded far
LVLUULI} LA 1IN, ll'l‘lvll\’ \.»"l“vll\, L AIadD GPD\—U Ul UIID l1lldatliidl WUle IULLILIAAL WILLD LHIUDG IvGUIULAL Aud

=
Q.

[

(3R,5R)-3-Benzoyloxy-5-methyl-2-pyrrolidinone (16) and Its Enantiomer (ent-16)

a) Preparation of 16 from 15: Trifluoroacetic acid (5 ml) was added to a stirred solution of 15 (2.5g, 7.8
mmol) in dichloromethane (20 ml) at 0°C. The reaction mixture was stirrede for 2 h at room temperature and then
the solvent was evaporated in vacuo. The residue was dissolved in ethyl acetate (50 ml) and the solution was

washed with saturated aqueous NaHCO3 and brine. Usual workup gave 16 (1.54 g, 90%) as a colorless solid.
ecrvstallvzation from ethvl acetate' isopronvl ether gave an analvtical sample of 16 as colorless needles, mp
Recrystallyzation from ethyl acetate: isopropyl ether gave an analytical sample of 16 as colorless needles, mp
154-155°C. (01203 £42 5° (¢ 1.27. MeOH). IR (KR} 2240 1730, 1714, 1676. 1600 cm-l. 1H.N (CDCl2):
. l“] L) T T hend (W Rekwly .l'lUUJ..l,. AEN \.l.\u.l} ShTENTy LSV L ATy LU Ty AUUY Wil KATLVAVALNY {Nrds N\l Jo
R1ANITT 1 T_L£ A IT- HIT\ A AN 7117 351 T_19 08 Q A QNL TIT- . ITAY A 2 £117 A3 T_172 QN
0 1.5U0 (20, 4, J=0.23 1z, LH3), <.0U (1n, 4aq, j=15.72, 6.45, 8.U0 0z, L4-np), .55 (1N, aaq, j=15.72,
6.59, 1.47 Hz, C4-Ha), 3.89-3.98 (1H, m, Cs-H), 5.59 (lH dd, J=8.06, 6.59 Hz, C3-H), 7.38 (1H, br s,

NH), 7.43-8.13 (5H, m, aromatic-H). 13C-NMR (CDCl3): § 22.70, 35.95, 47.49, 71.12, 128.38, 129.44,
129.94, 133.34, 165.93, 173.20. EIMS m/z: 220 (M+H)*. Anal. Calcd for C12H13NO3: C, 65.74; H, 5.98; N,
6.39. Found: C, 65.68; H, 6.00; N, 6.26.

b) Preparation of ent-16 from ent-15: Treatment of enr-15 (4.2 g, 13.1 mmol) in the same manner as

described for the preparation of 16 from 15 gave ent-16 (2.6 g, 90%) as colorless needles. mp 154-155°C (ethyl
acetate:isopropyl ether). fa'|22n -41.8° (c 1.20, MeOH). The IR, 1H-NMR 13C--NMR and mass spectra of this

41y, 1=

material were identical with those recorded for 16.

(3R,5R)-3-Benzoyloxy-1-methoxycarbonyl-5-methyl-2-pyrrolidinone (17) and Its

Enantiomer (ent-17)

a) Preparation of 17 from 16: Lithium bis(trimethylsilyl)amide (LiN(TMS)2) in THF (1.0 M solution, 8.2 ml,
8.2 m_mgn was added to a solution of 16 (1.5 g, 6.8 mmol) in dry THF (30 ml) under nitrogen at -15°C, and the
. 8.2 mmol) was added to the

g 0L} aca
o7 jasisn)

[

~ 4

temperature. The reaction was quenched with saturated NH4Cl solution (10 ml) and the mixture was extracted
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rvstalli i : ,
olorless nccdlcs,mp129-130C [a]% -20.4° (c 0.82, McOH) (KBr): 1768, 1720, 1604
. YH-NMR (CDClI3): 6 1.44 (3H, d, J=6.60 Hz, CH3), 2.31 (1H, ddd, J=12.46, 10.99, 10.62 Hz, C4-Hp),
2.42 (1H, ddd, J=12.46, 8.43, 1,73 Hz, C4-Ha), 3.91 (3H, s, OCH3), 4.38-4.47 (1H, m, Cs-H), 5.76 (1H,
dd, J=10.62, 8.43 Hz, C3-H), 7.40-8.10 (5H, m, aromatic-H). }3C-NMR (CDCl3): 8 20.58, 32.91, 50.59,
53.78, 70.41, 128.47, 129.05, 130.00, 133.58, 151.92, 165.57, 168.95. EIMS m/z: 277 (M*). Anal. Calcd for
C14H15NOs: C, 60.64; H, 5.45; N, 5.05. Found: C, 60.44; H, 5.32; N, 4.85.

b) Preparation of ent-17 from ent-16: Treatment of ens-16 (2.2 g, 10.0 mmol) in the same manner as
described for the preparetion of 16 from 15 gave ent-17 (2.3 g, 82%) as colorless needles. mp 128-129°C (cthyl

agg2==

acetate: isopropyl ether). [a]®p +20.8° (c 1.12, MeOH). The IR, 1H-NMR, 13C-NMR, and mass spectra of this
smnnbartn] vxrnwa Ao abianl cxrtile dhiinons el ] £ 1
1 WClldl WELEC IUCIILILdAL WILLL UIUBLC 1 Uced iul 1/7.

(3R,5R)-3-Benzoyloxy-2-methoxy-1-methoxycarbonyl-5-methylpyrrolidine (19) and Its
Enantiomer (ent-19)

a) Preparetion of 19: Treatment of 17 (1.5 g, 5.4 mmol) in a similar manner to that described for the
preparation of § from 3 gave 19 (1.27 g, 80%) as a mixture of diastereomers. This material was directly used for

the next reaction without separation. In a small scale experiment, this diastereomers was further separated by

oo I no (o ¢ othy atoeTe1Y oive miire © cn o cg
NAJLMALILIRLL \-vlu\llllal\lEla 83 \ NAdlLvile, Ul.uy CANANL L. J.I LV ) EIVU Pu‘.\t oalii CIAVINESLY /R O P X
-kl L™, NE
d IdUK) UL /0, 4O
ax ama 1A(\0 r..124 1 go / -
more pOIar 19: coloriess needies (emyl acetate: lsopropyl C[nef), mp 128-1Z2% L. {Q|7'D ~1£4.0 (€ 1.U4,

McOH). IR (KBr): 1768, 1720, 1608 cm™!. 'H-NMR (CDCl3): 8 1.44 (3H, d, J=6.23 Hz, CH3), 2.33 (1H,
ddd, J=12.43, 10.62, 8.43 Hz, C4-H), 2.43 (1H, ddd, J=12.43, 8.43, 1.10 Hz, Cs4-H), 3.91 (3H, s, OCH3),
3.87-3.98 (1H, m, Cs-H), 4.36-4.45 (1H, m, C2-H), 5.77 (1H, dd, J=10.62, 8.43 Hz, C3-H), 7.42-8.08 (5H,
m, aromatic-H). EIMS ny/z: 262 (M-OCH3)*. Anal. Calcd for C1sH19NOs: C, 61.42; H, 6.53; N, 4.78. Found:
C, 61.33; H, 6.42; N, 4,58,
Less polar 19: colorless oil. [a]**p +7.
Iq\6174(2Hd15 59 Hz, CI 2

OCH3), 3.98-4.08 (1H, m, Cs-H). 4.60-4.68 (1H, m, C2-H), 5.37-5.42 (1H, m, C3-H), 7.42-8.16 (SH, m,
aromatic-H). HRMS calcd for C14H16NO4 (M-OCH3)*: 262.1079. Found: 269.‘060.

b) Preparation of ent-19 from ent-17: The same treatment of ent-17 (2.1 g, 7.5 mmol) as described for the
preparation of 19 from 17 gave ent-19 (1.9 g, 85%, 2 steps) as a mixture of two diastereomers via ent-18. This
material was directly used for the next reaction without separation. In a small scale experiment, this diastercomers
was further separated by column chromatography (benzene: ethyl acetate=3:1) to give pure samples of more polar

ent-19 and less polar ent-19 in a ratio of 74:26.

. IR (neat): 1765, 1718, 1606 cm'l. 1H-NMR
m, C4-H), 2.21-2.30 (1H, m, C4-H), 3.76 (3H,

1),
~73 /7 == e A

3 a
ore nolar enf-19: colorless needles. mpn 128-129°C (ethvl acetate: isopronv! ether) chZSn +12.3°(c 1.22
YAOTre poiar enl-17 . COI0MIESS NCCAILS, MP 1.0-147 L (CLY1 ALLiale, PIODY Jo [V \
AL MTTY L. I lrr ath AT 13r’i ANTRAT)  mnd cmccies commrrden: ~f dhia smnboral svxrara idantinal writh thnes rernrdsd for
vieurn), 10€ 1K, “H=INIVIK, “7C=-INIVIK, and ITdss SpECUd Ol UL 1iditildl Welt JUTlitital Witll tHUSE 1LLULULAL LUt

more polar 19.
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Less polar ent-19: colorless oil. [@]Zp -7.4° (c 0.76, MeOH). The IR, 1H-NMR, 13C-NMR, and mass
spectra of this material were identical with those recorded for less polar 19.

(2R IR SR \.3.Renzoviayv.?2.ovann.1.methnvusavrhanvl.S.mathvinvrralidine (21) Ite
L=IGO N )=0-2C0NZ0Y XY -2=CYane-2 -MeInoxycarasny-2=-meiny:pyrro:.icing (&2} its
(79€ TR KRV Tansann (79 Téa (PC 2C £C) Tonsnm fomé 11} oeed Tée /PP 2C EC) Tonmmean (2n5_32)
Vs g TN, S I JaSOMICY (L& jy ALB (L0, JI,J3 j=ASOMET (Efli~al) AMNQ LIS (&M ,J0,00 j=A50ICT (\&llicask)

a) Preparation of 21 and 22: Treatment of 19 (1.2 g, 4.1 mmol) in a similar manner to that described for the
preparation of 7 and 8 from 5 gave 21 (0.70 g, 59%) as a more polar product and 22 (0.27 g, 23%) as a less
polar product after separation by column chromatography (hexane: ethyl acetate=5:1).

21: colorless needles (ethyl acetate:petroleum ether), mp 86-87°C. [a]2lp -37.5° (¢ 1.32, MeOH). IR (KBr):
2220, 1725, 1603 cm-1. 1H-NMR (CDCl3): § 1.47 (3H, s, CH3), 2.24 (1H, br s, C4-Hp), 2.48-2.58 (1H, m,
Cs-Ha), 3.78 (3H, s, OCH3), 4.22 (1H, br s, Cs-H), 4.76 (1H, br s, C2-H), 5.60 (1H, br s, C3-H), 7.38-8.02
(5H, m, aromatic-H). 13H-NMR (CDCl3): § 20.57, 20.60 (CH3), 38.40, 38.43 (Cq), 53.21 (OCH3), 53.68,
53.83 (Cs), 53.88, 58.95 (C2), 75.38 (C3), 116.62 (CN), 128.63, 128.76, 129.81, 133.88 (aromatic-C),

165.41 (C=0). EIMS m/z: 288 (M*). Anal. Caled for CisHigN-O4: C. 62.49: 4. 5.59: N. 9.72. Found: C
103,41 (L=U), LiVIS TVZ! 2060 (M ). Aflal. LaiCa 10T UISnieNZuU4: L, 62.47; 11, J.07; IN, J,/4, £OuUna: «,
©~ “n' rr - ‘f\ b %4 n rr
0L.38,; i1, 0.9U; N, M. 66.

-~ T

22: coloriess oil, [a]?p -49.7° (c 0.97, McOH). IR (neat): 2220, 1732, 1603 cm™!. 'H-NMR (CDCl3): &
1.33 (3H, s, CH3), 2.25 (1H, brs, C4-Hg), 2.47-2.60 (1H, m, C4-Ha), 3.81 (3H, s, OCH}), 4.21 (1H, br s,
Cs-H), 5.05 (1H, d, J=3.96 Hz, C2-H), 5.02-5.12 (1H, m, C3-H), 7.43-8.20 (5H, m, aromatic-H). 13H-NMR
(CDCl3): 6 20.83, 20.87 (CH3), 35.57, 36.52 (C4), 51.04, 51.16 (Cs), 51.52, 51.67 (Cz), 53.20 (OCH3),
69.33, 70.04 (C3), 115.10 (CN), 128.54, 128.66, 129.98, 133.91 (aromatic-C), 165.70 (C=0). HRMS calcd
for C15H16N204 (M*): 288.1110. Found: 288.1098,

&

b) Preparetion of ent-21 and enr-22: The same treatment of ent-19 (1.6 g, 5.5 mmol) as described for the
nAramaratinn nfF 21 and 2?2 from 10 coaysm 202 21 (1 N8 o AT ac 2 mare nnlar nradict and 202,22 (DDA o 1705)
pitpaiaiivii Ul &2 aill 44 UM £ 7 Z4aVO Efil=41 (1.VU0 B, U/ 70) d> d HiOIC al PIOGUCT allll ENi-a & (V.40 g, 1770
as a less polar product

s AR A 11 O 008 /i1 N 125 .27 Qe /A 1.14. MeCH). The

eni-41 . COLOTICSS Necaics, mp 6/-00 U (€inyl a cetate: pCUUlcum C[nCI) |&]7"D +o/.0 (L L.1%, viICUIL1). 1L

J

IR, IH-NMR, 13C-NMR, and mass spectra of this material were identical with those recorded for 21,
ent-22: colorless oil. [a]5p +49.6° (c 0.88, MeOH). The IR, 1H-NMR, 13C-NMR, and mass spectra of this

material were identical with those recorded for 22.

(2R,3R,5R)-3-Hydroxy-5-methyl-2-pyrrolidinecarboxylic  acid [(2R,3R,5R)-1], Its
(2C IR SRY.Yaonmear [{2C IR SRY.11 and (2C 3¢ S§Q).Tecamer (258 .38 §S8).11
\HU’J‘\,U‘\’ AJViilvA t‘ﬂu,d‘l,v‘\’ L_', CEAEE \MwiJ gal T gl bhd JTRAIUIRARAWR [\ Mis g hrge s j A g

R P IAETT P 72 WU A S Lootad ~2 118°M

a) Preparation of (2R,3R,5K)- -1: Asolution of Z1 (0.7 g, 2.4 mmoi) in 6M HCI (30 mij was heated at 115°C
for 24 h and then the solvent was evaporated in vacuo. The residue was dissolved in water (2 ml) and purified by
Dowex 50W x 8 (50-100 mash) ion exchange column chromatography (water then 5% aqueous ammonia) to give
(2R,3R,5R)-1 (0.26 g, 75%) as a white solid. Recrystallization from 70% aqueous cthanol gave an analytical
sample of (2R,3R,5R)-1 as colorless needles, mp 252-253°C. [a]?lp +17.8° (c 0.88, H20): [lit.3 [a]p +18 (c
0.32, H20)]. IR (KBr): 3280, 2850-2200, 1636, 1570 cml, IH-NMR (D20): 6 1.49 (3H, d. J=6.60 Hz, CH3),
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72
H, m, Ca-, C5-H 64-472

.16 (C2), 76.93 (C3), 174.38 (C=0). Anal. Calcd for CsH11NO3: C, 49.64; H, 7.64; N, 9.65. Found: C,
.40; H, 7.74; N, 9.56.

b) Preparation of (25,3R,5R)-1: The same treatment of 22 (0.65 g, 2.2 mmol) as described for the
preparation of (2R,3R,5R)-1 from 21 gave (25,3R,5R)-1 (0.25 g, 78%) as colorless needles, mp 286-288°C
(70% aqueous cthanol). [a]?%p -85.1° (¢ 0.70, H20). IR (KBr): 3332, 3100-2180, 1652, 1624, 1590, 1436,
1412 cml, 1H-NMR (D20): 8 1.43 (3H, d, J=6.60 Hz, CH3), 1.91 (1H, ddd, J=14.28, 11.73, 4.03 Hz, Cs4-
Hg), 2.28 (1H, ddd, J=14.28, 5.86, 1.72 Hz, C4-Ha), 4.05-4.16 (1H, m, Cs-H), 4.24 (1H, d, J=4.39 Hz, C2-
H), 4.70 (1H, t, J=4.03 Hz, C3-H). 13H-NMR (CDCl3): 8 19.62 (CH3), 44.02 (Ca), 57.68 (Cs), 69.59 (C2),

73.94 (C3), 173.26 (C=0)
73.94 (C3), 173.26 (C=0).

c) Preparation of (25,35,55)-1 from ent-21: The same treatment of enz-21 (0.80 g, 2.8 mmol) as described
for the preparation of (2R,3R,5R)-1 from 21 gave (25,35,55)-1 (0.28 g, 70%) as colorless needles, mp 252-

n

253°C [lit.3 mp 247-249°C (decomp.)]. [@]?!D -17.6° (c 0.80, H20), [lit.3 [a]p -17° (c 0.50, H20)]. The IR,
IH.NMR, and 13C-NMR spectra of this material were identical with those recorded for (2K,3R,5R)-1
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