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Treatment of readily available chiral building block 1 with (2R)-2,3-O-isopropylideneglyceraldehyde (5)
provides a new route for asymmctric synthesis of 2,4-disubstituted pyrrohdmes Several proline-amino acid
chimeras: proline-leucine, proline-lysine, proline-arginine and proline-glutamic acid, are synthesized in highly
diastereomerically pure forms. © 1998 Elsevier Science Ltd. Al rights reserved
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This paper is dedicated to Professor A. lan Scott on the occassion of his 70th birthday.

Introduction

In recent years, the design, synthesis, and utilization of peptidomimetics have attracted
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regarded as a useful means to evaluate conformational prerequisites for biological activities
[1,2,3,4]. Among numerous possibilities to attain conformational rigidity, incorporation of
proline-amino acid chimeras [5] into bioactive peptides is particularly interesting [6,7].
Previously, we have reported efficient stereodivergent methodologies for the asymmetric
synthesis of 2,3- and 2,5-disubstituted pyrrolidine derivatives starting from the readily
available chiral synthon 1 [8,9,10,11]. In conjunction with our ongoing research program, we

have been equally interested in developing a novel route to the asymmeitric synthesis of 2,4-

disubstituted pyrrolidines, in particular, 4-substituted proline derivatives. Although the
J PG, S S I U T Mt Pl Lo hinn arviial oo d St oxrmtlhacio AF v nexr
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substituted proline derivatives [12], yet general and efficient protocols for the asymmetric
synthesis of 2,4-disubstituted pyrrolidines have been noticeably rare and are thus in high
demand [13,14,15]. With the molecular diversity in mind, compound 2 (Figure 1) with two
discernible hydroxy functionalities was chosen as our primary synthetic target. Homologation
of the unprotected hydroxy group should a priori provide a range of 4-substituted proline

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)00989-2



derivatives. In this paper we describe an efficient synthesis of compound 2 as well as proline-
leucine, proline-lysine, proline-arginine and proline-giutamic acid chimeras as
conformationally constrained amino acid analogues in enantiomerically pure form [16].
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Figure 1

Results and Discussion

Synthesis of (25,4R)-N-Boc-2-benzyloxymethyl-4-hydroxymethylpyrrolidine (2). Our
initial investigations were focused on the preparation and subsequent cyclization of 10
(Scheme 1). Selective O-benzylation of synthon 1 [17] followed by removal of the N-Boc
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function under mild acidic conditions gave the primary amine 4. Reductive alkylation of 4

with (2R)-2,3-0- iseprs"yhdenegl"csraldeu“de (5) in the presence of Ti(OPr)4 [18] furnished
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by treatment with Boc,O in DMF to give 8 in high yield. Tosylation of the amino diol 8
under conventional conditions (TsCl, Py, rt, 24 h) afforded the monotosylate 9 with an
excellent regioselectivity. Bistosylate was not formed even in the presence of excess of TsCl,
probably due to the steric hindrance around the secondary alcohol. Treatment of 9 with
potassium carbonate in wet DMF afforded the epoxide 10 which was found to be relatively
unstable. Thus, upon standing at room temperature or during flash chromatography on silica
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gel, partial degradation occurred to give the oxazolidinone 11. The formation of this
oxazolidinone was readily explained by nucleophilic attack of the carbamate oxygen onto the
epox:de With the inverswn of confi guratlon at the secondary h droxy carbon The

oxazolidinone 12 resulting from the nucleoph111c attacl
carbonyl function of N-Boc group.

With the compound 10 in hand, formation of pyrrolidine via the 5-exo cyclization of the
corresponding sulfonyl stabilized carbanion was attempted. Unfortunately, treatment of 10
with LDA in THF at -70°C for 3 h did not afford the desired compound. Instead, degradation

occurred to give a complex reaction mixture from which the olefin 13 was found as the only
isolable product. Under various reaction conditions, we were unable to trigger the desired
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Reagents and conditions: a) 3N HCI-EtOAc, rt, 2 h, 94%; b) (2R)-2,3-O-isopropylideneglyceraldehyde (5), Ti(OPr),, 1t, 1h;
NaBH,;CN, MeOH, rt, overnight, 68%; ¢) 0.5 N HCI MeOH, rt, 5 h, 96%; d) Boc,O, DMF, rt, 48 h, 93%; ¢) TsCl, Py, it, 24
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Scheme 1
Assuming that the presence of N-Boc protecting group is responsible for the undesired -
elimination process leading to olefin 13, we presumed that the replacement of N-Boc by an
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removal of the N-Boc function prov1ded the secondary amine 16 (82% for two steps).
Reductive alkylation of 16 with (2R)-2,3-O-isopropylideneglyceraldehyde § using sodium
triacetoxyborohydride as reductant in 1,2-dichloroethane at room temperature afforded the
tertiary amine 17 in 97% yield [19]. Alternatively, compound 17 can be synthesized by
benzylation of 6 (BnBr, K;COz, DMF, 80°C 48 h 63%; or PhCHO, NaBH(OAch_
ClCHgCHgCl
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(120°C). Hydrolysis of acetonide under mild acidic conditions furnis hed the diol 18 (94%)
t14u ). riyai 1_yala of acetonide under mild acidic conditions furnished the diol 18 (I470)
which was then converted to the epoxide 20 by a straightforward two-step sequence via
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Reagents and conditions: a) NaH, THF, 0°C, 30 min; then BnBr, "Bu,NI, 0°C, 24 h, 86%; b) 3N HCI-EtOAc; 11, 1 h, 95%;
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¢) (2R)-2,3-O-1sopropylidenegiyceraldehyde (5), NaBH(OAc);, CiCH,CH,Cl, rt, overnight, 97%:; d) Procedure A: BnBr,

K,CO;, DMF, 80°C, 48 h, 63%; Procedure B: PhCHO, NaBH(QAc),, CICH,CH,Cl, 11, 6 h, 90%; e) 4N HCI-THF, rt, 3 h,
949 £} TsCl, Py, 0°C, 24 h, 85%:; g) K,CO,, wet DMF_ 11, 24 h. 99%: h) T{{QPr), | THE, -70°C, 10 min, then KHMDS
94%:; £} TsCl, Py, 0°C, 85%; g) K,CO;, wet DMF, 1t, 24 h, 99%; h) T{O'Pr); , THF, -70°C, 10 min, then KHMDS,
-70°C, 2 h, 73%; i) H; (1 atm), 10% Pd/C, MeOH, rt, 21 h, 62%.

Scheme 2

Cyclization of the epoxy sulfone 20 was found to be more difficult than expected. Thus,
treatment of the epoxy sulfone 20 in THF with LDA at room temperature did not afford the
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summarized in Table 1.



Table 1 Suvey of cyclization conditions?

Entry  Base Lewis acid Temperature  Yield of 21
LDA — -70°C then 0°C 0%
2 KHMDS — -70°C then 0°C 8%°
~ TSYAR AT neE Mot ~ONQL 4 At o
3 VILD 13y AV & 440"
4 KHMDS ZnCl, -70°C then rt 44%°
5 KHMDS  Ti(O'Pr), -70°C 73%"
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(entry 4), a mixture of two diastereoisomers was produced. These two stereoisomers differed
from each other at the C-3 carbon center since removal of the phenylsuifonyl group afforded
a single diastereoisomer (vide infra). The optimal conditions found in our hand involved the
treatment of the epoxy sulfone 20 in THF with KHMDS in the presence of 2 equiv of
Ti(OPr)y4 at -70°C (entry 5). Under these conditions, pyrrolidine 21 was isolated in 73% yield
as a single diastereomer. The exclusive 5-exo cyclization mode was in accord with the

literature precedents [21,22]. The stereochemistry of cyclic product was determined from
detailed NMR analysis. Initial studies were carried out with compound 21. Although
~ }ution Gf ha 1T NN D d th verlap nf H_ n 1 “rim m de

™ 11 ry 1 £~

selectively by hydrogenolysis [Hy (I atm), 10% Pd/C, MeOH, rt, 21 h, 62%] to afford
compound 22. The 'H NMR signals of this compound could be fully assigned from 2D 'H-TH
COSY, HMBC and 2D NOESY experiments. An intense NOE observed between H-3 and H-
4, between H-3 and CH,OBn and the lack of a cross peak between H-2 and H-4 in NOESY
were in accord with the stereochemistry shown in Scheme 2. A weak NOE was also observed
between H-2 and H-3. While the stercochemistry of C-3 was of no consequence as it will

become achiral at the later stage, that of C-4 was further confirmed by its conversion into the
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Experimentally, thlS was not observed and we hypothesmed that the coordination of Lew1s
acid to the nitrogen atom decreased significantly its nucleophilicity favoring thus the direct
attack of carbanion onto the epoxide (inversion at C-4).
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Synthesis of (25,4K)-4-methyiproline (p *a) (29). This amino acid has
been isolated from young apple fnuts [24]. It 1s also a component of a number of natural
products, such as monamycins, a depsipeptide antibiotic isolated from Streptomyces
jamaicensis [25]. Our synthesis starting from compound 21 was shown in Scheme 3. One pot
deprotection-protection of compound 21 (10% Pd/C, H,, latm, MeOH, Boc;0) [26] afforded
compound 24 in 95% yield. It is interesting to note that the N-benzyl group was selectively

removed without affecting the O-benzyl function. Treatment of compound 24 with 6% Na-
v
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Hg in the presence of 3 equiv of Na;HPO,4 in MeOH at 0°C gave the desired (25,4R)-N-Boc-
tr'"zs-2-benzy10X"meth"1-4—h"drox"metu"lp"rrohdme 2 in 96% yield. We noted that

desulfonylation of compound 21 under the same conditions was troublesome. Although
compound 23 was isolable, the reaction proceeded sluggishly leading to unreproducibie
results. We suspected that the N-benzyl group could be sensitive under these reductive
conditions. The primary alcohol was reduced to a methyl group by a two step sequence. The
hydroxyl goup of 2 was first converted into the tosylate 25 (TsCl, DMAP, Py, 0°C, 30 min;
rt, 24 h, 85%) which was then reduced by NaBH4 in DMSO to give 26 (87%). Debenzylation
by hydrogenolysis (92%), oxidation (TEMPO, NaOCI) [27] followed by esterification of the
resulting carboxylic acid with diazomethane furnished the methyl ester 28 (88%) as a mixture

of two rotamers. Finally, treatment of 28 with HCI followed by propylene oxide gave free
(25,4R)-4-methylproline 29 (100%) whose physical data including the optical rotation were
in good agreement with those reported in the literature [25].
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Reagents and conditions: a) 10% Pd/C, H, (1 atm), BocyO, MeOH, 1t, 3 h, 95%; b) 6% Na-Hg, Na,HPO,, MeOH, 0°C, 2 h,
100%,; ¢) TsCl, DMAP, Py 0°C, 30 min, rt, 24 h, 85%; d) NaBH4, DMSO, 45°C, 16 h, 87%; c) 10% Pd/C, H, (1 atm)

MeOH, rt, i8 h, 92%; ) i) TEMPO, NaOCli, KBr, 5% NalHCO,, acetone, 0°C, 2 h; ii) CH,N;, 88%; g) i) IN HCI, rix, 3 I;
ii) EtOH, propylene oxlde heat, 100%.

Scheme 3
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Synthesis of (25,4R)-N-Boc-4-(N'-Boc-2'-aminoethyl)proline methyl ester (33). This
proline-lysine chimera was synthesized as shown in Scheme 4 starting from tosylate 25. One
carbon homologation was achieved by displacement of 25 with cyanide (KCN, DMSQ, 80°C,
3 h, 96%) to give nitrile 30. Reduction of nitrile group (BH3-THF, THF, rfx, overnight), and
protection with rert-butoxycarbonyl group gave the di-Boc protected compound 31 (77%).
Debenzylation by hydrogenolysis, oxidation of the primary alcohol (TEMPO catalyzed
NaOCl) [27] and esterification with diazomethane afforded 33 in quantitative yield.

BocHN
TsO—, NC—, 2
_ . o " -
/OBn . /OBn - /OBn
~ rd T ~ rd T ~ rd T
N N N
Boc Boc Boc
25 30 31
BocHN BocHN
" -,
. _ .
<. [N on 4. [ Nerr
~ N P 4 ~ N 4 ‘bUzMe
Boc Boc
32 33
Reagents and conditions: a) KCN, DMSQ, 80°C, 3 h, 96%; b) i) BH;.THF, THF, rfx, overnight; i1) HCI-MeOH, 1, 3 h; i1i)
Boc,0, THF, rt, overnight, 77%; ¢) H, (1 atm), 10% Pd-C, EtOAc, rt, 6 h, 100%: d) i) TEMPO, NaOCl, KBr, 5% NaHCO

DU, AdAx

acetone, 0°C, 2 h; i) CHZNZ s 100%.

Scheme 4

Synthesis of (2S,4R)-N-Boc-4-(N',NG.bisbenzyloxycarbonyl-guanidino-methyl)proline
methyl ester (37). This proline-arginine chimera was prepared starting from compound 2
(Scheme 3). Protection of the primary hydroxy group as TBDMS ether was realized under

classic conditions to give compound 34 (100%), which was hydrogenated to give alcohol 35
0202y Qannantial TEMDN rataluzead avidatinan 771 actarification with diazamathana and
\ZJ2/0). L)C\iu HUAL LLAVIDN LAaldly 40U UAIUAUULL [ 47 [y UDLWWLILIVAUULL Willl ulaZuliuiviiiaiiv aisg

£l TDMAAC o 211 e ey nlanl 1 2L 2on QA7 Ald arnmerlatine ~F 2L
removai of the TBDMS group yielded primary alcohol 36 iin 84% yield. Guanylation of 36
under Mitsunobu conditions [28] gave the desired compound 37 (80%) which existed as a

mixture of two rotamers.
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Reagents and conditions: a) TBDMSCI, imidazole, DMF, rt, 1 h, 100%; b) 10% Pd/C, H, (1 atm), EtOAc, rt, 7 h, 93%;
¢) i) TEMPO, NaOCl, KBr, 5% NaHCOs, acetone, 0°C, 2 h; i) CH;N,, 88%; iii) "BuyNF, THF, rt, overnight, 79%; d)
ZN=C(NHZ)NH,, (CH;),CHO,CN=NCO,CH(CH,),, PPh;, THF, 11, 24 h. 80%.

Sl &
DCIHCIIC O
HO—.,  S02Ph HO—,
S S
Boc Boc
38 39
MeOoC MeO.C HO-C
d €
QCOZMe — [N—>‘COZM9 _ [N—B‘COQH
Boc H H
40 41 42

Reagenta and conditions: a) 10% Pd/C, H, (60 psi), Boc,0, MeOH, rt, overnight 89%; b) 6% Na-Hg, Na,HPO,4, MeOH,

nor, A TERADA NN D S0 NaLIrm N aoatoos NOCY D L 30y COLT N ™
UL, £ u, 56%. L) l) TEMPO, NaOC4, KBr, 5% Nan(Q;, acetone, U°C, 2 I, i) \.,u.zn‘z, 84%, d) CH2C}2-LL A, it 1 }l

100%; e) 1) IN HCI, rfx, 3 h; 11) EtOH, propylene oxide, heat, 100%.
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Synthesis of (25,4R)-4-carboxy-proline (42). This amino acid (proline-glutamic acid

chimera) has been isolated from the seeds of Afzelia bella [29] and has been demonstrated to

be a potent competitive glutamate transport inhibitor [30]. Our synthesis was accomplished as

shown in Scheme 6. Simultaneous removal of N- and O-benzyl groups from 21 and in situ

derivatization of the secondary amine was pertormed by hydrogen01y51s at 60 psi in the
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oxidation [27] was employed,
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1v-DOC group \\,H2C12 TEA, 1t, 1 h, 100 70 ) plUVlucu 41 as a biﬁg €
diastereoisomer based on the 'H and !3C NMR spectra. Fmaliy sequential treatment of 41
with HCI followed by propylene oxide gave (2S,4R)-4-carboxy-proline (42) whose physical
data including the optical rotation were in good agreement with those reported in the
literature [30,31,32].

In summary, we have developed a new efficient method for the synthesis of a series of 4-
substituted prolines ready for incorporation into peptide. The synthesis is highly flexible and

can be stereodivergent. In fact, the (25,45), (2R,4R), (2R 4S) diastereomers of 2 were readily
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peptidomimetics are currently underway in our laboratory.

Experimental Section

General
Infrared (IR) spectra were recorded on a Nicolet-205 spectrometer. 1H and 13C NMR spectra
were measured on Brucker AM 400, AM- 300 and AC 250 (400 300 a

o

obility. Solvents and
reagents were purlfled according to standard laboratory techniques. Optical rotations were
determined on a Perkin-Elmer automatic polarimeter at room temperature. Mass spectra were
run on AEI MS-50 (EI), AEI MS-9 (CI) and Kratos MS-80 (FAB), respectively. Elemental
analyses were carried out by the microanalytical laboratory at the ICSN. All reactions
requiring anhydrous conditions or in an inert atmosphere were conducted under an
atmosphere of Argon.

L1V 114 VI ALSYEL

(2R)-1-Benzyloxy-2-amino-3-phenylsulfonylpropane (4). To a solution of 3 (493 mg,

1.22 mmol) in EtOAc (9 mL) was added conc. HCi (3 mL ) he reaction mixture was stirred

at room temperature for 2 h, then neutralized with 30% K,CO3 soiution, extracted with
EtOAc. The EtOAc extracts were washed with brine, dried over Na;SO4 and evaporated.
Flash column chromatography on silica gel (CH,C1,/M20H = 20/1) afforded compound 4
(350 mg, 94%): [a]p -6 (c 4.0, CHCls3); IR (CHCl3) 3550, 3388, 3075, 3031, 3006, 2863,
1588, 1456, 1369, 1300, 1219, 1144, 1088 cm-!; '"H NMR (300 MHz, CDCl3) 6 7.93-7.91 (m,

2H), 7.69-7.64 (m, 1H), 7.59-7.54 (m, 2H), 7.36-7.24 (m, SH), 4.47 (s, 2H), 3.61-3.54 (m,

1H), 3.45-3.37 (m, 2H), 3.30 (dd, J = 14.1, 3.0 Hz, 1H), 3.14 (dd, J = 14.1, 8.8 Hz, 1H), 1.81
(¢. 2H. NH5): 13C N\ (50 MHz. CDC1:) 8 1304 137.5. 133.6. 1202 1282 127.6. 1274
\Oy iy LNLL) ], N LYLAYRAN \ /W LAVRRA ALy NcAINd Y ) VUV AT/ eTy AT sy AT ey R b S vty Rbar T ohosy Aims | oN\Tyg L iwi 7Ty
TR T O AND AL K NAQ SOTY s /e 2NEAE MMALTITIE 164 1NT. LIDNQ ~nlad Fae . 1T NN C
129, 1&4.7, OU.L, FU.J, IVIOD \\_1) I/ DUV [IVITTLIL] Y, 11U, 11U/, TINIVIO Ladllu 11Ul U 6I1201N V30
(M+H) 306.1164, found 306.1166.
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ulfonyipropane (6). To a solution of aldehyde 5 (1.71 g, 13.11 mmol) and amine 4
(4.0 g, 13.11 mmol) in absolute ethanol (20 mL) was added titanium (IV) isopropoxide (4.84
g, 17.04 mmol). After being stirred at room temperature for 1 h, sodium cyanoborohydride
(826 mg, 13.11 mmol) was added, and the resulting reaction mixture was stirred overnight.
The reaction was quenched by addition of a few drops of water and the volatiles were
removed under reduced pressure. To the residue was added EtOAc and the resultmg

ganic precipitate was removed by filtration throu

Ac. The filtrate then evaporated, and then purified by fl womatography on sﬂica
gel (heptane/EtOAc = 1/1) to give 6 (3.75 g, 68%): [a]p -7 (¢ 1.0, CHCl»); IR (CHCIl3) 3338,
ANO0 AN120 "NQ LN 1 A&N 17201 17117 173721 11N 1TMNNOA LAY O NP | T1IY ANTR ATY /73Ny R EYY__
L4700, L7230, L4007, 140U, 1001, 1015, 1431, 110U, 1UT4, 1UOY CIN™', ‘IT NIVIK (JUU IVMIInlZ,
CDCls) 6 7.93-7.89 (m, 2H), 7.67-7.52 (m, 3H), 7.36-7.24 (m, 5H), 4.46 (s, 2H), 4.11-4.03
(m 1H), 3.97 (dd, J = 7.9, 6.3 Hz, 1H), 3.60 (dd, /= 7.9, 6.4 Hz, 1H), 3.55 (dd, 7 =9.5, 4.6

z, 1H), 3.50 (dd, J = 9.5, 4.1 Hz, 1H), 3.39-3.20 (m, 3H), 2.68 (dd, J = 11.7, 6.5 Hz, 1H),
2.61 (dd, J = 11.7, 4.9 Hz, 1H), 1.88 (br s, 1H), 1.39 (s, 3H), 1.32 (s, 3H); 13C NMR (50
MHz, CDCl3) 8 139.6, 137.5, 133.4, 128.9, 128.1, 127.6, 127.5, 127.3, 108.8, 75.0, 72.8,
70.2, 67.1, 57.5, 53.0, 49.5, 26.6, 25.1; MS (CI) m/z 420 [M+H]+; HRMS calcd for

C2oH30NOsS (M+H) 420.1845, found 420.1825.
P 7"\ 1 Ronavlavu Y N A RV_dihvAravvnranvilamina. Ionhanvicnlfanvine na (N
Vo D= a=CIZYIOR Y =L=iV\& yJ =GLNYULUAY PIUOP Y1 QiU =0-Piick 1 1P T/ )

(<

temperature for 5 h. After evaporation of the solvent, the residue was redissolved in 30%
aqueous K,CO3 solution and EtOAc. The aqueous layer was extracted with EtOAc. The
EtOAc extracts were washed with brine, dried and evaporated. Flash chromatography on
silica gel (CH,Cl12/MeOH = 20/1) gave diol 7 (2.48 g, 96%): [olp -7 (c 2.0, MeOH); IR
(CHCI3) 3475, 3025, 1456, 1300, 1212, 1156, 1094 cm-!; 'H NMR (300 MHz, CDCl) 8
7.94-7.90 (m, 2H), 7.69-7.54 (m, 3H), 7.37-7.24 (m, 5H), 4.46 (s, 2H), 3.70-3.64 (m, 2H),
3.55-3.46 (m, 3H), 3.36-3.21 (m, 1H), 3.33 (dd, J = 14.6, 3.9 Hz, 1H), 3.24 (dd, J = 14.6, 8.3

H); 13C NMR (50 MHz,

1H);
Q AS
7 .
7

{

=3

Hz, 1H), 2.74 (dd, J = 12.4, 3.8 Hz, 1H), 2.63 (dd, J = 12.4, 7.0 Hz,
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(2R,2'S)-1-Benzyloxy-2-N-[(2',3'-dihydroxypropyl)(tert-butoxycarbonyl)Jamino-3-
phenylsulfonylpropane (8). To a solution of 7 (889 mg, 2.34 mmol) in DMF (8 mL) was
added Boc,0 (563 mg, 2.58 mmol). The reaction mixture was stirred at room temperature for
48 h, diluted with water, extracted with Et;O. The ether extracts were washed with water and

brine, dried and evaporated. Flash column chromatography on silica gel (heptane/EtOAc =
1/2) afforded 8 as two rotamers (1.043 g, 93%): [o]p -22 (¢ 2.2, CHCl,); IR (CHCI,) 3436,
3024, 3017, 1689, 1477, 1457, 1417, 1404, 1370, 1331, 1304, 1251, 1151, 1105, 1085, 1025
cm-!; TH NMR (250 MHz, CDCls) & 7.91-7.88 (m, 2H), 7.65-7.52 (m, 3H), 7.35-7.24 (m,
5H), 4.60-4.48 (m, 2H), 4.11-2.89 (m, 12H), 2.69 (br s, OH), 2.18 (br s, OH), 1.77 (br s, OH),
1.38 (s, 9H); 13C NMR (62.5 MHz, CDCl3) 6 155.2, 154 1, 139.3, 139.2, 136.7, 133.7, 133.5,
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129.1, 12 yu, 120.2, 127.71, 147.0, 147.4, 01.2, 0U.Z, /3.0, /1.2, 7U.3, 6Y9.7, 6Y.1, 063.9, 63.4,
56.0, 54.9, 54.3, 28.0; MS (CI) m/z 480 [M+H]+, 436, 424, 380, 238, 143; HRMS calcd for

C24H34NO4S (M+H) 480.2056, found 480.2064.
(2R,2'S)-1-Benzlyoxy-2-N-[(3'-tosyl-2',3'-dihydroxypropyl)(tert-butoxycarbonyl]-
amino-3-phenylsulfonylpropane (9). To a stirred solution of diol 8 (170 mg, 0.36 mmol) in
pyridine (2 mL) at 0°C was added p-toluenesulfonyl chloride (81 mg, 0.43 mmol, 1.2 equiv)
in one portion. The reaction mixture was stirred at room temnerature for 24 h, diluted with

water, extracted with Et,O. The ether extracts were washed with 1IN HCI, water, saturated
aqueous NaHCOQj; solution, brine, dried and evaporated. Flash chromatography on silica gel
(heptane/EtOAc = 2/1) gave the monotosylate 9 (166 mg, 74%): [a]p -12 (¢ 1.8, CHCls); IR
(CHCIl3) 3416, 3024, 2984, 2931, 2871, 1689, 1596, 1483, 1457, 1370, 1304, 1178, 1151,
1098, 1085, 985, 912, 832 cm-!; IH NMR (300 MHz, CDCl3) & 7.98-7.25 (m, 15H), 4.45 (s,
3C

2H), 4.05-3.25 (m, 7H), 3.22- 302(m 1H), 2.98-2.80 (m, 1H), 2.42 (s, 3H), 1.40 (s, 9H); !
NMR (50 MHz, CDCl3) 8 153.8, 144.7, 139.3, 136.5, 133.8, 133.6, 132.3, 130.0, 129.1,
128.3, 127.9, 127.7, 127.4, 81.3, 80.6, 73.1, 31.3, 70.7, 69.7, 68.9, 68.5, 68.3, 56.1, 54.8,
28.0, 21. 4 MS (FAB) m/z 640 [M+L1]+

opan

of water (1 drop
temperature for 24 h, the reaction mixture was dlluted with water extracted with Et,O. The
combined orgamc extracts were washed with water and brine, dried over Na;SOy4, and
evaporated. Preparative TLC on silica gel (heptane/EtOAc = 1/1) gave epoxide 10 as two
rotamers (29 mg, 54%): [a]p -36 (¢ 0.75, CHCls); IR (CHCls) 3031, 2981, 2931, 1688, 1481,
1456, 1394, 1369, 1306, 1263, 1206, 1156, 1081 cm-!; 'H NMR (300 MHz, CDCl3) 6 7.95-
7.90 (m, 2H), 7.70-7.52 (m, 3H), 7.35-7.24 (m, 5H), 4.47 (s, 2H), 4.43-4.30 (m, 1H), 4.06-
3.94 (m, 1H), 3.83-3.53 (m 4H), 3.40-3.24 (m, 1H), 3.08-2.88 (m, 1H), 2.78-2.75 (m, 1H),

2.57, 2.44 (two br s, 1H), 1.40 (s, 9H); 13C NMR (50 MHz, CDCI3) 6 154.4, 139.9, 137.7,
122 & 170Q 17507 1701 12722 197 Q 177 A Q11 QNA 79Q NN SA2 8892 |1 R K817
1535.0, 1a7.0, L&aZ./y, 147,41, 14L0.05, 14/.0, 14/.0, 01.1, OU.U, /4.0, \.l Uy JULTy JJukey JIO, JL.dy
&on N D AL N AC ™ laX* s ] NAC /MIN ./ AL TAA LTI ANL loXals) NLL alels) 177£ 1 A7 1N
5U0.7, 50.3, 46.0, 45.7, 28.3; MO (C1) m/z 4062 (Mi+nJt, 4U0, 322, 200, 252, 170, 145, 1U/;
HRMS calcd for Co4H3oNOgS (M+H) 462.1950, found 462.1943.

Oxazolidinone 11: [a]D -38 (¢ 0.5, CHClg) IR (CH{lI3) 3588, 3569, 3044, 2981, 2938,
2869, 1750, 1488, 1450, 1375, 1313, 1225, 1206, 1156, 1100, 1081, 1050 cm-1; 'H NMR
(250 MHz, CDCl3) 8 7.95-7.92 (m, 2H), 7.70-7.55 (m, 3H), 7.38-7.23 (m, 5H), 4.49 (d, J =
11.9 Hz, 1H), 4.43 (d, J = 11.9 Hz, 1H), 4.42-4.30 (m, 2H), 3.80-3.51 (m, 7H), 3.28 (dd, J =
14.8, 3.4 Hz, 1H); 13C NMR (50 MHz, CDCl3) 3 156.8, 138.8, 137.2, 134.1, 129.4, 128.5
128.1, 127.7, 74.0, 73.3, 70.1, 63.0, 53.8, 49.1, 44.4;, MS (CI) m/z 406 [M+H]+, 266, 764

Kb iy 9 T Jedy I ey NIy W/l Uy A¥ARD A2/ VR avaTis L8

176, 143, 107; HRMS calcd for C20H24NO6S (M+I—I) 406.1324, found 406.1329.
Oxazolidinone 12: [a]p +13 (¢ 2.1, CHCly); IR (CHCl3) 3594, 3512, 3031, 2944, 2875,
1750, 1494, 1450, 1313, 1231, 1150, 1113, 1088 cm-!; 'H NMR (300 MHz, CDCl3) 6 7.95-
7.92 (m, 2H), 7.70-7.54 (m, 3H), 7.38-7.23 (m, SH), 4.55-4.47 (m 1H), 4.48 (d, J = 11.9 Hz,
1H), 4.42 (d, J = 11.9 Hz, 1H), 4.35-4.27 (m, 1H), 3.81-3.61 (m, 6H), 3.55 (dd, / = 18.4, 6.



Hz, 1H), 3.2 (dd, J = 14.8, 3.7 Hz, 1H); 13C NMR (50 MHz, D 13) 8 157.0, 138.5, 137.1,
133.9,129.3, 128.3, 127.8, 127.7, 127.5, 74.0, 72.9, 69.7, 62.8, 53.3, 48.7, 44.2 MS (CI) m/z
406 [M+H]+, 280, 266, 176, 143, 107; HRMS calcd for C20H24NOeS (M+H) 406.1324, found

406.1321.

(E)-3-Phenylsulfonyl-allyl benzyl ether (13): 'H NMR (250 MHz, CDCl3) 8 7.91-7.87
(m, 2H), 7.65-7.50 (m, 3H), 7.38-7.26 (m, 5H), 7.01 (dt, J = 15.0, 3.4 Hz, 1H), 6.67 (dt, J =
15.0, 2.2 Hz, 1H), 4.55 (s, 2H), 4.21 (dd, J = 3.4, 2.2 Hz, 2H); 13C NMR (50 MHz, CDCl;) 8§

1425, 140.2, 137.1, 133.3, 130.2, 129.2, 128.4, 128.0, 127.6, 127.5, 73.0, 67.5; MS (CI) m/z
289 [M+H]J+, 10
~OF [1viTL1] L7/

(2R)- 1-Benzyloxy-Z-N-[(tert-butoxycarbonyl)(bcnzyl)]ammo-S-phenylsulfonylpropane
(15). To a suspension of NaH (55-65% in mineral oil, 1.635 g, 40.89 mmol) in THF (60 mL)
at 0°C was added 1 (5.6 g, 17.78 mmol) in THF (30 mL). After being stirred for 30 min,
benzyl bromide (6.39 g, 4.44 mL, 37.33 mmol) and a catalytic amount of "BuyNI (66 mg,
0.178 mmol, 1%) were added, successively. The reaction mixture was stirred at 0°C for 24 h.
The reaction was quenched by addition of water and extracted with ether. The combined

ether layers were washed with brine, dried, and evaporated. Flash chromatography on silica

gel (heptane/EtOAc = 5/1) afforded compound 15 (7.6 g, 86%): [alp -26 (c 4.1, CHCl,); IR
(CHCl3) 3094, 3069, 3019, 2981, 2931, 2806, 1688, 1456, 1375, 1306, 1250, 1206, 1150,
1119, 1081 cm-!; 1H NMR (250 MHz, CDCl) 6 7.9-7.8 (m, 2H), 7.7-7.5 (m, 3H), 7.4-7.1 (m,
10H), 4.64-4.58 (m, 1H), 4.28-3.24 (m, SH), 1.37 (s, 9H); 13C NMR (50 MHz, CDCl3) &
154.34, 139.44, 138.07, 137.29, 133.22, 128.85, 128.50, 128.03, 127.89, 127.58, 127.26,

127.07, 126.86, 79.96, 72.24, 69.93, 55. 07 53.21, 52.11, 27.87; MS (CI) m/z 496 [M+H]+,
440, 396, 143, 107; HRMS Calcd for CogH34NOsS (M+H) 496.2201, found 496.2158.
(2R)-1-Benzyloxy-2-N-(benzyl)amino-3-phenylsulfonylpropane (16). A solution of 15
(869 mg, 1.76 mmol) in 3N HCI-EtOAc (20 mL) was stirred at room temperature for 1 h. The
solvent was removed in vacuo and the residue was redissolved in aqueous 30% K,CO3 and

extracted with EtOAc. The combined orgamc extracts were washed with brme dried, and

t:vapuuucu Flash chroma Ograpny g = ) 5
mg, 95%): mp 64-65°C; [alp -21 (¢ 2.8, CHCls); IR (CHCl) 3625, 3331, 3063, 3031, 2975

2931, 2863, 1494, 1456, 1450, 1306, 1200, 1150, 1081 cm-!; !
7.84-7.81 (m, 2H), 7.65-7.59 (m, 1H), 7.53-7.47 (m, 2H), 7.37-7.18 (m, 10H), 4.43 (s, 2H),
3.68 (s, 2H), 3.59-3.49 (m, 2H), 3.44-3.23 (m, 2H), 2.02 (br s, 1H); 13C NMR (62.5 MHz,
CDCls) 6 139.28, 137.53, 133.29, 128.92, 128.09, 127.83, 127.53, 127.44, 127.37, 126.71,
72.77, 70.17, 57.49, 52.04, 50.69; MS (CI) m/z 396 [M+H]+, 394, 143, 107. Anal. Calcd for
Cy3HosNQO»S: C70.03; H, 6.13; N, 3.55; S, 8.13. Found: 7, 70.19; H, 6.36; N, 3.55; S, 8.01.
(2R,2'S)-1-Benzyloxy-2-N-[(2',3'-O-isopropvlidene-2',3'-dihydroxypropyl)(benzyl)]-

\ &% g 4P )T ATRIC ALy ARy AONSpAA SApsy FARat AR Meaiig SRR \RFIvRas Y 2

amino-3-phenylsulfonylpropane (17) from 16. To a solution of 5 (414 mg, 3.18 mmol, 1.1

............ /1 1A ~ PUSreYN A T AiallAacnnthanmas 718 20 wi1ag addad cadiiien
chW) dllU d.llllllC .l() (L.140 &, L 07 11111101) in 1 L aicniorocuiane (1o lllL;} wdad auucu >uluiulil

triacetoxyborohydride (95%, 904 mg, 4.05 mmol, 1.4 equiv). The reaction mixture was
stirred at room temperature under an Ar atmosphere overnight. After addition of saturated

aqueous NaHCOjs solution, the reaction mixture was extracted with Et;O. The ether extracts



rahedron 54 (1998) 15759-15780 15771

WEIC wabucu Wllll DII[lt: UHCU 0over l‘ddQDU4, dI](J evapora[ea rurmcauon Dy COIUIIIII
chromatography on silica gel (heptane/EtOAc = 3/1) gave 17 (1.43 g, 97%): [a]p +1 (¢ 1.3,
CHCls); IR (CHCls) 2988, 2938, 2875, 1450, 1388, 1313, 1244, 1156, 1113, 1081, 1069,
1025 cm-!; 'H NMR (250 MHz, CDCl) & 7.88-7.85 (m, 2H), 7.67-7.61 (m, 1H), 7.55-7.49
(m, 2H), 7.36-7.15 (m, 10H), 4.40 (s, 2H), 4.02 (quintet, J = 6.2 Hz, 1H), 3.92 (dd, J = 8.0,
6.1 Hz, 1H), 3.79 (d, J = 14.2 Hz, 1H), 3.66 (m, 2H), 3.59-3.27 (m, 5H), 2.74 (dd, J = 13.3,
6.5 Hz), 1H), 2.68 (dd, J = 13.3, 5.7 Hz, 1H), 1.31 (s, 3H), 1.28 (s, 3H); 13C NMR (62.5
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Compound 17 from 6via Procedure A. To a solution of 6 (38 mg, 0.09 mmol) in DMF (1
ml) were added potassium carbonate (25 mg, 0.18 mmol) and benzyl bromide (31 mg, 0.18
mmol), successively. After being stirred at 80°C for 48 h, the reaction mixture was diluted
with water and extracted with Et;O. The ether extracts were washed with water and brine,
dried and evaporated. Purification by preparative TLC on silica gel (heptane/EtOAc = 3/1)
afforded 17 (29 mg, 63%).

pnmnn“nﬂ 1‘7 fram 6 via Pracadnra R Th a eanlntinn af hanzaldehvde (10 g N 1R

CIPOUnG 1/ ifGIl U Vi€ x100CGUIT 5. 10 a SO:udlil 01 OCNZa:GCNYGL (17 Mg, v.i1d
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triacetoxyborohydride (47 mg, 0.22 mmol). After being stirred at room temperature under an
Ar atmosphere for 6 h, the reaction mixture was diluted with saturated aqueous NaHCO3 and
extracted with Et;O. The ether extracts were washed with brine, dried over Na;SQ4 and
evaporated. Purification by preparative TLC on silica gel (heptane/EtOAc = 3/1) gave 17 (73
mg, 90%).
(2R,2'S)-1-Benzyloxy-2-N-[(2',3'-dihydroxypropyl)(benzyl) J]amino-3-phenylsulfonyl-

ropane (18). A solution of 17 (7.67 g, 15.07 n _‘0]) in 4N HCI-THF (50 mL conc. HCI +
150 mL THF) was stirre

residue was redissolved in 30% K,COs3 aqueous solution and EtOAc. The aqueous layer was
extracted with EtOAc. The EtOAc extracts were washed with brine, dried and evaporated.
Flash chromatography on silica gel (heptane/EtOAc = 1/1 then 1/3) gave diol 18 (6.65 g,
94%): [a]p -53 (¢ 2.6, CHCl3); IR (CHCIl3) 3465, 3072, 2937, 2860, 1499, 1454, 1396, 1357,
1312, 1203, 1151, 1113, 1087, 1061, 1029 cm-!; 1H NMR (250 MHz, CDCl3) 6 7.77-7.74 (m,
2H), 7.65-7.58 (m, 1H), 7.52-7.46 (m, 2H), 7.37-7.21 (m, 10H), 4.41 (s, 2H), 3.82 (d, J =

13.6 Hz, 1H), 3.68 (d, J = 13.6 Hz, 1H), 3.69-3.34 (m, 7H), 3.17 (dd, J = 14.3, 3.8 Hz, 1H),

]

-

at room temperature for 3 h. After evaporation of the solvent, the

LRSiiE waiipiuia Qo ~ AL 1e £RLELE WY OGpULGLIVIT UL uxxv T/E Y Wity LiLW

CD..

275 (dd, J = 13.4, 9.6 Hz, 1H), 2.57 (dd, J = 13.4, 3.4 Hz, 1H); '3C NMR (50 MHz, CDCls)
8§ 139.1, 138.2, 137.4, 133.4, 129.1, 128.2, 127.6, 127.4 127.2,72.9, 68.3, 68.0, 64.1, 56.0,
S47 S44 52 2 MS (CIY /> 470 TM+H1+ 398 280 238 1x2 143 107- HRMS caled for
AT Sy TTHTTy Jhiday LVEWI \NL ] TIW L TTIV JAVATAL] 5 JLU., &OFy LIU, 104, 17TUy LUy LIINIVILD VAIVU AV
O I NN _Q AALLIY ATN OINNT Frsind ATN ONNQ
UoaI32INUISD (IVI4I1) 4/7U.2UVU L, TI0UNA 4/U.2UU8.

(2R,2'S)-1-Benzyloxy-2-N-[(3'-tosyl-2',3'-dihydroxypropyl)(benzy)]amino-3-phenyl-
sulfonylpropane (19). To a stirred solution of diol 18 (3.136 g, 6.69 ramol) in pyridine (45
mL) at 0°C was added TsCl (1.40 g, 7.36 mmol, 1.1 equiv) in one portion. The reaction
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this temperature for 24 h. Pyridine was removed by evaporation in
vacuo. The residue was taken into water and extracted with EtOAc. The aqueous layer was
extracted with EtOAc. The combined EtOAc extracts were washed with brine, dried over
Na;SO4 and evaporated. Flash chromatography on silica gel (heptane/EtOAc = 1/1 then 1/3)
gave the monotosylate 19 (3.55 g, 85%) and the starting material 18 (208 mg, 6.6%).
Compound 19: [a]p -35 (¢ 2.2, CHCl3); IR (CHCl3) 3456, 3025, 2931, 2863, 1500, 1450,

1363, 1306, 1219, 1175, 1150, 1106, 1088, 988 cm-!; 'TH NMR (250 MHz, CDCl3) 8 7.79-

7.73 (m, 4H), 7.65-7.58 (m, 1H), 7.54-7.46 (m, 2H), 7.39-7.22 (m, 12H), 4.42 (s, 2H), 3.92
(d J=51Hz2Hh 376{(d J=137Hz. I1HY 364(4d J=137Hz 1N 371346 (m AH
4y v el LAliy LiddJy JediNT \\by A b ARy 1ALy JLIT Ay VT LD 1ALy 111)y, J.F1TJ.TU (1L T,
Q2AVA(AA T _ 142 7Q LI, 111V 2 190 (A4 T 142 200, 1IN D71 /33 T _ 12 £ A1 1Y
2.55\Qq, v = 14.5, /.06 11Z, 111, 5.1 \04, v = 14.3, 5.7 n1Z, 1), 2./1 (a4, v = 13.0, 4.1 nz,
1H), 2.63 (dd, J = 13.6, 8.3 Hz, 1H), 2.42 (s, 3H, CH3); 13C NMR (62.5 MHz, CDCl3)

144.5, 138.0, 133.3, 132.3, 129.5, 12 128.8, 128.0, 127.5, 127.4, 127.3, 127.2,72.7, 71.3,
68.2, 66.0, 55.9, 54.6, 54.5, 52.6, 21.2, MS (FAB) n/z 624 [M+H]J*. Anal. Calcd for
C33H37NO7S,: C 63.54; H, 5.98; N, 2.25; S, 10.28. Found: C, 63.53; H, 5.99; N, 2.31: S,
10.26.

(2R,2'S)-1-Benzyloxy-2-N-[(2',3'-epoxypropyl)(benzyl) Jamino-3-phenylsulfonyl
propane (20). To a solution of 19 (2.888 g, 4.64 mmol) in DMF (46 mL) in the presence of

water (417 mg, 23.18 mmol) was added K;COs3 (1.922 g, 13.91 mmol). After being stirred at

\C>

vira frr DA b tha raantian mivtinera x7ac Ailnitad vrith rrntar avtrarntad warith Tt.MN
uic 1u1 Lr"f 11, UL 1vaviivill HITAWULC wad uuuLUu WIiLLLI wdlull, CALLALICU Wlll.l AN S,

d organic extracts were washed with water and brine, dried over Na;SO4 and
evaporated. Column chromatography on silica gel (heptane/EtOAc = 3/1) gave epoxide 20
(2.077 g, 99%): [a]p -21 (¢ 2.8, CHCl3); IR (CHCl3) 3069, 3025, 2925, 2869, 1494, 1450,
1394, 1363, 1306, 1219, 1150, 1113, 1081 cm-!; IH NMR (250 MHz, CDCl3) 6 7.89-7.86 (m,
2H), 7.67-7.60 (m, 1H), 7.56-7.49 (m, 2H), 7.37-7.20 (m, 10H), 4.44 (s, 2H), 3.89 (d, J =
14.1 Hz, 1H), 3.65 (d, J = 14.1 Hz, 1H), 3.70-3.60 (m, 3H), 3.46 (dd, J = 14.2, 6.2 Hz, 1H),
3.36 (dd, J = 14.2, 4.8 Hz, 1H), 2.85 (m, 1H), 2.84 (dd, J = i5.2, 3.9 Hz, 1H), 2.61 (dd, J =

49,39 Hz, 1H), 2.52 (dd, J = 15.2, 7.1 Hz, 1H), 2.34 (dd, J = 4.9, 2.5 Hz, 1H); 13C NMR

(A8 MU MCTINY X 1400 12072 1270 1225 12709 17290 8 1294 192092 1270 127 &

\O£.0 viniZ, Liwn3) O 19V, 137.0, 137.7, 133.J, 147.4, 14L0.J, L&0.7, 14£0.4, 147.7, 141.U,
127.0, 73 , 70.6, 56.3, 55.5, 54 9, 53 4 51 ,45.6; MS ( I) m/z 452 [M+H]+, 396, 362, 143,
07 TTYT: R 4 0 F'eg fodln )

(2R,3S5,4R)-1-Benzyl-2- benzyloxymethyl-3-phenylsultonyl 4-hydr0xymethyl
pyrrolidine (21). To a stirred solution of epoxide 20 (464 mg, 1.03 mmol) in THF (20 mL) at
-70°C was added Ti(OiPr)4 (877 mg, 919 uL, 3.09 mmol). After being stirred at the same
temperature for 10 min, a solution of KHMDS in toluene (0.5 M, 6.18 mL, 3.09 mmol) was
added, and stirring was continued for 2 h. The reaction was quenched by addition of saturated
aqueous NH4Cl solution and the reaction mixture was extracted with Et,O. The ether layers

were washed with brine, dried, and evaporated. The residue was purified by flash
Ahramataagranhy An cilicra gal /hnt\fnnaml’nl\n — 1/1) tA Ferwmich 91 (AN o TUA0LN- Tl _0")
Lilvl Latuglayu.y UIll dlilva BUL chytaucll_nun\, = 17/ 1) W JUIIMDLIL &k \TV 11K, [J/U). [W]]D T74&
£ N AT N, T 7OTIA N\ AEAL AINTTIN NANEN NQNDNLE N0L1 YANA 1T AOVY 1AL 1AA40 12N
(C U./7, LIIL3), LIX (LI 13) D000, DU/ 4, LT04L, L0770, 4001, 494U4, 1477, 19400, 194490, 10V),
1293, 1234, 1198, 1142, 1084, 1073, 1028 cm-!; 'H NMR (250 MHz, CDCl;3) 6 7.83-7.79 (m,
2H), 7.59-7.52 (m, 1H), 7.47-7.40 (m, 2H), 7.33-7.23 (m, 10H), 4.35 (dd, J = 12.5, 9.9 Hz,
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iH), 4.17 (d, J = 12.0 Hz, 1H), 4.04 (d, J = 12.0 Hz, 1H), 3.95 (d, J = 12.8 Hz, 1H), 3.85 (dd,
J=12.5,4.7 Hz, 1H), 3.80 (dd, J = 8.0, 3.1 Hz, 1H), 3.66 (d, J = 12.8 Hz, 1H), 3.17-3.11 (m,
1H), 3.03-2.93 (m, 3H), 2.79 (dd, J = 9.9, 4.3 Hz, 1H), 2.73 (dd, J = 11.6, 8.0 Hz, 1H); 13C
NMR (50 MHz, CDCl3) 6 138.7, 138.3, 137.7, 133.7, 129.0, 128.8, 128.6, 128.2, 127.6,
127.2, 72.8, 70.8, 66.6, 65.4, 60.1, 59.5, 55.5, 45.7, MS (CI) m/z 452 [M+HJ*, 143, 107,
HRMS calcd for ca6H3oNO4S (M+H) 452.1896, found 452.1889. Anal. Calcd for

Ca6H2oNOS: C, 69.15 ; H, 6.47; N, 3.10; S, 7.10; Found: C, 68.87; H, 6.61; N, 3.11; S, 6.82
IOD Qc /‘ D\,”_nﬂ"l""ll\v‘ mﬁ‘l“ll=1_“l‘0“‘7lﬂlIl"‘n“‘7|=A="\IYA"nv‘lmﬂ" IF‘“‘ mrnl::—]:nn {,1\
\H‘l,;’u,"l\}'ﬂ-ucllbl 1UA IIID“IJI T ll‘—llJ' lﬂullull]l TTiiyul UAJ ARAC LA IPJI 2 UlLIuIlIC \‘h’.

. F1NO - N "YA I ___ 1 DI 1IN0 AN Y . NA_MNTIY
1U0 II1 V.44 11111101) anda raso klU‘)’O, LL 1 lg} 111 IVICUI1T Wdad

Celite, the filtrate was evaporated in vacuo and purified by preparatlve TLC on silica gel
(CH,Cl1/MeOH = 20/1) to afford 22 (54 mg, 62%): [a]p +3 (¢ 1.0, CHCl3); IR (CHCl3)
3538, 3006, 2950, 2894, 2869, 1450, 1400, 1363, 1306, 1288, 1144, 1106, 1088, 1075, 1063,
1025 cm-!; 'TH NMR (300 MHz, CDCl) & 7.83-7.80 (m, 2H), 7.63-7.58 (m, 1H), 7.50-7.45
(m, 2H), 7.35-7.26 (m, 3H), 7.11-7.08 (m, 2H), 428 (d, J=12.0 Hz, 1H), 4.25 (dd, J = 12.5,

8.6 Hz, 1H), 4.13 (d, J = 12.0 Hz, 1H), 3.99 (dd, J = 12.5, 4.8 Hz, 1H), 3.77 (dd, J = 8.6, 4.7
Hey 1THY 28A 7 T=4AH7 TN 2N7 (m 2H)Y 22 (m T1THY 2771 (44 T =07 44 H> 1H)-
IiL, 1X11), 3.J0 Y, J=456 0z, 111), S.v/ \dll, 511), £.04L \ill, s11), &4./ 1 \UL, v = 7./, 9.9 114, 111},
12N ANTRAD 7£N S AIT. AT YR 1207 127 £ 1220 127072 199 4 1797 197 Q 127 £ Fr‘)n
U NIVIR (04.0 MINZ, CUCI3) 0 150.7, 137.0, 133.5, 149.3, 1204, 120.2, 14/.0, 121.9,43. U,
70.4, 66.5, 61.5, 60.7, 50.5, 48.4; MS (CI) m/z 362 [M+H]+, 220, 143, 130, 107. Anal. Calcd
for C1oH23NO4S: C, 63.14 ; H, 6.41; N, 3.88; S, 8.87; Found: C, 62.94; H, 6.67; N, 3.99; S,
8.69.

(2R,3S5,4R)-1-tert-Butoxycarbonyl-2-benzyloxymethyl-3-phenylsulfonyl-4-hydroxy-
methyl pyrrolidine (24). A suspension of 21 (1.31 g, 2.90 mmol), Boc;O (760 mg, 3.48
mmol) and 10% Pd/C (131 mg) in MeOH was hydrogenated at 1 atm for 3 h. The reaction

=7

mixture was filtered through a short pad of Celite, the filtrate was evaporated in vacuo and

nurifiad hy flach chramatnoranhy nan cilicra oal (hnnfunnmfnl\r\ 171Y tn affard 24 ag twon
Pullll\wu Uy 11Aaoli UlllUlllalUEluFll] Uil oliiliva 5\/1 \ll\JlJlal A\ W7 SR W s \ ¥ 17 1) U AllVUiU & Ad Lyvwuy
rotamers (1.27 g, 95%): [a]p -53 (¢ 1.6, C.HC13) IR (CHC13) 3688 63 3550, 3006, 2981,

)
2900, 1694, 1475, 1450, 1

CDCl3) & 7.88-7.85 (m, 2H), 7.67-7.46 (m, 3H), 7. 53 7. "7 (m, 3H), 7. ()5 7.03 (m, 2H), 4.36-
4.09 (m, 4H), 3.96-3.88 (m, 2H), 3.56-3.17 (m, 5H), 1.46, 1.41 (ds, 9H); 13C NMR (62.5
MHz, CDCl3) 6 154.3, 153.5, 138.0, 137.7, 137.5, 137.4, 133.9, 133.8, 129.2, 128.4, 128.1,
127.4, 127.0, 80.0, 72.4, 69.1, 65.8, 65.2, 60.1, 58.9, 48.7, 48.1, 43.7, 42.6, 28.2; MS (CI) m/z
462 [M+H]+, 406, 362, 143; HRMS calcd for C4H3;NOeS (M+H) 462.1950, found

462.1978.
(D€ AR 1 tort . Rutnvvearhanvl.?2_hanzvlavvmathvl_ A_hvdravvmothvl nvurralidine (D)
\‘L”w“} ATCTCTI LTI ULV AYLVAL UUIIJI A Ublle IUAJ lll‘/‘llJl hn 2 llJ wui UAJ lll‘l‘.l.’l l.'Jl A WFAEUEELES. \H}I
o A~ L WA LTAN i 1 LN s AT Do TIDT M fvenAda AAANLY (8 nT \ o nmenbmie i AN~ LIDMN
.lU a bUlULlU 1 U1l &< \/""U lllg 1.0U 11O 1 Freac gldu IVITAIY \O 111 L\,“Ldll“llg INa2riruyg

(912 mg, 6.42 mmol, 4 eq) was added 6% Na-Hg (1.84 g, 4.8 mmol, 3 eq) at 0°C. The
mixture was vigorously stirred at 0°C for 2 h. Mercury was removed by decanting the
reaction mixture. After evaporation of MeOH in vacuo, the residue was dissolved in water
and CH;Cl,. The aqueous layer was extracted with CH,Cl,. The combined CH,Cl, extracts
were washed with brine, dried and evaporated. Flash chromatography on silica gel



(heptane/EtOAc = 1/2) gave aicohol Z as two rotamers (546 mg, 100%): [alp -43 (¢ 3.4,
CHCI3); IR (CHCI3) 3681, 3631, 3456, 2981, 2938, 2869, 1681, 1481, 1456, 1406, 1369,
1250, 1169, 1131, 1094, 1109 cm-1; tH NMR (250 MHz, CDCls) 0 7.34-7.28 (m, 5SH), 4.52

(s, 2H), 4.07-3.95 (m, 1H), 3.68- 3.36 (m, SH), 3.18-3.11 (m, 1H), 2.52 (m, 1H), 2.21-1.68
(m, 2H), 1.43 (s, 9H); 13C NMR (50 MHz, CDCls) § 154.5, 138.2, 128.3, 127.4, 79.4, 73.1,
71.0, 64.2, 56.6, 49.7, 49.1, 39.4, 38.6, 31.4, 30.7, 28.4; MS (CI) m/z 322 [M+H]*, 266, 222;
HRMS calcd for C1gHgNO4 (M+H) 322.2018, found 322.2013.

a1

(O8]

d
reaction mixture was stirred at 0°C for 30 min then at room temperature for 24 h The
reaction mixture was taken into water and extracted with Et;O. The aqueous layer was
extracted with Et;0. The combined ether extracts were washed with 1N HCI, water, saturated
aqueous NaHCQj solution and brine, respectively, dried over Na;SO4 and evaporated. Flash
chromatography on silica gel (heptane/EtOAc = 3/1) gave the tosylate 25 as two rotamers
(350 mg, 85%): [alp -32 (¢ 2.6, CHCl3); IR (CHCl3) 3019, 2981, 2931, 2869, 1688, 1600,
1456, 1406, 1394, 1369, 1175, 1138, 1100, 975 cm-!; TH NMR (250 MHz, CDCls) & 7.80-

6 (m, 2H), 7.36-7.27 (m, 8H), 4.49 (s, 2H), 4.01- 395 (m, 3H), 3.52-3.36 (m, 3H), 3.08-
3 0‘ (m, 1H), 2.70-2.69 (m, 1H), 2.45 (s, 3H), 2.05-2.03 (m, 1H), 1.69-1.60 (m, 1H), 143,
1.41 (two s, 9H); 13C NMR (50 MHz, CDCl;) 6 154.0, 144.9, 138.2, 132.6, 129.9, 128.3,
127.8,127.5, 127.4,79.5, 73.1, 71.4, 71.0, 70.8, 56.4, 49.1, 48.6, 36.5, 35.6, 31.5, 30.5, 284

,.1
a n
15
&
Z -
O
x
C/J

8 6,
21.6; MS (CI) m/z 476 [M+H]*, 420, 376, 322, 276, 157, 107. Anal. Calcd fo
C,63.14 ; H, 6.99; N, 2.95; S, 6.74; Found: C, 62.91; H, 7.21; N, 2.95; S, 6.88.
(25,4R)-1-tert-Butoxycarbonyl-2-benzyloxymethyl-4-methyl pyrrolidine (26).
To a solution of tosylate 25 (204 mg, 0.43 mmol) in DMSO (2 mL) was added NaBH4 (81
mg, 2.15 mmo, 1 5 eq). The reaction mixture was stirred at 45°C for 16 h, diluted with water,
Et20. The ether extracts were washed with water and brine, dried over Na,SO4

X
>
5
3
)
4
~)
3
Cl.
e B
j=n

(heptane/EtOAc 1/1) to give 26
IR (CHCIs) 3019, 2969, 29
1113 em-1; TH NMR (250 MH u) '13) o
1H), 3.62-3.32 (m, 3H), 2.92—2.78 (m, 1H), 2.3 8 (m, lH) 2. 12 2. ()5 (m, 1H) O 1.50
(m, 1H), 1.44, 1.42 (two s, 9H), 1.02 (d, J = 6.4 Hz, 3H); 13C NMR (50 MHz, CDC13) )
154.4, 138.4, 128.3, 127.4, 85.2, 73.1, 71.1, 70.9, 56.9, 54.0, 53.4, 37.0, 36.3, 31.4, 30.5,
28.5, 17.7; MS (CI) m/z 306 [M+H]+, 250, 206, 107. Anal. Calcd for C;gHy7NO3: C, 70.79;

RS
—
‘ [\
o0
~]

H, 8.91; N, 4.59; Found: C, 70.71; H, 8.87; N, 4.71

(28 ,4R)-1-tert-Butoxycarbonyl-2-hydroxymethyl-4-methyl pyrrolidine (27).
A suspension of 26 (100 mg, 0.33 mmol) and 10% Pd/C (10 mg) in MeOH was hydrogenated
at 1 atm for 18 h. The reaction mixture was filtered through a short pad of Celite, the filtrate
was evaporated in vacuo and purified by flash chromatography on silica gel (heptane/EtOAc
= 2/1) to afford compound 27 as two rotamers (62 mg, 92%): [a]p -40 (c 2.0, CHCI;); iR
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61 (t, J= 52Hz 2H) 348 (dd, J = 107 70Hz 1H), 294(m IH) 232221 (m, 1H),
1.72 1.56 (m, 2H), 1.47 (s, 9H), 1.02 (d, J= 6.6 Hz, 3H); 13C NMR (50 MHz, CDCl3)
157.1, 80.1, 67.6, 59.7, 54.5, 36.4, 31.6, 28.5, 17.8; MS (CI) m/z 216 [M+H]+, 160, 116.
Anal. Calcd for C{1H21NOs: C, 61.37 ; H, 9.83; N, 6.51; Found: C, 61.55; H, 9.97; N, 6.59.
(2S,4R)-N-tert-Butoxycarbonyl-4-methyl proline methyl ester ( 28)

To a solution of 27 (30 mg, 0.14 mmol) in Me,CO (2 mL) was added 5% aqueous ! aHCO;
Sn!utlon (364 ul ) Thig heterooeneous mixture was cooled to 0°C C and treated seguentially
\JU_I' Mu} A K112 VLUIUEV AW ANIRAT 1RBIAALAL N WAIUIAINAAL LW U s AV (ERRNAN 3 L)U AN LELR ull

with KBr (1.7 mg, 0.014 mmol) and TEMPO (24 mg, 0.15 mmol). Sodium hypochlorite (6%
SOlll[lOﬂ in water, 217 }LL 0. 16 mmm) was then added aropwme while the mixture was
vigorously stirred and maintained at 0°C. After 1 h, additional NaOCl (6% solution in water,
86 uL, 0.07 mmol) was added, and stirring was continued at 0°C for another 1 h followed by
addition of 5% aqueous NaHCOj; solution. After Me,CO was removed on a rotary
evaporator, the aqueous layer was washed twice with Et,0, acidified to pH 6 with 10%
KHSO4 and extracted with EtOAc. The combined organic extracts were dried over Na;SOy,

concentrated and treated with excess dlazomethane in Et;0 then evaporated. The remduc was
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144 cm-1; 'TH NM
LUng) 0 4.36 (aa J= 8 9, 2. 3 Hz, O. 42H), 4.27 (dd, J = 8.8, 3.1 Hz, 0.58H), 3.
1H), 3.72 (s, 3H), 3.00-2.86 (m, 1H), 2.46-2.34 (m, 1H), 2.11-2.02 (m, 1H), 1.91-1.77 (m,
1H), 1.46, 1.41 (two s, 9H), 1.04 (d, J = 6.6 Hz, 3 H); 13C NMR (62.5 MHz, CDCl3) 6 173.3,
154.3, 153.6, 79.6, 59.0, 58.8, 53.4, 52.9, 51.9, 51.8, 38.3, 37.5, 31.9, 31.0, 28.3, 28.2, 17.3;
MS (CI) m/z 244 [M+H]+, 188, 144. Anal. Calcd for Cj,Hy NO4: C, 59.24 ; H, 8.70; N, 5.78;
Found: C, 59.49; H, 8.66; N, 5.48.

28, 4R) -4-methylproline (29). A olutlon of 28 (18 mg, 0.074 mmol)
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dryness gave 29 (10 mg, 100%): []25p = -53 (¢ 0.4, HO) {lit. .3, }
IR (CHCIl5) 3400, 2969, 2938, 2881, 2731, 1725, 1631, 1456, 1406 13‘94 1350, 1181, 1106,
1006, 975 cm-1; 'H NMR (250 MHz, D,0) 6 4.31 (dd, J = 9.4, 4.4 Hz, 1H), 3.61 (dd, J =
11.3,7.2 Hz, 1H), 2.90 (dd, J = 11.3, 8.8 Hz, 1H), 2.48-2.26 (m, 2H), 2.05-1.86 (m, 1H), 1.08
(d, J = 6.4 Hz, 3H); 13C NMR (50 MHz, D,0) & 175.0, 61.4, 53.1, 37.3, 32.8, 16.8; MS (CI)
m/z 130 [M+H]+, 84; HRMS calcd for C¢H2NO, (M+H) 130.0868, found 130.0870.
(2S,4R)-1-tert-Butoxycarbonyl-2-benzyloxymethyl-4-cyanomethyl pyrrolidine (30).

A solution of 25 (181 mg, 0.38 mmol) and KCN (50 mg, 0.76 mmol) in DMSO (2 mL) was

~rtiny nnnnnlﬂ A hy addition af gatnirated annanng a M),

uavuuﬂ ‘VVClD Huidiv xeu U)’ aaaiuon Ul saturaica avjucovuus 1‘“11\/\!

R < 1. v
was cxuaucu Wltll thu lllC CUICI exiracis were dellCU wuu

Yo-al PR,y

Soiution. ].IIC fﬂdblloﬁ ll
water and brine, dried over Na;SO4 and evaporated. Fiash celumn chromatography on silica
gel (heptane/EtOAc = 3/ 1) afforded 30 as two rotamers (120 mg, 96%): [alp -49 (¢ 1.6,

:
on]
1 al
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Y £ N, TT 7o A INTNH ~“ANO1 ~ND "NOm LS 1200 1 A 1 A2 F¥aYal 1LY 1A 1M1
CHCl3); IR (CHCl3) Juw, 2981, 2931, 2875, 1688, 1475, 1456, 1400, 1369, 1263, 1213,
N 1 a e e - SH). 4.35

1
------- R (300 MHz, CDCl3) 8 7.20-7.09 (m, 5H), 4.35 (s, 2H), 3.90

o —

1169, 1131, 1094 cm-
(m, 1H), 3.46-3.40 (m, 3H), 2.95 (m, 1H), 2.53 (m, 1H), 2.24-2.21 (m, 2H), 2.03 (m, 1H),
1.65 (m, 1H), 1.28 (s, 9H); 13C NMR (75 MHz, CDCl3) 6 154.0, 138.3, 128.4, 127.6, 127.4,
118.0,79.7,73.2,71.0, 70.8, 56.6, 51.2, 51.0, 34.4, 33.7, 32.8, 28.4, 20.6; MS (FAB) m/z 331
[M+H]+, 275, 231. Anal. Calcd for C19H6N»O3: C 69.05; H, 7.94; N, 8.48. Found: C, 69.09:
H, 7.84; N, 8.31.

(2S AR)-1-tert-Butoxvearhonvl-2-henzvlaoxvmethvl-4-12'-N-(tert-butoxvcarhaonvl)-
(25,4K)-1-tert-Butoxycarbonyl-Z-henzvloxvmethyli-4-1 2'-/V-(ferf-butoxycarhonvl)
allllllu]\;tll:l l.' A LVUIIULIALG J_Ll EFW G OUVLIULIVLIL UL JVU \lUU 11 , V.JJ llllllUl} 111 allll_y UIUUD 1111

o
T~

(3 mL) was introduced BH3-THF (1M in THF, 3.0 mL, 3.0 mmol)) dropwise at room
temperature. The resuiting solution was heated to reflux overnight. After being cooled to 0°C,
excess BH3 was transformed into volatile trimethylborate by careful addition of anhydrous
MeOH. The volatiles were removed in vacuo and the residue was redissolved in MeOH (5
mL) followed by slow addition of conc. aqueous HCI solution (5 mL). The reaction mixture
was then stirred at room temperature overnight. The volatile was evaporated and the residue
was dissolved in THF. To the above THF solutlon was added Eth (91 mg, 125 uL, 0.9
(135 mg, 0.6 mmol). The m

(b'

ptane/EtOA = 2/1) gave as two major rotamers (100 mg, 77 %) [alp - 7 (c 1.2,
CHCI3); IR (CHCIl3) 3456, 3006, 2981, 2931, 2869, 1706, 1688, 15Ub 1463, 1400, 1369,
1250, 1169, 1138, 1106 cm-!; 'H NMR (250 MHz, CDCl3) 6 7.38-7.27 (m, 5H), 4.51 (s, 2H),
4.51 (s, 1H, NH), 4.04-3.92 (m, 1H), 3.54-3.31 (m, 3H), 3.13-3.10 (m, 2H), 2.92-2.89 (m,
1H), 2.28-2.12 (m, 2H), 1.59-1.19 (m, 3H), 1.44 (s, 18H); '3C NMR (50 MHz, CDCl3) &
156.0, 154.4, 138.5, 128.4, 127.6, 79.4, 73.2, 71.0, 56.7, 52.4, 52.0, 39.5, 35.0, 34.6, 34 .4,

34,0, 33.7, 28.5; MS (CI) m/z 435 [M+H]+, 379, 335, 107. Anal. Calcd for Cy4H3gN,Os5: C

>

I/ {4Vl [ Lo LY
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d.
EtOAc was hydrogenated at 1 atm for 61 e reaction mixture was filtered through a short
pad of Celite, the filtrate was evaporated in vacuo and purified by flash chromatography on
silica gel (heptane/EtOAc = 1/1) to afford 32 as two rotamers (56 mg, 100%): [a]p -13 (¢ 0.8,
CHCls); IR (CHCl3) 3456, 3394, 3006, 2981, 2931, 2875, 1706, 1669, 1506, 1456, 1406,
1369, 1244, 1231, 1169 cm-!; TH NMR (250 MHz, CDCl3) § 4.57 (br s, 1H), 4.29 (br s, 1H),
4.04 (br s, 1H), 3.61 (m, 2H), 3.53 (dd, J = 10.7, 7.3 Hz, 1H), 3.17-3.09 (m, 2H), 2.99 (t, J =
9.7 Hz, 1H), 2.22-2.19 (m, 1H), 1.73-1.49 (m, 4H), 1.47, 1.44 (ds, 18H); 13C NMR (50 MHz,

224y 222y &iT L 1) LA Y 111

CDCl3) (for the major rotamer) 8 156.9, 156.1, 80.3, 79.3, 67. 2 59 4,52.7,39.3, 34.7, 34.4,
. AQ

22 Q NQ & NAC (I 22/ 2AK AN LI"I-&- ’2!’\1 IR0 ALK 14K, Anlad Fre LT _NI.N_
33.0, £0.J, VIO \\_1) AI/Z D20 |IvViTI1|", JuUl, 407, 470, 197, AS calcd for U j70133iN2WU5
RA NI N AL NAYINN O 1 YA MO
(IVI+I1) 540.405Y0, 10UNd 540.£2301.
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for the preparation of the methyl ester 28 provided 33. Purification by flash chromatography
on silica gel (heptane/EtOAc = 1/1) gave 33 as two rotamers (31 mg, 100%): [a]p -13 (c 0.8,
CHCl3); IR (CHCl3) 3456, 3013, 2981, 2963, 2938, 1750, 1694, 1506, 1475, 1463, 1438,
1406, 1369, 1269, 1248, 1225 cm-!; tH NMR (250 MHz, CDCl3) 6 4.54 (br s, 1H), 4.37 (br
d, J = 7.8 Hz, 0.47H), 4.26 (dd, J = 8.9, 2.2 Hz, 0.53H), 3.72 (s, 3H), 3.81-3.64 (m, 1H),
3.13-2.91 (m, 3H), 2. 3 7-1.52 (m, 5H), 1.46, 1.44, 1.40 (three s, 18H); 13C NMR (50 MHz,
CDCl3) (two v nr ers\ﬁl'mﬁ 173.4, 156.0, 153.7, 80.0, 79.3, 59.0, 58.7, 52.2, 52.0,

AN 157 v-- S A3 8

51.9, 515, 39.3, 36.4 35 7,35.1, 34.2, 33.5, 28.4, 28.3; MS (CI) m/z 373 [M+H]+, 316, 273,

N 177 1TAN. LTDAMQC ~Anl~Ad £ Y MASTLIN 272 D220 FAvind 2772 O2L
U, 1 IL, 140; HRMS calcd for CgH33N>Og (M+H) 373.2339, found 373.2336.
oY

(25,4R)-1-tert-Butoxycarbonyi-2-benzyloxymethyl-4-(fert-butyldimethyisilyloxy)-

methyl pyrrolidine (34). To a solution of 2 (200 mg, 0.62 mmol) and imidazole (126 mg,
1.86 mmol) in DMF (6 mL) was added rert-butyldimethylsilyl chloride (103 mg, 0.69 mmol).
The mixture was stirred at room temperature for 1 h. Water was added and the reaction
mixture was extracted with Et;O. The ether extracts were washed with water and brine, dried
over Na;SO,4 and evaporated. Flash column chromatography on silica gel (heptane/EtOAc =

20/1) afforded 34 as two rotamers (270 mg, 100%): [a]p -35 (¢ 2.6, CHCl3); IR (CHCl3)
3006, 2956, 2931, 2894, 2863, 1688, 1475, 1456, 1406, 1369, 1263, 1256, 1169, 1138, 1112,
1094, 1013 cm-!; 1H NMR (300 MHz, CDCl3) 8 7.31(m, SH), 4.52 (s, 2H), 4.05-3.94 (m,
IH), 3.60-3.40 (m, 5H), 3.14 (dd, J = 10.7, 8.2 Hz, 1H). 2.53-2.42 (m, 1H), 2.05-1.99 (m,
iH), 1.73-1.72 (m, 1H), 1.43 (s, 9H), 0.86 (s, 9H), 0.037 (s, 6H); 13C NMR (50 MHz, CDCl5)
0 154.3, 138.4, 128.3, 127.4, 79.1, 73.1, 71.2, 64.8, 56.6, 49.3, 39.6, 38.7, 31.5, 30.7, 28.5,
25.9, 18.3, -5.4; MS (CI) m/z 436 [M+H]+, 380, 336, 107. Anal. Calcd for Cp4H4;NQO4Si: C,

66.16; H, 9.49; N, 3.22. Found: C, 65.92; H, 9.36; N, 3.28.
(2S,4R)-1-tert-Butoxycarbonyl-2-hydroxymethyl-4-(tert-butyldimethylsilyloxy)methyl

pyrrolidine (35). A suspension of 34 (250 mg, 0.57 mmol) and Pd/C (10%, 50 mg) in EtOAc

was hydrogenated at 1 atm for 7 h. The reaction mixture was filtered through a short pad of

Calite tha filtrato ¢ avannrated 1 varun and marified hy flach chromatonoranhv on cilieca oel
\/\Illt\-/’ LIIL 11itidAly YY D ULYQPULALLVU L7 v s Al llul 1fIw UJ 1142041 v‘llvll‘u‘-vélu ll] Wil OliivQl 5\/1
(amotmana EEYA ~ — 21N 1 € AE na ttxrm emtarmmaee (1972 e Q07N Tevl. A (A2 A LI N
Ult:pLdllClD \VJAC = O/1) W0 dllOIUd 09 ad itwo 1O dHICT> (10D 111E, F070). [WL]D ~<£0 \C J.4, LIILC13),
IR (CHCl3) 3369, 3025, 3006, 2956, 2931, 2888, 2856, 1663, 1463, 1413, 1369, 1256, 1169,
1138, 1100, 838 cm-!; tH NMR (250 MHz, CDC15) 6 4.61 (br s, 1H, OH), 4.02-4.01 (m, 1H),

3.63-3.25 (m, 6H), 238 2.33 (m, 1H), 1.88-1.55 (m, 2H), 1.47 (s, 9H), 0.89 (s, 9H), 0.045 (s,
6H); 13C NMR (50 MHz, CDCls) 8 157.0, 80.1, 67.3, 64.4, 59.4, 49.7, 39.4, 30.8, 28.4, 25.9,
18.3, -5.4; MS (CI) m/z 346 [M+H]+, 302, 290, 246. Anal. Calcd for C;7H35NO4Si: C, 59.09 ;
H, 10.21; N, 4.05; Found: C, 59.14; H, 9.98; N, 4.04.
(_2_5 4R)-N-tert-Butoxycarbonyl-4-hydroxymethyl prolin
&&&&& n g 0.54 mmol)

of the methyl ester 28 was employed. Thus obtained
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heima Awmioad amd avvanmaeatad Dlack ~amlizseri; ~abhones cbmooo L 212 __1 ey A

Uliic, 4licd alil ©vapoidicd. ridsn Comuini Ciromaiograpny on Siica gel pLane BEIUAC =
1IN .. AN Aesi P - ~ OO r.. ~AO s Pl th ] s Pt P et ] Pae s
1/3) gave 36 as two rotamers (110 mg, 79%): [ajp -38 (¢ 1.4, LHL13), IR (CHCl3) 3688,

3631, 3469, 2981, 2956, 2887, 1744, 1694, 1406, 1369, 1156, 1131, 1025 cm-1; 'H NMR
(250 MHz, CDCl3) 6 4.39 (dd, J = 8.0, 3.5 Hz, 0.42H), 4.29 (dd, J = 7.0, 5.5 Hz, O.SSH), 3.73
(s, 3H), 3.70-3.60 (m, 3H), 3.29-3.16 (m, 1H), 2.61-2.47 (m, 1H), 2.17-1.59 (m, 2H), 1.46,
1.41 (two s, 9H); 13C NMR (62.5 MHz, CDCl3) 6 173.6, 173.5, 154.6, 154.0, 80.2, 80.1,
63.7, 63.5, 59.0, 58.7, 52.2, 52.0, 49.1, 48.7, 39.8, 39.0, 33.0, 32.3, 28.4, 28.3; MS (CI) m/z
260 [M+H]+, 216, 204, 160. Anal. Calcd for C;,H2;NOs: C, 55.59; H, 8.16; N, 5.40; Found:
C, 54.95; H, 8.39; N, 5.15.

(2S »4R)-N-tert-Butoxycarbonyl-4-[N',NG-bisbenzyloxycarbonyl)guanidino]methyl-

“-‘A o weead o ~ a5 anls PR
proline methyl ester (37). To a solution of N,N-bis(benzyloxycarbonyl)guanidine (51 mg,

0.154 mmol) and PPh; (30 mg, 0.116 mmol) in dry THF (3 mL) under argon was added 36
(20 mg, 0.077 mmol). The mixture was cooled to 0°C, and diisopropyl azodicarboxylate (25
mg, 0.116 mmol) was added dropwise. The reaction was stirred at room temperature for 24 h.
Several drops of water were added, and the solvent was evaporated in vacuo. Preparative
TLC on silica gel (toluene/EtOAc = 5/1) afforded 37 as two major rotamers (35 mg, 80%):

[alp -11 (¢ 0.8, CHCls); IR (CHCl3) 3394, 3038, 3006, 2981, 2956, 1744, 1725, 1694, 1644,

1613, 1513, 1456, 1438, 1406, 1381, 1281, 1244, 1175, 1131, 1100, 1006, 900 cm-1; 'H
NMR (250 MHz, CDCl3) § 9.45 (br s, 1H), 9.25 (br s, 1H), 7.42-7.28 (m, 10H), 5.32-5.08 (m,
2H), 4.35-4.25 (m, 1H), 4.20-3.92 (m, 2H), 3.69, 3.68 (two s, 3H), 3.65-3.56 (m, 1H), 3.22-
3.05 (m, 1H), 2.69-2.61 (m 1H), 2.13-1.87 (m, 2H), 1.4, 1.38 (two s, 9H); 1*C NMR (50

MHz, CDCls) 6 173.5, 173.2 163.8, 160.6, 155.8, 154.3, 153.7, 137.0, 134.4, 129.0, 128.9
128.6, 128.5, 127.9, 80.0, 69.3, 67.0, 58.7, 58.5, 52.2, 52.0, 49.9, 49.5, 46.0, 45.8, 37.7, 36.8,
34.1, 33.6, 28.5, 28.3; MS (CI) m/z 569 [M+H]*, 435, 91. Anal. Calcd for CrgH3¢N4Og: C,
61.26; H, 6.38; N, 9.85; Found: C, 60.97; H, 6.29; N, 9.58.

(2R ,3S.4R)-1-tert-Butoxycarbonyl-2-hydroxymethyl-3-phenylsulfonyl-4- hvdroxv-

methyl pyrrolidine (38). A suspensxon of 21 (230 mg, 0. 51 mmol) and Pd/C (10%, 4
eOH was bvdrnopngt ed at 60

T EWAR wAE AL U

B
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[

20/1) to afford 38 (168 mg, 89 /o) [
(CHClg) 3538 3019 2988 2888, 1688, 1475, 1456, 1394, 1369, 1306, 1213, 1150, 1084 cmr

1: TH NMR (250 MHz, CDCl3) 8 7.95-7.90 (m, 2H), 7.74-7.56 (m, 3H), 4.34-4.26 (m, 1H),

4.12-4.09 (m, 1H), 3.94-3.70 (m, 2H), 3.50-3.38 (m, 4H), 3.16-3.10 (m, 1H), 1.46 (s, 9H);
13C NMR (50 MHz, CDCl3) 6 155.1, 137.7, 134.2, 129.4, 128.5, 80.6, 65.3, 63.0, 61.3, 60.2,
48.7, 43.8, 28.3; MS (CI) m/z 372 [M+H]+, 316, 272, 232, 176, 143; HRMS calcd for
C17H26NOgS (M+H) 372.1481, found 372.1442.

(25,4R)-1-tert-Butoxycarbonyl-2-hydroxymethyl-4-hydroxymethyl

O\
w

yrrolidine (39).

-c

Ta a enlntion of AR (106 mo N6 mmol) in HPT O orade MeaOYH (S mI ) containine Na-HP(),
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and CH,Cl,. The aqueous layer was extracted with CH;Cl,. The CH,Cl; ex
washed with brine, dried and evaporated. Fiash chromatography on silica gei (CH,Cl,/MeOH
= 20/1) gave diol 39 (57 mg, 96%): [a]p -32 (¢ 0.7, CHCIl3); IR (CHCl3) 3689, 3631, 3419,
3013, 2981, 2938, 2894, 1669, 1519, 1475, 1406, 1369, 1244, 1163, 1138, 1050 cm-!; 1H
NMR (250 MHz, CDCl3) § 4.65 (br s, 1H), 4.00 (m, 1H), 3.62-3.44 (m, 5H), 3.20 (dd, J =
10.9, 7.5 Hz, 1H), 2.95 (br s, 1H), 2.50-2.35 (m, 1H), 1.85-1.70 (m, 2H), 1.46 (s, 9H); 13C
NMR (62.5 MHz, CDClq) 0 156.98, 80.37, 67.32, 64.17, 59.37, 49.90, 39.36, 30.88, 28.42;
CI) m/z 232 [M+H]+, 176, 132; HRMS calcd for C;;H2NOs (M+H) 232.1549, found
272

[oyayon

(25 4R)-N-tert-Butoxycarbonyl-4-methoxycarbonyl proline methyl ester (40).
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Starting from 39 (40 mg, 0.17 mmol), exactly the same procedure as described

- T

T
preparation of compound 28 furnished 40 (42 mg, 84%): [a]p -42 (¢ 0.45, CHCI3); IR
(CHCl3) 2981, 2956, 1744, 1694, 1406, 1369, 1175, 1131 cm-!; 1H NMR (300 MHz, CDCls)
8 4.45 (dd, J = 8.8, 2.6 Hz, 0.45H), 4.35 (dd, J = 8.7, 3.8 Hz, 0.55 H), 3.87-3.54 (m, 2H),
3.74 (s, 3H), 3.72 (s, 3H), 3.34-3.14 (m, 1H), 2.57-2.37 (m, 1H), 2.26-2.13 (m, 1H), 1.46,

1.41 (ds, 9H); 13C NMR (50 MHz, CDCl3) 8 173.11, 172 83, 154.03, 153.40, 80.32, 58.72,

58.45, 52.19, 48.60, 41.85, 41.07, 33.33, 32.57, 28.35, 28.24; MS (CI) m/z 288 [M+H]+, 232,

188; HRMS calcd for C13HoNQOg (M+H) 288.1447, LOLnd 288.1475
(25,4R)-4-Methcxycarbenyl proline methyl ester (41). To a solution of 40 (30 mg, 0.104

mmol) in CH,Cl; (I mL) was added TFA (1 mL). The mixture was stirred at room

temperature for | h. After evaporation of the solvent, the residue was dissolved in 30%
aqueous K,COj solution and extracted with EtOAc. The EtOAc extracts were washed with
brine, dried and evaporated to give 41 (20 mg, 100%): [a]p -11 (¢ 1.5, CHCL); IR (CHCl3)
3006, 2956, 2738, 2600, 1750, 1681, 1438, 1225, 1200, 1144 cm-!; 'H NMR (300 MHz,
CD;0D) 84.90 (br s, 1H), 4.55 (t, J = 8.2 Hz, 1H), 3.86 (s, 3H), 3.76 (s, 3H), 3.64 (4, /= 7.0
Hz, 2H), 3.41 (m, 1H), 2.66 (ddd, J = 13.8, 8.4, 5.3 Hz, 1H), 2.47 (dt, J = 13.8, 8.3 Hz, 1H);
13C NMR (50 MHz, CDCl3) § 171.21, 168.72, 59.14, 53.80, 52.94, 47.50, 41.37, 31.43;

SAVARIN (Vv AVRiadh, SRR &2 Ao OV )

HRMS calcd for C8H14NO4 (M+H) 188. 0923 found 188.0917.

he residue was dissolved in
EtOH. The solution was treated dropwise with propyliene oxide under heating. Evaporation to
dryness gave 42 (7 mg, 100%): [a]25p -52 (¢ 0.9, H,0) {lit.: [a]?’p -54 (¢ 1.04, H,0) [30];
[0]20p -46.6 (¢ 0.09, H,0) [31]; [@]20p -46 (¢ 1, H,0) [32]}; IR (KBr) 3419, 2925, 1719,
1619, 1413, 1388, 1363, 1338, 1288, 1225 cm-l; IH NMR (250 MHz, D,0) 8 4.29 (t,J=7.9
Hz, 1H), 3.65-3.62 (m, 2H), 3.34 (quintet, J = 7.0 Hz, 1H), 2.60 (ddd, / = 14.2, 8.2, 5.9 Hz,
1H), 2.43 (m, 1H); 13C NMR (75 MHz, D,0) & 177.83. 175.10, 62.67, 49.25, 44.19, 34.02,
MS (CI) m/z 160 [M+H]+, 114; HRMS calcd for C¢HioNO4 (M+H) 160.0610, found
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