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Abstract : An efficient and novel process is described for the synthesis of nectrisine § and its related
derivatives 6,7 as potent glucosidase inhibitors via the corresponding lactams starting from D«(-)-diethyl

tartrate. Also the results of biological evaluation of the synthesized compounds are described.
© 1999 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

During the past 10 years, some new and interesting compounds have been revealed that are potent
inhibitors of glycosidase.! But these compounds generally suffer from lack of specificity and in some cases
from low activity at cellular levels. In connection with a programme on the development of more effective
glycosidase inhibitors, we have developed the versatile synthetic method of polyhydroxylated pyrrolidine
compounds as potent ¢.-glucosidase inhibitors.

Naturally occurring product DAB-1 1, isolated from Angylocalyx boutiqueanus and Arachniodes
standishii? and its enantiomer LAB-1 3 are powerful inhibitors of a range of a-glucosidases.” We have recently
shown that DAB-1 and its N-protected derivative 2 and LAB-1 and its N-protected derivative 4 could be readily
synthesized from optically active dicthyl tartrate.*

HG OH HQ OH
‘ : N 4 HQ OH HQ OH
Lr)\/ o LN> e Z_>V 2 3 -0 b\
‘t, >
1 | ! N
o o
K K
i,R=H 3,R=H P 6 ’
2, R= PMB 4, R= PMB N
Neoctrigina & a funaal metahalite 1cnlated fram octria lucida ic a notent or-oglhicocidace and oy-
INCCATISINC 3, 4 Tungdr NRadUiliv 15U1allG 110l SyO0ia waldhl, 15 a pUlil Urapaullsilast alut v

mannosidase inhibitor.5¢ Although 4-epi-nectrisine 6 has been reported to exist as a complex equilibrium
mixture with dimerized and hydrated forms, its biological activities are not known.” 1In the previous
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communication, we reported the synthesis of nectrisine and 4-epi-nectrisine.# We now present the details of this
synthesis and the application of this synthetic method to produce various derivatives including 5-deoxynectrisine
7. Furthermore, this paper presents the results of biological evaluation of the synthesized compounds in this
programme using several glycosidases.

RESULTS AND DISCUSSION
1) Synthesis of Nectrisine
Qur synthesis began with modified Strecker reaction® of the aldehyde 8,'0 which was readily obtained
gy - . rspbrernton tsv orremcl wrin ctasmo N A WP o PRy oy M o N Pyt P Sy U P p W iy
from D-{—)-diethy! taitrate in good yield (4 steps, >90%) and is d picted in Scheme 1. Reaction of this aldehyde
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aminonitrile 9 (2 steps , 96%), as an inseparable diastereomeric mixture, the ratio of which was not determined
because this stercocenter was epimerized concomitantly on the methanolysis of the nitrile 11 to the ester 12.
The aminonitrile 9 was subsequently deprotected with tetra-n-butylammonium fluoride (TBAF) in THF to the
corresponding amino alcohol 10 in 87% yield.
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Scheme 1: a) p-(CH30)CeH,CHNH,, (EtO);,P(O)CN, THF; 96%; b) TBAF, THF; 87%; ¢) TPAP, NMO,
MS4A, CH,Cly; d) NaOMe, MeOH, 0°C— r.t. then IN HCI ; 2 steps, 71%; e) LiBHy, THF; 87%; f) TPSCI,

Et-N, DMAP, CH,Cly; quant.; j) LiEtaBH, THF, -78°C; 93%; k) 6N HCI, THF, 50°C, 2h; >80%, then
Dowex 1-X2 (OH™), 90%

imid., DMF; 96%; g) CAN, CHyCN-H>0 (9:1); 84%; h) conc. HC1, MeOH-H,0 (2:1); 92%; i) (Boc);0,



lactam 11. Without purification, the lactam was treated with 3 eq. of sodium methoxide in methanol at room

iemperature to give the methyi ester 12 (2 steps, 71%), which was reduced with LiBH, (lithium borohydride) in
THF to form an alcohol and produced a chromatographically separable mixture of two diastereomers in 87%

yield, trans-lactam 13 and cis-lactam 14, in a ratio of 56:44. The latter was utilized for the synthesis of 4-epi-
nectrisine 6.

actam 16 in 84% ylem and then me xzx:tam
was treated with conc. HCl in MeOH and H,0 (2:1) at 60°C for 2h to furnish the corresponding pyrrolidone 17
in 92% yield which was identical in all respects with the literature.® The key step in this synthesis is the
reduction of lactam to amino alcohol. Accordingly, we examined the reduction of 15 with various reducing
reagents (DIBAL-H, LiEt,BH, NaBH, etc), but reduction product was not obtained. Faced with this problem,

we decided to replace the N-protecting group, -PMB, with the more electron-withdrawing and easily removable
D parvrzem Thaee loboie. 1 £ n 1 1 e, oy ~ Iy o —~d Te N - MNIT 1 PP T, T
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imide 18 in quantitative yield. Thus, reduction of the imide 18 with LiEt;BH (Super Hydride®) in THF at
—78%C cleanly afforded amino alcohol 19 in 93% yield. The final task was the removal of the protecting
groups. This was accomplished by treatment of 6N HCI in THF at 50°C for 2h to give the amino sugar
precursor!? (>80% yield), followed by ion exchange column chromatography (Dowex resin, OH-form) which
afforded nectrisine 5§ in 90% yield. Comparison of the specific optical rotation, 'H and '3C NMR data of our
synthetic nectrisine 5 with those in the literature>¢ completely confirmed the identity of them.

2) Synthesis of 4-epi-Nectrisine

The 4-epi-nectrisine 6 was then synthesized from 14, following the set of reactions described above for
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Scheme 2: a) TPSCI, imid., DMF; 92%; b) CAN, CH3CN-H,0 (9:1), 0°C; 82% ; c) (Boc),0, EtsN, DMAP,
CH,Cly; quant ; d) LiE&;BH, THF, -78°C; 95%; ¢) 6N HCI, THF, 50°C, 2h, then Dowex 1-X2 (OH"); >80%; )

.Ju.., i

Ac70, Hz0; Dowex 50W-X2 ( H'); quant.

Thus, as depicted in Scheme 2, protection of the primary hydroxyl function with TPSCI gave the silyl
ether 20 in 92% vyicld. Removal of the protecting PMB group by CAN gave lactam 21 in 82% yield, which
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was then treated with Boc,O to give an imide 22 (quant. yield). The imide was reduced to amino alcohol 23
with Super Hydride® in THF at -78%C in 95% yield. Finally, deprotection of 23 with 6N HCl in THF at 50°C
for 2h yielded a mixture of products (>80% yield). 4-epi-Neclrisine 6 was reported to exist as an equilibrium
mixture of several forms.” For identification, we decided to acetylate the amino group. Treatment of the
mixture of products with Ac,0 in H,0 gave 24 (quant. yield) which was identical in all respects with that in the

literature.”

tolucnesulfonyl chloride (p-TsCl) in pyridine afforded the tosylate which was then converted into iodo

ide (NaHCO;, DMF) in 91% yield (based on the recovered tosylate).
Hydrogenolysis of iodo compound 25 under pailadium on carbon in EtOH gave the 5-deoxylactam 26 in
quantitative yield. Removal of the -PMB protecting group in 26 with CAN provided lactam 27 (79% yield)
which was treated with Boc,O to give an imide 28 in quantitative yield. Reduction of the imide 28 with
LiEt;BH (Super Hydride®) in THF at —78%C cleanly afforded aminoalcohol 29 in 96% yield. The final task
was the removal of the protecting groups. This was accomplished by treatment with 6N HCI in THF at 50°C

for 1h and successive purification with ion exchange column chromatography (H* form) to give the 5-
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Scheme 3: a) p-TsCl, pyr.; b) Nal, NaHCO3, DMF; 91% in 2steps; ¢) Hy, Pd-C, EtOH; quant.; d) CAN, CH3CN-H,O
(9:1), 0C; 79%:; e) (Boc) O, EtyN, DMAP, CH,Cly; quant.; f) LiEtsBH, THF, -78°C; 96%; g) 6N HCI, THF, 50T,
th, then Dowex SOWX-2 (H"); > 80%.

4) Glycosidase Inhibitioni4

Biological activities of synthesized compounds in this programme are shown in Tabie i. The natural
product DAB-1 1 showed potent inhibitory activity towards wide range of glycosidases (o- and B-glucosidases
ition of yeast a-glucosid e with 50%

N 2

inhibition (IC,) of enzymic activity at i.5X i0-7M which are comparable with those reported.’ Interestingly,
compound 2 and 4, N-PMB protected form of 1 and 3, showed comparatively potent inhibition activity against
yeast o.-glucosidase with 50% inhibition at 1.0X10-M and 4.0 X 10°M. Besides, they also showed some
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o-glucosidase and o-mannosidase. Tt appears that the three hydroxy functionalities of DAB-
I and LAB-1 are important for their biological activities. On the other hand, nectrisine 5 was also powerful
inhibitor of yeast a-glucosidase (IC5, 0.04X10-°M) which are comparable with those reported.56 4-epi-

Nectrisine 6 whose glycosidase inhibitor properties are unknown so far showed comparatively pote

activity against yeast a-glucosidase with 50% inhibition at 8.0 X 10-°M. 5-Deoxynectrisin
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remarkaoy poteit innioitory acti ivi iy \““50 S X 105M) ag‘unb yeast o- gmcosmase snowmg that the nyuroxyl

group of C-5 in nectrisine has a little effect in the inhibition. However, pyrrolidone 17 showed a weak

inhibition against yeast a-glucosidase (1Cs, 40 X 10-M).

Table 1. Biological activities of pyrrolidine derivatives.
Inhibitors

1 2 3 4 5 6 7 17
Enzymes®

a-Glu.

B-Glu.
(Almonds) 500 1000 2000 >2000 2.2 125 7.5 NI

o-Man.

(Jack 200 800 >2000  >2000 3 800 15
Bean)

Z

B-Man.
(Snail) >2

]
‘
]
t

|

>2000 >2000 42 I -4

>
v
]
~J
C\
c\

B-Gal.

(Jack 2000 800 >2000  >2000 - - - NI
Bean)

a]Cy, (X 10°M) determined as described!?, bGlu.: Glucosidase, Man.: Mannosidase, Gal.: Galactosidase, NI,
no inhibition up to 1.0 X 10-3M, 9-: not tested.

T ~ramabiaicinn e hoava Aavalamad o nmaws tuma AF Aavidativa lantnra frecmatinn whinh hae hanns crinnacofs e,
AL LVULRCIUDIULL, WU HavD UCVLIUPDGCAU a How Ly Ul UAIUAuve lauvl I 1ULI1aUULL WL 11ad COLL SULLOOIUNLY
used in total synthesis of the nectrisine § and 4-epi-nectrisine 6. Also this work could give access to an

efficient method for the synthesis of pyrrolidone 17 dnd 5-deoxynecirisine 7 and some other derivaiives. These

pamways furnish various synmeuc intermediates and analogs which may be hel pf lin evalua[mg struciure-
actlvny relatlonsmps of these glycosmase inhibitors. Further utilization of this metnodology in the synthems of

other azasugars and related systems will be reported in due course.
EXPERIMENTAL

IR: Jasco A-102 spectrometer. — 'H NMR (in CDCl; CD;0D or D,0): Jeol INM EX-90 spectrometer (90
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MHz), Bruker AC-300 spectrometer (300 MHz) or Jeol JINM- A 500 spectrometer (S00MHz). — Optical
rotations: Jasco DIP-371 polanimeter. — High resolution mass measurement: JEOL JMS-SX 102/SX102. —
Column chromatography: Merck Kieselgel 60 (Art. Nr. 7734). — Melting points: uncorrected values.

Methods of biological evaluation were the same as described in reference. '

(1RS,25,3R)-2,3-Bis(methoxymethyl)oxy-4-(¢- butyldnmethylsnlyl)oxy -cyano-N-(4-
methoxybenzyl)butanamine (9). To a cooled (0%C) solution of aldehyde 8 (26g, 80.6mmol) and DEPC
(18 Ra OR Tmmal) in THE (180N wae clnwiv addad a cahitinn Af n_mathavvhansulamina (VA Loy 1QFemasand)
\IJ-UE, NI S RRERAFUL ] BE1 X RRER LB JUARM) Wad DI.UWIJ GUIRAL a DUIMLIULL Ul IJ lllblllU}\y ugxauuuc \LU Us, 1701 lll)l]
1 TLHE &Ny T ey whrnen sermao thrme allawerad o umrasmers fn maae fasasaien srwy eioecd dio—od O 1L s o T
1M IXLD (Jviilj. 1L feacuon nw\ 16 Wad UICII allUWOAL (U wWallll tv JOUII U ulpcxmmc alid SUITEa 101 160. 11

1030, 840 and 780. 'H-NMR (CDCl,) &: 0.06 (6

3/ V. V.UU QR

d
EX, i,

J=2.7Hz), 0.88 (9H, d, J/=3.5Hz), 3.42 (6H, d, J=6.2Hz), 3.80 (3H, s), 3.66-3.85 (4H, m), 3.88-4.20 (4H,
m), 4.74 (4H, d, J=4.9Hz), 6.86 (2H , d, J=8.6Hz) 7.27 (2H , d, J=8.6Hz). Anal. Calcd. for C,;H,,N,OSi:
C, 58.94; H, 8.60; N, 5.98. Found: C, 58.47; H, 8.57; N, 5.58.

(1RS,2R,3R)-2,3-Bis(methoxymethyl)oxy-4-hydroxy-1-cyano-N-(4-
methoxybenzyl)butanamine (10). To a cold (0C) solution of 9 (8.8g, 18.8mmol) in THF (50ml) was
added a solution of TBAF (6.2g, 22.6mmol) in THF (15ml). The resulting mixture was allowed to warm to
room temperature. After being stirred for 2h, H,O (20ml) was added and the mixture was extracted with Et,O

(50ml, 3times). The extract was washed successively with H,O, brine, dried (MgSO,) and concentrated under

. "H-NMR (CDCl,) &: 3.40 (6H, dd, J=2.3, 3.5Hz),
h ¢

210 ALY hY 277 2 0A /LIYT Ly Y NL TR O3 ) Sy By ) & SN A 172 /1L - J_A NLT-N A LN 1YY A "IE (ALY
3.19 (dn, 8}, 5.712-3.94 (bn1, I}, 5.¥0 (in, G, y=2.2nZ), 4.15 (in, Q, y=4.0Unij, 4.6V (111, §), 4.75 (411,
dd, /=2.7, 5.3Hz), 6.87 (2H , d, J=8.6Hz) 7.26 (2H , d, J=8.6Hz). Anal. Caicd. for C,;H,(N,Oq: C, 57.61;

H, 7.39; N, 7.90. Found: C, 57.23; H, 7.26; N, 7.63

(35,4R,5RS)-N-(4-Methoxybenzyl)-3,4-bis(methoxymethyl)oxy-5-cyano-2-pyrrolidinone
(11). The alcohol 10 (2.5g, 7.0mmol) was dissolved in CH,Cl, (30ml) containing both the powdered 4A
molecular sieves and NMO (2.5g, 2Immol). After stirring the mixture for 10min, solid TPAP (0.25g,
0.7mmol) was added in one portion at room temperature under argon atmosphere. This reaction was exothermic
and thus the reaction mixture was allowed to reflux. After being stirred for 1h, the reaction mixture was filtered
through SiO, under pressure, eluting with EtOAc. The filtrate was concentrated in vacuo to give 2.5g (quant.)

i€ A el i nien BT an an Adl C TD faanse).
Ul CIUUC PYITOULIGHIIVIIC 11 ad 4l ULl , I\ (L L. Vmax l‘l iy

1250, 1050, 830 and 730. 'H-NMR (CDCl,) &: 3.44 (6H, s), 3.80 (3H, s), 3.84-3.92 (I1H, m), 4.01-4.34
(3H, m), 4.55 (1H, d, J=7.5Hz), 4.80 (2H, d, J/=8.0Hz), 5.05 (2H, dd, J=3.6, 6.6Hz), 6.87 (2H , d,
J=8.6Hz) 7.20 (2H , d, /=8.6Hz). This compound was used for the next step without further purification.

(3S,4R,5RS)-N-(4-Methoxybenzyl)-3,4-bis (methoxymethyl)oxy-5-methoxycarbonyl-2-

= Bl AL L1y

pyrrolidinone (12). Sodium (0.5g, 21.3mmol) was dissolved in 25ml of MeOH. To this solution a

Y/ !-’1(\((\ 2240 OOIN 17N 1
L 270U, L0094V, LLIU, 114U, 1

dropwise solution of 11 (2.5g, 7.1mmol) in MeOH (10ml) was added and stirred for 30min. The reaction
mixture was cooled (0%C) and acidified to pH 4 with 2M HCI. The reaction mixture was then allowed to warm to

FARAARLEL



room temperature and the mixture was stirred for 3h. The solvents were evaporated and the residue was
partiioned with H,0 (15ml) and EtOAc (30ml). The aqueous layer was extracted with EtOAc (30ml, 3times)
and the combined organic layers were washed with saturated aqueous NaHCO,, brine, dried (MgSO,) and
concentrated in vacuo. The residue was chromatographed over SiO, (EtOAc/Hexane, 1:2) to give 1.9g (71%)

of 12 as an oil ; {0i],2°= —78.2 (c 1.3 in CHCl,). IR (neat): vua (film)/cm': 2950, 1760, 1710, 1610, 1510,

1440, 1040, 820 and 730. 'H-NMR (CDCL,) &: 3.30 (3H, d, /=5.8Hz), 3.43 (3H, d, J/=2.3Hz), 3.66 (3H, d,
J=9.3Hz), 3.77 (3H, s), 3.82-4.13 (2H, m), 4.24-4.44 (2H, m), 4.58 (1H, d, J=3.1Hz), 4.65 (2H, d,
=2 2H2Y A471.4Q7 (1 m). 5.07 (1 Ad =87 K7H2Y ARY (MMH A JT-RQ&HY 7 18 (9H AAd =20
SELLINREf, T ATRT A 1T, Ky JRTF (i3, W, S5O, WL iRady, U064 (L, Uy, JZ0.0114), 7.10 (Liy, UG, v=5.u,

8.6Hz). Anal. Calcd. for C,gH,NO,: C, 57.39; H, 6.57; N, 3.65. Found: C, 57.25; H, 6.51; N, 3.78.

(38,4R)-N-(4-Methoxybenzyl)-3,4-bis(methoxymethyl)oxy-5-hydroxymethyl-2-
pyrrolidinone (13, 14). To a stirred and cooled (0C) solution of the methylester 12 (2g, 5.2mmol) in
THF(30ml) LiBH, (4ml of 2M THF solution, 7.8mmol) was added. The reaction mixture was allowed to warm
to room temperature and stirred for 20h. After quenching the reaction by addition of H,0 (10ml), the reaction
mixture was thoroughly extracted with EtOAc (30ml, Stimes). The organic layer was washed with brine, dried

(MgSO,) and concentrated in vacuo. Purification of the resulling residue by SiO, column chromatography

m.p.= 56-57C. [a],2’= 3.0 (¢ 0.82 in CHCI,). IR (neat): vmax (nujol)/cm-i: 3460, 2920, 2850, 1680, 1610,
1510, 1450, 1380, 1250, 1160, 1030, 980, 840 and 740. 'H-NMR (CDCl,) &: 3.34 (3H, s), 3.35 (1H, m),
T8N MY ¢y 2K 7L dt I=30 SSHZY 178 (1 m) 370 (3 <} 4 1R (1 d4 —S 0 1I0HZzY 424
FedV RTALy OJy, JT7 \1ELy Ny I, JJERLJy T \AARy LML)y Jed 7 \VRAy IJy Tl U 11k, Uy JTUWU, 2VARL), T.aTT
711X 4 . 1& NLY..\ A 2L 1LY 3 I_& NILI-\Y A £4£ (117 1 I."T NLI=\ A "1 1LY A1 I_ 18 NLI-\ A TO MY A4
\irn, 4, s/=1iJ.UriL), 4.00 \1n, U, J=o.ViiLj, 4,00 (in, u, J=/.Ur1L), 4.7« (111, U, J=1I.UI1L), «.77F (4&I1, Uy,
J=6.5, 9.5 5.12 (1H, d, J Hz) (ZH, d, J=8.5Hz), 7.20 (2H, d, J=8.5Hz). Anal. Caicd. for

| 0
C,;HyNO,: C, 57.45; H, 7.09; N, 3.94. Found: C, 57.44; H, 7.04; N, 3.97. 14; m.p.= 64-66. [a],’=
~138.1 (c 0.82 in CHCL,). IR (ncat): vma (nujoly/cm': 3440, 2940, 2840, 1700, 1610, 1510, 1440, 1370,

z

nman onn T M 1YY [Yll"\ a2V Y 2 NO sAYY N A ATY

1250, 1150, 1040, 920, 830 and 760. '"H-NMR (CDCl,) 6: 3.38 (3H, s), 3.45 (3H, s), 3.50 (iH, m), 3.69
(1H, dt, /=3.4, 5.5Hz), 3.75 (1H, dd, J=2.2, 6.4Hz), 3.79 (3H, s), 4.04 (1H, d, J=14.7Hz), 4.30 (1H, dd,
J=7.9, 15.6Hz), 4.59 (1H, d, J=7.6Hz), 4.70 (1H, d, J=4.3Hz), 4.79 (2H, dd, J=3.9, 6.7Hz), 6.84 (2H, d,
J=8.5Hz), 7.17 (2H, d, J=8.5Hz). Anal. Calcd. for C,;H,;NO,: C, 57.45; H, 7.09; N, 3.94. Found: C,
57.49; H, 7.09; N, 4.05.

-
(SR
~}

o JOOY AL (& \ a¢
3mmol) in DMF (Smil) at 1 X
mixture was extracted with Et,O (50mi, 3times). The ether extract was was

concentrated in vacuo. The residue was purified by SiO, column chromatography (EtOAc/Hexane, 1:4) to give
1.12g (96%) of 15 as an oil ; [a];2’= +21.6 (¢ 0.71 in CHCl,). IR (neat): vmax (nujol)/em-!: 2930, 1710, 1610,

1510, 1430, 1250, 1150, 1110, 920, 860 and 710. tH-NMR (CDCl,) : 1.07 (9H, s), 3.25 (4H, s), 3.46 (3H,
s), 3.62 (1H, d, J=15.3Hz), 3.68 (1H, dd, /=4.0, 11.3Hz), 3.74 (3H, s), 3.75 (1H, dd, J=4.0, 11.3Hz),
4.35 (2H, d, J=4.3Hz), 4.61 (1H, d, J=6.THz), 4.74 (1H, d, J=7.0Hz), 4.80 (1H, d, J=6.4Hz), 4.97 (1H, d,



J=15.0Hz), 5.13 (iH, d, /=6.7Hz), 6.73 (ZH, d, /=8.3Hz), 6.84 (2H, d, /=8.5Hz), 7.44 (6H, m), 7.66 (4H,
dd, J=6.7, 14Hz). Anal. Calcd. for C;3HNO,Si: C, 66.75; H, 7.30; N, 2.36. Found: C, 66.54; H, 7.31; N,
2.42.

(35,4R,5R)-3,4-Bis(methoxymethyl)oxy-5-(¢-butyldiphenylsiloxymethyl)-2-pyrrolidinone
(16). To a precooled (0°C) solution of 1§ (0.7g, 1.2mmol) in CH,CN-H,0 (9:1, 15ml) a solution of CAN
(1.9g, 3.6mmol) in CH,CN-H,0 (9:1, 10ml) was added dropwise. After stirring for 30min at 0°C, the reaction
mixture was allowed to warm to room temperature and stirred for an additional 3h. The reaction mixture was
diluted with 10ml of H,C and thoroughly exiracted with EtOAc (30ml, Stimes). The organic extracts were

washed with saturaied aqueous NaHCO,, brine, dried (MgSO,) and concentrated in vacuo. The residue was
chromatographed over Si0O, (EtOAc/Hexane, 1:2) to give 0.47g (84%) of 16 as a white crystalline solid ; m.p.=

89-91C. 1a],2%= +7.0 (c 0.63 in CHCl,). IR (neat): vmax (film}¥em1: 3250, 2920, 2860. 1730, 1680, 1460,

1110, 1060, 920, 820 and 710. 'H-NMR (CDCl,) &: 1.03 (9H, s), 3.16 (3H, s), 3.40 (3H, s), 3.55 (IH, dt,
J=3, 5.5Hz), 3.58 (1H, dd, J=7.9, 9.8Hz), 3.86 (1H, dd, J=2.4, 7.3Hz), 3.93 (1H, dd, J=5.8, 11.9Hz),
4.36 (1H, d, J=7.0Hz), 4.54 (1H, d, J=6.7Hz), 4.67 (1H, d, J=6.4Hz), 4.74 (1H, d, J=6.4Hz), 5.03 (1H, d,
J=6.2Hz), 5.82 (1H, bs), 7.39 (6H m), 7.61 (4H, d, J=6.7Hz). Anal. Calcd. for C,H,(NOSi: C, 63.40; H,
7.45; N, 2.96. Found: C, 63.54; H, 7.42; N, 2.90.

(3S, 4R, 5R)-3, 4-Dihydroxy S-hydroxymethyl -2-pyrrolidone (17). Conc. HCI (lml) was added to
a stirred solution of compound 16 (0.05g, 0.1mM) in MeOH (6ml) and H,0

stirred at 60°C for 2h and concentrated in vacuo. The resuiting residue was then purified by SiO, flash column
chromatography (CHC1,/MeOH/28% aq.NH,OH, 5:3:1) to give 17, as a white crystalline solid (0.018g, 92%) ;

m.p.= 135-138C. [a]y?'= +15.2 (¢ 0.4 in H,0). IR (KBr): vma (film)/cm-!: 3200, 2910, 2850, 1658, 1340,
1314, 1278, 1090 and 1060. 'H-NMR (D,0) &: 3.36 (iH, ddd, J=8.0, 5.0, 4.0Hz), 3.51 (IH, dd,
J=12.5Hz), 3.70 (1H, dd, J/=12.4Hz), 3.91 (1H, t, J=8.0Hz), 4,21 (1H, d, J=8.0Hz). Anal. Calcd. for
CHgNO,: C, 40.82; H, 6.17; N, 9.52. Found: C, 40.48; H, 6.02; N, 9.03.

(3S,4R,5R)-N-(t-Butoxycarbonyl)-3,4-bis(methoxymethyl)oxy-5-(¢-
butyldiphenylsiloxymethyl)-2-pyrrolidinone (18). To astirred solution of 16 (0.5g, 1.Immol), Et;N
(0.14g, 1.4mmol) and DMAP (catalytic amount) in CH,Cl, (15ml) was added a solution of (Boc),O (0.32g,

P T |
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1.5mmol) in l.,ﬂzblz {5mi) at room { mperatuie. Aller oe ‘ﬁg stiired for ch:uugm, the solvents were e
under reduced pressure. The residue was then partitioned with H,0 (10ml) and EtOAc (20mi). The aqueous
layer was extracted with EtOAc (30ml, 3times) and the combined organic layers were washed with saturated
aqueous NaHCO,, brine, dried (MgSO,) and concentrated in vacuo. The residue was chromatographed over

Si. (FtOAc/Haxane 1:4) to oive () 6o (nuant
SIO, (BHOAC/eEXang, 114) 10 give V.0g (quant

[

of 18 as an oil ; [a] 2'=-42.4 (¢ 0.7 in CHCL,). IR (neat):

% &2l S, I
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vmax (film)ycm-i: 2930, 1800, 1770, 1720, 1470, 1370, 1310, 1150, 1110, 1040, 920, 820, 740 and 704. ‘H-
NMR (CDCI,) &: 1.04 (9H, s), 1.42 (9H, s), 3.34 (3H, s), 3.42 (3H, s), 3.86 (2H, m), 4.04 (1H, m), 4.23

(1H, d, J=3.4Hz), 4.37 (1H, dd, J=2.8, 5.5Hz), 4.67 (2H, dd, J=1.8, 6.7Hz), 4.72 (1H, d, J=6.7Hz), 4.96
(1H, d, J=6.7Hz), 7.38 (6H, m), 7.64 (4H, dd, J=6.5, 10.5Hz). Anal. Calcd. for C;;H,;NO,Si : C, 62.80; H,

2247 VIR, AL 1O AR, U, S0 WL IR L)

7.55; N, 2.44. Found: C, 62.44; H, 7.50; N, 2.85.

(35,4R,5K)-N-(i-Butoxycarbonyi)-2-hydroxy-3,4-bis{(methoxymethyljoxy-5

e
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butyldiphenylsiloxymethyl) pyrrolidine (19). To a precooled (-78C) solution of 18 (0.32g,

0.56mmoi) in THF (10ml) under argon atmosphere LiEt;BH (0.7ml of a IM THF solution, 0.73mmol) was
slowly added. After being stirred at —78%C for 30min, the solution was quenched at this temperature with
methanol (5ml) and subsequently with 10ml of saturated aqueous NaHCO, solution. The resulting foamy slurry
was allowed to warm to room temperature and then it was vigorously extracted with EtOAc (20ml, 3times). The
extracts were dried (MgSO,) and concentrated in vacuo. The residue was chromatographed over SiO,

Vs sV WY . § SN 122 % Y £ o4 YT

(EtOAc/Hexane, 1:3) to give 0.3g (53%) of 19 as an oii ; [o],2'= -29.1 (¢ 0.3 in CHCIL,). IR (neat): vmax
(filmy/cm-1: 3450, 2930, 1700, 1470, 1430, 1380, 1150, 1110, 1040, 920, 820, 740 and 704. 'H-NMR

(CDCl,) 8: 1.05 (9H, s), 1.31 (4.5H, bs), 1.51 (4.5H, bs), 3.28 (3H, bs), 3.42 (3H, s), 3.69-4.11 (4H, m),
4.44-4.70 (1H, m), 4.74 (4H, ), 5.36 (0.5H, hs), 5.51 (0.5H, bs), m), 7.62 (4H, m). Anal.
Caled. for C,.H,sNO.Si: C, 62.58; H, 7.88; N, 2.43. Found: C, 62.30;

LG8,y 1IN, 4592, e
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icsis of mecirisine \D} To a stirred solution of
dropwise a solution of 6N HCI in THF (1:1 v/v, 2ml) at room temperature The reaction mixture was stirred at
50 for 2Zh and concenirated in vacuo. The resuiting residue was then purified by SiO, flash column
chromatography (CHC1,/MeOH/28% aq. NH,OH, 5:3:1) to give the 4-amino-4-deoxy-D-arabinose which was
subjected to ion exchange chromatography purification (Dowex 1-X2, OH") to obtain pure nectrisine 5 (0,02g,

91%) ; [a],2°= +19.6 (c 0.5 in H,0), [lit® : [a],,*%= +21.8 (¢ 0.6 in H,0)]. IR (KBr): vmax (film)/cm-!: 3300,

2900, 1640, 1560, 1400, 1040 and 850. 'H-NMR (D,0) &: 7.67 (1H, bs), 3.09-4.08 (5H, m), 3C NMR

d 8
(D,0) 8: 170.7, 83.6, 78.5, 77.0, 61 4.

13. HRFABMS nvz: 131.0591 [M}* (Calcd. for C;H,NO, 131.0582)
(YC AR KRCY N_(4_ othavvhanzvld). 1 4 _hiefmathavvmothevlNave_ _8_(f_hutuvl_
\I’u,-'“,.’u’ iav ‘1 AVE IIIUAJIIDIIHJ l} -”-' "la\.ll‘f‘:llvﬂ"lll‘r‘r.l: I,UAJ [ %4 \h "“‘J.
AinhanvicilavwvmathoeN_ Y _ nurralidinama (20 In tha cama mannar ac dagerihad far tha nranaratinn ~f
GIPpREHY s SLiGXYMCuNY1)=4=PYITONGIRGHT (4v /. 1l i 84 Manneér as GesCriceld 107 uil préparaudn O1
15, 14 (1.3g, 3.68mmol) yielded 2.0g (92%) of 20 as an oil.; [a]?= -74.0 (¢ 0.67 in CHCL,). IR (neat)

vmax (film)em !: 1710, 1610, 1510, 1370, 1250, 1150, 1110, 1040, 920, 860 and 710. '"H-NMR (CDCl,) &:
1.05 (9H, s), 3.24 (3H, s), 3.36 (1H, d, J=11.9Hz), 3.43 (3H, s), 3.59 (1H, d, J=14.5Hz), 3.62 (1H, dd
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J=2.5, 11.5Hz), 3.75 (3H, s), 3.78 (1H, dd, J=2.5, 11.5Hz), 4.15 (1H, dd, J=7.9, 16.2Hz), 4.59 (1H, d,
Tt
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=6.7Hz), 4.71 (iH, d, J=6.5Hz), 4.85 (2H, d, J=6.5Hz), 5.04 (1H, =15.0Hz), 5.12 (iH, d, /=6.7Hz),
=6.7, 14Hz). Anal. Calcd. for

j-

6.76 (2H, d, J/=8.3Hz), 7.01 (2H, d, J=8.5Hz), 7.39 (6H, m), 7.64 (4H, dd, J=
C;;H,3NOSSi: C, 66.75; H, 7.30; N, 2.36. Found: C, 66.30; H, 7.38; N, 2.38.

(3S,4R,55)-3,4-Bis(methoxymethyl)oxy-5-(¢-butyldiphenylsilox ymethyl) -2-pyrrolidinone
(21). In the same manner as described for the preparation of 16, 15 (0.7g, 1.2mmol) yielded 0.46g (82%) of
21 as colorless needles ; m.p.= 143-145C. [a],?’=-71.5 (¢ 0.62 in CHCL). IR (neat): vmax (film)/cm-!: 3250,

2920, 2860, 1730, 1680, 1460, 1110, 1060, 920, 820 and 710. 'H-NMR (CDCI,) 8: 1.03 (9H, s), 3.23 (3H,
s), 3.41 (3H, s), 3.66 (1H, d, J=7.6Hz), 3.74 (2H, m), 4.36 (1H, dd, J=7.3, 14.7Hz), 4.52 (1H, d,
J=7.6Hz), 4.58 (1H, d, J=6.7Hz), 4.70 (1H, d, J=6.THz), 4.77 (1H, d, J=6.4Hz), 5.04 (1H, d, J=6.4Hz),
5.88 (1H, bs), 7.42 (6H, m), 7.66 (4H, dd, J=6.4, 10.1Hz). Anal. Calcd. for C,sH;NOSi: C, 63.40; H,

7.45; N, 2.96. Found: C, 63.54; H, 7.42; N, 2.90.
E C\© KT f+ D tnwwooawmwhnmoul A_hicfmaoathavemaothvull\nvw_ §_(#¢_
\JD,"I\,JO) v \I'Dul )ly\,uluuu‘yl ®TULId\ ITCLIIU A KLk © & IK LjU A o~ = (s
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butyldiphenylsiloxymethyl)-2-pyrrolidinone (22). In the same manner as described for the preparation

N



of 18, 21 (0.32g, 0.67mmol) vielded 0.39g (quant.) of 22 as an oil ; [o],,2'= =30.1 (¢ 0.62 in CHCL). T

5 Ay 7 7 7 S\ 7 Lo T s il o, WD CVed (U VUL 11 LEEN I3 RN
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(NEAL). Vmax (THHTMYCINT 2 LYOU, 1/Y0, 1/ /U, 174U, 1470, 1450, 1500, 1310, 1150, 1110, 1030, 920, 870, 820,
760 and 704. '"H-NMR (CDCl;) &: 1.03 (9H, s), 1.48 (9H, s), 3.33 (3H, s), 3.44 (3H, s), 1 (2H, d,

J=1.8Hz), 4.17 (1H, d, J/=8.2Hz), 4.32 (1H, dd, J/=8.6, 17.4Hz), 4.71 (1H, d, J=6.4Hz), 4.82 (2H, dd,
J=6.7, 13.7Hz), 5.05 (1H, d, J=9.2Hz), 5.09 (1H, d, J=6.4Hz), 7.38 (6H, m), 7.62 (2H, d, J=7.9Hz), 7.74

(2H, d, J=6.7THz). Anal. Calcd. for C,;H,NO.Si: C, 63.80; H, 7.55; N, 2.44. Found: C, 62.60; H, 7.5!; N
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-(t-Butoxycarbonyi)-2-hydroxy-3,4-bis(methoxymethyl)oxy-5-(¢-

)
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oxymethyl) pyrrolidine (23). In the same manner as described for the preparation of
9, 22 (0.26g, 0.45mmol) yielded 0.25g (95%) of 23 as anoil ; [0],2'= —3.3 (¢ 0.50 in CHCl,). IR (neat):
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J=6.0Hz). Anal. Calcd. for C;H,NOQO,Si: C, 62.58; H, 7.88; N, 2.43. Found: C, 62.15; H, 7.84; N, 2.88.

Synthesis of 4-epi-nectrisine (6). To a stirred solution of 23 (0.1g, 0.17mmol) in THF (3ml) was added
dropwise a solution of 6N HCI in THF (1:1 v/v, 2ml) at room temperature. The reaction mixture was stirred at
50C for 2h and concentrated in vacuo. The resulting residue was then subjected to ion exchange
chromatography purification (Dowex 1-X2, OH™) to give a mixture of products, including dimeric form and 4-
i-nectrisine 6 (0.03g, 80%). This compound was

n
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4-Acetoamido-4-deoxy-L-xylose (24).To astirred solutlon of a mixture of products 6 (0.03g, 0.2mmol)
1 d Ac, O (0.12¢. ImmolD) h m
18 s 1 1j.
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\WV. 14K,
overnight and concentrated in vacuo. The resuiting residue was then subjected to ion exchange chromatography

purification (Dowex 50WX-2, H+) to give 0.21g (quant.) of 24 as an oil ; [a]y?'= —47.7 (¢ 0.9 in H,0), [lit7 :
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(35,4R,5R)-N-(4-Methoxybenzyl)-3,4-bis(methoxymeihyi)oxy-5-iodo-methyli-2-
pyrrolidinone (25). To astirred solution of the alcohol 13 (0.25g, 0.7mM) in pyridine (7ml) was added p-
toluenesulfonyl chloride (0.27g, 1.4mM) and a catalytic amount of DMAP. The solution was stirred for
overnight and H,O (10ml) was added to the reaction mixture. It was then partitioned between Et,0 and H,0.

The aqueous layer was separated and extracted with Et,O (30ml, 3 times). The combined ether layers were

washed with a solution of CuSO, (30ml, 3times), brine, dried (MgSO,), and concentrated in vacuo. To a

stirred solution of crude tosvlate in nMF(lnmh was slowlv added Nal (0.19¢_ 1 7mM\ and NaHCQO. ﬂ 170
IT ation of crude tosyiate 1in Lx Umi) wasg siowly added Nal (U.139g, 1. .2miv ant Oy 1/g,
2 6mM). The reaction mi . Py | P -4e 2SSl 7 NUIr, ] "R s MR Dy By P SR o S o WL, ¥o VRIS LY
Z.UMmivl). 10e reacton m ixture was heated to 65-70 C for 2h and then cooled to room teir PETAUT. KLy (DUl

and H,O (20ml) were added and the layers were separated. The aqueous phase was extracted with ether (30ml,

3times) and the combined organic phases were washed with H,0, brine, dried (MgSO,) and concentrated in
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0.24g (74%) of 25 and 0.07g (19%) of recovered starting tosyiate compound ; o Ip'®=—12.8 (¢ 0.5 in CHCl,).
IR (neat): vmax (film)lem: 2940, 1710, 1610, 1510, 1440, 1250, 1150, 1110, 1040, 920 and 830. 'H-NMR

(CDCl,) 6:3.10-3.25 (2H, m), 3.35 (3H, s), 3.47 (3H, s), 3.40-3.75 (1H, m), 3.80 (3H, s), 3.90-4.15 (2H,
m), 4.45 (1H, d, J=5.7Hz), 4.65-4.82 (3H, m), 4.95-5.20 (2H, m), 6.82 (2H. d, J=8.6Hz). 7.21 (2H. d

i1}, 133, &, [RS8 Y- N AT E&y 133f, TSIV AV (Wi, 1K), U.OL (&ll, U, J=O.UILL), J.41 (&ii, U,

J=8.6Hz). Anal. Caled. for C;H,,INO,: C, 43.88; H, 5.20; N, 3.01. Found: C, 44.22; H, 5.19; N, 3.00.

(35,4R,5R)-N-(4-Methoxybenzyl)-3, 4-bis(methoxy methyl)ox y-5-methyl-2-pyrrolidinone
(26). A solution of 25 (0.2g, 0.43mM) in EtOH (5ml) was hydrogenated over 10% palladium on carbon
(0.1g) and NaHCO, (0.3g) at atmospheric pressure for 3h. After filtration, the catalyst was washed with EtOH

(10ml) and the resulting EtOH solution was evaporated in vacuo. The resulting residue was purified by SiO,

AL nc o lanlace 31 - Tmel 20 229 7
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(c 0.4 in CHCly). IR (neat): vmax (film)cm-i: 2940, 1703, 1610, 1510, 1440, 1380, 1250, 1150, 1040, 920,

840, 810 and 760. 'H-NMR (CDCl,) &: 1.27 (3H, d, J=6.2Hz), 3.16-3.37 (1H, m), 3.34 (3H, s), 3.43 (3H,
s), 3.78 (3H, s), 3.83-4.00 (2H, m), 4.32 (1H, d, J=5.7Hz), 4.60-4.83 (3H, m), 5.02-5.19 (2H, m), 6.84

37, .02 1iify JV 17 \ﬁll, 1y V.UT

(2H, d, J=8.6Hz), 7.15 (ZH, d, J=B.6Hz). Anal. Calcd. for C;H,sNO,: C, 60.16; H, 7.42; N, 4.13. Found:

~ XY oA BT 4 1A

C, 60.13; H, 7.40; N, 4.13.
(3S, 4R, 5R)-3,4-Bis(methoxymethyl)oxy-5-methyl-2-pyrrolidinone (27). In the same manner as
described for the preparation of 16, 26 (0.21g, 0.61mmol) yielded 0.11g (79%) of 27 as a white crystalline

solid ; m.p.= 46-48%C. [a],!%= —15.2 (¢ 0.08 in CHCl;). IR (neat): vmax (film)/cm!: 3320, 2920, 1720, 1670,

A1 (2T oY 2 AR (21X
AL \II1, 5, J.40 (o6,

Js
s), 3.89 (1H, m), 4.30-4.38 (1H, m), 4.34 (1H, d, J=65. 7Hz) 4.74-4.88 (3H, m), 5.06-5.13 (1H, m), 6.56
(1H, bs, -NH). Anal. Calcd. for C;H,,NO.: C, 49.31; H, 7.82; N, 6.39. Found: C, 49.61; H, 7.87; N, 6.37.

(35,4R,5R)-N-(t-Butoxycarbonyl)-3,4 -bis (metho xymethyl)oxy-5-methyl-2-pyrrolidinone
(28). In the same manner as described for the preparation of 18, 27 (0.1g, 0.46mmol) yielded 0.15g (quant.)

of 28 as a crystalline solid ; m.p.= 46-48C. [a]p2°= —-132.1 (¢ 0.21 in CHCl,). IR (neat): vma (film¥cm-':

208N 79N 17N 1TIN 1ALN 11T 121N 1IN 1180 NAN QN QN Q8N TAN and A70 THH_NAAD
£L70VU, £LOJVU, 117U, 114U, 190V, 1J3/V, 1J1VU, 141U, 11JU, 1} JIU, 7L, 0V, 10U alil O/U. “ri-INIVIRN

(CDCly) o: 1.43 (3H, d, J=6.5Hz), 1.53 (9H, s), 3.24-3.57 (1H, m), 3.39 (3H, s), 3.42 (3H, s), 3.78-4.05
(1H, m), 4.19 (1H, d, /=3.5Hz), 4.72 (3H, m), 5.01 (IH, d, J/=6.7Hz). Anal. Calcd. for C,,H,;NO,: C,

52.65; H, 7.89; N, 4.39, Found: C, 52.68; H, 7.84; N, 4.39.
(3S,4R,5R)-N-(t-Butoxycarbonyl)-2-hydroxy-3,4-bis(methoxymethyl)oxy-5-
methylpyrrolidine (29). In the same manner as described for the preparation of 19, 28 (0.024g,
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3440, 2930, 1700, 1390, 1050 and 920. 'H-NMR (CDCl,) 3: 1.43 (3H, d, J=6.5Hz), 1.53 (9H, s), 3.39 (3H,
s), 3.42 (3H, s), 3.78-4.05 (2H, m), 4.72 (5H, m), 5.20 (1H, br). Anal. Calcd. for C,;H;NO,: C, 52.32;

R47- N 436 Found:- C. 51.87:- H. 851: NAﬂA
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Qunthocic of &.doavvnactricine (7). To a ctirred solution of 29 (0.05¢0. 0.16mmol) in THF (2ml) was
l-': AASAAWIAT wa - ‘-‘vﬂ.’ EAW W HA RIEER X 7 AR A UBAEWANE AIWSEARSVANS NS A s v \J_/c’ T e A Nsax ai%Sa 2 A aa \ wazady =T
addad Aramurics o Intinn nf 1 in THE (1:1 viv 1mD at room temneratiire The reaction mixture wag
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stirred at 50°C for 2h and concentrated in vacuo. The resulting residue was then purified by SiO, flash column
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1040 and 720. 'H-NMR (D,0) &: 1.16 (3H, d, J= 7THz), 3.01-3.89 (3H, m), 7.47 (1H, s). HRFABMS m/z:
115.0662 [M]* (Calcd. for C;qHNO, 115.0633)
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