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NH possessing 1,2,3,4,5 penta-substituted pyrrolidine structures
z Me bearing four contiguous stereogenic centers, which are situated
D-Alanine (-)-Codonopsinine in all trans positions. The absolute configuration of the

natural antibioticl was determined as I3R,4R,5R).6 This was
further confirmed by X-ray crystallographic studies of){
codonopsine.”

An efficient total synthesis of antibiotic«)-codonopsinine
1 with an overall yield of 44% was achieved fravralanine
as a chiral template. The key steps in our strategy are

dified Sharol ic dihvd lati - d Because of the interesting pharmacological activity and
modaine arpless asymmetric dinydroxylation reaction anc unigue structural features, these iminosugar compounds have

the hig_hly _stereoselective intramolecular acid-catalyzed ami- yrawn considerable attention from many synthetic organic
docyclization. chemists. Although several synthetic approaches have been
reported for ¢)-codonopsining,® many of them involve long

; ; - reaction sequences and also show poor stereoselectivity in key
The chiral polyhydroxy alkaloids (or iminosugasjhow bond-forming reactions. Therefore the need for an efficient

remarkable biological properties and have attracted considerable nthesis still remains. Consequently. develooment of new
attention in organic synthesis. Over the past two decades, manfy ) d y: p

studies aimed at isolation and sterocontrolled syntheses of thesgtrategles and approaches to address the above challenges

alkaloids have been carried owt.Among these, pyrrolidine cogtlnget to bte. at\k/lvoghwr;lle resiarfch goal.d Hicient svntheti
alkaloids carrying an aromatic substituent on the iminosugar urinterestin the development of new and €flicient syntnetic

fing are of a rare class found in nature:){Codonopsininel routes to some important chiral pyrrolidine compodmismpted

and ()-codonopsin® are the first two examples in this unusual
category (Figure 1), initially isolated in 1969 froBodonopsis
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clematidea® These two compounds display antibiotic as well " (5) Matkhalikova, S. F.; Malikov, V. M.; Yugadev, M. R.; Yunusov, S.
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TABLE 1. Stereoselective Dihydroxylation Studies on Compound 5 under Various Conditions

entry reagents solvent (ratio) conditions (time) yield{%) dr
1 0sQ (1 mol %), NMO acetone/water (5:1) Ctort(1h) 92 54:46
2 AD-mix-f3 (1.4 g/mmaol) tert-butanol/water (1:1) OC (48 h) and 10C (48 h) 62 53:47
3 AD-mix-3 (1.4 g/mmol), Os@(0.6 mol %), tert-butanol/water (1:1) OC (15 h) 96 89:11

CH3SO:NH; (95 mg/mmol),
NaHCG; (0.25 g/mmol)
4 AD-mix- (1.4 g/mmol), Os@(0.6 mol %), tert-butanol/water (1:1) OC (15 h) 99 91:9
(DHQD),PHAL (4 mol %),
CH3SO:NH; (95 mg/mmol),
NaHCG; (0.25 g/mmol)

aYield represents the combined diastereomers after purficatibetermined from HPLC¢ Determined fromH NMR data.

SCHEME 2. Synthesis of the Basic Carbon Skelton of-f)-Codonopsinine

\j\ (i) (COCI),, DMSO 0
Me ref. 10 Me CH,Cl,, -78 °C Me. S
< Non—— Y “oH :

: 94% ii) p-OMeC¢H,COCHPPh :
NH, NH ( )p-CH Chtt86% o, OMe
Cbz 22 T ° Cbz
3 4 5
AD-mix- oo
(DHQD),PHAL, 0s0, Me~_
CH,SO,NH,, NaHCO, =
NH OH
#BuOH:H,0, 0 °C Cbz OMe
99% 6
us to investigate the total synthesis of){codonopsininel, (entry 4) reaction at OC for 15 h resulted in the formation of
starting from simple and readily available amino awidlanine diol derivative6 in 99% yield with increased diastereoselectivity

as a chiral template. Our retrosynthetic strategy is outlined in (dr = 91:9). The product was carried to the next reaction without
Scheme 1. The key transformations in the proposed strategyseparating the diastereomers.

will involve (i) Sharpless asymmetric dihydroxylation reaction Reduction of compounds with NaBHs resulted in the

to install the hydroxy groups at C3 and C4 positions stereose- formation of triol as a diastereomeric mixture (Scheme 3), which

lectively and (ii) an intramolecular acid-catalyzed amidocy- \as utilized in the next reaction without purification. Treatment

clization protocol to construct the pivotal pyrrolidine core of ot the triol with the acetic anhydride in dichloromethane afforded

the target molecule. the diastereomeric triacetate derivatig~1:1) in 90%. For
Using a literature procedure-alanine was readily converted  the synthesis of the 2,Bans-substituted pyrrolidine core, the

to N-Cbz-protected alaninol derivatiigScheme 2) in one pot  giastereomeric mixture 63 was treated with trifluoroacetic

(94%)2° The alcohol functionality of the compoundl was acid in dichloromethane atT for 4 h togive the single isomer
oxidized to aldehyde under Swern conditions. The resultant gia j; g1 yield.

aldehyde on Wittig reaction with (4-methoxyphenacyl)triph-
enylphosphorari¢ yielded thetrans-a,3-unsaturated ketong
(86%). Further, the compoursiwas subjected to dihydroxy-
lation under various conditions; the results are summarized in
Table 1. Using Os@(entry 1) at room temperature for 1 h, the
corresponding dihydroxylated compouddas obtained in 92%

The stereoselective formation of pyrrolidine compo@ricbm
7 can be explained through intramoleculaglSreaction via
resonance-stabilized benzylic carbocation. The benzylic car-
bocation can be further stabilized by the neighboring acetoxy
group to give dransdioxolane carbocation (acetoxonium ion)

yield. Unfortunately this reaction gave poor stereoselectivity. intermediate, thereby further facilitating the approach of the

N . . - N-nucleophile preferentially from the opposite face (Scheme
Sharpless asymmetric dihydroxylation (SAD) using AD-rfix- " . S
[1.4 g contains (DHQDPHAL (7.73 mg, 1.0 mol %), KFe- 4) and giving stable 2,5ans-substituted pyrrolidin&.1> When

a8 was treated with LAH in THF under reflux for 5
(CN)s (980 mg, 3 mmol), KOSO(OH)s (1.46 mg, 0.004 mmol), ~ comPoun -
K,CO; (411 mg, 3 mmol)] at 0C for 48 h and another 48 h at h it smopthly led to the natural_produch—cgdonopsmm(_éL
10°C gaves in 62% yield also with poor stereoselectivity (entry 1" 74% vyield. In the above reaction concomitant convertion of

2). Treatment of compoun®l under modified SAE? (entry 3) N-Cbz to N-Me took place along with the deprotection of the
condition at 0°C for 15 h gave the desired diol derivati@en
96% yield (dr= 89:11). Finally, increasing the ligand concen- (13) Only for the sake of characterization, both diastereomers were
tration from 1 mol % to 5 mol % in the above modified SAD ~ separated and spectral data were taken. _
(14) Acid-mediated cyclization gave exclusive formation of compound
8. We did not observe any other product, resulting from the minor
(10) Schlessinger, R. H.; lwanowicz, E.Tetrahedron Lett1987 28, diastereomer of compourt
2083-2086. (15) Because of the existence of compo@8rid rotamers, we were unable
(11) Wittig ylide was prepared from 4-methoxyphenacylbromide ac- to determine the isomeric purity at this stage. Therefore comp8umas
cording to the preparation of phenacyltriphenylphosporane; see: Ramirez,taken to the next reaction and treated with LAH, which gave orfy (
F.; Dershowitz, SJ. Org. Chem1957, 22, 41-45. codonopsininel. It denotes that the acid-catalysed cyclization gave
(12) Walsh, P. J.; Sharpless, K. Bynlett1993 605-606. exclusivelytrans isomer8.
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SCHEME 3. Total Synthesis of ()-Codonopsinine

AcO  OAc
(i) NaBH,,, MeOH M
0 °C-rt, 30 min AN TFA, CH,Cl,
—_— e - H - -
- = 0°Ctort,4h
oMe (ii) Ac,0, CH.Cl, (';\'g' OAc OMe e
N(Et),, 0°Ctort, 16 h Z °
6 90% 7
H
LiAIH,, THF
v .
0°Ct060°C, 5h Me"™"
OMe

74%

SCHEME 4. Proposed Mechanism for the Stereoselective Cyclization

AcO  OAc
Me_ TFA, CH,Cly
: - AcOH
NH OAC
Cbz OMe
7

OMe

acetates. The spectral and analytical data of synthet}e (  NMR (400 MHz, CDC}) 6 1.36 (3H, dJ = 6.8 Hz), 3.86 (3H, s),

codonopsininéd were in excellent agreement with the reported 4.49-4.58 (1H, br s), 4.85 (1H, d = 8.0 Hz), 5.09 (2H, s), 6.84
values® (1H, dd,J = 5.2, 15.2 Hz), 6.87 (2H, d] = 8.0 Hz), 6.92 (1H, d,

In summary, a novel, short, and efficient stereoselective ¥ = 15.2 Hz), 7.247.36 (5H, m), 7.87 (2H, dJ = 8.0 Hz);!*C

synthesis of natura)-codonopsinind was developed in good Q%Rl qgg'\/éHi'gggcf%oégzggé ‘3"8'1147555'1'52%9'1613%%%81823';2'_' c-
overall yield starting fronp-alanine, utilizing highly stereose- .y . ) N7 ) Py ~ oy .

L . o MS m/z 340 (M™ + 1); HRMS calcd for GoH,;NO4Na 362.1368,
lective intramolecular amidocyclization protocol as the key ¢, nd 362.1380.
step. The present synthesis compares well with the report_ed Benzyl (2R,3R 49)-3,4-Dihydroxy-5-(4-methoxyphenyl)-5-0xo-
methods and offers an attractive alternate approach to the titlepentan-2-yicarbamate (6).To a stirred solution of AD-mix3 (3.3
compound. Application of the above strategy for the synthesis g) in 1:1tert-butanol/water (15 mL each) at room temperature were
of some important pyrrolidine and piperidine molecules is in added toluene solutions of O$(®.83 mL, 0.05 M, 0.6 mol %),
progress. (DHQD),PHAL (0.73 g, 4 mol %), NaHC®(0.59 g, 7.05 mmol),
and MeSGNH, (0.22 g, 2.35 mmol) sequentially. After 15 min,
the clear solution was cooled t6CQ ,and to it was added compound
5(0.8 g, 2.35 mmol) at once. After 15 h of stirring afQ, ethyl
(R,E)-Benzyl 5-(4-Methoxyphenyl)-5-oxopent-3-en-2-ylcar- acetate (10 mL) was added followed byJSg0; (3.53 g), and the
bamate (5).To a solution of DMSO (1.36 mL, 19.13 mmol) in  solution was warmed to room temperature with vigorous stirring
dichloromethane (5 mL) was added oxalyl chloride (0.83 mL, 9.56 for 1 h. The organic layer was separated, and the aqueous layer
mmol) dropwise at-78 °C. After stirring for 30 min, a solution of was extracted with ethyl acetate (8 50 mL). The combined
the amido alcoho# (1 g, 4.78 mmol) in dichloromethane (15 mL)  organic layers were washed with the brine, dried oveiS{y, and
was added over a period of 10 min. After stirring for 30 min at concentrated under vacuum. The residue was chromatographed on
—78 °C, the reaction mixture was quenched with diisopropyl silica gel (hexane/ethyl acetate2:1) to afford compouné (0.87
ethylamine (4.16 mL, 23.92 mmol). The reaction mixture was ¢, 99%) as a white powder: mp 14446 °C; [o]3% = —55.7
slowly warmed to O°C, diluted with chloroform (30 mL), washed  0.11, CHC}) [dr = 91:9 was determined from HPLC usingdC
with water and brine, dried over Ma0O,, and concentrated under  column (CHCN/H,O = 34:66), flow rate= 1 mL/min]; IR (KBr)
vacuum. The crude residue was dissolved in dichloromethane (203484, 3302, 1688, 1550, 1459, 1052 ¢m'H NMR (300 MHz,
mL), and (4-methoxyphenacyl)triphenylphosphorane (2.35 g, 5.74 CDCl;) 6 1.37 (3H, dJ = 6.4 Hz), 2.43 (1H, d) = 9.4 Hz), 3.90
mmol) was added and stirredrfd h atroom temperature. The  (3H, s), 3.944.11 (2H, m), 4.22 (1H, d) = 4.9 Hz), 5.08-5.14
reaction mixture was diluted with chloroform (50 mL), washed with  (2H, m), 5.16 (1H, dJ = 4.9 Hz), 5.47 (1H, dJ = 8.3 Hz), 6.97
water and brine, dried over N&0O,, and concentrated under (2H, d,J= 8.7 Hz), 7.36-7.39 (5H, m), 7.87 (2H, d] = 8.7 Hz);
vacuum. The residue was chromatographed over silica gel (hexanefC NMR (75 MHz, CDC}) 6 17.0, 50.9, 55.6, 66.8, 72.8, 73.9,
ethyl acetate= 5:1) to afford thetrans compounds (1.4 g, 86%) 114.2,125.9, 128.1, 128.5, 130.9, 135.4, 136.4, 156.4, 164.3, 199.0;
as colorless needles: mp 10103 °C; [a]3% = +7.7 (€ 0.3, LC-MS nmv/z 374 (Mt + 1); HRMS calcd for GoH,3NOgNa
CHCly); IR (KBr) 3301, 1683, 1568, 1535, 1457, 1078 ¢m‘H 396.1423, found 396.1434.

Experimental Section
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(1IR/S,R,3R 4R)-4-(Benzyloxycarbonylamino)-1-(4-methox-
yphenyl)pentane-1,2,3-triyl Triacetate (7) To a solution of keto
diol 6 (0.62 g, 1.62 mmol) in MeOH (5 mL) at 8C was added
NaBH;, (0.07 g, 1.99 mmol) in portions over a period of 10 min,

JOCNote

temperature for 4 h. The reaction mixture was neutralized with
NaHCGQ; at 0 °C, filtered through a celite pad, and washed with
chloroform (2x 20 mL). The chloroform layer was washed with
water and brine, dried over BN&O,, and concentrated under

and the mixture was stirred at the same temperature for 90 min. vacuum. The crude residue was purified through silica gel column

The mixture was neutralized by adding saturated aqueouCNH

chromatography (hexane/ethyl acetaté:1) to afford single desired

and volatiles were removed under vacuum. The crude residue waspyrrolidine diacetate derivativg (0.39 g, 81%) as colorless oil:
subjected to flash column chromatography over silica gel (hexane/ [a]3% = +20.2 € 0.11, CHC}); IR (neat) 1745, 1705, 1613, 1514,

ethyl acetate= 1:1) to obtain a diastereomeric mixture of triol as
a white solid. To the stirred diastereomeric mixture of triol in

1454, 1075 cmt: IH NMR (300 MHz, CDC}) 6 1.53 (3H, dJ =
6.8 Hz), 1.81 (3H, s), 2.15 (3H, s), 3.80 (3H, s), 4.28 (1H, m),

dichloromethane (10 mL) were added triethyl amine (1.39 mL, 9.97 4.76-5.2 (5H, m), 6.73-6.83 (3H, m), 7.06-7.39 (6H, m);13C
mmol), acetic anhydride (0.47 mL, 4.98 mmol), and 4-dimethy- NMR (75 MHz, CDCk) 6 17.2, *18.3, 20.7, 21.0, 55.2, *60.7, 61.4,

lamino pyridine (5 mg) at OC. After completion of the addition,

66.7, *67.2, 67.6, *68.0, 80.3, *81.3, *81.5, 82.4, 113.5, *113.6,

the reaction mixture was allowed to remain at room temperature 127.1, 127.3, 127.5, *127.6, 128.1, *128.2, *128.5, 131.6, 136.1,
and was stirred for 16 h. The reaction mixture was diluted with 154.2, 158.8, 169.5, 169.6. *rotamer; LC-M%z 442 (M" + 1);

chloroform (50 mL), washed with water and brine, dried oves-Na

SOy, and concentrated under vacuum. The residue was chromato-

graphed over silica gel (hexane/ethyl acetat8.5:1.5) to afford
the faster moving isomer of compour®l (0.39 g, 47%) as a
colorless oil: p]%% = +10.6 € 1.55, CHC}); IR (neat) 3349,
1747, 1613, 1517, 1035 crh 'H NMR (300 MHz, CDC}) 6 1.12
(3H, d,J = 6.8 Hz), 1.83 (3H, s), 1.98 (3H, s), 2.08 (3H, s), 3.76
(3H, s), 3.96-4.07 (1H, m), 4.85 (1H, dJ = 9.8 Hz), 5.00 (2H,
dd,J=12.1, 17.4 Hz), 5.15 (1H, dd, = 2.3, 7.6 Hz), 5.53 (1H,
dd,J = 2.3, 9.1 Hz), 5.63 (1H, d] = 9.1 Hz), 6.7 (2H, dJ = 8.7
Hz), 7.23 (2H, d,J = 8.7 Hz), 7.26-7.33(5H, m);3C NMR (75

MHz, CDCl) 6 17.2, 20.5, 20.6, 20.9, 46.9, 55.1, 66.8, 71.4, 72.2,

HRMS calcd for G4H,;NO;Na 464.1685, found 464.1699.
(2R,3R,4R,5R)-2-(4-Methoxyphenyl)-1,5-dimethylpyrrolidine-
3,4-diol [(-)-codonopsinine] (1).To a stirred suspension of LIAIH
(0.07 g, 1.9 mmol) in THF (3 mL) was added pyrrolidine derivative
8(0.28 g, 0.63 mmol) in THF (5 mL) at 8C. After the completion
of addition the reaction mixture was refluxed for 5 h. The reaction
mixture was cooled to 0C, and quenched with water (0.07 mL),
15% NaOH (0.07 mL), and water (0.20 mL) successively. After
15 min of stirring at room temperature, the reaction mixture was
filtered through a celite pad, washed with chloroform<(30 mL),
and evaporated under vacuum. The residue was purified through
silica gel column chromatography (CH@MeOH = 7:1) to afford

72.5,113.6, 128.0, 128.4, 128.8, 129.0, 129.4, 136.4, 155.4, 159.7 the codonopsininé& (0.112 g, 74%) as a white powder: mp 168

169.2, 169.4, 170.4; LC-M&V/z 519 (M* + H,0); HRMS calcd
for CoeH3a1NOgNa 524.1896, found 524.1903. The slower moving
isomer of compound (0.36 g, 43%) was eluted (hexane/ethyl
acetate= 8.4:1.6) as a colorless oilo]3% = +72.9 € 0.4, CHC});

IR (neat) 3384, 1748, 1613, 1516, 1031 ¢ptH NMR (300 MHz,
CDCls) ¢ 1.04 (3H, d,J = 6.8 Hz), 2.02 (3H, s), 2.05 (3H, s), 2.1
(3H, s), 3.77 (3H, s), 3.894.03 (1H, m), 4.60 (2H, m), 5.03 (2H,
dd,J = 12.5, 15.5 Hz), 5.48 (1H, dd, = 3.2, 8.2 Hz), 5.72 (1H,
d,J=8.2 Hz), 6.8 (2H, dJ = 8.7 Hz), 7.19 (2H, dJ = 8.7 Hz),
7.23-7.37 (5H, m);33C NMR (75 MHz, CDC}) 6 16.5, 20.7, 20.9,

47.2,55.2,66.8,72.5,73.0,74.1,114.3,127.7,128.0, 128.1, 128.5,

128.9, 136.5, 155.4, 160.1, 169.8, 170.0; LC-h& 519 (M+ +
H,0); HRMS calcd for GgH3:NOgNa 524.1896, found 524.1919.
(2R,3R,4R,5R)-Benzyl 3,4-Diacetoxy-2-(4-methoxyphenyl)-5-
methylpyrrolidine-1-carboxylate (8). To a stirred solution of the
mixture of diastereomeric triacetafe (0.55 g, 1.09 mmol) in

dichloromethane (3 mL) was added trifluoroacetic acid (1.0 mL)

in dichloromethane (2 mL) dropwise at°@ over a period of 5
min. After completion of the addition the reaction mixture was

170°C, [a]3% = —8.7 (¢ 0.3, MeOH){lit.33mp 169-170°C, [a]®%

= —8.8 (c 0.1, MeOH}; IR (KBr) 3378, 1580, 1515, 1054 cri

IH NMR (300 MHz, pyridineds) ¢ 1.31 (3H, d,J = 6.8 Hz), 2.20

(3H, s), 3.62-3.70 (4H, m), 4.00 (1H, d) = 6.4 Hz), 4.36 (1H,
dd,J = 3.8, 4.2 Hz), 4.60 (1H, dd] = 4.2, 6.0 Hz), 6.96 (2H, d,
J=8.7 Hz), 7.58 (2H, dJ = 8.7 Hz);13C NMR (75 MHz, CDC})
014.0, 34.8,55.2,65.2, 74.4, 85.0, 87.2, 114.2, 129.9, 134.9, 159.3;
LC-MS m/z 238 (M™ + 1); HRMS calcd for GaH,oNO3 238.1443,
found 238.1449.
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warmed to room temperature, and stirring was continued at the samel0061940Q
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