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Starting from p-xylose, enantioselective syntheses of 1 and 2, the proposed structures for radicamines A and B, were accomplished. Both H
and 13C NMR spectra of 1 and 2 were identical with those of the natural products, but the optical rotation measurements identified that 1 and
2 were actually the enantiomers of the natural radicamines A and B, respectively.

Polyhydroxylated alkaloids (or iminosugarshave been configuration of the pyrrolidine moiety of radicamine A was
extensively studied over the past three decades owing to theidetermined to be 3S4S59) by the comparison of the
remarkable biological properties and their potential as positive [o} value ofN-methylradicamine A[o]p +6.3 (c
pharmaceuticalsPolyhydroxylated pyrrolidines carryingan = 0.80, MeOH} with that of ()-codonopsinine4 {[o]p
aromatic substituent on the iminosugar ring are a rare class+12.5 (c= 2.55, MeOH)}, and by a similar method, the
of alkaloids found in nature «)-Codonopsinin& and (—)- (2S,3S,4S,5S)-configuration was assigned for radicamine B.
codonopsines® are the first two examples in this unusual The benzoate chirality methgdvas also claimed to support
category (Figure 1). These two alkaloids were later found the propsed absolute configurations above.

to exhibit hypotensive pharmacological activity with no effect ~ Both radicamines and codonopsinine can be regarded as
on the central nervous symtem in animal tests; thus, muchDMDP derivatives which usually possess ®(2R,4R,5R)-

effort has been devoted to synthetic studieS3@and6.* In pyrrolidine moiety® Thus, the proposed absolute configu-
2001, two new aromatic pyrrolidine alkaloids, radicamines ration of the radicamines is opposite to that of the naturally
A and B, were isolated by Kusano and co-worReérsm occurring DMDP derivatives. We considered it worthwhile

Lobelia chinensit OUR (Campanulaceae), a plant distrib- establishing whether this might be another case of mis-
uted widely throughout China, Korea, and Japan. The relative

stereochemistry of these two compounds was proposed on (4) For syntheses of codonopsinine and codonopsine, see: (a) lida, H.;
. y . P . prop Yamazaki, N.; Kibayashi, Gl. Org. Chem1987 52, 1956-1962. (b) Wang,
the basis of the extensive spectroscopic data. The absolute .| 3. Calabrese, J. Q. Org. Chem1991,56, 4341—4343. (c) Yoda,

H.; Nakajima, T.; Takabe, KTetrahedron Lett1996,37, 5531—-5534. (d)

T Institute of Chemistry, Chinese Academy of Sciences. Severino, E. A.; Correia, C. R. DOrg. Lett. 2000, 2, 3039—3042. (e)

* Graduate University of The Chinese Academy of Sciences. Haddad, M.; Larchevéque, MSynlett2003, 274—276. (f) Toyao, A,;

(1) Review about iminosugar, see: (a) Stutz, A.lRinosugars as Tamura, O.; Takagi, H.; Ishibashi, I$ynlett2003, 35-38. (g) Goti, A.;
Glycosidasénhibitors: Nojirimycin and BeyondWiley-VCH: Weinheim, Cicchi, S.; Mannucci, V.; Cardona, F.; Guarna, F.; Merino, P.; Tejero, T.

1999. (b) Asano, N.; Nash, R. J.; Molyneux, R. J.; Fleet, G. W. J. Org. Lett.2003, 5, 42354238. (h) Chandrasekhar, S.; Jagadeshwar, V.;
Tetrahedron: Asymmetri2000,11, 1645—1680. (c) Watson, A. A.; Fleet, Prakash, S. Jretrahedron Lett2005,46, 3127—3129.

G. W. J.; Asano, N.; Molyneux, R. J.; Nash, R.Rhytochemistn2001, (5) (a) Shibano, M.; Tsukamoto, D.; Masuda, A.; Tanaka, Y.; Kusano,
56, 265—295. G. Chem. Pharm. BulR001, 49, 1362-1365. (b) Shibano, M.; Tsukamoto,
(2) Asano, N.Glycobiology2003,13, 93R-104R. D.; Kusano G Heterocycle002,57, 1539—1553.
(3) Khanov, M. T.; Sultanov, M. B.; Egorova, T. Aarmakol. Alkaloide (6) (a) Izquierdo, I.; Plaza, M. T.; Tamayo, J. Betrahedror2005,61,
Serdech. Glikoyido:1971, 210—12Chem. Abstr1972, 77, 135091r. 6527—6533. (b) Wrodnigg, T. MMonatsh. Chem2002,133, 393—426.
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reagents such &k to the polyhydroxylated cyclic nitrone

9, tactics first reported by Coafeand further explored by

Ho 1 oH many other groups such as that of G8®etrini}* Merino 12
N Trombini’® and so on.

Nitrones are a versatile class of intermediates in organic

>

Radicamine A (1 ::dicam?:eB(Z) synthesis, especially as 1,3-dipoles in cycloaddition reac-
A proposed M Proposed tions4In addition, the carbon atom of the nitrone system is
CHy CHy electrophilic enough to react with a variety of nucleophiles,
oL N @OCH3 HSC,,/?',J/@/OCHS including Grignard reagents. Recent developments of novel
\(~Z ' chemistry of nitrones has greatly extended their applications
Ho %o H “oH in organic synthesi¥ For the synthesis of polyhydroxylated
{-)-Codonopsinine (3) (+)-Codonopsinine (4) pyrrolidine alkaloids, introduction of substituents through
addition of a nucleophile to a polydroxylated cyclic nitrone
i E P HaC EHB OCH; is potentially powerful approach.
\\(_Z ’ \Q OCH; Our concise synthesis relied on the practical preparation
v Yo we. on of the cyclic nitrone9d'® from p-xylose (Scheme 2).
DMDP (5) (-)-Codonopsine (6}
Ho & ocH, Ho N OH . L
N \@/ N \@ Scheme 2. Preparation of Cyclic Nitrond4
L{__Z OH K(_Z HO BnO
HO  oH HO  oH \SE.OH e ﬁon
Radicamine A (7) Radicamine B (8) 5 —— /
Revised Revised HO' ‘OH 3 steps ” Bnd' “OBn
. . . D-Xylose (11) 12
Figure 1. Radicamines and related natural compouds. b
PhaP*CH4Br oH MsCl, Pyr.
=
assigned natural product&urthermore, radicamines exhibit "'BUTL?"JHF lemetled 1| [
potent inhibitory activity against-glucosidasé&2 These two i 13
alkaloids and their derivatives might possess interesting B0 1)05/0, DcM ™S
biological activities and potential in pharmaceutical applica- \Si“}s,// -40 % %i"}i,o
tions. Therefore, we became interested in the synthesis of
radicamines A and B. In this paper, we report our convergent e L e chwees | ||| B w
syntheses of the proposed structures for radicamines A and B
B, 1 and2, repectively, as well as revision of the absolute NH,OH.HCI, Et;N i) E
configuration of the natural products (Scheme 1). H,0-MeOH, rt o 60 °C S+_\7
58% for 3 steps BnO ! "'OBn
Scheme 1. Retrosynthesis of Radimcamine A)(
OCH
" : OCHs Bnq c')\ On Inspired by the reported methotfswe designed a
oH = 5;7 * synthetic route for the synthesis@fThe partially protected
HO (/OH BnO OBn MgBr
radicamine A (1) 9 10 (9) (&) Chang, Z.-Y.; Coates, R. M. Org. Chem.1990, 55, 3464—
gigg (b) Chang, Z.-Y.; Coates, R. M. Org. Chem.1990, 55, 3475—

(10) Cardona, F.; Moreno, G.; Guarna, F.; Vogel, P.; Schuetz, C.; Merino,

The chemical synthesis of polyhydroxylated pyrrolidines P-; Goti, A.J. Org. Chem2005,70, 65526555 and ref 4h.
. t ivelv d | d and I-d ted in the lit (11) (a) Ballini, R.; Marcantoni, E.; Petrini Ml. Org. Chem1992,57,
IS extensively aeveloped and well-aocumented In the litera- 13161318, (b) Giovannini, R.; Marcantoni, E.; Petrini, MOrg. Chem.

ture® Our synthetic strategy fdt (Scheme 1) was based on 195(95,?((),)5706—5707. ) |
; ; ; i ; 12) (a) Merino, P.; Franco, S.; Merchan, F. L.; TejeroSynlett2000,

the highly diastereoselective addition of organometallic 443454, (b) Merino, P. IScience of SynthesBadwa, A.. Ed.: Thieme:
Stuttgart, Germany, 2004; Vol. 27, pp 51380. (c) Merino, PC. R. Chimie

(7) For a review on the misassigned natural products, see: Nicolaou, K. 2005,8, 775—788.
C.; Snyder, S. A. Chasing molecules that were never there: Misassigned (13) (a) Lombardo, M.; Trombini, CSynthesis2000, 759—774. (b)
natural products and the role of chemical synthesis in modern structure Lombardo, M.; Fabbroni, S.; Trombini, @. Org. Chem2001,66, 1264—
elucidation.Angew. Chem., Int. EQ®005,44, 1012—1044. 1268.

(8) Representative examples see: (a) Fleet, G. W. J.; Smith, P. W.  (14) For recent reviews of cycloaddition of nitrones, see: (a) Gothelf,
Tetrahedronl987 43, 971-978. (b) Takebayashi, M.; Hiranuma, S.; Kanie, K. V.; Jgrgensen, K. AChem. Re»1998,98, 863—909. (b) Jones, R. C.

Y.; Kajimoto, T.; Kanie, O.; Wong, C.-HJ. Org. Chem1999,64, 5280— F.; Martin, J. N. The Chemistry of Heterocyclic CompoundsSimnthetic
5291. (c) Denmark, S. E.; Hurd, A. R. Org. Chem2000, 65, 2875— Applications of 1,3-Dipolar Cycloaddition Chemistry Toward Heterocycles
2886. (d) Yoda, HCurr. Org. Chem2002,6, 223—243. (e) Trost, B. M.; and Natural ProductsPadwa, A.; Pearson, W. H. Eds.; John Wiley &
Horne, D. B.; Woltering, M. JAngew. Chem., Int. E®003,42, 5987— Sons: New York, 2002; Vol. 59, pp-181. (c) Brandi, A.; Cicchi, S.;
5990. Cordero, F. M.; Goti, AChem. Re»2003,103, 1213—1269.
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sugarl2'® derived frombp-xylose was treated with methyl-
enetriphenylphosphoratfeto give the alkenel3, and the
resulting secondary alcohol was transforme®tmesylate
14. After ozonolysis of the terminal alkene, the aldehy8e
with a leaving group was obtained. Treatment of the
4-mesylate—aldehydé5 with hydroxylamine under basic
conditions produced the cyclic nitrorgepossibly through
the formation of a geminal bis(hydroxylamino) sugar, then
cyclization and subsequent elimination of the second hy-
droxylamine uni€® During nitrone formation, although
pyridine was inefficient as a base, triethylamine, diethyl-

amine, sodium bicarbonate, and sodium carbonate all work

well for mediating this process. This synthetic approach

Scheme 3. Synthesis of 4'-Deoxyradicamine B (18)

Bg 9 Bng—@ BnO\
e l:l\ 16 fh,
-2 .
3 THF, 0°C
BnO 0 OBn 90% BnO
H
HO |
H,, 10% Pd/C \,, N
TR .
CH,0H

85%

possesses obvious merits in that (1) one-pot reactions carselective bromination of benzene at the para position of the

be effected from13 to the final product9 and (2) the
sequence is capable of multigram scale synthesis.

We next investigated the model addition of phenylmag-
nesium bromidel6 to nitrone9. Thus, treatment dd with
phenylmagnesium bromidks afforded the desired product,
the benzyl-protectedN-hydroxylpyrrolidine 17, in 90%
isolated yield. The gratifyingly high stereoselectivity might
be ascribed to a FelkinAnh transition-state model which
could be invoked! Catalytic hydrogenation df7 furnished
coumpoundl18, 4-deoxyradicamine B, in 85% isolated
yield .22 The configuration of the newly created stereocenter
was confirmed to be§) through the strong nOe effects
between C(4)-H and C{(®')-H in the 600 MHZ'H NMR
spectrum of18.

Following the successful model reaction, we turned our
attention to the synthesis of radicamine A. According to our
retrosynthesis (Scheme 1), Grignard readéhwas required.
Starting with guaiacol, we revised the preparation of
substituted phenyl bromid23?® as depicted in Scheme 3.
Guaiacol was treated with benzoyl chloride in aqueous
sodium hydroxide to give the benzoa?8. The electron-
withdrawing property of benzoyl group leads to the regio-

(15) (a) Cardona, F.; Goti, AAngew. Chem., Int. EQ®005,44, 7832—
7835. (b) Masson, G.; Cividino, P.; Py, S.; ValleY. Angew. Chem., Int.
Ed. 2003,42, 2265—2268.

(16) For recent work on polyhydroxylated cyclic nitrones, see: (a)
Holzapfel, C. W.; Crous, RHeterocycles1998,48, 1337—1342. (b)Duff,

F. J.; Vivien, V.; Wightman, R. HChem. CommurR000, 2127-2128. (c)
Tamura, O.; Toyao, A.; Ishibashi, I3ynlet2002 1344-1346. (d) Cardona,
F.; Faggi, E.; Liguori, F.; Cacciarini, M.; Goti, Aletrahedron Lett2003,

44, 2315-2318. (e) Carmona, A. T.; Wightman, R. H.; Robina, I.; Vogel,
P.Helv. Chim. Acta2003,86, 3066-3073. (f) Desvergnes, S.; Py, S; Valle

Y. J. Org. Chem2005 70, 1459-1462. (g) Cicchi, S.; Marradi, M.; Vogel,
P.; Goti, A.J. Org. Chem2006,71, 1614—1619.

_ (17) (a) Alibés, R.; Blanco, P.; de March, P.; Figueredo, M.; Font, J;
Alvarez-Larena, A Piniella, J. F.Tetrahedron Lett2003,44, 523—525.
(b) Berge, J. M.; Copley, R. C. B.; Eggleston, D. S.; Hamprecht, D. W.;
Jarvest, R. L.; Mensah, L. M.; O’Hanlon, P. J.; Pope, ABihorg. Med.
Chem. Lett2000,10, 1811—1814.

(18) (a) Barker, R.; Fletcher, H. Gl. Org. Chem.1961 26, 4605—
4609. (b) Tejima, S.; Fletcher, H. G@. Org. Chem1963,28, 2999—3004.

(19) Calimente, D.; Postema, M. H. D. Org. Chem1999,64, 1770—
1771.

(20) Peer, A.; Vasella, AHely. Chim. Actal999,82, 1044—1065.

(21) Merino, P.; Revuelta, J.; Tejero, T.; Cicchi, S. and GotiEAr. J.
Org. Chem.2004, 776—782.

(22) It is noteworthy that th&l-hydroxylamine was unstable and turned

deeply colored both in solution and solid state. Thus, the compounds were

purified by chromatography (silica gel) quickly and then used immediately
for debenzylation in acidic agueous methanol.

(23) Chaffee, A. L.; Cooke, R. G.; Dagley, |. J.; Perlmutter, P.; Thomas,
R. L. Aust. J. Chem1981,34; 587—598.
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methoxyl group using AcOH as solveittDebenzoylation

of 21 was unsuccessful with potassium carbonate in EtOH.
However, the phenol hydroxyl group was released easily after
treatment of21 with sodium hydroxide in EtOH, followed

by bubbling in carbon dioxide. The benzylation of 4-bro-
moguaiacol22 was accomplished to afford the desired
bromide23 according to the reported procedufes.

Unlike phenylmagnesium bromide, the preparation of
Grinard reagentlO required heating the bromid23 and
magnesium turnings in refluxing THF for-1B h (Scheme
4). Similarly, reaction of the Grignard reagdritwith nitrone

Scheme 4. Preparation of Grignard Reageti
OCHs

oH BzCl OCH3O o
_—
NaOH-H,0 \(er
Guaiacol (19) 87% 20
OCHy OCH3
Bry o._Ph  NaOH OH
AcOH o) EtOH
88% 94%
r r
21 22
OCH,4 OCH3
NaH, BnBr OBn Mg OBn
_— o
TBAI (cat.) THF
THF 90% Br reflux MgBr
23 10

9 in THF afforded the desired benzyl-protectdehydroxy-
Ipyrrolidine 24 in 89% isolated yield. After catalytic hydro-
genation of24, compoundl was readily obtained in 87%
isolated yield (Scheme 5).

The 600 MHz NOESY spectrum ¢D) supported the
assigned stereochemistry based on the strong NOE effects
seen between the C(4)-H and Q¢B as well as between
the C(5)-H and C(6')-H.!H and *C NMR spectra of
compoundl were identical with those reported for the natural

(24) (a) Araki, H.; Inoue, M.; Katoh, TOrg. Lett.2003,5, 3903—3906.
(b) Diaz, A.; Siro, J. G.; Garcia-Navio, J. L.; Vaquero, J. J.; Alvarez-Builla,
J. Synthesigd 997, 559—562.

(25) Yu, Y.; Singh, S. K.; Liu, A,; Li, T.-K,; Liu, L. F.; LaVoie, E. J.
Bioorg. Med. Chem2003,11, 1475—1491.
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Scheme 5. Synthesis of Radicamine ALY Scheme 6. Synthesis of Radicamine B)

- OMe - OBn
OMe OBn
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—_—
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H OMe H OH
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. L OH _—
CH3OH CH;OH /
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radicamine A. However, the optical rotation of compound In summary, we have achieved a pratical preparation of
{[o]o —44.4 (c= 0.45, HO)} was opposite to that of the D-xylose-derived cyclic nitron® and accomplished the total

natural producf[o]o +43.7 (c= 0.13, HO)}. Therefore, it syn_thesi_s of compoundsand?, t_he proposed structures for
can be concluded that compoutidthe proposed structure rad!cammes A an.d B, respectlvely. On .the basis of com-
for radicamine A, is actually the enantiomer of natural Parison of the optical rotation df and2 with those of the
radicamine A. The correct structure of the natural radicamine natural products, the absolute configuration of the two
A is 7 which is of (2R,3R,4R,5R)-configuration. alkaloids was revised to (2R,3R,4R,5R) configuration.
Through similiar synthetic procedures to those above, the ~ For the total synthesis of the natural producends, we
reaction of nitrone9 with 4-benzyloxyphenylmagnesium are currently working on the synthesis of the enantiomer of
bromide25?¢ afforded compoun@6 in 80% isolated yield.  the polyhydrohydroxylated cyclic nitron@ starting from

Catalytic hydrogenation &6 produced compoun@in 93% p-arabinose and will report our results in due course.
isolated yield (Scheme 6). The 600 MHz 1D and 2D NMR
spectra confirmed the stereochemistry of compo2néH Acknowledgment. This work is supported by The

and*3C NMR spectra of compour@were identical to those  National Natural Science Foundation of China (Nos. 20172057,
reported for the natural radicamine B. However, the optical 20232020, and 30490240), The National Basic Research
rotation of2 {[a]3% —72.7 (c= 0.17, HO)} was opposite  Program of China (2003CB114400), and The Chinese
to that of the natural radicamine 8i.t% [a]p +72.0 (c= Academy of Sciences.

0.10, HO)}, indicating that compoun@ is actually the

enantiomer of natural radicamine B. The correct structure Supporting Information Available: Experimental pro-

of radicamine B is8 which is also of (R,3R,4R.5R)  cequres, characterization data, #RINMR and3C NMR
configuration. spectra for all new compounds. This material is available
free of charge via the Internet at http://pubs.acs.org.

(26) Fuji, K.; Ichikawa, K.; Node, M.; Fujita, EJ. Org. Chem 1979,
44, 1661—1664. 0OL0609210
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