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Enantioselective Synthesis of (+)-Ricciocarpin A Using an Auxiliary Hydroxyl
Group and a Diastereofacial Selectivity Based Methodology
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with the aid of a directing provisional hydroxyl group and

Abstract: An enantioselective synthesis of (+)-ricciocarpin Aisde,, . : e
scribed starting from (+)-karahana lactone as an enantiopure bui diastereofacial selectivity for the key steps. Scheme 1

ing block. This synthesis involves a stereofacially directe§"OWS @ synopsis of this synthetic strategy.
diastereoselective hydroboration for the installation of the required

stereogenic center, and the efficient conversion of an intermedi 0 o)
hydroxyaldehyde to the one-carbon homologated cyanide, using ! o—< (_)—\_/
mild formation of a cyanohydrin followed by an one-pot two-ste} AN stereofacial '\ I
Barton—McCombie double deoxygenation sequence of the hydro» i selectivity '
moieties. [BHg]
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The furanosesquiterpene lactone (+)-ricciocarpinlA (
Figure 1), isolatedd from the liverwort Ricciocarpos
natans, exhibits potent molluscicidal activity against the
water snail Biomphalaria glabrata, a vector of
schistosomiastqbilharziazis). For this reason, several ra (-2 (+)-ricciocarpin A (1)

cemic syntheses of ricciocarpin A have been publiéhe%cheme 1

but none of these allows an easy transition to an enantio-

selective version. At this time, two enantioselective syn- ) o )
theses of ricciocarpin A have been publishethese The starting material is (+)-karahana lactone obtained
syntheses use either a ring-closing metatffésis a con- from (S-4-hydroxy-3-methyl-cyclohex-2-en-1-ohg-)-
jugate radical additidfi as the key step for the construc2l- The absolute stereochemistry of this alcohol controls

tion of the six-membered rings, which are approach&€ relative (and consequently the absolute) configuration
quite different from our present strategy. of the newly created stereogenic centers at C-1 and then

C-2. Having thus served as a control element, this auxilia-
B - ~ O (e} :

HO,,,

ry hydroxyl group is eliminated later in the synthesis with-
out resort to specific additional steps (Scheme 2).
Subjecting (+)-karahana lactone to a hydroboration—oxi-

O

0 dation sequence using Bi3Me and oxidative work up
5 with H,0,, afforded the primary alcohol (8as a single
(+)-sicciocarpin A (1) karahana stereoisomer in 85% isolated yield (mp 84 °C). The ste-
lactone reochemistry of (+B was not proven at this stage but

unequivocally established through X-ray crystallography
analysi§ carried out on the nicely crystalline TBDMS
(tert-butyldimethylsilane) derivative (+3-obtained using
he standard procedufeHydride reduction of (+%
h DIBAL-H (diisobutylaluminium hydride) in toluene
—78 °C gave exclusively the hydroxy aldehyde#)-
94% yield. In keeping with our plan, elaboration of hy-
roxyaldehyde (+p to compound (+} next required
oxygenation of the auxiliary hydroxyl substituent and
nversion of the aldehyde function to the one carbon ho-
mologated cyanide. This could be conveniently combined

Figure 1

A few years ago, we reportethe synthesis of both enan-
tiomers of karahana lactone (Figure 1) and showed t
utility of these enantiopure building blocks for the syntheét
sis of natural monocyclic sesquiterpéhes TaxoP A-
ring subunit. Based upon a related methodology, w
present here the enantioselective total synthesis of
molluscicidal furanosesquiterpene (+)-ricciocarpinlA ( co

SYNLETT 2005, No. 13, pp 2104-2106 without resort to specific additional steps. Thus, conver-
Advanced online publication: 07.07.2005 sion of (+)5 to the cyanohydri® (mixture of diastereo-
DOI: 10.1055/s-2005-871932; Art ID: G13505ST mers, 96% yieldf followed by Barton-McCombie
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(+)-karahana
lactone X — (#)-3 R=H
L>(+)-4 R = TBDMS e c

~ OH

HO,,,

o

CN

OTBDMS
(+)-5 6

+ C-3 epimer

6:1

g [» (5-10 R=H (+)-ricciocarpin A (1)
(+)-11 R=OH

OTBDMS

(-7

. ) . Scheme 3 Reagents and conditions: a) TSOH-HO (2.2 equiy,
Scheme 2 Reagents and conditions: a) (i) BH;SMe, (1.2 equi},  tgjyene, 3.5 h, reflux, 85%; b) 3-bromofuran (2.6 equivBuLi (2.3
THF, 3 h, r.t; (ii) EtOH, NaOH (1.8 equiv),,B, (4 equiv), 1 h, t., equiv), ELO, 30 min, —78 °C, 84%; c) NMO (6.6 equiv), cat. TRA
85%; b) TBSCI (1.4 equiv), imidazole (3 equiv), DMF, 3 h, r.t., 96%MS 4 A’ ch|2’ 30 min’ r.t., 97%; d) Nac|g5 equiv), Na|_2|po4 (8
¢) DIBAL-H (1.3 equiv), toluene, 30 min, —78 °C, 94%; d) KCN (2 oqyiy), 2-methyl-2-butena-BuOH (1:8), 15 min, r.t., 819%g)
equiv), AcOH (325 eqUIV), EtOH, 12 h, r.t., 96%:; e) PhOC$<CI NaBH4 (9 equiv), CEQ|7HZO (2 equiv), MeOH, 12 h, 18 °C td.[.
equiv), DMAP (8 equiv), CHCl,, 12 h, r.t.; f) BuSnH (4 equiv), at.  ggoy,.
AIBN, toluene, 1 h, reflux, 65% two steps.

sive recystallizations (MeOH) afforded spectroscopically
reaction* accomplished double deoxygenation to furnispure (+)-ricciocarpin A 1). The spectral and analytical
the target molecule (+J*?in 65% overall yield. characteristics of the target molecule were identical to

For the subsequent required lactonization of 7+)-those reported in the literatuté’

(Scheme 3), a number of conditions were explored, usihgconclusion, we have proposed a highly enantioselective
hydrochloric acid opara-toluenesulfonic acid in various new route to the molluscicidal sesquiterpenoid (+)-riccio-
solvents including methanol, THF and toluene. All of thearpin A utilizing the aid of a provisional hydroxyl group,
conditions applied gave either a mixture of products oradiastereofacial selectivity and a specific homologation
sluggish reaction with the exception péra-toluene- sequence as the key steps. The application of this method-
sulfonic acid (2.2 equiv) in refluxing toluene. With thisology to the synthesis of other furanosesquiterpenes is in
combination, the reaction occurred cleanly to afford therogress and will be given in due course.

desireds-lactone (-)8'2 exclusively in 85% yield. With
the desired bicyclic lactone (8)in hand, the introduction f
of the furan group was addressed. For this purpose, ex&)e- erences

sure of (-)8to 2.3 equivalents of 3-lithiofurdhin diethyl (1) Wurzel, G.; Becker, HPhytochemistry 199Q 29, 2565.
ether at —78 °C, provided a 1:4 mixture of the expected(2) (a) Wurzel, G.; Becker, H.; Eicher, T.; TiefensesPkinta

hydroxyketone9 and the corresponding hemikeglin Med. 199Q 56, 444. (b) Zinsmeister, H. D.; Becker, H.;
y Y P 9 Eicher, T.Angew. Chem,, Int. Ed. Engl. 1991, 30, 130.

84% yield. Oxidation Qf the so-obtainel9 mlxu‘!re (3) (a) Eicher, T.; Massonne, K.; Herrmann,®nthesis 1991,
with tetrapropylammonium pe,rrUthenate_(TP})?R])e“V' 1173. (b) Ihara, M.; Suzuki, S.; Taniguchi, N.; Fukumoto, K.
ered the ketoaldehyde (P with high efficiency (97% J. Chem. Soc., Chem. Commun. 1993 755. (c) Ihara, M.
yield) and oxidation of the aldehyde group with NaCIO Suzuki, S.; Taniguchi, N.; Fukumoto, K.Chem. Soc.,
(sodium chlorite}¢ using 2-methyl-2-butene as the chlo- Perkin Trans. 11993 2251. (d) Takeda, K.; Ohkawa, N.;
rine scavengeY, provided the keto acid ()1 in 81% Hori, K.; Koizumi, T.; Yoshii, EHeterocycles 1998 47,
yield. Exposure of (+}t1 to the reduction conditions de- 277. (e) Agapiou, K.; Krische, M. @rg. Lett. 2003 5,

. P . 1737.
scribed by Luch€ gave (+)-ricciocarpin A1) and the C- (4) (a) Held, C.; Frohlich, R.; Metz, Rngew. Chem. Int. Ed.

3 epimer as a 6:1 mixture, respectively, in 85% yield. The" * 5501 40 1058. (b) Held, C.; Frohlich, R.; Metz, Rdv.
two diastereomers cannot be separated by column chro-  gnth. Catal. 2002 344, 720. (c) Sibi, M. P.; He, LOrg.
matography (silica gel) but they were perfectly character-  Lett. 2004 6, 1749.

ized by capillary GC analysis (WCOT fused silica (5) Galano, J.-M.; Audran, G.; Monti, fietrahedron 2000 56,
column; CP-Wax-52CB stationary phase). Two succes- 7477
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(6) (a) Audran, G.; Galano, J.-M.; Monti, Bur. J. Org. Chem.
2001, 2293. (b) Palombo, E.; Audran, G.; Monti, H.

(15) Griffith, W. P.; Ley, S. VAldrichimica Acta 199Q 23, 13.
(16) Lindgren, B. O.; Nilsson, TActa Chem. Scand. 1973 27,

(1)
®

©
(10)

(11)

(12)

(13)

(14)

Tetrahedron Lett. 2003 44, 6463.

Audran, G.; Uttaro, J.-P.; Monti, ynlett 2002 1261.
Details of the X-ray structure can be obtained from the
Cambridge Crystallographic Data Centre: CCDC 271170.
Corey, E. J.; Venkateswarlu, A Am. Chem. Soc. 1972 94,
6190.

Haroutounian, S. A. IBncyclopedia of Reagents for

Organic Synthesis, Vol. 6; Paquette, L. A., Ed.; John Wiley
and Sons, Inc.: Chichestd995 4208—-4213.

Barton, D. H. R.; McCombie, S. W§l.Chem. Soc., Perkin
Trans. 11975 1574.

Preparation and Spectroscopic Data of (+)-7.

To a stirred solution of cyanohydii(1.41 g, 4.30 mmol) in
dry CH,CI, (40 mL) was added at 0 °C DMAP (4.20 g, 34
mmol) and phenyl chlorothionoformate (2.40 mL, 17.2
mmol) under an argon atmosphere. After 12 h at r.t., the
reaction mixture was poured intg®l and extracted with
Et,O. The combined organic extracts were washed with
H,0, dried, filtered and concentrated. To a stirred solution of
the crude phenoxythiocarbonyl ester in toluene (30 mL) was
added trin-butyltin hydride (4.56 mL, 17.2 mmol) and a
catalytic amount of AIBN in toluene (20 mL) under an argon
atmosphere. The reaction mixture was stirred under reflux
for 1 h, cooled and concentrated. The resulting oily residue
was purified by silica gel column chromatography to give
827 mg of pure (+}(65% yield for the two steps)]°
+19.8 € 1.0, CHC)). IR (neat):v = 2958, 2243, 1168 cth

IH NMR (300 MHz, CDC)): § = 3.67 and 3.56 (ABX,
J=10.4, 4.2,3.0 Hz, 2 H), 2.47 and 2.40 (AR 17.5,

5.1, 3.9 Hz, 2 H), 1.73-1.60 (m, 2 H), 1.53-1.32 (m, 4 H),
1.25-1.10 (m, 2 H), 0.96 (s, 3 H), 0.94 (s, 3 H), 0.87 (s, 9 H),
0.03 (s, 6 H)**C NMR (75 MHz, CDCJ): § = 120.1 (C),

65.6 (CH), 44.1 (CH), 41.9 (CH), 38.9 (CH), 34.1 (C), 30.8
(CH,), 30.3 (CH), 25.8 (3x CH,), 21.4 (CH), 20.2 (CH),
18.2 (C), 15.3 (CH), —5.6 (2x CH5). Anal. Calcd for
C,H33NOSI: C, 69.09; H, 11.25. Found: C, 68.92; H, 11.28.
Preparation and Spectroscopic Data of (-)-8.

A suspension of nitrile (+)-(800 mg, 2.71 mmol) arghra-
toluenesulfonic acid monohydrate (1.13 g, 5.94 mmol) in
toluene (20 mL) was placed in an oil bath at 120 °C. After
3.5 h, the solution was cooled to r.t. and filtered through a
pad of Celite. The solvent was evaporated and a silica gel
column chromatography gave 420 mg (85% yield)-0{g;
[a]p?—33.9 € 1.0, CHC)). IR (neat)v = 2958, 1726, 1146
cnt. *H NMR (300 MHz, CDC)): 6 = 4.24 and 3.74 (ABX,
J=11.0,11.0,4.7 B 2 H), 2.62 and 2.16 (ABX]=18.1,
12.4,5.7 Hz, 2 H), 1.75-1.36 (m, 6 H), 1.32 {t¢,11.5, 5.5
Hz, 1 H), 1.16 (tdJ = 13.4, 4.3 Hz, 1 H), 0.84 (s, 3 H), 0.79
(s, 3 H).13C NMR (75 MHz, CDCJ): § = 171.5 (C), 74.3
(CH,), 44.6 (CH), 40.8 (CH}, 32.7 (CH), 31.9 (C), 30.9
(CH,), 29.1 (CH), 27.5 (CH), 20.4 (CH), 19.0 (CH).

Anal. Calcd for GH,40,: C, 72.49; H, 9.95. Found: C,
72.76; H, 9.97.

(a) Mangoni, L.; Adinolfi, M.; Laonigro, G.; Caputo, R.
Tetrahedron 1972 28, 611. (b) Bock, I.; Bornowski, H.;
Ranft, A.; Theis, HTetrahedron 199Q 46, 1199.
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888.

Kraus, G. A.; Taschner, M.J.0rg. Chem. 198Q 45, 1175.
Preparation and Spectroscopic Data of (+)-11.

To a stirred solution of (<0 (300 mg, 1.21 mmol) in a
mixture oft-BuOH (20 mL) and 2-methyl-2-butene (2.5
mL), a solution of 80% NaCl{Q683 mg, 6.04 mmol) and
NaH,PO, (1.16 g, 9.67 mmol) in D (10 mL) was added at
r.t. The resulting mixture was stirred for 15 min then diluted
with brine. The aqueous phase was saturated with NaCl and
extracted thoroughly three times with EtOAc. The combined
organic phases were washed with brine, dried, filtered, and
concentrated. The residue was purified by silica gel column
chromatography to give 260 mg (81% vyield) of pure acid
(+)-11 as white crystals; mp 130 °Gj]? +7.9 € 1.0,

CHCL,). IR (KBr): v = 3426, 1702, 1668, 1162 cn'H

NMR (300 MHz, CDC}): § = 9.58 (br s, 1 H), 8.02 (brs, 1
H), 7.39 (tJ=1.8 Hz, 1 H), 6.73 (ddJ = 1.8, 0.6 H, 1 H),
2.78 and 2.64 (ABXJ)=17.0, 4.9, 4.4 Hz, 2 H), 2.32 (m, 2
H), 1.90 (m, 1 H), 1.65-1.25 (m, 5 H), 0.89 (s, 3 H), 0.85 (s,
3 H).*C NMR (75 MHz, CDCJ): § = 194.3 (C), 181.6 (C),
146.9 (CH), 143.9 (CH), 127.6 (C), 108.7 (CH), 46.2 (CH),
42.5 (CH), 41.2 (Ch), 40.9 (CH), 33.6 (C), 30.5 (CH},

30.1 (CH), 20.9 (CH), 20.0 (CH). Anal. Calcd for

C,sH,04: C, 68.16; H, 7.63. Found: C, 67.89; H, 7.67.
Gemal, A. L.; Luche, J.-LJ. Am. Chem. Soc. 1981, 103,

5454,

Preparation and Spectroscopic Data of (+)-Ricciocarpin

A ().

A solution of (+)41 (160 mg, 0.60 mmol) and Ce&IH,0
(450 mg, 1.21 mmol) in MeOH (20 mL) was stirred 12 h at
r.t. The solution was cooled to —18 °C, NagR04 mg, 5.40
mmol) was added in three portions{3 h) and the mixture
was slowly allowed to rise to r.t. After 12 h, the reaction
mixture was poured into ice-water, acidified (HCI 6 N,

pH = 1) and stirred for 30 min at r.t. The solution was
saturated with NaCl and extracted with EtOAc. The
combined organic extracts were washed with brine, dried
and filtered. Concentration of the filtrate followed by silica
gel column chromatography gave 127 mg (85% yield) of a
6:1 mixture of (+)1 and the C-3 epimer. Two
recrystallizations from MeOH afforded pure (+)-
ricciocarpin A(l) as white needles; mp 109 °C fimp

110 °CJ; [p]p?* +17.5 € 1.0, CHCI,). IR (KBr): v = 2963,
1722, 1162, 1029 crh *H NMR (300 MHz, CDCJ): § =

7.43 (brs, 1 H), 7.40 (m, 1 H), 6.39 (m, 1 H), 5.27 (dd,
J=9.5,4.5Hz, 1H), 240 (td,=12.1, 3.5 Hz, 1 H), 2.24—
2.14 (m, 1 H), 2.06 and 1.93 (ABM¥,z = 14.5 Hz,

JIax = Jdam = 9.5 Hz,Jg, = 7.0 HZz,Jg = 4.5 Hz, 2 H), 1.68—
1.23 (m, 5 H), 1.15 (td} = 13.8, 4.3 Hz, 1 H), 0.91 (s, 6 H).
13C NMR (75 MHz, CDCJ): 5 = 175.1 (C), 143.6 (CH),
139.6 (CH), 124.8 (C), 108.5 (CH), 71.7 (CH), 42.3 (CH),
40.4 (CH), 38.9 (CH), 33.7 (C), 29.8 (GH 29.7 (CH),

27.2 (CH), 21.0 (CH), 18.5 (CH). Anal. Calcd for

CysH,003: C, 72.55; H, 8.12. Found: C, 72.31; H, 8.09.
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