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Total synthesis of bernumicine and bernumidine, two

alkaloids from Berberis nummularia®

Sandra Pinet, Pierre Yves Chavant, Marie-Thérése Averbuch-Pouchot
and Yannick Vallée*
LEDSS, Université Joseph Fourier - CNRS, BP 53, Bat. Chimie C, 38041 Grenoble, France

Bernumicine and bernumidine are two alkaloids extracted from Berberis nummularia. Their total synthesis has been
completed and it has been shown that the configuration of the stereogenic carbon of both is (R).
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Plants of the genuBerberis have been used in traditional
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medicine for centuries in various part of the world. This is the “~ e nede WS MEm o
case for the common barberBetrberis vulgariy whose bark T 3o T == o
is known to give a tonic, purgative and antiseptic extract. The i n-t- o e 1y B ey
chief constituent of barberry barks is berberfhe(Scheme - "™
1).! This compound has many interesting biological proper-
ties, including activity against bacteria, fungi and viruses.
Berberine is also present in the rootBofaquifoliumandB. N,
aristaas well as in many other plants. — TR e - .
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the tosylate of7) in THF and react iin situwith salsoling4)
Scheme 1 to give racemic bernumicin@) in 76% yield (65% fron{5)).

In order to obtain non-racemic bernumicine, we resolved
rac-(4).8 This was done by treatment with (L)-(+)-tartaric acid.
The R)-(+)-salsoline — (L)-(+)—tartaric acid salt precipitates in
water, whereas theS(-(-)-salsoline salt is solubfe’ (R)-(+)-

In 1993, Karimov and Shakirov reported the results of their
investigations onB. nummularia a plant growing in the

Fergana province of UzbekistaMot surprisingly, berberine (4) was treated with the tosylate(@ to give R)-bernumicine.

and some other previously known alkaloids were identified in :
the ethanol extract of young shoots. More interestingly, two.HpI‘C experiments run amc-(2) and (R)(2) showed that the

new alkaloids were found in the chloroform extract of the |sola_ted (R)-bernu_micinéZ)_ was enantiop_u!re. The absc_;lute
leaves. The structures of these new optically active amine onfiguration of this enantiopure bernumicine was confirmed

were deduced from NMR, UV, IR and MS studies. They were y X-ray crystallography. Figure 1 presents the structure that

named bernumicing) and bernumidiné3). In this paper, we V€ obtained from single crystals of non-racemic bernumicine -
report the first total synthesis of these two alkaloids. (L)-tartaric acid salt. This salts precipitates as a dihydrate.

Bernumicine can be regarded as a derivative of sals@jne N @ similar way, the racemic salsolidi&Ly*® (Scheme 2)
(Scheme 2). Racemic O-benzyl-salsolif® was prepared Was obtained from amir(®) and coupled with the tosylate &)
earlier by a Bischler-Napieralski / reduction procedubey ~ 9ave racemic bermnumidi@). In order to obtain non-racent(e),
we preferred a Pictet-Spengler strategy, using the condition&/® resolved SalsolidingL1) with D-(-)-tartaric acid: The ®-
described by VenkotThe rather unstable ami(g) was sta- ~ (*)-Salsolidine-D-(-)-tartaric acid precipitates first. Two recrys-
bilized as its benzyl carbama®), which upon treatment with ~ tallizations led to a sample oR)~(+){11) of limited optical
acetaldehyde diethyl acetajave the tetrahydroisoquinoline. Purity: [a], 44 (c=2.0; EtOH, lif[a], 62.8 (c=0.1, EtOH). From
Both protecting groups were then hydrogenol§sedgive  this sample, we obtaineR)(+)-(3) for which the measured],
racemic salsolin¢4). The overall yield of(4) from (5) was ~ Was +18 (c=0.05, CHG}, while e.e. was 70% by HPLC. The
86%. Coupling of the benzylic moiety with salsoline was [a] reportedfor natural bernumidine is +21 (c 0.01, CHCI
achievedvia the tosylate. It appeared more efficient to prepare
Experimental
*To receive any correspondence. E-mail: Yannick.Vallee@ujf-grenoble.frPreparation of 2-(3-benzyloxy-4-methoxy-phenyl)-ethylar(jieA

T This is a Short Paper, there is therefore no corresponding mateial inmixture of the commercially available 4-benzyloxy-3-methoxy-
Chem. Research (M). benzaldehyde (9.69g, 40mmol), ammonium acetate (3.55g,
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106-108°C*H NMR (CDCL, 20MHz) 1.45 (dJ 5.6Hz, 3H), 2.64

(d, J 15.1Hz, 1H), 2.75-3.0 (m, 1H), 3.15-3.4 (m, 1H), 3.85 (s, 6H),

4.13 and 4.25 (two b.dJ,8.7Hz,1H), 5.1-5.3 (m, 1H), 5.17 (s, 2H),

6.59 (s, 2H), 7.3-7.5 (m, 5H}3C NMR (CDCl,, 50MHz) 21.60,

22.10, 28.20, 28.37, 37.24, 37.62, 49.94, 55.70, 55.82, 66.80, 109.44,

111.10, 125.40, 125.74, 127.79, 128.29, 129.73, 130.29, 136.67,

147.37, 154.69, 154.91 (two isomers due to carbamate function).
Rac-salsoling4): 5.0g (12.0 mmol) of this carbamate were dis-

solved in 60ml of a 4.4% solution of formic acid in meth&nbg

of palladium (10% on carbon) were added, and the reaction vessel

was purged with hydrogen at atmospheric pressure. After 30h at room

temperature, the reaction mixture was filtered, the catalyst was

washed with 100ml CkCl,, dried over MgSQand concentrated to

yield 2.31g (quantitative) afic-(4) as a white solid, m.p. 220-221°C.

*H NMR (CDCL, 300MHz) 1.50 (d,J 6.5Hz, 3H), 2.69 (dtJ 16.5,

6.0 Hz, 1H), 2.82 (ddd] 16.5, 5.49, 5.7 Hz, 1H), 3.04 (ddd, 12.5, 5.7,

5.0 Hz, 1H), 3.27 (ddd} 12.5, 5.0, 5.5 Hz, 1H), 3.7-3.9 (m, 2H), 3.82

(s, 3H), 4.10 (g, 6.5 Hz,1H), 6.6 (s, 1H), 6.61 (s, 1H¥C NMR

((CD,),CO, 75MHz) 19.15, 24.33, 38.30, 49.88, 55.83, 109.99,
e 115.01, 123.84, 124.42, 145.96, 146.68. Calcd. Fo{HEO,N
68.37, 1.82, 7.28; fnd. 68.22, 7.72, 7.26.

Rac-salsoling11): prepared identically from commercially avail-
able 2-(3,4'-dimethoxy)-ethylamine in quantative yield. Benzyl 2-
(3',4'-dimethoxy-phenyl)-ethylaminocarboxylate: m.p. 73-77%a.
NMR (CDCL,, 200MHz) 2.75 () 6.5Hz, 2H), 3.45 (¢J 6.5 Hz, 2H),

3.84 (s, 3H), 3.85 (s, 3H), 4.75 (,6.5 Hz, 1H), 5.09 (s, 2H), 6.6-
1.15equiv), and nitromethane (87ml, 40eq) was brought to r&flux. 6.85 (m, 3H), 7.2-7.5 (m, 5H}3C NMR (CDCL, 75MHz) 35.50,

The reaction was monitored by TLC (silica gel, §) and stopped ~ 42.21, 55.67, 55.76, 66.35, 111.26, 111.79, 120.54, 128.02, 128.41,
as soon as possible to avoid Michael addition of nitromethane to th&é31.08, 136.46, 147.52, 148.85, 156.19.

product. The excess of nitromethane was removed by evaporation, the Benzyl (6,7-dimethoxy-1-methyl-3,4-dihydro-1H-isoquinolein-)2-
crude material taken up in GEl, (200ml) and washed with water ~carboxylate(10): m.p. 106—-108°CtH NMR (CDCL, 250MHz) 1.45

(2 x 100ml). After drying over MgS@ concentration, and recrystal- (d,J5.5 Hz, 3H), 2.64 (dJ 15.1 Hz, 1H), 2.75-3.0 (m, 1H), 3.15-3.4
lization in ethanol, 11.4g (quantitative) of yellow solid 3-benzyloxy- (m, 1H), 3.85 (s, 6H), 4.13 (d} 8.7 Hz, 0.5H, carbamate isomers),
4-methoxyB-nitrostyrene were obtained. M.p. 129-131%¢ NMR 4.27 (d,J 8.7 Hz, 0.5H), 5.1-5.3 (m, 1H), 5.17 (s, 2H), 6.59 (s, 2H),
(CDCl,, 250MHz) 3.93 (s, 3H), 5.17 (s, 2H), 6.92 M®8.7Hz, 1H), 7.3-7.5 (m, 5H)*C NMR ((CDCL,, 62.5MHz) 21.60, 22.10, 28.20,
7.02 (d,J 1.6Hz, 1H), 7.16(dd) 8.7Hz, 1.6Hz, 1H), 7.3-7.5 (m, 6H), 28.37, 37.24, 37.62, 49.94, 55.70, 55.82, 66.80, 109.44, 111.10,
7.89 (d,J 13.5Hz, 1H).1*C NMR (CDCl, 62.5MHz) 56.01, 71.05, 125.40, 125.74, 127.79, 128.29, 129.73, 130.29, 136.67, 147.37,
111.63, 112.97, 122.55, 124.85, 127.22, 127.58, 128.61, 134.98154.69, 154.91.

136.20, 139.23, 148.45, 153.36. Rac-salsoliding11). M.p. 99-102°CIH NMR (CDCL, 200MHz)

In a two-necked, 500 ml flask fitted with a reflux condenser and1.65 (d,J 6.2 Hz, 3H), 2.9-3.3 (m, 2H), 3.1-3.55 (m, 2H), 3.78 (s,
under argon atmosphere, a suspension of lithium aluminium hydridéH), 4.50(qJ 6.2 Hz,1H), 6.51 (s, 1H), 6.53 (s, 1H), 10.0 (s, 1¥¢
(2.67g, 70mmol) in 50ml THF was brought to reflux. A solution of NMR (CDCl,, 62.5MHz) 21.08, 25.11, 38.78, 51.52, 55.81, 55.99,
10.0g (35.1 mmol) of the nitroalkene in 150ml THF was added drop-108.68, 111.32, 123.24, 125.01, 148.26, 148.65. CHN: Calcd. For
wise over 2 h, with reflux. After 30 min, the flask was cooled to 0°C C,,H,;0,N 69.54, 8.27, 6.75; fnd. 69.39, 8.22, 6.58.
and water (22ml) was added very carefully. After 5 min stirring, the “Resolution of salsolin@t):6 A mixture of 8.0g (41.4mmol) afc-
slurry was filtered over celite. The solid phase was repeatedly washesglsoline(4) and L-(+)-tartaric acid (6.21g, 1.0 eq.) was dissolved in
with THF. The organic phases were dried over3@ and concen- ~ 80ml of hot water. The precipitate was filtered and recrystallized 4
trated to yield 7.05g (78%) of 2-(3-benzyloxy-4-methoxy-phenyl)- times in hot water until the optical rotation of the (L)-tartrate
ethylaminé? (5), m.p. 161-162°GH NMR (CDCL, 250MHZ): 1.4 remained constantd], = +25(c=0.5 in EtOH)). The crystals (5.289)
bs, 2H), 2.54 (t) 6.7Hz, 2H), 2.78 (1) 6.7Hz, 2H), 3.78 (s, 3H), 5.06  were dissolved in 30ml of hot water and 33% ammonia was added
(s, 2H), 6.74 (s, 1H), 6.75 (d, 7.9Hz, 1H), 6.79 (dJ 7.9Hz, 1H), until the solution was basic. (R)-(+)-Salsoline crystallized as white
7.2-7.4 (m, 5H)13C NMR (CDCl, 62.5MHz): 38.79, 43.01, 55.60, needles (3.64g, 18.8mMolx], = +72 (c=0.1 in EtOH).

70.51, 111.55, 114.60, 120.97, 126.91, 127.35, 128.02, 131.79, Resolution of salsolidingl1).® a mixture of 2.00g (9.65mmol) of
136.72, 147.48, 147.70. The material is air- and light-sensitive andac-salsolidine(11) and D-(-)-tartaric acid (1.45g, 1 eq.) was dis-
was rapidly protected as carbam¢gg solved in 10ml of hot water. A precipitate falled out on cooling, was

Potassium carbonate (4.5g, 33mmol) was added to a suspension &fcrystallized once in hot water. The solid was taken up in 5ml of a
(5) (5.664g, 22 mMol) in 20 ml water 4.5g. After cooling to 0°C, 4.88g Saturated O, solution, and extracted in ether ¥46ml). 460mg
(28.6mmol) of benzyl chloroformate was added with vigourous stir-0f (+)-salsoliding(11), [a] , = +44 (c=2 in EtOH).
ring. After 90 min at 20°C, the carbam#6 precipitated. Water (40 Bernumicine(2): In a round-bottomed flask under argon atmos-
ml) and CHCI, (40ml) were added, the aqueous phase was extracte@here was placed a 0.5 molar solution of 3,4-dimethoxy-benzyl alcool
with 4 x 50ml CHCI,, the combined organic phases dried over in dry THF. After addition of a small crystal of 1dphenantroline,
MgSO, and concentrated, yielding 6.96 g (22mmol) of carbamatea solution ofn-butyllithium in hexane was added dropwise at room
(6)!* as a white solid, m.p. 84-85°8] NMR (CDCl, 20MHz) 2.69 temperature, until a persistent violine coloration appeared. After 5
(t, J 6.8Hz, 2H), 3.37 (tJ) 6.8Hz, 2H), 3.84 (s, 3H), 4.80 {,6.8Hz, min stirring, 1.1eq op-toluenesulfonyl chloride was added. After 15
1H), 5.1 (bs, 4H), 6.7-7.0 (m, 3H), 7.2-7.5 (m, 10MC NMR min, LiCl precipitated. A mixture of salsolin@) (1.0eq.) and diiso-
(CDCl,, 50MHz): 35.27, 42.06, 55.88, 66.32, 70.95, 12.13, 114.95, propylethylamine (1.1eq.) in dry CHI, was added, and the mixture
121.21, 121.29, 127.60, 127.70, 127.95, 128.24, 131.09, 136.49was kept at room temperature for several days. The reaction mixture
136.95, 148.10, 148.36, 156.10. was partioned between ether and water, the aqueous phase extracted

Benzyl (6-benzyloxy-7-methoxy-1-methyl-3,4-dihydro-1H- With ether, the organic phases were dried over Mg8@ncentrated,
isoquinoline-)2-carboxylatéZ in a 25ml round-bottomed flask fitted ~and purified by chromatography on silicagel (pentane/ethyl acetate
with a reflux condenser and a magnetic stirrer, were introduced 5.3@/1). o .

(16.8mmol) of carbamat(s), 3.20g (1.6 eq.) of 1,1-diethoxyethane 225 mg ofrac-bernumicing(2) were obtained from 165mg cdc-
and 0.25g op-toluenesulfonic acid in 8ml CJgl,. The reaction mix-  (4) after 15 days (76% yield), m.p. 159-160°€1 NMR (CDCL,
ture was refluxed overnight, then another portion of Oj2éguene- ~ 300MHz) 1.35 (dJ 6.5 Hz, 3H), 2.55 (dt) 15.6, 4.5 Hz,1H), 2.71
sulfonic acid was added, and relux continued for 8 h. The cruddddd,J12.1,5.3, 4.5 Hz,1H), 2.80 (ddd15.6, 9.1, 5.3 Hz,1H), 3.05
material was then concentratéd vacuothen taken up in 70ml  (ddd,J 12.1, 9.1, 4.5 Hz,1H), 3.64 (dl 13.3Hz,1H), 3.73 (dJ
CH,Cl,, and washed with 20ml of 1M HCI, then 20ml of a 10% 13.3Hz,1H), 3.79 (4] 6.5 Hz,1H), 3.83 (s, 3H), 3.86 (s, 3H), 3.87 (s,
NaHCQ, solution. After drying over MgSpand concentration, the ~ 3H), 5.45 (bs, 1H), 6.51 (s, 1H), 6.63 (s, 1H), 6.80X8,3 Hz,1H),
white solid (5.7g, quantitative yield) was recrystallized in ether, m.p.6.88 (dd.J8.3, 0.5 Hz, 1H), 7.00 (0.5 Hz,1H).*C NMR (CDCl,

.0

-

Fig. 1 X-ray structure of the (R)-bernumicine (L)-tartrate
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75MHz): 20.03, 26.34, 43.58, 55.68, 55.94, 56.00, 57.69, 109.67, [a],=+18 (c=0.05, CHC) for the sample prepared frqiR)-(11).
110.94, 111.87, 114.27, 120.71, 126.98, 131.67, 132.26, 143.84HPLC: Daicel CHIRALPAK AD column, 250mm. Elution cyclo-
144.94, 148.04, 145.05. CHN: Calcd. for 8,;O,N 69.94, 7.34,  hexane/isopropanol, Iml.min, linear gradient from 80% cyclohexane
4.08; fnd. 69.68, 7.19, 4.10. to 60% after 20min. Room temperature 4.70 n@®X bernumidine),
967mg of R)-(4) yielded after 8 days 979mg (40%) d®){(2), 6.22 min (R) bernumidine). The optically acti(®)-(11) was 70%
[a], = +45.5 (c=0.02, CHG). Enantiomeric purity was checked by e e.
HPLC: Daicel CHIRALPAK AD column, 250mm. Elution cyclo-
hexane/isopropanol, 1ml/min, linear gradient from 80% cyclohexanereceived 8 September 2000; accepted 12 October 2000
to 60% after 20 min. room temperature 5.61 ni8)bernumicine), Paper 00/520
6.56mn (R)}bernumicine). The optically active sample was >99% p
e.e. Addition of 1 eq. of) (L)-tartaric acid followed by recrystalliza-
tion in EtOH-H,0, produced white crystals. The absolute configura- References
tion of (2) was ascertained by X-ray diffraction analysis. 1 T.C. Birdsall. G.S. KellVAlt. Med. Revi997.2. 94.
Crystal dataifor CyyHieNO, of (CH,NO)"(CHO)2HO, 5 aarimon k. Shakirovghem. Nat. Compl093.59, 335.
M. =529.54, F(000) = 1128, orthorhomb R2(N° ’ e Pl o
£ = 529.54, F(000) = 1128, orthorhombic, space groua 22 3 S. Teitel, J. O'Brien, W. Pool, A. Brossi, Med. Chem1974,17,
19),2=7.615(2) Ab = 13.664(3) Ac = 25.150(9) AV= 2671(1) 134; T. Fuji, K. Yamada, D. Minami, S. Yoshifuji, M. Ohba
A3, d.,. = 1.344 g/cri, Z = 4, p(MoKa) = 1.08 cm'. radiation Chem. Ph I, BUIL983 31 2583, i, M. '
MoKa (0.7107A), diffractometer Enraf Nonius CAD-4, temperature em. Fharm. bu e ) .
20°C, crystal size 0.39 x 0.36 x 0.35 mm, scan Mo8,0 range 2- 4 A.P. Venkov, LK. LukanovSy_nth. Comm1996,26, 755; LK.
30°C, no of unique data 27964 1.50(1)], R20.052, R, 0.054, GOF Lukanov, A.P. VenkovSynthesisd987,11, 204.
1.98. The crystal structure was solved using direct methods, $#R92. ° B-El Amin, G.M. Anantharamaiah, G.P. Royer, G.E. Meahs,
Hydrogen atoms were located by difference-Fourier syntheses, but  Org- €hem1979,44,3442. )
not refined. All the calculations, from the data reduction to the final 6 N.Proskurnina, A. OrekhofBull. Soc. Chim. Fr1937,4, 1265.
refinements and geometry calculations were performed using the? Absolute configuration of Salsoline and Salsolidine: A.R.
teXsan softwaré? The data have been deposited at the Cambridge  Batteersby, T.P. Edward3, Chem. Sod 960, 1214 _
Structural Database and registered under the reference CCDC8 E. Spath, F. DengeChem. Ber1938,71,113: N. Proskurnina,

143668. A. Orekhoff, Bull. Soc. Chim. Fr1938,5, 144.
Bernumidine(3): samples ofR,S) and(R)-bernumiding(3) were 9 M. Yamato, k. Hashigaki, N. Qais, S. Ishikawgstrahedron

prepared from 200mg dR,S} and (R)-(11) and piperony! alcohol 1990,46,5909.

following the preceding protocol. Yields were 38 to 46% after 8 days.10 M.P. Johnson, S.P. Frescas, R. Oberlender, D.E. Nichd¥gd.

H NMR (CDCL, 200MHz): 1.35 (d) 6.5, 3H), 2.57 (dtJ 15.5, 4.0 Chem.1991,34,1662.

Hz,1H), 2.68 (dddJ 12.1, 4.5, 4.0 Hz, 1H), 2.81 (ddd15.5, 9.0, 4.5 11 A. Riekeret al., Tetrahedrori968,24, 103.
Hz,1H), 3.04 (ddd,J 12.1, 9.0, 4.0 Hz,1H), 3.59 (d,13.3 Hz,1H), 12 C. Casagrande, F. Santangelo, C. Saini, F. Doggi, F. Gerli, O.

3.70 (d,J 13.3 Hz, 1H), 3.77(gJ 7.0 Hz,1H), 3.81 (s, 3H), 3.83 (s, Cerri, Arzneim. Forsch.1986,36, 291-303
3H), 5.91 (s, 2H), 6.52 (s, 1H), 6.56 (s, 1H), 6.73Jd,.5 Hz,1H), 13 A. Altomare, M. Cascarano, C. Giacovazzo, A. Guagliardi,
6.80 (dd,J 7.5, 1 Hz, 1H), 6.93 (D) 1Hz, 1H).*3C NMR (CDCl, SIR92 — a program for automatic solution of crystal structures by

50MHz): 19.80, 26.73, 43.71, 55.71, 55.88, 56.00, 57.82, 100.81, direct methods). Appl. Cryst.1993,26, 343
107.83, 109.16, 110.58, 111.60, 121.68, 126.17, 132.19, 133.4514 teXsan: Single Crystal Structure Analysis Software Version 1.7

146.48, 147.33, 147.42, 147.72. CHMag¢ sample): Calcd.for (1995). Molecular Structure Corporation, The Woodlands, TX.
CoH,O,N 70.36, 6.79, 4.10; fnd. 70.16, 6.79, 4.00. 77381,



