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Abstract 

A convenient total synthesis of penraaxygenated berbine alkaloids; (2)-0-methylcapauridine(lSa), (+) 0,O'-  
d~merhylstephabinam1ne(15c) and a berbineWb! is described from 3.4.5-tnmethoxy-6-phenylethylamine (mescaline 
12). Condensation of mescaline (12) with isochroman-3-ones (13a-c) in refluxing ethanol gives hydrony am~des 
(14a-c) which an Bischler-Nap~ernlskl cycl~sarlon with POCla in reflulxmg toluene, followed by NaBHa reduction, 
prowdes the berbine alkaloids Ha, U c  and berbine 15b. 

Key words : Hemoatom-directed hthlalion reaction, Bischler-Napieralskl cyclisation, mescaline, isochroman-3- 
ones, berbine alkaloids. 

1. Introduction 

The protoberberines form an important class of isoquinoline a lka l~ ids"~  which commonly 
occur in plants belonging to Berberidaceae, Ranunculaceae, Manispermaceae and Rutaceae 
families. The first alkaloid of this series, berberine, was isolated in 1837. These tetracyclic 
alkaloids occur in nature in two forms, e.g., the form of quaternary salt (1) or as tertiary bases 
(2). The skeleton 2 is commonly known as berbine4 skeleton and the corresponding alkaloids 
as berbine alkaloids. 

Most of the berbine alkaloids contain four oxygen functions, two each in ring A and D 
as shown in structures 3-6. Some pentaoxygenated berbine alkaloids have also been isolated 
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from natural sources. These alkaloids have three oxygen functions at 2, 3 and 4 positions in 
ring A and two oxygen functions at 9 and 10 positions in ring D. Thus, (-) thaicanine5,(7a), 
0-methylthaicanine5(7b) and (-)thaipetaline6(7c) have oxygen functions at 2,3,4,9,  10 
positions. The N-methyl salts of 7a and 7h have recently been isolated from natural sources7. 

A few pentaoxygenated berbine alkaloids have three oxygen functions at 1,2,  3 positions 
in ring A and two oxygen functions in ring D. Thus, in (-) capaurine9 @a), (+) capauridine9 
(8a). (-) ~ a ~ a u r i m i n e ' ~  (8b) and (-)govadine (84  the oxygen functions are at 1,2,3,9,  10 
positions. The alkaloid (-) stephabinamine" (9) has three oxygen functions in ring A and two 
oxygen functions at 10, 11 positions in ring D. 
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8b R' = R3 = H, RZ = R4= Me 
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Though a large number of tetra- and penta-oxygenated berbine alkaloids having oxygen 
functions in both A and D rings have been iaolated from natural sources, (It) bharalamines 
(10) is the only alkaloid which is unoxygenated in ring D. 

2. Synthesis of berbine alkaloids 

Though several method? are known for the synthesis of herbine alkaloids, it is reported that 
berbine alkaloids having oxygen functions at  9, 10 positions pose problems in their 
aynthesis". Thus, benzylisoqumolines like I 1  on Mannich or Bischler-Napieralski 
cyclisation giveL3 10.1 I-oxygenated berbines 9 and not the 9, 10 oxygenated berbines 8. 'To 

achieve the synthesis of the desired 9, 10-oxygenated berbines 8, the reactive para position 
in 11 is blocked by bromine before cyclisation which is removed in the end'2,14,'5. After 
blocking the reactive position also, in some cases the desired products like 8 are obtained in 
poor yield1' along with unwanted products 11ke 9. 

3. Isochromanone appruach 

We report herein a convenient synthes~s of (?r), 0-methylcapauridine(15a), (*)I, 2,3-trimethoxy- 
9. 10-methylenedioxyberbine(l5b) and (t) 0,O'-dimethylstephabinamine(l5c) from 3,4,5- 
himethoxy-P-phenylethylamine(l2) as shown in Scheme 1. The 3,4,5-trimethoxy-P-phcnylethyl 
m i n e  (mescalme, 12) was preparedi6 from 3,4,5-trimethoxybenzaldehydc through nitrostyrene. 
Isocbroman-3-ones 13a and 13b required (or the aynthesis of 9.10-oxygenated berbines 
(15a,b) were synthesised from the corresponding N,N-dimethylbenzylamines using heteroatom- 
directed lithiation reaction". 6,7-Dimethoxyisochroman-3-0ne'~ (13c) required for 15c was 
prepared from 3,Cdimethoxy phenylacetic acid using normal hydroxymethylation approach. 
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Condensation of amine 12 wirh isochroman-3-ones (13a-c) in refluxing ethanol provided 
the hydroxyamides 14a-c in 91, 80 and 83% yield, respectively. These amides (14a-c) on 
Bischler-Napieralski cyclisation wirh POCL in refluxing toluene, followed by NaBH4 reduction 

OR' OMe 

of the iminium salt, furnished (k) 0-methylcapauridine(lSa), (+)1,2,3-trimethoxy-9, 10- 
methylenedioxyberbine (15b) and (+) 0,O'-dimethylstephdbinamine (15~).  The structures 
of amides (14a-e) and berbines (15a-c) were determined on the basis of their spectral and 
analytical data. 

It is reported19 in literature that the CD-H equatorial appears downfield in berbines having 
oxygen function at 9, 10 posi~ions as compared to the Cs-protons of berbines having oxygen 
function at 10, 1 1 positions. Thus, one of the Cs-H in 15a and 15b appears at F 4.3 and 4.2, 
respectively, and the other one is merged in the multiplet (6 2.5-3.65). In the case of 15c, 
both the  Cx-protons are merged in the multiplet (6 2.45-3.78). The PMR spectral data for the 
herhines 15a and 15c are in agreement with the literature  value^^^^". 
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4. Experimental 

All mps are uncorrected. IR spectra were obtained in CHC13 solulion on a Nicolet FT 20s 
IR instrument and 'HNMR specva in CDCI, on a k o l  FX 90Q instrument. Chemical shifts 
are expressed in 6 (ppm) downfield from TMS as an internal standard and coupling 
constants in Hz. 

N[2-(3,4,5-Trimethu"y1>i1e1i.yl jetIzyl1 (3,4-d1mrihox,v-2-h~0xymrrizy1)~~her1y1~1~etnmi~/e (14a) 

A solution of mescaline1~12, 0.650 g, 0.0031 mol) and 7,8-dimethoxyiso~hroman3-one~~ 
(13a. 0.60 g, 0.0028 mol) in ahsolute ethanol (15 ml) was refluxed for 3 h. Excess of ethanol 
was removed under reduced pressure to give a gummy mass. It was cooled to 0". dry ether 
(5 ml) added and scratched to get a white solid which was filtered, dried and recrystallised 
from chloroform-n-hexane to yield amide 14a (1.2 g, 93%), mp 11P, IR: 3450, 3340, 1635 
crn '; 'HNMR: 2.70 (ZH, t, J=7Hz. N-CH2-CH2-Ar), 3.37(2H, t,.l=7Hz, -N-CHI), 3.57 (2H, 
s. ArCHKO), 3.88 and 3.98 (15H, 2xs, 5xOMe), 4.67 (213, s, -CH20H), 6.32 (2H, b s, 
exchangeable with D20, OHINH). 6.45-6.98 (4H, m, ArH); MS (nzlz): 419 (Mt); 21 1, 208, 
182, 164, 149. (Found: C, 62.87, H, 6.66. CI~HIPNO~ requires C,62.99, H,6.97%). 

h;[Z-(3.4.5-Trimetho~yphenyl) ethyl] (3,4-rne~hylenedzoxy-2-hyd1oxymethylJ phenylacetnmide 
114b) 

A solution of 12 (0.650 g, 0.0031 mol) and 7,8-methylenedioxy isochroman-3-onel7 (13b. 
0.60g, 0.0031 mol) in absolute ethanol (15ml) was refluxed for 28 h. On workup as 
described above, the amide 14b was oblained (1.0 g, 81%). mp 135O, IR: 3420,3320, 1640 
cm-I; 'HNMR: 2.67(2H, t, J=7Hz, N-CHrCH2-Ar), 3.43 (2H, t, J=7Hz,--N-CH2-), 3.49 (2H, 
s, Ar CHXO). 3.87 (9H, s, 3xOMe). 4.70 (ZH, s, -CH?OH), 5.97 (ZH, s -0CII2O-). 6.58 
(2H. s, exchangeable with UzO, OHNH), 6.64-6.88 (4H, m, ArH); MS (miz): 403 (Mi), 192, 
182, 167, 148. (Found: C, 62.78.11, 6.42. C21H25N07 requires C, 62.52, H, 6.25%). 

N[2-(3,4,5-Trimerhoxyphenyljerhyl] (45-dimethoxy-2-hydroxymethy1)phenylaccfe (14c) 

A solution of 12 (0.650 g, 0.0031 mol) and 6,7-dimethoxy isochroman-3-one1' (13c, 0.60 g, 
0.0028 mol) in absolute ethanol (15 ml) was rcfluxed for 20 h. On usual workup as described 
above, the amide 14c was obtained (1.1 g, 85%). mp 147-148", IR: 3420, 3315, 1650 cm '; 
'HNMR: 2.65(21-I t, J=7Hz, NCH-CIbAr),  3.42 (2H, t, J=7Hz, -N-CH*), 3.54 (2H, s, Ar 
CHSO), 3.82, 3.86 and 3.92 (15H, s, SxOMe), 4.58 (2H, s,-CIhOH), 6.27(1H, s, 
exchangeable with DzO, OHfNH), 6.57 (2H, m, ArH), 6.71 and 6.88 (1H each, s, ArH); MS 
imii): 419(M+), 21 1.208, 182, 167, 161, 149 and 121. (Found: C62.77, H, 7.05. CnHmNO7 
requires C, 62.99, H, 6. 97%). 

(rtj 0-methylcnpuur-idine (15a) 

To a solution of hydroxy amide 14a (0.2 g,  0.00047 mol) in dry toluene (4 ml), phosphorus 
oxychloride (5 ml, 0.054 mol) was added and the reaction mixture was refluxed for 1 h. 
Solvent was removed under rcduced pressurc to give a syrupy liquid. It was dissolved in 
methanol (6 ml), sodium borohydride (0.5 g) added to it in lots and stirred at room 
temperature for I hand left overnight. Methanol was removed under reduced pressure to give 
a residue. Water (20ml) was added to it and extracted with methylene chloride (3x10 ml). 



IL wzu then dried over Na2S0.: and evaporated under rcduced prcssure to give a thick mass 
which was chrornatogaphed over neutral alumina using hexane-rnethylenechloride (1: 1) as 
an eluant to gibe a solid. On recrystallisation from ethanol it furnished (?I-O-rnethylcapaundine 
i l l a ,  0.055 g, 3002). mp 140-112" (iit."." mp 140-112", 142-144"), 'IINMR: 2.48-3.52 
(8H. rn, methylene and methine protons and CB-H), 3.90 and 3.92 (15H, 2xs. SxOMe), 4.3 
( l H ,  d. J=15.5Hz.Ca-Hj. 6.60 ilH, s,Ca-HL6.80 i lB ,  d,J=SHz, CII-ll), 6-88 (lH,d,J=XHz, 
Cl:-HI: MS (nu:,: 385 (M'), 110. 161; tfound: C, 68.87, H.6.99. CnHnN05 require5 C, 
68.55, H,7.0641). 

It I I ,  2. i-T?-imerho.~~ 9, iO-m~tiz:;lei~edio.n.be~-bine ( I j b )  

The hydroxy arnide 14b (0.4 g, 0.00099 mol) in dry toluene (8 ml) was reacted with phosphorus 
oxychloride (10 mi. 0. 107 mol) as desclihcd above to give a solid which on recrystallisation from 
ethanol yielded 15b (0.15 g. 41.0%), mp 140°, 'HNMR: 2.53-3.58 (811, m, mcthylcne and 
methine protons and Cs-H). 3.90 and 3.92 (YH, 2xs, .lxOMe),4.2 (IH, d, J=15.5Hz, C8-H), 
5.96 (2H, S, -OCH?O-j. 6.50 (lH, s, Ar-HI. 6.62 (IH, d, J=811z,Cl,-H), 6.77 (lH, d, J=8Hz, 
Cf:-H): MS jn?:: ): 369 (MI), 220, 148; (Found: C, 68.43, H, 6.48. C21H23NOs requires C. 
68.28, H. 6.38%). 

The hydroxy amide Ilc (0.2 g, 0.00047mol) in dry toluene (4ml) was reacted with 
phosphorus oxychloride (Sml, 0.054mol) as described above to give a solid. On 
recrystallisation from ethanol it provlded 15c (0.078 g, 42.4%), rnp 150-152" (lit.?l mp 151.- 
152"), 'HNMR: 2.45-3.79 (9H, m, methylene and methine protons). 3.81 (15H. rn, 5x OMe), 
6.50 (IH, s. Ar-H), 6.68 (2H. m, Ar-H): MS (mIz ): 385 (Mi), 220, 164; (Found: C ,  68.54, 
H, 7.33. CZ~H&OS requires C, 68.55, H, 7.06%). 
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