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Abstract — Benzo[c]phenanthridine alkaloid, zanthoxyline, was synthesized
through an intramolecular biaryl coupling reaction of N-naphthylbenzamide
derivative using a palladium reagent. Comparison of the NMR data for the

synthetic product with that reported previously revealed that the proposed

873

structure was incorrect. Synthesis of the related compounds suggested that the

correct structure of zanthoxyline is the previously known decarine.

Zanthoxyline (1) is a benzo[c]phenanthridine alkaloid that was isolated in 1997 from Zanthoxylum

rhoifolium; it possesses four oxygen functional groups at positions 2, 3, 9 and 10 (Figure 1).! This

substituent pattern is a very rare case in the class of natural benzo[c]phenanthridines.” Thus, we were

interested in the biosynthesis of zanthoxyline (1), and in order to investigate the detailed features of this

natural alkaloid, its chemical synthesis was necessary.

We have studied intensively the palladium-mediated intramolecular
biaryl coupling reaction of benzanilide derivatives,’ and this technique
has been used for the total synthesis of various natural
benzo[c]phenanthridine alkaloids and their related compounds.*  Thus,
we reasoned that the same strategy could also be useful for the synthesis

of 1.

1: zanthoxyline (reported structure)

Figure 1

Initially, naphthamide 2 was prepared by the simple amidation between benzoic acid and naphthylamine,’
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followed by the protection of the amide nitrogen with the MOM group (Scheme 1). The intramolecular
coupling® of 2 was successful for the generation of tetracyclic compound 3 when Pd(OAc), (20% mol)
was used with PPh; (40% mol) and Ag,CO3 (200% mol) as a ligand and a base.” The reduction of the
amide moiety and successive deprotection of the MOM and isopropyl groups were carried out to

complete the synthesis of zanthoxyline (1).

> Pd(OAc),, PPhy , 1) LiAIH,
Pro Ag,CO3 'Pro O 2) conc. HCI
NMOM DMF NMOM 83% (2 steps)
67% 0

2 3
Scheme 1 Synthesis of 1

Unfortunately, the NMR data for the synthetic 1 were not identical with the reported data (vide infra);
thus, we supposed that the reported structure of zanthoxyline was incorrect.  The plausible structure of
the correct zanthoxyline was expected to be 10-hydroxy-9-methoxy compound 6, so we attempted the
synthesis of 6. The same synthetic method (Scheme 2) was employed to obtain compound 6: the
intramolecular biaryl coupling of amide 4, reduction of the lactam S with LiAlH4, and the deprotection of
the MOM and isopropyl groups.

A comparison of the NMR data for 6 with the reported data (vide infra) revealed that 6 is different from

the natural zanthoxyline.
'PrO ‘O PPh3 Me ) LIAIH
4 OH
) Ag2003 Pro conc HCl  \eo OO )
DMF
NMOM 86% NMOM 74% (2 steps) _N

Scheme 2 Synthesis of 6

At this stage, since neither 1 nor 6 were the

correct structure of zanthoxyline, we were ‘O O> ‘O O>
convinced that the position of the oxygen O o O o
. . N N
functional group was incorrect for the reported  MeO Z HO Z
OH MeO

zanthoxyline. In this context, the spectral data
isodecarine (7) decarine (8)

for the two known compounds, isodecarine (7)*
. . . Figure 2
and decarine (8),” needed to be examined (Figure
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2).

The synthesis of isodecarine (7) was performed via the synthetic strategy illustrated in Scheme 3.  The
N-protected amide (9) was subjected to the Pd-mediated intramolecular biaryl coupling reaction, and the
generated lactam (10) was transformed into 7 by LiAlH4 reduction and the deprotection sequence. We

already had a sample of decarine (8) in hand, since we synthesized this compound previously.*

o o)
‘O ) Pd(OAc),, PPhs OO Y 1) LiAH,
I g Ag,CO3 O O  2)conc. HCI
7
oo NMOM DMF MeO NMOM 54% (2 steps)
) 86% i
PrO O PO O
. 10

Scheme 3 Synthesis of 7

In order to compare the NMR data for synthetic compounds 1, 6, 7, and 8 with the reported values, all
chemical shifts for the 'H- and "C-NMR data were compiled in Table 1 and Table 2, respectively.
While the values for 1, 6, and 7 are obviously different from those of the reported zanthoxyline, the

d values for 8 are very similar to the reported values.

Table 1. Comparison of 'H-NMR spectral data®

8 (ppm) (48)°

Zanthoxyline 1 6 7 8
(reported)

4.09 s (10-OMe) 3.88s(-0.21)  4.03s5(-0.03) 3.98s(-0.11)  4.01s(-0.08)
6.09 s (-O-CH,-O-)  6.21s(0.12)  6.20s(0.11)  6.20s(0.11)  6.20s(0.11)
7.46 s (C-1) 7.48s(0.02) 7.46s(0.00) 7.49s(0.03) 7.50s(0.04)
7.61 d (C-8) 7.43d(-0.18)  7.62d(0.01) 7.72d(0.11)  7.57d (-0.04)
7.92 d (C-12) 7.94d(0.02) 7.90d(-0.02) 7.94d(0.02) 7.95d(0.03)
8.42d (C-7) 7.94d(-0.48) 7.78d (-0.64) 8.25d(-0.17) 8.46d(0.04)
8.46 d (C-11) 921d(0.75) 9.50d(1.04) 851d(0.05) 8.50d(0.04)
8.57 s (C-4) 8.58s(0.01) 858s(0.01) 8.52s(-0.05) 8.535(-0.04)
9.61 s (C-6) 927s(-0.34)  9.28s(-0.33) 9.65s5(0.04) 9.57s(-0.04)

a) NMR data were collected in DMSO-ds.
b) Values in parentheses refer to the difference in chemical shift between the synthetic data and
the reported data.

From the above results, we propose that the correct structure of natural zanthoxyline is not 1, but 8, which

is the known decarine.
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In conclusion, we have synthesized the reported zanthoxyline and its related compounds, and compared
all chemical shifts from their NMR data. As a result, the correct structure of the natural zanthoxyline is

the 8-hydroxy-7-methoxy compound, decarine.

Table 2. Comparison of "C-NMR spectral data®

8 (ppm) (48)°

Zanthoxyline 1 6 7 8
(reported)

61.9 (10-OMe) 59.7 (-2.2) 56.9 (-5.0) 57.0 (-4.9) 61.4 (-0.5)
102.0 (-O-CH,-0O-) 101.7 (-0.3) 101.5 (-0.5) 101.2 (-0.8) 100.9 (-1.1)
102.4 (C-4) 101.7 (-0.7) 101.5 (-0.9) 101.7 (-0.7) 102.0 (-0.4)
105.1 (C-1) 104.2 (-0.9) 104.0 (-1.1) 104.7 (-0.4) 105.0 (-0.1)
118.9 (C-7) 119.1 (0.2) 113.6 (-5.3) 118.8 (-0.1) 118.7 (-0.2)
119.0 (C-11) 119.3 (0.3) 120.2 (1.2) 119.1 (0.1) 119.2 (0.2)
121.8 (C-10a) 122.1 (0.3) 121.3 (-0.5) 120.0 (-1.8) 121.4 (-0.4)
125.6 (C-8) 126.4 ( 0.8) 123.8 (-1.8) 127.1 (1.5) 125.6 (0.0)
127.4 (C-6a) 126.6 (-0.8) 125.6 (-1.8) 127.3 (-0.1) 127.2 (-0.2)
128.1 (C-12) 127.0 (-1.1) 128.2 (0.1) 128.5(0.4) 128.2 (0.1)
129.9 (C-12a) 129.9 ( 0.0) 129.5 (-0.4) 129.5 (-0.4) 129.7 (-0.2)
143.2 (C-10) 143.1 (-0.1) 143.0 (-0.2) 142.9 (-0.3) 142.7 (-0.5)
145.5 (C-6) 148.1 (2.6) 147.9 (2.4) 144.4 (-1.1) 145.1 (-0.4)
148.1 (C-9) 148.5(0.4) 148.2 (0.1) 146.8 (-1.3) 148.1 (0.0)
148.7 (C-2) 1519 (3.2) 148.3 (-0.4) 148.1 (-0.6) 148.5 (-0.2)
148.9 (C-3) 153.4 (4.5) 152.3 (3.4) 148.3 (-0.6) 148.8 (-0.1)

a) NMR data were collected in DMSO-dg.
b) Values in parentheses refer to the difference in chemical shift between the synthetic data and
the reported data.
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