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A new benzo[c]phenanthridine alkaloid, 7-hydroxynitidine, was synthesized by a novel synthetic procedure. The cytotoxic activity of this
compound against HeLa S3 cells was strong, but not greater than those of its mother compounds, nitidine and NK109. We also synthesized
other 9-oxygenated benzo[c]phenanthridine alkaloids, 7-methoxynitidine, 9-demethyInitidine, nitidine, and fagaronine, and tested their cytotoxic
activities. These results suggest that the 7-hydroxy group enhances antitumor activity and an 8- or 9-hydroxy group weakens this activity.

Quaternary benzo[c]phenanthridiniums are widely known antitumor activity. This structural property of NK109 is
alkaloids with some antitumor activitiésAmong them, derived from the hydroxy group at the 7-position. We were
nitidine (1a) and fagaroninelb) have shown the most interested in a compound with both NK109 and nitidine
promise as practical antitumor drugs and were the subjectsubstituents and therefore investigated a novel procedure for
of preclinical studies at the National Cancer Institute in the synthesizing a new benzjphenanthridine alkaloid, 7-hy-
1970s% In 1992, we reported that NK109¢) had antitumor  droxynitidine (Ld, Figure 1). Since our procedure can be
activity® that was superior to those &b and1b* We are _

now conducting clinical evaluations of NK109 in Japan. The
superior activity of NK109 is due to its structure under
biological conditions; i.e., NK109 exists as a resonance
hybrid due to the loss of its acid moiety (Scheme 1). The
resonance hybrid retains molecular planarity and a cationic
property, both of which are essential for the expression of
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Scheme 1. Equilibrium of 7-Hydroxybenzo[c]phenanthridine Alkaloids
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applied to other 9-oxygenated derivatives, we also synthe-

sized 7-methoxynitidine (1e), 9-demethylnitidine (1f), and
the natural benzo[c]phenanthridine alkaloitssand 1b. In

5-position, rather than 6-position, to yied& To change the
reaction site, we introduced an electron-withdrawing group
at the 2-position. First, by treatment with lithium chloritle,

this paper, we report the synthetic investigation and the 2e was demethylated selectively to give 2-hydroxy-3,4-

cytotoxic activity of these compounds (Table 1).

Table 1. Substituent Patteras

R1 R2 R3 R4 RS
a H OMe OMe -CH3-
b H OMe OMe H Me
c OH OMe H -CHa-
d OH OMe OMe -CHg-
e OMe OMe OMe -CHa-
f H OMe OH -CHa-
g OBzl OMe OMe -CHa-
h H OMe oBzl -CHa-
i H OMe OMe iPr Me

aThis pattern is applied to all compounds.

7,8,9-Trialkoxybenza]phenanthridine alkaloids have never

Ishii et al. as a synthetic compound, 7-methoxynitidibe.f
Since it is difficult to apply their method to our target
compound1d, we decided to develop a procedure for
synthesizingld.

We previously established the synthetic procedure for
NK109 outlined in Scheme 2We initially attempted to
obtain a corresponding 6-bromoaldehyde unit for the syn-
thesis ofld (Scheme 3). When 2,3,4-trimethoxybenzaldehyde
(2e) was reacted with bromine, it was brominated at the

been isolated from plants and have only been reported by Meoj@ c
CHO

Scheme 2. Synthetic Procedure of NK109.€)
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dimethoxybenzaldehyd2d. After phenolic hydroxide was
protected by methyl carbonate, it was treated with bromine.
However, no brominated compound was obtained and the
starting material was recovered. Bromination also did not
proceed when the temperature was increased f€8UThus,
bromination at the 6-position of 2,3,4-trialkoxy aldehyde was
very difficult. We could not obtain a precursor for the radical
cyclization and did not continue the synthesis by this route.

Scheme 3. Attempt To Synthesize the 6-Bromoaldehyde ®nit
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aReagents and yield: (a) BiNaOAc, AcOH, 50°C; (b) LiCl,
DMSO, 110°C, 67%; (c) MeOCOCI, EN, toluene, rt, 98%; (d)
Br,, NaOAc, AcOH, 56-80 °C.

As noted abovepe was easily brominated t8e. We
decided to use3e as a new aldehyde unit (Scheme 4).
Accordingly, to obtain the aldehyde unit fdd, phenolic
benzaldehyde2d was protected by a benzyl group. The
resulting trialkoxybenzaldehyd2g was converted into the
aldehyde uniBg (Scheme 5). Synthesis of the aldehyde units
for 1a, 1b, and1f was much simpler. 5-Bromo-4-hydroxy-
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Scheme 4. Synthetic Procedure of 9-Oxygenated Berdplhenanthridine Alkaloids
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3-methoxybenzaldehydgf is readily available from com-  5-bromobenzylaminé as a precursor instead of 6-bro-
mercial suppliers, an8a and 3h were obtained by meth-  mobenzylamine (precursor of the radical cyclization). In this
ylation and benzylation 08f, respectively. study, 5 was lithiated at—78 °C. This intermediate was
allowed to stand at room temperature to give a cyclized
product. Subsequent oxidization with manganese dioxide
Scheme 5. Synthesis of 5-Bromoaldehyde Uriits gave ben;o[c]phenanthridirﬁe The resulting reaction mix—
B ture contained many unknown byproducts, and the yield of
MeO MeO 6 was 17—47%. However, withi, the yield of cyclization
a b reached 74%. Sinc6i was precipitated from the reaction
MeO CHO MeO CHO medium, undesirable reactions did not proceed Gindas
OBzl OBzl obtained in good yield.
2 3g We also attempted cyclization &fby a radical-mediated

Br
HO RO il reaction. Although5c was treated withn-OctSnH and
CHO

cord azobis(2-methylbutyronitriled, no cyclized product was

MeO CHO obtained. The product was mainly a 5-debromo compound.
R=Me (3a) Thus, 5 was not available for radical cyclization; this
R=Bn (3h) supported the notion that the reaction with LDA proceeded

dyield: (a) BICl, K10, MeOH. 80°C, 88 via benzyne as an intermediate.
aReagents and yield: (a) BzICl, KI, , MeOH, 80°C, 98%; Ty :
(b) Br,, NaOAc, ACOH, 50°C, 93%: () Mel, COs, DMF, 50 Benzo[c]phenanthridin® was methylated with methyl

°C, 100%; (d) BzIBr, KCOs, DMF, 50°C, 94%. 2-nitrobenzenesulfonate. The resulting product was neutral-
ized with sodium hydroxide to remove acid residue. After
purification, it was acidified with dilute hydrochloric acid
The aldehyde unit (3) and amine units (4), which were 0 give 1a, 1e, andlg—i. Finally, the benzyl or isopropyl
derived from 2,3-dihydroxynaphthalefeere condensed in ~ 9roup was deprotected with concentrated hydrochloric acid

toluene to Schiff base. The imine portion of the Schiff base © give 1b, 1d, and1f. .
was reduced to amine with dimethylaminebofatee give A growth inhibition assay against HeLa S3 cells was
the key intermediaté in good yield (Table 2). performed as described previoudlylable 3 shows the

cytotoxic activities of some phenolic bengfghenanthridine
Table 2. Yield of Each Process -

Table 3. Cytotoxic Activities of Several

i i i 0,
starting materials product (yield, %) Benzo[c]phenanthridine Alkaloids against HeLa S3
4 1

3 > 6 phenolic (ICso, methylated (ICso,
3a 4a 5a (76) 6a(17) la (55) alkaloid ug/mp) alkaloid ug/mL)
3a 4i 5i (58) 6i (74) 1i (65), 1b (92) d 0.23 " 0.82

3g 4a 59 (79) 6g(17)  1g(82), 1d (99) 1 >10' 1a 0'05

3e 4a 5 (83) 6e (29) le (77) . - :

3h 4a 5 (70) 6h (47)  1h (66), 1f (92) flacgarldmea 3-32 222:23:::::; i-;i

1b 0.39

We previously examined the cyclization of the precursor . Synthesized in our laboratory {R- OMe, Fe = OH, F*=H, R’ +
f h 6 Thi d b = -CH,-).11 b Perchased from Sigma Chemical Company (:RRZ =
of NK109 with LDA.® This reaction proceeds via benzyne OMe R =H, R* + R5 = -CH,").

as an intermediate. Accordingly, it is reasonable to use
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alkaloids compared with those of the corresponding meth- acid—base equilibrium liked.c and 1d. This could explain
ylated derivatives. The derivative with a hydroxy group at why 1f had no cytotoxic activity.

the 9-position had no activity (1f), and that with 8-OH had In conclusion, we have established a new procedure for
merely weaker activity (fagaridine). On the other hand, that synthesizing 7,8,9-trioxygenated-bergphenanthridiniums,
with 7-OH showed stronger activity.¢). Compound.c has which have not yet been isolated from plants. This procedure
been reported to possess a unique property in its structures very useful, since the aldehyde units are readily available;
due to its 7-OH, and the cytotoxic activity old is greater they were easily obtained either by bromination of the
than that ofle. These facts suggest that the effect of the corresponding benzaldehyde or by alkylation of a 5-bromo
7-hydroxide ofld is similar to that ofL.c. We measured UV aldehyde obtained from commercial sources. The be&izo[
spectra ofLd under several pH conditions and observed some phenanthridine rings were constructed via benzyne as
isosbestic points. The results show thditis in acid—base intermediates which were produced by treatment of substi-
equilibrium, the same asc (Scheme 1}° We determined  tuted benzylamine with LDA. The yield of this reaction was
the pk; value ofld (5.5) by an absorbance method. On the about 20%, while the yield of6i, an intermediate of
other hand, no isosbestic point was observed in UV spectrafagaronine, was excellent. Accordingly, our procedure may
of phenolic alkaloidLf. This suggests thaff dose not exhibit  also be a practical approach to fagaronine. Subsequently, we
tested the cytotoxicity of our synthetic beneffhenanthri-

14‘(1%) Billman, J. H.; McDowell, J. WJ. Org. Chem1961,26, 1437— diniums 1d—f and confirmed the effect of the 7-hydroxide
(10) NMR data ofid: quaternary catiortH NMR (DMSO-k) & 3.87 on the antitumor activity of benzo[c]phenanthridiniums.

(s, 3I—(|()j, 4.23 (s, 3H), 4.)86 (s, 32H), 6.)34 (s, 2(';), 7.75 (s, 1H),) 7.96 (?, 1H), While 1d showed strong antitumor activity, it was not greater
8.25 (d, 1H,J = 9.1 Hz), 8.27 (s, 1H), 8.83 (d, 1H,= 9.1 Hz), 9.85 (s, : e
1H), 11.65-11.80 (br S, TH}C NMR (DMSOde) 6 51.7, 57.9, 61.5, than those of its mother compounds nitidine and NK109.
96.9, 103.2, 104.9, 106.1, 112.3, 119.9, 120.5, 124.3, 130.3, 133.1, 133.2, . . . ) .
133.3, 136.6, 148.9, 149.2, 149.4, 150.4, 163.2; resonance hiiidMR Supporting Information Available: Synthetic procedures
(1?-1'\)/'3705_3%%6 EJ)Z gséik(i()j, i-&l (sé%H&, ;1.%60(;(3H1)H6)‘>.%64(25,(3H}H7-03 (s, for all compounds andH NMR and HPLC charts of

, 7.59 (s, 1H), 7. , 1H,= 9.0 Hz), 8.03 (s, 1H), 8. JIR= _ ; o ;
9.0 Hz), 8.99 (s, THC NMR (DMSO-ds) 0 48.2, 56.0, 58.4. 88,3, 102.0,  €valuated c'ompoundBa f. This material is available free
103.4,105.1,117.2, 119.3, 120.1, 123.6, 127.1, 130.9, 131.7, 132.6, 137.7,0f charge via the Internet at http://pubs.acs.org.
147.5, 147.7, 148.2, 161.0, 168.8.
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