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Abstract: Deoxybouvardin (3) was reacted with 2-dialkylaminoethyl chloride salts to produce analogues 4a—
h. All analogues retained antitumor activity against P388 leukemia in mice, and analogue 4¢ showed more
promising antitumor activity than RA-VII (1) against the P388 leukemia, B16 melanoma and colon
adenocarcinoma 26 murine tumor models. The hydrochloride salt of 4¢ is soluble in water.
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RA-VII (1)2 and bouvardin (NSC 259968, 2)3 are a class of bicyclic hexapeptides obtained from
Rubiaceous plants, Rubia akane and Bouvardia ternifolia, respectively. These peptides showed potent antitumor
activity, and their mode of action is considered to be inhibition of protein synthesis through binding to
eukaryotic 80S ribosomes.# Although peptide 1 has already been evaluated clinically,’ its one major drawback
is low water solubility which makes its intravenous infusion difficult. Previous efforts towards producing
water-soluble analogues of these peptides addressed glycosylation of the phenolic hydroxyl group of
deoxybouvardin? (= RA-V, 3),6 substitution of the Ala-2 residue of 1 by aspartic acid,” and introduction of a 2-
dialkylaminoethy! group at the Ala-2 amide nitrogen atom,8 but none of these methods retained potent antitumor
activity comparable to that of the parent peptides. The structure—activity relationship studies of O-alkyl and O-
acyl analogues of peptide 3 at the { position of the Tyr-6 residue showed that a medium to long alkyl/acyl chain
(up to nine carbon atoms) at this position is compatible with the potent antitumor activity.® This fact led us to
synthesize analogues possessing a 2-dialkylaminoethyl group at this position. Such functionality mimics an
alkyl chain in length and would enhance water solubility through acid salt formation. We describe herein the
preparation and preliminary biological evaluation of these analogues.

Reaction of peptide 3 with 2-dimethylaminoethyl chloride hydrochloride (1.5 equiv.) and potassium
carbonate (4 equiv.) in N,N-dimethylformamide at room temperature for 60 h produced analogue 4a in 49%
yield. By using various 2-dialkylaminoethyl chloride salts under the same reaction conditions, analogues 4b-h

were synthesized.!0
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Analogues 4a~h were evaluated both in vitro and in vivo using several tumor models, and RA-VII (1)
was also evaluated for comparison. Table 1 shows the cytotoxicity of analogues 4a—h and compound 1. All
analogues retained fairly potent cytotoxicity against human epidermoid carcinoma of nasopharynx (KB) cells. In
vivo antitumor activity of these analogues against P388 mouse leukemia is summarized in Table 2. P388 cells
were inoculated intraperitoneally on day 0 into CDF; female mice (8 weeks old, n = 8), and the mice were

treated with samples intraperitoneally on days 1-5. Antitumor activity was evaluated based on increase in life

span. Analogues 4a and 4c¢ showed significant antitumor activity, and the 7/C values of the latter exceeded that

of peptide 1 at all dose levels tested. The activity of other analogues was weak. They did not show effective
(T/C 2 125%) activity at the lowest dose level tested of 0.4 mg/kg/day.

Table 1 Cytotoxicity of RA-VII (1)
and Analogues 4a-h against KB,

L1210 and KATO-III Cells?

Comp. KB L1210 KATO-TI
1 0.0023%  0.0012 0.0029
4a 0.025 0.018 0.079
4b 0.010
4c 0.0046 0.0045 0.0015
4d 0.0099
4e 0.059
4f 0.019
4g 0.0087
4h 0.0076

a 1Csp, ug/mL. b Reference 13.

Table 2

Antitumor Activity of RA-VII (1) and

Analogues 4a-h aggmst P388 Leukemla in Mice

TIC (%)

Comp. Dose?/ 0.4 0.8 1.6 3.13 6.25
1» 144 144 152 163 Toxic
4a 127 145 153
4b 116 124 136
4c 151 157 170
ad 116 133 150
4e 105 119 134
af 112 124 134
4g 115 123 127
4h 112 123 137

2 Dose in mg/kg given i.p. on days 1-5; n = 8. 7/C (%),
Percentage of the median survival time of treated groups (7) to
that of controls (C); 125% or above considered active.

b Reference 13.
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Since analogues 4a and 4¢ were seen from these experiments to possess promising antitumor activity,
further biological tests were performed on these two compounds and peptide 1. These peptides also showed
potent cytotoxicity against .1210 leukemia and KATO-III gastric carcinoma cells (Table 1). Table 3 shows the
antitumor activity of compounds 1, 4a and 4¢ against B16 melanoma. B16 melanoma cells were inoculated
subcutaneously on day O to BDF; female mice (15 weeks old, n = 6), and the mice were treated with
compounds 1, 4a and 4c intravenously on days 4-8. Antitumor activity was evaluated based on tumor growth
inhibition. Analogues 4a and 4¢ showed activity of the 7/C values of 40.8% and 32.1% on day 11 at doses of
6.25 and 3.13 mg/kg/day, respectively, while peptide 1 did not show the effective (7/C < 42%) activity in this
experiment.

Antitumor activity of compounds 1, 4a and 4¢ against the colon adenocarcinoma 26 (Colon 26) tumor
model is summarized in Table 4. CDF; female mice (6 weeks old, n = 8) implanted subcutaneously with Colon
26 cells on day 0 were treated with compounds 1, 4a and 4¢ intravenously on days 3—7. Antitumor activity was
evaluated based on tumor growth inhibition. Although compounds 1 and 4a did not show activity, exceeding
the critical 7/C value of 42%, analogue 4¢ showed effective activity of the 7/C values of 41.5% on day 8 at a
dose of 1.6 mg/kg/day and of 34.5% and 38.5% on days 8 and 10, respectively, at 3.13 mg/kg/day level.

The preliminary biological evaluation described here of the novel analogues of peptide 1 showed that
analogue 4c possesses as potent as, and even more potent antitumor activity than peptide 1. As expected,
analogue 4¢ formed hydrochloride salt 4ceHCI which is more than 250 times more soluble in water than
peptide 1.10.11 Ajthough the quantity of such peptides in the Rubia plants is small (ca. 0.01% of dry roots),
peptides 1 and 3 are the most abundant congeners among them, and the latter is easily converted from peptide
1.12 Since analogue 4c is readily accessible from peptide 3 (Y. 72-93%), the hydrochloride salt 4ceHCl or the
other salts of 4¢ would be considered as a promising water-soluble alternative to peptide 1. Further biological
evaluation of analogue 4c¢ and its salt 4ceHCl is in progress and will be disclosed in due course.

Table 3 Antitumor Activity of Table 4 Antitumor Activity of Compounds 1, 4a
Compounds 1, 4a and 4c against B16 and 4c against Colon 26 Cells in Mice

Melanoma in Mice T/C (%)
T/C (%) Comp. Dose? Day 8 Day 10 Day 12
Comp. Dose? Day 8 Day 11 Day 13 1 1.6 55.8 72.8 88.0
1 1.6 65.8 62.4 85.1 3.13 48.0 60.9 85.6
3.13 60.0 55.5 49.9 6.25 49.0 50.3 78.0
da 3.3 772 679 1405  4a 1.6 84.1 76.7 102.5
6.5 570 40.8 65.7 3.13 54.4 55.8 (7/8)b 101.5 (6/8)P
¢ 1.6 559 433 69.7 ” 2;25 jii ;(3)'2 ﬁzz a8y
3.130 575  32.1 46.2 L6 ALS 57:1 143:1
4 Dose in mg/kg given i.v. on days 4-8; n=6. 313 34.5 38.5 99.6

T/C (%); Percentage of the tumor volume of
treated groups (7) to that of control groups (C); 2 Dose in mg/kg given i.v. on days 3-7; n = 8. T/C (%);
42% or below considered active. n = 5. Percentage of the tumor volume of treated groups (7) to

that of comtrol groups (C); 42% or below considered

active. ¥ Number of surviving mice/number of mice tested.
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