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Abstract-Eighteen new water-soluble 7-(aminoacylhydrazono)-formyl camptothecins were synthesized and evaluated for their 
ability to cause protein-linked DNA breaks and to inhibit topoisomerase I activity. Compared with camptothecin, five of the 
compounds were as potent or more potent in these two assays but were less toxic in several cancer cell lines. The results suggest 
that the 7 position in the B ring is a suitable location for introducing a polar moiety into camptothecin producing analogues with 
enhanced topoisomerase I inhibiting activity. 

Introduction 

Camptothecin (1) (Fig. 1) is an anti-tumor alkaloid, 
which was first isolated from the Chinese tree Camp- 
totheca acuminata (Nyssaceae) by Wall and co-workers 
in 1966.2 Camptothecin (1) has drawn great attention 
worldwide as a potent inhibitor of DNA topoisomerase 
I.3y4 Among the numerous camptothecin derivatives, 
CPT-11,5 Topotecan (SK&F 104%Q6y7 and 9- 
aminocamptothecin* are being tested clinically as anti- 
cancer drugs against colon and other cancers in Japan, 
Europe, and the U.S.A., respectively. The development 
and use of camptothecin derivatives as potential anti- 
cancer drug candidates suffer frequently from inade- 
quate water solubility. In our endeavors to synthesize 
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Figure 1. The structures of camptothecin and its derivatives. 

tAntitumor Agents 153. For paper 152 in this sexies, see Ref. 1. 

water-soluble camptothecins, 7-formyl camptothecin 
was chosen as the starting material for preparation of 
hydrophilic group-bearing derivatives. This compound 
was first prepared from camptothecin in 1981 by 
Miyasaka and co-workers9 and has shown improved 
solubility in organic solvents and an excellent reactiv- 
ity. The amino acid hydrazides have been selected as 
hydrophilic moieties because they contain polar amino 
groups and can be easily prepared from corresponding 
amino acid esters and hydrazine. We have synthesized a 
series of novel water-soluble 7-(aminoacylhydrazono)- 
formyl camptothecins and have evaluated their in- 
hibitory effect on DNA topoisomerase I. Some results 
have been reported in the previous communication,10 
and we describe herein the full details concerning these 
novel DNA topoisomerase I inhibitors. 

Chemistry 

Commercially available acylhydrazines and camptothecin 
were obtained from Aldrich Chemical Co. or other com- 
mercial sources. Commercially unavailable acylhydrazines 
were prepared according to a literature method,l 1 and 
7-formyl camptothecin was s 
thecin by Miyasaka’s method. P 

thesized from campto- 
The compounds can be 

formed, according to one general method, by the reaction 
method illustrated in Figure 2. Briefly, 7-formyl camp- 
tothecin (4) was dissolved in CHClJ-EtOH or CHCl3- 
MeOH. The amino acyl hydrazine in HCl solution was 
added to the above solution, then the mixture was al- 
lowed to stand for 2 h at room temperature or was 
warmed to 60 “C for 10 min. After the reaction, the 
solvent was removed under vacuum and the residue was 
purified via Sephadex column chromatography to give 
the desired compounds (e.g. compounds 5-22 in Fig. 3). 

Because the reaction is performed in hydrochloric acid- 
containing solution and a suitable amino group exists 
in the acylhydrazide, the corresponding water-soluble 
HCl salt is formed. 
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CH=N-NHCOR 
I 

Figure 2. Synthesis of 7-(aminoacylhydra.zono)-formyl camptothecin analogues. 
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Figw 3. The structw of 7-(aminoacylhydraz.ono)-formyl camptothecin 
analogues. 

Bioassay 

Assays for inhibition of DNA topoisomerase I and 
for production of cellular protein-linked DNA breaks, 
as well as for cytotoxicity in cancer cells, were carried 
out according to the procedures described previ- 
ously.3~‘2~‘3 

Table 1 shows the bioassay results for several of the 
new camptothecin analogs. Generally, the relaxation 
activity inhibition of topoisomerase I and the protein- 
linked DNA breaks correlated with the cytotoxicity. 

H#NHCOR 

HCI. CHCl&leOH 

Five of the derivatives (5, 6, 8, 9, and 12) were as 
potent or more potent in causing protein-linked DNA 
breaks and inhibiting topoisomerase I activity, though 
they were less toxic to the cells when compared with 
camptothecin. Among them, aromatic amino acid 
residue-bearing compounds 5 and 6 were the most po- 
tent in both assays. The cell death caused by these five 
compounds may result from mechanisms other than 
DNA single-strand breaks. Two of the derivatives (7 
and 11) caused fewer protein-linked DNA breaks but 
more or equal inhibition of topoisomerase I activity; 
the reverse was true for compound 22. Compounds 10 
and I>20 were less active in both assays. 

In the cases of CPT-11 and topotecan, the hydrophilic 
groups were introduced into either the 10 or 9 position 
in the A ring. The above results suggest that the 7 posi- 
tion in the B ring is also a suitable location for intro- 
ducing a polar moiety into camptothecin. 

Experimental 

Melting points were determined on a Fisher-John melt- 
ing point apparatus and are uncorrected. Elemental 
analyses were performed by Atlantic Microlabs, 
Atlantic, GA. tH NMR spectra were measured at 300 
MHz on a Bruker 300 spectrometer and chemical shifts 
are reported in 6 (ppm) units relative to the internal 
reference Megi. Infrared (IR) spectra were recorded 
on a Perkin Elmer IR 400 spectrometer as KBr pellets. 
Mass spectra (MS) data were obtained on a TRIO 
1000 mass spectrometer. Gel filtration chromatography 
was performed on Sephadex G-15 gel (Pharmacia Fine 
Chemicals, mesh 40-120 k). 

General procedure for synthesis of 7-(aminoacylhydra- 
zone)- formyl camptothecin compounds 

Synthesis of compounds 5-22 followed the procedure 
below. To a solution of 7-formyl camptothecin (4) (50 
mg, 0.13 mmol) in 10 mL CHCl, and 10 mL MeOH, an 
appropriate acyl hydrazine (0.65 mmol) in 0.5 mL 10 % 
hydrochloric acid was added. The mixture was allowed 
to stand for 2 h at room temperature or was warmed 
for 10 min at 60 “C to complete the reaction. The solvent 
was then removed under vacuum. The residue was puri- 
fied by Sephadex G-l 5 gel filtration chromatography 
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Table 1. Biological activities of 7-(aminoacylhydrazono)-forrnyl camptothecin analogs 

- - - 

Inhibition of Cell Proliferation OcglmL) 

KB KB KB KB 

VP-I~R/~~M VP-16R/10@4 VCRR/20@4 

- 

Compound 

No. 

1 0.01 0.04 0.03 

5 0.10 5.00 1.00 

6 0.04 3.00 0.08 

7 0.12 5.00 1.00 

8 0.10 1.00 0.10 

9 0.10 0.50 0.10 

10 0.10 5.00 0.20 

11 0.10 3.00 0.50 

12 0.04 0.60 1.00 

13 1.00 5.00 3.00 

14 5.00 5.00 4.00 

15 1.00 0.50 0.60 

16 0.30 0.30 0.60 

17 3.00 1.00 0.60 

18 3.00 1.00 c 0.30 

19 c 0.30 2.00 0.60 

20 1.00 5.00 5.00 

21 < 0.30 0.50 1.00 

22 >lO.OO 1.00 2.00 

(eluting with CHClJ:MeOH:H20, 6:4:1) to give the 
desired 7-(aminoacylhydrazono)-formyl camptothecin. 

Compounds 5-22 formed by the above synthetic 
method have the following characteristics. 

7- (L- Tyrosylhydrazono) -formyl-camptothecin. hydrochloride 

(5) 

Yield 95%; yellow powder, mp 250 “C (decomp.); IR 
(KBr) 3400 (OH), 3300-2000 (very broad, NH3’), 1740 
(y-la&one), 1690 (carbonyl of amino acid residue), 
1650 (carbonyl of amide), 1635 (C=N) cm-l; ‘H NMR 
(CD30D) : 6 0.86 ( t, J = 7 Hz, 3H, 18-H ), 1.78 (q, J 
= 7 Hz, 19-H), 3.09 (dd, J = 26, 7 Hz, 2H, CH2 of 
tyrosine residue), 4.28 (m, AB type coupling, 2H, 5-H), 
4.87 (t, J = 7 Hz, lH, NH&H- of tyrosine residue), 
5.18, 5.33 (both d, J = 16 Hz, 1H each, 17-H), 6.47, 
6.78, 6.98, 7.10 (all d, J = 8 Hz, 1H each, aromatic pro- 
tons of tyrosine residue), 6.91 (s, lH, 14-H), 7.26, 7.35 
(both t, J = 7.5 Hz, 1H each, 10-H, 11-H), 7.50, 7.61 
(both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 8.15 (s, lH, 
HC=N-N); Anal. (C30H28N506C1.1.5H20) C, H, N. 

Protein linked Inhibition of 

DNA Breaks TOPOI 

incells (25pg/mL),% (25pghL). 96 

100.0 

129.3 

144.0 

69.4 

111.7 

111.0 

93.7 

84.5 

117.5 

56.9 

65.2 

69.6 

69.0 

71.8 

81.8 

65.2 

40.8 

89.4 

114.7 

100.0 

163.5 

118.0 

145.0 

120.0 

136.0 

98.0 

104.0 

100.0 

33.0 

67.0 

89.0 

13.0 

5.0 

62.0 

55.0 

55.0 

93.0 

89.0 
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7-(~-Phenylalanylhydrazono)-formyl-camptothecin~hy- 
drochloride (6) 

Yield 93 %; yellow powder, mp 252 “C (decomp.); IR 
(KBr) 3430 (OH), 3300-2000 (very broad, NH3’), 1740 
(y-lactone), 1695 (carbonyl of amino acid residue), 
1655 (carbonyl of amide), 1635 (C=N) cm-‘; ‘H NMR 
(CD30D) : 6 1.04 (t, J = 7 Hz, 3H, 8-H ), 1.99 (q, J = 7 
Hz, 2H, 19-H), 3.37 (d, J = 7 Hz, 2H, CH2 of pheny- 
lalanine residue), 5.25 (t, J = 7 Hz, lH, NH.+& of 
phenylalanine residue), 5.42 (m, AB type coupling, 2H, 
5-H), 5.45, 5.67 (both d, J = 16 Hz, 1H each, 17-H), 
7.06 (t, J = 7.5 Hz, lH, 4’-H of phenylalanine residue), 
7.18 (t, J = 7.5 Hz, 2H, 3’-H and 5’-H of phenylalanine 
residue), 7.36 (d, J = 7.5 Hz, 2H, 2’-H and 6’-H of 
phenylalanine residue), 7.73 (s, lH, 14-H), 7.81, 7.93 
(both t, J = 7.5 Hz, 1H each, 10-H, 11-H), 8.24, 8.30 
(both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 8.36 (s, lH, 
HC=N-N); Anal. (C30HZsN,0SC1.2H20) C, H, N. 

7-(L-Serinylhydrazono)-formyl-camptothecin.hydroehloride 

(7) 

Yield 85 %; yellow powder, mp 273 “C (decomp.); IR 
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(KBr) 3430 (OH), 3300-2000 (very broad, NH,+), 1745 
(y-&tone), 1700 (carbonyl of amino acid residue), 
1655 (carbonyl of amide), 1635 (C=N) cm-l; lH NMR 
(D,O) : 6 1.03 (t, J = 7 Hz, 3H, 18-H ), 1.99 (q, J = 7 
Hz, 2H, 19-H), 4.10 (dd, J = 6.5, 12 Hz, 1H of 
C&OH), 4.35 (dd, J = 3.5, 12 Hz, 1H of C&OH), 
5.04 (t, J = 3.5 Hz, lH, NH,-C&), 5.43, 5.62 (both d, 
J = 16 Hz, 1H each, 17-H), 5.53 (d, / = 10 Hz, 2H, 
5-H), 7.71 (s, lH, 14-H), 7.81, 7.93 (both t, J = 7.5 Hz, 
1H each, IO-H, 11-H), 8.26, 8.39 (both d, J = 7.5 Hz, 
1H each, 9-H, 12-H), 9.08 (s, lH, HC=N-N): Anal. 
(C24Hz,N,0&1.2 HzO) C, H, N. 

7-(t-Leucinyihydrazono)-formyl-camptothecin~hydro- 
chloride (8) 

Yield 83 %; yellow powder, mp 236 “C (decomp.); IR 
(KBr) 3430 (OH), 3300-2000 (very broad, NH,+), 1745 
(y-lactone), 1700 (carbonyl of amino acid residue), 1655 
(carbonyl of amide), 1635 (C=N) cm-‘; ‘H NMR 
(CQOD) : ?I 1.01 (d, J = 6.5 Hz, 6H, -CH(C&)Z), 1.09 
(m, IH, -CH-(CH,),), 1.33 (t, J = 7 Hz, 3H, 18-H ), 
1.80 (m, 2H, C&-CH(CH,),), 1.97 (q, J = 7 Hz, 2H, 
19-H), 4.31 (dd, J = 6.5, 14 Hz, lH, NH~-C&-CH2-), 
5.40 (m, AB type coupling, 2H, 5-H), 5.42, 5.61 (both 
d, J = 16 Hz, 1H each, 17-H), 7.70 (s, lH, 14-H), 7.81, 
7.93 (both t, J = 7.5 Hz, 1H each, IO-H, 11-H), 8.26, 
8.44 (both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 9.07 
(s, lH, HC=N-N); Anal. (C~~H~~N~O~Cl.H~O) C, H, 
N. 

7-(~-Methionylhydra~ono)-formyl-camptothecin~hydro- 
chloride (9) 

Yield 93 %; yellow powder, mp 234 “C (decomp.); IR 
(KBr) 3430 (OH), 3300-2000 (very broad, NH,+), 1740 
(y-lactone), 1692 (carbonyl of amino acid residue), 
1652 (carbonyl of amide), 1635 (C=N) cm-‘; ‘H NMR 
(CD,OD) : 6 0.89 (t, J = 7 Hz, 3H, 18-H ), 1.92 (q, J = 
7 Hz, 2H, 19-H), 2.19, 2.31, 2.61, 2.81 (all m, 1H each, 
4H of -C&-C&-SCH,), 4.98 (dd, J = 4, 8 Hz, IH, 
-C&-NH& 5.40 (m, AB type coupling, 2H, 5-H), 5.28, 
5.48 (both d, J = 16 Hz, 1H each, 17-H), 5.43 (br d, J 
= 3 Hz, 2H, 5-H), 7.56 (s, lH, 14-H), 7.67, 7.79 (both t, 
J = 7.5 Hz, 1H each, 10-H, 11-H), 8.12, 8.26 (both d, J 
= 7.5 Hz, 1H each, 9-H, 12-H). 8.96 (s, lH, @Z=N-N); 
Anal. (C~~H~~N~O~ClS.2H~O} C, H, N. 

Yield 92 %; yellow powder, mp 245 T (decomp.); IR 
(KBr) 3420 (OH), 330~2~0 (very broad, NH,+), 1745 
(y-lactone), 1690 (carbonyl of amino acid residue), 1652 
(carbonyl of amide), 1635 (C=N) cm-l; ‘H NMR (D20): 
6 1.03 (t, J = 7 Hz, 3H, 18-H ), 1.79 (d, J = 7 Hz, 3H, 
CH, of alanine residue), 1.99 (q, J = 7 Hz, 2H, 19-H), 
5.43, 5.62 (both d, J = 16 Hz, 1H each, 17-H), 5.53 
(br d, J = 7.5 Hz, 2H, 5-H), 7.71 (s, IH, 14-H), 7.81, 
7.93 (both t, J = 7.5 Hz, 1H each, 10-H, 11-H), 8.26, 
8.39 (both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 9.09 
(s, 1 H, HC=N-N): Anal.(C~~H~4N~OsC1~2H~O) C, H, 
N. 

Elemental analyses for componds 5-22 

NO. FOmruia Caldated FoUlId 

5 C&I,N~O&l*lSH~O C5844 c 58.84 
H 5.06 H 4.19 

I N 11.35 N 11.08 

6 1 CwH~NKKl*2H~O 1 c 59.09 1 c 58.72 
H 5.29 H 5.23 
N 11.49 N Il.05 

7 C~H&&O&i*2H~O c 51.60 C 51.81 
H 5 23 H 5.30 
N 12.54 N 12.93 

8 C~H,&O,CI*H~O c 58.11 c 58.15 

H 5.78 H 5.58 
N 12.55 N 12.58 

9 C&zgN,0$T.*2H~0 C 52.57 C 52.43 

H 5.43 H 5.55 

N 11.79 N 12.01 

10 C&&O~Cl*290 c 53.99 c 54.03 

H 5.29 H 5.47 

N 13.12 N 13.03 

11 C~H~N~O$ZI.ZHIO c 53.13 c 53.41 

H 5.04 H 5.24 

I N 13.47 N 13.57 

12 1 C&&?,O~Cl~2H20 1 C 55.80 1 c 55.99 

H 5.41 H 5.70 

N 12.52 N 12.48 

CzdWW~~*2HzO 

I N 12.03 N Il.96 

17 1 C&,N@LX*H~O 1 C 52.60 I c 52.78 
H 4.78 H 5.15 

N 12.78 N 13.01 

18 WW@sCWHzO C 48.15 c 48.51 

H 5.69 HSS6 
I N 16.64 N 16.43 

19 1 &HUN&CI*H20 I c 57.40 1 C 57.23 

I H 5.56 

I 

H 5.78 
N 12.87 N 13.03 

I I 

20 C~H&O&l*2H~O c 54.80 c 54.67 

N 5.52 H 5.35 

N 12.78 N 12.99 

21 C~~H,&O&1*2.5H~O c 55 48 c 55.44 
H 6.04 H 6.34 

N 11.99 N 12.27 

22 C&&O~CI.I.JH~O c 54.97 c 55.06 

H 5.19 H 5.22 

N 13.36 N 12.99 

Yield 94 %; dark yellow powder, mp 241 “C (decomp.); 
IR (KBr) 3400 (OH), 33~-2000 (very broad, NH3’), 
1740 (y-lactone). 1700 (carbonyl of amino acid residue), 
1650 (carbonyl of amide), 1635 (C=N) cm-l; ‘H NMR 
(D20) : S 1.03 (t. J = 7 Hz, 3H, 18-H ), 1.98 (q, J = 7 
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Hz, 2H, 19-H), 4.49 (s, 2H, CH2 of glycine residue), 
5.43, 5.62 (both d, J = 16 Hz, 1H each, 17-H), 5.42 
(br d, J = 6 Hz, 2H, 5-H), 7.66 (s, lH, 14-H), 7.77, 
7.88 (both t, J = 7.5 Hz, 1H each, 10-H, 11-H), 8.18, 
8.34 (both d, J = 7.5 Hz, 1 H each, 9-H, 12-H), 9.03 
(s, lH, HC=N-N); Anal. (C23H22N505C1.2H20) C, H, 
N. - 

7- (L-Prolylhydrazonu) -formyi-camptotheciwhydru- 
chloride (12) 

Yield 92 %; yellow powder, mp 251 OC (decomp.); IR 
(KBr) 3420 (OH), 3300-2000 (very broad, NH3’), 1740 
(y-lactone), 1690 (carbonyl of amino acid residue), 
1652 (carbonyl of amide), 1635 (C=N) cm-l; ‘H NMR 
(CD@D) : 8 1.02 (t, J = 7 Hz, 3H, 18-H ), 1.98 (q, J = 
7 Hz, 2H, 19-H), 2.18, 2.33, 2.95 (all m, total 4H, 
-CH2-CHz- of proline residue), 3.56 (m, 2H, -C&-N-), 
5.23 (t, J = 7 Hz, lH, -CH++&N-), 5.41, 5.58 (both 
d, J = 16 Hz, 1H each, 17-H), 5.47 (br d, J = 12 Hz, 2H, 
5-H), 7.65 (s, lH, 14-H), 7.78, 7.90 (both t, J = 7.5 Hz, 
1H each, 10-H, 11-H), 8.21, 8.32 (both d, J = 7.5 HZ, 
1H each, 9-H, 12-H), 9.02 (s, lH, @Z=N-N); Anal. 
(C,,H,6N,0SC1.2H,0) C, H, N. 

7- (L-Histidylhydrazono) -formyl-camptothecin-hydruchloride 
(13) 

Yield 96 %; yellow powder, mp 239 T (decomp.); IR 
(KBr) 3530 (NH of pyrizo ring), 3460 (OH), 3300-2000 
(very broad, NH3’), 1760 (y-lactone), 1692 (carbonyl 
of amino acid residue), 1652 (carbonyl of amide), 1635 
(C=N) cm-l; ‘H NMR (D,O) : 8 1.00 ( t, J = 7 Hz, 
3H, 18-H ), 1.98 (q, J = 7 Hz, 2 H, 19-H), 3.55 (t, J = 7 
Hz, 2H, NH2-CH-C&), 4.55 (t, J = 7 Hz, NH+a- 
CHz-), 5.31 (m, AB type coupling, 2H, 5-H), 5.37, 5.56 
(both d, J = 16 Hz, 1H each, 17-H), 7.13, 7.48 (both s, 
1H each, H of imidazole ring), 7.56 (s, lH, 14-H), 7.65, 
7.84 (both t, J = 7.5 Hz, 1H each, 10-H, 11-H), 7.87, 
7.99 (both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 8.71 
(s, lH, HC=N-N); Anal. (CzTHZ,N,0Q2Hz0) C, H, 
N. - 

7-(~-Tryp~uphylhydrazuno)-fuvmyl-camptuthecin~hy- 
drochluride (14) 

Yield 96 %; yellow powder, mp 245 OC (decomp.); IR 
(KBr) 3400 (OH), 330&2000 (very broad, NH3’), 1745 
(y-lactone), 1692 (carbonyl of amino acid residue), 1648 
(carbonyl of amide), 1635 (C=N) cm-l; ‘H NMR 
(CD,OD) : 6 1.02 (t, J = 7 Hz, 3H, 18-H ), 1.98 (q, J = 
7 Hz, 2H, 19-H), 3.31, 3.5 (both dd, J = 4.5, 14 Hz, 1H 
each, CH2 of tryptophan residue), 4.98 (m, AB type cou- 
pling, 2H, 5-H), 5.17 (dd, J = 4.5, 10 Hz, lH, -C&NH* 
of tryptophan residue), 5.43, 5.66 (both d, J = 16 Hz, 
1H each, 17-H), 6,40 (m, 3H, aromatic protons of indole 
ring), 7.06 (s, lH, 14-H), 7.43 (m, lH, aromatic protons 
of indole ring), 7.69 (s, lH, a-H of indole ring), 7.78, 
7.92 (both t, J = 7.5 Hz, 1H each, 10-H, 11-H), 8.19, 
8.24 (both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 8.58 
(s, lH, BC=N-N); Anal. (C32H29NBOQ3H20) C, 
H, N. 

7-(~-Glutamylhydrazono)-furmyl-camptuthecin~hydro- 
chloride (15) 

Yield 90 %; yellow powder, mp 240 OC (decomp.); IR 
(KBr) 3430 (OH), 3300-2000 (very broad, NH,‘), 1735 
(y-lactone), 1715 (carbonyl of amino acid residue), 
1645 (carbonyl of amide), 1635 (C=N) cm-l; ‘H NMR 
(D20) : ?I 1.03 (t, J = 7 Hz, 3H, 18-H ), 1.30 (m, 2H, 
-CH-C&-CH+O-), 1.98 (q, J = 7 Hz, 2 H, 19-H), 
2.40 (m, 2H, -CH-CH$&-CO-), 4.18 (t, J = 7 Hz, 
NH+&CH2-), 5.41 (br s, 2H, 5-H), 5.42, 5.62 (both 
d, J = 16 Hz, 1H each, 17-H), 7.55 (s, lH, 14-H), 7.73, 
7.84 (both t, J = 7.5 Hz, 1H each, IO-H, 11-H), 8.14, 
8.33 (both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 8.95 
(s, IH, HC=N-N); Anal. (C2,H,6N,O$l*2H20) C, H, 
N. 

7- (4-Aminobenzoylhydrazuno) -formxl-camptuthecin+ydro- 
chluride (16) 

Yield 95 %; yellow powder, mp 270 OC (decomp.); IR 
(KBr) 3550 (NH of benzene ring), 3340 (OH), 3300- 
2000 (very broad, NHj’), 3230 (NH of 4-amino benzoyl 
group), 1737 (y-lactone), 1650 (carbonyl of amide), 
1635 (C=N) cm- , l* ‘H NMR (DMSO-d6) : S 0.90 (t, 
J = 7 Hz, 3H, 18-H), 1.90 (q, J = 7 Hz, 2 H, W-H), 
5.46, 5.48 (both br s, 2H each, 17-H, 5-H), 6.67, 7.78 
(both d, J = 8.5 Hz, 2H each, 4H of aminobenzoyl 
moiety), 7.37 (s, lH, 14-H), 7.85, 7.94 (both t, J = 7.5 
Hz, IH each, 10-H, U-H), 8.26, 8.53 (both d, J = 7.5 
Hz, 1H each, 9-H, 12-H), 8.32(s, lH, HC=N-N); Anal. 
(CzsH24N,0&1*2H20) C, H, N. 

7~(~-Cysteinylhydrazunu)-furmyl-camptothecin~hydru- 
chloride (17) 

Yield 94 %; dark yellow powder, mp 235 OC (decomp.); 
IR (KBr) 3420 (OH), 3300-2000 (very broad, NH$), 
1740 (y-lactone), 1708 (carbonyl of amino acid 
residue), 1655 (carbonyl of amide), 1635 (C=N) cm-l; 
lH NMR (DMSO-de) : 8 1.02 ( t, J = 7 Hz, 3H, 18-H ), 
1.99 (q, J = 7 Hz, 2 H, 19-H), 3.32 (d, J = 14 Hz, 2H, 
-C&-SH), 4.50 (br s, lH, -(NH*)-CH-C&-SH), 5.43, 
5.62 (both d, J = 16 Hz, 1H each, 1 FH), 5.44 (d, J = 
4.5, 2H, 5-H), 7.67 (s, lH, 14-H), 7.77, 7.89 (both t, J 
= 7.5 Hz, 1H each, 10-H, 11-H), 8.14, 8.35 (both d, J = 
7.5 Hz, 1H each, 9-H, 12-H), 9.04 (s, lH, @Z=N-N); 
Anal. (C24H24N50&Z1S.H20) C, H, N. 

7-(~-Arginylhydrazonu)-formyl-camptuthecin~hydruchluride 
(18) 

Yield 75 %; dark orange powder, mp 246 ‘C (decomp.); 
IR (KBr) 3400 (OH), 3300-2000 (very broad, NHJ+), 
1735 (y-lactone), 1695 (carbonyl of amino acid residue), 
1650 (carbonyl of amide), 1635 (C=N) cm-l; lH NMR 
(D20) : S 0.89 (t, J = 7 Hz, 3H, 18-H ), 1.5-2.2 (m, 6H, 
CH, x 3), 3.13 (t, J = 7 Hz, 2H, -NH-C&), 3.85 (t, J 
= 7 Hz, NH*-C&CH2-), 5.25, 5.34 (both d, J = 16 Hz, 
1H each, 17-H), 5.37 (br s, 2H, 5-H), 7.56 (s, lH, 14-H), 
7.74, 7.84 (both t, J = 7.5 Hz, 1H each, 10-H, 11-H), 7.83, 
7.93 (both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 8.68 (s, 
lH, EC=N-N); Anal. (C27H32NS05C1Zn3H20) C, H, N. 
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7- (L- Valylhydrazono)-formyl-camptothecin~hydrochlo- 
ride (19) 

Yield 81 %; yellow powder, mp 232 “C (decomp.); IR 
(KBr) 3370 (OH), 33W2000 (very broad, NH3’), 1750 
(y-lactone), 1690 (carbonyl of amino acid residue), 1650 
(carbonyl of amide), 1635 (C=N) cm-l; *H NMR 
(CD,OD):Sl.OO(t,J=7Hz,3H,18-H),l.l3(d,J=6 
Hz, 6H, -CH-(C&)2), 1.36 (m, lH, -ClJ-(CH3)2), 1.93 
(q, J = 7 Hz, 2 H, 19-H), 3.98 (d, J = 6 Hz, lH, NH2- 
C&CH-), 5.22 (m, AB type coupling, 2H, 5-H), 5.34, 
5.48 (both d, J = 16 Hz, 1H each, 17-H) 7.46 (s, lH, 14- 
H), 7.66, 7.77 (both t, J= 7.5 Hz, 1H each, 10-H, 11-H) 
8.00, 8.17 (both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 8.92 
(s, lH, aC=N-N); Anal. (C,,H,,N,O,Cl*H,O) C, H, N. 

7-(~-Threonylhydra=ono)-forr~zyl-camptothecin.hydro- 
chloride (20) 

Yield 75 %; yellow powder, mp 221 “C (decomp.); IR 
(KBr) 3400 (OH), 3300-2000 (very broad, NH,+), 1740 
(y-lactone), 1695 (carbonyl of amino acid residue), 
1650 (carbonyl of amide), 1635 (C=N) cm-‘; 1H NMR 
(CD,OD) : S 0.89 (t, J = 7 Hz, 3H, 18-H ), 1.18 (d, J = 
6.5 Hz, 3H, CH3 of threonine residue), 1.84 (q, J = 7 
Hz, 2H, 19-H) 3.31 (d, J = 5.2 Hz, lH, -CO- 
CH(NH2)-), 4.02 (qd, J = 5.2, 6.5 Hz, OH-CH-CH,), 
5.28, 5.49 (both d, J= 16 Hz, 1H each, 17-H) 5.41 (m, 
AB type coupling, 2H, 5-H), 7.58 (s, lH, 14-H) 7.68, 
7.80 (both t, J = 7.5 Hz, 1H each, 10-H, 11-H), 8.14, 
8.29 (both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 8.99 (s, 
lH, HC=N-N); Anal. (C,,H2,N,0SC1.2H20) C, H, N. 

7-(~-Isoleucylhydra~ono)-formyl-camptothecin~hydro- 
chloride (21) 

Yield 89 %; yellow powder, mp 245 “C (decomp.); IR 
(KBr) 3420 (OH), 3300-2000 (very broad, NH,+), 1735 
(y-lactone), 1685 (carbonyl of amino acid residue), 
1655 (carbonyl of amide), 1635 (C=N) cm-‘; *H NMR 
(CD,OD) : 6 0.88, 0.89 (both t, J = 7 Hz, 3H, -CH2- 
Cl& X 2 ), 1.20 (d, J = 7 Hz, 3H, -CH-CH,), 1.56 (m, 
2H, -CH-Ca2-CH,), 1.85 (q, J = 7 Hz, 2H, 19-H), 3.20 
(d, J = 4.5 Hz, lH, -C&NH2)-), 5.28, 5.47 (both d, J = 
16 Hz, 1H each, 17-H), 5.37 (m, AB type coupling, 2H, 
5-H), 7.55 (s, lH, 14-H), 7.67, 7.79 (both t, J= 7.5 Hz, 
1H each, 10-H, 11-H) 8.12, 8.25 (both d, J = 7.5 Hz, 
1H each, 9-H, 12-H). 8.95 (s, lH, HC=N-N); Anal. 
(C2,H,,N50,C12.5H20) C, H, N. 

7-(Sarcosylhydra~ono)-formyl-camptothecin~hydrochloride 
(22) 

Yield 81 %; yellow powder, mp 270 “C (decomp.); IR 
(KBr) 3410 (OH), 3300-2000 (very broad, NH,+), 1730 
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(y-lactone), 1685 (carbonyl of amino acid residue), 1650 
(carbonyl of amide), 1635 (C=N) cm--l; ‘H NMR 
(CD,OD) : 6 0.88 (t. J = 7 Hz, 3H, 18-H), 1.85 (q, J = 7 
Hz, 2H, 19-H) 2.94 (s, 3H, N-CH,), 5.30 (m, AB type 
coupling, 2H, 5-H), 4.38 (br s, 2H, -CO-C&-N-), 5.23, 
5.34 (both d, J = 16 Hz, 1H each, 17-H) 6.95 (s, lH, 
14-H) 7.41, 7.53 (both t, J = 7.5 Hz, 1H each, 10-H, ll- 
H), 7.58, 7.68 (both d, J = 7.5 Hz, 1H each, 9-H, 12-H), 
8.27 (s, 1H. HC=N-N); Anal. (C24H24NS05C1.1.5H20) 
C, H, N. 
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