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Several compounds having portions of the camptothecin ring system were prepared. These compounds were screened
against L1210 lymphoid leukemia with negative results. Two of the analogs which contained the pyridine and hy-
droxylactone D and E rings were also screened for inhibition of DNA and RNA syntheses in HeLa cells. Each of these
analogs had decreased activity as compared with camptothecin and there was no degradation of DNA in the Hel.a
cells. This suggests that the D and E rings are not a sufficient requirement for camptothecin-like activity.

The early animal tests showed the alkaloid camptothecin
(1) to be a potent antineoplastic agent;! however, the toxic
effects and lack of activity against gastrointestinal cancer
showed 1 to be ineffective as a chemotherapeutic agent.?
The effectiveness of camptothecin against leukemia in ex-
perimental animals and the unusual effects it has on mac-
romolecular synthesis® have caused an interest in deter-
mining the structural features of camptothecin associated
with this activity.

camptothecin (1)

Previous studies have indicated that the functional
groups of the hydroxylactone ring E must be present to
maintain the activity of camptothecin. Thus substitution of
the hydroxyl group at C-20 by halogen,* acetoxy,* ethyl,? or
hydroxymethyl® gives compounds showing reduced or lack

HO 0 OH
0 7 0
OO N 0
(6]
1 .
Rl
2, R=R"=H
3, R=CH; R'=n-CH,
OH
7 (0]
Ny l O

Cl

of cytotoxicity in animals. Replacement of the hydroxyl
group by hydrogen gave a desoxy compound inactive
against tumors* but showing inhibition of DNA-RNA syn-
thesis.” Reduction of the C-21 carbonyl group also caused a
loss of activity.* The activity of camptothecin is main-
tained if the lactone ring is opened to the alkali metal salt
or amide.* These data suggest that the D and E rings of
camptothecin are necessary for activity. Only limited infor-
mation about the biological activity of simple analogs of
camptothecin is available; however, the report that 2 has
only 0.01 the activity of camptothecin® and the weak inhi-
bition of RNA synthesis of 3% suggested that the D and E
rings were a necessary but not a sufficient requirement for
activity.

Results and Discussion

In an attempt to determine the structural requirements
required for activity, several series of analogs were pre-
pared, three of which (4, 5, and 6) contain the D and E ring
systems comparable to camptothecin (1). The syntheses
were described previously.® The analog 4 contains the same
number of cyclic atoms as camptothecin; however, the ni-
trogen at position 1 is replaced by carbon and the C-2-3
bond is not closed. This very close analog was inactive in
the L1210 leukemia screen (Table I) and was less active
than camptothecin as an inhibitor of nucleic acid synthesis
in HeLa cells.” Replacement of the 3-naphthylmethyl
group on nitrogen by a benzyl group (5) gave a marked de-
crease in inhibition of macromolecular synthesis. Neither
of these analogs caused degradation of DNA, a property
possibly related to the suppression of tumor growth,’ and
thus the inactivity in the L1210 screen was expected.

Table I lists additional compounds related in structure
to camptothecin (1) whose syntheses have been reported.!¢
7 contains the atoms of D and E rings and 8 has all the
atoms of camptothecin without closure of the lactone ring.
6 has the D and E ring with the carbonyl group of the pyri-
done replaced by chlorine.® These compounds, as well as
the analogs with the B and D rings (type 1), the A, B, and D
rings (type II}, and the B, C, and D rings (type III),’* were
inactive in the L1210 leukemia screen.
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Table I. Screening Data

Notes

Single Multiple
dose, Act..” dose, mg/kg, No./in~  Act.,”
NSC compd Tumor?  mg/kg T/C %) injected  jected T/C (%) Status?®
1 camptothecin/ LE 0.5 163
(100880) KB ED;, 3 * 10 pg°

7 (1608486) LE 400 3 100 F
KB ED,, 1:100° 3 2

8 (160847) LE 200 Toxic
50 115 F
9 (160848) LE 100 96 F

10 (160849) LE 100 Toxic
50 95 F
KB EDy, 1:31° 2
11 (160853) KB EDs, 1:18° 2
13 (160854) LE 50 Toxic 25 3 89 F
12.5 9 97 F

14 (160855) LE 100 3 Toxic

50 3 97 F
ED;, 1:17° 2

12 (160856) LE 100 Toxic
50 105 F
15 (160857) LE 50 Toxic 12.5 3 102 F
25 9 113° P
18 9 105 F

16 (160858) LE 50 Toxic
25 96 F
6 (166611) LE 200 94 200 3 103 F
4 (177363) LE 200 94 F

aLE = L1210 lymphoid leukemia, KB = cell culture of human epidermoid carcinoma of the nasopharynx. ®*The minimum toxic dose or the
activity of the maximum nontoxic dose. ¢The tissue culture data (KB) are reported in the number of dilutions required to kill 50% of the
cells, ?One cure was noted. °F, failed criterion for activity; P, passed criterion for activity at that phase of the screen; 2, failed to show ac-

tivity in the tissue culture screen.’See ref 4.
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9, R=4CH;; Y= X=Br 11, R =1,3-(CH,),
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type 11
13, R=4-CH; Y=H
14, R=3-CH; Y=H
15, R =2,4-(CH;),; Y =2-Cl
16, R =3,5(CHy)y Y = 2-Cl
Conclusion

These results support the hypothesis that the D and E
rings are required for activity; however, an additional, pla-
nar, aromatic system seems to be required. 4, the most ac-

tive of the analogs, has a completely mobile naphthalene
ring, for free rotation is possible around either of the meth-
ylene bonds of the nitrogen substituent. It is probable that
the 2-3 bond is required for activity, for the orbital overlap
of the two 7 systems would increase the barrier to rotation
about the 2-3 bond to more than 5.0 kcal/mol even in the
absence of a 4-5 or 5-6 bond. This would give an effective
planar system to natural camptothecin. This is in agree-
ment with the postulated structural requirements proposed
from molecular orbital calculations.!!
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Synthetic Methods of Organic Chemistry. Volume 28, By W.
Theilheimer. Yearbook 1974. S. Karger, Basel and New York. xx
+ 652 pp. 16 X 23 cm.

There can hardly be anyone with modern graduate training in
synthetic organic chemistry who has not browsed at one time or
another through the library set of “Synthetic Methods of Organic
Chemistry,” the continuing series masterfully edited by William
Theilheimer.

This 28th volume lives up to the scholarly tradition of its prede-
cessors. The method of classification of chemical transformations
is explained thoroughly in the preface and need not be discussed
here. There is the usual cumulative subject index, in this instance
for Volumes 26-28. Several specialized indexes based on the now
famous Theilheimer notation system are included, and there is
also a useful short review entitled “Trends in Synthetic Organic
Chemistry—1974” which deserves to be singled out.

In all honesty this Reviewer is troubled by a disquieting impres-
sion that many chemists, especially perhaps medicinal chemists,
still view this reference source with a mixture of awe and puzzle-
ment. A typical remark might be “I know it’s there, but I don’t use
it much.” The reasons are probably several: the multilingual for-
mat, a ponderous system of organization and symbology, and occa-
sional annoying lapses in coverage (“I couldn’t find my beautiful
paper cited!”); all these things may cause some to glance through
the book once and, shrugging their shoulders, return it to the shelf
forevermore.

Needless to say, the initiated Theilheimer afficionado knows
better. He knows, for example, that he may find the specific re-
agent or chemical reaction he is looking for, or again that he may
not—it almost doesn’t matter! What he can be certain to find is an
astonishing harvest of chemical knowledge more varied than he
could ever imagine. And if even a tiny fraction of this knowledge
finds a lasting place in his personal bag of synthetic tricks, the ef-
fort will have been amply justified.
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Reagents for Organic Synthesis. Volume 4, By Mary Fieser and
Louis F. Fieser. Wiley-Interscience, New York, N.Y. 1974. 660
pp. 156.5 X 22.5 cm. $24.95.

This fourth volume in the series covers the 1970-1972 synthetic
organic literature. The format used previously is repeated with the
reagents indexed not only as to subject but also as to reactions and
compound type. Volume references are also given for those re-
agents appearing in Volumes 1-3. Almost 300 new reagents are re-
viewed for the first time, which indicates the rapid rate at which
new reagents are being introduced. A significant deletion in this
volume is that this is the first of the many books published by the
Fiesers that does not include a picture of a cat. This series con-
tinues to be a most valuable reference source for synthetic organic
chemists.

*Unsigned book reviews are by the editorial staff.

Biosynthesis and Enzymic Hydrolysis of Penicillins and
Cephalosporins. By E. P. Abraham. University of Tokyo Press,
Tokyo, Japan. 1974. 86 pp. $7.00.

The two essays included in this volume summarize Professor
Abraham’s presentations of the E. R. Squibb lectures at the Waks-
man Institute of Microbiology (Rutgers University) in 1973. He fo-
cuses on the following in his review of the biosynthesis: amino acid
precursors; intracellular peptides; roles of peptides P1, P2, and P3;
biosynthetic studies with Cephalosporium and Penicillium proto-
plasts; mechanisms of ring closure; roles of 6-aminopenicillanic
acid and isopenicillin I; and control mechanisms. The following as-
pects of §-lactamases are mentioned: significance of enzymic hy-
drolysis in chemotherapy; evolution and induction of 3-lactamases;
properties relating to active sites; and approaches to clinical prob-
lems arising from the production of 8-lactamases. Although few ex-
perimental details are included in the essays, 88 and 138 references
are cited for the first and second topics, respectively, and some re-
late to work published in 1974.

The major value of these essays lies in Professor Abraham’s
clear presentation of the problems under study (frequently with
high priority in his own laboratory), the strategy involved, and the
value of the results obtained. His 35 years of experience in penicil-
lin and related research programs provides a unique perspective
not usually available in most research programs. The uninitiated
will find these essays the best available summary of the current
status of these two problems; the expert will be stimulated to re-
evaluate his current programs studying one or more aspects of
penicillins and cephalosporins.
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Receptors for Reproductive Hormones. Edited by B. W. O’Mal-
ley and A. R. Means. Plenum Press, New York, N.Y. xii + 458
pp. 17 X 25 cm. $25.00.

This book is volume 36 in a series entitled “Advances in Experi-
mental Medicine and Biology,” and it consists of the proceedings
of the Conference on Receptors for Reproductive Hormones held
on July 10-11, 1972, at Vanderbilt University, Nashville, Tenn.
The conference was supported by the Center for Population Re-
search, National Institutes for Child Health and Human Develop-
ment. Twenty papers were presented at the conference by many of
the leading researchers in the rapidly developing area of sex ste-
roid and gonadotropin receptors.

The 20 papers can be divided into five main parts. The first
seven chapters deal with estrogen receptors in general, with four of
them dealing particularly with the nuclear events relating to the
mechanism of action. The current concept of the estrogen—recep-
tor complex is covered in the first chapter, discussing the model of
one estrogen binding site per uterine receptor, a physical change of
the cytosol complex to its nuclear state, and the features of the
model still to be proven or modified. The second chapter is con-
cerned with the influence of endogenous estrogen on the trans-
location of the estrogen—receptor complex to its nuclear locus and
a proposed two-phase uterotrophic action of estrogen. Estrogen—
receptor transformation is dealt with in the third paper, support-
ing the hypothesis that the important step is receptor transforma-



