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It may be seen that dFU-5'-I1IP hax a greater activity on these
cell« than dFU-3'-ITP. Figure 1 permits a comparizon of the
etfectiveliess of the compounds on a molar equivalent instead
of milligram basis as nsed in the valeulation of ID. values.
Comparative ratios (treated cells: control cells) caleulated from
data obtalned on day 3 at a drug concentration of 107 1/, are
FUDR, 0.11: dFU-3'-IIP, 0.53: dFU-5'-1IP, 0.14 or 11.0C,,
33.00¢, and 14C; iuhibition of control eell growth, respectively.
Day 3 was chosen becanse by the 4th day there muay he some loss
of eells, especially in the control tubes, due to overcrowding aid
exlianstion of nntrients fronr the media. In addition, ns antieci-
pated theoretically, dFU-53-IIP was hydrolyzed during cell
growth tu the purple-blue dilodoindigo which could be ohserved
microsegpivally inside the cells.
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Sehiff bases, containing the >C==N group, are known
to have shight antitumor zLCtl\'ltlt‘,\,l more of these com-
pounds have bheen synthesized in order to find com-
pounds with greater antitumor activities.  The Cancer
Chemotherapy National Service Center has screened
these compounds agaimst lymphoid leukemia [:1210 in
the mouxe and intramuscular Walker sarcoma 250 i
the rat. The antitumor results arve reported here with
attempts to correlate these activities with the chemical
structures of the compounds.

The biological activities of these compounds are
difficult to determine because of their rapid hydrolysis
m aqueous solution.  In some cases the half-life of the
uncatalyzed hydrolysis at 25° at pH 7 is only 12 min.?
Unless the solutions for injections are prepared shortly
before use they contain an equilibrium mixture of the
Schiff base and its hydrolysis products.

Noune of the compounds listed in Table I have activity
agahist mouse leukemin 1.1210. However several of
them slow the growth of the intramuscular Walker
sarcoma of the rat, in one case to 58% of the tumor
growth of the untreated amimals.  Effectiveness against
mtramuscular Walter sarcoma of the rat iz measured
by weights of tumors of treated rats (7) compared
with the tumors of control rats (C); the value of T/C
must be 0.53 or less for significant activity.?

Structure-Activity Relationships.—In applying the
Hansch® method of correlation to these data the
biological activity was expressed m various wayvs: (1)
T:C.(2) C/T, (3) dose in grams for 209, response.
(4) log (C/T at the maximum tolerated dose), (5) log
(dose in grams for 209 response), (6) dose in moles for
209 vesponse, and (7) log (dose in moles for 209, ve-
sponse). Correlation by cach method separately
showed the best fit to the datawith 1,2, and 4; log (C/T

i1) E. M. Hodnett and W. Willle, /'roc. Oklr. Aeud. Sci., 46, 107 (1966).

(2) R. L. Reeves, J. Org. Chem., 30, 3129 (1965).

i3) “Protocols for Screening Chemical Agents and Natural Produtts
Arainst Animal Tumors and Other Biological Systems," Cancer Chemo-
therapy National Service Center {(CNS(C), Cnncer Chemother. Rep., 28,
1 (1462). and as modified (Jan, 1966).

¢4) C. Hansch and T. Fujita, JJ. Amer. Chem. Soc.. 86, 1616 (1064);
. Hansch. Accounts Chem. Res., 8, 232 (1569).

Narns

atb the MTD) was chosen because of the nature of
Hansch’s equation.  If more data on the dose -aetivity
curve were available one of the other values probably
would have given better results, espeecially those 1n-
volving dose levels for a given respouse.  The values
in Table T of ¢ for the meta and para positions were
those compiled by Jaffe? and those for the artho posi-
tion were taken from the work of Barlin and Permi®
on the strengths of substituted benzoie acds. Al
though other values of ¢ were used in these corrvelu-
tions, these particular values gave the best results,
The values of & were taken from o hist published hy
Fujita. el al.” ;:w-(l on w study of the partition between
l-oetanol and H.O of 203 mono- and dizubstituted
benzenes.  The values of 7 it Table T arve those for
phenoxvacetic actds sinee these gave the best correlation
with our data.

The resultx of linear regression analysix of each of
these vartables, idividually and collectively, follow
(1= the correlntion coefficient and s 1= the standurd
deviation from regression):

log C:7T = —0.0068¢ + 0.042 0.063  0.105
log /T = 0.062¢" + 0.0081 0.537  0.089

log /7T = 0.0048¢ + 0.003¢" + 0.239  0.091
0.0032
log C/T = 0.0827 + 0.045 0.313  0.100
log C/T = —0.1507" + 0.00095 0.531  0.089
log /T = 0.026r — 0.1387" + 0.539%  0.091
0. 0066
g C'T = 0.1857* 4+ 0.005 0.237  0.103
l( g,( T = 0.4637"2 — 0.048 0.576  0.086
og T = 0.2397 + 0.4917"* — 0.651 0.082
()<0.)_
log /T = 0.0062¢ + 0.065¢" + 0.546  0.005
0.026% + 0.0177" + 0.007S
log 7T = 0. 0'3"_)# —0.0797" + 0.688  0.082
0.285 72 + 0.2767"* — 0.075
log C/'T = (),03-30 — 0.168¢" + 0.747  0.050

0.054r — 0.4207" + 0.353n?
+ 0.5537" — 0.169

The observed values of log (€77 at maximum toler-
ated dose) i1 Table I are compared with those ealeu-
lated from the last equation given above.

The results of linear regression analysis of the 13
Schitff bases of salicylaldehyde (R’ = 2-OH) are given
below for comparisor:

i ~
log ¢/ T = 0.016c + 0.079 0.163  0.097
log C/T = 0.0257 + 0.059 0.102  0.098
log /T = 0.506x* 4 0.018 0.757  0.064
log C/T = 0.029¢ + 0.062r + 0.274  0.099
0.067

log C/T = —0.044r 4 0.5487* + 0.775  0.065
0.013

log C/T = 0.015¢ — 0.0227 + 0.786  0.067

0.5337% 4 0.004

Although the correlation coefficients are not remark-
ably good (» = 1 is perfect correlation), nevertheless

(3) H. H. Jaffe, Chem. Rev., 63, 101 {1853).

(6) G. B. Barlin and 1. 1), Perrin, Quart. Rev., 20, 75 (1966).

(7) T. Fujita, J. Ywasa. and C. 1lansecly, .J. Amer. Chem. Soc., 86, b175
(1964).
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TaBLE I
AcCTIVITIES OF AROMATIC SCHIFF BASES AGAINST INTRAMUSCULAR WALKER SARCOMA?
R,CBH4CH=NCBH4R

Max T/C
tolerated at the max Log (C/T at the max
Refer- dose.? tolerated ~~——tolerated dose) ——-
R R’ ence mg/kg dose® Zo Zo’ Zr zZs Obsd Caled
2-CH, 2-OH d 400 0.58 0.29 1.22 0.68 —0.54 0.236 0.224
3-CH, 2-OH e 400 0.59 —-0.07 1.22 0.51 —0.54 0.229 0.132
4-CH, 2-OH f 400 0.84 —-0.17 1.22 0.52 —0.34 0.076 0.132
2-O0H 2-OH g 25 0.73 1.22 1.22 —0.54 —0.54 0.137 0.128
2-OH-5-Cl 2-OH h 400 1.05 1.59 1.22 0.22 —0.54 —0.021 0.096
2-OCH;, 2-OH 7 400 0.12 0.12 1.22 —-0.33 —0.54 0.055 0.038
4-OCHs 2-OH J 400 0.97 —-0.27 1.22 —-0.04 —0.54 0.013 0.004
2-NO, 2-OH k 400 0.91 1.99 1.22 —-0.23 —0.54 0.041 0.086
4-NO, 2-OH [ 400 1.01 0.78 1.22 0.24 —0.54 —-0.004 0.074
2-OH-4-NO, 2-OH m 400 0.75 2.00 1.22 —-0.30 —0.54 0.125 0.096
2-OH-5-NO; 2-OH m 400 0.62 1.93 1.22 —0.43 —0.54 0.208 0.120
4-N(CHa). 2-OH n 500 1.10 —0.83 1.22 0.10 —0.54 —0.041 —0.004
4-COH 2-OH e 400 0.77 0.41 1.22 0.12 —0.54 0.114 0.040
2-OH-5-Cl H 0 400 1.17 1.59 0.00 0.22 0.00 —0.68 —0.088
2-OH-5-NO; H 0 400 1.21 1.93 0.00 —0.43 0.00 —0.083 —0.063
4-OH 4-0CH, m 400 1.43 —-0.37 —0.27 —0.61 —0.04 —0.135 —0.020
2-0H-5-Ci 4-OCH; m 400 0.87 1.59 —-0.27 0.22 —0.04 0.060 —0.024
2-0H-5-NO, 4-OCH; g 400 0.85 1.93 —-0.27 —0.43 —0.04 0.070 0.000
2-OH-4-NO, 4-OCH; m 400 1.11 2.00 —0.83 —0.30 —0.04 —0.045 —0.024
2-OH 4-N(CHas) g 400 1.17 1.22 —0.83 —0.54 0.33 —0.068 0.006
3-OH 4-N(CHa): m 400 0.83 0.10 —0.83 —0.49 0.33 0.081 —0.047
4-OH 4-N(CHa), p 400 0.98 —-0.37 —0.83 —-0.61 0.33 0.009 —0.022
2-OH-5-Cl 4-N(CHz); q 400 1.17 1.59 —0.83 0.22 0.33 —0.068 —0.026
2-OH-5-NO, 4-N(CHs), g 400 1.11 1.93 —0.83 0.43 0.33 —0.045 —0.002

2 The screening data were supplied through the kindness of Dr. Harry B. Wood, Jr., of the Cancer Chemotherapy National Service
Ceuter, National Institutes of Health, Bethesda, Md. Assays were performed according to CCNSC specifications in Cancer Chemother.
Rep., 25, 1 (1962). °? One dose daily for 4 days. ¢ Effectiveness against intramuscular Walker sarcoma of the rat is measured by
weights of tumors of treated rats (T') compared with the tumors of control rats (C); the value of 7'/C must be 0.53 or less for significant
activity. ¢ A, Hantzsch and O. Schwab, Ber., 34, 833 (1901). ¢ A. Senier and ¥. G. Shepheard, J. Chem. Soc., 95, 1943 (1909). / P.I.
Ittyerah and K. C. Pandya, J. Indian Chem. Soc., 30, 717 (1953). ¢ A. W. Baker and A. T. Shulgin, J. Amer. Chem. Soc., 81, 1523
(1959). *»J. Argauer and C. E. White, Anal. Chem., 36, 2141 (1964). ‘ A. Senier, F. G. Shepheard, and R. Clarke, J. Chem. Svc.,
101, 1950 (1912). 7 A. Hantzsch and E. Wechsler, Jusius Liebigs Ann. Chem., 325, 226 (1902). * Mp 113.5-114°. Anal. (CiH,-
N,0;) C, H, N. !F.G. Pope, J. Chem. Soc., 93, 532 (1908). = E. M. Hodnett and C. Capshew, Proc. Okla. Acad. Science, in press.
n H. A. Torrey, Amer. Chem. J., 34, 474 (1905). ¢ L. C. Raiford and J. Linsk, J. Amer. Chem. Scc., 67, 878 (1945). » G. Smets and
A. Delvau, Bull. Chim. Belges, 56, 106 (1947). ¢ L. Muslin, W. Roth, and H. Erlenmeyer, Helv. Chim. Acta, 36, 886 (1953 ).

Tasre 11 some conclusions may be drawn from the results of
CONTRIBUTIONS OF SUBSTITUENTS TO ACTIVITY AGAINST this study.
INTRAMUSCULAR WALKER SARCOMA® Better correlation of antitumor effects is obtained
R’CsH.CH=NCH,R with substituents of the aldehyde moiety than with
C/T at C/T at those of the amine group. This fact may indicate
maximum maximum that the aldehyde group is more important to the anti-
tolerated tolerated . .
R b dose R b dose tumor value than the amine group 1s.

2.H 11 —0.272 2 H 9  —0.178 Results of the correlation of antitumor activity of
2_.0H 13 0.230 2-CH, 1 0.515 the Schiff bases from salicylaldehyde are somewhat
2-0H 12 0.105 better than those of the Schiff bases from all the alde-
4-H 15 —0.054 2-0CH; 1 —0.065 hydes, but not as much as might be expected from the
4-OCH; 4 0.034 2-NO, 1 —0.105 greater similarity of the Schiff bases from salicvlalde-
4-N(CHa), 5 0.136  3-H 22 -0.051 hyde. The best correlation is obtained with =2 values;
3-CH, 1 0.612 the biological meaning of thisis not clear. Substituents
i:gH 1; _882 vgitlh large values of = are desirable for antitumor ac-

4-CH, 1 o0.139 oV
4-0H 9 0.161 Increased antitumor activity is related to a large
4-0CH, 1 —0.021 positive value of ¢; electron withdrawal from the ring
4-NO, 3  —0.061 by the substituent group 1s desirable for antitumor ac-
4-N(CHs): I —0.142 tivity. This fact may indicate that molecules contain-
4-CO.H 1 0.249 ing such electron-withdrawing groups attach to recep-
g:goz 12 —8(1)3 tor sites better or that stability of the Schiff base (in-

5-Cl 4 —0.066 creased by electron-withdrawing groups) is a desirable
a The overall C/T at maximum tolerated dose is 1.116. ? The factor for antltumor aCt‘IVIt'y f)f the Schiff bases. )
number of compounds with each substituent. Increased antitumor activity is related to large posi-
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tive values of 7. Substituents whieh contribute to
the lipoplhilic nature of the molecule should therefore
be sought.

These data were also analyzed by the method of
Ifree and Wilkon.¥ By subjecting our data to multiple
hnear regression analysis? the contribution of each
substituent to the antitmmor activity of the molecule
was determined (Table T1).  In ovder to estimate the
value of (T at the maxnnum tolerated dose for each
compound. the eontribution of cach substituent in the
O posittons of the two rings ix added to the base activ-
iy, 1,116, Sinee €7 at the maximum tolerated dose
should be as large as possible for good antitumor activity
the results indicate the desirability of having in the
antine moiety, Me groups at the 2. 3, and 4 positions.
OH group= i the 2. 3, and 4 posttions, CO.H at the
4 posttion, and NO: i the 5 position. Substitution
m the aldehyde moiety i1s desirable especially for OH
i the 2 position; m this case the substituent effect of
the 2-OH 1x very certain since it is substantiated by
13 compounds,
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{8) 8. M. Yree, Jr.. and J. W. Wilson, /. Med. Chem., T, 395 (1964).

() Tle computer program used for this purpose was a nodified version
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Cyeloheximide? (I), a product of Streptomyces griseus
cultures, 1s well known for itz ability to mhibit protein
biosynthesis.® This biological action as well as that of
emetine, anisomyei, and others is attributed to the
stereochemical relationships between the N and O atoms
of the molecule.® - It has also been demonstrated that
this relationship can be affected by a change in the sub-
stitution pattern or stereochemistry at many of the
other positions in the molecule.?

(1) This work was aided Ly Grant T-474 from the American Cancer
Society and Grant 67-16 from its Illinois Division.
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J. Biol. Chem., 244, 4480 (1969);: A. Geller, F. Robustelli, 8. H. Barondes.
H. D. Cohen, and M. E. Jarvik, Psychopharmacologia, 14, 371 (1969): J. A.
Burdman and L. J. Joumey, J. Neurochem., 16, 493 (1969); S. D. J. Yeh
and M. Shils, Biochem. Pharmacol., 18, 1919 (1969).

{4) A. P. Grollman, Science, 187, 84 (1967); DProc. Nat. Acud, Sci. U. 8.,
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In order to establish further points about the strue-
ture—activity relationships of these molecules we have
undertaken a program directed toward the synthesis of
geveral modified glutarimide antibiotics. During the
course of these studies we had occasion to prepare a
a few dehydrocyeloheximide type compounds IT which
could also be converted into a variety of heterocvelie
compounds through the 1,3-diketone system. Iven
though we would be destroying the essential stereo-
chemical features, the combination of the salient parts
of cyeloheximide with heterocyelic svstems appeared
attractive for its biological potential.

The required 1,3-diketones Il and V were prepared
from the enamine of the appropriately substituted
ketone and the acid chloride of 2-(8-glitarimido)acetic
acid according to the acylation procedure developed by
Johnson, et al.® in their elegant total synthesis of cyvelo-
heximide. Though Struck and coworkers” had pre-
pared diketones IIa.c.d by a similar method, we found
the Johnson modifications generally gave much better
yvields. Dehvdrocyecloheximide (IIb) was more easily
prepared by the Jones’ oxidation of eveloheximide (1)
at ambient temperature.’

The pyrazole derivatives III and VI were eastly
formed by the action of hydrazine and phenylhydrazine
on the 1,3-diketones. Although we have indicated the

16) F. Jolinson, N. A, sarkovsky., A. C. Paton, and A. A, Carlson, J.
Amer, Chkem. Soc,, 88, 149 (1966). We have assigned the stereochemistry
at C-2 as depicted because of the arguinents presented by these workers.

(7r R. F. Struck, H. 8. Schaeffer, C. A. Krauth, R. T. Kemp, Y. V.
Shealy, and J. A, Montgomery, J. Med. Chem., 7. 646 (1964).

(8) Yields were generally 70-80%, decidedly better than the CrOs-110Ae
method originally used by E. C. Kornfiedd, R. G. Jones, and T, V. Parke
[J. Amer. Chem. Soc., 71, 150 (1949)].



