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Aliphatic aldehydes containing a phthalimido group in position 2 of the chain were synthesized by catalytic

hydrogenation of the corresponding 2-phthalimidoacyl chlorides.

Various carbonyl derivatives of these 2-

phthalimidoaldehydes were also prepared. Several of the phthalimidoaldehydes and particularly the thio-
semicarbazone and isonicotinylhydrazone derivatives exhibited sufficient inhibitory activity »s. the Ehrlich

ascites carcinoma in mice to warrant further study.

Aldchydes, such as heptanal,? propanal,® glyceralde-
livde,® and citral,2d¢ and 2-ketoaldehydes, such as 3-
ethoxy-2-ketobutanal,? have been shown to possess
some antitumor activity. The phthalimido moiety
might also aid in inhibiting tumors since it seems to
have an influence on cell growth. N-(2,6-Dioxo-3-
piperidyl)phthalimide® (I), which contains the phthal-
imido group, has caused many cases of fetal malforma-
tions” and has been shown to inhibit leucocyte multi-
plication,® whereas 2-ethyl-2-phenylglutarimide® (II),
which has a structure similar to N-(2,6-dioxo-3-piperi-
dyl)phthalimide but lacks the phthalimido moiety, does
not have these effects.1®
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Since 4-phthalimidoglutaramic acid (11I) is the main
metabolic product of N-(2,6-dioxo-3-piperidyl)phthali-
mide excreted by man,'® the intact phthalimido group
may exert Dbiological activity, Although tests of
N-(2,6-dioxo-3-piperidyl)phthalimide against tumors
showed that it has weak or no antitumor activity,!?
it seemed worthwhile to prepare and test other com-
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pounds containing the phthalimido moiety. In this
paper, syntheses and antitumor tests are described for
the following 2-phthalimidoaldehydes: 2-phthalimido-
butanal, 2-methyl-2-phthalimidopropanal, 2-phthalimi-
dopentanal, and 3-methyl-2-phthalimidopentanal.

Several derivatives of aldehydes have also been shown
to inhibit the growth of neoplasms, for example,
pyridine-2-carboxaldehyde thiosemicarbazone,? 3-eth-
oxy-2-ketobutanal bisthiosemicarbazone,'® octadecyl-
thiosemicarbazones of aldehydes,'* 4-hydroxy-2-thio-
pyrimidine-6-carboxaldehyde thiosemicarbazone,®® in-
dole-3-carboxaldehyde p-bromophenylhydrazone,’® and
4-hydroxy-2-thiopyrimidine-6-carboxaldehyde benzene-
sulfonylhydrazone and tosylhydrazone.’* Therefore,
the following derivatives of the 2-phthalimidoaldehydes
were also prepared for biological studies: thiosemicar-
bazone, phenylsemicarbazone, 2,4-dinitrophenylsemi-
carbazone, phenylhydrazone, 2,4-dinitrophenylhydra-
zone, benzenesulfonylhydrazone, tosylhydrazone, iso-
nicotinylhydrazone, 2-amino-4-hydrazono-6-methylpy-
rimidine, and 2-ethylthio-4-hydrazono-6-methylpyrimi-
dine.

Experimental Section!

2-Phthalimido Acids.—The 2-phthalimido acids prepared as
intermediates for the syntheses of the 2-phthalimidoacyl chlorides
and 2-phthalimidoaldehydes were the following: 2-phthalimido-
butanoic, 2-phthalimidopropionic, 2-phthalimidopentanoie, and
3-methyl-2-phthalimidopentanoic acids. These were prepared
according to the method of Ulrich!® by fusing phthalic anhydride
and the appropriate a-amino acid in the absence of solvent.
These 2-phthalimido acids have been previously reported by
other workers.!?
2-Phthalimidoacyl Chlorides.—The 2-phthalimidoacyl chlorides
were prepared by treating the appropriate 2-phthalimido acid
with excess SOCl; (2.5 moles to 1 mole of acid) in the absence of
solvent at room temperature until the acid had completely dis-
solved. The excess SOCI; was then removed by distillation under
high vacuum. If the phthalimidoacyl chloride was a liquid, it
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No. Compil INTELIN Caled [Pastend Caded [Forered Caled oot Cadenl "oy rel
1 2-Phthalimidobutanol 1101125 G634 66 .36 OO0 BTN G 46 661
2 2-Methyl-2-phthalimido- 90.1-90.06 66 .34 66233 510 5ol 6 46 6.5l
propanal
3 2-Phthalimidopen(anal 1.5535 67.51 67 .46 587 383 606 607
4 3-Mlethyl-2-phthalimido- 15608 68,33 68,42 61T 63l 5.72 57
pentanal
M 2-Phthalimidobutanal 204, 5-200.7 5376 5364 486 550 149,22 19.16 11.04 103,96
thiosemiearbazone
[§] 2-Methyl-2-phthalimido- 21K.2-219 .4 53,76 53,65 4,80 499 14,22 14,34 11.04 10,495
propanal semicarbazone
7 2-Phthaliinidopentanal 210 .4-211.5 55,24 S5.17 524 570 I8 40 1N 31 10,53 10.32
thiosemicarbazone
X 3-Methyl-2-phthalimido- 2070200 4 5664 3659 569 613 1755 17 .18 10.07 9,96
pentanal thiosemi-
carbazone
9 2-Phthalimidobutanal 157 2-107 .4 6513 65.21 5ol O 160 1 N
phenylsemicarbazone
10 2-Phthaliinidobulanal 240 (24352 SN2 51250 3,606 3Ny 149,09 1N 02
2,4-dinitrophenylsemi-
carbazoue
11 2-Phthalimidopentanal 23R.0-285 .6 52 .86 5252 BRIt 105 IN. 50 I8 61
2,4-dinitrophenylsemi-
carbazone
12 3-Methyl-2-phthalimido- 220, 6--221.2 o384 5362 430 446 17 94 1728
pentanal 2,4-dinitro-
phenylsemicarbazone
133 2-Methyl-2-phthalimido- 123.0-123.6 70.54 6. 86 v 500 15,67 14,11
propanal phenylhvdra-
Zone
14 2-Phthalimidobutanal ISL1=181.5 5440 5454 BIEU) BONT 17.062 17.51
2,4-dinitrophenylhy-
drazone
15 2-Methyl-2-phthalimido- 256 .3-256.7 54.40 5331 380 IR 1762 1583
propanal 2,4-dinitro-
phenylhydrazone
16 2-Phihalimidopentanal 153 8-154.5 55 .47 5530 417 +4.21 17.03 17,20
2,4-dinitrophenylhy-
drazone
17 2-Phthalimidobufanal 13491 -140.4 5820 5NN 4.61 171 1131 1145 N 63 D
benzenesulfonylhydra-
Z01Nne
I8 2-Methyl-2-phthalimido- 13331546 5820 aN.22 4.61 191 1131 11,38 NG N
propanal benzenesnl-
fonylhydrazone
14 2-Phthalimidobutanal 161.2-162.1 59.20 SU1H 408 18N8 1090 10.86 Nl 527
tosylhydrazone
20 2-Phthalimidobutanal 143.8-145 .4 64.27 64,51 447 4 .87 16.60 16 . 64
isonicotinyihyvdrazone
21 2-Phthalimidopentanal 162.1-163.2 65.13 65.31 5018 4498 15.99 15.51
t=onicotinylhydrazone
22 2-Amino-6-methvl4-(2'- 206, 0=-207.7 (1.35 G110 572 616 2385 2306

phihalimidopentanal
hydrazono)pyrimidine
23 2-Amino-G-methyl-4-(3'- [14.9-116.3 (32,27 (G208 G 00 651 22090 22076
methyi-2-phthalimido-
peptanal hydrazono)-
pyrimidine

24 2-Ethylthio-6-methyl-4- 67.5-68.1 H4.51 59 .22 SRV 586 IN.27 IS 16 836 N 46

(2’-phthalimidobutanal
hydrazono )pyrimidine

was used in the hydrogenation without further purification, but 2-phthalimidopropanal was obrained in a 35.7; vield, whercas

if a solid, it was purified by crystallization from a mixture of the other aldehydes were obtained in 92-954¢ yvields.

ether and petroleum ether (bp 30-60°). e e e

2'Phthalimidoaldehydes"”A” the '.),-ph1‘ha‘limid«)uldehydes (20) K. W. Rosenrund, Ber., 51, 58) (1918); K. W. Ruremaund wl
were syirthesized by the Rosenmund reduction? of the 2-phthal- W. O. Zetzsche, ihid., B4, 425 (1921).
imidoacyl chlorides, using 1047 Pd-C catalyst. The procedure (21) W. 0. Foye awd W, 15, Lange, J. Am. Fhurm. dswor., Sei. #d., 46,

was similar to that described by Foye and Lange.?t 2-Methyl- T2 (1856).
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Carbonyl Derivatives of the 2-Phthalimidoaldehydes.—The
thiosemicarbazone, phenylsemicarbazone, 2,4-dinitrophenylsemi-
carbazone, phenylhydrazone, 2,4-dinitrophenylhydrazone, ben-
zenesulfonylhydrazone, tosylhydrazone, 2-amino-4-hydrazono-6-
methylpyrimidine, and 2-ethylthio-4-hydrazono-6-methylpyrim-
idine derivatives of the 2-phthalimidoaldehydes (Table I) were
prepared by heating the aldehyde and the appropriate carbonyl
reagent i alcohol according to classical preparative procedures
which have been described in detail by Craig.?2 The isonicotinyl-
hydrazones were prepared in the absence of solvent.

Biological Testing.—The 2-phthalimidoaldehydes and their
derivatives were tested vs. the Ehrlich ascites carcinoma in Swiss
Webster white mice by a slight modification of procedures de-
scribed previously.?® Each mouse (initial weight approximately
30 g) received an intraperitoneal injection of 0.1 ml of pooled
ascitic fluid (collected from donor mice which had borne the
ascites carcinoma for 7-9 days) which had been diluted with
0.99; NaCl to a cell concentration of 105 by volume, based upon
the results of an initial ascitocrit determination. The 0.1-ml
inoculum contained an average of 7 X 10% carcinoma cells. For
each assay, the mice were divided into a control group of eight
mice aud several (usually four or five) experimental groups
of eight mice each. Twenty-four hours after the inoculation,
each control mouse received an intraperitoneal injection of 0.2 ml
of propylene glycol and each mouse in the experimental groups
received an intraperitoneal mjection of 0.2 ml of a propylene
glycol solution of the compound to be tested. The intraperitoneal
injections of control and experimental mice were continued
twice daily for 6 days (total of 11 injections). On the 7th day all
surviving mice in control and experimental groups were sacri-
ficed. The volume of ascitic fluid was measured for each animal
and percentage of cells by volume (ascitocrit) was determined for
each sample of ascitic fluld by centrifugation in heparinized
capillary tubes. The total packed-cell volume (TPCV) of tumor
cells was calculated in each case, together with average values
and standard deviations. Results for the more active com-
pounds are recorded in Table II. Dosages are expressed as
mg injected/kg/day and the mice were weighed daily. For
coutrol mice the average gain in carcass weight (after removal of
ascitic fluid) was 1.2 g for the total assay period and consequently
the total weight changes recorded in Table II can be atiributed
principally to the weight of ascitic fluid and tumor cells which
accuniulated in the peritoneal cavities of the mice during the
assay period. However, the determination of TPCV of tumor
cells is considered to be a more accurate method for assaying the
effectiveness of the compounds,

Summary of Results

Although a majority of the tested phthalimidoalde-
hydes and their derivatives showed inhibition of the
Ehrlich ascites carcinoma, some of these compounds
were effective only at relatively high dosages which gave
evidence of general toxicity to the mice in terms of a
higher mortality than that exhibited by the correspoud-
ing control group. Only the most effective compounds
are listed in Table II. In general, the thiosemicarba-
zones, 24-dinitrophenylhydrazones, and isonicotinyl-
hydrazones were more effective inhibitors of the tumor
than the corresponding free aldehydes, although the
aldehydes did exhibit activity and 2 was moderately
effective. The 24-dinitrophenylhydrazones and iso-
nicotinylhydrazones tended to be more toxic to the host

(22) J. B. Craig, M. S. Thesis, University of North Carolina at Chapel
Hill, Chapel Hill, N. C., 1965,

(23) (a) J. E. Wilson, J. L. Irvin, J. E. Suggs, and K. Liu, Cancer Res., 19,

272 (1939); (b) J. E. Wilson, J. E. Suggs, and J. L. Irvin, ibid., Suppl., 21,
692 (1961).
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TasrLE I1

ResvLts oF SCREENING TEsTs vs. EHRLICH AsciTEs CARCINOMA®
Av TPCV

Dose, body wt Mortality Av Std dev
mg/kg/ change during assay T/C, of T

No. day T/C, g C T ml =+ ml
2 €6.2 —-0.1/+3.8 0/8 2/8 0.99/2.53 0.46
2 39.2 +5.3/4+6.4 0/8 3,8 1.54/2.19 0.17
3 81.0 —-2.4/4+4.4 3/8 4/8 1.98/3.67 0.28
3 40.0 +0.6/+35.1 1/8 1/8 1.3/2.2 0.15
6 68.0 +0.4/4+5.8 3/8 3/8 1.09/4.62 0.51
6 32.5 +0.6/+4.8 1/8 1/8 1.3/3.1 0.36
7 66.4 —-1.9/4+5.8 3/8 1/8 0.74/4.62 0.44
7 31.0 —0.2/4+4.6 1/8 1/8 0.78/2.6 0.21
8 68.0 -1.7/4+5.8 3/8 3/8 0.37/4.62 0.14
8 32.0 +0.5/4+5.6 1/8 2/8 0.87/2.9 0.32
8 15.2 +3.2/+2.8 0/8 0/8 0.71/1.47 0.53
14 64.8 —-1.0/4+7.7 0/8 4/8 0.58/2.26 0.03
14 25.9 +4.9/4+6.0 1/8 2/8 0.73/2.08 0.52
15 67.6 +1.9/4+6.8 0/8 4/8 1.57/2.93 0.43
15 58.6 -1.2/4+2.8 0/8 2/8 0.46/1.47 0.56
15 30.0 —-0.2/4+4.1 1/8 1/8 1.33/2.42 0.24
21 68.7 —3.4/+6.4 1/8 3/8 0.36/1.35 0.14
21 32.7 +1.2/4+5.9 1/8 2/8 1.54/2.87 0.30
21 11.3 +2.8/+6.4 0/8 1/8 1.29/2.19 0.36

T = treated group; C = controls; TPCV = average total
packed-cell volume of tumor cells on final day of assay. The
standard deviation of TPCV for all controls was =£0.35 ml.

animal in relation to corresponding controls than did the
thiosemicarbazones which, in general, were the most
effective compounds of the series. In the latter group,
8 was the most active compound. From the stand-
point of inhibition of the tumor cells, 21 also was quite
effective although slightly more toxic to the host mice
than 8. The latter compound was also tested in
another type of assay in order to determine whether it
would prolong the survival time of mice inoculated with
the Ehrlich ascites carcinoma. Tumor-bearing mice
(inoculated as described for the other type of assay)
injected intraperitoneally with this compound in
propylene glycol at a dosage of 15 mg/kg/day for 7
days had an average survival time of 17 &= 4 days in
comparison with 10 = 3 days for tumor-bearing control
mice injected with propylene glycol alone. This com-
pound at an intraperitoneal dosage of 20 mg/kg/day
for 10 days also inhibited by approximately 509, the
growth of the Ehrlich carcinoma when the tumor was
transplanted as a solid tumor by subcutaneous in-
jection into the axillary region of control and treated
mice. It was of interest to compare the effectiveness
of 8 in the total packed-cell volume assay with a com-
pound of recognized activity ws. the Ehrlich ascites
carcinoma, At a dose of 14.5 mg/kg/day for 6 days
5-fluorouracil gave a value of 0.17/1.50 ml for T/C in
the TPCV assay in comparison with 0.61/1.50 for
the thiosemicarbazone at a dose of 15 mg/kg/day.
Thus, the thiosemicarbazone is less effective than 5-
fluorouracil at comparable dosage, but it shows suf-
ficient activity to warrant further study of this and
related compounds, particularly with respect to mech-
anism of action.
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