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Synthesis and Antitumor Properties of N'-Acyloxymethyl Derivatives of Bis(2,6-dioxopiperazines)"’
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Many N'-acyloxymethyl derivatives VI of bis(2,6-dioxopiperazine) 1, ICRF-154, were prepared and tested for
antitumor activity. The treatment of I with formaldehyde gave a crystalline bis(/V!-hydroxymethyl) derivative VII, which
was acylated under various conditions to give bis(V'-acyloxymethyl) derivatives VI. Antitumor activity of VI against

P388 leukemia in mice was studied.

Several bis(V'-acyloxymethyl) compounds such as phenylacetyloxymethyl VI-6, methoxycarbonyloxymethyl VI-
41, isobutoxycarbonyloxymethyl VI-44, and furancarboxymethyl VI-38 compounds were found to have potent antitumor
activities. On the other hand, water-soluble esters having an amine or a carboxylic acid function in their acyl groups

showed rather reduced activity.

These bis(NV'-acyloxymethyl) derivatives VI were presumably hydrolyzed into the parent bis(2,6-dioxopiperazine) I
by nonspecific esterase in the body to exhibit their antitumor activity.

Keywords acyloxymethylation; bis(dioxopiperazine); antitumor activity; hydroxymethyl imide; ICRF-154; enzymatic hy-

drolysis; esterase; P388

The class of antineoplastic agents broadly referred to as
bis(2,6-dioxopiperazines), such as ICRF-154 (I) and ICRF-
159 (II), has been studied extensively over the past several
years” and their chemical, biochemical and pharmacolog-
ical properties have recently been reviewed.®’ Their unique
antimetastatic properties and their actions ameliorating
anthracycline-induced toxicity in animals have aroused
considerable interest,* and some work on structural modi-
fications has been carried out with the aim of finding
derivatives with an improved antitumor activity and spec-
trum.”
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Recent reports from China have indicated the bis(N!-
morpholinomethyl) derivatives of I and II (namely, III%
and IV?) to be active against various experimental tumor
models. In addition, the results of clinical investigation of
IIT in China indicated that III may be useful in the
treatment of malignant lymphoma, uveitis, sympathetic
ophthalmitis, and psoriasis.

In our initial study, aminomethylation of the imide
proton of ICRF-159 (II) was carried out to give IV and
some analogous compounds V which showed a significant
antitumor activity against P388 leukemia in mice,” suggest-
ing that the introduction of these aminomethyl groups into

II did not affect the original antitumor activity of II.
However, it was also found that these derivatives (IV and
V) are fairly unstable in aqueous solution at room tempera-
ture in spite of their stability in the crystalline state. These
promising biological results with IV and V obtained in
animal tumor screening prompted us to carry out further
N'-chemical modification of bis(2,6-dioxopiperazines), I
and IL

Synthesis of acyloxymethyl derivatives of penicillins,®
cephalosporins,” and so on and their biological properties
as pro-drugs have attracted the attention of medicinal
chemists. These compounds after absorption in the animal
body are presumably enzymatically hydrolyzed by non-
specific esterase to the corresponding hydroxymethyl deriv-
ative, which subsequently decomposes spontaneously to the
original active compound and formaldehyde, showing the
biological activity. Bis(2,6-dioxopiperazines), I and II, are
orally absorbed very poorly, probably due to their reduced
solubility in water and organic solvents.!? Substitution of
the imide proton with an acyloxymethyl group would be
expected to increase their solubility and to improve their
bioavailability.

In the present paper, we report the synthesis of N!-
acyloxymethyl derivatives of bis(2,6-dioxopiperazine) I
(namely, VI) and we describe their chemical stabilities,
antitumor activities, and susceptibility to enzymatic hydrol-
ysis.

Synthesis Two pathways were employed for the synthe-
sis of N'-acyloxymethyl derivatives VI of bis(2,6-dioxo-
piperazine) I. In the first one, the starting material was the
sodium salt of I, which was treated in N,N-dimethylform-
amide (DMF) with a slight excess of a halomethyl ester®+-
such as CICH,OCOR to form the corresponding acyloxy-
methy! derivative VI. However, it was difficult to prepare
some halomethyl esters, many of which are quite unstable
to moisture.

As the second pathway, treatment of I with an excess
amount of formalin gave the bis(N*-hydroxymethyl) deriv-
ative VII, mp 170—172°C, in a good yield. The nuclear
magnetic resonance (NMR) absorption of VII at 6 5.02 was
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TaBLE 1. 4,4’-(1,2-Ethanediyl)bis(I-acyloxymethyl-2,6-piperazinediones) TABLE L. (continued)
(VI) and Their Antitumor Activities against P388 (i.p.—i.p.) in Mice

Solubility”  Dose T/C

0o N ’ o Ne: : in water () (mg/ke/d) (%)
R-COCH,N  NCH:CH:N  NCH,OC-R
— el VI-24 —CH(CH,)N(CH,)COCH, Vsol 200 102
0 VI-25 —(CH,),CO,H 1 100 109
200 108
No R Solubility”  Dose T/C 400 112
: in water (g) (mg/kg/d) (VA) VIi-26 f(CHZ)ZCOZNa Vsol 200 112
I (ICRF-154) Ins 60 213 VI-27 ‘@ Ins 200 206
89 231 CH,
oy B v Ins 200 12
VII -H Ins (0.05) 200 Toxic” CH
VI2 -CH, Ins (0.015) 100 122 ?
200 145 VI-29 Ins 200 142
400 201
500 240 octs
VI-3 -CH,CH(CH,), Ins 200 115 VI-30 Ins 200 199
VI-4 -C(CH,), Ins 100 128
200 166 VI3 @-o Ins 200 112
30 131 o/
400 142 E
VI-5 ~(CH,),,CH, Ins 200 125
Vi-32 Ins 200 213
VI-6 —CH;@ Ins 25 146
50 164 al
150 217 VI-33 Ins 100 155
200 303 200 190
250 247 300 182
9 0 245 v cH=CH~0) Ins 200 134
VI-7 —CH2© Ins 50 159
100 184 yp3s ~CH=CH@OCH3 Ins 200 113
200 182
250 150 OCH,

300 101

VI8 —CH2 Tns 200 6 V30
vi9 -cH~O) Ins 200 96 VI ns 200 101
@)

Ins 200 104

i V1-38 Ins 50 166
VI-10 -CH;—\ Ins 200 193 100 212
b 200 300
Vi-11 —CHZ—L_SJ Ins 200 227 250 280
VI-12 -CH,OCH,4 Ins 200 163 VI-39 ") Ins 200 195
O
VI-13 —CHZO-©—C1 Ins 100 153
§8?, }?‘3‘ VI1-40 -["Sjl Ins 200 218
a 400 101 V141 —OCH, Ins (0.01) 50 129
Vi-14 —CHZO—@CI Ins 200 172 100 170
200 203
VI-15 {(cngp-@d Tns 50 123 300 210
100 154 VI-42 -OCH,CH, Ins 200 145
200 214 VI-43 -O(CH,),CH, Ins 200 112
300 199 VI-44 -OCH,CH(CH,;), Ins 50 179
400 190 100 203
VI-16 £H25‘©'F Ins 50 154 200 238
100 176 250 254
200 220 300 109
250 215 VI-45 -OCH,CH(C,H)~«(CH,),CH, Ins 200 138
i cns<Q)r
VIIT ~CH,S Br Ins 2000 208 via6 -ocH~O)-No, Ins 200 150
VI-18° -CH,NHCO,C(CH,), Ins 200 224
VI-19 ~CH,NH; -CF,CO; Vsol 200 100 VI-47 *0‘@ Ins 200 163
VI-20 -CH,NHCO,CH, Ins 200 139 VI-48 -NH, Ins 200 137
V2l ~CHNHCO,C(CHy) <) Ins 200 176 iy a0 Ins 200 107
- — +. -
V-2 CH(NH3 CFaCOZ )@ Vsol . 126 a) Maximum amount soluble in 100 ml of water at room temperature; Ins, less
VI-23 —-CH(CH,;)NHCOCH, 3 200 117 than 0.1; Vsol, greater than 5. 5) Some deaths occurred in the animals given this
dose.
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considered to be due to the methylene protons of newly
introduced hydroxymethyl groups, reflecting the structure
of VII. The derivative VII was sufficiently stable in the
crystalline state to be recrystallized from dioxane, but was
still unstable in solution in protic solvents such as water or
methanol, immediately decomposing into the parent com-
pound 1. Acylation of VII was carried out with acid anhy-
dride (method A), mixed anhydride (method B), acid
chloride (method C), acid in the presence of dicyclohexyl-
carbodiimide (DCC) and N,N-dimethylaminopyridine
(method D). The derivatives VI thus prepared are shown in
Table I.

The acetate VI-2 and formate VI-1 were prepared by
methods A and B, respectively. Esterification with alkyl- or
aryl-carboxylic acid was done by method C via the corre-
sponding acid chloride, while esterification with arylacetic
acids such as phenyl-, phenoxy-, phenylthio-, furan-, thio-
phene-acetic acid was done by method D. Synthesis of
arylcarboxylates VI was attempted via method D, but
without success. The yield of the desired acyloxymethyl
derivatives was low and acylurea formation, probably via
the reaction of the acid with DCC followed by Chapman
rearrangement, was mostly observed.'!)

Acylation of VII with N-tert-butoxycarbonyl protected
glycine or phenylglycine followed by removal of the pro-
tecting group with trifluoroacetic acid gave the trifluoro-
acetate of the corresponding ester, VI-19 or VI-22, as a
powder which was submitted to biological testing. Removal
of trifluoroacetic acid from VI-19 or VI-22 was attempted by
treatment with Amberlite IR-45 in water, but the resulting
free amine was too unstable to collect, and decomposed.

The succinate half ester VI-25 was prepared by esterifica-
tion of VII with mono-benzyl succinate by method D, fol-
lowed by removal of the benzyl group by hydrogenation
over palladium-charcoal. The sodium salt VI-26 of the
succinate VI-25 was obtained by treatment of the succinate
VI-25 with an equivalent amount of sodium carbonate fol-
lowed by lyophilization.

Treatment of the bis(N!-hydroxymethyl) derivative VII
with alkyl and aryl chloroformates afforded the correspond-
ing carbonates, such as VI-41 and VI-47, respectively, in
good yields. The carbamate VI-48 was synthesized by treat-
ment of VII with trichloroacetyl isocyanate followed by
removal of the formed trichloroacetyl group with a base.
Treatment of VII with phenyl isocyanate in the presence of
triethylamine afforded the phenyl carbamate VI-49 as a
stable colorless oil.

Chemical Stability Though the acyloxymethyl deriva-
tives VI thus obtained have a hydrolyzable ester bond along
with an amine function in the molecule, they are quite
stable in crystalline form and hardly decomposed even on
standing at room temperature for several months.

The stability of some acyloxymethyl derivatives VI such
as acetyloxymethyl and methoxycarbonyloxymethyl deriv-
atives, VI-2 and VI-41, was examined in water, or acidic
or basic solution by collecting aliquots periodically. The
amount of remaining material was determined by work-up
and high-pressure liquid chromatography (HPLC). The
results are shown in Table II. These compounds are fairly
stable in water. It was also found that the acetyloxymethyl
derivative VI-2 is more stable in water than in a buffer
solution, in which increasing pH reduces its stability. The
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TaBLEIL. Stabilities of 4,4’-(1,2-Ethanediyl)-bis(1-acetyloxymethyl-2,6-
piperazinedione) (VI-2), and -bis(l-methoxycarbonyloxymethyl-2,6-
piperazinedione) (VI-41) in Aqueous Solution

Recovery (%) of VI-2 VI-41
Phosphate buffer” 01N
Time (h) Water HCI Water
pH80 pH70 pHS6
0 100.0 100.0 100.0 100.0 100.0 100.0
1 99.2 — 95.0 — 87.9 95.9
2 96.9 — 88.0 — 77.8 93.1
3 95.8 — 85.5 — 68.2 93.1
4 93.9 — 79.3 — 61.1 92.4
5 92.0 — 74.8 — 53.7 92.4
6 90.0 — 69.4 — — —
7 90.0 - 65.3 - — —
24 67.4 3.3 36.4 53.2 7.2 62.8
48 39.7 0.0 6.6 27.9 0.0 35.9
72 — — 2.1 20.1 — —n

a) Prepared by mixing with Na,HPO, (1/15 mol/l) and KH,PO, (1/15mol/}) in the
following proportions by volume; 1.5:28.5 (for pH 5.6), 18 : 12 (for pH 7.0), 28.5: 1.5
(for pH 8.0).

methoxycarbonyloxymethyl derivative VI-41 seems to be
more stable than the acetyloxymethyl derivative VI-2.

Antitumor Activity These acyloxymethy! derivatives VI
were submitted to antitumor testing against P388 leukemia
and many of them exhibited significant activities as shown
in Table I. Although a comparison of activity between them
was not carried out under optimal dosing, but under single
dosing of 200 mg/kg, the following tentative conclusions on
the structure-activity relationship were obtained.

a) The most active compound among the alkylcarboxyl-
ates is the acetate VI-2. The formate VI-1 is slightly soluble
in water but shows reduced activity. Administration of 200
mg of VI-1 resulted in signs of toxicity. Elongation of the
alkyl chain in alkylcarboxylates leads to lower activity,
while branching of the alkyl chain at the 2-position does not
reduced the activity.

b) Phenylacetates, VI-6 and VI-7, are active and VI-6 is
the most active (7/C 303%), while the biphenylacetate VI-
8 and naphthylacetate VI-9 are less active.

¢) Activity of the alkoxyacetate VI-12 is marginal, while
the aryloxyacetates, VI-13, VI-14, and VI-15, are active.

d) Compounds having a water-soluble amine function in
the acyl moiety, VI-19 and VI-22, are not active but their N-
protected derivatives, VI-18 and VI-21, are active. The N-
acetylalanine derivatives, VI-23 and VI-24, have moderate
solubilities of 2.5%, and 109, respectively, but with less
activity. The alkyl ester with a carboxylic group in the alkyl
chain and its sodium salt, VI-25 and VI-26, show poor
activity.

€) Most of the arylcarboxylate derivatives exhibit good
activities; for example, the 7/C value of the furancarboxyl-
ate VI-38 is 300%,. On the other hand, the piperonylate VI-
31 is less active.

f) Cinnamates, VI-34 and VI-35, show reduced activities.

g) Some carbonates, VI-41 and VI-44, have good activ-
ities.

h) Urethanes, VI-48 and VI-49, are not active, presum-
ably due to a poor susceptibility of the ester bond to cleav-
age by esterase in the body.

Hydrolysis in the Presence of Esterase It was found that
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the bis(N'-acyloxymethyl) derivatives VI described above
were hydrolyzed by enzymes present in porcine liver or rat
tissue (small intestine) homogenate, liberating bis(2,6-di-
oxopiperazine) 1. Although the mechanism of this reaction
has not been elucidated, it might be assumed that enzymatic
hydrolysis of VI to the bis(hydroxymethyl) derivative VII
occurs initially and is followed by spontaneous decomposi-
tion to I as shown below in the Chart 1.

Hydrolysis rates of acyloxymethyl derivatives VI in the

0y 0
Q Dama\ ’
R-COCH:N NCH,CH:N NCH>0C-R
/
esterase
0 0
N\
HOCH:2N NCH.CH:2N NCH;OH
\
0 VI 0
O\ //0
HN  NCH.CH;N NH
Vi \—\<
0 0
ICRF-154 (1)
Chart 1

Tasre III. Relative Rates of Hydrolysis of 4,4’-(1,2-Ethanediyl)bis(1-
acyloxymethyl-2,6-piperazinedione) VI by Esterase Present in Animal
Tissue (in Vitro)

Compound Porcine liver esterase  Rat small intestine esterase
VI-1 <3 <3
VI-2 <3 <3
VI-6 47.6 26.5
VI-7 93.2 12.3
VI-11 145.5 317.5
VI-12 <3 62.0
VI-14 151.5 364.9
VI-15 76.7 16.9
VI-18 <3 <3
VI-19 <3 6.2
VI1-20 <3 <3
VI-21 <3 <3
VI-23 <3 <3
VI-25 <3 <3
VI-27 19.6 426.6
VI-30 8.7 12.3
VI-33 36.2 140.4
VI-34 95.7 190.4
VI-36 <3 9.6
VI-40 53.7 259.5
VI-41 <3 <3
Vi-43 127.8 159.7
VI-44 100 100
VI-46 27.3 39.0
VI-48 <3 <3
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presence of esterase were determined at pH 8.0 at 30°C by
HPLC of aliquots of the reaction mixture during the reac-
tion to determine 1.

Relative rates of hydrolysis (the rate of hydrolysis of the
isobutoxycarbonyloxymethyl derivative VI-44 is taken as
100) after incubation for 10 min are shown in Table III,
indicating a rough correlation between the value and the
structure of the side chain in the following respects.

a) Small esters such as formate VI-1 and acetate VI-2 are
hardly hydrolyzed, while medium- or larger-size esters such
as thiopheneacetate VI-11, phenoxyacetate VI-14, and cin-
namate VI-34 are hydrolyzed more rapidly.

b) Alkylcarboxylic acid esters which have an ionic func-
tion such as an amino or a carboxylic group in the alkyl
chain are less rapidly hydrolyzed. ’

¢) Medium-size carbonates VI-43, VI-44, and VI-46 show
rapid hydrolysis, while the carbamate VI-48 does not.

Most of the bis(N'-acyloxymethyl) derivatives VI thus
synthesized are soluble in organic solvents such as alcohol,
ethyl acetate, chloroform, and so on. This result encourages
us to expect good efficacy as antitumor drugs via enhanced
tissue transfer as compared with the parent compound I.
Some of compounds VI were selected as candidate anti-
cancer drugs, and their activities against several kinds of
tumor models, along with their toxicities and bioavailabil-
ities were further studied. These results will be reported in
the following papers.

Experimental

Melting points were determined in capillary tubes (Yamato melting
point apparatus) and are not corrected. Infrared spectra (IR) were taken
on a Hitachi 260-10 spectrometer. Proton nuclear magnetic resonance
spectra (‘H-NMR) were recorded on a JEOL FX-270 spectrometer with
tetramethylsilane in CDCly and DMSO-d,, or with sodium 3-(trimethyl-
silyl)-1-propanesulfonate in D,0 as an internal standard. HPLC analysis
was carried out by a Hitachi 635 or 655 liquid chromatograph equipped
with a UV recorder.

N,N-Dimethylformamide (DMF) and pyridine used as a reaction
solvent were dried over Molecular Sieves (type 4A), and dichloromethane
and chloroform were washed with water and dried over anhydrous
calcium chloride.

4,4'-(1,2-Ethanediyl)bis(1-hydroxymethyl-2,6-piperazinedione) (VII) A
mixture of 4,4’-(1,2-ethanediyl)bis(2,6-piperazinedione) (I) (2.0g, 7.9
mmol) and DMF (10 ml) was heated at 130°C for 10min with stirring.
Then 2ml of 37% aqueous formaldehyde solution was gradually added
and the mixture was successively heated at the same temperature for 1.5h
with stirring. The reaction mixture was cooled and left to stand overnight
in a refrigerator. The resulting precipitates were collected, washed with
ethyl acetate, and dried in vacuo to give 1.6 g (64.7%) of VII, which was
recrystallized from dioxane as a colorless powder, mp 170—172°C. 'H-
NMR (DMSO-d) 6: 2.61 (4H,s), 3.49 (8H, s), 5.02 (4H, d, /=7.2 Hz), 6.20
(2ZH, t, J=7.2Hz), IR (KBr) cm™!: 1735, 1690, 1670.

Procedure for the Preparation of 4,4’-(1,2-Ethanediyl)bis(1-acyloxymeth-
yl-2,6-piperazinedione) (VI) Method A: A mixture of the bis(hydroxy-
methyl) derivative VII, an excess amount of acid anhydride and pyridine
was stirred for 12 h at room temperature. The mixture was concentrated in
vacuo and the resultant residue was purified by recrystallization and/or
column chromatography on silica gel to give VL.

Method B: Acid.(138 mg, 3 mmol in case of formic acid) was added to
306 mg of acetic anhydride (3 mmol) at 0°C. The mixed anhydride solution
thus obtained was dropped into a solution of 314 mg of VII (1 mmol) in
10 ml! of pyridine at —20°C with stirring. After stirred for 2h at —20°C,
the mixture was stored for 2d in a refrigerator. The resultant colorless
crystals were collected, washed with ethyl ether, and dried over phos-
phborus pentoxide in vacuo, giving VI (305 mg in the case of formate VI-i,
82%).

Method C: Two equivalents of acid chloride or chloroformate was
gradually added dropwise to a solution VII in pyridine or a pyridine—
dichloromethane mixture at 0 °C, and the mixture was stirred overnight at
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TaBLE IV. Physical Data for 4,4'-(1,2-Ethanediyl)bis(1-acyloxymethyl-2,6-piperazinediones) (VI)

Vol.

37, No. 11

Analysis (%)

IR (C=0)

'H-NMR

Com- Yield % mp (°C) Formula Caled (Found)
pound (Method)  (Recryst. solv.) (KBr, cm™!) Chemical shift (5) Solv.
C H N
VIl 82 (B) 154—156 C,.H,N, 04 4540 4.89 1513 1690, 1740  2.70 (4H, ), 3.55 (8H, s), 5.87 (4H, 5), CDCl,
(EtOH-CH,CL,) (45.43  4.95 15.04) 8.03 (2H, s)
VI2 71 (A) 178—181 C,eH,,N, 04 4824 557 1406 1700, 1740  2.01 (6H, s), 2.64 (4H, s), 3.58 (8H, s), CDCl,
(Dioxane) (48.02 5.48 13.88) 5.60 (4H, s)
VI-3 62 (C) 72—75.5 C,,H,,N,Oy 5476 17.10 11.61 1695, 1740  0.94 (12H, d, J=7Hz), 2.05 (2H, m), CDCl,
(MeOH) (54.51 7.05 11.67) 2.18 (4H, d, J=THz), 2.72 (4H, s),
3.56 (8H, s), 5.75 (4H, s)
VI4  52(C) 116 —119 C,,H,,N, O, 5476 7.10 11.61 1695, 1740  1.18 (18H, s), 2.70 (4H, s), 3.54 (8H, s), CDCI,
(AcOEt-n-Hex) (54.76  7.26 11.38) 5.76 (4H, s)
VIS 30 (C) 9495 C,.H;6N,0, 66.80 9.93 7.08 1690, 1740  0.80 (6H, t, J=7Hz), 1.25 (48H, brs), CDCl,
(EtOH) (66.93 10.06 7.10) 1.6 (4H, m), 2.30 (4H, t, /=7 Hz), 2.68
(4H, 5), 3.53 (8H, 5), 5.77 (4H, s)
VI-6 85 (D) 135—137 CpH,oN, 04 61.08 549 10.18 1690, 1740  2.62 (4H, s), 3.51 (8H, s), 3.63 (4H, 5), CDCl,
(2-Methoxyethanol) (61.15 5.69 10.49) 5.81 (4H, s), 7.3 (10H, m)
VI7 89 (D) 170—173 CysHpCLN,Oy  54.28 455 9.04 1700, 1740  2.66 (4H, s), 3.53 (8H, s), 3.78 (4H, s), CDCl,
(2-Methoxyethanol) (54.16 4.62 8.98) 5.84 (4H, s), 7.2—7.3 (6H, m), 7.4
(2H, m)
VI-8 68 (C) 153—155 CyoH3gN,Oq 68.36 545 796 1710, 1720,  2.58 (4H, s), 3.48 (8H, s), 3.67 (4H, s), CDCl,
(2-Methoxyethanol) (68.35 552 7.69) 1755 5.82 (4H, s), 7.3—7.6 (18H, m)
VI-9 45 (D) 223224 Ca6Ha N, Oy - 65.54 534 849 1700, 1740  2.44 (4H, s), 3.43 (8H, ), 4.08 (4H, s), CDCl,
(2-Methoxyethanol)  1/2 H,0 (65.60 5.15 8.39) 5.82 (4H, s), 7.4—7.6 (8H, m), 7.7—
8.0 (6H, m)
VI-10 37 (D) 143—146 C,H,6N,O,, 54.33 494 10.56 1690, 1700, 2.68 (4H, s), 3.54 (8H, s), 3.70 (4H, s), CDCl,
(EtOH) (54.28 5.10 10.38) 1740, 1760  5.83 (4H, s), 6.23 (2H, dd, /=0.6, 3.2
Hz), 6.32 (2H, dd, J=2.0, 3.2 Hz), 7.35
(2H, dd, J=0.6, 2.0Hz)
VI-11 39 (D) 154156 C,.H,6N,O,S, 5123 4.65 996 1705, 1750, 2.66 (4H, s), 3.53 (8H, s), 3.85 (4H, s), CDCl,
(2-Methoxyethanol) (5135 474 9.70) 1760 5.83 (4H, ), 6.9 (4H, m), 7.2 (2H, m)
VI-12 74 (C) 117—120 C,5H,N, 0, 47.16 571 1222 1700, 1740  2.71 (4H, s), 3.43 (6H, s), 3.55 (8H, s), CDCl,
(EtOH) (47.14 583 11.97) 4.03 (4H, s), 5.84 (4H, s)
VI-13 50 (C) 180—183 C,sH,3CLLN,Oyq 51.62 433 8.60 1700, 1760,  2.66 (4H, s), 3.52 (8H, s), 4.62 (4H; s), CDCl,
(2-Methoxyethanol) (51.45 446 8.78) 1780 5.89 (4H, s), 6.82 (4H, d, J=8.9 Hz),
7.23 (4H, J=8.9Hz)
VI-14 43 (C) 153—155 CosHeCLN,O,o  46.68 3.63 7.78 1690, 1750  2.65 (4H, s), 3.59 (8H, 5), 4.95 (4H, 5), DMSO-d
(2-Methoxyethanol) (46.41 394 17.75) 5.75 (4H, s), 7.07 (2H, d, J=8.9 Hz),
7.33 (2H, dd, J=2.6, 8.9 Hz), 7.59
(2H, 4, J=2.6Hz)
VI-15 82 (C) 13—117 CyHyoCLN,O,p 5432 513 7.92 1705,1755  1.48 (12H, ), 2.60 (4H, s), 3.58 (8H, s), DMSO-d,
(EtOH) (54.07 5.01 7.76) 5.76 (4H, s), 6.81 (4H, d, J=10.2 Hz),
7.29 (4H, d, J=10.2 Hz)
VI-16 55 (C) 103—104 CogHsF,N,05S, 5168 4.33 861 1690, 1740 2.66 (4H.s), 3.51 (8H, s), 3.53 (4H, s), CDCl,
(2-Methoxyethanol) (51.76 4.38 8.64) 5.78 (4H, s), 7.00 (4H, t, J=9.0Hz),
7.44 (4H, dd, J=5.1, 9.0Hz)
VI-17 67 (C) 139—141 CogHygBr,N,OgS,  43.53 3.65 7.25 1695, 1735  2.65 (4H, s), 3.49 (8H, s), 3.59 (4H, s), CDCl,
(2-Methoxyethanol) (43.66 3.82 7.21) 5.79 (4H, s), 7.28 (4H, d, J=8.9Hz),
7.41 (4H, d, /=8.9Hz)
VI-18 64 (D) 161—164 CyeH,oNLO, 49.67 6.41 13.37 1690, 1740  1.38 (18H, s), 2.65 (4H, 5), 3.59 (8H, 5), DMSO-d
(EtOH) (49.79 6.65 13.33) 3.65 (4H, d, J=5.9Hz), 5.65 (4H, s),
7.23 (2H, t, J=5.9Hz)
VI-19 959 68—72 (dec.) No data” 1670, 1700, 2.68 (4H, s), 3.65 (8H, s), 3.85 (4H, DMSO0-d;
(MeOH-ethyl ether) 1760 brs), 5.77 (4H, s), 8.38 (6H, s)
VI-20 24 (C) 188—189 CyoH,sNLO, 44.11 5.18 1543 1700, 1720, 2.65 (4H, s), 3.55 (6H, s), 3.58 (8H, s), DMSO-d,
(2-Methoxyethanol) (44.02 523 15.18) 1750 3.73 (4H, d, J=6.2Hz), 5.66 (4H, s),
7.56 (2H, t, J=6.2 Hz)
VI-21 68 (D) 72—74 CysH,gNGO,, 5845 6.19 10.76 1700, 1710, 1.42(18H, ), 2.52 (4H, 5), 3.43 (8H, s), CDCl,
(MeOH) (58.39 6.32 1045 1760 5.31 (2H, brd, J=7.0Hz), 5.52 (2H,
brd, /=7.0Hz, 5.83 (4H, s), 7.31
(10H, m)
VI-22 949 102—105 Cy,Hy FNO,,-  46.49 439 10.16 1670, 1690, 2.54 (4H, s), 3.47 (8H, s), 5.20 (2H, s), D,0
(MeOH-ethyl ether)  H,O (46.03 452 987) 1755 5.83 and 5.96 (4H, AB, J=9.9 Hz),
7.5 (10H, m)
VI-23 20 (D) 186—188 C,,H;3,NgO4 48.88 596 15.55 1650, 1700, 1.20 (6H, d, J=7.3Hz), 1.82 (6H, s), DMSO-d,
(EtOH) (48.77 6.06 15.18) 1740 2.65 (4H, s), 3.59 (8H, s), 4.2 (2H, m),

5.60 and 5.66 (4H, AB, /=9.8 Hz),
8.28 (2H, d, /=6.9Hz)
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TaBLe 1V. (continued)

Analysis (%) IR (C=0) '"H-NMR

Com- Yield % mp (°C) Formula Caled (Found)
pound (Method)  (Recryst. solv.) C (KBr, cm 1) Chemical shift (5) Solv.
H N
VI-24 64 (D) 42—45 C,,H36NgOy 50.69 6.38 14.78 1655, 1700, 1.34 (6H, d, J=7.3Hz), 2.09 (6H, s), CDCl,
(AcOEt-n-Hex) (50.37 6.52 14.71) 1740 2.71 (4H, s), 2.95 (6H, s), 3.56 (8H, s),
i 5.13 (2H, q, J=7.3Hz), 5.76 and 5.81
(4H, AB, /J=8.0Hz) )
VI-25 379 143—146 CyoH,6NLOy, 46.69 5.09 10.89 1690, 1710, 2.45(8H, m), 2.65 (4H, s), 3.59 (8H, s), DMSO-d,
(EtOH) (46.60 5.21 10.60) 1740 5.62 (4H, s)
VI-26 —9 No data” 1690, 1740  2.10 (4H, t, J=7.2Hz), 2.37 (4H,t, D,0
J=7.2Hz), 2.64 (4H, s), 3.57 8H, s),
5.59 (4H, s)
VI-27 54 (C) 164—166 Cy6H,6N,Oq 59.76 S.01 10.72 1710, 1730, 2.71 (4H, s), 3.57 (8H, s), 6.03 (4H, 5), CDCl,
(2-Methoxyethanol) (59.81 5.06 10.69) 1750 7.4 (4H, m), 7.55 (2H, m), 8.0 (4H, m)
ViI-28 67 (C) 156—157 CygH30N,O4 61.08 5.49 10.17 1690, 1710, 2.57 (6H, s), 2.72 (4H, s), 3.56 (8H, s), CDCl,
(2-Methoxyethanol) (61.17 5.69 10.22) 1740 6.00 (4H, s), 7.2 (4H, m), 7.4 (2H, m),
7.8 (2H, m)
VI-29 64 (C) 156—158 C,gH3oN,Og - 60.10 5.58 10.01 1700, 1710, 2.38 (6H, s), 2.72 (4H, s), 3.58 (8H, s), CDCl,
(2-Methoxyethanol) 1/2H,0 (60.34 5.44 10.03) 1740 6.03 (4H, s), 7.3 (4H, m), 7.8 (4H, m)
VI-30 92 (C) 146—149 C,sH3N,O; 5772 5.19 9.62 1700, 1710, 2.70 (4H, s), 3.55 (8H, s), 3.88 (6H, s), CDCl,
(EtOH) (57.77 5.30 9.43) 1740 5.99 (4H, s), 6.95 (4H, m), 7.45 (2H,
m), 7.7 (2H, m)
VI-31 61 (C) 198199 C,sHN,O,, 5508 429 9.17 1690, 1710, 2.71 (4H, s), 3.56 (8H, s), 5.99 (4H, 5), CDCl,
(2-Methoxyethanol) (54.95 425 9.17) 1740 6.03 (4H, s), 6.81 (2H, d, J=8.2 Hz),
7.40 (2H, d, J=1.7Hz), 7.60 (2H, dd,
J=1.7, 8.2Hz)
VI-32 75(C) 159—160 CeHF,N,Of 5591 4,33 10.03 1695, 1740 2.73 (4H, s), 3.59 (8H, s), 6.04 (4H, s), CDCl,
(2-Methoxyethanol) (55.75 4.35 10.00) 7.1—7.2 (4H, m), 7.5 (2H, m), 7.9
(2H, m)
VI-33 50 (C) 164—166 C,6H,,CLLN,Oq 52.80 4.09 9.47 1695, 1720, 2.72 (4H, s), 3.58 (8H, s), 6.03 (4H, s), CDCl,
(2-Methoxyethanol) (52.55 4.18 9.22) 1740 7.3 (2H, m), 7.4 (4H, m), 7.8 (2H, m)
VI-34 47 (C) 151—152 C30H30N,Og 62.70 5.26 9.75 1685, 1700, 2.7} (4H, s), 3.57 (8H, s), 5.93 (4H, 5), CDCl,4
(2-Methoxyethanol) (62.51 528 9.67) 1735 6.40 (2H, d, J=16.0Hz), 7.4 (6H, m),
7.5 (4H, m), 7.71 (2H, d, J=16.0Hz)
VI-35 54 (B) 206—209 C;,H34N, Oy, 58.03 5.58 7.96 1700, 1710, 2.68 (4H, s), 3.61 (8H, s), 3.78 (12H, s), DMSO-d,
(2-Methoxyethanol)  1/2H,0 (58.25 5.61 8.00) 1740 5.75 (4H, s), 6.54 (2H, d, /=16 Hz),
6.95 (2H, d, J=8.6Hz), 7.24 (2H, dd,
J=20, 8.6Hz), 7.35 (2H, d, J=2.0
Hz), 7.59 (2H, d, J=16 Hz)
VI-36 50 (C) 196—198 CysH3,N,Oq 67.64 5.07 830 1710, 1730, 2.72 (4H, s), 3.59 (8H, s), 6.06 (4H, s), CDCl,
(2-Methoxyethanol) (67.38 S.18 8.21) 1755 7.3—7.5 (6H, m), 7.6 (8H, m), 8.05
(4H, d, J=8.6Hz)
VI-37 30 (C) 206—207 CyHaoN,Og- 64.65 494 887 1700, 1710, 2.70 (4H, s), 3.57 (8H, s), 6.11 (4H, 5), CDCl,
(2-Methoxyethanol)  1/2H,0 (6436 489 8.77) 1740 7.4—7.6 (6H, m), 7.8 (2H, m), 8.0 (2H,
m), 8.1 2H, m), 8.9 2H, m)
VI-38 52 (C) 166—167 C,,H,,N, Oy 51.66 4.53 10.95 1695, 1710, 2.71 (4H, s), 3.57 (8H, s), 6.00 (4H, s), CDCl,
(2-Methoxyethanol)  1/2H,0 (51.79 4.41 10.89) 1740 6.50 (2H, dd, J=1.6, 3.6 Hz), 7.20
(2H, dd, J=0.6, 3.6 Hz), 7.58 (2H, dd,
J=0.6, 1.6 Hz)
VI-39 72 (C) 181—182 C,,H,; N, Oy 52.59 4.41 11.15 1690, 1715, 2.70 (4H, s), 3.56 (8H, s), 5.96 (4H, s), CDCl,
(2-Methoxyethanol) (52.62 4.40 11.10) 1730 6.72 (2H, dd, J=0.7, 2.0Hz), 7.41
(2H, dd, J=1.6, 2.0Hz), 8.01 (2H, dd,
J=0.7, 1.6 Hz)
V140 70 (C) 158—160 C,,H,,N,O,S, 4942 414 1048 1700, 1710, 2.71 (4H, s), 3.57 (8H, s), 6.00 (4H, 5), CDCl,
(2-Methoxyethanol) (49.35 4.13 10.32) 1740 7.08 (2H, dd, J=3.9, 49Hz), 7.57
(2H, dd, J=1.3, 49Hz), 7.79 (2H, dd,
J=13,3.9Hz)
VI-41 88 (C) 163—165 C,6H,,N, Oy 44.65 5.15 13.02 1705, 1760 2.67 (4H, s), 3.52 (8H, s), 3.80 (6H, CDCl,
(EtOH) (44.55 5.21 12.96) s), 5.81 (4H, s)
VI-42 86 {C) 106—108 CH,eN,O;o 47.15 571 1222 1695, 1735 131 (6H, t, J=7.1Hz), 2.67 (4H,s), CDCl,
(EtOH) 47.21 5.67 12.13) 3.52 (8H, s), 4.22 (4H, q, J=7.1 Hz),
5.82 (4H, s)
VI-43 69 (C) 87—88 C,,H,,N,0,, 51.35 6.66 10.89 1700, 1740  0.92 (6H, t, J=7.3Hz), 1.4 (4H, m), CDCl,
(MeOH) (51.05 6.77 10.88) 1.6 (4H, m), 2.67 (4H, s), 3.52 (8H, s),
' 4.16 (4H, t, J=6.8 Hz), 5.81 (4H, s)
VI-44 88 (C) 132—133 C,,H3,N,Oyq 51.35 6.66 10.89 1700, 1730, 0.94 (12H, d, J=6.9Hz), 2.0 (2H, m), CDCl,
(EtOH) (52.12  6.70 10.86) 1750 2.68 (4H, s), 3.53 (8H, s), 3.94 (4H, d,

J=6.9Hz), 5.81 (4H, s)
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TaBLE IV. (continued)
Analysis () IR (C=0 TH-NMR
Com- Yield % mp (°C) Formula Calcd (Found) ( )
pound (Method)  (Recryst. solv.) — (KBr, cm 1) Chemical shift (5) Solv.
C H N
VI-45 86 (C) 5961 C3oHsoN,O,, 5749 8.04 894  1700,1740 0.9 (12H, m), 1.2—1.4 (16H, m), 1.6 CDCI,
(MecOH) (5732 8.18 9.12) (2H, m), 2.67 (4H, s), 3.53 (8H, s), 4.1
(4H, m), 5.81 (4H, )
VI-46 49 (C) 158—160 C,sH,sN.O,, 5000 4.19 12.49 1700, 1750  2.68 (4H, s), 3.53 (8H, s), 5.27 (4H, 5), CDCl,
(2-Methoxyethanol) (50.18 4.19 12.31) 5.86 (4H, ), 7.54 (4H, d, J=8.6 Hz),
8.22 (4H, d, J—8.6 Hz)
VI-47 60 (C) 140—141 CaeHy6N, 0,0 S5.41 482 994 1700, 1750 2.70 (4H, s), 3.56 (8H, s), 5.93 (4H, s), CDCl,
(2-Methoxyethanol)  1/2H,0 (5539 460 9.93) 7.2-7.5 (10H, m)
VI-48 210212 CH30N O 4199 503 2099 1680, 1700, 2.63 (4H, ), 3.55 (8H, s), 5.53 (4H, 5), DMSO-d,
(DMF-EtOH) (4201 5.19 20.73) 1730, 1740 6.7 (4H, brs)
VI49 589 Glassy-oil C,eHysNeOg 56.51 510 1521 1700, 1730, 2.71 (4H, s), 3.5 (8H, s), 5.82 (4H, 5), CDCl,
(56.58 531 15.38) 1740 7.05 (2H, m), 7.3 (4H, m), 7.4 (6H, m)

a) Preparation and yields are described in the experimental section.
to biological testing.

room temperature. The reaction mixture was concentrated in vacuo, then
the residue was dissolved in chloroform, washed with hydrochloric acid
and water and dried over anhydrous magnesium sulfate. The solvent was
removed and the residue was purified by recrystallization or silica gel
column chromatography to give VI.

Method D: Two equivalents of DCC was added in portions to a solution
of VII, two equivalents of alkylcarboxylic acid and a catalytic amount of
N,N-dimethylaminopyridine in dichloromethane at 0 °C. The mixture was
stirred overnight at room temperature. The resultant colorless crystals
were filtered off and the filtrate was diluted with chloroform, washed with
5% aqueous acetic acid and successively with water, and dried over
anhydrous magnesium sulfate. The solvent was removed and the residue
was purified by recrystallization or silica gel column chromatography to
give VL.

Trifluoroacetates of 4,4’-(1,2-Ethanediyl)-bis(1-aminoacetoxymethyi-
2,6-piperazinedione) (VI-19), and -bis[1-(x-aminophenylacetoxymethyl)-
2,6-piperazinedione] (V1-22)  Bis[(N-zeri-butoxycarbonyl)glycyl] ester VI-
18 was prepared from VII by method D and removal of the protecting
group was carried out as follows.

Compound VI-18 (750mg) was added in portions to stirred tri-
fluoroacetic acid (15mli) at 0°C. After being stirred for 1h at the same
temperature, the solution was concentrated in vacuo. Trituration of the
residue with ethyl ether gave a pale yellow powder which was collected,
washed with ethyl ether, and dried over phosphorus pentoxide in vacuo to
give 740 mg (95%) of VI-19.

The trifluoroacetate of bis(phenylglycyl) ester, VI-22, was prepared
analogously.

Physical data for bis(acyloxymethyl) derivatives VI-19 and VI-22 thus
obtained are shown in Table IV.

4,4’-(1,2-Ethanediyl)bis[ 1-(f-carboxypropionyloxymethyl)-2,6-pipera-
zinedione] (VI-25) The bis(hydroxymethyl) derivative VII was acylated
with succinic acid monobenzyl ester by method D. The crude bis(benzyl
succinate) thus obtained was purified by recrystallization from ethyl
acetate as a colorless powder, mp 119—121°C (66%). '"H-NMR (CDCl,)
0:2.66 (4H +4H, s), 3.51 (8H, s), 5.12 (4H, s), 5.79 (4H, s), 7.3 (10H, m).
IR (KBr) cm™': 1740, 1720, 1700.

A mixture of bis(benzyl succinate) (2.0g) obtained as above, 10%
palladium charcoal (500 mg), ethanol (40 ml), and ethyl acetate (20 ml) was
stirred overnight under hydrogen atmosphere. The catalyst was filtered off
and washed sufficiently with methanol, ethanol, and acetone successively.
The filtrate and the washings were combined, and concentrated in vacuo to
yield 1.22 g (829%;) of succinate VI-25, whose physical data are shown in
Table IV.

Sodium Salt of Succinate VI-25 A 0.2N sodium carbonate solution
(16.3ml; 0.9 eq) was dropped into a suspension of succinate VI-25
(930 mg) in 10 ml of water at 0°C with stirring. The mixture was further
stirred for 10 min at 0 °C, then the remaining precipitates were removed by
filtration. The filtrate was freeze~dried to give 910 mg of the sodium salt
VI-26 as a colorless powder, whose physical data are shown in Table IV.

4,4’-(1,2-Ethanediyl)bis(1-carbamoyloxymethyl-2,6-piperazinedione) (VI-

48) Trichloroacetyl isocyanate (3.4 g) was added dropwise to a suspen- -

sion of VII (2.0 g) in 80 ml of chloroform at 0 °C with stirring. The mixture

b) The purification and/or elemental analysis had not been done when the compound was submitted

was stirred for 5h at room temperature, then the resultant colorless pre-
cipitates were collected, washed with ethyl ether, and dried over phospho-
rus pentoxide to give 4.35g (99%) of 4,4’-(1,2-ethanediyl)bis[{I-(N-tri-
chloroacetylcarbamoyloxymethyl)-2,6-piperazinedione], mp 134—138 °C
(dec.). "H-NMR (DMSO-d,) 8: 2.67 (4H, s), 3.60 (8H, s), 5.78 (4H, s). IR
(KBr) cm™': 1805, 1740, 1700.

Sodium carbonate (20 mg) was added to a suspension of 1.0 g of the bis-
(trichloroacetylcarbamate) obtained above in a mixture of 30ml of
methanol and 3ml of water at room temperature with stirring. The
mixture was stirred for 5 h at room temperature, and the resultant colorless
needles were collected by filtration, washed with ethyl acetate and water,
and dried over phosphorus pentoxide in vacuo to give 374 mg (65%) of VI-
48, whose physical data are shown in Table IV.

4,4’-(1,2-Ethanediyl)bis[1-(~N-phenylcarbamoyloxymethyl)-2,6-
piperazinedione] (VI-49) Phenyl isocyanate (455mg) was added to a
solution of VII (500mg) in 2ml of DMF. After addition of a few drops of
tricthylamine, the mixture was stirred for 4h at room temperature. The
solvent was removed in vacuo and the residue was charged on a silica gel
column eluted with chloroform—methanoi (9: 1, v/v), giving 510 mg (58%)
of VI-49 as a colorless glassy oil. Physical data of VI-49 are indi-
cated in Table IV.

Stability of 4,4’-(1,2-Ethanediyl)-bis(1-acetyloxymethyl-2,6-piperazine-
dione) (V1-2) and -bis(1-methoxycarbonyloxymethyl-2,6-piperazinedione)
(V1-41) in Water About 20 mg of each sample was added to 20ml of
water, and the mixture was ultrasonicated for 10min and filtered
through a membrane filter (0.45 yum). Fractions of 1 ml of the filtrate
was collected. After addition of 3ml of acetonitrile, the mixture was
diluted with the HPLC eluant, having the components listed below, to
20ml and an aliquot was injected into the HPLC column.

Phosphate buffer solutions (pH 5.6, 7.0, and 8.0) and a 0.1Nx HCI
solution of VI-2 were also prepared and their stability was similarly
examined.

HPLC conditions: column, LiChrosorb RP-18 (4 x 200 mm); eluant,
water—acetonitrile (80:20, v/v for VI-2, 70:30, v/v for VI-41); detector,
UV at 210 nm; sensitivity, 0.16 a.u.f.s.; flow rate, 1.0 ml/min; temperature,
room temperature; injection volume, 100 ul.

Antitumor Activity Test The activities of 4,4’-(1,2-ethanediyl)bis(1-
acyloxymethyl-2,6-piperazinediones) (VI-1—VI-49) against P388 leukemia
were examined as follows.

Animals: Groups of seven CDF,; male mice, aged 6 weeks were used.
The mice were maintained on a laminar air-flow shelf and were fed on
ordinary feed pellets (Clea Japan Inc., Tokyo Japan) and tap water ad
libitum.

Evaluation of Antitumor Activity: P388 tumor cells (1 x 10° cells/0.1 mly
were intraperitoneally (i.p.) inoculated into the mice on day 0. A suitable
amount of drug was suspended in 0.5%, aqueous carboxymethylcellulose
solution and administered i.p. twice on days 1 and 5. The T/C value (%) is
defined as

median survival time of treated group

- : - x 100
median survival time of control

These results are shown in Table I.
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Relative Rates of Hydrolysis of 4,4’-(1,2-Ethanediyl)bis(1-acyloxymethyl-
2,6-piperazinediones) in the Presence of Porcine Liver Esterase or Rat Small
Intestine Esterase Sample Solution: Each sample was weighed in a 50 ml
flask and dissolved in 0.25ml! of dimethyl sulfoxide. After addition of
0.25 ml of Tween 80 (supplied by Kao Chemical Co., Ltd.,) as a surfactant,
the mixture in the flask was mixed sufficiently, then diluted with water to
50 ml.

Porcine Liver Esterase Solution: A half ml of a dispersion of porcine
liver esterase (100 U/mg protein), purchased from Sigma Chemical Co.,
Ltd., in 3.2M ammonium sulfate was dissolved in a Tris-HCI buffer
solution (0.01M, pH 8.0), and the mixture was desalted by using a
Centricon (Amicon Co., Ltd.).

Rat Small Intestine Esterase Solution: The small intestine (21.4 g, wet
weight) obtained from two rats was washed with saline and cut to pieces.
The pieces of the small intestine were homogenized in 25 ml of a Tris-HCl
buffer solution (pH 8.0) by using a Waring blender. Centrifugation of the
resulting homogenate at 10000 rpm gave 16 ml of a rat small intestinal
esterase solution as the supernatant.

Hydrolysis by Esterase: Esterase solution (0.01 ml) after preincubation
at 30°C was added to a mixture of 1ml of a sample solution described
above and 0.99 ml of Tris-HCl buffer (0.01 m). The mixture was incubated
for 10 min at the same temperature. An aliquot (100 ul) of the mixture was
collected and injected into the HPLC column.

HPLC conditions: column, YMC-Pack AM312 ODS (6 x 150 mm); pre-
column, LiChroprep RP-18 (25—40 um, 4 x 40); eluant, H,O-methanol
(98:2, v/v); flow rate, 1.5ml/min; detector, UV at 210 nm; sensitivity,
0.005—0.02 a.u.f.s.; temperature, room temperature.
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