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Synthesis and Antitumor Activity of Antineoplaston Al0
Analogs as Potential Antineoplastic Agents
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Abstract—Some analogs and their Mannich bases of Antineoplaston Al0 (Al0) were synthesized.
Chemical yield for the 2-(or 3-)thienyl, benzoyl, and phenylpropionyl analogs were high but 1-na-
phthyl analog was synthesized in low yield. The Mannich bases formation of these analogs with mor-
pholine went very well compared to other bases. 1-Naphthyl, 4-nitrobenzoyl, and phenylpropionyl a-
nalogs of Al0 showed weak in vitro activity but the other Al0 analogs showed weaker or no activity at
10-1000 ng/m!. But their Mannich bases containing A0 analogs showed good in vitro activity compared
to simple A10 analogs.

Keywords [ ] Antineoplastic peptides, Antineoplaston Al0 analog, 3-amino-2.6-piperidinedione, Mannich
base. Antitumor agent
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Fig. 1 — Chemical Structure of Antineoplaston Al0.
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B Al ad el A|ek2 Aldrich Chemical Co.# Al
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chloride % phenylpropionyl chlorideZ benzenes
oA BhEAlA EX3laua s BRS FAsta 27

o} Z+& W 0 2 Mannichg71& A3t

WERE A2 AL0 SEH|
3-(2-Thienylacetyl)amino-2,6-piperidinedione (4a)
Aol wa} 3Hd gt

N-Hydroxysuccinimide ester of 2-thiopheneacetic
acid (2a)

N-Hydroxysuccinimide (8.05g, 70 mmol)&
“racetonitrile (dried over 4A molecular sieve)l
=9 fdg HAA] E4= acetonitrile 80 miol 2-
thiopheneacetic acid (9.95g, 70 mmol)& =< &
A-g T3 ice bathioll A WzkAl7| 3 o 7)ol 1,3-
dicyclohexylcarbodiimide (14.42 g, 70 mmol)]
Fracetonitrile§4& A4 E2 75100 A4 3] A 71et
T A2oM 2417 WHEAI AT 7 JHES ATt
X oAE FEate] 2] EHES AAge] glo] o
& vhdol ARgEtgion B EAEE HetATE s
AH8-514] ethyl acetate/hexane(1:1) 2 £, WAz
AL Ak

mp 138°C

58 15.1g(90.2%)

'H-NMR (CDCly &:2.81(s, 4H, COCH,CH,~
CO) 4.14(s, 2H, CH,COO), 6.96~7.29(m, 3H,
thienyl-H)

MS : m/z 239(M")

2-Thiopheneacetyl-L-glutamine (3a)

2-Thiopheneacetic acid® N-hydroxysuc-
cinimide ester acetonitrile 100 mioll £3)A17) 21
L-glutamine (10.23 g, 70 mmol)& H,0 270 m!, a-
cetonitrile 540 m/ @ NaHCO, 11.76 g (140 mmol)
o] EgHErlo] 59 £AE shetar WHEEE A0A
15A1ZF ¥hS-A 1 Th vk A-S oF 1245 R F5A]Y)
T Aib-water (1:1) 4L 713 pH 2-32.8 =43}
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3-,4-C1 (9, 90
2-,3-Br  (9g, %) 10k-I: n=2, R—-N o ()
3., 4-NO, (9, 9j)

n=2:X= H 9k)

1021 n=0,R=-N_0 (1)

Scheme I

of A AZsn 1HES A HghE 150 miol o] 3-(2-Thiopheneacetyl)amino-2,6-piperidinedione
2 =X AR (NaCh2 A3t MAS & 553} (4a)

o] AlgAte] B4 Ao} HAIFgle] the whgol 1) Crudedt A EE 170°CollA 90E3F 7183t yh&

2 AHgEATh AAEL TLCE FA3tHA gzde] E3E doiA
58 :11.31 g (68.8% as crude product) WztE pAME A S dogilo 5o gAdeto g gals)
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1 ojolg FEsle] vjahAo] pAEAS Ao o < At
g e SAtoll A AEAste] WA 1A & At 75§ 1 17.1 g (as crude product)

mp 179~ 182°C

TE58 1 4.69g (26.6%)

IRneat cm™ : 3280(amide NH), 3180{cyclic im-
ide NH), 1670, 1730(C=0)

'H-NMR (DMSO-dy) 8:1.95(m, 24, CH,CH,-
CO), 2.50(m. 2H. CH,CH,CO), 3.72(s. 2H. ArCH,-
CON). 455(q. 1H. J=10Hz, NCHCO), 6.92~
7.39(m. 3H. thienyl-H), 841(d, 1H, J=10Hz,
CONH-ring). 10.76(s, 1H. CONHCO)

MS : m/z 252(M™)

3-(3-Thienylacetyl)amino-2,6-piperidinedione (4b)
Axel w2} g8t}

N-Hydroxysuccinimide ester of 3-thiopheneacetic
acid (2b)

T5€  16.7¢g (99% as crude product)

'H NMR (CDCly) &:2.82(s. 4H, COCH,CH,-
CO). 3.97(s, 2H, CH,COO), 7.04~7.38(m, 3H.
thienyl-H)

3-(3-Thiopheneacetyl)amino-2,6-piperidinedione
(4b)

mp 182~183°C

F5£€ :5.08¢(28.8%)

IRneat cm™ : 3290(amide NH), 3190(cyclic im-
ide NH), 1660, 1728(C=0)

'H-NMR (DMSO-4g) & 1.95(m, 2H, CHCHLCO),
2.52(m. 2H. CHLCHLO). 3.75 (s, 2H, ArCH,CO).
4.55(g, 1H, J=10Hz. NCHCO), 6.00~7.50 (s, 3H.
thienyl-H), 8.33(d. 1H. J=10Hz, CONH-ring). 10.76
(s. 1H, CONHCO)

MS : m/z 252(M")

3-(1-Naphthylacetyhamino-2, 6-piperidinedione (6d)
Boll we} e ahict.

N-Hydroxysuccinimide ester of 1-naphthylacetic acid
(6a)
2a 2 2b9] AT FUBA WHEAIA WA A

'H-NMR(CDCl,) : 2.66(s. 4H, COCH,CH,CO).
4.32(s, 2H, CH,C00), 7.38~7.88 (m, 7H, na-
phthyl-H) R

1-Naphthylacetyl-L-glutamine (6b) % N-hydroxy-
succinimide ester of 1-Naphthylacetyl-L-glutamine
(6c)

3a Z 3bo] A4 L Yoz N-Hy-
droxysuccinimide ester 17.1 g, L~glutamine (8.76
g. 60 mmol) ¥ NaHCO, (10.08 g, 120 mmol)&
$A1# ¥ A19) |-naphthylacetyl-l-glutamine (6b)
£ @3 o5 ¥ DMF 300 miE 718 &84 o
N-hydroxysuccinimide (6.9 g, 60 mmol) & %< 2
F DMF&9 (90mDe &3t 7)) 1,3-di-
cyclohexylcarbodiimide (12.36 g. 60 mmol) ¢] F<
DMF&og wylalHA A7kgk 3 A2ox 40413
SHSAIATE FAAAEE A7 & Jde HAES

(3L T vl ARgEATh

3-(1-Naphthylacetyl)amine-2,6-piperidinedione (6d)

A7) ol g 100°ColA 617 WEHA) 73 P& W
SES 0°Col Wztste 19 w8t akel A
AUAAT T of AL HHeo APate] 22
Atk ol g AestAgHow Halsto g9
EAE Aol MeOHZ MZAAY3lo] Mo 1A &
Aot

mp 221~224°C

TE5E 291 g (16.4%)

IR™ cm' © 3330(amide NH), 3190(cyclic im-
ide NH). 1650, 1730(C=0)

'H-NMR (DMSO-de) §:1.94(m, 2H. CH,CH,
CO). 2.50(m, 2H, CH,CH,CO). 3.98(s, 2H,
ArCH,CON). 4.63(q. 1H, J=8.0Hz. NCHCO),
7.42~8.16 (m, 5H. naphthyl-H). 8.54(d, 1H, J=
10Hz. CONH-ring). 10.76(s, 1H, CONHCO)

MS : m/z 252(M*)

_—

¢

o2

R o
12 ox 2 o

HiGE 0l0|=4 FAAI0[Q] EtAps
3-(Substituted-benzoyl)aminopiperidine-2,6-dione
%a-j) ~ Coll utet Fdatet.
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3-(Benzoyl)aminopiperidine-2,6-dione (9a)

3~amino-2.6-piperidinedione (0.15g, 1.17
mmoD & FFHYY 2midl He] B Fskel
benzoyl chloride (0.16 g, 1.14 mmol)-& 7tsh 122+
TRt AR g AT 2 BE b 55§
vfeh2 2 AaAste] B g EA e Aot

mp 221~222°C

F58€:0.05g(22.1%)

IR™(em™) : 3190(imide NH), 1730, 1640(C=0)

'H-NMR(DMSO-dy) 8 : 2.1(m, 2H, COCH,CH,),
2.7(m. 2H. COCHCH,). 4.8(g, 1H, J=84Hz
NCHCO), 7.4(m, 4H, arom H), 8.8(d, 1H, CO-
NHCH). 10.9(s. 1H, CONHCO)

3-(2-Fiuorobenzoylhaminopiperidine-2,6-dione (9b)

o)A 94244, mp 189~190°C

F5€:053g (614%) IR™(cm”) : 3220(imide
NH). 1710, 1650(C=0)

'H-NMR(DMSO-d) 8 : 2.03(m. 2H, COCH,CHy).
281(m, 2H. COCHLCH, 48(q, 1H. J=85Hz,
NCHCO). 7.4(m, 4H. arom H), 85(d. 1H, J=
8.0Hz, CONHCH), 10.8(s. 1H, CONHCO)

3-(3-Fluorobenzoyl)aminepiperidine-2,6-dione (9¢)

AN AAY mp 228~229°C

$5%0.11g (28.9%)

IR®™(cm™) : 3200(imide NH), 1760, 1650(C=0)

‘H-NMR(DMSO-dy) 8 : 1.92(m, 2H, COCH,CH,),
263(m, 2H. COCH,CH, 48(q, 1H, J=85Hz,
NCHCO). 7.6(m. 4H. arom H)., 88(d, 1H, J=
7.8Hz, CONHCH), 10.8(s, 1H, CONHCO)

3-(4-Fluorobenzoyl)aminopiperidine-2,6-dione (9d)

WARHA mp 244~246°C

IR®(cm™) : 3200(imide NH), 1730, 1640(C=0)

FE5£ 0278 (711.1%)

'H-NMR(DMSO-dy) &:1.97(m, 2H, COCH,CHp.
2.59(m, 2H, COCH,CH, 48(q. 1H, J=86Hz
NCHCO), 7.8(m, 4H, arom H), 8.75(d. 1H, J=
8.2Hz, CONHCH), 10.8(s, 1H, CONHCO)

3-(3-Chlorobenzoylaminopiperidine-2,6-dione (9¢}

Vol. 41, No. 3, 1997

WABAA mp 220~223°C
FEE 1017¢(56.7%)
IR™(cm™) © 3200(imide NH), 1730, 1640(C=0)
'H-NMR(DMSO-dy) 8 : 1.94(m. 2H, COCHCH).
27m. 2H. COCHLCH, 4.8(q. 1H. J=86Hz,
NCHCO), 7.64(m, 4H, arom H), 8.9d. 1H, J=
8 2Hz, CONHCH). 10.8(s. 1H. CONHCO)

3-(4-Chlorobenzoyl)aminopiperidine-2,6-dione (9)

B AAHY mp 250~252°C

F5£:0.26g (42.7%)

IR"™(cm™) : 3200(imide NH), 1730, 1640(C=0)

'H-NMR(DMSO-dy) 8 : 1.96(m. 2H, COCH,CH,).
2.65(m, 2H. COCHLCH, 4.8(q. 1H, J=86Hz
NCHCO). 7.9(m, 4H, arom H), 88(d, 1H, J=
8.2Hz, CONHCH). 10.8(s, 1H, CONHCO)

3-(2-Bromobenzoyl)aminopiperidine-2,6-dione (9g)

MABA mp 212~213°C

F52:0.11g (31.4%)

IR (cm™ : 3200Gimide NH), 1730, 1650(C=0)

‘H-NMR(DMSO-dy) 8 : 1.88(m, 2H, COCH,CHy).
268(m, 2H, COCH,CH, 4.7(q. 1H, J=85Hz.
NCHCO),7.45(m, 4H, arom H), 8.7(d, 1H, J=
8.3Hz, CONHCH), 10.8(s, 1H, CONHCO)

3-(3-Bromobenzoyl)aminopiperidine-2,6~dione (9h)

BAAD mp 235~237°C

+5€ 1 053¢ (74.9%)

TR®(cm™) : 3200(imide NH), 1730, 1650(C=0)

'H-NMR(DMSO-dy) 8 : 1.92(m, 2H, COCH,CHp),
2.72(m, 2H, COCH,.CH, 48(q. 1H, J=85Hz
NCHCO), 7.74(m, 4H, arom H), 8.9(d. 1H. J=
8.3Hz, CONHCH), 10.8(s, 1H, CONHCO)

3-(3-Nitrobenzoyl)aminopiperidine-2,6-dione (9i)

B/ WAA mp 193~195°C

$E58:0.33g(31.1%)

IR™(ecm™) : 3200(imide NH), 1720, 1650(C=0)

'H-NMR(DMSO-d) 8 1.78(m, 2H, COCH,CH,)
248(m, 2H, COCH,CH, 4.7(q. 1H., J=85Hz
NCHCO). 811(m, 4H, arom H), 9.1(d. 1H, J=
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8.3Hz, CONHCH). 10.8(s, 1H, CONHCO)

3-(4-Nitrobenzoyl)aminopiperidine-2,6-dione (9j)

F83A mp 199~200°C

F58:0.1g (23.8%)

TR™(cm™) : 3200(imide NH), 1700, 1660(C=0)

'H-NMR(DMSO-dg) 3 : 1.82(m, 2H, COCH.CHy).
257m. 2H, COCHCH, 4.8(q, 1H, J=86Hz,
NCHCO). 7.34(m, 4H, arom H). 9.1(d, 1H, J=
8.3Hz, CONHCH). 10.8(s, IH, CONHCO)

3-(Phenylpropionyl)aminepiperidine-2,6-dione (9k)

mp 165.8°C

5% :53.1%

H-NMR(DMSO-4) : 1.81~2.10(m, 2H, CH.CH,-
CO), 2.42~3.07(m, 6H, Ar-CH,CH,CO & CH,CH;-
CO), 4.58(q, 1H. J=8.4Hz, NCHCO), 7.27(s, 5H,
arom H), 8.27(d. 1H. J=8.1Hz, CONH-ring). 10.83
(s. IH, CONHCO)

"Mannich basef}4d

3-(2-Thiopneneacetyl)amino-2,6-dioxo-1-morpholi-
nomethylpiperidine (Sa-I)

3-(2-Thiopheneacetyl)amino-2,6-piperidine-
dione 0.50 g (2 mmol)™ Werner 59 3Hdubsd 9o
#3le) FA1st N-hydroxymethylmorpholine 0.47
g (4 mmol)& EtOAc 20 mlol 7}3l9 2087 $-&3)
A TgAI & FAA T3 T benzene2 . AWHH
st

mp 132~134°C

T5& 1 84.3%

IR™(cm™) : 3280(amide NH) 1680, 1735(imide
C=0) 1650(amide C=0)

'H-NMR(CDCl) 8:1.92(m, 2H, CH,CH,CO),
2.65(t, 4H, J=5Hz, CH,NCHy), 2.86(m, 2H, CH,-
CH,CO). 364(t. 4H, J=5Hz, CH,OCH, 3.85(s,
2H. thienyt-CH,CO), 4.46(m, 1H, NCHCO) 4.68(d.
ZH, J=3.6Hz, NCH,N), 6.28(brs, 1H, CONHCH),
6.97~7.35(m, 3H, thienyl-H) MS(m/z, M*) : 351

3-(2-Thiopheneacetyl)amino-2,6-dioxo-1-piperidino-
methylpiperidine (5a-IT)

mp 123~124°C

FEE84.0%

IR®(cm™) : 3280(amide NH). 1680, 1740(imide
C=0), 1650(amide C=0)

"H-NMR(CDCly 8:1.45~1.65(m, 6H. CH,CH,~
CH,), 1.65~2.00(m, 2H, CH,CH,CO), 2.55(m. 4H,
CH,NCHp. 2.85(m, 2H, CH,CH,CO). 3.85(s. 2H,
thienyl-CH,CO), 4.50(m, 1H. NCHCO). 4.75(d,
2H. J=3Hz. NCHN). 660(b. 1H. CONHCH).
6.97-7.35(m, 3H, thienyl-H) MS(m/z, M) : 349

3-(2-Thiopheneacetylamino-2,6-dioxo-1-pyrrolidi-
nomethylpiperidine (5a-III)

+5£:49.3%

'H-NMR(CDCly) 8:1.76(m. 4H, CH.CH.CH,-
CHy). 1.98(m, 2H, CH,CH,CO), 2.38~2.57(m. 2H,
CH,CHCO), 2.66~2.90(m. 4H, CH,NCH,), 3.85(s.
2H, thienyl-CH,CO), 4.50(q, 1H, J=THz,
NCHCO). 4.81(d. 2H, J=2.5Hz, NCH,N), 6.50(b.
1H, CONHCH), 6.97~7.30(m. 3H, thienyl-H) MS
(m/z, M*) : 335

3-(2-Thiopheneacetyl)amino-2,6-dioxo-1-homo-
piperidinomethylpiperidine (5a-1V)

mp 131~132°C

T55 166.1%

IR®(cm™) : 3280(amide NH), 1680, 1720(imide
C=0), 1660(amide C=0)

"H-NMR(CDCly) & : 1.43~1.79(m, 10H, CH,CH,~
CH,CH,, CH,CH,CO), 2.42~2.87(m, 6H, CH,CH,~
CO. CH,NCH,). 3.84(s, 2H, thienyl-CH,CO), 4.50
{m, 1H, NCHCO), 4.78(d, 2H, J=2 6Hz, NCH,N),
6.54(b. 1H, CONCH), 6.97~7.30(m, 3H, thienyl-
H) MS(m/z, M") : 363

3-(3-Thiopheneacetyl)amino-2,6-dioxo-1-morpholi-
nomethylpiperidine (5b-I)

mp 156~158°C

58 89.7%

IR®(cm™) : 3260(amide NH), 1680, 1730(imide
C=0), 1650(amide C=0)

'H-NMR(CDCly) & : 1.74~2.21(m, 2H, CH,CH,

J. Pharm. Soc. Korea
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CO). 2.66(t. 4H, J=5Hz. CH,N CH,). 2.87(m,
2H. CHCH,CO). 361-3.72(m, 6H. CH,OCH,
and thienyl -CH,CO). 4.48(m. 1H. NCHCO).
4.67(d, 2H. J=3.6Hz, NCH,N), 6.40(bs. 1H,
CONHCH). 7.01~7.41(m, 3H. thienyl-H)

3-(3-Thiopheneacetyl)amino-2,6-dioxo-1-piperi-
dino-methylpiperidine (5b-II)

mp 118~120°C

FEE& 1 88.8%

IR™(cm™) : 3320(amide NH). 1680, 1730(imide
C=0), 1650(amide C=0)

'H-NMR(CDCl,) 8: 1.43~1.98(m, 8H. CH,CH,-
CH,CH,CH; and CH,CH,CO), 2.47(m, 2H, CH,-
CH,CO), 2.75(m. 4H, CH,NCH,), 3.67(s, 2H,
thienyl-CH;CO), 4.50(m, 1H, NCHCO), 4.69(d,
2H. J=3.2Hz, NCH,N). 6.40(b, 1H, CONHCH),
7.00~7.41(m, 3H, thienyl-H)

3-(3-Thiopheneacetyl)amino-2,6-dioxo-1-pyrrolidi-
nomethylpiperidine (5b-IIT)

T5&:49.3%

'H-NMR(CDCl) : 1.45~2.00(m, 8H. CH,CH,-
CO. CHLCH,CH,), 2.38~257 (m, 2H, CH,CH,~
CO). 2.85(m. 4H, CH,NCH,). 3.85(s, 2H, thienyl~
CH, CO). 4.50(m. 1H, NCHCO), 5.11(d, 2H. J=
3Hz. NCH,N). 6.97~7.30(m. 3H. thienyl-H)

3-(1-Naphthylacetyl)amino-2,6-dioxo-1-morpholi-
no-methylpiperidine (7d-I)

mp 172~174°C

T5E 1 746%

IR™(cm™) : 3400(amide NH). 1680. 1730(imide
C=0)

H-NMR(CDCly) §:15~24(m. 2H, CH,CH,-
CO). 2.66~2.86(m., 6H. CH,NCH; and CH,CH,~
CO). 3.79(m, 4H. CH,OCH, 4.08(s. 2H. na-
phthyl-CH,CO). 4.51(m. 1H, NCHCO) 4.74(d.
2H. J=2.8Hz. NCH,N), 6.50(b. 1H. CONH CH),
7.45~8.01(m. 7H, naphthyl-H)

3-(1-Naphthylacetyl)amino-2,6-dioxo-1-piperidin-
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omethylpiperidine (7d-1I)

mp 146°C

TFEE 71.3%

IR™(cm™) : 3350(amide NH). 1680, 1730(imide
C=0), 1650(amide C=0)

'H-NMR(CDCl,) &: 1.25~1.86(m, 8H, CH,CH,~
CH,CH,CH; and CH,CH,CO). 2.47(m, 4H. CH,
NCHp). 261~282(m. 2H, CH,CH,CO), 4.08(s.
2H. naphthyl-CH,CO). 4.36~4.60(m. 1H, NCH-
CO), 4.61(d, 2H, J=28Hz, N CH,N), 6.30(s, 1H,
CONHCH). 7.42~17.98(m, 7H, naphthyl-H)

3-(1-Naphthyheetyl)amino-Z,(S-dioxo—l-homopiperi-
dinomethylpiperidine (7d-HI)

mp 126°C

TFE5&:180.1%

IR™(cm™) : 3300(amide NH), 1680, 1730(imide
C=0), 1650(amide C=0)

'H-NMR(CDCly) 8:1.43~2.00(m. 10H, CH,
CH,CH,CH, and CH,CH,CO), 2,52~2.87(m, 6H.,
CH,CH,CO and CH,NCH,). 4.10(s. 2H, nap-
hthyl-CH,CO), 4.50(m, 1H., NCHCO). 4.72(d.
2H, J=2.6Hz, NCH,N), 6.2(b, 1H, CONHCH),
7.43~7.98(m, TH, naphthyl-H)

3-(Benzoyl)amino-2,6-dioxo-l-piperidinomethy-
Imorpholine (15a-I)

mp 156~157°C

F5& 1 90.6%

'H-NMR(DMSO-d;) 8:1.87(m, 2H, CH,CH,~
CO), 2.61(t. 4H, J=4.7Hz, CH,NCH,). 2.81(m,
2H, CH:CH,CO), 3.65(m. 4H, CH,OCH,). 4.74(m,
1H, NCHCO), 4.77(d, 2H. J=3.5Hz, NCH,N). 74
(d. 1H. J=4.9Hz, CONHCH). 7.4~7.7(m, 5H.
arom H)

IR™(cm™ : 3290(amide NH), 1680, 1640(C=0)

3-(Phenylpropionyhamino-2,6-dioxo-1-piperidinome-
thylmorpholine (15k-T)

mp 118~119°C

TE5& 155.7% "H-NMR(DMSO-dy) &:1.67(m.
2H. CH,CH,CO), 2.54(m, 6H. CH,NCH, & Ar-
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CH,CH,), 2.78(m. 2H, CH,CH,CO). 3.0(t, 2H. J
=7.6Hz, Ar-CH,CH,). 3.63(t, 4H. J=4.THz. CH,-
OCH,). 4.57(m. 1H, NCHCO). 4.71(d. 2H, J=3.5
Hz, NCH,N), 6.25(d, 1H, J=5.28Hz, CONHCH),
7.18-7.31(s. 5H. arom H)

IR™(cm™) : 3290(amide NH), 1680, 1650(C=0)

In vitro SIAAIY — 3152 9] gAY gulforho-
damnie B(SRB)¥& ARSI on hAxE A549
(human lung). SK-OV-3 (human ovarian),
HCT-15 (human colon), XF-498 (human CNS)
2 SK-MEL-2 (human melanoma) 5% A-8-319
I A E i3t oFEe] AAERE SAS FA
AN 28H 7 598 50% JAlETae Alket A
EEAATE Bt

d o

B - A2 e slehEe FA9ES AuEd
A108] HLEEOA 2- FEldBe] e A
thienylacetic acid® hydroxysuccinimide esterZ 3}
I L-glutmine® ¥F5-8lod 2- 2 3-thienylacetyl-L-
glutamine® 2 RHFE3 intramolecular cyclizationE
AR BERES gAstrt w3 vhxdste] 290 H

Table I— In viro Antitumor Activity of A10Analogues

ol d7]32} 2+o] 1-naphthylacetyl-L-glutamines 34
3}31 o] & t}A] hydroxysuccinimide® esterd}aled o]
£ DMPF“ellA intramolecular cyclizationAlZich &
#H phenyl ring®} amiderlojoll g4} st & 3-
(benzoyDamino-2,6-piperidinedione ¥gs+ +F
o] f =A== 3-amino-2.6-piperidinedione s &4 3h]
acid halide$} ¥H-AlA A%ich =3 Mannich base¥
2] 7% morpholine. piperidine, pyrrolidine % hex-
aethyleneimine2 AH&3lo] MH-g-A|AM Aoy o|&
33HE-& IR ¥ NMR spectrum .2 &Q13}ic).

In vitro A - 1438 32| AR
T}z Table I 2 Il veplon gizE8324 Al0, &
gl=uto]= A carboplating ARESIAT. #Hd 4l
biocisostere?! Eld'dglo 2 X335t 2- 2 3-thienyl &
ZAe A103 o] Al F=R-(10-1,000 pg/mi)
Woll Al gtEd e 328 4 giled 1yzagos
X85 Ao ekzie] AL VeI #Hd )
ofpl =4 Aialeld ghagr} st e 129| ben-
zoyl 553 4 1 XAPA% GA| gtgAdol glof xpo]
7b vERR) ekgkont ehadr) s B phenyl-
propionyl S 2F7ke] A5/ B
3 0|5 FZ452 Mannich d71e] 3% 2zt 5%
Aot et Aol 2 Z71E Kol Elold $5A

H
EDso( Hg/ ml)

Ar n A459 SK-OV-3 SK-MEL~-2 XF498 HCT15
2-Thienyl 1 100 »1000 1000 1000 21000
3-Thienyl 1 864.0 1000 760.2 1000 »1000
1-Naphthyl 1 353.0 435.0 199.4 218.6 220.7
Pheny! 0 >1000 21000 1000 1000 21000
2-F-phenyl 0 1000 »1000 1000 Y1000 1000
2-Cl-pheny! 0 >1000 21000 21000 1000 1000
4-Cl-phenyl 0 1000 1000 1000 >1000 »1000
4-NO;yphenyl 0 148.5 395.2 914 82.3 114.7
Phenyl 2 165.0 »1000 388.5 222.6 424.9
Al0 1000 >1000 1000 1000 1000
Thalidomide 294.3 1000 1000 104.2 249.4
Carboplatin 34.6 11.6 12.6 33.8 37.3

* Methods: SRB(sulforhodamine B) assay

** Tumor cell lines: A549(human lung), SK-OV-3 (human ovarian) SK-MEL-2(human melanoma). XF498(human

CNS) HCT15¢thuman colon)

J. Pharm. Soc. Korea
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Table II— In vitro Antitumor Activity of Mannich Bases of A10 Anaolgues

“TOL
0 Nk o]

R
EDso( }»lg/ 'ml)

Ar n R A549 SK-OV-3  SK-MEL-2 HCT15 XF498
2-Thienyl 1 mor. 26.0 38.2 23.1 45.0 25.5
2-Thienyl 1 pipe. 235 25.4 25.5 30.6 225
2-Thienyl 1 pyrr. 25.0 25.7 24.6 36.8 23.8
3-Thienyl 1 mor. 234 26.3 24.7 533.3 22.1
3-Thienyl 1 hexa. 25.0 27.6 25.1 24.1 18.3
1-Naphthyl 1 mor. 354 31.8 15.4 452 19.1
1-Naphthy! 1 pipe. 31.9 35.3 30.9 56.1 23.2
1-Naphthy! 1 hexa. 65.4 117.3 354 102.0 38.0
Phenyl 0 mor. 30.2 29.6 18.3 9.3 17.6
Phenyl 2 mor. 34.1 323 18.0 9.3 3.2
A10 1000 21000 1000 1000 1000
Thalidomide 294.3 1000 21000 104.2 249.4
Carboplatin 34.6 11.6 12.6 33.8 37.3

Bt} -z FFAe] A7t 23518 gAdo] By
g@ad7t it zelzt = benzoyl ¥ phenyl-
propionyl %42 morpholine3}32 25 3934

< Yeho
U -

M - A10 Analog¥tidel= A, B 2 CHlol we
22 g ed ol EHEEY FAAANA pi-
peridinedione ring2 #4A171= d sEE9 FH
upe} =g 4G 2olzk Ql7ldl FANEE 23}
A4t} 2-, 3-thienyl 54 49 2% esterdtdt 3
Heleg FAAA intramolecular cyclization©.2
2 2 £42 BEHES PAY & JJoY na-
phthyl FAl9] A2 F7Q 1-naphthyl-a-
cetyl-L-glutamine2 €] 3 &L st 2§ &
&o] Y& 2o} o]& t}A] ester2 gt DMFE]
Foll A cyclizationAlA EHES AUt £33 AL0 a-
nalogol'4 thalidomides} 7327} fARE 3-(X&
benzoyl)amino-2.6-piperidinedionef+ =4 79
Z7H 2 benzoyl-Lglutamine® @4t x4
cyclizationA 71 4% HFEo] AR ytopA] 3-
aminopiperidine-2.6-dioneS WA FAdslar of 7)ol
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acid halide 71319 388 §To = 8o H]
A =gkl ¢4 Al10 analog® A% IR 29 EYHS
B HE EXHEL 3300 cm 204 amided) NH,
1660 cm 2 1730 cm B2l A Jt2 R Y7o &
2 £zen 3 NMRASEH AT piperidine-
2.6-dioneAAS UENE 1719 ©]v|=NH2| peak
£ 10.76 ppmolA & 423131t} Mannich 8719 7
% 2- 2 3-thienyl 554 ¥ 1-naphthyl 5ZAol
morpholine, piperidine, pyrrolidine ¥ hexame-
thylenimine 5& ¥$-AjA 5A43sk= zzte] Man-
nich 97154 48 ©]F morpholine base?] &
A3o] 744 8-0] w¢ke™ pyrrolidine baseE o] 83
Mannich base@4d2] ~&°¢] AzZ3Hct. o€ Al0
analog®) IRAME 9] 7-¢ MannichgAd 22 Q1%
piperidine-2.6-dione®] imide NH Ho|=7} 2-4¥
2 o 902100 NMRAHER ] AL dA] 10.76
ppmOl A peak’t 242 H 1 amine¥ cyclic CH; pro-
ton®] 1.44~1.99 ppmolA Yeltoenl benzoyl %
phenylpropionyl 542} Mannich basex A+
ARE JEPEATH

In vitro BAIY - FASFEY S PAH A
2R AMSE A10S 2 AFolA ALES 5F9 1
ool thsiA 10-1,000 pg/mioA &Ado] #aEs =R
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B
e
2

HEE WUE - e o)HL

ogton gelutolz HA| REAOR o} o5t &
& Jehlidch E135E 2- E 3-Eold A=
A103} o] A7) FRoA Al 4] gl vhd 1-4
g FFA9 ASe AT €48 veho] wE
£ Zho] 2|3l mhet of7he] zbol BRFHJOY ME

Aol 4o Aelgle] viwstr|7t oYt #Hds
7} opr| =4 AiAtole] ghag=o] lolo] tidt T
g7t s AHow gelmute]l=el FTER{ANR
benzoyl 3= A107} o] &Aoo} Yeh}A] gk
utA | 7 X 8A¢] 4-nitrobenzoyl FEAE o3 A4
< yepislth gaxgrt s F713E phenyl-
propionyl 3ZAl= A7) 55edA gL vehd
RO Z Hol, o] gL el Hidgol z2HE XE =
of W& ¢t Avtel T3 ek E TUIAA BAHE X
ARl B AR o7t dokam Algd) $HH o5
Mannich 471¢] 2% A9 F& ol sFAET}
10~50 pg/mil $5% FF8Ao] Yehigen W
8oy g&agre zlolo] ulE Fr} ofF oFstAL
Aol JehtA] &gkt A= 31ghEo] 4Dl lz
2= 597t e FUT FEAL S AAE o
£ in vitro assay WO 2 o|Z L F2EHL &
e A 9lor in vivo assayE B3 1 EHE
vlms] B RAo| sty AlR A 3 X7 ek
AZ olg 7MEAE EFS QlE EElmrlols g4
ZE& AEgE Holm glo] 13 dFe] s F
A7tk £3 0]%-9] Mannich 9719 Z$, A102 2
S TR Ayt gl v dulFos g 2 F
7+ B €9 % benzoyl ¥ phenylpropionyl 5%
A& Z 33t Mannich 9713155 A& A7} A
&5 ofof slejeta QYzhect

n & oo

4 B

1. FEHIREBAE Al0LS HEER 8 1459
FEAFE A8l ol 2 HE 14%9) Mannich g7]
£ g3

9. A109] =4 B2 10~1000 pg/miolA &
Ao] ekslAL BaER] 4L vhA o]E¢] Mannich
A71E dz2deZ 10~50 pg/ml A= 53 ot
2438 eI}

3. B in vitro YA A109] L] X3 F
7 9 Hdgla oju|= A Aol AFAT Zfole 9

g &9t ofstA B E A ekt
ZAle) w4
95U FFAAAG A AT
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