.1 SPECI FI CATI ON GERANYL COMPOUNDS 5 Technical Field This invention relates
to novel geranyl conpounds or nmevalonic acid derivatives, and to their

utilization as antitunmor agents. io Background Art Many geranyl conpounds
.having 1,5-diene structure are present in vivo, and are known as in vivo
precursors of substances having polyene dtructure and exhibiting various
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Di scl osure of the mg ' Thi sl ' | I conpounds
represented by the olrl_(k)l\%ﬁﬁl_g %lﬁg{%g& hg)@f?%%éﬂgfc%ﬁlp%%s 50 35 R NHCO
[ - R-] - (- cooHmevalpnic mcid derivatives, and to their utilization as antitumor

agents,

10 Background Art

Many geranyl compounds having 1,5-diene structure are
present 1n vivo, and are known as in vivo precursors of substances
having polyene structure and exhibiting various physiological
activities. These substances having 1,5-diene structure and polyenes

15 derived therefrom invariably start from mevalonic acid and
biosynthesized.

I noticed, as such geranyl compounds having 1,5-diene
structure, geranic acid or geranylamine, and furthermore mevalonic
acid which is the base for biosynthesis of polyenes, synthesized

20 various derivatives of geranic acid or geranylamine and mevalonic
acid and investigated their physiological activities, in particular,
- antitumor activity and toxicity, and have come to complete the

present invention.

25  Disclosure of the Invention
This invention provides geranyl compounds represented by the
following formulae (I-1), (I-2} or (I-3):
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.10 HO 15 20 R3 CH CHCOOH in which Rl stands for (1-3) CONH -CH CONH - CH
CH20H CH20H or R2 stands for a residual group renmaining after renoving al
car boxyl groups present in a carboxylic acid selected fromthe group
.consisting of malic acid, citric acid, succinic acid, fumaric acid,

2-oxogl utaric acid, pyruvic acid, p-pyruvdam nobenzoic acid, retinoic 25
acid, tyrosine, cysteine, glutamc acid and serine, and where hydroxyl or
am no group(s) are present in the residual group, they may optionally be
protected by acyl (e.g., |lower alkanoyl) or benzyl oxycarbonyl group(s), m
is 1, 2 or 3, 30 nisO, lor2, m+ n show ng the nunber of carboxyl groups
whi ch are present 4gsn_saj ylic acid, and R3 stands for

p- hydr oxyphenyl orRLer@E$ 5&8568€. The invention al so provides neval onic
acid derivatives 35 repregsented by the follow ng formula (1-4)GI§)R4 5 H?
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R2? stands for a residual group remaining after removing all
carboxyl groups present in a carboxylic acid selected from the group
consisting of malic acid, citric acid, succinic acid, fumaric acid,
2-oxoglutaric acid, pyruvic acid, p-pyruvoaminebenzoic acid, retinoic

25 acid, tyrosine, cysteine, glutamic acid and serine, and where hydroxyl
or amino group(s) are present in the residual group, they may
optionally be protected by acyl (e.g., lower alkanoyD) or
benzyloxycarbonyl group(s),

mis 1, 2 or 3,

30 nis 0, 1or 2,

m + n showing the number of carboxyl groups which are

present in said carboxylic acid, and

R? stands for p-hydroxyphenyl or mercapto group.

The invention also provides mevalonic acid derivatives

35 represented by the following formula (I-4):




NH+C CH L;- L;H2CH2-OH 11 1 0 OH (1-4) in which R4 stands for -CH2OH or
-CHs. 10 Those geranyl sugar derivatives of above formula (1-1) include
the following five compounds: N- geranyl gl ucuronani de 15 (1) 20

.N-geranyl gal acturonamide 0 11 C -NH (2) 25 H OH N gal actosyl geranam de
CH20H 30 (3) 35 4 N glucosylgeranamde 9gH20H 5 (4) HO\OH NH and 10
N- f ucosegeranam de (5) 15

OH H CH
H NH— C CH, ‘*“*(i: CH,CH,—OH
0 OH
in which R¢ stands for -CH2OH or —CHs.
10 Those geranyl-sugar derivatives of above formula (I-1) include

the following five compounds:
N-geranylglucuronamide
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N-geranylgalacturonamide
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(;HZ -C-NH 11 OH 0 The geranyl ani de derivatives of above fornula (1-2)
include, for exanple, the follow ng conpounds. 20 N, N-digeranyl malic
diamide O 11 CHNI HOGCGH | 25 30 NHO O acetyl- Ngeranylmalie
.monoamde 0 Il GCGOHI CH GCGOGCH 11 I 0CH2 CG-NH(6) (7) 05
O-acetyl-N, N-digeranylmalic diamde 5 0 4

N-glucosylgeranamide

CH,OH
H O H
H
OH H . 4
HO OH

and
N-fucosegeranamide
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H
OH H (5)
H OH
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0

The geranylamide derivatives of above formula (I-2) include,
for example, the following compounds.
N,N-digeranylmalic diamide
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O-acetyl-N-geranylmalic monoamide




11 GNHI CH2 GOCH 111 0CH-CG-NH 2 11 0 10 15 20 25
NN Ntrigeranylcitric triamde 0 11 CH2 GNH HOGGCNH O
N- ger anyl succi ni ¢ nonoam de CH2 GNH 0 HRCCH2CH2C-NH I 0
.N, N-di geranyl succinic diamde NH CCH2ZCH2ZC-NH 11 |1 0 0 30 N,
N-di geranyl fumari c di am de (8) 5

O-acetyl"N,N-digeranylmalic diamide

|
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N,N,N-trigeranylcitric triamide
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N-geranylsuccinic monoamide
PEPPN
20 H02CCH20 H20—NH (10)

O

N,N-digeranylsuccinic diamide
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N,N-digeranylfumaric diamide




(9) (10) (12) 35 6 N-geranyl fumaric nmonoanmide 5 10 15 20 0 11 H G NH C=C
HO®2C H N-geranyl - 2-oxogl utaric am de N- geranyl pyruvam de CH3 -C 11 -C NH
11 0 0 O 0 N-geranyl - p- pyruvoam nobenzamde CH3 C C-NH 11 11 0 0 CNH

.11 0 25 tyrosine geranylamde 30 HO K jrCH2CH C--NH 0O
6

N-geranylfumaric monoamide

(13)
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(14)
N-geranylpyruvamide
15 /\/l\/\/)\
CHs,—C—?—NH (15)
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N-geranyl-p-pyruvoaminobenzamide
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25 tyrosine geranylamide
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NH, (17)

30

N-acetyltyrosine geranylamide




11 NH G CH2CH2C1-CG--NH 11 1 NH2 N-acetyl tyrosi ne geranyl am de (13) (14)
(15) (16) (17) 3570 11 HO-/\\ /~-CH2 CHCGNH NHCCH3 5 0 (18) Cysteine
geranylamde 10 0 11 HSCH CH CNH H2N d utam c digeranyldiamde 15 0 it
NH G CH2CH2CH C-NH 11 1 0 NH2 serine geranyl am de

7
ﬁ /\/I\/\)\
HO@CHchﬁc—NH 7 7
NH—CCH,
5 0 (18)

Cysteine geranylamide
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10 (19)

Glutamic digeranyldiamide

O
15 M\ I /\M
NH—‘C— CHCH,CH—C—NH

0 NH,
(20)
serine geranylamide
oz -
HOCH,CH—C—NH
| (21)
H,N
and
25 N-geranyl retinamide
)M\ NH=C -~ X R R Y
|
o
30 : (22)

Also the geranylamide derivatives of above formula (I-3)
include the following two compounds:
N-geranoyltyrosine




20 0 1! HOCH2CH-GNH 1 H2N and 25 N-geranyl retinam de (19) (20) (21)
30 (22) . Also the geranyl am de derivatives of above formula (1-3) include
the following two conpounds: N-geranoyltyrosine 35 8 5 and 10 HO ----t\\
.1~-CH2C HCO2H (23) p NH N-geranoylcysteine HSCH2 HC-COH | NH (24) The
meval oni ¢ acid derivatives of above formuga (1-4) include, 15 for exanple,

the foll ow ng:
Ho—©~0H2c|:Hc02H

(23)
NHW\/\’/
5 O
and
N-geranoylcysteine
HSCH;—HC—COH
10 (24)

NH\H/Y\/Y
0

The mevalonic acid derivatives of above formula (I-4) include

7

15 for example, the following:
N-glucosylmevalonamide

CH,OH
H O H
H
OH H (25)
HO OH CH,
H NH—C—CH;—C—CH,CH,OH
I |
o OH

N-galactosylmevalonamide

CH,OH
HO O H
H
OH H (26)
H OH ¢H,
H NH—C—CH,—C—CH,CH,0H
I [

0 OH

N-fucosemevalonamide




N glucosyl neval onamide 20 OH H\ (25) HO OH CH3 NH C CH2 C CH2CH2OH 11
0 OH 25 30 and N-gal actosyl neval onami de CH20H OH CH3 NH- G CH2 G- - CH2CH20OH
11 N-fucoseneval onam de (26) 35 9 HO (27) 5 OH CH3 NH-CCH2 C CH2CH2OH 0 OH
.Anong the conpounds of the fornmula (1-1), those of the formulae (1) and
(2) can be prepared by, for exanple, subj®cting 10 geranylanmi ne to an

am dation reaction with reactive derivatives (e.g., mxed acid anhydride,
active ester, halide or €Hg |ike) of glucuronic acid or galacturonic acid
whose hydr oxyl groq_%s) re protected with acyl group(s) (e.g., acetyl).
O the conpounds of l-1), those of the formulae (3) 15 to (5)
can be prepared by, f subj ecting reactive derivatives

@7
H NH—-C—CHz—C—CHchzOH
i i
O OH

Among the compounds of the formula (I-1), those of the

formulae (1) and (2) can be prepared by, for example, subjecting

10 geranylamine to an amidation reaction with reactive derivatives (e.g.,
mixed acid anhydride, active ester, halide or the like) of glucuronic
acid or galacturonic acid whose hydroxyl group(s) are protected with
acyl group(s) (e.g., acetyD.

Of the compounds of the formula (I-1), those of the formulae (3)

15  to (5) can be prepared by, for example, subjecting reactive derivatives
of geranic acid (e.g., mixed acid anhydride, active ester, halide or the
like) to an amidation reaction with galactosamine, glucosamine or
fucosamine.

Said amidation reaction can be conducted following the

20 conventional method of amidation reaction in the field of peptide
chemistry, normally in an adequate inert organic solvent (e.g.,
tetrahydrofuran, chloroform, N,N-dimethylformamide,
dichloromethane or the like) or in water, under cooling down to about
0°C or heating up to about 60°C, preferably at about 0°C to room

25 temperature.

The use ratio of geranylamine to a reactive derivative of
gulcuronic acid or galacturonic acid whose hydroxy! group(s) are
protected is not strictly limited, but it is normally preferred to use the
geranylamine within a range of 1-2 moles, per mole of the reactive

30 derivative.

The use ratio of galactosamine, glucosamine or fucosamine to a
reactive derivative of geranic acid is again not strictly limited, but
normally it is preferred to use galactosamine, glucosamine or

fucosamine within a range of 1-2 moles, per mole of the reactive

35 derivative.




.of geranic acid (e.g., mixed acid anhydride, active ester, halide or the
like) to an am dation reaction with gal actosam ne, glucosam ne or
fucosami ne. Said amidation reaction can be conducted following the 20
.conventional nethod of ami dation reaction in the field of peptide

chem stry, normally in an adequate inert 10rganic solvent (e.qg.,

tetrahydrofuran, c ' Lyl ] | hane or the
like) or in water, Wjﬁ%ﬁgfgﬁ%@ﬂ%ﬁfﬁ% é@@[ﬁg%%gpg?%re%; ﬁ[ﬁgr{ﬁ% t o about
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geranyl am de derivatives of the above 1 to produced by,
for exanpl e, estiej balidegprhetikehof narbexdic anidizepresenteddry the formula
reactive der('ﬂ)agt ives (e.g., mxed acid anhydride, active

15 [ RH—cooH,),,, (D)

in which R2, m and n have the earlier given significations,
in which hydroxyl or amino group(s) are protected with acyl (e.g.,
lower alkanoyl such as acetyl), benzyloxycarbonyl and the like groups.

20 Said amidation reaction can be conducted following the
conventional method of amidation reaction in the field of peptide
chemistry, normally in an adequate inert organic solvent (e.g.,
tetrahydrofuran, ether, dichloromethane, chloroform,
N,N-dimethylformamide or the like) under cooling down to about 0°C

25 or heating up to about 60°C, preferably at about 0°C to room
temperature.

The use ratio of geranylamine to a reactive derivative of
carboxylic acid of the formula (II) is variable depending on the
number of geranyl group (m) to be introduced into the carboxylic acid,

30 while it is normally preferred to use it within a range of 1 mole to
(m+2) moles per mole of the reactive derivative.

When the hydroxyl- or amino-protective groups are present
after the amidation reacetion, they are removed where necessary by a
de-protection reaction such as hydrolysis to provide geranyl amide

35 derivatives of the formula (I-2).

o



.ester, halide or the |like) of carboxylic acid represented by the fornula
gll) 15[ R (COOHL, (11) in which R2" mand n have the earlier given
significations, in which hydroxyl or am no group(s) are protected with
.acyl (e.g., Ilower al kanoyl such as acetyl), benzyl oxycarbonyl and the |ike
groups. 20 Said am dation reaction can bellconducted foll ow ng the
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either of them within a range of 1-2 moles per mole of the reactive
15  derivative.

Such geranylamide derivatives of the formula (I-2) or (I-3)
produced in the above reactions can be isolated from the reaction
mixtures and purified by conventional means, for example, extraction,
crystallization, chromatography or the like.

20 Those mevalonic acid derivatives of the formula (I-4) can be
prepared, for example, by reacting sugaramine represented by the
following formula:

R4
HO O H
25 H
OH H (I1D)
H OH
H NH,
30 in which R* has the earlier given signification,

or salt thereof with mevalolactone or mevaloyl halide.

Said reaction of a sugaramine of the formula (III) or a salt
thereof with mevalolactone or mevaloyl halide (e.g., mevaloyl
chloride) can be conducted in water or an adequate inert organic

35 solvent (e.g., N,N-dimethylformamide, tetrahydrofuran, chloroform or




10 to about OC or heating up to about 60C, preferably at about OC to room
tenperature. The use ratio of tyrosine or cysteine to a reactive derivative
of geranic acid is not strictly limted, but it is normally preferred to
,use either of themwthin a range of 1-2 noles per nole of the reactive 15
derivative. Such geranylam de derivativesl2of the fornula (1-2) or (1-3)

produced in rtﬂg lﬂ&gVﬁ {eﬁgﬁg*gﬂ&eg%%&g%gﬁﬁe&lﬁégﬁg% g)ﬁ%fﬂﬁgn m xt ures

and purified by conven neans, anpl €,
crystal | i zat temperhtuerabb ghegbivert, iprefdrdtdy fe@mrabeat 409 ababoutaPOL.

derivatives of thegptornula (.1-4) can, he repared, for.e e, by reacting
sugar am ne represew.ﬁ]@dl}%‘i/r?ﬁg O%frﬁﬁyﬁmqﬁﬁt(ﬁfﬁ P&‘?Vﬂ&’yi%migﬂ)# #hi ch R4 has
the earlier gugaamigeidfthetforfuladflIPaist néiredtly Mrhite® baitat st one or
meval oyl halide. Said reaction of a sugaram ne of the fornula (II1) or a

salt thet eonokmallyprefesred touseot—Zumalesyof mevadelactone or meualoyl
hl ori d i , ' i c 35 sol vent
ehloride) caRaRReBRCHENE b he S lrdihi 0 oP IRAYBEANATI O 0N ¢ 35 sof ver

(e.g., N, I met or mam uran, chloro mor 12 the like)
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(111). Wir etertiant appung Sé%fg’aaagfmeﬂw%enémﬂ or ap mprganisbasegnch
T2 1051 588 HAARPR SRR pIB Gy eSS S o
tertiary am tlee dikeh as N-net hyl pi peridine; or an inorganic base such
The mevalonic acid derivatives of the formula (I-4) produced
through above reactions can be isolated from the reaction mixtures
15 and purified by conventional means, such as extraction,
crystallization, chromatography or the like.
Compounds of the formulae (I-1) through (I-4) offered by the
present invention possess excellent antitumore activity, as is clear
from the following measuremet results of antitumor effect.
20
Measurement of antitumor effect
Carcinoma of HuH-7 cells (dendriform cell strain of human
hepatoma) hypodermically implanted or subimplanted in the backs of
5-weeks old female nude mice (BALB/c, Ninox) was aseptically taken
26 out and crushed into 5 x 5 mm?2sized pieces in a phosphate buffer
solution (PBS), a piece of which then being hypodermically implanted
in the backs of the nude mice.
Each test substance was dissolved in corn oil, and the solution
was intraperitoneally administered to the nude mice consecutively
30 once per day at a rate of 250 pg/mouse for 3 weeks, starting from a
week after the implantation. After termination of the
administration, the carcinomas were taken out and weighed to
calculate the antitumor effect and the mice’ weight loss by the
following equations. For the test six mice per group were used, and
35 the group administered with the solvent {(corn oil) alone was made the



.as sodi um hydroxi de, potassi um hydroxi de, potassium carbonate and the
like. The nevalonic acid derivatives of the formula (1-4) produced through
above reactions can be isolated fromthe reaction mxtures 15 and purified
.by conventional neans, such as extraction, crystallization, chromatography
or the like. Conmpounds of the fornulae (I11jl) through (1-4) offered by the
present invent.l p. ss excellent antitunore activity, as is clear from
t he followjng%#gﬁgﬁggﬁﬁT results of antitunor effect. 20 Measurenent of
antitunmor effect Carcinoma of HuH 7 cells (dendriformcell strain of human
hepat oma) hypoder m cal. i mplant ed or subinplanted in the backs of 5-weeks
old fenal e nude niégﬁ? Fé#ﬁﬂﬁﬁéQ) was aseptically taken 25 out and

crushed into 5 x 5 r’r‘r’r?a@iréﬁg tﬁﬁ&ﬁﬁreﬁ@ﬁofﬁ%@@'ﬂ?&guw”er solution (PBS), a
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per day at a rate of 250 g/nouse for 3 weeks, starting froma week after

t he i npl antati on. ’Wéi%httl (@3t ion of the admnistration, the carcinomas
were taken out and werg eg to "calculate the antitunor effect and the mce'

wei ght | oss by the favevagedpodyuaseightsof ¥dest groupshicei x nice per group
were use@p and 35 the-group—admnistered with the solvent (cgrpggil) al one
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Evaluations of antitumor effect and weight loss were

conducted according to the following standard, where the control
15  group values were held to be 100%.

Antitumor effect
- >100%, +/-: 100~75%, +: 75~50%, ++: 50~25%, +++: 25~0%

20 Weight loss
~>110%, +/-: 110~100%, +: 100~95%, ++: 95~90%, +++: <90%

Death rate (death rate during the test period)
—! none
25 +/—: death occurred with high concentration administration
(500 pg/mouse)
+: 1-3 mice dead
++: 3—-5 mice dead
+++: all 6 mice dead

30
Synthetic evaluation
—: weak antitumor effect and very strong toxicity against host
mice
+/—: weak antitumor effect recognizable and toxicity against host
35 mice also observable

+: a fixed level of antitumor effect observable but toxicity




Weight loss (% average body weight of a test group mice 10 x 100 average
body weight of the control group mce Evaluations of antitunor effect and
wei ght | oss were conducted according to the follow ng standard, where the
.control 15 group values were held to be 100% Antitunor effect -: >100%
+/-: 100-75% +: 7550% ++: 50-25% +++: 1#5-0% 20 Weight loss -: >110%

+/-: 110.100% +: 10Q;85%&t hdst gﬁggo J%g?ﬁl"“{g%% Death rate (death rate

during the test perio - none occurred with high concentration
adnmi ni stration (5t¢bstvongiaslitumar effe¢tcebsrryved and texivity agaimstihostr+:  al |
6 mce dead 30 35 Syqé{b%t%g?ﬁval uation -: weak antitunor effect and very

strong toxicity again h mce +1-: weak antitunor effect recognizable

and toxicity agaiast shreig aritittmbs effebt obsebledl andand toeidityeaghimst
antitunor_effect obsgrvable but toxicity 5 14 against host mce al so
“strong ++* strong anfPBLAYECeffect observed and toxicity against host mice
week

The results are shown in the following Tables 1-3.

Table 1
10
Test Substance Antitumor _ox ety Synthetic
Effect Weight Death | gyaluation
loss rate
N-geranyl gulonamide ++ +/— — ++
N-geranyl
galacturonamide T +- +-
N-galactosylgeranamide +++ + - +++
N-fucosegeranamide ++ +f— - +++
Table 2
Test Substance Antitumor . oy Synthetic
Effect Weight | Death | pyajuation
loss rate
N,N-digeranylmalic diamide + + - ++
N,N-digeranylfumaric diamide ++ +/- - ++
N-geranyl:4- . + _ _ s
pyruvoaminobenzamide
N-geranoyltyrosine ++ +{— - ++
Tyrosine geranylamide + +f— - +
N-acetyltyrosine geranylamide + +{— - +




+++:" strong antitunor effect observed and no toxicity against host nice
The results are shown in the followng Tables 1-3. Table 1 10

Ant i t unor Toxi ci tynthetic Sy Test SubstanceEffect Wi ght Deat hEval uati on

.l ossrate N-geranyl gul onam de+++1--++ N-geranyl ++++l-- gal act uronam de
N- gal act osyl ger anam de++++- - +++ N-fucoseggy anam de+++/ - - +++ Table 2
AntitunorZbxicitynthetic S Test Subst amﬁgﬁct Wei ght Death y

| ossrat eEval uati on N, N-di geranyl malic ++- ++ N, N-di geranyl fumari c
di am de+++1--++ N-ger anyl 4- ++--+++ ruvoam nobenzam de

Dl 0

N-ger anoyl t yToSTe+++==++ Tyrosyne geranytgnade++i-—+Nacetryt-tyrosine

geranyl am de++1- 'I; 185 bTabl e 3 Antitumor Toxicity Synthetic
st Substance Effect Weight Death | pyaluation
loss rate
N-glucosylmevalonamide ++ +/- - +++

As is clear from the shown results, the compounds of the
5 invention of the formulae (I-1) to (I-4) possess excellent antitumor
effect against HuH-7 cells and furthermore almost no toxicity, and are
expected to be useful as antitumor agents for treatment and therapy
of various solid cancer represented by liver cancer.
Where a compound of the present invention is used as a

10 medicine such as an antitumor agent, it can be administered orally or
parenterally (e.g., intravenous injection, intramuscular injection,
hypodermic injection, or the like). The effective dose is variable over
a broad range depending on individual patients’ symptoms,
seriousness of the illness, body weight, age, and the doctor’s diagnosis,

15 etc. Normally, however, taking a case of administration by injection,
the dose can be about 1 - about 50 mg/kg/day, which may be
administered at a single time or at plural times dividedly in a day.

Where a compound of the present invention is used as a
medicine, an effective dose of the compound can be formulated with

20 pharmaceutically acceptable carrier or diluent (e.g., excipient, solvent
or other adjuvants) into a preparation form suitable for unit dose
administration, for example, tablet, powder, granule, capsule, enteric
coated pill, troche, syrup, elixer, liquid, suspension, emulsion and the
like.

25 As carriers or diluents useful for the formulation, for example,
excipients such as starch, lactose, sucrose, mannitol, carboxymethyl
cellulose and the like; lubricants such as magnesium stearate, sodium
laurylsulfate, talc and the like; binders such as dextrin,
microcrystalline cellulose, polyvinylpyrrolidone, gum Arabic, corn

30 starch, gelatin and the like; disintegrators such as potato starch,
carboxymethyl cellulose and the like; and diluent solvents such as




_Antitunor ToxicityS nthetic Test SubstanceEffect Wi ght Deat hy Eval uation

| ossrate N-glucosyl meval onani de+++/--+++ As is clear fromthe shown
results, the conpounds of the 5 invention of the formulae (1-1) to (1-4)
.possess excellent antitunor effect against HuH 7 cells and furthernore

al nost no toxicity, and are expected to b useful as antitunor agents for
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age, and the doctor’'s di agnosi s efc ng a case
of adm ni §tratlﬂﬁrbeoanﬂﬁpemtﬁd1 heﬁ‘ﬁenemseaman be about 1- about 50

Qv dedry i n s day GhS REEFRACEh A pRbpReatibis b PlistE 1 the ivEauibnye
medi ci ne, an mdbfemtelryethhlsphaimdu:elmn”aﬂyrﬁttweﬁstibstamc“éibhtrﬁgr beth 20

phar maceuti cal | acfgjggé‘%be carrier or diluent (e.g., excipient, solvent or
ot her adj uvafB&yr aPet @ ¥or m suitabl e for unit dose

admi ni stration, foHderemnfter th@qh%ntﬂﬁi"&eéxpﬁﬁﬁﬂw&%iﬂ%@?é‘%‘,gecﬁ?:h

coated pill, troche syrup,. elixer, liquid, 'suspension, I on an the
like. 2510s raferring toworkingExammes! for the forml ation, for exanple,
exci pients such as starch, |actose, sucrose, mannitol, car boxyrret hyl
cellulose and the |ike; | ubricants such as magnesi um st ear ate, sodium

| auryl sul f at #&xampbesand the | i ke bi nders such as dextrin,

m crocrystal gy %g}sl lxgsn'negle g meﬁg f%lg%%g%ylgaﬁc%{@gﬁgml e "
To a tetrahydrofuran (THF) (20 m)) solution containing
15 O-tetraacetylgalacturonic acid (3.62 g, 10 mmols), triethylamine (1.01
g, 10 mmols) was added, and the solution was cooled to 0°C. Into
this solution isobutyl chloroformate (1.37 g, 10 mmols) solution in
THF (5 mD) was added dropwise at 0°C, followed by 30 minutes’
stirring. Into the resulting solution a geranylamine (1.53 g, 10
20  mmols) solution in THF (5 ml) was added dropwise, followed by an
hour’s stirring at 0°C and further 4 hours’ stirring at room
temperature. After termination of the reaction, 150 ml of chloroform
was added, and the chloroform layer was washed three times each
with 50 ml of water. The chloroform layer was dried over
26 magnesium sulfate, the chloroform was concentrated, and the residue
was purified on silica gel column chromatography. Consequently,
3.58 g (73.5%) of N-geranyl-O-tetraacetylgalacturonamide was
obtained as a viscous oily substance, from its hexane-acetone (3:1)
distillate.
30
'H NMR(CDCls) 8=1.58(3H, s), 1.65(3H, s), 1.68(3H, s),
2.01(3H, s), 2.02(3H, s), 2.05(3H, s), 2.15(3H, s),
2.02-2.11(4H, m), 3.70-3.83(1H, m), 3.83-3.96(1H, m),
5.00-5.17(2H, m), 5.29(1H, d, J=10.8 Hz),
35 5.39(1H, d, J=10.8 Hz), 6.29-6.46(2H, m).




.30 starch, gelatin and the like; disintegrators such as potato starch,
carboxynet hyl cellulose and the like; and diluent solvents such as 16

wat er for injection, physiological saline, aqueous dextrose sol ution,
,vegetable oil for injection, propylene glycol, polyethylene glycol and the
| i ke can be naned. Furthernore, taste- orlidor-correcting agent, colorant,
I sotonicity, stabilizer, antiseptic, soothing agent and the |ike 5 may be

i ncor porated where necessary. In the pharmaceutical preparations according
to the invention, 3 Eoams (duhmolshef ahove produtt wasdisselsed s Sfcmls)

may be incor [ ssary.. Hereinaftter the | ntion is

exgl ai nel:l st P??Eﬁ%ﬁgl’ggﬁ&qﬂr}?ﬁﬂﬂug% ‘?‘%ﬁi&lrn? iWé{rpﬁlﬁf)lﬁ%\(’ﬁ@O% fﬁfi‘ﬁbl added,

tEx?rmlhez fyaudesﬂTisr@%rg;@eho)llzrs?am:dmitemq%eﬂ&tg@éaggm 36tmlefaNde To a
etra rof ura . . SO on ¢ontainjing 1

Otet r)altac@t y@gﬁr&m%aelgwa& Q@&%ﬁz tg ,tﬁﬁcreﬁaﬁbm? mixiueg apdgandensedy g,
10 Mol s) wag e ut e ' tion
i sobut yl )chl oﬁr of o%@?lﬁ%ﬁ;sg?éioq%%m%?%ggﬁh %%%g&%%l?%l %sam(ggédjadded

dropwi se at @od predipitated godoum chiorsde was filtengd affit cThedikeatd wiasy

solution a | am . ; 2 lutipn_ i m.THE (5 was
added dr opvm'ggé,gm Sﬁmﬁﬁééyégﬁ%hﬁ%{)ﬁﬂ@ugﬁgﬁ%ﬂégﬁé%%%)gﬁ 4 rg[eigpfd urs'
stirring at chesmategrephyur EroAi the Hesrameneth mmolof3: 1 hdisteldate, 9506 M of
chl orof orm Ws addefi, and the cgiorof or.m I_ayﬁr was washed three jines each
with 50 M ofN'garanylealaciponamitevas btaiped as @ yiscous i um

sul fate, the I Aded | ; Lfied on
silica gel cg‘ﬁgﬁg ‘géuér)gna_t o;tr()a Ey%ﬁ?g%gﬁﬁﬁ%ﬁggﬂ%ﬁi&%%ﬁopy

N- ger anyl - O s@ctlaacfelttyaganabﬂgrgmﬁﬂrmaihaed titiacospand wassobtaineid. y

subst ance, f‘i“i’l’@iriteid@?ﬁ(@%“/(ﬁcet one (3:1) distillate. 30

15 IH NMR(DMSO0-d6) 6=1.50(3H, s), 1.55(3H, s), 1.56(3H, s),
1.86-2.04(4H, m), 3.48-3.76(2H, m), 3.80-3.94(2H, m),
4.07-4.84(3H, m), 4.99(1H, d, J=9.6 Hz), 5.06(1H, d, J=9.6 Hz).

Synthesis Example 2: Synthesis of N-geranylgulcronamide
20 Synthesis Example 1 was repeated except that
O-tetraacetylglucuronic acid was used in place of

O-tetraacetylgalacturonic acid, to provide the title compound.

I'H NMR(DMSO-d6) 6=1.60(3H, s), 1.68(3H, s), 1.73(3H, s),
25 2.07-2.09(4H, m), 3.58-3.62(2H, m), 3.81-3.95(2H, m),
4.07-4.86(3H, m), 5.05-5.09(1H, m), 5.36-5.40(1H, m).

Synthesis Example 3: Synthesis of N-galactosylgeranamide
To a THF (20 mD solution containing geranic acid (0.84 g, 5
30 mmols), triethylamine (0.51g, 5 mmols) was added and cooled to 0°C,
into which a THF (5 ml solution containing isobutyl chloroformate
(0.68g, 5 mmols) was added dropwise, followed by 30 minutes’ stirring
at 0°C. Then galactosamine hydrochloride (1.08 g, 5 mmols) was
dissolved in 10 ml of water, to which 5 ml of 1N sodium hydroxide was
35 further added, and the solution was added to the reaction mixture all



1H NVR(CDC13) 5=1.58(3H, s), 1.65(3H, s), 1.68(3H, s), 2.01(3H, s),
2.02(3H, s), 2.05(3H, s), 2.15(3H, s), 2.02-2.11(4H m, 3.70-3.83(1H, m,
3.83-3. 96(1H, m, 5.00-5.17(2H, m, 5.29(1H d, J=10.8 Hz), 35 5.39(1H, d,
.J=10.8 Hz), 6.29-6.46(2H, m. 17 3.58 Grans (7 mmols) of above product was
dissolved in 30 M of ethanol, 35 m of 1N aqueous sodi um hydroxi de

sol uti on was aadfigthe. At tié SI10Win@stitki fir AANBUCHPOPCIANA o Nen 35

m of IN5 h oric acid was ad reaction mxtuare an
condensed udethercdi bovas mtcroom éemipenalture cthelveaqiion thixfluretwasol was

2ain condencoitChb@ FhA IR BRRARS T IhE R dRle 15016) of phkdide "¢
chr omat ogr apkyas &dded tael pescipitatedasvdiuas chloriletwas filtoredl off, g THe 10

N- ger anyl gal ronam de obt ai ned as a yi.scous.conmpound. Eth wa
ndded t o §ni CILRAYA RS ConAERasR ORCR.AREIR 414 the Tosiae BYas Separated on

filtration 1 ' ' | Ty ield
L1121, 4 Lo ey o g
1. 86- 2. 04( 4Hobtgined frens the mxang etlmmol (2:dhdistillage asa wiscousaibH, n),

Synthes: s or SRBEIE) oy Ry Kmihor gyt ot o HEE WER! 2GR PR v iallize
except that thegrodactt yThironghonilseaiethivasctice diltratidnce. 7G4 glof the
oAy VA SEbR S Sl S WA o TR R
3.58- 3. 62(2::‘)0%5W§S%5_%%2H, m, 4.07-4.86(3H, n), 5.05-5.09(1H, n,

5.36-5.40(1 Synthesi s Exanple 3: Synthesis of N- gal act osyl ger anam de
To a THE (20 m ) solution containing geranic acid (0.84 g, 5 30 nmols),

triethylamne (0. S1gapp (@MWdﬁ?@I@ﬂ %ng:%gl %ﬁgm%)’ 1[@@%)@ a

THE (5 m) solution contalning I sobutyl chlordfot
1.95-2.01(4H, m), 3.63-3.79(7H, m), 4.25-4.60(3H, m),

15 4.85-4.92(1H, m), 5.00-5.08(1H, m), 6.25-6.31(1H, m).

Synthesis Example 4: Synthesis of N-glucosylgeranamide
Synthesis Example 3 was repeated except that glucosamine
hydrochloride was used in place of galactosamine hydrochloride, to
20 provide the title compound.

'H NMR(DMSO-d6) 6=1.54(3H, s), 1.60(3H,s), 2.03(3H, 9),
1.96-2.20(4H, m), 3.38-3.61(4H, m), 4.38-4.66(3H, m),
5.75(1H, s), 6.34-6.39(1H, m).

25
Synthesis Example 5 Synthesis of N-fucosegeranamide
Synthesis Example 3 was repeated except that fucosamine
hydrochloride was used in place of galactosamine hydrochloride, to
provide the title compound.
30

'H NMR(DMSO-d6) §=1.31(3H, d, J=5.4 Hz), 1.53(3H, s),
1.60(3H, s), 1.72(3H, s), 1.97-2.05(4H, m), 3.88-3.95(2H, m),
4.21-4.24(1H, m), 4.44-4.46(1H, m), 4.82-4.87(1H, m),
5.00-5.13(1H, m).




(0.68g, 5 mols) was added dropwi se, followed by 30 mnutes' stirring at
'OC Then gal act osam ne hydrochloride (1.08 g, 5 nmwls) was dissolved in 10
M of water, to which 5 nl of IN sodium hydroxi de was 35 further added, and
.the sol ution was added to the reaction mxture all 18 at a time. After the
followng stirring for an hour at OC and for further 4 hours at room

t t , ' d undet.reduce pre sure. To
P e b o e B S e
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the product. Through subsequent suction i on otitle
conpound &as sehaoneentTining isobuwigkchBroformate é 1153g,|1@mum WEES

1708 2. 01( aHi0Rpd BqEEr o i P atdjeibur fad roshitnygd. Bate pReinitater, .
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N-gl ucosyl ger m de %ént .hesi s Ex r’r%ll eat ed xcept t _
gl ucosam ne ﬁsﬁ“}atéeﬂlcﬁp HURE LAy I lﬁ!ea@e 9121 Was chl ori de,

?L?GO(Zngr oV ﬁ%%%é hﬁﬁ@tﬁ@%@tﬁiﬂ%ﬁ%@@@% %f?’i?f“?ﬁ“ 02 3%“3@{66( 3H,
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N- f ucosegera t I t_that fuegsam ne
nydrocni or abtbacacil BEY oF PR Guds I REThE S REGRR amifire WEREFC, G
the title comzsutien @Rtracted with chloroform. The chloroform layer was

washed with water and dried over magnesium sulfate. Filtering the

magnesium sulfate off, the chloroform layer was condensed to provide
15 a white crystal. Recrystallizing the same from ethanol, 1.07 g of the
title compound was obtained. The yield was 55%.

H NMR(CDCls) §=1.60(6H, s), 1.62(6H, s), 1.68(6H, s),
2.01-2.10(8H, m), 3.95(4H, t, J=9.6 Hz), 5.04-5.09(2H, m),
20 5.20-5.25(2H, m), 5.94(2H, brs), 6.90(2H, s), 7.26(2H, s).

Synthesis Example 7
Synthesis Example 6 was repeated except that the fumaric
acid was replaced with corresponding carboxylic acid of the earlier
25 given formula (II) in each run, to provide the following compounds:

N-geranylpyruvamide
'H NMR(CDCls) 6=1.55(3H, s), 1.64(3H, s), 1.82(3H, s),
2.00(3H, s), 1.92-2.12(4H, m), 3.84(2H, d, J=7.2 Hz),
30 4.96-5.12(1H, m), 5.22-5.35(1H, m).

N,N-digeranylmalic diamide
IH NMR(CDCl3) 6=1.58(6H, s), 1.64(6H, s), 1.67(6H, s),
1.94-2.14(8H, m), 2.54(1H, dd, J=4.8, 14.8 Hz),
35 2.79(1H, dd, J=3.2, 14.4 Hz), 3.75-3.93(4H, m),



'H NVR(DMBO-d6) 5=1.31(3H, d, J=5.4 Hz), 1.53(3H, s), 1.60(3H, s),

1 72(3H, s), 1.97-2.05(4H, rr) 3.88-3.95(2H, m, 4.21-4.24(1H, m,
A4.44-4.46(1H, m), 4.82-4.87(1H, m, 5.00-5.13(1H, n). 35 19 Synthesis
.Exanple 6: Synthesis of N, N-digeranylfumaric diam de To a tetrahydrofuran
(THF) (20 m ) solution containi ng fumariZ acid (0.58 g, 5 m os),

triethylamne (1.0 1 n s cooled to
0C, into which a T&E%é%?@ sol ufl on %@h%ﬁﬁ&g Wgr of or mat e

(1.53 g, 10 mmols) was added dropwi se. As the addition was conti nued,

white precip ed to f rmAfter.,30 mnutes' stirring at 0C, a THE
(5 mM) sol utq %ﬁga}nwg% w]('j%? ﬁﬁgﬂ?‘?m'énfi? 53 g, 10 mml s) was added

dropw se into the SysIHrNMIQ((L‘D(\HﬁD Ml@@(BPINs)SIEBB(BH@ 6B to
further 4hours nﬂ\@g{ mte rature, <Ater term nation_of the

reaction,®50 m of ed- 1Y eS)r 26518, dd S, W3-8Hzhas t hen
extracted with chl srori(q;f;na dne=£ %zoéwfw 3.9%°3 8ROH WA NES 14 BRI, Sy, an

dri ed over magnesi um su magnesi Um sulTat € of
chl orof orm | ayer \Aésﬂ&(dﬁﬂdhsléﬁ 2dp), cﬁzilﬂélHSt,aImﬁxQ Hzrystal .
Recrystal li zing the sane from ethanol, 1.07 g of the title conpound was

obt ai ned. The yield was 55% 'H NVR( CDC13) 6=1. 60(6H, s), 1.62(6H, s),

1.68(6H, s), 0 ac@ﬂyIZN;LNé Siderahyldalir( didmide hﬁl&ﬁ?@ssﬁiﬂ{ésw{)?h& m, 20
5.20-5. 25 ?’ 26( 2H, Synt hesi s

brs 90(
Exanpl e Syﬁ%‘ﬁé'@ifsmﬁéﬁgl @sma@sgea;éé@aﬁ@ﬁ@gbmmmﬁe as e starting o
was repl acedpyy zgﬁrrespondl ng carboxylic acid of the earlier 25 given
formula (I11) | n each run, to provide the foll ow ng conpounds:
N- ger anyl pyruvam de i H NVR(CDC13) 6=1.55(3H, s), 1.64(3H, s), 1.82(3H, s),

2.00(3H, s), 1.92-2. gy MMrle D182 solerr ), £.eHEH, s), 1.68(6H, s),
1.94-2.01(8H, m), 2.16(3H, s), 2.55(1H, dd, J=13.2, 22.8 Hz),
15 2.97(1H, dd, J=2.4, 22.8 Hz), 3.79-3.89(4H, m),
4.34-4.40(1H, m), 5.02-5.10(2H, m), 5.10-5.20(2H, m).

N,N,N-trigeranylcitric triamide
IH NMR(CDCls) §=1.60(9H, s), 1.66(9H, s), 1.68(9H, s),
20 1.98-2.08(12H, m), 3.76(6H, t, J=6.3 Hz), 4.26(4H, s),
5.07(6H, t, J=6.0 Hz), 5.20(6H, t, J=7.2 Ha2).

N-geranylsuccinic monoamide
IH NMR(CDCls) §=1.60(3H, s), 1.70(3H, s), 1.72(3H, s),
25 1.92-2.15(4H, m), 2.52(2H, t, J=9.6 Hz), 2.70(2H, t, J=9.6 Hz),
3.80-3.90(2H, m), 5.08(1H, t, J=9.6 Hz), 5.18(1H, t, J=6.0 Hz),
5.61(1H, brs).

N,N-digeranylsuccinic diamide, which was synthesized by a similar
30 method, using N-geranylsuccenic monoamide as the starting
material.

'H NMR(CDCls) §=1.60(6H, s), 1.66(6H, s), 1.69(6H, s),
1.97-2.11(4H, m), 2.53(4H, s), 3.84(4H, t, J=5.5 Hz),
35 5.07(2H, t, J=4.9 Hz), 5.17(2H, t, J=5.5 Hz), 5.90(2H, brs).



30 4.96-5.12(1H, n), 5.22-5.35(1H m. N N-digeranylmalic diamde 1H
NMR(CDC13) 8=1.58(6H, s), 1.64(6H, s), 1.67(6H s), 1.94-2.14(8H m,
2.54(1H, dd, J=4.8, 14.8 Hz), 35 2.79(1H, dd, J=3.2, 14.4 Hz),
,3.75-3.93(4H, m, 20 4.32-4.40(IH, m, 5.00-5.10(2H, m, 5.10-5.22(2H m).
O acetyl -N-geranyl mal i ¢ nonoam de 1H NVR(ZIDC13) 6=1.60(3H, s), 1.68(3H, s),
1.69(3H, s), 5 1.96-2.11(4H, m, 2.19(3H, s), 2.65(1H, dd, J=9.6, 22.8
Hz), 3.00(1H, dd, J=2.4, 22.8 Hz) 3.79-3.89(2H, m), 4.51-4.56(1H, m,
5.08(1H, t, NperanylfurhatR(midnoamilles. 0 Hz). O acetyl - N, N-di ger anyl mal i c

di am de, which ' 1 | q1] ak anyl malic
ci d monoan do as.t no AnIMIAGD el 877 0O R kiners) S5 110G <)
1.67(6H, s), 1. 68(@*94@) 16(41{9&1)23%3 %4(@1{ 31)151(%d1}f)ﬁ J=pb H'zb dd,
J=13.2, 22.8 Hz), 15 Hz), 3.89(4H,

4.34-4. 4001H, ), 2512(1 t;(JzHl BrI}{Z) EGBO(H{M( ﬂFrlZ(qQ . o o
N, N-t I citrige CDC13) 6=1. 60(9H, s 1.66 , S),
1. 68(£r9:—I?e;§iny (2::) 1. 9%69}8’8?’1’%—&121 " 76(6H, t, J=6.3 Hz), 4.26(4H, s),
5.07(6H, t, J=6.0 Hz), 5.20(6H, t, J=7.2 Hz) N- ger anyl succi ni ¢ nonoami de

1H NVR( CDC13 1..60( 3H . 72( 3H, , 25 1.92-2.15(4H, ,

2. 52(2|(4 t, }Lgﬂr § 26’("?&1 € déaél (3 sosé 90(2H, m, 5. (()8(1Hm)

t, J=9.6 Hz) 5. 18(1I-I,HtNMlR@)D ) 5= 15;@3}11@ P 12 di geranylsucm ni c

di am de, V\hIChWaSSI’lthEIZdOK) m | ar ) 68 Hl\é_)

N-geranyllguccenl c nJD E‘Sﬁ Iﬂ%e‘z @9@/&11 hgj—ﬁﬁﬂﬂj,ﬁ GiBH\,«IWR@@Cﬁ;HZ)
1.60(6H, s), 1. 6%.@T 49441, 97f, B 02%8.10(2H, m), 5.15-5.22(2H, m).

N-geranyl-p-pyruvoaminobenzamide
IH NMR(CDCls) 6=1.60(3H, s), 1.68(3H, s), 1.70(3H, s),
15 2.03-2.11(4H, m), 2.17(3H, s), 3.95-4.04(2H, m), 4.83(1H, brs),
5.09(1H, t, J=6.6 H2), 5.28(1H, t, J=6.9 Hz).5.94(1H, brs),
6.64(2H, d, J=8.7 Hz), 7.60(2H, d, J=8.7 Hz).

N-geranylretinamide
20 'H NMR(CDCla) 6=1.03(6H, s), 1.12-1.63(6H, m),
1.60(3H, s), 1.66(3H,s), 1.68(3H, s), 1.72(3H, s),
1.87-1.93(4H, m), 2.01(3H, s), 2.37(3H, s), 3.82-3.92(2H, m),
5.03-5.24(2H, m), 5.80(1H, s), 6.12-6.40(3H, m),
7.02(1H, d, J=12.0 Ho), 7.07(1H, d, J=12.0 H2).
25
Synthesis Example 8: Synthesis of N-geranoylcysteine

To a THF (20 mD) solution containing geranic acid (1.68 g, 10

mmols), triethylamine (1.01 g, 10 mmols) was added and cooled to 0°C,
into which a THF (5 ml) solution of isobutyl chloroformate (1.37 g, 10

30 mmols) was added dropwise, followed by 30 minutes’ stirring at 0°C.
To the reaction mixture a solution of cysteine (1.35 g, 10 mmols) as
dissolved in 1N sodium hydroxide (10 ml) was added, followed by an
hour’s stirring at 0°C and further 4 hours’ stirring at room
temperature. After termination of the reaction, 10 ml of 1N

35 hydrochloric acid was added to the reaction mixture and stirred for 10




1.97-2.11(4H, m), 2.53(4H s), 3.84(4H, t, J=5.5 Hz), 35 5.07(2H, t, J=4.9
"Hz), 5.17(2H t, J=5.5 Hz), 5.90(2H, brs). 21 N-geranyl fumaric nonoam de 1H
NI\/R(CDCI 3) 6=1.59(3H, s), 1.67(3H, s), 1.70(3H, s), 1.94-2.16(4H m,
.3.88-4.04(2H, nm, 5.06(IH t, J=7.2 Hz), 5.21(1H t, J=4.8 Hz), 6.30(1H,

d, J=12.0 Hz), 6. 46(1H d, J=12.0 Hz). N2%di geranyl - 2- oxogl utaric di ani de

L Sy 904@“3“2*5“&&@%5581%@ réfstiof igbtinrlygg, °) =" 1

5.15-5. 22( 2Hco nse@@mhya rptmyrem;mmtohen mhmresnﬂiuum&ﬁlﬁblsiyas

6=1. 60( 3H, 6 17

3. 95- 4( 04(2SH)"J'dr‘?%d %@?’P%)’QB%Q?% illi'g%”l‘?ﬁilg?&l e Wé‘rpz‘??(‘ﬁﬁ"e‘ﬁ% =6. 9

H_Z) S. 9|4( 1{'Iﬁltlfa€tion 6Thé(cthanbl sbh&u&n*ﬁ’rhs o'hcéQ'a( cbncﬂe‘x&eﬂ tiader
geranylreti

n& (g 20 1H NN%%C =1, 03( GIE ﬁ 63(6H rr)
1. 60(3H, %), redgerapregsure B’S@ g)vappraﬁqlgﬁ f ergs ar,@be
6 8%(2“40?%,H°ﬁr§1“"§%el?*ﬂ“ﬁf3‘3r°°f§%%%ﬂﬂ% S ieicl @(?%(é?f tg’eﬁzﬁ et %
Synt hesi s Exaopipouaid Sast oktsinedfromgthe hex anysa@mae'(ab)dmﬁﬂlm m)

| ut d (1.68 10 I t t hyl 1.01
0. 10 ot o) HeVRIAHASTRRAS ca' o 0c” into whioh a THE (% m) ol ution
of isobutyl chloroformate (1.37 g, 10 30 mmls) was added dropw se,
foll d by 30 t 0 h | ut
of cystelhe (1. 35 g HONMBIEPES- 556, F AR S umis el 0 )
was added, fol | owegd diy3ary(2pUn) sS4 81-5 0618 HmY6 A7 'AN(UEE m, hour s'

stirring at room
7.25(1H, s).

Synthesis Example 9: N-geranoyltyrosine

15 Synthesis Example 8 was repeated except that the cysteine
was replaced with tyrosine, to provide the title compound:

IH NMR(CDCl:)6=1.55(6H, s), 1.64(3H, s), 1.96-2.00(4H, m),
2.90-3.17(2H, m), 4.81-5.06(3H, m), 6.40-7.21(4H, m),
20 7.25(1H, s).

Synthesis Example 10: Synthesis of glutamic digeranyldiamide
To a THF (20 ml) solution of N-benzyloxycarbonylglutamic

acid (2.634 g, 9.4 mmols), triethylamine (1.899 g, 18.8 mmols) was

25 added and cooled to 0°C. Into this mixture a THF (10 ml) solution of
isobutyl chloroformate (2.566 g, 18.8 mmols) was added dropwise,
followed by 30 minutes’ stirring at 0°C. Then a THF (10 m]) solution
of geranylamine (2.880 g, 18.8 mmols) was added dropwise, followed
by an hour’s stirring at 0°C and further 4 hours’ stirring at room

3¢ temperature. After termination of the reaction, 150 ml of chloroform
was added to the system, and the chloroform solution was washed
with water and dried over magnesium sulfate. The organic solvent
was removed with an evaporator and the residue was separated on
silica gel column chromatography. Thus 3.034 g of

35 N-benzyloxycarbonylglutamic digeranyldiamide was obtained from



,gtenperature. After termnation of the reaction, 10 ml of IN 35 hydrochloric
acid was added to the reaction mxture and stirred for 10 22 mnutes at
roomtenperature. Then the reaction mxture was condensed with a rotary
.evaporator. To the residue ethanol was added, and whereupon precipitated
sodi um chl oride was renoved by filtrati &3 The ethanol solution was once

agai n condenthd HelAe-AkRACH IPHERSMAR W TheIBLPYAROSBIGE, and the

resi due was separate onsilic r'omat ogr aphy.” Thus 0. 556 g of

the title conpoundThas e Ai-henzyloxycanbohglglutamiehgerqityldianiidei | | at e.
Th ield 0 1H 13) 5=1,55(6H 4(,3H ,
1567 2 00( Ar SR E5 Somitiol Sy aStfstolvda 18 b hdpol fod gtilchndlothe 1y

7.25(1H, s). sy behitiore2onpl @f AN Nodén anhylrykidk wasliddad tfotlowedElpl e 8
was repeat ed _except .that the cysteine was rglpl aced with tyrosine, to

provi de the DOUrs stirgiBgrat ropmNwRpeRatare=1 15y geactdgn migpre was) |
1.96- 2. 00( 4HeoMlenséd %ﬂga&d feé'&‘%{’at&-ﬁtaﬁ@s &@g%ﬁg]uermas@eﬁﬁi'zt&}ﬁ) H m, 20

7.25(1H, s). Synthesis . utam c digeranyldi am de
To a THE (20sHida gel eolusanchrhmategyhphyctr browidgl thxeaobject acimpaund34 g,

Sc' Ty B il P TR ) SR B0,
00, Thon B aTE (1T 200 L on E CoAnyL o pe (2000 g 10 B ool €)
was addeb(_) dr _gﬁl\?@’@, aﬁiﬁar%%d ﬁﬂp%ﬁ“ﬁgﬁg'"éﬁ@%/’mg Fﬁ% Sﬁﬁ_t‘%}@: §%§ mﬁ%&&
hours' sti rrm’;%g?tmmﬁﬁe %%é;gﬁﬁé’ﬁié"cf- ﬁé?r%ehgwgst fg_|20 - of the reaction,

150 m of ch orm was a to the syst chl orof orm sol uti on
was washed w th water and dried over magnesium sul fate. The organic

sol vent was renoved 1\ﬁ m(ﬁge@a%gtl%s(ﬁ%tg)e lréaﬂg:ﬁes)was separated on
1.75-2.12(8H, m), 2.32-2.53(2H, m), 3.54-3.88(7H, m),
15 4.88-5.21(4H, m).

Svnthesis Example 11:

Repeating Synthesis Example 10 except that
N-benzyloxycarbonylglutamic acid was replaced with tyrosine,
20 N-acetyltyrosine, cysteine or serine, the following compounds,
respectively, were obtained. Where N-acetyltyrosine was used, the
later deprotection operation was not conducted.

Tyrosine geranylamide
25 'H NMR(CDCl5)6=1.59(3H, s), 1.67(6H, s), 1.82-2.18(4H, m),
2.99-3.09(2H, m), 3.74-3.78(2H, m), 4.99-5.26(3H, m),
7.17-7.43(5H, m).

N-acetyltyrosine geranylamide
30 'H NMR(CDCl2)§=1.60(3H, s), 1.68(3H, s), 1.98(3H, s),
2.00-2.11(4H, m), 2.18(3H, s), 2.90-3.00(2H, m),
3.69-3.79(2H, m), 4.59(1H, dd, J=15.6, 9.6 Hz),
5.00-5.10(2H, m), 6.70(2H, d, J=7.8 Hz), 7.01(2H, d, J=7.8 Hz),
7.27(1H, s).




Silita gel colum chromatography. Thus 3.034 g of 35

N- benzyl oxycar bonyl gl utam ¢ di geranyl di am de was obtained from23 the
hexane-acetone (2:1) distillate. The yield was 58.6% Then the

.N-benzyl oxycar bonyl gl ut am ¢ di geranyl diam de (3.034 g, 5.5 mmols) was

di ssolved in nethanol (20 m ), and to the4 sane solution 20 m of 1N sodium

hydr oxi de wagy n\?&g §)we‘p‘y 5 5 hours' stirring at roomtenperature.
The reaction %?%gmgéﬁ dondensed with an evaporator, and the residue was

separ at gd ?n Si |hl ca ’déINMR([E}D(Hl h)’cb:r]a( 58@Hpb}l(|1t 66(3va)ie1 Brz(:_?r,]Hbjs)act ) .
compoun romthe an illa Bec t he as- obt ai ne
pr(r)rguct was Vi scouyﬁgnﬁ@%’n@j 2@&91‘8@ écﬁa Qﬁéﬁ @auct 10 for
crystallization. Usqyg-supd{aH- ,fn)l 7e33(181 té(?e system 852 ng of the object
compound was obtained. The yield was 37. 1H NVR(CDC13) 5=1. 58( 12H, s),

1.61(6H, 8), 1.75-2.12(8H m, 232253(2H m, 3.54-3.88(7H, m, 15

4. 88-5. 21(4H §¥ arrpl e 11: Repeating Synthesis Exanple 10
except that carf)onyl glutam c acid was replaced with tyrosine,

20 N-acetyl tyr 03| ne, 1HyNMRl(€D(Ela%ﬁ=F1 B58(3Hhe)f I686H) ) 0192084 H, m),

eoPectL Y o S L SO SR R .

NMVR( CDC13) 6=1. 59(354,06(1H %, @E@G@Hé) 517632t lﬁﬁé'ﬂH'B 6. 7798, %&?(ZH m,
3.74-3.78(2H, nm), 4.99-5.26(3 N-acet'yltyrosine

geranyl ald de 30 1H NVR( CDCh) 5= 1 60( 3H s) 1 68( 3H s) 1. 98( 3H, s)
4.50( 1t ad, SyDipede BiRplD1 o Bttty SEN dlhogeyipfeatopdilde o )
7.01(2H, d, J=7.8 H@Jucosamine hydrochloride (2.16 g, 10 mmols) was dissolved
in 20 ml of water, and to the aqueous solution 10 ml of 1N sodium
hydroxide and mevalolactone (1.30 g, 10 ml) were added, followed by 5
15  hours’ heating under stirring at 55°C. After termination of the

reaction, the reaction mixture was condensed under reduced pressure.
To the residue 100 ml of methanol was added and whereupon
separated precipitate was filtered off. The filtrate was condensed
again with an evaporator and the residue was separated on silica gel
20 column chromatography, to provide 1.45 g of the object product from
the ethanol distillate. The yield was 47%. Because the as-obtained
product was a viscous oily substance, a minor amount of
dichloromethane was added thereto to effect crystallization. Upon
suction filtering, 1.10 g of the title compound was obtained, which was
26  strongly hygroscopic and its melting point could not be measured:

1IH NMR(DMSO-d6) 6=1.00(3H, s), 1.44-1.59(2H, m),
2.47(2H, s), 2.96-3.74(10H, m), 4.04-5.08(3H, m).

30 Synthesis Example 13: Synthesis of N-galactosylmevalonamide
Synthesis Example 12 was repeated except that the
glucosamine hydrochloride was replaced with galactosamine

hydrochloride, to provide the title compound:

35 I'H NMR(DMSO0-d6) §=1.08(3H, s), 1.51-1.61(2H, m),



J7.27(1H, s). 35 24 Cysteine geranyl anide i H NVR(CDCl s) 6=1.58(3H, s),
1.66(3H, s), 1.67(3H, s), 1.93-2.10(4H, m, 2.83-3.16(2H, m,
3.83-4.08(3H, m), 5.03-5.19(2H, m), 7.33(1H s). 5 Serine geranylamde iH
JNVR(CDC13) 8=1.59(3H, s), 1.68(6H, s), 1.95-2.14(4H, nm), 3.80-3.95(211, m,
4.34-4.47(2H, m), 4.67(1H t, J=10.8 Hz),256 5.06(1H, t. J=6.0 Hz), 5.17(1H,
t, J=6.0 Hz), 6.77 Sd). ol Irs anpl e 12: Synt hesis of

N- gl ucosyl neval ona%?%%(é}% ggégé‘g%‘%/hgém’ogﬁ?ori de (2.16 g, 10 mmol s) was
dissolved in 20 mM of water, and to the aqueous solution 10 m of 1N sodium

hydr oxi de an Lol act oneg (1,43 10 nmih,were added, foll.qwed by 5 15

hours' heati %@#@éﬂ@%&ﬁ%ﬁtgﬁﬁmwt@“@ﬁwwﬁkwmﬁﬁ reaction,

the reaction m xt ur Synthesigridgagrle UBas epeeredxeeptithat the the residue
ereupon separated precipitate was

100 ml of net hanol was added d.
filtered ®f gTw&m1n¢ Sﬁ’ar%ﬁ]oeﬁgwﬁe@plagadmmwcaﬁaworator and the-
resi due was g béﬁﬁﬂ'iﬂ’é‘ ﬁ#f@dgqhe%ﬂ%cyhdgﬁg?ﬁgﬁgmt ography, to provide

1.45 g of the“object produc om the et I'stillate. The yield was
47% Because the as-obtained product was a viscous oily substance, a m nor

Dhon suct i on i1t er i 16 NERAINAOYGLSE] Befshl of | A GEL Gl B1A0N: o,
was 25 strongly hy@ripsdg2@Hne)i 2148H io2rmi-611HAPH #Yt be nmeasured: iH

NVR(DVEO- d6) 8=1.00(3H, s). 1.44-1.59(20, ). 2. 47(2H, s). 2.96-3.74(10H,
m, 4.041%. 08(3H, m). 30 Synthesis Exanple 13: Synthesis of

N- gal act osyl %\fﬁhﬂ@@mrggxagﬂl@gsi s Exanple 12 was repeated except that the
Two (2) g of N-galactosylgeranamide was dissolved in 1 liter of

water for injection at ambient temperature, isotonized with sodium
chloride and sealed into ampoules. One (1) ml of this injection
15 contains 2 mg of the active ingredient.

Formulation Example 2
Two (2) g of N-digeranylmalic diamide was dissolved in 1 liter

of water for injection at ambient temperature, isotonized with sodium
20 chloride and sealed into ampoules. One (1) ml of this injection
contains 2 mg of the active ingredient.

Formulation Example 3
Two (2) g of N-glucosylmevalonamide was dissolved in 1 liter of

25 water for injection at ambient temperature, isotonized with sodium
chloride and sealed into ampoules. One (1) ml of this injection
contains 2 mg of the active ingredient.




,Gucosam ne hydrochl oride was replaced with gal actosanm ne hydrochloride, to
provi de the title conpound: 35 i H NVMR(DMSO-d6) 8=1.08(3H, s), 1.51-1.61(2H,
m, 25 2.44(2H, s), 2.74-5.16(13H, m. Synthesis Exanple 14: Synthesis of
,N-fucoseneval onam de Synthesis Exanple 12 was repeated except that the 5
gl ucosam ne hydrochl ori de was replaced wi2th fucosam ne hydrochloride, to
provide the title conmpound: 1H NVR( %@;1 06(3H, s), 1.20(3H, d,
J=24.0CHz), 1.54-1.62(2H, m, 2.44(2H, 7S), 2774-5.15(12H, m. 10

Forrmul ati on Exanple 1 Two (2) g of N gal actosyl geranam de was di ssolved in
1 liter of ter r_injection at anbient t er at , l.sotponized with
sodi um chl oride a?{%’r |1§&ﬂm?‘bnﬁﬁﬁsﬂr%%‘?n‘ea$¥ Iﬁe#rpﬁgpvlpgi THH}8€t i on 15
contains 2 nmdl-qh () @ (J-8% i ngredient. Formulation Exanple 2 Two (2) g of
N-di geranyl mal i c di am de was dissolved in 1 liter of water for injection

at anbient tenperature, isotonized wth sodium 20 chloride and sealed into
anpoules. One (1) m of this injection contains 2 ng of the active

i ngredi ent. Formul at N (2) g of N-glucosyl neval onani de was
dissolved in 1 liter [of 25 water for injection at anbient tenp&r-&}ure,
i sotonized with sodium chloride and seal ed into anpoules. One (1) m of

this injection contains 2 ng of the active ingredient. 26 CLAI M 1.
Ger anyl conpounds pepresented by the following formylae (i-i), (1-2) or
(1-3): NHCO [R-J- NHCO R*¢ COOH),

(1-2)
m
3
R— CH,CHCGOH
(I-3)
NH\I_(\Y\/Y
0 .
in which
R! stands for
CONH-CH;— CONH-CH;— CH,OH CH,0H
H O H HO O H HO O H H 0O H
H H H H
OH H oH H OH H OH H
HO OH H OH H OH HO OH
H OH ) H OH , H NHCO— - H NHCO—
CH,
HO O H
H
or OH H
H OH
H NHCO-— |,

R2 stands for a residual group remaining after removing all
carboxyl groups present in a carboxylic acid selected from the group
consisting of malic acid, citric acid, succinic acid, fumaric acid,
2-oxoglutaric acid, pyruvic acid, p-pyruvoaminobenzoic acid, retinoic
acid, tyrosine, cysteine, glutamic acid and serine, and where hydroxyl



JNHOHHOOH HH OHHOHHHOOH4HOH21 NHR3 CH CHCOOH in which R
stands for CONH -CH Z CONH-CH CH2OH H OHor HOH, OH HNHCO (I1-3) R2
Stands for a residual group remaining after renoving all carboxyl groups
present in a carboxylic acid selected fromthe group consisting of malic
acid, citric acid, succinic acid, fumaric2acid, 2-oxoglutaric acid, pyruvic

acid, p-pyru W ' ' | NOJ Lk, . Y Ln C ei ne,
gl utam c aci ﬁ%@@ﬁﬁg?&gﬂﬁeﬂﬂgrﬁy r%(%/?&%@ha&fé@%‘p@hgyéﬁ%ys) are
present in tlopticawlinbe protapted bpacydye.goplowerehlkarmmypoet ect ed by acyl
(e.g., lower.al kanoyl r enzyl oxycar bonyl group(s), ms 1, 2 or 3,
nis0, 1 or 2,ber“z¥T‘??¥5§%’d§&°H§?tgﬁgﬁﬂﬁber of carboxyl groups which are
mis1, 2or3,
nis 0, 1 or 2,
m + n showing the number of carboxyl groups which are
present in said carboxylic acid, and
R? stands for p-hydroxyphenyl or mercapto group.

2. Mevalonic acid derivatives represented by the following
formula (I-4):

R4
HO O H
H
OH H CH )
H OH 3 (I-4)
H NH—ﬁ—CHz—(.l‘r—CHZ,CHz—OH
O OH
in which R* stands for -CH20OH or —-CHs.
3. An antitumor agent containing, as the active ingredient, a

geranyl compound of the formula (I-1), (I-2) or (I-3) as given in Claim
1 or a mevaloic acid derivative of the formula (I-4) as given in Claim 2.

4, A pharmaceutical composition comprising an activity-effective
amount of a geranyl compound of the formula (I-1), (I-2) or (I-3) as
given in Claim 1 or a mevalonic acid derivative of the formula (I-4) as
given in Claim 2, and a pharmaceutically acceptable carrier or
diluent.

5. Method of treating cancer comprising administration of
antitumorically effective amount of a geranyl compound of the
formula (I-1), (I-2) or (I-3) as given in Claim 1 or a mevalonic acid
derivative of the formula (I-4) as given in Claim 2 to a patient.




Jpresent in said carboxylic acid, and R3 stands for p-hydroxyphenyl or
rrercapto group. 2. Mevalonic acid derivatives represented by the foll ow ng
formul a (1-4): RACH3 OHNHGCGCH2 CGCHCH2 OH 11 1 0 OHin which R4
.Stands for -CH20OH or -CH3. 3. An antitunor agent containing, as the active
ingredient, a geranyl conpound of the fozgrula (1-1), (1-2) or (1-3) as
given in daim 1 or a nevaloic acid derivative of the fornula (1-4) as
given in Claim2. 4. A pharnmaceutical conposition conprising an
activity-eff éi:t | ve Usonofiatgerfing] gongpuiind ofphe Tormiula§- lf)O(IFQD ar(1-3) ]B)s
(1-2) or (1-3) ven nCIalm or, a al oni ¢ aci.d derivative t he
fornula (1-4 15%" lﬂ% h‘@%{l‘?ﬁ Oﬂﬂaﬁﬁﬁﬁfﬁﬁ’&m Pﬁéh@foﬁ@@é@t(ﬁﬂ élS

carrier or  @ive®ih. cramdvetfmr@atﬁléﬁ% aRAiBRIEERCGOTPY | S1ng admi ni stration
of antitunorically effective anount o geranyl conpound of the fornula

(1-1), (1-2) or (1 3) as given in Caim1l or a nevalonic acid derivative

of the fornulp@a

ger anyl corrpound Oﬁsteﬁéf?(g\ré‘fﬁpgpf(ﬁnﬁorﬂ[fd&gfﬁ%%% "'231 (5?% gﬁ?gﬁr (ﬁf?'bae?l m 1
or a neval ongiverin Clainy dtorve noévalbaié ar:rdJﬂen(vhtﬁ)e af th@fyenula (Ciae 2
for treatnents t. caQ U@p ah ranyl cogpound of the formul a
(1-1), (1-2)8 E)Yel?in ajm aeggﬁoﬂ}.}c of B! g’?“@“ﬁt‘& MrePAERLIOBSr i vati ve
of the fornmula (1-4) as given in Caim2 for production of pharmaceuti cal
preparati ons.






