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Description of the Backeround:

Extensive studies have been underway for over 2 decades to identify drugs
that could be used to treat cancer. Drugs that either directly or indirectly cause tumor
cell growth arrest, or cause tumor cell death via apoptotic mechanisms have been
identified. However, major limiting factors in anticancer therapy still exist, i.e. drugs'
adverse effects on normal cells and drug resistance developed by cancer cells. Some
new approaches, such as anti-angiogenesis approach, represent new avenues of |

fighting cancer.

Nonetheless the most direct approach to stop cancer is to use drugs that kill
tumor cells. As mentioned above, one major drawback of these conventional cancer-
killing drugs is that they also kill non-cancerous cells and cause severe adverse
effects. In an effort to search for anti-cancer agents that have minimal effects on
normal tissue, a group of compounds with specific structure that directly kill cancer

cells but do not harm normal cells have recently been identified.

A group of specific iso- and anteiso- branched-chain fatty acids with
significant anti-cancer effect has been described in Applicant’s U.S. Application Ser.
No. 09/173,681, now U.S. patent no. . Such compounds as described

in the above Applicant's U.S. Application, and derivatives thereof obtained by
reacting the acid moiety thereof, are described in Applicant's WO 99/53086. These



reacting the acid noiety thereof, are described in Applicant's WO 99/53086.
These 1 WO 01/59067 PCT/ US01/ 00683 conpounds have shown excel | ent

cyt ot oxi cwaxtlissed7y t hr ough i nducti on of apoptosis agai nsteca/isoomessyari ety
of cancer cells, including, but not limted to, |eukem a, breast cancer,

prostate cancer, lung cancer, wth extrengl, oW 1 0Xj Cj.t 0 experinment al
Bni el s, SPMROBIsdENS showeellpt§YtoRdR ActaSy dhropgh fRdupties <,>§ WORSBse

anti - cance ipRer Q{Eégbﬁ&dh Ffﬁg\:@m o, GAPk WARES L) 1Rk RiChrdast al k|
and n=4-22.%315 4, %%24 to %%guggji I'sclose a met Eocf{’]Tlor treéati ng tunors
suscept i blcenden, firostate wemder, lung bangenywath dxaemglydowdpxioity kd sxpeeidwatadl al cohol ,

netal salt or 1aI i phatic ester derivative, or a wool alcohol, or its
car boxyl i ¢"8&4'%, aliphatic ether or aliphatic ester derivative. Deguchi

additional ly disc e that it is characteristic.of wpol fatty acid and wool
al cohol to con@?*gzz?éﬂgénai%ﬁ9%%7%%&'@%@1"0&#@1“&1@&0@@9 aR-GRC sat ur at ed
aliphatic i i AN —sspeciréi c | so-
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of the abd\as5pa6ao Degtichi elisotyse 2 asctifgbfor caatingstuthoscageapyibichatirebtneent

anti-cancer, activj resides in a termpal Qranch strycture, and . a pol ar
group per véth a yop $eid; Wésoreakweéﬁ@&épﬂél (ﬁglt OF %15%‘@@? Fﬁ}%"l derivghivey | ong
chain groyp, Wﬁ%l T iTé‘ErlB&Mﬁ%‘Ek@r\#%ﬂgﬂ%tiP Eﬁ%ﬁ&alilpgé{@é‘&été}rheﬁ%ﬂe?s to a

group of conpounds wi th specific c structure, and possessing

ant i - canc@egacthiiadiditipnallihdisclgsethpt i0fs charaptuintis ofweol fetbyrpeid sedwobl t hr ee

parts: end-tgr{n' nal ro;#lp, | eadi ngf. roup, and E hon -chai,n,, aljphatic,

non- cycl i @089} iCont & rargmeuaniiyaRTdse- Ay arisisar Bishergrtiped alplatied in furt her
detail bel | i < j : hSad : :

sec. - but yi O Epls, IVt oKompRRs § Bhba B e AR et

al i phat i c satncatedalgdhiatic acid¢ amdadlechods. unsat ur at ed, hydrocarbon group, to the

| eadi ng group; the | eading group nust be a polar group. The nore polar it
i s, the strongdovdver,aohe of theaboveamtonairt rgcognlizes Beplitant's discovery that the

anti-cancer activity resides in a terminal branch structure and a polar group per se

directly linked at opposite ends, respectively, of a long chain group.

SUMMARY OF THE INVENTION

The present invention relates to a group of compounds with specific chemical
structure, and possessing anti~cancer activity. This group of compounds are
comprised of three parts: end-terminal group, leading group, and a long-chain
aliphatic, non-cyclic, saturated or unsaturated, hydrocarbon group, defined in further
detail below, to link them. The end-terminal group is isopropyl, sec.-butyl, or fert.-
butyl group; it must be linked by a long-chain aliphatic, non-cyclic, saturated or
unsaturated, hydrocarbon group, to the leading group; the leading group must be a
polar group. The more polar it is, the stronger the anti-cancer activity will be. In
addition, this group of compounds has cancer prevention and immune boosting
functions without harmful side effects to humans and other mémmalian subjects. The
invention also relates to methods of producing these compounds. The above-
mentioned specific group of compounds can be chemically synthesized. It is possible

that they may exist in nature, non-isolated, e.g., in living organisms.



addition, this group of conpounds has cancer prevention and i mune boosting
functions without harnful side effects to humans and ot her manmal i an

subj ect s. wohAa/sebgrventi on al so rel ates to net hods of produgdaudeesss
conmpounds. The above- nentioned specific group of compounds can be

chem cal | y synt hesi zed. It i s _possible that t hey may exist in nature,
non-isol ated, e.g., iPRETAULERDESCRIPINGN G OINFENEODCT/ USO1/ 00683

DETAI LED DESCRI PTI ON OF THE INVENTICN The resent invention is drawn to a
speci fic groupTde peqsﬁ@tdnmlowlt drayiitg aépecegeem@a lof serppeyngs avithTiigueuni que
structure chg o) cﬁff% Se stﬂﬁtgt]trg 18 c%'ﬂg }sg(ﬁ ?]é @?Ae pa%so teﬁ?ﬁgf ng group,

and a | ong- ¢h aln al'pha Hons'c {gita:| unsat ur at
hydr ocar b(gﬂn@r wamngtgréupﬁ Knd btqacrﬂg-claambahpeaﬁc tnehnsyalad sgufaw @funksoprepy! : CH3
sec.-butyl: CH3 CH3 or tert.-butyl: CH3 4 group; CH3 2. The
end- terntﬁ@ﬂ“ﬁﬂ@ebgﬂ§mﬁpﬁ%§dm¥@ the | eading group by a |ong-chain
aliphatic, non-cyclic, saturated or unsaturated, hydrocarbon group, the

|l ength of which is at |least 5 carbons, such as pentanethyl ene, and
preferably between 5 and 19 carbons; B(HEpe Ieadlng grouq t be a polar
group. Thé. nﬂmeenﬁdp@rnn@ltﬁrgumﬁtawmﬁyl the st i (ncer activity
wll be. Wien the | eading group i s non-pOHa", the corrpound W | t have
anti-cancer or cancer prevention or imrune boosting functi@sids This
specific group of compounds can be represented by the follow ng three
formulae (1), (2) or (3):

CH,

or tert.-butyl: CHg—J— group;
CH;

2. The end-terminal group is linked to the leading group by a long-chain aliphatic,
non-cyclic, saturated or unsaturated, hydrocarbon group, the length of which is
at least 5 carbons, such as pentamethylene, and preferably between 5 and 19

carbons;

3. The leading group must be a polar group. The more polar this group is, the
stronger the anti-cancer activity will be. When the leading group is non-polar,
the compound will not have anti-cancer or cancer prevention or immune boosting

functions.

This specific group of compounds can be represented by the following three

formulae (1), (2) or (3):

CH3\ CH3\ CHj3 |
CH(CpHanm)R, CH(CyHopm)R, or CHz——(Cylly )R,
CH3 C2H5 CH3
(1) () 3)

wherein n is an integer of at least 5, and preferably 5 to 19, m is an even

3



CH3, CH3 CH3 CH(CnH2n-m R/ _k CH(CnH2n m R, or CH3 (CnH2n-nm R, CH3 C2H
CH3 (1) (2) (3) wherein nis an integer of at least 5 and preferably 5
to 19, i nwigsniddee@ven 3 WO 01/ 59067 PCT/ US01/ 00683 i nt egerpding€mmMods® 2b,
wherein b is the maxi mum nunber of unsaturated bonds (a double bond is
counted as 1 and a trigle bond is counted as 2), and R can be any pol ar
group. Hovgiogsr fromg 0t db.axtresein brs theanydaymysinzher gf vigsgrated prdsdg in
conmpounds isel d L L chi . i r t her pri or
artr oo ot Ba fbobll® 3y 2P REBHEN conlltala). Bha R ARG BFBBIE P e

excl uded arcupt HEPRRE 0 e extent Ruhaladéslpol@anglolps)restiiigtintompdundnd R i s COOH
or an aliphatic ester thereof or salt thereof, or Ris OH or an aliphatic
et her t herdisstoset by Dapehitor Deguehis suphe 08 gther ppknopa Riios 8EnthephiGEMIUBAS R can

be, but is_n el f Rk : 1 R =
"R R SREeidelib R i O forbSodr i Rfhed, S B or e S
hydr oxyl - Serasilad (b esld (D Reydiam=0e atd RUPCOTIR beimaliphatic sstbetheebf fiyditoxyl
group(s) can be 1 to 5 and they can be |linked to an¥ possi bl e
posi t i on( dhereofapn Rés QH ar-anahiphaicotier dheseofar glihasieyesten thezedfhoxy| - phenyl ami ne
group; sulfonic phenyl anmi ne group; or amno heterocyclic group, while R2
i's hydrogen. AlRgepiesepbinyentpn, Rrrgn R, b is naidapedderthe follovingt hyl or et hyl
group; or R and R2 together with N can be a heterocyclic group, such as
pi peri di ne, pyrl¢ amide greup, saehdsdk FnE€ONRRB, For exanple, CONH\ / OH OH (1)
N- (3, 4- D hydroxyphenyl )-13 -nethyl tetradecanam de _
wherein NR, can be, but is not limited to, the following: hydroxyl-substituted

phenylamine group (wherein the number of hydroxyl group(s) can be 1 to 5, and they

can be linked to any possible position(s)); amino acid; amino-glucose; 3-hydroxyl-4-

carboxyl-phenylamine group; sulfonic phenylamine group; or amino heterocyclic

group, while R, is hydrogen. Alternatively, R, and R, can independently be methyl or

ethyl group; or R, and R, together with N can be a heterocyclic group, such as

piperidine, pyrrolidine, morpholine, etc.

For example,

//L\//\\//\\//\\//\\/”\V/CONH—*<::2%_OH
OH 1)

N-(3,4-Dihydroxyphenyl)-13-methy! tetradecanamide
)\/\/\/\/\/\/ CONH_Q— SOsH
@

N-(4-Sulfo-phenyl)-13-methyl tetradecamide

®)



CONH SO3H (2) N-(4-Sul fo-phenyl)-13-nmethyl tetradecam de CONHCH2COOH ( 3)
4 WD 01/59067 PCT/ USOL/ 00683 N (13-Methyl-tetradecanoyl)glycine CH3 x

CONH COOHWM1/590¢7( 13- Met hyl -t et radecanoyl ) - L-al ani ne CH2 pgNr$oTokesH ( 5)
N-(13 -Methyl-tetradecanoyl)-L-phenylal anine CH(CH3)2 CONH CHCOOH ( 6)

N- (13- Met hyl -t etradecanoyl ) -L-val i ne CH2CH( CHB)Z | CONH CHCOOH (7)

N (13- Met hyl - t et r adecanoy! N-{13rMgthyhéctedgcanoybglysineHs

CH,

/k/\/\/\/\/\/CONHACOOH

N-(13-Methyl-tetradecanoyl)-L-alanine

)
)\/\/\/\/\/\/ CONH CHCOOH

N-(13-Methyl-tetradecanoyl)-L-phenylalanine
(EH(CH3)2
)\/\/\/\/\/\/ CONH CHCOOH

N-(13-Methyl-tetradecanoyl)-L-valine

(IJHZCH(CHg)z
M\N CONH CHCOOH

N-(13-Methyl-tetradecanoyl)-L-leucine

(4)

®)

(©)

™

CH,
cnl CH,CH,

|
>——/\/\/\/\/\CONHCHCOOH ®

N-(13-Methyl-tetradecanoyl-L-isoleucine

CH,CH,COOH

|
WCONH—CHCOOH ©



CONHCHCOOH (8) N (13-Methyl -tetradecanoyl -L-isol euci ne CH2CH2COOH

CONH- CHCOOH (9) 5 WD 01/59067 PCT/ USOL/ 00683

N (13- Met Wyl o1t5eea7adecanoyl ) - L-gl utam ¢ acid CON COCH (10) PCT/US01/00683

N- (13- Met hyl -t etradecanoyl )-L-proline CONHHAJ u (11)

N (3- Hydr oxy- 4. car boxyl Dre VTS Roy i P aetin arta

(13) N/ NDiethyl- | 3-nethyl-tetradecanam de CON (14)

H O COOH (12)
e C2H5 CON\ C2H5
N- (13- Met hyl

tetradecanoyl) piperdine 6 WO 01/59067 PCT/ US01/ 00683 CON (15)

—
>_/\/\/\/\/\,\_~

coog (10

N-(13-Methyl-tetradecanoyl)-L-proline

>—/\/\/\/\/\ CONH—Glu

(11)

N-(13-Methyl-tetradecyl)-2-amino-2-deoxyglucose

OH

WCONH—@COOH

N-(3-Hydroxy-4-carboxylphenyl)-13-methyl-tetradecanamide

CoHs

>_/\/\/VWCON/
™~

C,H;s

N,N-Diethyl-13-methyl-tetradecanamide

(12)

(13)

/WCONQ

N-(13-Methyl tetradecanoyl) piperdine

(14)



N- (13- Met hyl -tetradecanoyl) pyrrolidine CON O (16) N (13

- Met hyl -tetradecanoyl) norpholine CONH N~/ (17)

N- (13- Met Wy g17sb@d7r adecanoyl - 2- am no- pyri m di ne 2: ester grupysosdédszas R =
-COOR3 wherein R3 can be, but is not Iimted to, a phenyl group with
substitution(s) of sulfonic, carboxyl, or 1-5 hydroxyl group(s), at any
possi bl e position(s). For exanple, COO O SCG3H (18) (4 Sul fo

phenyl)-13-nmet hyl tetradecanate 7 WO 01/59067 PCT/ US 683 OH OH COO -0
COON (19) (5-CarYoxy: d 13 @hyl-tetradecanate OH OH
COO -d (20) (2, D| hydroxy phenyl)- 13 -net hyl F adecgn 3: ketone
group, such as -COR4 wherein R4 can be, but is n\dt_l‘l mted to, a phenyl
group with substituti on(s) of 1-5 hydroxyl group(s) at any possible
position(s).

N-(13-Methyl-tetradecanoyl) pyrrolidine

)\/\/\/\/\/\/
CON 0O
\__/

(16)
N-(13-Methyl-tetradecanoyl) morpholine
M\/\/\/ CO—NH
=N
N
\ />
(17)

N-(13-Methyl)-tetradecanoyl-2-amino-pyrimidine

2: ester group, such as R = -COOR,

wherein R, can be, but is not limited to, a phenyl group with substitution(s) of
sulfonic, carboxyl, or 1-5 hydroxyl group(s), at any possible position(s).

For example,

(4-Sulfo phenyl)-13-methyl tetradecanate

(18)



For exanple, OH CO O OH (21) (2, 4-dihydroxy phenyl)-12-methyl tridecanone
OH COOOH (22) OH (2,4,6-Trihydroxy phenyl)-12-nethyl tridecanone 8 WD
01/ 59067 RQIJ11d56sE/ 00683 OH OH CO O OH (23) (2, 3, 4- Tri hy dicaxiyso1/00683

phenyl )-12-met hyl tridecanone 4: hydroxyl -substituted benzoyl oxy group,
such as (OHn R=-0CO wherein the nunber of hydroxyl group(s) can be 1 to
5, and they can be linked- to any possible poggion(gi. For exanple, COH
OCO O OH (24) OH 13-Methyltetradecyl-3,4,5-triNydrgxy benzoate 5:

hydr oxyl - subXtituted pbenyl -gro such a%OO

coox (19

(5-Carboxy-2,3-dihydroxy phenyl)-13-methyl-tetradecanate

OH OH

(2,3-Dihydroxy phenyl)-13-methyl-tetradecanate

(20)

3: ketone group, such as R =-COR,

wherein R, can be, but is not limited to, a phenyl group with substitution(s) of

1-5 hydroxyl group(s) at any possible position(s).

For example,

‘ OH
WCO@ Ol

@
(2,4-dii1ydroxy phenyl)-12-methyl tridecanone
OH
WCO@ OH
OH @2)

(2,4,6-Trihydroxy phenyl)-12-methyl tridecanone



(OH)n R= wherein the nunber of hydroxyl group(s) can be 1 to 5, and they
can be linked to any possible position(s). 9 WO 01/59067 PCT/ USOL/ 00683
For exanpw®, 01@®bhd@H (25) (13-Methyl tetradecyl)-2, 4-di hydrraayupheosss OH OH
(26) (13,13 -Dinethyl tetradecyl)-2,4-di hydroxy phene OH OH (27)

(12- et hyl tetradecyl)-2, 4-di hydroxy phene OH OH OH (28) (13-Methyl
tetradecyl)-2,4,6-trihydroxy phene OH OH OH (28) o}f WO 01/59067

PCT/ US01/ 00683

WCO OH

(2,3,4-Trihydroxy phenyl)-12-methy] tridecanone

(23)

4: hydroxyl-substituted benzoyloxy group, such as

(OH)n

R=—0—CO

wherein the number of hydroxyl group(s) can be 1 to 5, and they can be linked

to any possible position(s).

For example,

OH

W 0CO OH

o 24)

13-Methyltetradecyl-3,4,5-trihydroxy benzoate

5: hydroxyl-substituted phenyl group, such as

(OH)n

wherein the number of hydroxyl group(s) can be 1 to 5, and they can be linked

to any possible position(s).



(13- Met hyl
R= -NHR5 or their
or sul f onWwo @eveh7sal t,
met hyl , ethyl, hydroxyethyl or a phenyl group, with substitution(s) of
sul f oni c, carb
For exanpl e,

acid NH O CCCH (31)
N-(12- Met hyl -tridecyl)-4-am no benzenol

01/ 59067 PCT/ USO1/ 00683 N-(12-Methyl -tri decyl)
|

(32)

acid

et hyl,

tetradecyl)-2,3,4-tri hydroxy phene 6: am ne group, such as (1)
physi ol ogi cally acceptable salt, e.g., hydrochloric. acid

etc.; wherein R5 can be, but is notpdr/vdoteaesss o

1-5 hydroxyl group(s), at any possible position(s).

X
%F@%ﬁﬂ? (30) N-(12-Methyl tridecyl)-4-am no benzenesul fonic
N-(12- Met hyl -tridecyl)-4-ani no-benzoic acid NH O CH

OOH OH (33) 11 W
-4-anm no-1, 2- benzenedi ol
¢ acid (2) R= -NR7 or

physi ol 99 c acid or sulfonic
salt, étc.; wherein R6, R7 can be limted to, nethyl,
hydr oxyet hyl (25)
(13-Methyl tetradecyl)-2,4-dihydroxy phene
OH
OH
(26)
(13,13-Dimethyl tetradecyl)-2,4-dihydroxy phene
OH
OH
@7
(12-Methyl tetradecyl)-2,4-dihydroxy phene
OH
OH
OH (28)
(13-Methyl tetradecyl)-2,4,6-trihydroxy phene
OH OH
OH
(29)

10



group, etc. For exanple, CH3 CH3 (35) N, N D nethyl-12-nethyl tridecyl

am ne CH2CH2OH CH2CH2OH (36) N, N-Di -((3-hydroxy ethyl) 1

2- met hyl - wo deegd7 ami ne 12 WO 01/ 59067 PCT/ USO1/ 00683 | 7: parmyused/a@gs group,
such as R= -NH- CO R3, wherein R8 can be, but is not limted to, a phenyl

group with substitution(s f sul fonj.c ar.poxyl, or 1-5 hydroxyl
group(s), at any possi bﬁé'ﬁ’lﬁg%’“efré ;).'2’3%?“1&3!(‘%\9/&'8}}6“@4 NHCO OH OH (37)
N-(12-Methyl -tridecyl)-3,4,5-tri hydroxy benzenam de 8: u.-substituted
carboxylic group, such as formula: R= -CHCOCH 1 R9 where RO can be, but

is not limted to, . halogen (fluorine, chlorine, brom ne, iodine), am no,
hydr oxyl group0: &#e gD, 84Sl e, COON  Br ( 38)

(1) R= -NHR; or their physiologically acceptable salt, e.g., hydrochloric acid
or sulfonic acid salt, etc.; wherein R, can be, but is not limited to, methyl, ethyl,
hydroxyethyl, or a phenyl group, with substitution(s) of sulfonic, carboxyl, or 1-5
hydroxyl group(s), at any possible position(s).

For example,

>_/\/\/\/\/\_ NH—@— SOsH

(30)
N-(12-Methy! tridecyl)-4-amino benzenesulfonic acid
G
N-(12-Methyl-tridecyl)-4-amino-benzoic acid
>__/\/\/\/\/\ NH@— OH
(32)
N-(12-Methyl-tridecyl)-4-amino benzenol
>__/\/\/\/\/\ NH-@— OH
OH (33)

11



2- Brono- 13- net hyl -t et radecanoi ¢ acid COOH NHZ (39)

2- Am no- 13- net hyl -t etradecanoic acid 13 WD 01/59067 PCT/ US01/ 00683 9:
het er ocycwioooigwearp, such as For exanple, N SH S (40) PCT/US01/00683
2-(12-Methyl -tridecyl) - 5 mercapto-1, 3,4-thiadiazole NN \}- OH O (41)

2-(12-Methyl -tridecyl)-5-h 3,.4- oxadi Ie Th onpounds wi th
specific structure al s¥-@@ %ﬁ\ﬂ?fggﬁﬁg%}flbﬁépéﬂo ‘ﬁhai n fatty acids,
and their pharnaceutically acceptable esters and met aI salts.

Particul arly, those unsaturated branched-chain fatty acids with a double

bond between | the a and P carbons fromthe carboxyl end have stronger
anticancer agtivity than other ci ds_w t hnggdpyobeond at di fferent
posi tions. ~For a , - yl - 2- hexadecenoi ¢ acid COOH

(B4

N-(12-methyl-tridecyl) amino-acetic acid

@ /

or their physiologically acceptable salt, e.g., hydrochloric acid or sulfonic acid

salt, etc.; wherein Ry, R, can be, but are not limited to, methyl, ethyl, hydroxyethyl

group, etc.
For example,
. /CH3
>__/\/\N\/\ N\
N,N-Dimethyl-12-methyl tridecyl amine
/CHZCHZOH

N,N-Di-(B-hydroxy ethyl)12-methyl-tridecyl amine

12



(43) 14 WO 01/59067 PCT/US01/ 00683 13- Methyl -2-tetradecenoic acid The
above- nenti oned specifically-structured conpounds can be chemcally

synt hesi zed 013enTi cal synt hesis can be carried out accor dipgy/tsei/0tmss not
limted to, the followng nethods: 1. In the specific structure of the
current invention, .the ?Ii hatic long chain wth end-termnal isopropyl or
sec. -butyl gr odp¥RER-IE 5%$aj%@ 8 rom corresponding iso- or anteiso- fatty
acids, respectively; the aljphatic long chain with end termnal .
tert.-butyl gr&?p-ll\ﬁ%#%somﬁmﬁ AR ﬁa%%ﬂ%%&&ﬂ@gﬁ& aplieny! HORBYG ¢ h
end-term . - - gr L I j ' n

end-term Eg‘%su'g&é[%.ks-)83%#%‘%88%8%%1gﬂgsqgsﬁ?wgglito%g%ﬁt g‘?hy%%ﬁrlr%noest er of

t he corregppstidn@@y | ong chain diacid and a short chain fatty acid with
end-termnal tert.-butyl group. Monoester of the long chain fatty acid

w th an end-t efor aedmglert. - butyl group can be produced foll ow ng
electrolysis with the presence of sodi um net hoxi de i n anhydrous nethanol,
and can be hydrolyzed to vyield the desired fatty acidgogn the presence of
NaOH. The foll owi ng equation shows the synthesis of
13, 13-di et hyl -t efxadecqnoi ackd as~an exanpl e: /M
+ HOOC( CH2) | ( 3 2) w OHaCOH

(CH3) 3C(CH2¥11COOH A Exanple 1 has the details oNXMhe procedure. 2. In the
specific structure of the current invention, when the 1@&di ng gigup R is
am de derivative, -CONRLR2:

CH3OH ( CH3) 3CCH2C0H

N-(12-Methyl-tridecyl)-3,4,5-trihydroxy benzenamide

8: a-substituted carboxylic group, such as formula:
R= ——?H—-COOH
Ry

where R, can be, but is not limited to, halogen (fluorine, chlorine, bromine,

iodine), amino, hydroxyl group, etc.

For example,

>_/\/\/\/\/Y COOH
B (38)

I

2-Bromo-13-methyl-tetradecanoic acid

>_/\/\/\/\/\(COOH
(39)

NH,

2-Amino-13-methyl-tetradecanoic acid

13



Corresponding fatty acid reacts with dichlorosul foxide to yield acyl
chloride, and the latter can react with am no acid, am no-glucose,

di et hyl anweegt/spoqueri di ne, pyrrolidine, norpholine, am no-RUTEArRI/N0683

am no- benzoi ¢ acid, or am no- benzenesulfonic acid to yield the desired
product. 15 WO _01/59067. PCT/ USOL/ 00683 The fol | owi ng equation shows the
synthesi s of NO{ B¥EIGYHiA eowr-SueltSanoyl ) - 4 ani no- 1, 2- benzenedi ol

[N-(3, 4-Di hydg&zgh%gél )-13-nmet hyl tetradecanam de] as an exanple: SOC12
( CH3) 2CH( CH2) XEM3$2CH( CH2) 11C0C1 A NH2 Q 011 OH (CH3) 2CH( CH2) 11CONH
OOH OH 30 NaOH Exanple 2 has the details of the procedure. 3. In the
specific structure of the current invention, \M}@n the leading group R 1is
ester derivatiye, -COOR3: Corresponding fattMaaid reacts with

di chl orosul foxijde to yield acyl chloride, a o t Sdter can react with
hydr oxy- benzotc d, 0 om® acid to yield the desired
product. The foll ow ng equation shows the synthesis of (4- sg@;o

phenyl )-13-nmet hyl tetradecanate as an exanple: 16 WD 01/59

PCT/ USO01/ 00683 SOC12

2-(12-Methyl-tridecyl)-5-mercapto-1,3,4-thiadiazole

///J\\\v///N\\\,///\\\\////\\\v///N\\\////\\\v//fﬁ::Ii§>—__()I{
e

(41)

2-(12-Methyl-tridecyl)-5-hydroxy-1,3,4-oxadiazole

The compounds with specific structure also include unsaturated branched-
chain fatty acids, and their pharmaceutically acceptable esters and metal salts.
Particularly, those unsaturated branched-chain fatty acids with a double bond between
the o and  carbons from the carboxyl end have stronger anticancer activity than other

acids with a double bond at different positions.

For example,

!
COOH
)\/\/\/\/\/\/\/ (42)

15-Methyl-2-hexadecenoic acid

//L\//\\//\\//\\//\\/‘§§/COOH

14
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(CH3) 2CH(CH2) 11CO0H (CH3) 2CH(CH2) 11CCC1 A HO--- O SC3H NaOH
(CH32CH( CH211COO O SBH 4. In the specific structure of the current

i nvent i onwogMigPodyhe | eadi ng group R is ketone derivati ve,pcraidedoosss
Corresponding fatty acid reacts with 1,3-benzenediol to yield desired

product wth the catalysis of a Lews acid. The follow ng equati on shows
the synthesis of (2,4-di hydr bMethddsieiradezengipeeid] tri decanone as an

exanpl e: HO -Q OH OH ( CH3) 2CH( CH2) 11C0O0H3 ( CH3) 2CH( CH2) 1100 O OH  ZnCl2 5.
I n the speci fi dheeberermentigredisheciienllyestuciurrdgemnoundsgrarbe dhemicesdlsi ng gr oup

Al i phat ) ¢ SOt Sl R pud e P - R BRI I8 Lt "

be reduceghd PilbRAgnemease of zinc dust and hydrochloric acid to yield the
desired product. The foll ow ng equation shows the synthesis of

(13- et hyl - t et nadgend spedifié strattiedirany/ cRRANRIvaStdH) tHR)eAPRhiES lohd 01/ 59067
PCT/ US01/ 00683 OH Z11- H9/HO OH (CH3) 2CH(CH2) 11CO O OH ( CH3) 2CH( CH2) 12

0011 Exanpthend-thaeinglisopepdior sebutharqypsee dapbtaigd fom eeeesppeding i ¢

et o BB B R LSRR YR B
tert.-butyl group can be obtained from corresponding fatty acids with end-terminal
tert.-butyl group. Long chain fatty acids with an end-terminal tert.-butyl group can be
synthesized from the monoester of the corresponding long chain diacid and a short
chain fatty acid with end-terminal tert.-butyl group. Monoester of the long chain fatty
acid with an end-terminal tert.-butyl group can be produced following electrolysis with
the presence of sodium methoxide in anhydrous methanol, and can be hydrolyzed to

yield the desired fatty acid in the presence of NaOH.

The following equation shows the synthesis of 13,13-dimethyl-tetradecanoic

acid as an example:

Na, CH;OH
(CH;);CCH,COOH + HOOC(CHy);o(COOCH;—» (CHz);C(CHy); COOCH;

electrolysis

NaOH
R — (CH3)3C(CH2)11COOH

AN

Example 1 has the details of the procedure.
2. In the specific structure of the current invention, when the leading group R
is amide derivative, -CONR,R,:

Corresponding fatty acid reacts with dichlorosulfoxide to yield acyl chloride,
and the latter can react with amino acid, amino-glucose, diethylamine, piperidine,
pyrrolidine, morpholine, amino-phenol, amino-benzoic acid, or amino-

benzenesulfonic acid to yield the desired product.

15



The net hyl nonoester of the corresponding fatty acid can be reduced to the
respective al cohol wth sodiumand anhydrous methanol, the latter then
reacts i y8&erification reaction with hydroxyl - subst iyl e 6433 0i C
acid in the presence of HO under reflux wth toluene and water to yield
t he desi red product. The follow ng equati on shows the synthesis of

13- net hyl t et racTéc)fMl(Bymg@quatranshdwsm Sts{eﬂhmapéNs@-mﬂedaﬁmdecamal) -4cH3COH

(&) o o TR b GA bt ED e RS iaefb oy | ¢ o

the procedyifple. | n the specific structure of the current invention, when
t he | eadi ng group R is amne derivative, two kinds of nethods can be
applied: (1) The nethyl nonoester of the corresponding fatty acid can be
reduced to the respective al COH?) wi t h sodi um and anhydrous nethanol; the
| atter can then react with dic &bsulfom de to yield al kyl chloride.

Al kyl chl ori de(CHs),CEECH, )¢ O OH-he—am(CHMCHWGH) €01 yi el d the desired
product. The follow ng equation shows the synthesis of

N (13-nethyl -tetradecyl )-4- amn 2-benzenedi ol as an exanple: 18 WO
01/ 59067 PCT/ USOL/ 00683 Na, CH30OH SOC12 (CH3)2CH( CH2) 11COOCH3

(CH3) 2CH(CH2) 11CH2OH NH2 OH

NH, OH

OH (CH3)2CH(CH2)11CONH@ OH
OH

>

NaOH

Example 2 has the details of the procedure.

3. In the specific structure of the current invention, when the leading group R

is ester derivative, -COOR,;

Corresponding fatty acid reacts with dichlorosulfoxide to yield acyl chloride,
and the latter can react with hydroxy-benzoic acid, or hydroxy-benzenesulfonic acid to

yield the desired product.

The following equation shows the synthesis of (4-sulfo phenyl)-13-methyl

tetradecanate as an example:

16



OOH (CH3)2CH(CH2) 11CH2C1 (CH3) 2CH(CH2) 12NH OOH OH (2) Corresponding fatty
acid can be converted to am de, and am de rearranges to give amne in the
presence Qlp Ar9ng;ne and sodi um et hoxi de. Am ne then reactser/Woibosss

chl oro-derivatives to yield the desired product. SOC12 NH3 Br2, CH3ONa

(CH3) 2CH( CH2) 11C0O0H_ CH3CH(CH2) 11COC1 CH3CH( CH2) 11CONH2 10 H2CH2CH

Cl CH2CH2CH ( CH3) 2CH( CH2) 11NH2 > (CH3) 2CH(CH2) 11N CH2CH2OH Exanpl e 6 has
the details of the procedure. pé(&: he specific structure of the current

i nvention, when the |eading grou 2i s am no-acyl derivative: These

conpounds can b e react (descri bed above in
7) and the neth@#iég#%gggéVHSQﬁ%he corﬁggggﬁgﬁﬁgbﬁg¢@§&ylic acid. The
foll owi ng equati on shows the synt is of NN(12-nethyl-tridecyl)-3,4,5-

tri hydroxy benzenam de as an exanple: OH CH300C OOH OH OH

(CH3) 2CH( CH2) 11NH2( CH3) 2CH( CH2) 11NHCO OH OOH 19 WO 01/59067 PCT/ USO1/ 00683
9. In the specific g ture of the current invention, when the | eading
group R is a-sHPs c¥)4bbxyl i c derivative: Corresponding fatty acid

can react with brom\ne“fo yield a-brono fatty acid,
> (CH3)2CH(CH2)11000@ SOs;H
NaOH

4. In the specific structure of the current invention, when the leading group R

is ketone derivative, -COR,:

Corresponding fatty acid reacts with 1,3-benzenediol to yield desired product

with the catalysis of a Lewis acid.

The following equation shows the synthesis of (2,4-dihydroxy phenyl)-12-

methyl tridecanone as an example:

HO OH

OH
(CH3),CH(CHy);;COOH——» (CH;),CH(CH,);;CO OH

7nC 12

5. In the specific structure of the current invention, when the leading group R

is hydroxyl-substituted phenyl derivative:

Corresponding hydroxylphenyl aliphatic ketone can be synthesized following
method in 4 above, and can be reduced in the presence of zinc dust and hydrochloric

acid to yield the desired product.

The following equation shows the synthesis of (13-methyl-tetradecyl)-2,4-
dihydroxy phene as an example:

17



whi ch then reacts with anmmonia water to yield a-am no derivatives. The

foll ow ng equation shows the synthesis of 2-am no-13-nethyl- tetradecanoic
acid as awoanaow7e: Br2 (CH3) 2CH(CH2) 11COCH - ( CH3) 2CH( ChedrhNoliesdskt ~
(CH3) 2CH( CH2) 10CHCOOH PC13 Br NH2 10. In the specific structure of the
current invention, when the conpounds are unsaturated branched-chain fatty
acids with a double bond between a and 0 carbons fromthe carboxyl end:
The met hyl nonoester of the coH espardigigCtatty aci d camppe reduced to the

respective al cohol with sogj and anhydr ous net hanol, t tter can then
be oxidi zedCHY,GHWER) RO T esenrce—ob EHpCHICHD, > DH
chloro-chrom c acid. The yde can then be decarboxy in a

condensation reaction in the presence of malonic acid to yield the desired

product. The fqllL ow ' ynt hesi s of
15- net hyl - 2- he%gaglﬁeggP%qgg?%fgﬂ%éﬂg‘%\\%@%g&n%ﬁe: Na, CH3OH Cr03 pyridine HC

(CH3) 2CH(CH2) 1 % ) . ,
() 201 Ore) 1 PO PRI ST D 1 RO e U E B R, & o
t he det ai lishyfrotisubstiaredbeszoyldayidegvaimer al | y described this invention, a
further understanding can be obtained by reference to certain specific

exanpl es whi ch Takendihiy\théiRestBesthe coredspomdifi® 08 chf canlUeusducad kwtheonl y and
are not intended to be limting unless otherwise specified. Exanples

denonst r atespgctiferdlechel with sediamcsdshydrguomethpeolpthe datier tie reacts in an

esterification reaction with hydroxyl-substituted benzoic acid in the presence of HCl

under reflux with toluene and water to yield the desired product.

The following equation shows the synthesis of 13-methyltetradecyl-3,4,5-

trihydroxy benzoate as an example:

Na, CH3OH
(CHz),CH(CH,);;COOCH; — > (CH;),CH(CH,),;CH,OH

OH

HOOC@ OH OH
OH

> (CHg)zCH(CHz)l 1CH20CO OH
OH

HCI, toluene

Example 8 has the details of the procedure.

7. In the specific structure of the current invention, when the leading group R

is amine derivative, two kinds of methods can be applied:

(1) The methyl monoester of the corresponding fatty acid can be reduced to the
respective alcohol with sodium and anhydrous methanol; the latter can then react with
dichlorosulfoxide to yield alkyl chloride. Alkyl chloride can react with the amine

derivative to yield the desired product.

The following equation shows the synthesis of N-(13-methyl-tetradecyl)-4-

amino-1,2-benzenediol as an example:

18



WO 01/59067 PCT/ US01/ 00683 invention are referred to as "Experinents;"
exanpl es denonstrating preparation of the conpounds of the present

i nventi onway@/so@ferred to as "Exanpl es.” EXPERI MENTS Expgdmgei/odess ! n
vitro anti-cancer Efficacy Conparison Reagents: In vitro anti-cancer
activities of the follow ng conpounds were conpared, which are
characterized by the presently-disclosed structure and synthesized by the
present | y-di scl osed process. They include N-(3,4- D hydroxyphenyl)-

13- met hyl tetradecanam de, N (ANH@OH;0phenyl)-13-nethyl tS8Cladecan de,
N- (13- et hy|(CH%)ZC&IQQHQPMO)C%WM((‘E%H@W%E AN Ql¢eanoy - L-

al ani ne, N-(13-nethyl-tetradecano - L- phenyl al ani ne, N-(13-nethyl
tetradecanoyl )- L-valine, N (13- | -t etradecanoyl)-L-1eucine,
N—(lB-nethyI-tetradecanoyI)Nlh ol ¢pbithe, N-(1 3

-nmet hyl -t et radecanoyl ) - L- gl ut am ¥ 'ﬂ? N-(1 3 -methyl -

t et radecanoyl ) - L-proline,

N- (13- et hyl -t et radecanoyl ) - 2- am no- 2- deoxygl ucose

(3- Hydr oxy- 4(CR)¥IHEBMNGHCs=methyt—ef¢ Fasiin N OH

N, N-Di et hyl - 13- et hyl - tetradecanam de, N (13-Methyl tet noyl )

pi peridine, N (13-Methyl- tetradecanoyl) pyrrolidine,

N- (13- Met hyl -t etradecanoyl ) norpholine, N (13-Methyl -

t et r adecanoyl ) (2) Gorrespopding fttyi aca] cahbedonvértegddo axjde Iae«hym)'demartmtghij/ I

tridecanone, 4, 6- Tri hydr ox henyl ) - 12-nmet hyl t ang

(2, 3. 4 Tr PhEPORIM ARG PAFise SRR pid bR prdnonides iyt reacts

t et r adecy hyinlottordl dayisHh ey t&Pﬁr@theﬁéﬁrehgsr&mt hyl tetradecyl) 2, 4-di hydroxy
phene, (12-Methyl tetradecyl)-2,4-di hydroxy phene, (13- Methyl

tetradecyl)-2, 3, 4- trlhydr é‘ phene, I\I—(lz-m.'q:}hyl tridecyl)-#;en

Segfﬁﬁs‘iéﬁpajéﬁﬁ@f& ey, G ReCRE Gy POl toneilo,

acid, 15-Methyl-2- hexadecenoic aC|d,
2-(12-N@thy|-tridecyl)-5-nercapto-1,3,4-thiadia;ngPHﬁﬁMEﬁ

Di net hyl -t et radecanoi ¢ aci dCICRQH,®HVet hy|

tetradecyl)-4 F@ﬁ)ﬁ@ﬁé @By 2-decenoi c acid. The

above conpounds Ver e( 5[2 t&@Fved in D&B%ﬂat(stock\s(qcentrati on of 10
CH,CH,0H

Example 6 has the details of the procedure.

8. In the specific structure of the current invention, when the leading group R

is amino-acyl derivative:

These compounds can be synthesized by reaction between amine (described

above in 7) and the methyl monoester of the corresponding carboxylic acid.

The following equation shows the synthesis of N-(12-methyl-tridecyl)-3,4,5-

trihydroxy benzenamide as an example:

OH

cmooc@ OH

OH OH

(CH3)ZCH(CH2)11NH2-——>(CH3)2CH(CH2)11NHCO@ OH
OH
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ng/ M and stored at 4C. Before each experinent they were diluted to desired
concentration with serumfree RPM 1640 nmedium 21 WO 01/59067

PCT/ USOL/ Q@B Z0dvyet hods: 1. K562 human | eukem a cell |ine:pdintd106dsks were
mai ntained in RPM 1640 nediumw th 5% fetal bovine serumat 37C under 5%
CO2 at nosphere. 4x104 cells/well were plated on 96-well plate. After
treatment wit h9 hethespecifie sl dhrcursat vartiio Miben thelepiey 2voyp B8 hour s,

nunbers of_ i . [8: C .by trypan blue dye exclusion. |1C50 and
| C90 wer eflsc(!éIsﬁlﬁﬁtﬁeﬁ%&g}é&@ﬁcs&éﬁ%t 0d and listed in Table 1. 2. B 16 nouse

mel anoma cel | |4 ne; ] | | ' ' dition as
above. 2x104 Cgon%?%%ﬂﬁ%mféﬁ%a%F\g?%geagﬁ%ﬁ%ﬁ&%ﬁﬂeEtf]gitgiéi %ﬁgoﬁ(ggd?wfagﬁlz hour s
for attackymel thefoplabts Wil fninbeia vidi@ab gkldtamihbdetivgives.onpounds and sol vent
control for 48 hours. Nunbers of live cells were determ ned by SRB net hod.
Briefly, cellsThegslwihgeguitiohRh&Rs the bdis BV anfifd-1 Pinethhour, and t hen
washed three tinmes with ouble-distilled water. After drying 50,.21/ well
1% SRB dy éetigdecangigedidaschrexgmpled for 10 nminutes. Plate was washed with 1%
acetic acid. 0.2 m Tris buffer (pH 9.6) was added and OD510 was recorded.
| C50 and 1 C90 were calculaggd and listed in Ta 1. Table 1, 1C50 and |1 C90
(ug/m) for m@g dBbn (§)3! chHReHcGoy 1

N- (3, 4-Di h;ggg%gﬁg%%@)o@% Ilgﬁ% 4, %0%8 5.12 et )%mt etgﬁ)ﬁ ecanan de 2
N- (4- Sul f o- phenyl )- 13- met hy1® 37.8 27.1 3.7 25.4 tetradeca 3
N-(13-nethyl -tetradecanoyl) 21.9 14.7 20.1 12.8 glycine

10. In the specific structure of the current invention, when the compounds are
unsaturated branched-chain fatty acids with a double bond between « and 3 carbons

from the carboxyl end:

The methyl monoester of the corresponding fatty acid can be reduced to the
respective alcohol with sodium and anhydrous methanol, the latter can then be
oxidized to aldehyde in the presence of a pyridine salt of chloro-chromic acid. The
aldehyde can then be decarboxylated in a condensation reaction in the presence of

malonic acid to yield the desired product.

The following equation shows the synthesis of 15-methyl-2-hexadecenoic acid

as an example:

Na, CH;OH CrO;e pyridine- HCI
(CH;3),CH(CH,);{COOCH3——> (CH3),CH(CH,);;CH,0H > -
CH,Ch,
CH (COOH),
(CH;),CH(CHy);;CHO —> (CH3),CH(CH,);;CH=CHCOOH
pyridine,

Example 5 has the details of the procedure.

Having generally described this invention, a further understanding can be
obtained by reference to certain specific examples which are provided herein for
purposes of illustration only and are not intended to be limiting unless otherwise

specified. Examples demonstrating efficacy of the compounds of the present
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4 N-(13-nethyl-tetradecanoyl)-L- 20.7 11.2 18.4 14.8 alanine 5

N-(13-net hyl -tetradecanoyl )-L- 19.6 10.3 20.5 13.4 phenyl al anine 6

N- (13- metﬁ,)d gilBbdradecanoyl )-L- 22.5 18.1 19.2 11.7 val i N&ch/uso1/00683
N-(13-nethyl -tetradecanoyl )-L- 30.6 11.8 20.1 10.4 | eucine 22 MO 01/ 59067
PCT/USC&/00683 Conmpounds K562 B16 8 N-(13-nethyl-tetradecanoyl)-L- 28.6
19. 3 18. 9 invention arsotfewred hea " Beperitentss” exhmples demlensirabiypg praparagign 9f ﬂ@ 2 35.1

26.3 glutamc 3- net radecan L-,25.3 17.2 17.3 15.2
ool i ne. 1 pORPOUES eL il Faamiah g rotentd BGR 1 Bhaales 122 0,75 “ant na

- 2-deoxygl ucose 12 N-(3-Hydroxy-4- 24.7 18.7 22.9 16.5 c arb

oxyl phenyl )-13 -nethyl tetradecanam de 13 N, N-Di ethyl-13-nethyl- 42.4 9.10

31.9 19.3 am de 14 N-(13-Methyl tetradecanoyl) 38.5 18.4 33.7
17.2 pi péﬁ%@g@ﬁ&(m- Met hyl -t et radecanoyl ) 25.0 16.2 17.3 13.1

pyrrolidine

Experiment 1, /n vitro anti-cancer Efficacy Comparison

Reagents: In vitro anti-cancer activities of the following compounds were
compared, which are characterized by the presently-disclosed structure and
synthesized by the presently-disclosed process. They include N-(3,4-
Dihydroxyphenyl)-13-methyl tetradecanamide, N-(4-Sulfo-phenyl)-13-methyl
tetradecamide, N-(13-methyl-tetradecanoyl) glycine, N-(13-methyl-tetradecanoyl)-L-
alanine, N-(13-methyl-tetradecanoyl)-L-phenylalanine, N-(13-methyl tetradecanoyl)-
L-valine, N~(13-methyl-tetradecanoyl)-L-leucine, N-(13-methyl-tetradecanoyl)-L-
isoleucine, N-(13-methyl-tetradecanoyl)-L-glutamic acid, N-(13-methyl-
tetradecanoyl)-L-proline, N-(13-methyl-tetradecanoyl)-2-amino-2-deoxyglucose, N-
(3-Hydroxy-4-carboxyphenyl)-13-methyl-tetradecanamide, N,N-Diethyl-13-methyl-
tetradecanamide, N-(13-Methy! tetradecanoyl) piperidine, N-(13-Methyl-
fetradecanoyl) pyrrolidine, N-(13-Methyl-tetradecanoyl) morpholine, N-(13-Methyl-
tetradecanoyl)-2-amino-pyrimidine, (2,4,-dihydroxy phenyl)-12-methyl tridecanone,
(2,4,6-Trihydroxy phenyl)-12-methyl tridecanone, (2,3,4-Trihydroxy phenyl)-12-
methyl tridecanone, (13-Methyl tetradecyl)-2,4-dihydroxy phene, (13,13-Dimethyl
tetradecyl)-2,4-dihydroxy phene, (12-Methyl tetradecyl)-2,4-dihydroxy phene, (13-
Methy! tetradecyl)-2,3,4-trihydroxy phene, N-(12-Methyl tridecyl)-4-amino
benzenesulfonic acid, N-(12-Methyl-tridecyl)-4-amino-1,2-benzenediol, 2-Bromo-13-
methyl-tetradecanoic acid, 2-Amino-13-methyl-tetradecanoic acid, 15-Methyl-2-
hexadecenoic acid, 2-(12-Methyl-tridecyl)-5-mercapto-1,3,4-thiadiazole, 13,13-
Dimethyl-tetradecanoic acid, N-(13-Methyl tetradecyl)-4-amino-1,2-benzenediol, and
9-Methyl-2-decenoic acid.

The above compounds were dissolved in DMSO at stock concentration of 10
mg/ml and stored at 4°C. Before each experiment they were diluted to desired

concentration with serum-free RPMI 1640 medium.
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16 N-(13-Methyl-tetradecanoyl) 20.4 15.9 19.2 11.9 norpholine 17

N- (13- Met hyl -t et radecanoyl )-2- 19.2 14.8 18.6 12.3 am no-pyrimdi ne 18

(2, 4, - di hwadrasgogghenyl )-12- 8.90 6.42 8.12 5.91 nethyl t rrciecanoess 19

(2,4,6-Trihydroxy phenyl)-12- 6.80 5.13 6.11 4.93 nethyl tridecanone 20

(2,3,4-Tr M%/grq%xy phenyl )-12- 20.2 15.3 19.32 14.8 nethyl tridecanone 21
13- Met hy ?%%adecyl ) -2, 4- 5.25 3. 62 5.14 3.22 di hydroxy phene 22

( )

(13, 13 B et et o B Tatd Do amu b ke e 2°
(()]1'3' Vet hy@g@%@@mﬁ%} Yetdt ie s chgatle?’z 6 dersh L@ atﬁl'bb gé O%MOphene 23 WO
tr

/ 59067 01/ 00683 npoun K562 B16 25 N—Z(
i decyl )cdl;lsawélmweﬁ(bl@tealﬁn]?&.\ﬁemplﬁ& katdndmmsmm@hn tesia.mn@ozﬁds and

N-(12- Met hyl -t ri dec 6,73 1, 2-b diol 27
2" b omo: 1 OhRSPRESUCIMSRE BgRdous: usbess of fvocals fsre Guftiedly Fypan
2- Am no- 18njgedy ¥k cihebh 28 S NPIE,, #RrealMate By Blids'méthod and listed in Table

1.

2. B16 mouse melanoma cell line: B16 cells were maintained under the same
condition as above. 2x10* cells/well were plated on 48-well plate and left for 12 hours
for attachment. Cells were then treated with the test compounds and solvent control
for 48 hours. Numbers of live cells were determined by SRB method. Briefly, cells
were fixed with 50u1/well 15% TCA for 1 hour, and then washed three times with
double-distilled water. After drying 50ul/well 1% SRB dye was added and reacted for
10 minutes. Plate was washed with 1% acetic acid. 0.2 ml Tris buffer (pH 9.6) was

added and ODj,, was recorded. IC,, and ICy, were calculated and listed in Table 1.

Table 1, IC,, and IC,, (g/ml) for K562 and B16

Compounds K562 B16
ICy, ICs ICy9 ICs,

1 N-(3,4-Dihydroxyphenyl)-13- 10.1 4.98 9.28 5.12
methyl tetradecanamide

2 N-(4-Sulfo-phenyl)-13-methyl 37.8 27.1 35.7 254
tetradecamide

3 N-(13-methyl-tetradecanoyl) 21.9 14.7 20.1 12.8
glycine

4 N-(13-methyl-tetradecanoyl)-L- 20.7 11.2 184 14.8
alanine

5 N-(13-methyl-tetradecanoyl)-L- 19.6 10.3 20.5 13.4
phenylalanine

6 N-(13-methyl-tetradecanoyl)-L- 22.5 18.1 19.2 11.7
valine

7 N-(13-methyl-tetradecanoyl)-L- 30.6 11.8 20.1 10.4
leucine
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acid 29 15- Met hyl

- 2- hexadecanoic acid 10.1 17.7 6.8 10.5 30
2-(12-Methyl -tridecyl)-5- 8.75 6.10 8.05 5.16 nercapto-

1, 3, 4-t hi adazol e

31 13, 13-Womishyd7-t et radecanocic 37.5 24.6 35.6 20.4 aci d pF o /a&sdet hyl

tetradecyl)-4- 11.5 6.31 10.6 5.75 amno-1I,

2- benzenedi ol

33

9- Met hyl - 2= Mld)ﬁ?'—'\’l?dﬂ'—'\(h’lﬂ lLn_contrast t Lfic
structured coﬁpounds dt@ﬁt@ﬁ&g in the presengksgp Nvent | on arglgot toxi ¢
agai nst nerrah—huran—pertpheral—bloedtynpheeytes—at -coReeRtFat+4gn above
400, ug/ n | 3whi|IN-(1herethdteralecamol/)dant | cy286 oxi ci92.9 op V89 olis 11humgn
cancer cell Ilqgﬁmﬁmnmell be|OM/thiS concentrgtion. Furthermpre thejin
Vi tro ant =eafecer—acttvtty—of—2=(t2=hefhyt—trrdecyt-—p=
mer capt o- 193, 4-N{i hdietipditetrdiacanoghd -t egt 3V.9n ot B&R hpumidA.lcancel6.telll
l i nes, in:Iudlqgumﬂmﬂaﬂdprostate cancel DU145 human pastric|cancer [SNU- 1
human | ung—carcer —HI688,—umarmtotomgarncer =116, humam frepatotyr ci nona
SNU- 423, himr| NgkhordalicradasmeyDARL- | 16578 Hunkh2ONS ddced SK-268, hunan
renal canger quohna. and hunan mel angrma SK- NEL-5. Usi ng Vldbi|ity
assessnen{— Dy E%n bruedy EXCIUSTOM and gat cutrat{omn _of fniibi tijon rate
with line hrllre H@thyl-ltme@ﬁno}zl)@iz- Met&Y | -[t r BH8cy| ) 38-6rel cadtd-
1,3,4-thi1diazamanmﬁbdaw@ghEOﬁancer celll lineqd above jvere determngd to
range from 8. Mggln1 TOo 45 Zog/ L. 24 Ul/beb/ PCT/DSOL7 00%83__ EXper i nent
2 1n vitrolant|iN€3kbdonst4 cacy Conpari|sdt-{2)| Th&7i n| vi2e% effh%%c% t est
was carrlgd OLwaﬂEmEbhp@ﬂélﬂﬁmﬁmﬂfated branchgd chaip fattyjacid,
9- et hyl - - deqeemadecamnddand 9- net hyl - §- decendi ¢ acid} as welll as
15- et hy| {Z=hgxadecenol ¢_aclr d and 15- .tqy -B-|nexadecgnoi ¢c_agi d._ 1N
results até3 | N,N-Diethyl-13-methyl- 2.4 9.10 31.9 19.3
tetradecanamide
14 { N-(13-Methy] tetradecanoyl) 38.5 184 33.7 17.2
piperidine
15 | N-(13-Methyl-tetradecanoyl) 25.0 16.2 17.3 13.1
pyrrolidine
16 | N-(13-Methyl-tetradecanoyl) 20.4 15.9 19.2 11.9
morpholine
17 | N-(13-Methyl-tetradecanoyl)-2- 19.2 14.8 18.6 12.3
amino-pyrimidine
18 | (2,4,-dihydroxy phenyl)-12- 8.90 6.42 8.12 5.91
methyl tridecanone
19 | (2,4,6-Trihydroxy phenyl)-12- 6.80 5.13 6.11 4.93
methyl tridecanone
20 | (2,3,4-Trihydroxy phenyl)-12- 20.2 15.3 19.32 14.8
methyl tridecanone
21 | (13-Methyl tetradecyl)-2,4- 5.25 3.62 5.14 3.22
dihydroxy phene
22 | (13,13-Dimethyl tetradecyl)-2,4- 5.36 3.92 5.42 3.63
dihydroxy phene
23 | (12-Methyl tetradecyl)-2,4- 14.6 9.51 13.8 8.81
dihydroxy phene
24 | (13-Methyl tetradecyl)-2,3,4- 19.2 13.6 19.5 12.8
trihydroxy phene
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shown in Table 2. Reagents and Met hods:
In vitro anticancer activity conpari son of

Conpound wW®6A/5BiG |1 C50 1 C90 1 C50 I C90  9- et hyl -

sanme as in Experinment 1. Table 2,
unsaturated fatty acids
decanoi ¢ PaaiEk0560d83 87. 0

97.0 280 9-nethyl-6-decenoic acid 50.8 83.0 90.0 269 9-nethyl -2-decenoic
acid 26. 7-54—240-591+-0—315—rethH—hexadecanetre—acter 25935626 38.2
15- et hyl 16-h xadecenooa)n@@uﬁldsB 8 30.% 21.3K3622 15} net hyB1g- hexadecenoi c
acid 10. 1+ 6—810-—5The—above resulit—sugygsts—tia—tte olLrtiIam,tr
activity o25ur%(13-Methylbridevyhetlamuloai n 2064 y |lacidli s st18(8ng< r 13tan |t hat of
its corre%ponqlbegzesmulfcaﬁ@@bi@ne, and aljso for | unsatufated bfanchedqchain
fatty aci rr tirectoser_the doubie bonmg—Ts to jthe _car Xgr o, thg hi gher
pol arity {Ré noVétuMathydsidecyhedd-aminagr ¢atlehS t He @ABi -Ladddr acti®hty it
has. Expefi mertl,3bemzenediol ant i - cancer fficac Conpar| son (so¢lid tufor
nodel ) MpUSE [Cervical __carcinona_UL4 npde] used tp conpaje in vivo
anti - cancer’ qi¥-Beuey 1dmethylretrarpranpis xa]d)e]cenm ¢24cip, 11.2 6.10
13- et hyl 1 t et rladsbanoi ¢ aci d and the henot hgr apy drug cyt oxan (CTb.
Reagents @and Nefhods: 40 male TCR straijn m ce, | gig- 2249, e
random y P9 ce?dAFTHF‘b'li meshylvigireseranig USOIV\T%g 8" 29rfoups 'of 1( each.
Ul4 cervi ¢al dactd noma nass (about 2 each)| was transpl anfed
subcut ane [y ar.npits o¢f ani s fol]low ng standard
pr ocedure%;’he 1t52'¥t%ﬂ{¥5|'§' ag@ 1816 a¢idy 5] rTE]t%h{H -|2- EZiadece% ic ac]i)dgaand
13-met hyl 1 46t 11aAEGANRS 1-tridecyD)-5- 875 | 610 | 805 | 5.6
mercapto-1,3,4-thiadazole
31 | 13,13-Dimethyl-tetradecanoic 37.5 24.6 35.6 204
acid
32 | N~(13-Methyl tetradecyl)-4- 11.5 6.31 10.6 5.75
amino-1,2-benzenediol
33 | 9-Methyl-2-decenoic acid 26.7 51.2 40.5 91.0

In contrast, the specific structured compounds disclosed in the present

invention are not toxic against normal human peripheral blood lymphocytes at a

concentration above 400..g/ml, while they have significant cytotoxicity on various

human cancer cell lines at well below this concentration.

Furthermore the in vitro anti-cancer activity of 2-(12-Methyl-tridecyl)-5-

mercapto-1,3,4-thiadiazole has been tested on other human cancer cell lines, including

human prostate cancer DU145, human gastric cancer SNU-1, human lung cancer

H1688, human colon cancer HCT-116, human hepatocarcinoma SNU-423, human

pancreatic cancer CRL-1687, human CNS cancer SF-268, human renal cancer Caki-1,

and human melanoma SK-MEL-5. Using viability assessment by trypan blue dyé

exclusion and calculation of inhibition rate with linear regression, ICqy, of 2-(12-

Methyl-tridecyl)-5-mercapto-1,3,4-thiadiazole on various cancer cell lines above were

determined to range from 8.3 ug/ml to 23.2ug/ml.
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acid at 0.4 g/ kg, respectively, intragastrically (i.g.) daily for 11 days.
The positive control group was given a single dose of CTX i.g. (25 ng/kg)
on day 1.wiegabiere control group was given nornal saline HOWIS0)/06d83
0.2nml/1 Qg daily for 11 days. On the 12th day, all mce were sacrificed and

the tunors wer%éi?so,l ated and weitghed. pr i.nhi hition rate (TIR) was
cal cul at ed and ESwgyiEmeant 2oln vigrg anti-canceg glicacy LOnDAnf(2) i n vivo efficacy is
shown in Table 3. Table 3, In vivo Efficacy Conpari son G oup sage No.

Body W (g, XSDyet#igio skficagyress wapsamied opgto @mpa%wsstur%ﬁhm@%ﬂo 20. 60. 7

24.80.8 2. : s o - I Al : 40 64. 6

25 08 i oche g8 n%‘i“é’%%ﬁgg’tyh%s‘{eﬁg%oﬁ%‘#‘g?ﬁég 4%1%7%8 ofdREndIE abiPa LA 0% 00, 20
81. 0 <0. 09 5-thetkple®hexmiecencioac2baml KgmethyR6-18Radec2ibicid. Thd 66Bultya82. 5 <0. 05
The above {xesul,t indi cate that 15-nethyl-2-hexadecenoic acid has

conpar abl 0% Tabledr effect with CTX, and greater anticancer activity
than that of saturated fatty acid. Judged by changes in body weights, no
toxic effect vv&eag?ﬁ%i‘%wqmd%n?%%gmtEg‘@%Fﬂ@@l%'th the test conpounds of
the present invention. Experinment 4 In vivg anti-cancer Efficacy Conparison
(ascites nodel) ReageRRte 278 viEe MyiFances aCuhedosNatfon et ai n i ce, wei ghi ng
18-21 g, were randonly divided iudaturated Gityugeiisof 10 each. 0.2 m of HAC
cell suspension (10" cells/m) was injected 26 WD 01/ 59067 PCT/ US01/ 00683

IZHE rlgpﬁ/lrelt ;‘Ydomﬁoﬁﬁdje_c)’! )-5-mercapto-{l, 3, 4-t ljsgdi azol e at 0. 4gggkg i . g. daily
till death. The positive
ICs, IC,, ICs, ICy,
9-methyl-decanoic acid 55.5 87.0 97.0 280
9-methyl-6-decenoic acid 50.8 83.0 90.0 269
9-methyl-2-decenoic acid 26.7 51.2 40.5 91.0
15-methyl-hexadecanoic acid 259 35.6 20.7 38.2
15-methyl-6-hexadecenoic acid 23.8 30.5 21.3 35.2
15-methyl-2-hexadecenoic acid 10.1 17.7 6.8 10.5

The above result suggests that the anticancer activity of unsaturated branched-
chain fatty acid is stronger than that of its corresponding saturated one, and also for
unsaturated branched-chain fatty acids, the closer the double bond is to the carboxyl
end, the higher polarity the molecular has, and the greater the anti-cancer activity it

has.

Experiment 3 Iz vivo anti-cancer Efficacy Comparison (solid tumor model)

Mouse cervical carcinoma U, model was used to compare in vivo anti-cancer
efficacy of 15-methyl-2-hexadecenoic acid, 13-methyl-tetradecanoic acid and the

chemotherapy drug cytoxan (CTX).

Reagents and Methods:

40 male ICR strain mice, weighing 19-22g, were randomly divided into 4
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control group was given 5-Flurouracil (5-Fu) i.g. at 25 ng/kg on day 1, 3,
and 5. The negative control group was given N.S. at 20 mM/kg daily as in
test grouws) 019671 engt h of survival of each group was req@oemdeiwdsrat e of
extension of life span was calculated and subject to t test. Results

Tabl e 4. Exten5| on of life span of  HAC m ce by t he ;sanpl e Group No. Body
Véi ght  Suteupsof B eachs | i cergical eprcingpy mpssrbpisk 2mpypeactyivess traasglantedef or e

Ccont r of ) B BEERE IS BEHIR bt s Sl bl b ot pfigelly, T ©

5- mer capt @hé tedt drdubivadi gaxzshl Erm&h§92k@xﬁe&ﬂ£&md ked 1D-nikbhyi let?adé&’ar&ilc.? 8
14.31.5 47.4 Positive Control) Experinent 5 Therapeutic Effect of
13- et hy| 2gidias Pl apwieetively, dma%aﬂaﬁ@lw (ignedaly forallcdaysnd byprsitive

X ft t | b/ /
thy o meonSlobb{lEs HvGFa BB oACE Y. LR bh by 1 PRGN, P& el 1
pat hogen feogteol (gBblp waogistert héximal Balie NI} att(12mb D0y detlyctbr 1 hdayse)xqethement .

Subcut aneous transpl antation_of human breast carci noma, MCF7ras was carri ed
out under 18thedy #ll Busraveresacrificgrord thesampriowergisalatedand weisher: sThe

(appr oxi ”‘?ﬁlﬁ&ylpﬂltbﬁgog c}éte(hilg)cﬁvasoca%&lﬁ}‘& b %Jbge‘%% to ABY. %]%ogﬁén‘?ggﬁ ggtrhgi nto the

ri ght manmmary ani ma rocar.
random zedy b effivaey fsehoandn Talle 3gr oups of ten

Table 3, In vivo Efficacy Comparison

Group Dosage No. | Body W. (g, X£SD) | Tumor W. | TIR |p
(g +8D) [ %
D, D,
N.S. 20mi/kg | 10 | 20.6=0.7 | 24.8+0.8 | 2.63+0.29 | -- --
13-methyl- 0.4g/kg 10 120.7£0.7 |26.0£2.6 |0.93+0.32 | 64.6 | <0.05
tetradecanoic '
acid

15-methyl-2- [ 0.4g/kg |10 ] 20.6+£0.7 |25.5+0.8 | 0.50+0.29 [ 81.0 | <0.05
hexadecenoic

CTX 25mg/kg | 10 | 20.6+0.5 |22.6+1.2 | 0.46=0.17 | 82.5 | <0.05

The above results indicate that 15-methyl-2-hexadecenoic acid has comparable
anticancer effect with CTX, and greater anticancer activity than that of saturated fatty
acid. Judged by changes in body weights, no toxic effect was observed in animals

treated with the test compounds of the present invention.

Experiment 4 [n vivo anti-cancer Efficacy Comparison (ascites model)

Reagents and Methods:

30 female ICR strain mice, weighing 18-21 g, were randomly divided into 3
groups of 10 each. 0.2 ml of HAC cell suspension (107 cells/ml) was injected
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m ce each. The day after transplantation, the mce in the test group were
given through gavage 13-nethyl-2-tetradecenoic acid at 400 ng/ kg daily.
The mice i §1¥9pea7 WO 01/59067 PCT/ USOL/ 00683 control gr NE06683

adm nistered with CTX at 25ng/kg and N. S. at 0.2m/1 Qy. A animal s were
sacrificed on day 23. The body wei ghts and tunor wei ghts were neasured.
The tunor intrdpetitonedly (@ at)dsto(all Rimeler Fheltisbguoip ads igiveo@nfldrMeatfyyt-he nmean

tunmor weight o he test. gro (T w.th that pof the contyrol group (C and
expr esse_d%é‘_iecy{i'i' ’_E?ezc_al?ﬁof @ﬁéﬁ@éﬁ%&%@%érﬁéﬁ%\bgéggﬁéﬁw& ~b’f}3€§’[°g’6’é(ﬁt' s test
for stati gbipdlorsiPRhd LiGaNSFlurodeil (55l {8 ADS sy Tabhed §. Thabl e 5,
Conparison of inhibition effects on transplante uman breast cancer

MCF7r as GneggsiveisonBulgroveivghgiviu . an20 mifkgplaily gs inXesl) groaps. XMdp)length D23
N. S.0.2mlL/ | 10.20.20.6 21.51.3 1.830,53 -- -- CTX / kg 10 20.40.4
6 60, 5 0.k SViE! Seegh spipaaTecorled i te affsxissigh O B M50 470 91 74, 3

<0.05 tehRARGANAHGuRetdo TRt r esul ts above showed significant inhibition
effect of 13-nmethyl-2-" tetradecenoic acid on hunman breast cancer MCF7ras

whil e no toxicpeffiget was observed fromthe body wei ght curve. Experinent
6 13, 13-Dinethyl-tetradecanoic acid' s function in preventing ultraviolet
B ray (UVB)-induced skin cancer 13, 13-Di nethyl-tetradecanoic acid (Sanple)
was encapsul ated with |iposone at a final concentration of 10 % Thirty
femal e SKH-1 hai rl egg;dq, Coxi¥lieh 6ANEPAY oI CARRe b iR SRAMHIE Ol and test
groups of 15 each. Each nouse 1n both groups was tfeated ‘topically once
wi t h DVBA

Group No. Body Weight Survival | Extension
of (g, X+SD) Time Rate (%)
mice (days,
“ before after X+SD)
treatment | treatment
N.S. 20ml/kg 10 19.541.2 | 34.6£3.8 9.7+£1.9 -
(Control)

2-(12-Methyl-tridecyl)- 10 19.6£1.3 | 46.5+6.1 16.7+1.8 72.2
5-mercapto-1,3,4-
thiadiazole, 0.4g/kg
5-FU 25mg/kg 10 19.5+1.2 | 43.4£12.8 | 14.3%1.5 47.4
(Positive Control)

Experiment 5 Therapeutic Effect of 13-methyl-2-tetradecenoic acid on Human
Breast Carcinoma MCF7ras Xenografted into Nude Mice

Reagents and Methods:

Thirty female Balb/c-nu/nu athymic mice, 6 weeks old, weighing 18-22g, were
housed in specific pathogen free (SPF) condition throughout the course of the

experiment.

Subcutaneous transplantation of human breast carcinoma MCF7ras was carried
out under aseptic condition. Tumor mass was cut into fragments (approximately 0.18
x 0.18 x 0.20 mm in size), and injected s.c. into the right mammary fat pad of each
animal with a trocar. The mice were randomized into control and test groups of ten
mice each. The day after transplantation, the mice in the test group were given

through gavage 13-methyl-2-tetradecenoic acid at 400 mg/kg daily. The mice in two
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(5.12 gg dissolved in 200 1 acetone solution) to achieve tunor initiation.
One week later (day 8), aninmals in test group started to receive topical
appl i Cati%(ﬁfss,é’ﬁgo | Sanpl e solution once a day. Control gqWki8685ved 200
| |iposonme solvent instead 28 WO 01/59067 PCT/ US01/ 00683 every day.
Thirty mnutes after the application, animals in both groups were exposed
to UVB (2%0ut3di@roups werd admimsiersd withcC T8 sgdmpfke 280 Naw/at f2ngéi0gdAil t o i nduce

rowth of tunor. The.aninal re,eval,uat ed for, tunor devel opnent at the
ond of 30 AL werpacriHied Ghuday, i e BOHE eighis A HMET SRS Wrvent | ve
ef fect whemeabised @HE Lidsbr iREHItIOn TARYETTR WekBternASEEY &inpaNngtthenRas Of

experinment, the aninals in Sanple- treated group showed a 65% reduction in
t unor i nciteaeceeighingfdhetest growpro@a with thateof thoeantiol grpup ) ahexpasssedige si ze

f ipot Sanpl e-t ted 81T% |l er. T d
o hore” B SRR 7R U8B 73 B R st R "o
not |imtethetr@ultd dre shdwhiilBhbIKls; t et radecanoi ¢ acid, have cancer prevention

d

function, not limted to skin cancer. Since these conpounds have extrenely
|l ow toxicity, they should be able to protect human and ani mal from cancer
if taken regularly. Experinment 7 Influence of NN(13-nethyl-tetradecanoyl)
4-amno-1,2 benzenggpRls @dnl offiHRbitiRNTrebis oiAMePMAteg function of
reticul oendothelial system5Q female |CR stl\glghzr m ce,” wei ghing 19-24g, were
randomy divided into 5 grodt@3BPIeAs GREH. 4roup was given N.S. at 20
m/kg i.g. as a normal control. A positive control group was given CTX
i.g. at 2p nmgrkg on day JL_anpl 6. A third group| was 0l VENn _N( 13
-met hyl - t ¢Gr@decanoy! ) - 4- M ho- 1BodpwpigBhedi ol I e) &Ry |atP 4Qony/ kg
i. g. The|remaining two |groups wer@, gigey both @GX4313) hg/ kg ¢n day |1 and
6) and Sappl e (100ny/ kg |[and #66nmgrkgTTrespectivyely). A| treafnents |except
CTX were @dministered daily for I3 days. BQ; minlites aftef the ljast

adm ni stration,
N.S. 0.2ml/10g 10 | 20.2x0.6 21.5+1.3 1.8310.53 - -
CTX 25mg/kg 10 | 20.4+04 18.6+0.2 0.43+0.15 | 76.5 <0.05
13-methyl-2- 10 | 20.3+0.5 24.4+1.1 0.47+0.31 74.3 <0.05

tetradecenoic acid

The results above showed significant inhibition effect of 13-methyl-2-
tetradecenoic acid on human breast cancer MCF7ras while no toxic effect was

observed from the body weight curve.

Experiment 6 13, 13-Dimethyl-tetradecanoic acid's function in preventing
ultraviolet B ray (UVB)-induced skin cancer

13, 13-Dimethyl-tetradecanoic acid (Sample) was encapsulated with liposome

at a final concentration of 10 %.

Thirty female SKH-1 hairless mice were randomly divided into control and test
groups of 15 each. Each mouse in both groups was treated topically once with DMBA
(5.12 pg dissolved in 200 pl acetone solution) to achieve tumor initiation. One week
later (day 8), animals in test group started to receive topical application of 200 pl

Sample solution once a day. Control group received 200 pl liposome solvent instead
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0. 15m Yidege (1:10) was injected into the tail vein of each nouse. 1
mnute and 5 mnutes after, blood was drawn and 20 | serumwas m xed with
0. 1% Na2Ca®. 0180680 was neasured and the cl earance i ndex RCI/US01/00683
(1g0D,-1g0D2)/(t2 t,) was calculated. The results were subject to t test
and shown in Table 6. 29 WO Q1/59067. PCT/ USOL/.006 Table 6. Effects of
SanpI o on S T Ol B IReS AE e ED G0 2ETEA T RO RS Sieierposed

| nmune- CoRPUYE 820 MAYSS) raFr@WPatthe BosagbBE 18] mElciX SR d) oM iR r ed
Conpared W th (2o Qi radiaiiatthe Bosae oy 1 IcOg§10 4 MR IR P 01
CTX 25ng/ lofj tubdor0 Th2 380nd4 tre<yaltedSanfuhmr 40Ghepthept 40the 08 0P80 6268s. >0. 05
<0.001 Sanple 100ngy/ kg 10 0.04120.0310 <0.001 <0.001 + CTX 25ng/ kg Sanpl e
400ng/ kg 10 0. O%hé36sultd dfpeett thdttheSe@fle has-a piexXe@bregpflegt When vedwlutisgi n Tabl e

6 denonstrate that_ N-(13-pethyl-tetradegcanoyl)-4- am.no- .1,2-benzenedi ol
had o obriLsees PLbmos o Abs ELS Bpenkt e Rt SRR nor
mouse (P, ?Q-@@F hiYREE 3685 fehfctPATR hEinGAHEHeRéBipFRAQY thdsE & leear ance of
Car bon grgl%%ei )?—treat ed 0m)usce to a certalifr:l extlggt (both P24 and P2,5
<0.01). 2:coSesligmipe ifieymicraggsize of sarser imthe Sé/ilestentidrgronreas aled §Hong
20-23g, were randomy divided into 5 groups of 10 each. The net hod of

adni ni st r 8RB i n each group was the sane as above (phagocytic function).

However, on the 6th day after _administration, 0.2 mM 3:5 (VN). sheep red

bl ood cel | ( RB%)“%B@E@ § a?/\g’g SPeUaC ttRFtyre B%Sckoﬁ"tcb‘né’éﬁsﬁnh’é‘t‘ig%mnﬂf days | ater
including, but not limited to, 13, 13-Dimethyl-tetradecanoic acid, have cancer
prevention function, not limited to skin cancer. Since these compounds have
extremely low toxicity, they should be able to protect human and animal from cancer

if taken regularly.

Experiment 7 Influence of N-(13-methyl-tetradecanoyl)-4-amino-1,2-

benzenediol on Immune Functions

1: Phagocytic function of reticuloendothelial system

50 female ICR strain mice, weighing 19-24g, were randomly divided into 5
groups of 10 each. One group was given N.S. at 20 ml/kg i.g. as a normal control. A
positive control group was given CTX i.g. at 25 mg/kg on day 1 and 6. A third group
was given N-(13-methyl-tetradecanoyl)-4-amino-1,2-benzenediol (Sample) only at
400mg/kg i. g. The remaining two groups were given both CTX (25 mg/kg on day 1
and 6) and Sample (100mg/kg and 400mg/kg, respectively). All treatments except
CTX were administered daily for 9 days. 30 minutes after the last administration,
0.15ml Yidege (1:10) was injected into the tail vein of each mouse. 1 minute and 5
minutes after, blood was drawn and 20 pl serum was mixed with 0.1% Na,CO;. ODgg,
was measured and the clearance index K = (1gOD,- 1gOD,)/(t,-t,) was calculated. The

results were subject to # test and shown in Table 6.
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(day 10), blood was drawn fromall aninmals and serum was prepared and then
diluted 600 tines. | m diluted serumwas mxed with 0.5 m 10% sheep RBC
suspensi owo (/5367 was used as bl ank control. Al sanpl es weamausomoedsat ed at
37C for 30 mnutes, and centrifuged (2000 rev/m n) for 5 mnutes. The

cal cul at 00, Tnailt FECispESantly GRer isedes Tier A e n Tabl e 7.
30 WD 01/59067 PCT/ USOL/ifDe8Ral a'ﬁ&il:‘[hxmu?w -cBfifpearhisedMdBaerpl e on Serum

Henol ysi nogenesis in Normal and | nmune-conprom sed Mbuse G oup (i.g.) No.
of HC50 ( Hpared—wW-t-h—Conrpared—wth—G-oup—1—G-oup—2

T o Oorg

N. S. 0. 2| Ge8upl@.g33. 912.|123NsbO0L KODE-SAD)Y/ kg 10 22. 5149 30 <O. 001 'J>ar’rp| e

0.4g/ kg 19 31.484.60 >0.{05pK& 001 Sanpl e 0.rtgrkg—t0—19T503-26—<6-091 >0. 05
+ CTX 25my/ kg Sanple 0.4g/ kg 10 [23.413. 75 <(. 00tmp@red5 | CoBipdr@bwmiii kg The
results inh Table 7 showithat N-([13-nethyl -t gt witl€anpy! ) - 4-@roupd- 1, 2-
benzenedi pt—rad—Toobvigus—effetts—om serunT{ienol ysSTTogeEnesTs 1 er tlher
normal or | N.Snfldrel/ tegrpr dni séd rmfu@@wﬂiﬂQ%ZFZ 4, and P2|5 >6008). This
suggests fthat the sSanpl € does not evidently aftect hos hurmoral T mjunity.
3: Del ayed i Hyoetagksgi ti vi ty 180 RS H0ER0dr ai it 8 ¢e, Yweighing 18-21 g,
were rando I nt rfo. ach._,T mef hod
admi ni st r1 ?%ﬂld ‘Q?ba’&@?% UEO Q‘ﬁ@%grgé@gﬂ bmpeé}e <Bloor

Sample 100mg/kg 0.0412+0.0310 <0.001 <0.001

+ CTX 25mg/kg

Sample 400mg/kg 10 0.05430.0410 <0.001 <0.001

+ CTX 25mg/kg :

The results in Table 6 demonstrate that N-(13-methyl-tetradecanoyl)-4- amino-
1,2-benzenediol had no obvious effect on the Clearance Index of Carbon grain in
normal mouse (P, ; >0.05). Moreover the Sample could even improve the clearance of

Carbon grain in CTX-treated mouse to a certain extent (both P, , and P, 5 <0.01).

2: Serum hemolysinogenesis

50 male ICR strain mice, weighing 20-23g, were randomly divided into 5
groups of 10 each. The method of administration in each group was the same as above
(phagocytic function). However, on the 6th day after administration, 0.2 m! 3:5 (VN)
sheep red blood cell (RBC) suspension was injected i.p. into each mouse. 4 days later
(day 10), blood was drawn from all animals and serum was prepared and then diluted
600 times. 1 ml diluted serum was mixed with 0.5 ml 10% sheep RBC suspension. N.S.
was used as blank control. All samples were incubated at 37°C for 30 minutes, and
centrifuged (2000 rev/min) for 5 minutes. The supernatant was collected for
measurement of ODs,, and HC,, was calculated. The results were subject to # test and

are shown in Table 7.
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(phagocytic function). However, on the 5th day after adm nistration, each
nouse was injected wwth 50 | 10% sheep RBC suspension through tail vein. 4
days | at ewg@d@ygo?), each nouse was injected intradernmal | yowide1/86sss 10
sheep RBCsuspension or normal saline into netatarus of the left or right
hind |inbs, respectively. The Ital thickness of each nouse was neasured
24 hours | ater, andTehle 7d|11'3f1f@tﬁefﬁg(é’"mﬁe@mS@MﬁbHQmﬁb’ﬁlﬂéé‘PneSlseft and ri ght
digits was subject to t iheRrmanaldyiainsuneldognprémised 3Mase shown in Table 8. 31
WO 01/59067 PCT/ USOL/ 00683 Table 8. Effects of Sanple on del ayed
hypersensitivity of normal and immine-conpronised mce Gaoup (i No. of

7

Di fferencedrg%%ﬁ;\f ce thi (Ng,nggs t}@@\/\@v\%gsb flt and right palm (nm Conqared to

Conpared 1 up O 21l IL%'IU_n/InJ;nA 01

G oup O—2 i
CTX 25ng/ kg 10 1.250. 48 8%%? Sanpl e 0. 4g/kgcd;ﬁpére&&ﬂth6L(}tﬁn1ﬁ5ed<\@1tﬁ)]
Sanple 0.1 g/kg 10 1.56.22 >0.

5 >0.05 + CTnggﬁ{gi kg 1>anpd}ﬁ)u9.249/kg 10

1.500. 48 PO—B5—0—-0B5—+-CHX25rt-kg—Fable—g—shows—that
N- (13- et hNSt(EImHﬁ@gaanyl )1H04- am BBQl;EZQB)er zenedi ol had| no<0riilbitqgry
ef fect tof[tiredetayed pelbellblll\ﬂ_[ of fjottrormat—apd—CTX-treatgd
m ce. The|¢dXi2smgkegP1, H®, 4, |adad. 5@2450\/\;re at0.0Qr eat ¢r than 0. 05,
suggesting thaf There re no appa ects_of _the sanpl n hogt
cel lular i §ﬁ’€?ﬁ§et({/4g/1$g i tht s_of gllrﬁlg %6§rcans i ce mere(850§&r| fijced
after del ayed PVPRIRENSITI iy (e 5946 qnd tib?om 50,05

+ CTX 25mg/kg

Sample 0.4g/kg 10 23.41+3.75 <0.001 >0.05

+ CTX 25mg/kg

The results in Table 7 show that N-(1 3-methyl-tetradecanoyl)-4-amino-1,2-
benzenediol had no obvious effects on serum hemolysinogenesis in either normal or
immune-compromised mouse (P, ;, P, ,, and P, 5 >0.05). This suggests that the Sample

does not evidently affect host humoral immunity.

3: Delayed hypersensitivity

50 female ICR strain mice, weighing 18-21g, were randomly divided into 5
groups of 10 each. The method of administration in each group was the same as above
(phagocytic function). However, on the 5th day after administration, each mouse was
injected with 50 pl 10% sheep RBC suspension through tail vein. 4 days later (day 9),
each mouse was injected intradermally with 20 pl 10 sheep RBCsuspension or normal
saline into metatarus of the left or right hind limbs, respectively. The digital thickness
of each mouse was measured 24 hours later, and the difference in thickness between

left and right digits was subject to # test analysis. The results are shown in Table 8.
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t hymus and pancreas were col |l ected and wei ghed. Indices of each organ (ng /
| Oy body weight) were calculated and subject tot test, and shown in

Tabl e 9 agoMldes7Tabl e 9. Effect of the Sanple on the indipggsumiobggpune
organs of both nornmal and CTX-corrprorri sed mce Drug (i.g.) Nunber of

I ndi ces of thymus Indices of mc avoi rdupoi s) pancreas (ng/l Qg
avoi rdupois) N S. 0Tgblgi8 I%C§@f§a@2@10 ed hypegsengyaty ofTX 25 g/ kg 10
1.3870.701 2.2871.023 32p¥ihd) 30SER0UndEThpiOMided@dm88 Sanple 0.4 g/ kg 10

3.5051. 212a 4.1320.487a Sanple 0.1 g/kg + 10 2.5910.517a 2.3950.894 CTX
25 ny/ kg Qarmlp 04 g/kg + 10 3 1650 6353 3 0851 152 CIX 25 nglkg

aP<0. 001, to tI‘eN QYT ohigLRNR inThe results inpTable 9 shoy t hat
t here vvas no g rgﬁqul cant @f%eect Of{chfc Etégnp e on the indices of i ne

or gans fof normal mce (Ib ngreases, P113>0. 05) . to the

h
mce that{were treated Qy CTX, %%%’ ep d]af i med
adm ni stration of the Sqrrpl e. [THEL prlpdEL dc?ﬁ%?@é i é&?p%r @Fr?lis anong

these three groups is stjatistigal IMQ}M fi caﬁtrjqﬂrf a OHRB"001). 1t s

suggest ed Sangl e} s d|f fromthe anticgncer oundgs of

comon cl m%ﬁ@g LN thyt) g’ﬁ% 1%8 S not |nhlws{_u_n§_§@ium¢$e
that the spg

bci fic

function athth tic [dosgge} Sll islguky, |t wagopho
struct urei_r_aupﬁgg_méd_ased_i_a_?he;pl_@senf Hiventi-dn—haveno—infl uence
on i mmune Ig&m‘gkl(prg/lgé nqr mag) bodyl@tggo\@pul d n0$0 gggrayat e kh@1i mmune
suppr essi pa—ndueet—by %hermt fapy—tttgs—fur-therrere—they—have i%‘rune
boosti ng =S&mp5e$)mmcgal llevii@t e| t hé.S6xm2ne stpr:e&@S on Wwhen w864 in

+ CTX 25mg/kg

Sample 0.4g/kg 10 1.50£0.48 >0.05 >0.05

+ CTX 25mg/kg

Table 8 shows that N-(13-methyl-tetradecanoyl)-4-amino-1,2-benzenediol had
no inhibitory effect to the delayed hypersensitivity of both normal and CTX-treated
mice. The values of P, 5, P,,, and P, ; were all greater than 0.05, suggesting that there

were no apparent effects of the sample on host cellular immunity.

4: Weights of immune organs

The mice were sacrificed after delayed hypersensitivity test above and the
thymus and pancreas were collected and weighed. Indices of each organ (mg/ 10g

body weight) were calculated and subject to ¢ test, and shown in Table 9 as well.

Table 9. Effect of the Sample on the indices of immune organs of
both normal and CTX-compromised mice

Drug (i.g.) Number of Indices of thymus Indices of
mice (mg/10g avoirdupois) pancreas (mg/10g
avoirdupois)
N.S. 0.2 ml/10g 10 3.623+1.369° 4.513+0.895°
CTX 25 mg/kg 10 1.387+0.701 2.287+1.023
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conbi nation with other chenotherapy drugs. Experinent 8 Acute Toxicity
Tests of 15-nethyl -2-hexadecenoic acid on Mce The acute toxicity tests
wer e asseggRf/so697 two adm ni stration routes, through gavagg/@ndoosss
subcut aneous injection. 1: Gavage Adm nistration A prelimnary test failed
to establj LD50 of 15-pethyl-2-hexadecenoic acid (Sanple) Thus the
acute tox @&@let(fﬁé/kg’as #:ondul(bt ed itn twanfpg.| GRSt raip P}';ggzj:o_x@aghi ng

ml e \wae Al O i d

) alple—wds—g of

n
18-20g. T enthrougth—gavage—at—dosage 2-Sgikg—4i ce a

day. Cont|guapR OMPRikEor i fg waim nadé for 2lh1deys7* No mhj on, 385000804 WS
observed, | 0t $RlIpI safety of the Sanple with LD50>p g/ kg. 2:
Subcut anepus—rfeetor—Rpenty—-CR—gtra-A—ce—wei-ghtpg—318—20g—wetreqused i n
the test. | Thepkad ykgdosage dfo t he[Sampl3el63t06367 kg was Suﬁéﬁt.aﬁmoué,
i nj ected armxodhnsjiges of spine fol 14 33 WO 01/5906f PCT/ US01/ 00683
days. No '<\,‘ Ojlca{h Was - oRSe! v,&:', rchcattng—saf ety or—tte—Sanpte—and
LD50>2g/ k (F% e.c?r.np@'fgé? R a%‘&‘lani smof anti-cancer activity of
15- net hyl - 2- hexXhdeesuits ic Tatde P ghaw thas these Wos nQ sigaitieeicdiest ef the Semplehe
Sanpl e) causges. gpoptpsi s The test Sanple.kill ancer _cells by induction of
2popt obi A HAea® b umergret oy ettb it e B SIES R Fasefeating 't wo
exper i mentps >(d9). IAY t8ithdimicd!that RS Hedled BE UTN) R ki il26a3e€ 8fidrS and

gastric carcinoma SNU-423 cells were treated with the Sanple and slides
wer e pr epaeedingd aidminstrationgd éresSample. THee wkiedssinie mdéces of Hytus WMORZi n sit u

Col s af t &pF PER Be® oot (Tharad b b R0PE: RE L8uBei™ gt nay

the Sanpl e Sample is different from the anticancer compounds of common clinical use, in that

the Sample does not inhibit host immune function at therapeutic dosage.

Similarly, it was shown that the specific structured compounds disclosed in the
present invention have no influence on immune function of normal body and would
not aggravate the immune suppression induced by chemotherapy drugs. Furthermore
they have immune boosting effects and alleviate the immune suppression when used in

combination with other chemotherapy drugs.

Experiment 8 Acute Toxicity Tests of 15-methyl-2-hexadecenoic acid on

Mice
The acute toxicity tests were assessed for two administration routes, through
gavage and subcutaneous injection.

1: Gavage Administration

A preliminary test failed to establish LD, of 15-methyl-2-hexadecenoic acid
(Sample). Thus, the acute toxicity test was conducted in twenty ICR strain mice,
weighing 18-20g. The Sample was given through gavage at dosage of 2.5g/kg, twice a
day. Continuous monitoring was made for 14 days. No major anomaly was observed,

indicating safety of the Sample with LD,>5 g/kg.
2: Subcutaneous Injection

Twenty ICR strain mice, weighing 18-20g were used in the test. The daily

dosage of the Sample at 1 g/kg was subcutaneous injected at both sides of spine for 14
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i nduced apoptosis in these cells. (2) DNA fragnentati on assay After
treatnent of the Sanple in the above two cell lines, cellular DNA was
purified adbiiseedzed with ApoAlert LM PCR kit (Cl ontech). Sarmpi®soeas! ected
at 8 hours and 24 hours past treatnent showed fragnmented DNA i n gel

el ectrophoresis, which confirmed the apoptosis induced by the Sample. 2:
apopt ot i ¢ dpyrd N@ miee depthn wanehsayied sinfisgtngsadeisof theetarnieand bRePIe/ks| ated to
t he caspazfc at hway The mechani sm by which the Sanpl e induces apoptosis is
closely relat’'ed to the caspase pathway. This is suggested by the

followi ng: (1) translocation of cytochrome ¢ frommtochondria to cytosol
After treatnent wwth the Sanple, as early as 4 hours, cytochrone ¢ can be
detected in the,cyt.osol stern. analysis....Thi t ochrome
¢ transl ocat e xﬁglmeiﬁtg C mor}‘anl-ca er t11v1 gf 1996 -E%GS(Q&CCE ‘Edly
inplicated as agidupstream event of caspase activation. (2) cleavage of many
substrates of caspase, including Lam n-B, Rb, and PARP 34 WD 01/59067

PCT/ USOL/ 00683 1. By-nys1€)-Rexalddersic acid(iRAsag e )aasisabsptetis Laur i n- B, Rb, and
PARP can be detected as early as 4 hours after treatnent by the Sanple.

Presence of thesg test SBAYRAGIPERIHIels BY intulflod 6f 4RPRAREN Aedst Yéllsy  TIRS many
ot her reports had suggested. Dephosphoryl ation of Rb was al so observed, in
accor dancés ¢émdnstrated in tedollowigitwd gspéronerd$: apopt osi s in segregated cancer
cells by dephosphorylated Rb. The conpounds with the specific structure in
t he present i nyéninisén celdeathdetecitdreni cal |y synt hesi zed or extracted from
natural resources, or admnistered in a natural mxture w thout
extraction, havleukémiaiiiaaells and gastamcaseinams iSNU-¢23 oelishueratreated v nal .

These Con%euga%plg gr?d gl%(feg V&Pe?e ﬁr%lﬁaergd (v)vrif?ll cleﬁ sagpelrol io}l.njl“ﬁec tsl'1c?ers] ’Welrg e)Earﬁqemg(? rms of

with in situ cell death detection kit (Boehringer Mannheim). Large portion of cancer
cells after treatment of 4 hours and 8 hours were stained, suggesting that the Sample

induced apoptosis in these cells.
(2) DNA fragmentation assay

After treatment of the Sample in the above two cell lines, cellular DNA was
purified and tested with ApoAlert LM-PCR kit (Clontech). Samples collected at 8
hours and 24 hours past treatment showed fragmented DNA in gel electrophoresis,
which confirmed the apoptosis induced by the Sample.

2: apoptotic induction by 15-methyl-2-hexadecenoic acid is closely related to

the caspase pathway

The mechanism by which the Sample induces apoptosis is closely related to the

caspase pathway. This is suggested by the following:
(1) translocation of cytochrome ¢ from mitochondria to cytosol

After treatment with the Sample, as early as 4 hours, cytochrome c can be
detected in the cytosol by western analysis. This suggested that cytochrome ¢
translocated from mitochondria to cytosol, which has been repeatedly

implicated as an upstream event of caspase activation.

(2) cleavage of many substrates of caspase, including Lamin-B, Rb, and PARP
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i quid, powder, tablet, injection, capsule, or encapsul ated |iposone, or
they can be topically applied in the forns of cream ointnent, or |otion.
EXAMPLES wioxamede 1 Synt hesis of 13, 13-di net hyl -t et r adecan@iTeuagiochss

El ectrolysis reaction was carried out with methyl dodecandi oi c nonoester
(139 g, 0.56 nole), 1,2-dinethyl propanoic acid (56 g, 0.56 nole), sodium
(0.65 g, 0.028 Bynwestorn agplysigrigayperprodpeth ghbrmimBoRb, Ayl PARRcati beect current

f 2. il j ] ' db
cvaporati on; 1 AEeaied Rt PR+ Bk he: SRmERTh Ghe SERPRIRIRR ST Y

fractional di stldavaid @oduct?fszhied 46 basbaseldceioity, il nvay otled rdpeetsedd as
13, 13-dinet hyl -tetradecanoate (21.5 &) . 13, 13-di nethyl -tetradecanoate was
then refluxed whggsstedoeplpsphaylation of Rbrwasalsthebservedsn ascergncedyitty hour s,

and net hanol i I d i T i pder was adj usted
to pH 2.0 vvitﬁﬁel%%%ﬂ{n%ggt\é e@%;gﬁ%?ﬁ%%é%?%&dp@g rgcsgﬁ%/ve e collected by
filtration. FildeplessphovgiatedRished to neutral with water (became white solid)
and subject to vacuumftractional distillation. 170C/ 0.4nmHg fracti on was

collected and recrystallized with ethanol- water mxture to yield final
product, 13,13-dinethyl-tetradecanoic acid (15.8 g, mp. 37-39C). 35 WO

01/59067 PCT/ USG&/c8RH8EndsEidimle @pecifhy Biiidse $n tHe piedest invention, whether
4- di hydroxgl -phenyl ) - 13- net hyl -t et radecanam de p-nitrophenol (69.55 g, 0.5
nol e) ~ was chemisally Bnthesized onexmctgdijommauraliespurceoon agminiptgedd ipiat h heat i ng

and then | ed _.down, . th 1 X1 . . POt [ | orate
(61, 259, TG IRREE wih el Sl HE YORGRHRSH Rk o B8 B R T

cont i nued ahidhal 1 TReder coafoahdsaummisdtbeankei orallg bt byoihjedidn, Th Xtidfoemvas | ef t
overnight at roomtenperature. After filtration with vacuum ng, the

filtrate Wasidwaevider Whteh inigrtien, cprsalanar encapsidatedbipgeomel P thexi ol b dil ute
acetic aclg;salyHpbAld fomy il Ry, RUcd@Wht, or lotion.

EXAMPLES

Example 1
Synthesis of 13,13-dimethyl-tetradecanoic acid

Electrolysis reaction was carried out with methyl dodecandioic monoester (139
g, 0.56 mole), 1,2-dimethyl propanoic acid (56 g, 0.56 mole), sodium (0.65 g, 0.028
mole), and anhydrous methanol (1390 ml) at a direct current of 2.0 A until the reaction
mixture was basic. Methanol was removed by evaporation; the mixture was washed
with water and subject to vacuum fractional distillation. 120°C/0.4mmHg fraction was
collected as 13,13-dimethyl-tetradecanoate (21.5 g). 13,13-dimethyl-tetradecanoate
was then refluxed with 10% NaOH (53.5 ml) and methanol (64.5 ml) for 2 hours, and
methanol is again removed by evaporation. The remainder was adjusted to pH 2.0
with 10% HCI, cooled down, and precipitates were collected by filtration. Filtrate was
washed to neutral with water (became white solid) and subject to vacuum fractional
distillation. 170°C/0.4mmHg fraction was collected and recrystallize(i with ethanol-
water mixture to yield final product, 13,13-dimethyl-tetradecanoic acid (15.8 g, m.p.
37-39°C).
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acicular crystal, 2-chloro-4-nitro-phenol (80.2g, mp. 110-111C vyield rate
91% . 2-chloro-4-nitro-phenol (64.44 g, 0.4 nole) and 300 mM 4M NaCH

sol uti on wEngew@f |l uxed with heating for 6 hours. After co@tveidessy and
filtration with vacuuming, the filtrate (crystal) was dissolved in a
little warmwater (60C). The solution was adjusted to pH 2.0 with 10% HC
and cool edx@Bedhil e stirring. After filtration, the filtrate was
recrystallized with water to yield 4-nitro- 1, 2-benzenediol (52.1 g, yield
rate 849 Symdesis 00Ne(3nt-dilyasaxykpbemdh bitmettyilteteadecanamidsy enedi ol (49.6 g,
0.32 mole), and then 403 Ml water and 16 ml_ 10 N HCl (0.16 nole). Wile
stirring 83.2 @-nifraphaigk¢69.3512, 9 mpled yagdisselverbip WM&l (P90 mbrineact i on

m xture r X it h, heating IS r . '

i1t act on oo B TSk bR e B bl (REBmOR RGP, o5,

et hanol ampdtagdéetml cbldrziedo D5 gco.b weoleohtion, fratlidlgtwignstatiasn Safthg vwasapor at i on
of ethanol was carried out until the solution just started to becone

turbid. Appiguedden | hopriatter perapletiompicadditin andingintusp was ledlcanemigl atf i 1 trate

was collected. as 4- am no- -benz ol . . i % . Dissolve
4- am no- 1%918«56?53%%3&5%0I&%fiﬂ.l%atg?n Bﬁqggér]rlo é§§;?}ﬁe%]§§%/ee %Sg‘ﬁéﬁ%g %%er salt ice
bath 140 rdisti¥be Nafdr af@ kediysodlli2eichyitip Bkt acktiohicid IEIoAA0 §icdd balk iyelowf 13-

met hyl t et radecanoyl chloride (23.2 g, 0.18 nol eéT wer e added si nul t aneously
to the basizaleaiyslal orhieroghmtgtphenak (8P SammiAperlal 6. oidldrate Shdr s.  Adj ust
pHto 3.0 with HCI, freeze, and filtrate. Wash the filtrate to neutral
with water and 2-@derpst-aittorphenal (68-4430 tanplghand 309 mi EVidNaEKIsolution

4- di hydr oxy] - n -13- et hyl -tetra L de 5 . .1 85-86C, yield
‘ate oo NesnRE i e LEhO RS R P Rue S

N- (13- met Rgbombig [ tBe SRR ioryGaly G BisdolvetEinitiie Wand @R q66°@®C e ( 600 Ny,
2.48 mol e) and di chlorosul foxide (2.0 m) were added to a 10 m_round

bot t om f | aekutigniapedusied i pPH 2:@with 0% Chantbenoded dpgvn while stirring. After

filtration, the filtrate was recrystallized with water to yield 4-nitro-1,2-benzenediol

(52.1 g, yield rate 84%).

To a 1000 ml flask was added 4-nitro-1,2-benzenediol (49.6 g, 0.32 mole), and
then 403 ml water and 16 ml 10 N HCI (0.16 mole). While stirring 83.2 g zinc dust
(1.28 mole) was added gradually and reaction mixture refluxed with heating for 8
hours. After cooling down and filtration with vacuuming, the filtrate was washed
thoroughly with 95% ethanol and decolorized by active carbon. Filtration again and
evaporation of ethanol was carried out ﬁntil the solution just started to become turbid.
After cooling in freezer and filtration with vacuuming, filtrate was collected as 4-

amino-1,2-benzenediol (30.0g, yield rate 75%).

Dissolve 4-amino-1,2-benzenediol (23.2 g, 0.18 mole) in 95% ethanol. Under
salt ice bath 140 ml 2M NaOH solution and 150 ml dichloromethane solution of 13-
methyltetradecanoyl chloride (23.2 g, 0.18 mole) were added simultaneously to the
benzenediol solution. Stir at room temperature for 6 hours. Adjust pH to 3.0 with
HCI, freeze, and filtrate. Wash the filtrate to neutral with water and recrystallize with
50% ethanol to yield N-(3, 4-dihydroxyl-phenyl)-13-methyl-tetradecanamide (55.8 g,
m.p. 85-86°C, yield rate 85%).
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this solution was added 10 m petrol eum ether to renove di chl orosul f oxi de.
The product (13-nethyl-tetradecanoyl chloride) was used in follow ng
reaction.wg@psoie (186.1 ng, 2.48 mole) and 2M NaCH ( 2. 4 d1iysodoéss nmol e)
were added to a 50 mM flask and stirred to conplete dissolution. To this
solution, 2M NaOH (2.48 nml, 4.96 nmmol e) and above acyl chloride product in
10.0 m ofExamph¢ 3r onet hane were added sinmul taneously by two funnels under
ice bath. After conplete addition the ice bath was renoved and the

reacti on m xt ule Sxathesis of Ne(d 3froethp)ieitadscaapyk gpene enper at ure. Large anount
of white precipitates should formin the reaction m xture at this step.

Et hanol was addadnathyltfitiadedaneictaqisl (6P@ oignP d&tessolghend diehleresalipxide fd-Qent was

i xture BALNRE ARGl & pEPoumd g sk ani BbEc AR P ARyl B o "

preci pi t aigs sd10fisPHaPaRIcl 103AI0cHRIRnLahras k@foRyditilbiosalfd-aae. Tie filtrate
was purified by recrgstal lization with ethanol-water m xture to yield

final whi peoduet (13-metbyuietradaqaiayl chietidg) wastused duodlawing reaefigpei ne (0. 52 g,
mp. 78-81C, yield rate 70.1%. 'H NVR(CDC13):S 5.98(m 1H, 10 NH), 4.09(m
2H, CH2), 2.27(lysine@’630ak).48 mngR¢)and 2N Nedd) (2.48 B (“4R6 mppolagpyere

1'1%(5-1(1)6; ? QH@(]% 5220 rggt? 2 ?apdgﬁ‘tr%%?@pl%%%@bﬁgﬁ 926 Wis &rusicrs IFRAOH

N, N- di et hy} 4% 21106 ¥md16} 4AdS6IO 3 8Eloridd proahénih U 6l ANeTAAdbfon@thhe ( 726 NU,
3.0 mol e) and dichlorosulfoxide (2.0 15 m) were added to a 10 nl round

bot t om f | akske addgd lsbaultadequsizhby B¢ ¢ls underhenbath. Aer ¢ameplsisiaddition theas added
10 m trol t her t i chl. | f QXi duct (13

ot i T et tovi o B actioR HuBhS e Sittelion d APl PO

Di et hyl amidigpdrafifd. %I%J%E?M!fﬁfhite Nrd¥ipfiates shotll@ FariPvthé fadgor faMAMDe (30 ny)

and di chl or onet hane ( were added to a 50 m flask and stirred to
conpl et e aphistiteps dithanad was Pddedioglissolve theprecipiigoranttthl oeganis solieenpwesiuct i n

1650, M oSl o A0S e e L 0 B A4 RS
became clear. After adding 10% dilute HCI1 by drops, white precipitates formed again
and were collected by filtration. The filtrate was purified by recrystallization with
ethanol-water mixture to yield final white solid product, N-(13-methyl)-tetradecanoyl
glycine (0.52 g, m.p. 78-81°C, yield rate 70.1%). '"H-NMR(CDC1,):8 5.98(m, 1H,

10 NH), 4.09(m, 2H, CH,), 2.27 (m, 2H, COCH,), 1.62(m, 2H, CH,), 1.50(m, 1H, CH),
1.15-1.32(m, 18H), 0.86(d, 6H, 2CH,); MS(m/e): 299(M*, 2), 130(25), 117(100),
99(60), 76(30), 44(30).

2. Synthesis of N,N-diethyl-13-methyl-tetradecanamide

13-methyltetradecanoic acid (726 mg, 3.0 mmole) and dichlorosulfoxide (2.0
15 ml) were added to a 10 ml round bottom flask and heated with reflux for 4 hours. To
this solution was added 10 ml petroleum ether to remove dichlorosulfoxide. The

product (13 methyl-tetradecanoyl chloride) was used in following reaction.

Diethylamine (548 mg, 7.5 mmole), N,N-dimethylaminopyridine (DMAP) (30
mg) and dichloromethane (5 ml) were added to a 50 ml flask and stirred to complete
20 dissolution. To this solution, above acyl chloride product in 10.0 ml of

dichloromethane were added under ice bath. After complete addition the ice bath was

37



removed and the reaction m xture was stirred for 8 hours at room
tenperature. 10 mM 10%dilute HO was then added and reaction stirred for
30 m nut eqo dBosd7 wWat er was added, followed by extracti orpcowitde106d3y!
acetate (EtOQAc) (30 ml x3). The conbined organic |ayer was washed wth
water to neutral and dried with anhydrous magnesium 5 sulfate. After
concent r at¢meyedpaddhs eaptinn mivtyre Waggiiered forid kfiuss #hypomienpemipre. 10 ml

5 aagm ARt Sfied BtV men M Y Galth theel35: APBRAAEE 20 MWARNRTS) (B
1. 07- 1. 26aaded, Ztdwedd ctiéiHvitR 6&@) ac&@é (HtOAc) 29V Vi3 R) Thelcd8{baid,
115(100), 100(25). 58(35), 43(20) Synt hesi s of

N (13- net ﬁpga}uq laYaraRscuategd W P erdp ﬁéutiaé ﬁéﬂﬁ?‘ﬂ waibraaBEdaRImasREsiwn (1. 0 g,

4.1 mol e i X t-0 round
bo%t om fl )astg %Ift% gﬁt%tl e nglyéﬁfo‘g H}Efqﬁom S. %rie%ﬂhlés %ﬂ%Putl on was
added 10 métraﬁe&arnah@denooemrg rylél@ rdt@@DQ%)dWa@ i@b@ﬁx@lulchquCDﬂlg P B3dUa]
(13-met hyl t et radecano 5y ow ng reaction. 15
Pi peri di nédt 356TE).#d (&@Hxﬁﬂ@)ﬁ), MM.Z%%) éﬁ?%pkﬂ,u%ihégtﬁd\%ﬁ}n 5( 30 ng)

aru UL RIS IRct ), IRIRIAN98000 A, PR, [IRBaIE Shah o,

10.0 m o#43¢ioghl or omet hane were added under ice bath. After conpl ete
addition the ice bath was renoved and the reaction m xture was stirred for
8 hours at roomtenperature. 10 mMl 20 10%dilute HO was then added and
reaction stirred for 30 mnutes. 20 mMl water was added, followed by

expraction wit 3, g{iesiaeENAIBmetlyDAeiradedtho¥l pipdidinEhe conbi ned or gani ¢
| ayer was washed with water to neutral and dried wi th anhydrous magnesi um

sul fate. After 18aReRyikétRideCMoicRRIE(1YEE, Izoy\/nmhdw) dnlddli¢tderosulfoxide (2.0 mi)
N-(13-methyl)-tetradecanoyl d/\ﬁl peridine (1.01 yield rate 79.7% was

obt ai ned. WEreadded4p agPaualretndpottons ﬂﬁﬁikcﬁfld ez@dm&hreﬁu&é@rdﬁl hevrs.eTe thier at or .

o Doct PR e 0P p S g et 0T giopite B, Jh oA,
ig‘(—g)S) M5( 13 -gethyBeR4ddcardyl cBRAAE Ovas dst (o the folldwing@Eactiod12( 25) ,  84(40),

15 Piperidine (850.6 mg, 10 mmole), N,N-dimethylaminopyridine (DMAP) (30
mg) and dichloromethane (5 ml) were added to a 50 ml flask and stirred to complete
dissolution. To this solution, above acyl chloride product iﬁ 10.0 ml of
dichloromethane were added under ice bath. After complete addition the ice bath was
removed and the reaction mixture was stirred for 8 hours at room temperature. 10 mi

20 10% dilute HC1 was then added and reaction stirred for 30 minutes. 20 ml water was
added, followed by extraction with ethyl acetate (EtOAc) (30 ml x3). The combined
organic layer was washed with water to neutral and dried with anhydrous magnesium
sulfate. After concentration, pale yellow oily liquid, N-(13-methyl)-tetradecanoyl
piperidine (1.01 g, yield rate 79.7%) was obtained. The final product will solidify

25 when placed in refrigerator. m.p.< 0°C. '"HNMR(CDC,): & 3.52(brs, 2H, NCH,),
3.38(brs, 2H, NCH,), 2.29(t, 2H, COCH,), 1.44-1.62(m, 9H), 1.12-1.28(m, 18H),
0.83(d, 6H, 2CH,); MS(m/e): 309(M*, 2), 294(10), 140(70), 127(100), 112(25),
84(40), 43(35).
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38 WD 01/59067 PCT/USO01/ 00683 Exanple 4 Synthesis of (3,

4-di hydr oxyphenyl )- 13 -nethyl -tetradecanam ne Di choorosul foxide (143.5 m,
2.0 nol e)wwpg/seekded to 13-nmethyl -1 -tetradecanol (114.0 g,pcQvdsoimbee} and
heated with reflux for 4 hours. To this solution was added 200 5 nl

petrol eum ether to renove dichl orosul foxide. After vacuum fractional

di still at F¥@mpled- 161C/ 1. OmHg fraction was col |l ected as

13-nmet hyl -1 -chl oro-tetradecane (102 g yield rate 82.8%.
4- ami no- 1 Synthesis éﬁé”dﬂdith@SX@hG@YQ*13rl§lﬂf€§1}ylvtﬁt§a®i°§%ﬂv%d in 200 m nethanol .
To this solution, 13-nethyl-|-chloro-tetradecane (54.2 0.22 nole) was

added drop- 10D4ghl amplfwﬂﬁ(lﬁﬁ&ml Ad) mylep wigp ﬂ@dﬂdéo\lésIn¢th]rll1'@Ffa@QCﬂmqled for 3
hours and ({Tf“h(g A # an%rB%Xt%Q gﬁéﬁ ﬁﬂ%{’g&% c}l %?s ﬂ%f %5&‘5 so{mt @4 a%ﬁe&‘&é

vacuum ng, erorand recrys (?al i zed
W §h 95 Y%mdtjeabrRbim élhéf't@ k&néﬁq dléhldllol@M@(b@d’e’ pARSWtaEnum fractlonal distillation,

13- rrethyl-tetradecanam ne (49.6 ?/I eld rate 740/? nmple 5 15 1.

Synt hesi s é? 1682 %Wﬂgﬁ@éﬁ%@’%% egted @ d3-vonhyi GMWQ'@FTG@W@%H@Z@dl um
(138 g, 1 at§2§2‘§?r)e added to a flask. Wiile stirring, 200 m anhydrous
met hanol goei ron-of 13- met hyl -tetradecanoate (256 g, 1.0 nole) was added

to the flask gr4a%l<'ﬁl | P2 #)ﬁn ene nf"ggf%hg %%Qol ng)&lgso dqﬁr}ﬁbrr\éﬂz thaqﬁ%ijed and

the mxture refTuxed | um conp appear ed. 200

20 nl wat g tms;omﬁdﬁdmﬂféthmcbhnbﬁ) madaﬁﬁ@ (smﬁglmzzaﬂlow)msraaaéd dgpf or 30
m nutes. Methanol and tol uene were renoved & evaporation and water phase

wa8 al so byéiﬁmwhtsyrr@;a r Betmigfire map)iﬁmlwnats@e 3donrseand methaned wam

15 et hyt ot Beb oy agEAer v b A RbE ) HRDLU R SRR, O°
pyridi ne ﬁﬂsﬁﬂe@w@ter@n& &wyﬁtﬁhz@lﬁdltlﬂﬁﬁ%“@thﬁhcﬁlfd PielB} hatteydraplerddred to a

flask. Wth stirring, 150 m dichl oronet hane solution of 13-nethyl-I-
13-methyl-tetradecanamine (49.6 g, yield rate 74%).

Example 5
15 1. Synthesis of 15-methyl-2-hexadecenoic acid

300 ml dry toluene and sodium (138 g, 6.0 mole) were added to a flask. While

stirring, 200 ml anhydrous methanol solution of 13-methyl-tetradecanoate (256 g, 1.0
mole) was added to the flask gradually in 5 minutes. 800 ml more methanol was
added and the mixture refluxed with heating until sodium completely disappeared. 200

20 ml water was added and mixture was again refluxed with heating for 30 minutes.
Methanol and toluene were removed by evaporation and water phase was also ’
removed by extraction. Lipid phase was subject to vacuum fractional distillation and
140-142°C/1.0mmHg fraction was collected as 13-methyl-1-tetradecanol (142.6 g,
yield rate 63%).

25 Chloro-chromic pyridine (161.6 g, 0.75 mole) and 450 ml dichloromethane
were added to a flask. With stirring, 150 ml dichloromethane solution of 13-methyl-1-
tetradecanol (114 g, 0.50 mole) was slowly added to the flask and stirring continued
for 1.5 hours at room temperature. Let the mixture stand and separate into two phases.
Decant upper phase and wash the remainder with 100 ml! diethyl ether. Combine all

30 liquid and wash sequentially with saturated NaCl, 10% HCI, and saturated NaCl
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tetradecanol (114 g, 0.50 nole) was slowy added to the flask and stirring
continued for 1.5 hours at roomtenperature. Let the m xture stand and
separ at e Wt Q/sbye phases. Decant upper phase and wash t heoramaioekss W t h
100 m diethyl ether. Conmbine all 30 liquid and wash sequentially wth

t ted Nadl, 10% HCI d_sat te a 39 01/ 59067 PCT/ US01/ 00683
ol Ut on SPERO I RAEBIESS i@gﬁégm?&wﬁﬁm#w Cas heatremayrroRenbie ol ven:
b ' [WeloF k I 6,0, yield rat
31 op 1ot R e s b M FIRITEAT SE AR e 108 { Bl (26, 5

, 0.51 le), Wl : flask
and ref 1 uxed it e EEr G Dot & O R IR SRR

aci d was asdedamhplridiee (30e8cml, OB 74molewerewddedsiol o flasit ahdrefBidedwith under ice
bath and then extracted bé di et hy| Dieth et her, was renoved by

her . |
evapor atC} Seatgdop? Hawst C%Q}B]géiﬂwef{@%/:)a‘éﬁ{l?ﬁ acid was pdsdedjand fheiepdtioni on” and
170-172C/ 1. i . ' . o
(20,5 o it Ga; Gitfed 873 WA Gl at: Bitn BRq e TRirabitd By aBKACREENS © ac!

Met hyl nomaetholl ghdrev{siBRoged ©) dapomtion and prodatterdssubjecito(V@during, 0. 84

mole), sodium (0,5 g, 0.022 nol and_1020 m nethanol were subject to
el ect r osy HiaFEY d’e?flllatépl’(ﬂl}de](?p'](?G?e:@nqm@ﬁgli%@tlﬁnWiCPl??%’éi %ééc@%‘ﬁi’ﬁ‘l xture

was basi c. :M%ﬁs t o1 Xture was washed wi th water and
subj ect t(l)levacgf}%? ?Cg% |éng’lﬁ%fisretltlgpﬁé)m on. 15 108C/ 23nmmHg fracti on was

collected as 7-nethyl-octanoate (53 g, yield rate 5.29%. 1In a simlar
reaction as in 1 above, 100 m toluene, sodium(39.5 g, 1.72 nole),

7 t hyl - oct anga : AT : 260 m anhydrous net hanol reacted
t%m;i eld 7- ne?h%ﬁ}tfl?%sc agngﬂea%}l%%?m@%?d rate 85%; 7-methyl-I-octanol

44.3 g, 0.31 - ' -ch RV ) 0. 465
ol &) Lo yi ol d UEmRRGRLs ozl QR s Hotefie RYA (61 08, b3ddle),
finally, JFodiaih9!5Hoi@ahee))yae 1(HZ0mbmethaidl werekabhjectidkleoiresyachiesis@lS g,

0.14 nole), and 15 mm%ri di ne were added together and refluxed with
heati ng f @dirgciigregt ofak.d &y undid dhe reactionipixispivag basie UMethanel eyaperaifds

the mixture was washed with water and subject to vacuum fractional distillation.

15 . 108°C/23mmHg fraction was collected as 7-methyl-octanoate (53 g, yield rate 52%).

In a similar reaction as in 1 above, 100 ml toluene, sodium (39.5 g, 1.72 mole),
7-methyl-octanoate (52 g, 0.29 mole), and 260 mi anhydrous methanol reacted to yield
7-methyl-l-octanol (44.3 g, yield rate 85%); 7-methyl-1-octanol (44.3 g, 0.31 mole)
reacted with chloro-chromic pyridine (100 g, 0.465 mole) to yield 7-methyl-

20 octanaldehyde (31 g, yield rate 70%); and finally, 7-methyl-octanaldehyde (20 g, 0.14
mole), malonic acid (15 g, 0.14 mole), and 15 mi pyridine were added together and
refluxed with heating for 3 hours. After cooling down 15ml 30% sulfuric acid was
added and the reaction mixture was stirred for 3 hours under ice bath and then
extracted by diethyl ether. Diethyl ether was removed by evaporation and product was

25 ‘ subject to vacuum fractional distillation and 122°C/1.5mmHg fraction was collected
as 9-methyl-2-decenoic acid (16 g, yield rate 80%).

Example 6
Synthesis of N,N-di-(B-hydroxyethyl)-12-methyl-tridecyl amine

Dichlorosulfoxide (800ml) was added to 13-methyl-tetradecanoic acid (400 g,
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added and the reaction m xture was stirred for 3 hours under ice bath and
then extracted by diethyl ether. D ethyl ether was renoved by evaporation
and produgio wasoszd subj ect to vacuum fractional distill atipgr/@dwdo006s3

122C/ 1.5mHg fraction was collected as 9-nethyl-2-decenoic acid (16 g,
yield rate 80% . Exanple 6 Synthesis of ) )

NN- di - ( ( 31Kypdmasdgleansyhiepted avitheneflyx farrd ey | Tafiinsolutimetissordded L9¢kmde (800N )

was added to 13-ngthyl-tetr noi i . 1/ 7

PCT/ USOL/ BB%%‘Q“‘“%EE%%A ’f?gfoé’)eadgcﬁ‘go Rseuéﬁ’é‘%%wg’t%é%g‘f% ﬁé%%"\{@ g%fﬁﬁag%’ro this
sol uti on wag-13ge®d 0y facti REWEOERBIE bl €B-nidhylas®auRceios/h tilbage (F7axi de.
After vacuum fractional distillation, 130-132C/1.0OmHg fraction was

col | ect ed gab-336mele, yjald rase BAdéeanoyl chloride (375 g, 1.356 nole, yield
rate 82.1 % . 5 Ammoni um wat er S450rrfL, 28% was added to a flask and kept
undler ice bat h Ammprivnsyater (43gml 28 mevanaddedio abiekand\kepcyndsr icadafizoo g,

1.85 nol e i ssol ved, in,5 nd, _dichlor n ron- Hyy dy op and
react ed f)é‘(ﬂis%‘&% _mfglg%g)ettrélﬁf)ce@%lgflucl}qur%i%_@Z%’ dggjﬁiﬁ% t Sgoﬁggc ?%Onrg!n' xture,
extract i odidiYordmeththe #aShdded by-@edpyaidatidi@Pfor @Mour at room temperature.

13-net hyl -t etradecanoyl amde (208 g, yield rate 79.5% was collected. 10

fo)di Em (?af@rg,rying the rpasttion nvi?@rwa@@ptioa baraggit @ﬁ%atmm@ﬁmsta@?t;gn,gn) in a
A ' i um. 13- . ] ,
0. 830 | mﬁé%ﬁhi%ﬁﬁf%é%‘“oﬁﬁ iRk BVl o Wt (qfeRan oy amae (207 9
' . ' i rri i 146, 1 . | R). dded
uS8 by e asgUbbf (43 b1 Smoft HaB b SS afitifiods Memarol 0@ n 450 C0€

and r eact ifpgk. M kbrdiSappeahiet dfRoddfa, 13 mekYltbRiddcib3Dattide 2004, 0B3E) Was
added and refluxed for 4 hours. Methanol was then renpved by evaporation

and remaj meide) weastadded sl thy repstior EXtuF qostedrdavorial-24¢ undasi ,

To20 1ommitPEr FREE S angar e Lento L bl N A B o B R £ ke o

yi el d rat @onthfhied¥r 2.5 hours. Ice bath was removed and reaction mixture heated to 70°C.

15 10% NaOH (830 ml, 2.04 mole) was added and refluxed for 4 hours. Methanol was

then removed by evaporation and remainder extracted by benzene. After removal of
benzene by evaporation, vacuum fractional distillation was performed and 160-
162°C/15mmHg fraction was collected as 12-methyl-tridecyl amine (106 g, yield rate
60.1%).

20 12-methyl-tridecyl amine (106 g, 0.5 mole) was melted at 50°C. With stirring,
chloroethanol (76.5 g, 1 mole) was added gradually and stirring continued for half an
hour. Reaction was continued for 8 hours at 95-100°C to completion. The reaction
mixture was neutralized to pH 7 with 10% NaOH and lipid layer was separated.
Water layer was extracted with benzene for three times and combined with the

25 separated lipid layer. After removal of benzene and vacuum fractional distillation,

N,N-di-(B-hydroxyethyl)-12-methyl-tridecyl amine was collected.

Example 7
Synthesis of 13-methyl-tetradecyl-(2, 4-dihydroxyl) benzene

13-methyl-tetradecanoic acid (36.2 g, 0.15 mole) and anhydrous zinc chloride
30 (32.7 g, 0.24 mole) were added to a 500 ml flask and heated to 110°C with oil bath and
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20 12-nmethyl -tridecyl amne (106 g, 0.5 nole) was nelted at 50C. Wth

stirring, chloroethanol (76.5 g, 1 nole) was added gradually and stirring
cont i nuedwiogaryédf an hour. Reaction was continued for 8 prauisiedcs95- 100C
to conpletion. The reaction mxture was neutralized to pH 7 with 10% NaCH
and lipid |layer was separated. Water |ayer was extracted wth bhenzene for

three ti mkepipghalbamhowrd Whilstirriag.J53-bewsnedia2RigpP d melgbwas agded and e ppy al

of benzen ti . di_ St [OD i e s .

N (PR (0t By el rh Bl it siing. A SOPBIFIBy ampi & 7
Synt hesi s rgictids waB tbolkd Hewh ¥y {021 104€ Anb idued yijh 308nmene2s HCI (1.04

13- net hyl -t et radecanoi ¢ aci 36.2 g, 0.15 nole) and anhydrous zinc

chl (c):ri dehnyde)(wizh stirging @ng goolsd &) ropey lEmpa@aye eed ptogelgw ask- A48T heated to
11 i th 9l f f
T o a

benzene was adde

reaction heah escuut fra@onalndlstiiniioh RBHACT I0ImRAHRtcsiominial colldated aigl.  Af t er
conpl etion, reaction was cool ed down ual | éoto 110C and diluted with

d
300" 15l earpliced a1 othsngl dgpicllobo e Gy dFaRhe b br at ur o
t A 5 fi-b ] il hed th
TEE S e i e e
i sti tion, 23 . ti | i d
Cecrystal | | ved Mchasaraibhhi Ao STndRe fRSGhaR Ak, (HRARNEE ARty 2
(18- met hyl(200 g, 0eCabR) end hyd@chl6tip acid (200 i, dl.67 halep wdre &fipd to a 500 ml

1- (2, 4-di hydroxyphenyl)-1-(13-net hyl)-tetradecanone (20 g, 0.06 nole),
Zn-Hy 10 fesloandyreflaxerbwith vegoreusctinges B Bihoprsand cogled 2opnnFollowge mpl e) wer e

dded - | ' Ltk ] f 8 h
and- cool ca ot PP A0l B IOMAE e PBAAR LA, " 0L ene and

vacuum f r 2a62Cy0 SmmliIg tilaklied wagcolledtbd GhA ré&iyetiglizedaeith 05 valsanodtd delded and
recrystallized with 95% et hanol to él eld 13-net hél -tetradec
e

- (2,
4di hydr oxyBymefaylisfadqeyb (% Adihygroxybdenzqne (42 sand- 69°@ogeld 1afe é.a%al e 8

15 Example 8
Synthesis of 13-methyl-tetradecyl-3,4,5-trihydroxybenzoate

To an anhydrous toluene solution (300 ml) of freshly cut sodium (138 g, 6
mole), an anhydrous methanol solution (800 ml) of 13-methyl-tetradecanoate (256 g, 1
mole) was added gradually with stirring and cooling. After completion of the addition,
20 heat with reflux until sodium disappears. Add 400 ml water and reflux for 30 minutes.
Toluene and methanol were removed by evaporation and the lipid layer was subject to
vacuum fractional distillation. 142-144°C/1lmmHg fraction was collected as 13-
methyl-1-tetradecanol (yield rate 65.0%). 13-methyl-l-tetradecanol (107 g, 0.50 mole)
and 3,4,5-trihydroxybenzoic acid (gallic acid, 94 g, 0.50 mole) were added to 200 ml
25 toluene and 5.8 ml concentrated sulfuric acid and refluxed with heating. Water was
removed from the reaction mixture until the temperature of reflux reached 110°C and
toluene was completely removed. The remainder was extracted by ethyl ether and
washed with water. After drying and removal of ethyl ether and recrystallization with
95% ethanol, 13-methyl-tetradecyl-3,4,5-trihydroxybenzoate (135.4 g, m.p. 64-66°C,
30 yield rate 74.0%) was collected.
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Synthesis of 13-nethyl-tetradecyl-3,4,5-trihydroxybenzoate To an anhydrous
tol uene solution (300 m) of freshly cut sodium (138 g, 6 nole), an

anhydr ouswigeg1/s@eya! sol ution (800 m ) of 13-nethyl-tetradepano@dosned®6 g, 1
nol e) was added gradually with stirring and cooling. After conpletion of
the addition, 20 heat with reflux until sodium di sag}éears. Add 400 m water

and refl ux for The difclageresf Pravisigesl Paient Appkiceainn NoneP/d 89 Sidvided by
t I
G o111t Toneadyb 2094 Phdhe o his ABPGHBh SEks ettt BE Tl hdtturea
met hyl - | - betrgfegbpe@nol (yield rate 65.0% . 13-nethyl-I-tetradecanol (107 g,
0.50 nole) and 3,4,5-trihydroxybenzoic acid (gallic acid, 94 g, 0.50 nole)

were added to Zidikly? Auinlous At defivdtionSandl vaciafGeririiad @éséﬂﬂ irfventien @ei d and
refluxed with heating. Water was renoved fromthe reaction m xture until

thé t enpepassible ibkghtof tpebozeterekings §ids theaeforedp henadesiood s mathén ther enpved.

The remai nder by Af ter
drying and“% péer?ovaqagfnéﬁ%hﬁiqms er%ﬁggéglg&ygﬁg? |za{)‘ﬁon V\Ilt?lﬁ%%5% et hanol ,
13- et hyl sp&ificad ngcrﬁ,,e&héreﬁﬂl hydr oxybenzoate (135.4 g, mp. 64-66C, 30
yield rate 74.0% was collected. 42 WO 01/59067 PCT/ USOL/ 00683 The

di scl osure of Provisional Patent Application No. 60/180,677, filed February
7, 2000, whose date this application seeks benefit of, is hereby

i ncorporated by reference. Obviously, nunerous nodifications and
variations of the present invention are 5 possible in |light of the above
teachings. It is therefore to be understood that wwthin the scope of the
appended cl ai ns, the invention may be practiced ot herw se than as
specifically described herein. 43 WD 01/59067 PCT/US01/00683 Clains: 1. A
conmpound having a formula selected fromthe group consisting of the
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followng formulae (1), (2) and (3): CH3 CH3 CH3 ~CH(CnH2n-m P,
CH(CnH2n_OR, or CH3 (CH2n-mP,, CH3/ CH5l--," CH3 (1) (2) (3) 5 wherein
nis an iwoagewodrom5 to 19, mis an even-nunbered i nt eggcoiwingsso 2b,

i nclusive, wherein b is the maxi num nunber of unsaturated bonds, and
wherein a double bond is counted as 1 and a triple bond is counted as 2,
and R is &lpmsar group, and excl udi ng conpounds of formulae (1) and (2)
wherein meO, and Ris COON or an aliphatic ester thereof or salt thereof,
or Ris OHor an aliphatic ether 10 thereof or aliphatic ester thereof. 2.
The conmpound of Claim1l, selected fromthe group consisting of unsaturated
br anched- chai nlfa&@qznmndélamgtaafpﬁmﬁg seleefodi B the AEpUpCoREising ¢fdhey and

car bons frf tlhefcarli) X()BI’ Zj"l q gd t heir pharnaceutically acceptable esters
and net al A 'Pe O % t‘ n‘% und of Claim2, selected fromthe group
consi sting of 15- Met hyl - 2- hexadecenoi ¢ acid and 13-net hyl -2-tetradecenoi c
acid. 4. The conpound of Caim3, which is 13-nethyl-2-tetradecenoic acid.
5. The compound of Caiml, wherein Ris selected fromthe group consisting
44 WD 01/ 59067 PCT/ US01/00683 of (1) an amide group R = -CONRI R2 wherein
NRI is one of the follow ng: hydroxyl-substituted phenyl am ne group,
wherein the @.ﬁrber of hydroxyl g@qyp(s) is 1lto 5 at an SSI bl e

position(s)); ﬁh@q{CSH Chg; am no '
3- hydr oxyl ’)yoxyl enf/tl am ne g)ﬁﬁ?égiﬂnﬁ% cobh%l ﬁ%l}{;ﬂa@z}% or
am no het erogég ic group, while(@HsTs hydrogen, or Rl andH®R are

i ndependently nethyl or ethyl group, or RlL and R2 together with Nis

: Cdi ne:
pi peri di ne; 1) ) @

5 wherein n is an integer from 5 to 19, m is an even-numbered integer from 0 to
2b, inclusive, wherein b is the maximum number of unsaturated bonds, and wherein a

double bond is counted as 1 and a triple bond is counted as 2, and R is a polar group,

and excluding compounds of formulae (1) and (2) wherein m=0, and R is
COOH or an aliphatic ester thereof or salt thereof, or R is OH or an aliphatic ether

10 thereof or aliphatic ester thereof.

2. The compound of Claim 1, selected from the group consisting of
unsaturated branched-chain fatty acids containing a double bond between the & and
carbons from the carboxyl end, and their pharmaceutically acceptable esters and metal

salts.

15 3. The compound of Claim 2, selected from the group consisting of 15-
Methyl-2-hexadecenoic acid and 13-methyl-2-tetradecenoic acid.

4. The compound of Claim 3, which is 13-methyl-2-tetradecenoic acid.

5. The compound of Claim 1, wherein R is selected from the group consisting
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pyrrolidine or norpholine, (2) an ester group R = -COOR3 10 wherein R3 is a
phenyl group with substitution(s) of sulfonic, carboxyl, or 1-5 hydroxyl

group(s), wato1@ays7possi bl e position(s), (3) a ketone group pRTAUSITGIRA3 Wher ei n
R4 is a phenyl group with substitution(s) of 1-5 hydroxyl group(s), at any
possi bl e position(s), 15 (4) a hydroxyl-substituted benzoyl oxy group,
wherein t 88 nunber of hydroxyl group(s) is 1 to 5, at any possible
position(s), (5) a hydroxyl-substituted phenyl group, wherein the nunber of
hydroxyl grouﬁb§mim@d¢gﬂﬁm§1 =atOMRRpossi bl e position(s), (6) an anine
group R= -NHR5 or its physiolo |caIIy acceptable salt, wherein RS 20 is
net hyl , et hyl , whethinRRetihgne ofghe rwmg Tidroxyd gnkstitetad pPheny&ymise SEQDE oni c,

oo et P GRS ) L0, T YA ROn 2,

Résand R7 a@ﬁeaxhﬁh@%)@éﬁéé“rﬂ hydlﬂﬁyltmbarbogﬂlpylkmymlﬂeﬁbwxatf&ﬁb group, (7) an
am no-acyl group 25 wherein R$ is a phenyl group with

substit ut pbmyéf)mmf: gSQHPI’, Qh a@mod@ta@@c;wllc geupawhile Ry isrhydyogegr oy Raat  any

possibl e gesihianalyy 43,Y0.014 39005 BT W3O/ BRGRA wiFk @it 11Ut ec

car boxyl |
pyrrolidine or morpholine,

(2) an ester group R =-COOR,
10 wherein R, is a phenyl group with substitution(s) of sulfonic, carboxyl, or 1-5
hydroxyl group(s), at any possible position(s),
(3) a ketone group R =-COR,
wherein R, is a phenyl group with substitution(s) of 1-5 hydroxyl group(s), at
any possible position(s),
15 (4) a hydroxyl-substituted benzoyloxy group, wherein the number of hydroxyl
group(s) is 1 to 5, at any possible position(s),
(5) a hydroxyl-substituted phenyl group, wherein the number of hydroxyl
group(s) is 1 to 5, at any possible position(s),
(6) an amine group R=-NHR; or its physiologically acceptable salt, wherein R,
20 is methyl, ethyl, hydroxyethyl, or phenyl, with substitution(s) of sulfonic, carboxyl, or
1-5 hydroxyl group(s), at any possible position(s); or an amine group,

Rg

Re —N7

AN
Ry

or its physiologically acceptable salt, wherein R, and R, are independently methyl,
ethyl, or hydroxyethyl group,
(7) an amino-acyl group R = -NH-CO-R;
25 , wherein Ry is a phenyl group with substitution(s) of sulfonic, carboxyl, or 1-5

hydroxyl group(s), at any possible position(s),
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wherein RO is hal ogen, am no, or hydroxyl group. 6. The conpound of C aim
5, selected fromthe group consisting of. N-(3,4-D hydroxyphenyl)-13

-met hyl tatg@adeeanam de, 5 N-(4-Sul fo-phenyl)-13-net hyl tglgragkesanisse,
N- (13 -nethyl -tetradecanoyl) glycine, N (13
-met hyl -tetradecanoyl ) -L-al ani ne, N (13
- met hyl - t et r add8bdbyisybstityhé parberdisigieur, N- (13
-nmet hyl -t etradecanoyl )-L-valine, 10 N-(13-nethyl -tetradecanoyl)-L-1eucine,
N- (13-nmet hyl -t etradecanoyl ) - L-i sol euci ne,
N- (13- et hyl -t etradecanoyl )-L-gl utam c aci d,
N- (13- et hyl -t et radecanoyl ) - Lrpr ol i pg1—db o3
-nmet hyl -t et radecanoyl ) - 2- am no- 2- deaxygl ucose, 15
N- ( 3- Hydr oxy- 4- car boxyl phenyl ) - 13- mBohyl - t et r adecanani de,
N, N-Di et hyl - 13- et hyl -t etradecanam de, N-(13 -Methyl tetradecanoyl)
pi peridi ne, N (WigreilviR, lis/halegan; aminoanioisdroxy} graip di ne,
N- (13- Met hyl -t et radecanoyl ) nor pholine, 20
N- (13- Met hyl -t et radecanoyl ) - 2-am no- pyri m di ne, (2, 4-di hydroxy
phenyl)-12-nmethyl tridecanone, (2,4,6-trihydroxy phenyl)-12-nethyl
tri decanone, (62, Biesompohydiobiiaimiiessl¢ctedizomehhgioup condsimegaie, 46 WO
01/ 59067 PCT/ US01/00683 (13-Methyl tetradecyl)-2, 4-di hydroxy phene,
(13, 13- Di et hy INq{B#Ritdpdpkyplenyh)-didhpethpiigtrpdesaesmmid¢,12- Met hy|
tetradecyl)-2, 4-di hydroxy phene, (13-Methyl tetradecyl)-2,3,4-trihydroxy
phéne, N-(4-Sulfo-phenyl)-13-methyl tetradecamide,
N-(13-methyl-tetradecanoyl) glycine,
N-(13-methyl-tetradecanoyl)-L-alanine,
N-(13-methyl-tetradecanoyl)-L-phenylalanine,
N-(13-methyl-tetradecanoyl)-L-valine,

10 N-(13-methyl-tetradecanoyl)-L-leucine,
N-(13-methyl-tetradecanoyl)-L-isoleucine,
N-(13-methyl-tetradecanoyl)-L-glutamic acid,
N-(13-methyl-tetradecanoyl)-L-proline,
N-(13-methyl-tetradecanoyl)-2-amino-2-deoxyglucose,

15 N-(3-Hydroxy-4-carboxylphenyl)-13-methyl-tetradecanamide,
N,N-Diethyl-13-methyl-tetradecanamide,

N-(13-Methyl tetradecanoyl) piperidine,
N-(13-Methyl-tetradecanoyl) pyrrolidine,
N-(13-Methyl-tetradecanoyl) morpholine,

20 N-(13-Methyl-tetradecanoyl)-2-amino-pyrimidine,
(2,4-dihydroxy phenyl)-12-methyl tridecanone,
(2,4,6-trihydroxy phenyl)-12-methyl tridecanone,

(2,3,4-trihydroxy phenyl)-12-methyl tridecanone,
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5 N-(12-Methyl tridecyl)-4-am no benzenesul fonic acid,

N-(12- Methyl -tridecyl)-4-am no-1, 2- benzenedi ol

2- Br ono- 180 @AlPYyd7- t et radecanoi ¢ aci d, 2- Ami no-13 - et hyl - tpetesde0e¥3ei C
acid, 2-(12-Methyl-tridecyl)-5-nercapto- 1,3,4-thiadiazole, 10 \

2-(12- Met hyl -tridecyl)-5-hydroxy-1, 3, 4-oxadi azole 13,

13- Di net hyl - t ef(FaxdEsk deteadgeyld2 4dibyduoxy Bhavet hy |

tetradecyl)-4-am no-1, 2-benzenediol. 7. A nethod for preventing cancer
conpri si ng appl(}3.hirDimedirptstradecvd. trditeydraxybgne sel ected from the group
consisting of the followng fornulae (1), (2) and (3): CH3,,,, CH3
CH(CnH2n- M) R, CHaStiolketrdecyd)-2drdilyroryPie) R,  CH3 / C2H5 n - CH3 (1) (2)
(3) 15 wherein nis an integer from5 to 19, mis an even-nunbered integer
fromO0 to 2b, (IhMalylyeiradged)-di3st-priiydraxiidhassei num nunber of unsat ur at ed
bonds, and wherein a double bond is counted as 1 and a triple bond is
cofinted as 2, ah{l2RMiethya tyidsicyb)-4egroinp benzsnesubfonierncst ot her mammal i an
subject. 8. A nethod for preventing cancer conprising applying the conpound
of Caim 47 W-0IR-SeteT-titerygeammoeigs-berzenedigl, hunan or ot her mamal i an
subject. 9. A nethod for preventing cancer conprising applying the conpound
of Claim 5 to2aBtemmab3-oretlylteradeeanotd dc&h subj ect. 10. The method of Caim
7, wherein the cancer is skin cancer. 5 11. The nethod of C aim8, wherein
the cancer is SkhAminahderethylidtradfeamormstcithd of Cl ai m 9, wherein the cancer
is skin cancer. 13. A nethod of alleviating i munosuppressi on caused by
chenot her apy dr2dd8-Methyl-tridecyl)-5-mercapto-1,3,4-thiadiazole,

10 2-(12-Methyl-tridecyl)-5-hydroxy-1,3,4-oxadiazole
13, 13-Dimethyl-tetradecanoic acid, and

N-(13-Methyl tetradecyl)-4-amino-1,2-benzenediol.

7. A method for preventing cancer comprising applying a compound having a

formula selected from the group consisting of the following formulae (1), (2) and (3):

CH;,

CH3\ CH3\
CH(CpHan-mR, CH(C,Hpp)R, or CHz——(CyHonm)R,
CHj C,Hs CH;
1 2
(1) @ 3
15 wherein n is an integer from 5 to 19, m is an even-numbered integer from 0 to 2b,

inclusive, wherein b is the maximum number of unsaturated bonds, and wherein a double

bond is counted as 1 and a triple bond is counted as 2, and R is a polar group,

to a human or other mammalian subject.

8. A method for preventing cancer comprising applying the compound of Claim
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conprising applying a conmpound having a fornmula selected fromthe group
consisting of the followng fornmulae (1), (2) and (3): CH3 CH3 CH3

~CH( CnH2nwi) 156887~ ~ H(CH2n-m R or CH3 (CnH2n-OR, 3 C2HPcGHi%0140des3 (2) (3)
10 wherein n is an integer from5 to 19, mis an even-nunbered integer from
0 to 2b, _inclusive, wherein b is the maxi mum nunber of unsaturated bonds,
and wher e2rio 8 hyman s othspmemmalien sWhied as 1 and a triple bond is counted as
2, and Ris a polar group, to a human or other mammalian subject. 14. A

met hod of alleviating i munosuppression caused by chenot herapy drugs 15
conprising applying the conpound of Claim2 to a human or other pmammalian
subj ect. 48 WB dumsthod formrayensuy FOTEsPMPIFingApRbithle spmppwsl ofirlpiny

i mmunosup apy drugs conprising applying the
conmpound §ﬁgéﬁgﬁﬁP§?§%ggnﬁunﬁﬂﬁg?&ggﬁ mammal i an subject. 16. A nethod of
boosting the i mmune system conprising applying a conpound having a fornula
sel ected fromthe group consisting of the following formulae (1), (2) and

5 (3): CH3 CH3 2N 2n-m R~ CH3 C2H5~
a6 (1) (2) (A7 Ahemeio Edad] Mol oo S 6Tl
even-nunbered integer fromO to 2b, inclusive, wherein b is the maxi num
nunber of unsaturated bonds, and wherein a double bond is counted as 1 and

a g“ pl'e bond Il?. ﬁ“ﬁg nmte do%(ﬁalmagdwlﬁrélﬁ tﬁe (P Olcéarrls in cgflcer

12. The method of Claim 9, wherein the cancer is skin cancer.

13. A method of alleviating immunosuppression caused by chemotherapy drugs
comprising applying a compound having a formula selected from the group consisting of

the following formulae (1), (2) and (3):

CH.
CH._ CH3\ 3
CH(CyHon-m)R, CH(C,Hpp )R, or CHs——(Cphnm)R,
CH; C,Hs CH;
® @ @
10 wherein n is an integer from 5 to 19, m is an even-numbered integer from O to 2b,

inclusive, wherein b is the maximum number of unsaturated bonds, and wherein a double

bond is counted as 1 and a triple bond is counted as 2, and R is a polar group,

to a human or other mammalian subject.

14. A method of alleviating immunosuppression caused by chemotherapy drugs

15 comprising applying the compound of Claim 2 to a human or other mammalian subject.
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to a human or other manmalian subject. 10 17. A nethod of boosting the

i nmune system conprising applying the conpound of Caim2 to a human or

ot her manwel §g1@aocgubj ect. 18. A nmethod of boosting the i mMpra 83030668
conprising applying the conpound of Caim5 to a human or other nmanmalian
subject. 19. A nethod of treating . cancer conprising admnistering to a
human or ot her 1518 meikadof alieviaiBEdumunpsuppeession exused by pRereihgapmarigt O ai m
1. 20. A i r Mrd . Si 3.0 i n or
ot her  masuiPanE aedlf SR e SARGE br ERRRIS 5B bk ol SR
01/ 59067 PCT/ USO1/00683 21. A nethod of treating cancer conprising
admnistering to a human or other nmanmalian subject in need thereof the

conmpound of d aipm,3 . i i.SJ

adm ni steri ng 18 £ RefE obpBHAE e nmhlrE R Rt cGAPAGhe FRTRLEY Phponnd e
conpound @hvifk afdfrila feledidd fdnidE Basip@bndistigtol thg feldveiag faranikei($), (®) and

adm nistering to a human or other nmanmalian subject in need thereof the
cofpound &):C aim5. 24. A nethod of treating cancer conprising

adm nistering to a human or other rmammalian subject in need thereof the
conpound of Claim®6. 25. The method of Caim 19, wherein the cancer is
selected fromthe group 10 consisting of |eukem a, breast, prostate,

ki dney, lung, stomach, liver, colon, skin, CNS, cervical cancer and

mel anoma. 26. The nethod of any of Cains 7-25, wherein the conpound is
adm ni stered rally or by inj egé' on, in the formof |iquWldk powder,

capsul e, tablMet ¢ apsul ate PSposome, or topically ppplied in the
formof a cream /g}ﬁﬁggﬁt'ﬁ)ﬂor | oti o\'rT.QC&IQCnHZH_m)R, or CHj (CoHanmR,
CHs CoHs CH;

(1) @) -

wherein n is an integer from 5 to 19, m is an even-numbered integer from 0 to 2b,
inclusive, wherein b is the maximum number of unsaturated bonds, and wherein a double

bond is counted as 1 and a triple bond is counted as 2, and R is a polar group,

to a human or other mammalian subject.

10 17. A method of boosting the immune system comprising applying the compound

of Claim 2 to a human or other mammalian subject.

18. A method of boosting the immune system comprising appllying the compound

of Claim 5 to a human or other mammalian subject.

19. A method of treating cancer comprising administering to a human or other

15 mammalian subject in need thereof the compound of Claim 1.

20. A method of treating cancer comprising administering to a human or other

mammalian subject in need thereof the compound of Claim 2.
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21. A method of treating cancer comprising administering to a human or other

mammalian subject in need thereof the compound of Claim 3.

22. A method of treating cancer comprising administering to a human or other

mammalian subject in need thereof the compound of Claim 4.

5 23. A method of treating cancer comprising administering to a human or other

mammalian subject in need thereof the compound of Claim 5.

24. A method of treating cancer comprising administering to a human or other

mammalian subject in need thereof the compound of Claim 6.

25. The method of Claim 19, wherein the cancer is selected from the group
10 consisting of leukemia, breast, prostate, kidney, lung, stomach, liver, colon, skin, CNS,

cervical cancer and melanoma.

26. The method of any of Claims 7-25, wherein the compound is administered
orally or by injection, in the form of liquid, powder, capsule, tablet, or encapsulated

liposome, or topically applied in the form of a cream, ointment, or lotion.
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