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IN DIAGNOSING AND TREATING PIGMENTATION DISCRDERS

EIZLD OF THE INVENTION .

This invention relates toc compounds which are
particularly useful in radicimaging and radio-
chemotherapy as it particularly relates to the treatment
and location of malignant melancmas and other pigmenting
disorders. Novel acyl derivatives of phenclic thiocether
amines and their use in compositions for blocking melanin

_ synthesis in human or animal melanccyte cells is alsc

described. More particularly, the compositions invelving
the novel derivatives are useful in treating pigmentation
problems due to a variety of skin disorders, including
skin cancer in the form of melanoma.
BACKGROUND OF THE INVENTION

Phenylthicalkylamines is a broad class of compounds
having a variety of uses which include therapeutics.
U.S. patants 4,134,996 and 4,183,927 disclose certain

phenylthicalkylamine compounds which are useful as

platelet aggregation inhibitors. Other phenylthicalkyl-
anine compounds of applicant’s published International
application W091/16302 are useful as depigmenting agents
in treating a variety of pigmentary diseases. Such
diseases are often characterized in the elevated levels
of the enzyme tyrosinase in melanocytes; i.e., hnnah and
animal cells which synthesize the pigment melanin. There
are a variety of pigmentary diseases, such as melasma,
melanoma, moles and the like. In particular, moles are
susceptible to becoming melanoma after exposure to

- sunlight which precipitates increased synthesis of
'~ tyrosinase. )

Usually commercial forms of depigmenting
compositions are based on the use of hydroquinone. .
However, the hydrogquinone preparations-arg very unstable
and cause skin irritation. Hydroguinone ganpasiticns'can

' alsc cause permanent whitening of the skin if used for a-

prolonged period and at a high concentration. As to

nmel anomas
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derivatives are useful in treating pignmentation problens due to a variety
of skin disorders, including skin cancer in the 15 form of nel anoma.
Phenyl t hi oal kyl am nes is a broad class of conpounds having a variety of
uses which include therapeutics. US-A- 4,134,996 and US- A-4, 183, 927

di scl ose certain phenylthio- 20 al kyl angne conpounds whi ch are useful as
pl at el et aggregation inhibitors. Oher phenylthioal kyl am ne conpounds

descri bed i fr¥fifend 16808ebitons of thissiflopred@ntipoateendéedi Rot bgating a
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t he ' urglca
treatment of melancma is unsatisfactory.

Research work has been conducted in the field of
phenclic and diphenolic compounds to serve as a basis for
chemotherapeutic treatment of melanoma and'skin
depigmentation. In particular, 4-S~cysteinylphenol (4-S-
CP) and 4-S-cysteaminylphenol (4-S-CAP) have been
synthesized and evaluated for cytotoxicity to normal
epidermal melanocytes to determine their effectiveness as
depigmenting agents and antimelanoma agents. Miura et
al, "Synthesis of Cysteinylphenocl, Cysteaminylphenol, and
Related Compounds, and In Vivo Evaluation of Antimelanoma
Effect”, Arch. Dermatol Res. (1987) 279:219-225, disclose
the effect of 4~S-CAP and 4-5-CP in depigmentation of
black hair follicles as manifested by loss of functioning

~ melanocytes. It was established that 4-S-CAP was a |
potent agent in prolonging the lifespan of melanoma-
bearing mice and hence exhibited inhibition of melanoma
growth. The 4-5~CP and the methyl ester of 4~5-CP also
exhibited some inhibition of melancma growth, although
not as active as the 4-S=CAP.

The same conpounds, 4-S-CP.and 4—S-CAP, vere also
investigated for properties of depigmentation of black
guinea pig skin by topical application. The results of
this work is reported by Ito et al, "Depigmentation of

Black Guinea Pig Skin by Topical Application of
Cysteaminylphenol, Cysteinylphenol, and Related
Compounds®, The Journal of Investigative Dermatologqy,
Vol. 88 No. 1, January 1987. Although 4-5~CAP
demonstrated depigmenting propérties, inflannatory
changes of the skin of the guinea pigs was praninent.
The 4-5-CAP was capable, however, of:

1. decreasing the number of functioning

melanocytes;

2. decreasing the amount of epidermal melanin

pigments; and '

This Sheet Has Been Reilaced




25 el evated levels of the enzyne tyrosinase in nelanocytes; i.e., hunman and—
animal cells which synthesize the pignment nelanin. There amgsﬁeeyggsl

pi gnentary di seases, such as nel asma, nel anona, and nol es.
nopl es are susceptible to becom ng nel anonma after exposure t mlﬂE
whi ch precipitates increased synthesis & tyrosinase. Usual

fornms of depigmenting conpositions are based on the use of hydroqui none.
However, the hydBequi degengraging: apdsdastro¥ingumelapocyses.cause skin 35

irritation. Hydr QaaLesnsnaownssghboaazsaﬂlebSQnGauisga%&a%&t tifgikeni ng of

t he skln I f used for rol onge
selective atoxzcity on follicular melanocytes. This
was reported by Ito et al, "Selective Cytotoxicity of 4-
S-Cysteaminylphencl on Follicular Melanocyte of the Black
Mouse: Raticnal Basis for its Application to Melancma
Chemotherapy", Cancer Research, June 15, 1387 47:3278-
3284. It was reportad that 4-S~-CAP demonstratad
cytotoxicity in the depigmentation of black hair
follicles, whersas it had no effect on the albine
follicles. Hence 4-S-CAP is actively engaged in the
melanin synthesis of the melanocytes.

The 4-S-~-CAP compound, howevnr, has several
limitations from the standpoint of practical clinical
use. These limitations include:

a. hypotensive. effect; and

b. hzgh toxicity due to the 4-5-CAP bczng a

substrate for moncamineoxidase (MAO) which in
the plasma converts 4-S-CAP into an aldehyde
form vhich produces a non-specific
cytotoxicity.

Homologs of the 4-S-CAP compound have been
investigated for antimelanoma and depigmenting
properties. As reported in Alena et al, |
Melanocytotoxicity and Antimelanoma Effects of Phenolic _

. Amine Compounds in Mice In Vivo, Cancer Research $0:3743-
3747, June 15, 1990, such homologs demonstrate
depigmentation properties and N-acetyl-4-S-CAP
demonstrates potent antimelanoma properties. The

_benefits and uses of these homologs and related compounds
for use as depigmenting agénts and antimelanoma agents
are described in applicant’s published Internatiocnal
application WO 91/16302. Although the compounds
disclosed in that application are effective depigmenting
agents as well as antimelanoma agents, there are |
stability and toxicity problems asscciated with some of
the compounds. In particular the very effective N-




Substitute sheet - 10 March 1998 -2- period and at a high concentration. As
to treatnent of nelanoma, this is presently attended to by surgical
procedures, since any type of known non-surgical treatnent of nelanoma is
upsatisfactory. 5 Research work .has been conducted in the field of '

4
acetyl-4-5-CAP compound tands to be unstable and can
cause topical irritations on administratien.

As noted, melanin synthesis is a biclogical property
unique to the pigment cell, melanocyta and its neoplastic
counterpart, malignant melancma. In order to develocp a
targetad chemotherapy of malignant melancma, phenclic and

~ catecholic melanin prescurscors have been synthesized and
their melanocytotoxicity and antimelanoma effects have
been examined (Ito, Y. et al, 1987; Miura, S. et al,
1987; Alena, F. et al, 1990; Jimbow, K. et al, 1992).
Among these, S-substituted phenoclic amines, N-acetyl-4-S-
cysteaminylphencl (N-Ac-4-5-CAP) was found to be a
superior substrate of melanin synthesizing enzyme,
tyrosinase (Pankovich, J. et al, 1990; Miura, T. et al,

'_1990), and to possess the most effective melanocytotoxic
activity and antimelanoma effect (Miura, T. et al, 1990;
Alena, F. et al, 1990; Wong, M. et al, 1991). 4-S-CAP
was, however, as noted, above, found to have some general
cytotoxicity (Alema, F. et al, 1990), because it is
metabolically transformed a cytotoxic aldehyde metabolite
by plasm monoamine oxidase (Pankovich, J. et al; Inoue,

S. et al, 1990). On the other hand, N-Ac-4-S5-CAP has
shown an absence of such cytototicity (Alena, F. et al,
1990), indicating that N-Ac-4-S-CAP may be a compound
suitable for the development of melancma chemotherapy.

In the treatment of various pigmentary disorders, it
would also be beneficial to determine the specificity of
the compounds used in the treatment and in particular,
compounds such as N-Ac~4-S-CAP. In this regard, we have
also discovered that certain anti-melanoma and
depigmenting agents can be labelled with radioactive
molecules to achieve not only radioimaging but as well,
radio-chemotherapy particularly in the treatment of
malignant melanoma. : ' _ ‘

In accordance with this invention, we have alsc
discovered esterified compounds which exhibit excellent
stability and very low general toxicity, but have
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phenol i ¢ and di phenolic conmpounds to serve as a basis for chenotherapeutic
treat nent of nel anoma and skin depignentation. In particul

4- S-cysteinyl phenol (4-S-CP) 10 and 4-S-cysteamni nyl phenol (4 S- CAP) have
been synt hesi zed and eval uated for 'cyt otoxicity to normnal e ‘ BeenRe
fel anocytes to determine their effect i \eness as depi gmenting

anti nel anona agents. Mura et al, "Synthesis of Cysteinylphe

Cyst eam nybﬂdﬁiveaﬂxﬁdiﬂedmmg and In Vivo Eval uati on o

Antimel anonma Effect", Arch. Dermatol Res. (1987) 279:219-225, disclose the
effect of 4- S-CAP and 4-S-CP in depignentation of black hair follicles

In accordance with one aspect of the invention,
 there is provided a compound for use in radioimaging and
radiochemotherapy in the diagnosis and/or treatment of
melanoma and other pigmentary disorders, said compound
being selectsd from the group of compounds represented by

the formula:

~ S

I
S(CH,) CHN-R,

wherein |
R, is H or C,~C; alkyl;

R, is B or C,~C; alkyl;

R, is H, C,~C, alkyl or C,-C, alkanoyl;

. R¢ i8 H or C-C; alkanoyl; .

Ra is a radiocactive material useful in radioimaging
and/or radiochemotherapy where the dotted line (-—-)
:Lnd:.cates-

1) Ra is covalently bound to the structure of

formula (I); -

2) Ra is ionically associated with the structure of .

formula (I); or : '

3) Ra :.s radicactive carbon whzch is part of the

structure of formula (I);
and '

x is 1 to 5,

with the provisos that when x is 1, one of R, R, or
R, is other than H, and that the sulphur containing group



as mani fested by | oss of functioning nelanocytes. It was established that
4-S-CAP was a potent agent in prolonging 20 the |ifespan of

mel anoma- bearing m ce and hence exhibited inhibition of melanoma growt h.
4-S-CP and the nethyl ester of 4-S-CP al so exhibited sone inhibition of

el anoma growt h, although not as actived as 4-S-CAP. 25 - The sang
conmpounds, 4-S-CP and 4-S-CAP, were also investigated for properties of
depi gnent aandnthis Raagroypi aTe dngthe 3,b¢ e5phc PBesdSdonGaiotherhe results
of this work . y rted by I'to et al, "Depignentation of Black Guinea Pig
Skin by TOM ¢ation of %stear_n’ nyl phenol , '

: In accordance with a £ aspect of the

invention, there is provided a procass for radioimaging
melancma colonies in vivo in a subject comprising:

i) administering to the subject’s circulatory
system cne Or mOre radi'oinaging compounds
selectad from the group of compounds
representad by the formula: =

Ry

m\

) | o - (I)

Sy e,
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R, is H or C,~C,; alkyl;
R, is H pr C,~Calkyl; _
Ry, is H, C;~C; alkyl or C,-C; alkanoyl;
. Ry is H or C,-C; alkanoyl; | |
Ra is a radicactive material useful in radioimaging
and/or radiochemoctherapy where the dotted line (---)
indicates: |
1) Ra is covalently bound to the structure of
formula (I); | |
2) Ra is ionically associated with the structure of
- formula (I); or '
- 3) Ra is radicactive carbon which is part of the
structure of formula (I); |
and ' '
'x is 1 to 5, _ |
with the provisos that when x is 1, one of R,, R, or
R, is other than H, and that the sulphur containing group



30 Cysteinyl phenol, and Rel ated Conpounds”, The Journal of Investigative
Der mat ol ogy, Vol. 88 No. 1, January - 1987. Although 4-S-CAP denonstrated
depi gnenti ng properties, inflammatory changes of the skin of the guinea
pLgs was prom nent. 4-S-CAP was capabl e, however, of: 35 1.
decreasi ng the nunmber of functioning nel anocyt es; Substitute sheet - 10
March 1998 - 3- ' '

and the Ra group are in the 2,.4 or 6 positions of the

phenyl ring;
and .

ii) detacting the presence of emitted radiation
from an accumulation of said selectad
radicimaging compound as said administered
compound binds solely to any melancma tissue
present in said subject.

In accordance with another aspect of the invent:.on,
there is provided a process for radiochemotherapy
treatment of melanoma cells in a subject comprising:

i) adminigtering to the subject’s circulatory
system one or more of the radiochemotherapy
compounds selected from the group of compounds
represented by the formula:

(I)

wherein

R, is H or C,-C; alkyl;

R, is H pr C,-Cialkyl;

R, is H, C,-C; alkyl or C;~C; alkanoyl;

Ry is H or C;~-C; alkanoyl;

Ra is a radiocactive material useful in radioimaging
and/or radiochemotherapy where the dotted line (---)
indicates:

' 1) Ra is covalently bound' to the structure of
formula (I}; ' . '

'2) Ra is ionically associated with the structure of

formula (I); or
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2. decreasing the amount of epidermal nelanin pignents; and 3.

dégenerating and destroying nel anocytes. 5 4-S-CP and 4-S-CAP were
al so investigated for their selective cytotoxicity on follicular
mel anocytes. This was reported by Ito et al, "Selective Cytotoxicity of

4-S- Cysteam nyl phenol on Follicul ar ‘MeBanocyte of the Black Muse:
Rational Basis for its Application to Mel anoma 10 Chenot herap é: Cancer
Resear ch, June 1%) Ragis Fadioartim canbam ¥hdsh s Partarol-

denonstrated cytolQydGite df fdvdnsitd grent ation of bl ack hair fol I icles,
V\,hereas it had

and

X is 1 to 5,

with the provisos that vhen x is 1, one of R, R, or
R, is other than H, and that the sulphur containing group
and the Ra group are in the 2, 4 or 6 positions of the
' phenyl ring. |

In accordance with another aspect of the invention,
the preferred ccmpounds of formula (I) are when X is 1
and R, ig alkanoyl. _

In accordance with another ispcct of the invention,
a compound of the formula (II):

ORy - | . (II)
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wherein. |

R, is Hor C, - C alkyl;

'R,isx,c,-c,alkylor C, - C; alkanoyl; -

Ry is R or C, - G alkyl; |

R is C -~ C a.lkanoyl, and

x is 1 to §5; .
with the proviso that whcn X is 1 one of R,, R, or Ry is
other than H, and that the sulphur containing group is in
the 2, 4 or 6 position of the phenyl ring.

In accordance with another aspect of the mvent:.on,
the preferred compounds of formula (II) are when x is 1
and R, is alkanoyl.

In accordance with a further aspect of the |
invention, a pharmaceutical composition comprises a




no effect on the albino follicles. Hence 4-S-CAP is actively engaged in the
mel ani n synthesis of the 15 nel anocytes. 4-S-CAP, however, has several
limtations fromthe standpoint of practical clinical use. These
limtations include: 20 a. hypot ensi ve effect; and b. hi gh
toxicity due to 4-S- CAP being a substrade for mpnoani neoxi dase (MAO which
in the plasma converts 4-S-CAP into an al dehyde form which produces a

non- speci f i compoundxofi fgrmula (II) and a.pharmacologically or

biclogically acceptable carrier.

According to a praferred aspect of the invention,
this composition is particularly useful as a depigmenting
composition in sunscreening lotions. The composition is
also useful as an antimelancma agent and useful for the
treatment of melasma. |

In accordance with ancther aspect of this invention,
'a composition useful for blocking melanin synthesis in
human or animal melanocyte cells, comprises:

i) - a bioclogically effective amount of an active
compound selected from the group represented by
formula (IX); and _

ii) a suitable biologically compatible carrier for the
selected active compound.

According to another aspect of the invention, a
method for blocking melanin synthesis in human or animal
melanocyte cells comprises treating human or animal skin
by use of a composition comprising a biologically
effective amount of an active compound selected from the
group represented by formula (II).

Such methods of treatment are preferably applied in
the depignentihg of skin due to UV exposure, melasma and
is also useful in the treatment of melancma.

According to another aspect of the invention, there
is provided a method of formulating a composition useful
for blocking melanin synthesis in human or animal
melanocyte cells of skin comprises mixing:

i) a biologically effective amount of an active
compound selected fran the group represented by
formula (II); and

ii) a suitable biclogically compatible carrier.

.BBIEE_DEESBIZQIQE.QI.IEE.DBAEIEGS; _ L
Figure 1 is a whole body autoradiogram of the

sectional mouse of Figure 1iA; and '
Figure 1A is a sectioned mouse.
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Ant i mel anoma Ef fects of Phenolic Am ne Conpounds in Mce In

Research 30 50:3743-3747, June 15, 1990, such honol ogs de

depi gnent ati on properties and N-acetyl 18- S- CAP denonstrates potent

ant i nel anoma propertles The beneflts and uses of these honol ogs and

rel ated comREALLI : PR i Qg anone: agent s

are described i iy D At SR caélpomuaho&hwwmmmed in that
capable of hindlng to melancma tissue such that when the
tissue is subjected to radicimaging the existence of such
melancma colonies or cells appears in the image.
Further, by virtue of the binding of these compounds to
melanoma sites, the radiocactive material may be used in
radiochemotherapy treatment of the melanoma cells to
either kill such cells or effect their remission.

The preferred compounds of this invention exhibit
considerably less toxicity than known forms of phenoclic
amine compounds such as the afocrementioned 4-5-CP and 4-
S-CAP. In particular, when 4-S-CAP is used in
radicimaging or radzochenotharapy, the compound collects
in the eye as well as in the melancma tissue. However,
the compounds of formula (I) do not have such drawbacks
and are therefore particularly suited to this new use.
When thi‘canpounds of the formula (I) are used in
radiochemotherapy they may be combined with suitable
pharmaceutical excipients and carriers wherein the
radicactive selected conpoﬁnds are present in a
biologically effective amount in the carriers. Suitable
biologically, compatible carriers may be solutions when
injected by either the IP or SC route. Suitable
biologically, compatible carriers for injection include
physiolegically normal saline and other types of readily
injectable solutions which are well understood by those
skilled in the art and readily available. The Ppreferred
Lnjactable carr;ar is a neutral buffer having a pH of 7
to 7.4 and does not in any way effect the actzvzty of the
radiclabelled compounds. For purposes of injection, the
concentration of the radioclabelled compound in the
injectable solution is normally in the range of 200 to
1200 mg per kg of body weight where the preferred dosage
is in the. range of 300 mg to 500 mg per kg of body
weight. In the following examples, further information
is provided as to the amount of compounds injected for

25 Honol ogs of 4-S-CAP have been |nvest|gated for antlnelano B 1mai
depi gnmenting properties. As reported in Alena et al, Ml an ﬁﬂ e“eﬂ




appricatibn are effective depignenting,agents as well as Substitute
sheet - 10 March 1998 -4- antinel anoma agents, there are stability and
toxicity problens associated with some of the conpounds. In particular the
very effective N-acetyl-4-S- CAP conpound tends to be unstable and can cause
topical irritations on 5 adn1n|strat|on11 ’ :

purpcses of radioimaging.

Although one skilled in the art appreciates that
there are a variety of techniques for making the
compounds of formula (I) befors they are radiolabelled
the proposed method for manufacturing the compounds is
via the Weirmeister reaction as described in WO 91/16302.

As vill be demcnstrated in the following examples,
radioclabelled compounds of this invention bind |
specifically to melanoma tissues and the radiolabelled
compound or radiolabelled derivatives thereof remain in
the melancma tissue for a sufficient period of time for
either therapeutic treatment or for subsequent -
radioimaging. The radiolabelling of the compound occurs
normally in the phenyl ring in-accordance with the
following reaction schemes.

A
HG O + SZ(CHZGZNEZ) 2.28(':1 —;—r-—’ HOD g
i | | S &,&NE,

| B
| R, | A | R,
s ®,a + IC, RO -
m—Q v NaT e - &,
H, Ry=Acetyl : N-Ac—4-5-CA° .' N 22

R—?.l Acetyl : NAP-TEA

o] PR
W e Ry O
T e

wherein 1R s a radiocactive form of iodine.

__/

T



As noted, nelanin synthesis is a biological property uniqué To The pigment
cell, nelanocyte and its neoplastic counterpart, nalignant npLaRONR gé%

laced
order to develop a 10 targeted chenot herapy of nalignant nela Y mw
and catecholic nelanin precursors have been synthesized and t Hﬂ“l

nelanocytotOX|C|ty and anti nel anona eff%%ts have been exam ne

i592§981n0xgu[ﬁe§§§“gt3%£51gab§?lfj ﬁﬁ%n§$|€ia ;ﬁggwlenbom/ et e
N-acetyl - 4- S- cys{eapint upbemeho4bhﬁcc§g€h£ifﬁ Yephénefl to be a superi or
substrate of nelag;g‘ theéLé§2€.,,£X§fL3if;éﬁiﬂfse {PankOV|ch J. et
' N-acetyl-2-S-cystsaminyl-5-iodo-phenol;

N-{z-{(2'-1odo-4'-acetoxy-phanyl)thzo}ethyl}-

acetanide;

N-{z-{(2'-acetoxy-s'-io&o—phenyl)thio}eth?l}-

acetamide; and :

N-{2-{(2-acetoxy-3‘-icdo-phenyl)thic}ethyl}-

acetanmide. |

Various radzolabelling agents nay be used such as
carben 14, U-14-C, iodine (such as 21, I and U'I),
technetium (such as ™Tc), flourine (such as *F), indium

~ (such as M'In) and 35, for example. The method of
introduction of the radiolabelling agent to the compound
will depend on the choice of radiolabelling agent, as one
skilled in the art would appreciate. The radiolabelling
agent will be associated wvith the structure of the
compound through one of the several ways: (1) through a
covalent bond with the compound structure; (2) through
ionic association with the compound structure; or (3) as
part of the structure of the compound. '

Novel acylated compounds of this invention are
represented by the compounds cof formula (II). It has
been found that those compounds are particularly.usetull
in the treatment of various pigmentation disorders and,

' when formulated into suitable pharmaceutical
compositions, exhibit excellent stability and very low
general toxicify, but selective toxicity with respect to
melanccytes. Hence, in accordance with another aspect of
this invention, the pharmaceutical compositions are very
useful in the treatment of pigmentary diseases such as
treatments involving one or more of the following:

‘blocking melanin synthesis in human or animal
melanocyte cells,

inhibiting the metabolic pathway involving
tyrosinase in human or animal melanocyte cells, and



net ed, above, found to have sone general cytotoxicity (Al ena,!iss

1990), because it is netabolically tradsfornmed a cytotoxic al dehyde

met abol i te by pl asm nonoam ne oxi dase (Pankovich, J. et al; 25 Inoue, S. et
al, 1990). On tHereatment 6 ReiaROMA S tyeatnant RHMYPeEBiGnce of such

al, 1990; Mura, T. et al, 1990), and to posséss t he nost ef LV,
mel anocyt ot oxi ¢ activity and antinmel anoma effect 20 (M ura, 'EFE%L Has B aced
Alena, F. et al, 1990; Wng, M et al, 1991). 4-S-CAP was, ho I I&m !l '

cytotoxicit \ @_{@, SreatmdPOBf ditci ﬁi‘%ﬁﬁ&p%&n asi AP nay be a
conmpound sullx?étﬁe orﬁtu%\e devel opnment_of nel anonmd ‘cheho erga%gé'
In formulae (I) (II), preferred lower a 1l and

lower alkanoyl groups ars C, to Cs. The most preferred
lower alkyl and lower alkanoyl groups are C, to C,.

Preferred compounds of formula (I) include N-acetyl-
4-S-cysteaminylphenol, N,N-dimethyl-4-S-cysteaminyl-
phenol, 4-S-homo-cysteaminylphencl, a-methyl=-4-S-
cysteaninylphencl, ﬁ-{z-{(4(-acatoxyph¢ny1)-thio)ethyl)-
acetamide, N-{l-methyl {2-{(4’-acetoxyphenyl)thio}ethyl}-
acetamide, N,N-dimethyl (2-{(4’~acetoxyphenyl}- '
thio}ethylamine or N-propionyl-4-S-cysteaminylphencl.

‘Preferred specific =onpcﬁnds of the invention of
Formula (II) are: .

- Compound R, R . | R, .R.
1. N(1-Methyl-{2-{(4"- | ~
acetoxyphenyi)thio}- | :
ethyl}acetamide - CH H COCH, COCRE,

2. N,N,-Dimethyl {2-{(

acetoxyphenyi)thio}- | _
ethylamine H  CH, CE, COCH,
3. N-{2-{(4"-aceroxy-

phenyi)thio}ethyl}-

acetamide H B - COCH, COCH,
4. N-{2-{(4-acetoxyphenyl)- _

thio}ethyl}propionamide H . H COCH, = COCH,

The compounds of formula (II) may be manufactured by
a variety of synthesis techniques. Generally, they may
be prepared by acylation of the corresponding
cysteaminylphenol compounds.
' The cysteaminylphenol compounds may ‘also be prepared-
in accordance with the technique disclosed by Miura et
al, "synthesis of Cysteinylphenol, Cysteaminylphenol, and



30 - In the treatnment of various plgnentary di sorders, it would also be

beneficial to determine the specificity of the conpounds u

treatment and in particular, conpounds such as N Ac-4-S- CAP.

regard, we have al so discovered that certain anti-nel anona

35 agents can be labelled wth radi oactjye nolecules to ubstltute

sheet - 10 March 1998 achi eve not only radioi magi ng but as mell,_radlo-
Related Compounds, and in vivo Evaluation of Antimelanoma

Effect®, Arch. Dermatol. Res. (1987) 279:219-225. This
entails the reaction of a phenol with a cysteamine to
yield the 4-S-cysteaminylphenol or the 2-S-
cysteaminylphencl. The 4-S-cysteaminylphenol nay then be
isolated from the reaction product by Silica gel column
chromatography or crystallization with changing pH of
solution. It is understood that the various derivatives
of this invention may be made by various radical
‘substitutions to the sulphur chain, or substituting a
 thiol with the desired chain. |
Details. of processes for making some of the preferred
compounds of the 1nvnntion are sat out in the
- accompanying Examples. '

The intermediate cystsaminylphenol compounds may be
acylated by reaction with the appropriate alkanoyl; for
example, acetyl chloride may be reacted with N={2-=((4-

, . hydroxyphenyl)thio)ethyl}acetamide, to give the preferred
) compound of the invention N-{2-((4’-acetoxyphenyl)-
thio)ethyllacetamnide (NAP-TEA). ' ,

The compositions of this invention having active
agents of formula (II) provide a mechanism for treating'a
variety of pigmentary diseases, such as melasma and other
hyperpigmentation diseases and hglanana and other skin
cancers and for preventing melasma and skin cancers which
are normally induced by exposure to UV radiation. This
activity of the composition is achieved by the selected
active compound of the composition becoming toxic in the
nzlahocytes in the presence of tyrosinase without being
a substrate for plasma MAO. The compositions upon
administration, according to this invention, have
significant melanoma cytdtoxicity and antimelanoma
effects. This is recognized in the szgnxt;cant
depigmentation of hair on black experimental anznals, as
well as significantly inhibiting the expérimental growth"
of lung metastases of Bl6 F10 melancma cells. The |
compositions of this invention have also demonstrated




chenot herapy particularly in the treatnentfof mal i gnant a
atcordance with this invention, we have also 5 discab
conmpounds whi ch exhibit excellent stability and very |

, “%?
>\ iﬁxicity,
but have selective toxicity for nelanoc¥%es. I n accor aspect
of the invention, there 10 is provided

_ _ : _ ( compound for use in radi oi magi ng
other pi groRPRPCERPE EeRIERE  EBONEReD, ARGERS EEERE ERRRZE, CRMER BBunds
r epr esent edpheochzohccytiona(apd neuroblastoma cells. -
' Experimental tests on animals indicate per single
dose toxicity levels in the range of 1,400 mg/kg of body
weight for the preferred conpdund of formula (II), NAP-
TEA.

In the pharmaceutical compositions of the invention,

' the term "a biclogically effective amount of the active
compound” means that a sufficient amount of the conpoﬁnd
in the composition is provided such that upon .
administration to the human or animal by, for example,
i.p., 8.c. or topical route provides sufficient active
agent on each application to give the desired result in
treating various pigmentary diseases, including melanoma,
melasma, or acting as UV blocker and/or depigmenting
agent in sunscreen lotions. However, the biologically
effective amount of the active compound is at a level
‘that it is not toxic to the human or animal during the
. termn of treatment. . :

The term "a suitable bicleogically compatible
carrier” includes a solvent for the compound when the
compound is injected by either i.p. or s.c. route.
Suitable bioclogically compatible carriers for injection
include physiologically normal saline and other types of
readily injectable solutions which are well understood by
those skilled in the art. The preferred injectable
carrier is a neutral buffer having a pH of 7.0 to 7.4.

~ When the compound is topically applied; the carrier may
be any type of suitable excipient or carrier in the form -
of cosmetic compositions, pharmaceutical adjuvants,
sunscreen lotions and the 1like.

Suitable carriers for topical application include
conventional skin treatment compositions, such as
cosmetic compositions and pharmaceutical preparations.
Examples of such ingredients for topical application are
oils such as liquid paraffin, vaseline, methyl-
polysiloxane, castor oil, sgualane, and coconut oil;



[err] wherein 25 'wa]lsHor derr]- er err] is Hor
Cferr]-Cerr] alkyl; Rerr] is H (err]- C[err -Cerr]
al kanoyl; Rerr] is-Hor Cerr]-Cerr] alkanoyl oactive

mat eri al useful in radioimging 30 and/ or radlo ere the

dotted line (---) indicates: 1) Ra is cbeal ently bound to the structure of
fornula (1);

ant1~oxzdants such as butylated hydroxyanisole,
butylhydroxytoluene, ethyl gallate, and tocopherol;
surfactants such as sodium laureate, laurylpyridinium
chloride, polyoxyethylene sorbitan monocleate, glyceryl
monoarachate, sodium N-gtaaryl-N,N-dimethyl glycine,
oleyl hydrolysed animal protein, and polyoxypropylene
glyceryl ether phosphate; humectants such as glycerol,
sodium 2-pyrrolidone-~5-carboxylate, and sodium lactate;
thickeners such as tragacanth gum, guince seed gum,
zanthan gum, carboxyvinyl peclymer and bentonite;
preservatives such as benzoic acid, allyl p-
hydroxybenzcatas, dehydroacetic acid and
trichlorocarbonilide; coleoring agents and pigments such
as Acid Red Rhodamine B, Violamin R, Orange ss, Naphthol,
Yellow-S, Tartrazine, Alizarin, Cyanine Green F,
Brzlliant Blue CPC, Acid Violet, Carthamine, f-carotene,
Red, Blue & !ellaw Oxide of Iron, titanium dioxide,
Yellow Iron Oxide, Cobalt Blue, Ultramarine Blue, Rose &
Violet, tri-iron tetroxide, and carbon black; waxes such
as Bees wax, Japan wax, Carnauba wax, Candelilla wax, and
lanolin; film-forming agents such as nitrocellulose and
polyvinyl alcohol; sclvents or dispersing media such a
watef and alcochols (e.g. ethancl); powders such as
aluminum powder, talc, kaolin,'zinc'oxide, titanium
dioxide, mica, calcium, carbonate, and treated powders;
plasticizers such as acetyl tributyl citrate, and
dihutylphthalate; pharmaceutically active agents such as
retinol, palmitate; y~orizanol, pyridoxine dipalmitate,
ascrobyl dipalmitate, ergocalciferol, di-e-tocopherol
acetate, biotin, ethinylestradoil estrore, hydro-
crotisone, calcium pantothenate, ammonium
' glycyrrhizinate, allantoid, quaiasulene, and hinokitiol;
and perfumes such as musk, civet, amber, jasmine
absolute, and rose oil. ,
| The skin treatment compositions, according to this
invention, can be prepared in any conventional form, for
example, solubilized forms such as cosmetic lotions, and



2) Rais ionically associated with the structure of 35 formula (1);
or -6- Substitute sheet- 10 March 1998 3) -Ra is radi oacti vii hHas Been Replaced
which is part of the structure of fornmula (1); and x is 1 to 5,,
w,th the provisos that when x is 1, onelgf Rlerr, Rerr] or Re

emulsified forms such as liquid creams, creams, ointments
and dispersions. : . '
The pharmaceutical compositions of this invention

are particularly useful for depignentihg skin where the
‘composition is applied topically or .injected by s.c. or
i.p. route to the afflicted area to achieve desired
degree of depigmentation of the skin. Hence as another
aspect of the invention, the compogition is useful in the

. method of treating skin for purposes of depigmentation.
As well, the invention provides for formulating a
composition which is useful for depigmenting skin.

' | The compositions of the invention are also
especially useful for treating melancma. The composition
is administered either topically or by injection through
i.p. or s.c. route. The composition is used in treating
melanoma to either clear it up or place it in remission.
Furthermore, a method of the invention is in the
formulating of the composition useful for treating
melanoma.

The compounds of formula (II) may be usad in

sunscreening lotions as depigmenting agents. It has been
found that the active agents of formula (II):

1. prevent UV radiation activating melanin synthésis in
. melanocytes;
2. prevent moles from becoming melanoma after exposure

to sunlight; and .

3. are substrates for the enzyme tyrosinase where it is
thought that enzymatic conversion of the substrates
produce components which act as depigmenting agents
and possibly as UV blockers in the sunscreen lotion.
Quite surprisingly, we have found that, upon |

administration of the acylated derivatives of formula

(II), the compounds are deacylated to become potent

melanocytotoxic and depigmenting agents. Such in vivo

conversion of the compounds is extremely beneficial from .

the standpoint of product stability and reduced general

toxicity. Once the compounds of formula (II) are



is other than H, and that the sul phur containing group and the Ra group are
in the 2, 4 or 6 positions of the phenyl ring. Thf Sheet Has Bkdh R@ rE@;@ddance wth

a further aspect of the invention, there is prov for

radi oi magi ng nel anoma colonies in vivo in a subj M

adm nistering to the subject's circul ati®y syste radi oi magi ng
conpounds of formula (1) above and detecting the presence of 15 emtted

radi ati on fdestylated upomtadministratiome) cieyl bechme nexcellentpound as
sai d adm ni of cr gt SOIPOMERPLOLS. SASlrd fhd Vo "' FPOFBALgSUC Present i

sai d subjec
anbodznent of the invention, NAP-TEA, once incorporated

into the body, is deacylated to become N-acetyl-4-S-CAP
‘which is, as alresady demonstrated in the aforementioned
International Application W091/16302, a strong tyrosinase
substrate that is present only in pigment cells. This
enzyme activity becomes highly expressed in malignant
melanoma and melasma cells where the specificity of the
N-acetyl-4-S-CAP is important in avoiding general
toxicity to the patient. The therapeutic approach in the
use of these compounds for pigmentary diseases such as
melasza and skin cancer, such as malignant melanoma, have
become very important as well as preventive medicine for
photoaging and skin cancer developed after exposure to
sunlight. Helanaia'represcnts 2% of all cancer by
instance and is generally increasing in the populatzon at
a rate exceeded only by lung cancer.
For purposes of treatment, it is understood that

| . depending upon the route of administration the
composition of this invention may have various
concentrations of active agent in the biologically
compatible carrier. For purposes of injection, the
concentration of the active agent in the injectable _
solution usually is in the range of 200 to 1200 mg/kg of
body weight with a preferred dosage in the range of 300
'ng to 500 mg/kg of body weight. For purposes of topical
~application, the concentration of the active agent in the
cosmetic cream or the like usually is in the range of 4%
to 10% by weight in a cream base with a preferred
compogsition in the range of 4% to 6% by weight in a cream
base.

It is appreciated that various complementary agents
may be included with the active agents of this invention.
For example, the canposition may be adniﬁiétered.in_
combination with L-dopa and/or antidecarboxylase. Such
cdmhinations may have selected use in the treatment of



The preferred conmpounds of formula (1) are when X is 1 20 and Rerr] is
al kanoyl. I n accordance with another aspect, the i %ﬁ@h&eﬂﬂulﬂe&\keﬁﬁ&d

conpounds of the formula (11):. 25 [err] wherein 35 H or
Clerr]- Cerr] alkyl; Rerr] is H
_ 19

various melanomas.
The following Examples demonstrate various agpects

- of the invention in providing the diagnosis and treatment
of pigmentation diseases, depigmenting properties and
antimelanoma properties. The various compounds of
formula (I) may be radiolabelled in accordance with.a
preferred procedure outlined in the following Examples.
The procedures have been described in particular |
reference to the compound N-acetyl-4-S-CAP; however, it
is understood that the procedure may be similarly applied
to the other compounds of formula (I). Furthermore, the
Examples also demonstrate effectiveness in blocking
melanin synthesis for only one of the compounds of
formula (II). However, it is understood that the
compounds of formula (II) all exhibit in a pradzctahle
way similar properties.

EXANPLE 1 Synthesis of N-Acetyl-d-S-cysteaminyl
(U-%C)phencl

(U-“C)phenol (9.26 MBqg, 333 3 MBg/mmol) in toluene
(0.25 mlL) was added to agqueous HBr (47% w/v ; 0.5 mL
solution containing unlabelled phenol (1.7 mg; 0.018
mmol) and cystamine.2HCl (45 mg; 0.2 mmol). The mixture
was heated for 30 min at 130°C in a screw-capped reaction
vial. After cooling, the solvent was removed under
vacuun and the residue was dissolved in aqueous nethahol
(3% v/v). The solution was applied to a Sep~Pak C,;
cartridge. The cartridge was washed with agueous
methanol (10% v/v ; 0.6 mL for removal of excess
cystamine and (*C) labelled 4~S-CAP and 2-S~CAP were
eluted with agueous methanol (20% v/v ; 3.0 mL). The
eluent was concentrated under vacuum. The major
compounds were separated on preparative TLC using the
mobile phase I. . The products vere extracted from TLC
with MeOH in CHCl, (20% v/v). The two isdmers were
acetylated with acetic anhydride in dry pyridine at 25°¢C
for 24 hours. The solvent was removed under vacuum. The



5; with the proviso that at |east one of R[er s other than 5
H, and that the sul phur containing group is i position of

the phenyl ring. The preferred conpou of formula (Il) are when x is 1
and R err] is al kanoyl . . . . '
' residue was dissolved 1in NH, (2.0 M) and stirred at 25°C

for 30 min for O-deacetylation. After reaction, the
methanol solvent was removed under vacuum and the residue
- was purified cn preparative TLC using mobile phase II.
(“C)N-Ac-4~S-CAP (9.5uCi, 351.9 kBq) and (“C)N-Ac-2-S-
CAP(5.7 uCi, 211.1 kBg) in 3.8% and 2.3% radiochemical
yield respectively. The radiochemical purity of the two
isomers was more than 99%. .

This Example demonstrates that one is able to
synthesize (“C)N-Ac-4-S~CAP with conventional acetyacety-
2lation and o-éeacyiation after electrophilic
substitution on phencl of the NH,CH,CH,S* cation in HBr
solution, as per the following reaction scheme.

Substitute sheet- 10 March 1998 -7- Rl err] |$m;g Jerr] alkyl or
Cerr] - Cerr] alkanoyl; Rerr] is (err] - W and XxXis lto

P e |

. | -
. 1ee
ID—Q s, (cLa ‘!'Iz) .. (w3 W} SCL,Qi N, + 10-/ >
*a phenot : 401 4520 Moy asonn

s
. lc ™ o
F‘:’ . Scizc'lz.‘ﬂ
.1 acaz:c— anvdride/ . _ ? =0
2= > mr<<;>psagx£n VA
2,_ O-deaacatylation 1 ;
(N4 in MecH) (* QI N=Ac-4=5-CAP " _
. (" CIN=AC=Z~3-C22

In the above reaction process, ('C)-acetyl-2-s-
cysteaminylphencl ((MC)-Ac-2-S-CAP was also obtained as a
minor isomer. The synthesis of (*C)4-S-CAP using the
above reaction was as described previously (Somayaji et
al, 1989). It was difficult to remove cystamine by
methanol precipitation or to separate the 2 and 4 isomers
of CAP by TLC system. However, it was possxblg_to-remove
cystamine and accomplish preliminary pﬁri:icatiqn using a
Sep-pak C" cartridge. The chromatographic separation of -
the two isomers was accomplished with mobile phase I.
This basic mobile phase allowed a complete separation of



10 I n accordance with a further aspect of the invention, a phggnaceutical
cbnposition conprises a conpound of fornmula (I1) and a phar macdfigkge

bi ol ogi cally acceptable carrier. 15 According to a preferred as
invention, this conposition is particularly useful as a depig
conposition in sunscreening |lotions. The* conposition is also useful as an

anti nel anonma agent and useful_ for the 20 treatnment of nelaspa and generally
useful for Bi&¥Ggscomeric CAP compounds.of the reaction mixture

(4=5-CAP : Rf = 0.66; 2=-5-CAP : Rf = 0.53). _
Unlabelled crystralline phenol ( 2 mg) reacted
smoothly with cystamine in HBr solution in a small scale

reaction. An overall yield was approximately 76% as a
mixture of the two iscmers, the ratio of 4~S~CAP to 2-S-
CAP being 2.5. Acetylation of the O-pogition and the N-
position on isomers was carried out with acetic anhydride
in dry pyridine. O-Deacetylation for the synthesis of N-
Ac-4~5~CAP was performed with NH, in methanol (2.0 M)
under mild conditions without N-deacetylation. A mixture
of 4-S-CAP (a2 major product) and 2-S-CAP (a minor
product) containing the “C-radiolabel were obtained by
using a two phase reaction system (toluene : HBr) under
reflux, and with the addition of unlabelled pherocl this
gave lovw yield of products. If a source of (U%C) phenol
were available as a solid material or as a more
concentrated solution, the yield and the specific -
activity can be greatly increased. (C)N-Ac-4-5-CAP
gynthesized from (“C)4-S~CAP gave a high radiochemical
yield (68%). Although the specific activity of (C)N-Ac-
4~S=CAP and (C)N-Ac-2-5-CAP was low (450 kBg/umol), the
products would be sufficient to carry out experimental
studies. The use of solid (U“C)phenol with a high |
specific activity for the synthesis of (“C)4-S~CAP and
' (“C)2-5~CAP would increase both the specific activity and
the yield of the final products. |

All chemicals used were of reagent grade quality.

(U-¥C)Phenol in toluene was purchased from Sigma Chemical
Company (Saint Louis, Missouri, USA). Preliminary
purification was performed on Sep-Pak Cy Cartridges
(Waters Chromatography Division, Millipore Carpofation,_
Hilford} USA). Whatman PLKSF preparative silica gel 150a
plates were used for separation of 4-S-cgsteaniny1
(U-%C)phenol, (¥C) 4-S-CAP and 2-cysteaminyl (U-C)
phenol (("“C)2-S-CAP) using mobile phase I (CHCl, MeOH :
NEOH = 24 :12 :1. 1 v/v/v) and using mobile phase II

)

i



mel ani n synfhesis in human or ani mat nel anocyte cells. The following is a
déscription with reference to the acconpanyi ngﬂﬁkrShmH@SSe&i‘ wegent |y

preferred enbodi nents of 25 the invention. Figure 1 is a
whol e body aut oradi ogram of the sectional nnuse and Figure 1A
is a sectioned nouse. 30 The radiol abel 3zd conpoun s la (I) are
capabl e of binding to nelanoma tissue such that when the tissue is

subj.ected t gcHEU} @ MEOHIg= L85 wlwﬁﬂnmmtwmﬁwmmcn of the

' N-acetyl derivatives of the two iscmers. Nc-
Radicactivity detarmination of products was performed in
Aquasal®-2 (Biotechnology Systams NEN® Research Product,
Bogton, MA, USA) with a Beckman 1S 3801 lxquzd
gscintillation spectrometer. HPLC analys.s were carried
out with a Waters system consisting of a Model S00E
system controller, Model USK injector and Model 441
detector at 254 mm, using uBonapak C, reverse phase
compression (10u) column (Watars uillipore'canada Led.,
Mississauga, Ontario) and MeOH : 0.1% acestic acid in B0
(L : 1 v/v) as eluent with a flow rate of 1 mnL/min. The
final products, N-acetyl-4{-S-cysteaminyl (U-"C) phenol
((¥C) N-Ac-4~S-CAP) and N-acetyl-2-S-cysteaminyl (U-
¥c)phenol ((*c) N-Ac=2-5-CAP) were confirmed by comparing
their retention times to those of authentic unlabelled
compounds on HPLC. Radiochemical purity after TLC was
determined by collect eluent fractions (0.5 mL) from an
HPLC analysis and counting by a liquid scintillation
'spcctranctar.

EXAMPLE 22 Synthesis of MN-{2-((4-Acetoxyphenyl)~-
thio) ethyl}acetamide (NAP-TEA)

Procedure '
Acetyl chloride method

To solution of N-{2-{(4~Hydroxyphenyl)thio)ethyl}
acetamide (200 mg, 0.95 mmol) in dry pyridine was added
slowly acetyl chloride at -ls'c.with-stirfing.- The
resulting solution was stirred at 25°¢C for 1.5 hour. The
residue obtained after removal of solvent was
chromatographed on a low pressure silica gel column '

. (CANAG, D-0, fine grain ; Mobile phase : 5% MeOH/CHCL,).
The fractions containing product were collected and then
the white powder obtained after removal of solvent was
recrystallized to gain the white crystals from E,0-~MeOH.

'(Chenical yield : 217 mg, 0.85 mmol 50.3% ) mp= 87-88°¢



colonies or cells appears in the i mage. Further;—by virtue_35 of the

bt ndi ng of these conpounds to nel anoma sites, .t e, mat eri al may
be used in radi ochenot her apy Substltute S 1998 - 8-
treatment of the nelanoma cells to eith k|| muﬁ effect their
reni ssion. The preferred conpounds of # |s I n

'H NMR (Acetone-d,); &§ 7.52 (bro, s, 1H, NH), 7.41
(d, f£ine structure, 2H, J=8.5 Hz, arcmatic C(2)-H,
c(6)-H), 7.04 (d, fine structure 2H, J=8.5 Hz,
aromatic C(3)-H, C(5)=H), 3.33 (m, 2H, J(CH,~CH,)=6
Hz, J(CH,~NH)=7.5 Hz, CH,CE.NH), 3.05 (dd, 2H, J(CH,
2)=8 Hz, SCH;), 2.22(s, 3H, CH,C00), 1.83 (s, 3H,
CH,CONH) .

Be NMR (Acetone-d,) ppm; 169.95 (1C, CE,CONH) 169.29
(1C, CH,CO0), 150.12 (1C, aromatic, C(4)), 133.61
(1¢, arematic, C(1)), 130.76 (2C, aromatic, CH)
122.98 (2C, aromatic, CH), 39.35 (1C, CHNH), 33.48
(1c, SCH,), 22.52 (1C, CH,CONH), 20.61 (1C, CH,C00).

Exact pass calc. for C,H,NOS : 253.07725; found
(HRMS) , 253'.0773; intcnsity = 18.18%.

EXAMPLE 23 Synthesis eof lb{z-{((-Accot:yphcnyl)thio}-
sthyl}propionanide (NAP-TEP)

- A mixture of 2-cthy1-2-cxazo11ne (786 ng, 7. 94 mmol)
and 4-hydroxythiophenol (1 g, 7.94 mmol) was heated at
125° for 2 h under Ar gas. After cooling of the reaction
mixture, the mixture was evaporated under vacuum. The
residue was purified with a low pfessure normal phase
silica gel column chromatography (mobile phase: 10% MeOF
inICHC1g.- N-propionyl-4-S-cystaminylphenol (N-Pro-4-S-
CAP) was obtained as a white powder on evaporation of the
gsolvent (Chemical yield: 53.4%, 953 mg). . |

A mixture of-N-propionyl-4—s-cysteaninylphenbl, ary
pyridine, and acetic anhydride is then stirred at 25° for
24 hours. The reaction mixture is evaporated under
vacuun and the residue is purified with a low pressure
normal phase silica gel column chromatdgraphy (mobile
phase : 8% MeOH in CHCl,).. N-{2-{(4-aceotxyphenyl)thio}- -
ethyl}-propionamide (NAP-TEP) is obtained as a white
povder upon evaporation of the solvent.



5 considerably less toxicity than known forns of phenolic am ne conpounds
stich as the aforenentioned 4-S-CP and 4-S- CAP. In particular, when 4-S-CAP
is used in radioi magi ng or radi ochenot herapy, the conmpound collects in the
eye as well as in the nelanoma tissue. However, the conpounds of 10 fornula
(1) do not have such drawbacks and are2#herefore particularly suited to
this new use. Wien the conpounds of the formula (1) are used in

radi ochenotBEXMEDE they may be conbined with suitabl e pharnmaceuti cal

oresent in a bi bgtid SRR, A 8D IR el e 1
was investigated in mice. Pemale C57BL/6J mice received
a single intraperitoneal injection of 2.0 mmol/kg (4C)-N~
acetyl-4-5-~CAP compound. The animals were killed 48
hours latsr. The tissues were removed and the covalent
binding was determined as follows.

_ Pive different tissues were examined for covalent
binding of radicactively labelled N-acetyl-4-~S-CAP
intersediate(s). The maximum binding of N-acetyl-4-S-CAP
was detected in the s.c. melanoma tumor and melancma
colony~bearing lung tissues. In contrast, the normal
organs, e.g., the lung without melancma colonies, kidney
and liver, which are actively involved in drug metabolism
of N-acetyl-4-S-CAP, did not reveal a significant
accunulation of radiocactive material. The results of
such study are set out in the following Table 1.

JARLEL

In Vivo Covalent Binding of (14C)-NACAP to Lung with and without B16F10
"Melanoma Colonies, B16F10 Melanoma s.c. Tumor Tissue, Liver and Kidney

- (nmol covaiently bound/mg of protein

Lungs with B16F10 o 0.330 + 0.118

Lungs without BIGF10 0.010 + 0.001
melanoma colonies _

BI6F10 melanoma 0521 + 0.076

$.C. tumor
Liver - | 0.013 + 0.003
Kidney . 0.008 + 0.001

Female CSTBL/6J mice received 1 single intraperizorieal injection of 2.0 mmol/kg
(“C)-NACAP. The animals were kilied 48 hr later, the tissues were removed,
mdthecovﬂembindingwdminedasdscribedmdenhove.

*The data are presented as the means +S.D. (n=3),
This Sheet Has Been ITlaoed




Sui tabl e biologically, conpatible carriers may be sol utions when injected
by either the IP or SC route. Suitable biologically, conpatible carriers
for injection include physiologically nornal saline and other types of
readily 20 injectable solutions which are well understood by those skilled
inh the art and readily available. The pe&ferred injectable carrier is a
neutral buffer having a pH of 7 to 7.4 and does not in any way effect the
activity of the Ladvitabbibdistributida. bFowhplepbedy of injection, the 25

Concent ! | asBkphiEsFAHhL ARE, AL SATRRA" fn' ak"Be R MRl 0™ '
this invention and in particular, (“C)N-acetyl-4-S-Cap at
48 hours after i.p. injection of (MC)N-acetyl=4-S-CAP in
the mouse, radiocactive material was cleared from the body
and wvas not detactable in any normal organs except the

lumen of the large intastine. This is shown in the
attached Pigure 1. A whole-body autoradiogram of the
mouse with both an s.c. B16P10 melanoma tumor and a
B16F10 lung melanoma colonies after single i.p. injection
of (“C)N-acetyl-4-5~CAP (5.0 uCi). 48 hours after -
injection the animal was killed, frozen and prepared for
‘sectioning. The 20~um sections were freeze-dried and
exposed to x-ray film for whole-body autoradiography.
A) A whole-body section without exposure to x-ray film.
E, eye; B, brain; 1lu, lung with B16F10 melanoma colonies;
H, heart; Li, liver; Me, s.c. melanoma tumor; I,

- intestines. B) after exposurs to x-ray film. Positive
signal of accumulated radicactivity is clearly detectable

in the melanoma colony-bearing lﬁng and s.C. melancma
tissues, as well in the lumen of the distal partes of
intestine. Bar, 1 cm. '

This result as shown in Figure 1 demonstrates the
significant detoxication of N-acetyl-4-5-CAP in the liver
followed by the excretion of N-acetyl-4-S-CAP metabolites
into the bile. The s.c. melanoma tumor and the lung with
‘melanoma colonies were the only organs displaying a
significant accumulation of the radicactivity.

The radiolabelled compounds of this invention and in
particular, radioclabelled N-acetyl-4-S-CAP and

- radiolabelled NAP-TEA are particularly useful as
radicimaging agents without causing toxic side effects in
the host. Alsc, in appropriate dosages the compounds may
be used etfect radio-chemotherapy at speczflc melanoma
sites within the host.

This Sheet Has Been Reﬂlaced

U



ng per kg of body wei ght where the preferred dosage is in t he rande of 300
ny to 500 nmg per kg of body weight. In the follow ng examples, -further

information is provided as to 30 the amount of conpounds injected for
pur poses of radioi magi ng. Al though one skilled in the art apgsShestakheBees Réplaced
there are a variety of techniques for R8king the conpounds .of“lmu

Repl
(1) before they are radiol abelled the proposed nmethod for ma umrmummé
conpounds . EXANPLE e - EXPERIMENTS FOR O-DEACYLATION
NAP-TEA was introduced to mouse plasma to determine

OF NAP-TEA IN MOUSE PLASMA
by in vitro experimentation the extent to which NAP-TEA
is deacetylated to form N-Acetyl-4-5-CAP. The procedure
. was as follows. Into 100 4l of mouse plasma, 10 ug of
NAP-TEA was introduced. The mixture was shook for one-
balf of a minute and then passed through a Sep-Pak C;
cartridge in either 7 ml of 5% methancl/water to form
eluent 1 or in 4 ml of 50% methanol/water to form eluent
2. Both eluents 1 and eluants 2 were collected. Agueous
methanol was removed from eluent 2 to provide a residue
which was subjected to HPLC under the following
conditiong. The HPLC had a column of iz Bonapak C; under
reverse phase radical compression. The residue was mixed
with methanol:water at 50:50 with a flow rate through the
radiograph at 1 ml/min. The detector wvas a Water
Associates Model 441 with detection by ultraviolet at 250
rnm. All that vas detectsd in eluent 2 as passed through
the chromatograph was N-Acetyl-4{-S-CAP which indicates
that NAP-TEA wvas readily deacylated by the mouse plasma
to give the desired active agent.

EXAMPLE § -~ DETERMINATION OF EAP-TEA, N-ACETIL-4-8-CAP
AND METABOLITES IN IN VIVO EXPERIMENTATION
A CS57BL/6J Black Mouse was injected at 300 mg/kg
body weight by i.p. administration of NAP-TEA. 100 ul of
plasma was extracted from the mouse after 5 minutes of
injection and after 20 minutes of injection. The plasma
samples were treated in accordance with the procedure of
Example 2. The plasma samples were passed through a
Sep-Pak C, cartridge in either 5% methancl:water to
produce eluent 1 or 50% methanol/water to produce eluent -
2. Eluent 2 had the agueous methanol removed therefrom
~ to provide a residue. The residue was redissolved in
methanol/0.1% acetic acid and water in a ratio of 50:50
and subjected to HPLC for both the 5 minute and 20 minute



Substitute sheet - 10 March 1998 Wirnei ster reaction as described in
WD- A-9116302. As wi'll be denmpnstrated in the follow ng exanpl g h etHasBeenR laced
radi ol abel | ed conpounds of this inventioen bind specifically'S t

tissues and the radiol abel | ed conpound or radiol abel | ed derlvat qi
remain in the melanoma tissue for a sufdacient period of tine f
therapeutic treatnent or for subsequent radi oi magi ng. The radlolabelllng of
t he conpourpnuulrnnplml | yThedix rnq)hmydvﬂmencagot rNAReTEAabge with the

following rgagil g Sd¢{ence of N-Acetyl-4-S-CAP. The
 concentration of N-Acetyl-4-5-CAP in the 5 minute
extracted sample being considerably greater than in the
20 minute extracted sample to indicate that in vive Nap-
TEA is deacylated to N~-Acatyl-4-S5-CAP which in turn is
then taken up by the mouse melanocytss. |

BIAMPLE 6 - IN VITRO CYTOTGCXICITY OF NAP-TEA
MIT assav in accordance with the standard procedure
MIT solution (Sigma catalog No. M2128) was dissolved
" in PBS at 1 mg/ml and filtered to sterilize the solution.
The solution was stored in the dark at 4°C until used.
The growing cells were harvested, counted and inoculated
into 96 well microtiter plates (1-2 x 10° cells/well).
After 24 h, drugs vere applied to culture wells, and the
cultures were incubated for 5 days at 37°C. At this
time, 50 ul of MTT solution was added to microculture
wells. After 4 h incubation at 37°C, supernatant wvas
removed from each well. 150 ul of DMSO was added to
solubilized the MIT~formazan product. After mixing
gently, absorbance at 540 mm was measured with ELISA
plate spectrophotometer.
Results
NAP-TEA showed lower in vitro cytotoxicity than that
‘of N-Acetyl-4-S-CAP on 3 cell lines.

In vitro cytotoxicity(ICy,) of NAP-TEA
and N-Acetyl-4~S~CAP with MIT assay

Cell line | Compound
' NAP-TEA N-Acetyl-4-S-CAP
ICy
Hela 77ug/ml : . 75ug/ml
SK-MEL~23 31pg/ml - 25pg/ml

UT amelanotic melanoma l4pg/ml 12ug/ml



[err] R=H, Rerr]=Acetyl : N-Ac-4-S-CAP R=R[err]=Acetyl : = érr 30
wherein I[err] is a radioactive formof iodine. Substitute sheet
March 1998 - 10- : This Sheet Has
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EXAMPLE 7 - UTILIZATION OF XAP-TEA II!; MUSEROOM
TYROSINASE '

Procedure

" A reaction mixture consisting of NAP-TEA (500umol)
and of mushroom tyresiﬁasq {11 unitg) in 1.0 ml of 0.05 M
sodiun phosphate fer (ﬁa 6.8y was incubated at 37°C in
a vater bath. The reaction was stopped periodically by
cooling with ice.  Aliquots removed at set time intefvals
were rapidly cooled to 0°C in an ice bath and the -
remaining NAP-TEA was measured using HPLC.

HPLC instrument and conditions
_ Water 600 E liquid chromatograph systln ' _ S
. Conditions: uBondapak C,, Radial-Pnk Cartridge (Waters)
Mobile phase; 70% MeOH/H,0, 1 ml/min _
Detector; Waters Model 441 UV absorbance -
detector
. Detection; Wavelength 254 mm

Results .

_ NAP-TEA was not a substrate of mushroom tyrosinase,
due to the blaocking effect of acetoxy group on the 4-
position cg'the benzene ring hécause.its concentration
remained constant in the reaction mixture. "However, the
concentration of N-Acetyl-4-S-CAP in the reaction mixture
dropped off rapidly over 25 minutes to almost zero amount
after SO0 minutes in the reaction mixture.

EXAMPLE 8§ ~ XELANOCYTOTOXICITY IN VIVCO OF NAP-TEA
(DEPIGMENTATION OF BLACK EAIR) |
Hairs.were pPlucked manually from the back of 6-8
. week old CS7BL/6J black mice (4 mice). Starting on day
2, daily for 14 days NAP-TEA was injected i.p. The dose
was 300 mg/kg body weight.

After completion of the i.p. injections of NAP-TEA,



Exenplary iodine labelling is as foll ows:

N acetyl - 3-i odo- 4- S- cyst eam nyl - phenol ;

N-acet yl - 2- S-cyst eani nyl - 3-i odo- phenol ;

N-acetyl - 2- S-cyst eam nyl - 5-i odo- phenol ; 5

N-{2-{(2' -iodo-4'-acetoxy- phenyl)thlo}eZSyI} ‘acet am de;

N-{2-{(2' -acetoxy-5 -i odo- phenyl )t hi o) et hyl }- acet am de; and

N-{2-{(2' - amicexyede depigpepted) with) theynpw r@placement: dadix da.u’@rl ous

radlolabelIhggoaqesh§‘ng¥igg used such as

EXAMPLE 9 - DEPIGMENTING EYFYECT OF NAP-TEA ON NEWBORN

BLACX XICE '

Six newborn (3 day old) CS7BL/6J black mice were

injected i.p. with a single dose of 0.1 mL of NAP-TEA
solution (300 mg/kg body weight).

The newborn mice were depigmented in all hair
follicles with the growing hair being light grey after a
single i.p. injection of NAP-TEA.

EXAMPLE 10 - IN VIVO MELANOCYTOTOXICITY OF MAP-TEA IN PIG

Solutions of .15% NAP-TEA in DMSO(w/v) and of 15%
NAP-TEA in 60% EtOH(w/v) were prepared for topical
application to a Yucatan pig. NAP-TEA was applied to the
back skin of the pig twice a day for 8 weeks. After 8
weeks, punch biopsy was performed from the applzcatzon
area and from normal skin. Specimens obtained were kept
in 2N NaBr solution for 3 hours followed by separation of
the epidermis from dermis. Specimens of epidermis were
incubated for 3 hours in phosphate buffer (pH 7.4)
containing L-Dopa. The specimens were fixed in 10%
neutral formalin solution and then washed twice in PBS.
Finally, the specihens were mounted in glycerol gel. The
numbers of Dopa-positive melanocytes in 9 adjacent 1 mm?
fields from each saﬁple were counted.

/s

Results
The fields from skin samples treated with NAP-TEA

revealed a significant reduction in the number of
functioning melanocytes; '

This Sheet Has Been Reﬂlaced




carbon 14, U-14-C, iodine (such as [err]l, [errft—andTerrit),technetium
(Such as [err]Tc), fluorine (such as [err]F) |n HMFE [err]In)
and [err]S for exanple. The nmethod of introducti abel 1'i ng
agent to the conpound wi || depend on the choice of mﬁiﬁ mﬂi g agent, as
one skilled in the art woyl d appreci at&@@ The radi nt wll be
associated with the structure of the conmpound 20 t hrough one of the
several ways: (1) through a coval ent bond with the compound structure; (2)

t hrough i onic association MAtrlg&ﬁbéfngynfﬁhégidﬁiﬂgeheignéé§t§§ part of

the structure of the conpound.
(Average of 9 fields)

Normal epidermis 166 = 74/mm?
NAP-TEA in DMSO 32 % 14/mw’
NAP~TEA in 60% EtOH . : 74 t 25/mm?
DMSO only 114 + 56/mw?
EtOH only . : 117 + 38/mm?

From the above specific examples, it is apparent
that one of the preferred compounds, according to this
invention, is converted in vivo to N-Acetyl-4-S-CAP which
functions, as already discussed in applicant’s co-pending
International Application W091/16302 as an excellent
therapeutic agent in the treatment of pigmentary
diseases. It is therefore understood that the acylated
forms of the compounds of this invention are altered in
vivo to yield compounds which already have been
established as excellent therapeutic agents in the field
of treating pigmentary disorders. |

Throughout the specification we have referenced
several Journal articles which relate to standard

..procedures and techniques. Those articles are listed as
follows.

1. Alena F., Jimbow K. and Ito S. (1990)
Melanocytotoxicity and Antimelancma effects of
' Phenolic Amine Compounds in Mice in wive.
Cancer Res. 50, 3743.

2. Ito Y. and Jimbow K. (1987) Selective
Cytotoxicity of 4~S-cysteaminylphenol on -
Follicular Melanocytes of the Black Mouse -
Rational Basis for its Applicg#ion to -‘Melanoma
Chemotherapy. Cancer Res. 47, 3278.

3. Inoue S., Ito S., Wakamatsu K., Jimbow K. and



25 Novel acyl ated conmpounds of this invention are represented by the
eonpounds of formula (11). It has been found that those conpounds and the
anal ogous conpounds of forrmula (I1) in which Rerr] is (Jerr]-Cerr] alkyl
(hereinafter included in references to conpounds of formula Il) 30 are

particularly useful in the treatnment gfy various pignentation -disorders and,
when formul ated into suitabl e pharmaceutical conpositions, exhibit

excel I ent stability sod ey, P!!W‘Wiéﬂ Gﬁbﬁtﬁem&biﬁzbﬁXiCity
wi th respect to nel anocytes. nce,_in accordance mnth f gthe aspect
of this invention, t%%m [£2Ll8 B AnTysreaninylphen

its Analogues. Biochem. Pharmacel. 339, 1077.

4. Jimbow K., Iwashina T., Alena F., Yamada K.,
Pankovich J. and Umemura T. (1992) Exploitation
of Pigment Bicsynthesis Pathway as a Selective
Chemotherapeutic Approach for Malignant
Melancma. J. Iavest. Dermatol. (in press).

5. Miura S., Ueda T., Jimbow K., Ito S. and Fujita
K. (1987) Synthesis of Cystsinylphenol,
Cysteaminylphenol and Related Compounds, and in
vive Evaluation of Antimelanoma Effect. Arch.
Dermatol. Res. 279, 219.

6. Miura T., Jimbow K. and Ito S. (1990) The jin
yivo Antimelanoma Effect of 4-S-
cysteaminylphenol and its N-acetyl de:zvative.
Int. J. Cancer 46, 931.

7. Pankovich, J. Jimbow K. and Ito S. (1990) 4-S-
cysteaminylphenol and its Analogues as
Substrates for Tyrosinase and Monoamine
Oxidase. Pigment Cells Res. 3, 146.

8. Somayaji V.V., Wiebe, L.I. and Jimbow K. (1589)
Experimental Antimelanoma Agents: The
Synthesis of 4-s—cysteahinylphenol (U=~
Keyphencl. MNue. Compact 20, 158.

3. Wong M. and Jimbow K. (1991) Selective
Cytotoxzclty of N—acetyl-4-s-cysteanlnylphenol
on Folllcular Helanocytes of Black Mice. Br.
3 JDermatol 124, 56._

uéiﬂ
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are very useful in the treatnent of - pignentary di seases such as treatnents
i fivol ving one or nore of the follow ng: blocking nelanin synthesis in human
or ani mal Substitute sheet- 10 March 1998 nel anocyte cells, inhibiting

t he metabolic pathway involving tyrosinase in human or ani mal nel anocyte
cells, and treatnment of nelanoma, treatggnt of hyperpignentation

Althqugh preferred embodiments of the inverition aﬁe
described herein in detail, it will be understood by
those skilled in the art that variations may be made

thereto without departing from.the spirit of the
invention or the scope of the appended claims.

Sheet Has Been
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5 and treatment of cutaneous hyperpignentation. In fornul and
preferred al kyl and al kanoyl groups are C[err] to C[err] The nost
preferred al kyl and al kanoyl groups are 1 @hipBlettdias

Cerr] rrl
conpounds of formula (1) include N-acetyl-4- S- cyst eam nyI ph
N, N- di net hyl - 4- S- cyst eami nyl - phenol , 433S- hono- cyst eani nyl ph " m
a- net hyl - 4- S- cyst eam nyl phenol , N

A{2- ((4 acMenyl) t hi o) et hyl) - acetam'de N- {I-nethyl.

Eg Ej gg 8%&1%&?’?@“ am ne or I\I—proplgglrﬁ“i Zyls
radiochemotherapy in the diagnogis and/or treatment of-
melancma and other pigmentary discrders, .said compound

 being selected from the group of compounds representad by
‘the formula: - |

(T

wherein

R, is H or C;=-C; alkyl;

R, is B or c,-c. alkyl;

R, is H, C,~C; alkyl or C,~C; alkanoyl;

R, is H or C;-C; alkanoyl;

Ra is a radicactive material useful in radicimaging
and/or radiochemotherapy where the dotted line (-—-)
indicates:

1) Ra is covalently bound to the structure of

formula (I);

2) Ra is ionically associated with the structure of

formula (I); or

3) Ra is radicactive carbon which is part of the

structure of formula (I);

-and

x is 1 to 5,

with the provisos that when x is 1, cne of R,, R, or
R, is other than H, and that the sulphur containing group
and the Ra group are in the 2, 4 or 6 positions of the
phenyl ring. ' '

2. A process for rad:.amq:.ng melanoma colonxes in vivo

||IIIII| A ) || W



cyst eam nyl phenol . Preferred specific corrpocmdvo%—t—he—nweﬁ{—hen of 20
Formula (I1) are: Conpound rr R

Rlerr] 1. N-(lI -Methyl- {2- {(4'- 25 acetoxyﬁzmﬁiﬁ ?i&/llacetamd]e
CH err] H COCH[ err] e thyI {_2 {(4- |

acet oxyphenyl )thio}- 30 ethylam ne
CH err] CoCHerr] 3. N-{2-((4"- acetoxy-
in a subject comprising:

1) administering to the su.bject's circulatory
systam one Or mors radini:nginq compounds.
selected from the group of compounds '
repragented by the formula: |

. - | N (1)

I
S(CE,) GO,

wherein

R, is B or C,=C, alkyl;

R, is H or C~C; alkyl;

Ry is H, C,-C; alkyl or C,-C, alkanoyl.

R, is E or C,~C, alkanoyl;

Ra is a radiocactive material useful in rad:.omg:.ng
and/or radiochcnotherapy where the dotted line (==-)
indicates:

1) Ra is covalently bound to the structure ot

famla (I); :

2) Ra is ionically associated with the structure of

formula (I); or

3) Ra is radicactive carbon which is part of the

structure of fornu_la (I);
and

x is 1 to 5, : S

with the provisos that when x is 1, one of R, R, or
Ry is other than H, and that the sulphur containing group
and the Ra group are in the 2, 4 or 6 positions of the
phenyl ring; " |
and

ii) detecting the presence of emitted radiation

A A



phenyl ) thi o~ethyl }- acetam de ' H' H COCH[ err]
COCH err] 4. N-{2- {(4-acetoxyphenyl )- 35 thio)ethyl}propi onﬁlgpsqgemas
CoCerr]Herr] COCH err] Substitute sheet - 10 March 199"’" ml I'

conmpounds of formula (11) may be manufactured by a vari ety of
techni ques. Cenerally, they may be - 35
from an accumulation. of said selected
radiocimaging compound as said administered
compound binds solely to any melanoma tissue
present in said subject.

3. A process for radiochemctherapy treatment of
" melanoma cells in a subject comprising:

i) administering to the subject’s circulatory
system one or more of the radiochemotherapy
compounds selected from the group of compounds
raprasented by the formula:

=

b ]

_ S(Gz)x@-ks :

(1)

R, is H or C,~-C; alkyl;
R, is H or C,-C. alkyl;
"Ry is B, C-C; alkyl or (=G alkanoyl,
R, is B or C=C; alkanoyl;
Ra is a radioactive material useful in radioimaging
and/or radiochemotherapy where the dotted line (=--)

indicates:
1) Ra is covalently bound to the structure of
formula (I);

2) Ra is ionically associated with the structure of
formula (I); or '
3) Ra is rad:.oact:.ve carbon wh:.ch is part of the

structure of formula (I); |
A O NV




prepared by acyl ation of the .correspondi ng cysteam nyl- phenol conpounds.. 5
Fhe cysteam nyl phenol conpounds may al so be prepar ethi¢ ShedCaOBAARERacd th t he
techni que disclosed by Mura et al, "Synthesis of Cy I

Cyst eam nyl phenol, and Rel ated Conpounds, and in vi vimgﬂlﬂqmﬂm

Antimel anoma 10 Effect”, Arch. DernmatolagRes. (1987) - ST hi
entails the reaction of a phenol with a cysteamne to yield

4- S-cyst eanjpgl phenol or 2-S-cysteam nyl phenol 4-S- cysteanm nyl phenol may

t hen be i sol ated f omthaegeactlon
¥ 4

_ with the provisos that when x is 1, one of R,, R, or
Ry is other than H, and that the sulphur containing group
and the Ra group are in the 2, 4 or 6 pocit:.ans at the
. phenyl ring.

S

4. A compound or process of claim 1, 2 or 3 wherein
said sulphur containing group is in the 4 position.

5. A compound or process of claim 4 wherein said Ra
group is in the 2 or 6 position.

6. A compound or process of claim 1, 2 or 3 selected
from N-acetyl-4-S-cysteaminylphenol, N,N-dimethyl-4-S-
cysteaminylphenol, 4~S-homo-cysteaminylphencl, a-methyl-
4-S-cysteaminylphenol, N-{2-{(4’-acetoxyphenyl)-
thio}ethyl}-acetamide, N-{i-methyl {2~{ (4=
acetoxyphenyl)thio}ethyl}-acetamide, N,N-dimethyl {2~

{ (4’ -acetoxyphenyl)thio}ethylamine or N-propionyl-4-S-
cysteaninylphenol.

7. A éonpound or process of claim 6 wherein said
compound is N-acetyl-4-S-cysteaminylphenol.

8.. A compound of claim 6 wherein said selected com;ﬁound
ig N-{2-{(4~-acetoxyphenyl)thio}ethyl}-acetamide.

9. A compound of anyone of claims 1 through 8 wherein
said radioactive material Ra is selected from the group
~ consisting of carbon 14, U-14-C, iodine (such as mp, 7
and B!T), technetium (such as "ITc), flourine (such as
¥F), indium (such as 'In) and 35,.

—
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product by Silica gel colum chromatography. or 15 crystallization with
changi ng pH of solution. It i s understood that the various deThisShedt HaxBead R

[~
this invention nay be nade by various radical substitut I ons to ulmum ml:mm,

chain, or substituting a thiol with the_desired chain.
' processes for maki ng sorre of -the prefer 3td conpounds of the I nvention a
set out in co g e inLermediate cyst eam nyl phenol
conmpounds n%@ b?ﬁ% ﬁfxgggegeﬂ'&ﬂ vvff% )the appropri ate al kanoyl ; for
exanpl e, acetyl chl orlde may be reacted with N-{2-((4-

OR,

(II)
f‘l
S () N2,

R

vherein E
R,isxorc,-c.ilkyl;

R, is H or C; - ¢, alkyl;

R, is H, C - c.a.lkylorc, C; alkanoyl;

Ry is C; - G alkanoyl; and

X is 1 to 5; and .
with the proviso that when x is 1 one of R, R, or R, is
other than H, and that the sulphur coﬁtaining group is in
the 2, 4 or 6 position of the phenyl ring.

1l1. A pharmaceutical composition comprising a compound
of claim 10 and a pharmaceutically acceptable carrier.

12. A compound or composition of claim 10 or 11 wherein
said sulphur group is in the 4 position.

13. A compound or composition of claim 10 or 11
comprising N-{2-{(4‘-acetoxyphenyl)thio}ethyl}-acetamide.

14. A compound or composition of claim 10 or 11
comprising N-(l-uatnyl{z {(4'-acetoxypheny1)thzc}ethyl}- '
- acetanmide.

15. A compound or composition of claim 10 or 11 -
comprising N,N,-dimethyl {2-{(4/-acetoxyphenyl)- :

| R



hydr oxyphenyl )t hi o) et hyl } acetam de, to give the preferred caonpound of the
itnvention N-{2-((4'-acetoxyphenyl)-thio)- ethyl)acetam de (NAP-TEA) 30 The

conpositions of this invention having active mﬂsﬁa‘eﬂ{a@iaeei\ & (11) provide
a mechanismfor treating a variety of pigment uch as nel asm
and ot her hyper pi gmentation dlseasesayiﬁnelaﬁH skin 35 cancers
and for preventing nelasma and skin 'cancers wh re norna |y i nduced by

exposur e tcﬁhiﬂ} yiamine Thi s

16. A compound or composition offclﬁin 10 or 11
comprising N~{2-{(4-aceotxyphenyl)thio}ethyl}~- -
propionamide.

17. 'A pharmaceutical composition as claimed in any cne
of claimg 11 to 16 wherein said carrier_is a topical
vehicle. ' B

18. A pharmaceutical composition as claimed in any one
of claims 11 to 16 wherein said carrier is a lunscreenzng
composition.

19. A pharmaceutical composition of any one of claims 11
to 16 for use in (a) blocking melanin synthesis in human
or animal melanocyts cells; (b) inhibiting the metabolic
pathway invelving tyrosinase in human or animal
melanocyte cells; (c) treating nnland-a; (d) treating
hyperpigmentation, or (e) for use in treating cutanecus
hyperpigmentation.

20. A method of blocking melanin synthesis in human or
animal melanocyte cells comprising administering to a
patient a2 melanin synthasis'blockinq amount of a
composition of any one of claims 11 to 18.

21. A method of inhibiting the metabolic pathway
- involving tyrosinase in human and animal melanocyte cells
comprising administering to a patient an inhibiting
amount of a composition of any one of claims 11 to 1s&.

22. A method of therapeutically treating melanoma
comprising administering to a patient 'a therapeutically
effective amount of a composition of any one of claims 11.
to 186. '

~
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Substitute sheet - 10 March 1998 -13- 'act|V|ty of the COHDOSJtLOﬂ is
atehi eved by the selected active conpound of the -conposition becon1ng tOXIC
in the nel anocytes in the presence of tyrosinase wthout bém
for plasma MAO The conpositions upon 5 adm nistration, acc
I nvention, have 5|gn|f|cant mel anoma cyg@t oxi city &and ant|
This-is recognlzed in the significant depignentation of alr

23. A method of therapeutically treating
hyperpigmentation comprising administering to a p;tinnt a
therapeutically effective amount of a composition of any
one of claims 11 to 16.

24. A method of therapeutically trnating cutaneous
hyperpigmentation comprising administering to a patient a
therapeutically effective amount of a composition of any
one of claims 11 to 186.

25. The use of a compound of any one claims 10, 12, 13,
14, 14, 15 or 16 for the nahutacturc of a medicament for
(a) blocking melanin synthesis in human and animal
melanocyts cells; (b) inhibiting the metabolic buthway
involving tyrosinase in human and animal melanocyte
cells; (c) treating melanocma; (d) for treating
hyperpigmentation; or (e) for treating cutaneocus
hyperpigmentation.

RN 0O



on blacf'EXperlnental animal s, as mell as significantly inhibiting the
experimental growth of |ung 10 met ast ases of B16 F10 nel anoma cells. The
conpositions of this invention have al so denbnstrated-selective toxicity to
of-her neural crest tunors, such as pheochronncytona and neuroblastona

cells. 15 ° Experinental tests on animals i & dbse
toxicity levels in the range of 1,400 ng/kg of b the -
preferred conpound of forrmula (11), NAP-TEA ca

conposi tions of the invention, 20 the tern1"a b[ologlcally effecti ve anount
of the active o -
iyA

Bran . - Lung BisFic Melanoma

Heart 'Liver | Intestine




compound”
Is provid
exanpl e,

eack appl
pi gnent ar
and/ or de
ef fective
to the 30

REP 42 L%.%%??F%lentsﬁnndﬂt of the co
tf’(‘fﬁp‘t‘%at FpBn-adaibpgestBtijon to the humg
pt aims) olPagF@)gF!eaP Prlmdteﬂp rlovi des suffi ¢i Vn Ve, n |
@a‘f’“&#ﬁi’% :Ragedi-ve to hegedesir.dd. result in ¢ @au_ g3 'Ar | ol o
W séasies, : raged udi.ngpaebanony, nel asmm, of acting as UV“ﬁﬁOckgr

o grent Fignagent. i sunscreen |l ptions. However the bi 0' 09' Ca y
mmwn“ ﬂﬁ@g . 'mé%ma?&&@/J“" " ¥
human or ani na dur the termo reat nent

suitabl e biologically cRFPHRE ARYD| RERIVATIVES THEREOF FOR USE

IN DILGN?;I!G AND TREATING PIGMENTATION DISORDERS

5 IIBLQ_QE_IHE_IH!EEIIQK
This invention relates to compounds which are
particularly useful in radioimaging and radio-
chemotherapy as it particularly relates to the treatment
and location of malignant melancmas and other pigmenting

10 disorders. Novel acyl derivatives of phenolic thiocether
amines and their use in compositions for blocking melanin
synthesis in human or animal melanocyte cells is also
described. More particularly, the compositions involving
the novel derivatives are useful in treating pigmentation

15 problems due to a variety of skin disorders, including

- skin cancer in the form of melanoma.
ACKGROUND O ON
Phenylthicalkylamines is a broad class of compounds
having a variety of uses which include therapeutics.

. 20 U.S. patents 4,134,996 and 4,183,927 disclose certain
phenylthicalkylamine compounds which are useful as
platelet aggregation inhibitors. Other phenylthicalkyl-
amine compounds of applicant’s published International.
apylication W091/16302 are useful as depigmenting agents

25 in treating a variety of pigmentary diseases. Such
diseases are often characterized in the elevated levels
of the enzyme tyrosinase in melanocytes; i.e., human and
animal cells which synthesize the pigment melanin. There
are a variety of pigmentary diseases, such as melasma,

30 melanoma, moles and the like. In particular, moles are
susceptible to becoming melanoma after exposure to .
sunlight which precipitates increased synthesis of
tyrosinase.

Usually commercial forms of depigmenting

35 compositions are based on the use of hydrogquinone.
However, the hydrogquinone preparations are very unstable
and cause skin irritation. Hydroquinone compositions can
also cause permanent whitening of the skin if used for a

prolonged period and at a high concentration. Aas to
/i .
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i ncl,udes a solvent for the conpound when the conpound is injected by either
l.p. or s.c. route. Suitable 35 biologically conpatible carriers for

i njection include physiologically nornal saline and other types of readily
Substitute sheet - 10 March 1998 -14- injectable solutions which are well
understood by those skilled in the art. The preferred injectable carrier is
a

2

treatment of melanoma, this is.presently attended to by
surgical procedures, since any.type of known non-surgical
treatment of melanoma is unsatisfactory.
Research work has been conducted in the field of

5 ophenolic and diphenolic compounds to serve as a basis for
chemotherapeutic treatment of melanoma and skin
depigmentation. In particular, 4-S-cysteinylphenocl (4-S-
CP) and 4-S-cysteaminylphenol (4-S-CAP) have been
synthesized and evaluated for cytotoxicity to normal

10 epidermal melanocytes to determine their effectiveness as
depigmenting agents and antimelanoma agents. Miura et
al, "Synthesis of Cysteinylphencl, Cysteaminylphenol, and
Related Compounds, and In Vivo Evaluation of Antimelancma
Effect®, Arch. Dermatol Res. (1987) 279:219-225, disclose

15 the effect of 4-S5-CAP and 4-S5-CP in depigmentation of
black hair follicles as nanifested by loss of functioning
melanocytes. It was established that 4-S-CAP was a
potent agent in prolonging the lifespan of melanoma-
bearing mice and hence exhibited inhibition of melanoma

20 growth. The 4-S-CP and the methyl ester of 4-5-CP also
exhibited some inhibition of melanoma growth, although
not as active as the 4-5-CAP.

The same compounds, 4-S-CP and 4-S-CAP, were also
investigated for properties of depigmentation of black

25 guinea pig skin by topical application. The results of
this work is reported by Ito et al, "Depigmentation of
Black Guinea Pig Skin by Topical Application of
Cysteaminylphenol, Cysteinylphenol, and Related
Compounds®™, The Journal of Investigativé Dermatology,

30 Vol. 88 No. 1, January 1987. Although 4-S-CAP
demonstrated depigmenting properties, inflammatory
changes of the skin of the guinea pigs was prominent.

The 4-S-CAP was capable, however, of:
1. decreasing the number of functioning

35 melanocytes; -

2. decreasing the amount of epidermal melanin
pigments; and
\
This Sheet Has Been This is the repiacement sheet

umuumnnum?m



neuatral buffer having a pHof 7.0 to 7.4. Wen the conpound is topically
applied, the carrier may be any type 5 of suitable excipient or carrier
in the formof, for exanple, cosnetic conpositions, pharmaceutical
adj-uvants, and sunscreen |lotions. Suitable carriers for topical application
I ncl ude 10 conventional skin treatnent conpositions, such as cosnetic
conposi tions and pharnmaceutical preparations. Exanples of such ingredients
for topical application are oils such as liguid paraffin, vaseline,

met hyl pol ysi | oxane, castor oil, squal ane, and coconut oil; anti-oxidants

such as butyl ated 3. degenerating and destroying melanocytes.

4-S-CP and 4-S-CAP were also investigated for their
selective cytotoxicity on follicular melanocytes. This
was reported by Ito et al, "Selective Cytotoxicity of 4-

5 S-Cysteaminylphenol on Follicular Melanocyte of the Black
Mouse: Rational Basis for its Application to Melanoma
Chemotherapy", Cancer Research, June 15, 1887 47:3278~
3284. It was reported that 4-S-CAP demonstrated
cytotoxicity in the depigmentation of black hair

10 follicles, whereas it had no effect on the albine
follicles. Hence 4-5~CAP is actively engaged in the
melanin synthesis of the melanocytes.

The 4-S-CAP compound, however, has several
limitations from the standpoint of practical clinical

15 wuse. These limitations include:

a. hypotensive. effect; and

b. high toxicity due to the 4-S-CAP being a

substrate for monocamineoxidase (MAO) which in
the plasma converts 4-~S-CAP into an aldehyde

20 form which produces a non-specific

cytotoxicity.

Homologs of the 4-5-CAP compound have been
investigated for antimelanoma and depigmenting
properties. As reported in Alena et al,

25 Melanocytotoxicity and Antimelanoma Effects of Phenolic
Anine Compounds in Mice In Vivo, Cancer Research 50:3743-
3747, June 15, 1990, such homologs demonstrate
depigmentation properties and N-acetyl-4-S-CAP
demonstrates potent antimelanoma properties. The

30 benefits and uses of these homologs and related compounds
for use as depigmenting agents and antimelanoma agents
are described in applicant’s published International
application WO 81/16302. Although the compounds
disclosed in that application are effective depigmenting

35 agents as well as antimelanoma agents, there are
stability and toxicity problems associated with some of
the compounds. In particular the very effective N-
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5 *:hydr oxyani sol e, butyl hydroxytol uene, ethyl gallate, and tocopherol
surfactants such as sodium |l aureate, |aurylpyridiniumchloride,

pol yoxyet hyl ene sorbitan nonool eate, glyceryl nonoarachate, sodium
N-stearyl -N, N di methyl glycine, oleyl hydrolysed animal protein, and 20
pol yoxypropyl ene gl yceryl ether phosphate; hunectants such as glycerol,
sodi um 2- pyrrol i done-5-carboxyl ate, and sodium | actate; thickeners such as
tragacanth gum quince seed gum zanthan gumg carboxyvinyl polyner and
bentonite; preservatives such as benzoic acid, allyl p-hydroxy- 25
benzoat es, dehydr agetyicd=8+CAR cdmpound| tendarborke ivhstable and can

cause topical irritations on administration.
As noted, melanin synthesis is a biological property
unique to the pigment cell, melanocyte and its neoplastic
5 counterpart, malignant melanoma. In order to develop a
targeted chemotherapy of malignant melancma, phenolic and
catecholic melanin precursors have been synthesized and
their melanocytotoxicity and antimelanoma effects have
been examined (Ito, Y. et al, 1987; Miura, S. et al,
10 1987; Alena, F. et al, 1990; Jimbow, K. et al, 1992).
Among these, S-substituted phenolic amines, N-acetyl-4-S-
' cysteaminylphenol (N-Ac-4-S-CAP) was found to be a
superior substrate of melanin synthesizing enzyme,
tyrosinase (Pankovich, J. et al, 1990; Miura, T. et al,
15 1990), and to possess the most effective melanocytotoxic
activity and antimelanoma effect (Miura, T. et al, 1990;
Alena, F. et al, 1990; Wong, M. et al, 1991). 4~-S~CAP
was, howevsr, as noted, above, found to have some general
cytotoxicity (Alena, F. et al, 1990), because it is
20 metabolically transformed a cytotoxic aldehyde metabolite
by plasm monoamine oxidase (Pankovich, J. et al; Inoue,
S. et al, 1990). On the other hand, N-Ac-4-5-CAP has
shown an absence of such cytotoxicity (Alena, F. et al,
1990), indicating that N-Ac-4-S-CAP may be a compound
25 suitable for the developmént of melanoma chemotherapy.

In the treatment of various pigmentary disorders, it
would also be beneficial to determine the specificity of
the compounds used in the treatment and in particular,
compounds such as N-Ac-4-S-CAP. In this regard, we have

30 also discovered that certain anti-melanoma and
depigmenting agents can be labelled with radioactive
molecules to achieve not only radioimaging but as well,
radio-chemotherapy particularly in the treatment of
malignant melanoma.

35 In accordance with this invention, we have also
discovered esterified compounds which exhibit excellent
stability and very low general toxicity, but have
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col@ring agents and pignents such as Acid Red Rhodanine B, Violamin R,
Orange SS, Naphthol, YellowS, Tartrazine, Alizarin, Cyanine Geen F,
Brilliant Blue CFC, Acid Violet, Cartham ne, B-carotene, Red, Blue & Yellow
Oxide of Iron, 30 titani um di oxide, Yellow Iron Oxide, Cobalt Bl ue,

U tramarine Blue, Rose & Violet, triiron tetroxide, and carbon bl ack; waxes
such as Bees wax, Japan wax, Carnauba wax, Candelilla wax, and |anolin;
filmform ng agents such as nitrocellul ose amd pol yvi nyl al cohol; solvents
or 35 di spersing nmedia such a water and al cohols (e.g. ethanol); powders
such as al uni num Eeiketiveatoxicity ifior melenogiytes.

SUMMARY OF THE INVENTION
In accordance with one aspect of the invention,

5 there is provided a compound for use in radioimaging and
radiochemotherapy in the diagnosis and/or treatment of
melanoma and other pigmentary disorders, said compound
being selected from the group of compounds represented by
the formula:

10

R,

=, | | (1)

15
L
s (cxz) xt:au--R3

20 wherein
R; is H or C,~C; alkyl;
R, is H or C,~-C; alkyl;
R, is H, C,-C, alkyl or C,~C; alkanoyl;
R, is H or C,-C; alkanoyl;

25 Ra is a radioactive material useful in radioimaging
' and/or radiocchemotherapy where the dotted line (~--)
indicates:

1) Ra is covalently bound to the structure of
formula (I);
30 2) Ra is ionically associated with the structure of
formula (I); or
3) Ra is radiocactive carbon which is part of the
structure of formula (I);
and '
35 x is 1 to 5,
with the provisos that when x is 1, one of R,, R, or
R; is other than H, and that the sulphur containing group

-
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Substitute sheet - 10 March 1998 -15- titanium di oxide, mca, calcium
carbonate, and treated powders; plasticizers such as acetyl tributyl
citrate, and dibutyl phthal ate; pharmaceutically active agents such as
retsinol, palmtate; y-orizanol, pyridoxine dipalmtate, 5 ascr obyl
dipalmtate, ergocalciferol, di-a-tocopherol acetate, biotin,

et hi nyl estradi ol estrone, hydrocorti sone,

6

and the Ra group are in the 2, 4 or 6 positions of the
phenyl ring. _

In accordance with a further aspect of the

invention, there is provided a  process for radioimaging
5 melanoma colonies in vivo in a subject comprising:

i) administering to the subject’s circulatory
system cne or more radioimaging compounds
selected from the group of compounds
represented by the formula:

10
ORy

Ray .
y - (1)

15
B
s (Cﬁz) xm3

20 wherein :
R, is H or C,~C; alkyl;
R, is H pr C,-Csalkyl;
R, is H, C,~C; alkyl or C,-C; alkanoyl;
Ry is H or C,~C,; alkanoyl;

25 Ra is a radiocactive material useful in radioimaging
and/or radiochemotherapy where the dotted line (=--)
indicates:

1) Ra is covalently bound to the structure of
formula (I);
30 2) Ra is ionically associated with the structure of
formula (I); -
3) Ra is radioactive carbon which is part of the
structure of formula (I);
and
35 x is 1 to 5,
with the provisos that when x is 1, one of R,, R, or
R, is other than H, and that the sulphur containing group
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cafFci um pant ot henat e, anmoni um gl ycyrrhi zinate, allantoid, quaiasulene, and
~hinokitiol; and perfunes such as nusk, civet, anber, jasm ne absolute, and
rose oil. 10 The skin treatnent conpositions, according to this invention,
cai be prepared in any conventional form for exanple, solubilized forns
such as cosnetic lotions, and emulsified fornms such as liquid creans,
creans, ointnents 15 and di spersions. The pharnaceutical conpositions of
this invention are particularly useful for depigmenting skin where the

and the Ra group are in the 2,.4 or 6 positions of the
phenyl ring;
and
1i) detecting the presence of emitted radiation
5 from an accumulation of said selected
radioimaging compound as said administered
compound binds solely to any melanoma tissue
present in said subject. .
In accordance with another aspect of the invention,
10 there is provided a process for radiocchemotherapy
treatment of melanoma cells in a subject comprising:
i) adninistering to the subject’s circulatory
system one or more of the radiochemotherapy
compounds selected from the group of compounds

15 represented by the formula:
OR
4
Y
y (T)
20
&
s(ct,) xmi;a-,‘
25
wherein

R, is H or C,~C; alkyl;
R, is H pr C,~C;alkyl;
R; is H, C,-C; alkyl or C,-C, alkanoyl;
30 Ry is H or C;~C; alkanoyl;
' Ra is a radioactive material useful in radioimaging
and/or radiochemotherapy where the dotted line (-=-—-)

indicates: :
1) Ra is covalently bound to the structure of
35 formula (I);

2) Ra is ionically associated with the structure of
formula (I); or '
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cornposition is applied topically or injected by s.c. or 20 I.p. route to
the afflicted area to achi eve desired degree of depignentation of the skin
The conpositions of the invention are al so especially useful for treating
mel’anoma. The conposition is 25 adm nistered either topically or by

I njection through i.p. or s.c. route. The conposition is used in treating

- melanoma to either clear it up or place it in rem ssion. Furthernore, a

nmet hod of the invention is in the fornulating of the conposition useful for

treating 30 mel anona
3) Ra is radioactive carbon which is part of the

structure of formula (I);
and
x is 1 to 5,

5 with the provisos that when X is 1, one of R, R, or
R; is other than H, and that the sulphur containing group
and the Ra group are in the 2, 4 or 6 positions of the
phenyl ring.

In accordance with another aspect of the invention,
10 the preferred compounds of formula (I) are when X is 1
and R, is alkanoyl.
In accordance with another aspect of the invention,
a compound of the formula (II):

OR4

15 (II)
2°x 1;7‘33
R,
wherein __ :
25 R, is H or ¢, - C; alkyl;

R, is H, ¢, - C; alkyl or C, - C, alkanoyl;
RyisHor ¢ - G alkyl;'

Ry is C; - C; alkanoyl; and

x is 1 to §5;

30 with the proviso that when x is 1 one of R,, R, or R; is
other than H, and that the sulphur containing group is in
the 2, 4 or 6 position of the phenyl ring.

In accordance with another aspect of the invention,
the preferred compounds of formula (II) are when x is 1

35 and R, is alkanoyl.

In accordance with a further aspect of the
invention, a pharmaceutical composition comprises a
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The conpounds of fornmula (I1) may be used in sunscreening |otions as
depi gnenting agents. It has been found that the active agents of fornula
(re)y: 35 1. prevent UV radiation activating nelanin synthesis in
mel.anocyt es; Substitute sheet - 10 March 1998 -16- 2. prevent nol es
from becom ng nel anonma after exposure to

compound of formula (II) and a:pharmacologically or

biologically acceptable carrier. '

According to a preferred aspect of the invention,
this composition is particularly useful as a depigmenting

5 composition in sunscreening lotions. The composition is
also useful as an antimelanoma agent and useful for the
treatment of melasma.

In accordance with ancther aspect of this invention,
a composition useful for blocking melanin synthesis in

10 human or animal melanocyte cells, comprises:

i) a biologically'ettective amount of an active
compound selected from the group represented by
formula (IXI); and

ii) a suitable biologically compatible carrier for the

i5 selected active compound.

According to another aspect of the invention, a
methed for blocking melanin synthesis in human or animal
melanocyte cells comprises treating human or animal skin
by use of a composition comprising a biologically

20 effective amount of an active compound selected from the

group represented by formula (II).

Such methods of treatment are preferably applied in
the depigmenting of skin due to UV exposure, melasma and
is also useful in the treatment of melanoma. |

25 According to another aspect of the invention, there
is provided a methed of formulating a composition useful
for blocking melanin synthesis in human or animal
melanocyte cells of skin comprises mixing:

i) a biologically effective amount of an active

30 compouhd selected from the group represented by

formula (II); and

ii) a suitable biologically compatible carrier.

BRIEF DESCRIPTION OF THE DRAWINGS:
35 Figure 1 is a whole body autoradiogram of the
sectional mouse of Figure 1A; and
Figure 1A is a sectioned mouse.
[
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sufl i ght; and 3. are substrates for the enzyne tyrosi nase where it is

t hought that enzymatic conversion of the substrates 5 pr oduce
conponents which act as depignenting agents and possibly as UV bl ockers in
the sunscreen lotion. Quite surprisingly, we have found that, upon

adm ni stration of the acylated derivatives of formula (I1), 10 t he
conpounds are deacyl ated to becone potent nel anocytotoxi c and depi gnenti ng
agents. Such in vivo conversion of the conpg gnds is extrenely beneficial
fromthe standpoint of product stability an reduced general

The radiolabelled compounds of this invention are
capable of binding to melanoma tissue such that when the
tissue is subjected to radicimaging the existence of such

§ melanoma colonies or cells appears in the image.
Further, by virtue of the binding of these compounds to
melanoma sites, the radiocactive material may be used in
radiochemotherapy treatment of the melanoma cells to-
either kill such cells or effect their remission.

10 The preferred compounds of this invention exhibit
considerably less toxicity than known forms of phenolic
amine compounds such as the aforementioned 4-5-CP and 4~
S~CAP. In particular, when 4-S-CAP is used in
radicimaging or radiochemotherapy, the compound collects

15 in the eye as well as in the melancma tissue. However,
the compounds of formula (I) do not have such drawbacks
and are therefore particularly suited to this new use.
When the compounds of the formula (I) are used in
radiochemotherapy they may be combined with suitable

20 pharmaceutical excipients and carriers wherein the
radioactive selected compounds are present in a
biologically effective amount in the carriers. Suitable
bioclogically, cocmpatible carriers may be solutions when
injected by either the IP or SC route. Suitable

25 Dbiologically, compatible carriers for injection include
physiologically normal saline and other types of readily
injectable solutions which are well understood by those
skilled in the art and readily available. The preferred
injectable carrier is a neutral buffer having a pH of 7

30 to 7.4 and does not in any way effect the activity of the
radiolabelled compounds. For purposes of injection, the
concentration of the radiolabelled compound in the
injectable solution is normally in the range of 200 to
1200 mg per kg of body weight where the preferred dosage

35 1is in the range of 300 mg to 500 mg per kg of body
weight. In fhe following examples, further information
is provided as to the amount of compounds injected for.

T .



toXicity. Once the conpounds of fornmula (Il) are 15 deacyl at ed upon

adm ni stration, they becone excellent tyrosinase substrates. According to a
preferred enbodi nent of the invention, NAP-TEA, once incorporated into the
body, is deacylated to becone N-acetyl-4-S-CAP which is, as al ready
denonstrated in WO- A-9116302, a strong tyrosinase 20 substrate that is
present only in pigment cells. This enzyme activity becones highly
expressed in malignant nelanoma and nel asma cells where the specificity of
N acetyl-4-S-CAP is |nportant i n avoi di ng3dener al tOXICIty to the patient. -

The therapeutic gﬁggégi Af1raggoggggof these
Although one skilled in the art appreciates that
there are a variety of techniques for making the
compounds of formula (I) before they are radiolabelled
5 the proposed method for manufacturing the compounds is
via the Weirmeister reaction as described in WO 91/16302.
As will be demonstrated in the following examples,
radiolabelled compounds of this invention bind
specifically to melanoma tissues and the radioclabelled
10 compound or radiolabelled derivatives thereof remain in
the melanoma tissue for a sufficient periocd of time for
either therapeutic treatment or for subseguant
radicimaging. The radioclabelling of the compound occurs
normally in the phenyl ring in accordance with the
15 following reaction schemes.

aeQ + sz(mzcaz.wz)'zfm —%—; Ho
Fa S LM,
| 2
1L A B
o S ST SO, W
ey R =Acetyl : N-Ac—4-5-CA® 2

- i
Ty Qe
Xz O ik

wherein 1®® js a radicactive form of iodine.
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25, conpounds for pignmentary diseases such as nel asma and skin cancer,

such as malignant nel anoma, have beconme very inportant as well as
preventive medicine for photoagi ng and skin cancer devel oped after exposure
tozsunlight. Melanoma represents 2% of all cancer by instance and is
general ly 30 Increasing in the population at a rate exceeded only by |ung
cancer. For purposes of treatnent, it is understood that dependi ng upon the
route of administration the conposition 35 ff this invention nmay have
vari ous concentrations of active agent in tH% bi ol ogical ly conpatlble

carrier. For purposes gxemplary iodine labelling is as follows:

H-acetyl-s-1odo-4-s-cysteaminyl-phenol,

N-acetyl-2-S-cysteaminyl-3-iodo-phenol;

N-acetyl-2-S-cysteaminyl-5-iodo-phenol;

5 N={2={(2’-iodo=4’-acetoxy-phenyl)thic}ethyl}-
acetamide;
N-{2={(2’-acetoxy-5’-iodo~phenyl)thic}ethyl}~-
acetamide; and-
N-{2~-{(2’=-acetoxy-3’/~iodo-phenyl)thio}ethyl}~

10 acetamide.

Various radiolabelling agents may be used such as
carbon 14, U~14-C, iedine (such as ""'I, 157 and B7),
technetium (such as " Tc), flourine (such as ¥F), indium
(such as MIn) and 35; for example. The method of

15 introduction of the radiolabelling agent to the compound
will depend on the choice of radiolabelling agent, as one
skilled in the art would appreciate. The radioclabelling
agent will be associated with the structure of the
compound through one of the several ways: (1) through a

20 covalent bond with the compound structure; (2) through
ionic association with the compound structure; or (3) as
part of the structure of the compound. '

Novel acylated compounds of this invention are
represented by the compounds of formula (II). It has

25 Dbeen found that those compounds are particularly useful
in the treatment of various pigmentation disorders and,
when formulated into suitable pharmaceutical
compositions, exhibit excellent stability and very low
general toxicity, but selective toxicity with respect to

30 melanocytes. Hence, in accordance with another aspect of
this invention, the pharmaceutical compositions are very
useful in the treatment of pigmentary diseases such as
treatments involving one or more of the following:

blocking melanin synthesis in human or animal

35 melanocyte cells,

inhibiting the metabolic pathway involving
tyrosinase in human or animal melanocyte cells, and |
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Substitute sheet - 10 March 1998 -17- of injection, the concentration of
the active agent in the injectable solution usually is in the range of 200
to 1200 ny/ kg of body weight with a preferred dosage in the range of 300 ny
to 500 ng/ kg of body wei ght. For purposes of 5 topical application, the
concentration of the active agent in the cosnetic creamor the |like usually
Is in the range

13

treatment of melanoma, treatment of hyperpig-
mentaticn and treatment of cutaneous hyperpigmentation.-
In formulae (I) and (II), preferred lower alkyl and
lower alkanoyl groups are C; to C;. The most preferred
5 lower alkyl and lower alkanoyl groups are C, to C,.
Preferred compounds of formula (I) include N-acetyl~
4-S-cysteaminylphenol, N,N-dimethyl-4-S-cysteaminyl-
phenol, 4~-S-homo-cysteaminylphencl, c-methyl—=4-S-
cysteaminylphenocl, N-{2-{(4‘/-acetoxyphenyl)-thio)ethyl)-
10 acetamide, N-{1l-methyl {2-{(4’/-acetoxyphenyl)thio}ethyl}-
acetanide, N,N-dimethyl (2-{(4’-acetoxyphenyl)-
thio}ethylamine or N-propionyl-4-S-cysteaminylphenol.
Preferred specific compounds of the invention of
Formula (II) are:
15
Compound R R, R R,
1. N-(1-Methyl-{2-{(4"-
acetoxyphenyl)thio}-
ethyl}acetamide CH, H COCH, COCH,
20
2. N,N,-Dimethyl {2-{(4-
 acetoxyphenylythio}-
ethylamine H CH, CH, ~ COCH,
3. N-{2-{(4"-acetoxy- : ' |
25  phenyDthio}ethyl}-

" acetamide H H COCH, COCH,

4. N-{2-{(4-acetoxypheayl)- '

. thio}ethyl}propionamide H H COCH; COCH,
30 The compounds of fofmula {II) may be manufactured by

a variety of synthesis techniques. Generally, they may
be prepared by acylation of the corresponding
cysteaminylphenol compounds.
The cysteaminylphenol compounds may also be prepared
35 in accordance with the technique disclosed by Miura et
' al, "Synthesis of Cysteinylphenol, Cysteaminylphenol, and
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of:.4%to 10% by weight in a creambase with a preferred conposition in the
range of 4%to 6% by weight in a creambase. 10 It is appreciated that

vari ous conplenmentary agents may be included with the active agents of this
i nyention. For exanple, the conposition may be adm nistered in conbination
wi th L-dopa and/or antidecarboxyl ase. Such 15 conbi nati ons may have
selected use in the treatnent of various nelanomas. The foll ow ng Exanpl es
denonstrate various aspects of 14

Related Compounds, and in vivo Evaluation of Antimelanoma
Bffect", Arch. Dermatocl. Res. (1987) 279'219-225. Thls
entails the reaction of a phenol with a cysteamine to
yield the 4-s-cysteaminylphénol or the 2-5-

5 cysteaminylphenol. The 4-S-cysteaminylphencl may then ke
. isolated from the reaction product by Silica gel column
chromatography or crystallization with changing pH of
solution. It is understood that the various derivatives

of this invention may be made by variocus radical

10 substitutions to the sulphur chain, or substituting a
thiol with the desired chain.

Details of processes for making some of the preferred
compounds of the invention are set out in the
accompanying Examples.

15 The intermediate cysteaminylphenol compounds may be
acylated by reacticn with the appropriate alkanoyl; for
example, acetyl chloride may be reacted with N={2-((4-
hydroxyphenyl)thioc)ethyl}acetanide, to give the preferred
compound of the invention N-{2-((4’/-acetoxyphenyl)-

20 thio)ethyl}acetamide (NAP-TEA).

The compositions of this invention having active
agents of formula (IX) provide a mechanism for treating a
variety of pigmentary diseases, such as melasma and other
hyperpigmentation diseases and melancma and other skin

25 cancers and for preventing melasma and skin cancers which
are normally induced by exposure to UV radiation. This
activity of the composition is achieved by the selected
active compound of the composition becoming toxic in the
melanocytes in the presence of tyrosinase without being

30 a substrate for plasma MAD; The compositions upon
administration, according to this invention, have
significant melanoma cytotoxicity and antimelanoma
effects. This is recognized in the significant
depigmentation of hair on black experimental animals, as

35 well as significantly inhibiting the experimental growth
of lung metastases of B16 F10 melanocma cells. The

' compositions of this invention have also demonstrated
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the invention in providing the diagnosis and treatnent of 20 pi gment ati on
di'seases, depignenting properties and antinel anoma properties. The vari ous
conmpounds of formula (1) nmay be radiolabelled in accordance with a
preferred procedure outlined in the follow ng Exanples. The procedures
have been described in particular reference to 25 t he conpound
N-acetyl - 4-S- CAP; however, it is understood that the procedure nay be
simlarly applied to the other conmpounds oftSfornula (1). Furthernore, the
Exanpl es al so denpnstrate effectiveness in bl ocking nelanin synthesis for

only one of the BRISRRANE tOXiFdER FR Qther neuralcFrest tumors, such as

phecchromocytoma and neuroblastoma cells. ]
_ Experimental tests on animals indicate per single
dose toxicity levels in the range of 1,400 mg/kg of body
5 weight for the preferred compound of formula (IX), NAP-
TEA. |

In the pharmaceutical compositions of the invention,
the term "a biologically effective amcunt of the active
compound" means that a sufficient amount of the compound

10 in the composition is provided such that upon
administration to the human or animal by, for example,
i.p., s.c. or topical route provides sufficient active
agent on each application to give the desired result in
treating varicus pigmentary diseases, including melanoma,

15 melasma, or acting as UV blocker and/cr depigmenting
agent in sunscreen lotions. However, the biologically
effective amount of the active compound is at a level
that it is not toxic to the human or animal during the
term of treatment.

20 The term "a suitable biologically compatible
carrier” includes a solvent for the compound when the
compound is injected by either i.p. or s.c. route.
Suitable biologically compatible carriers for injection
include physiologically normal saline and other types of

25 1readily injectable solutions which are well understcod by
those skilled in the art. The preferred injectable
carrier is a neutral buffer having a pH of 7.0 to 7.4.
When the compound is topically applied, the carrier may
be any type of suitable excipient or carrier in the form

30 of cosmetic compositions, pharmaceutical adjuvants,
sunscreen lotions and the like.

Suitable carriers for topical application include
conventional skin treatment compositions, such as
cosmetic compositions and pharmaceutical preparations.

35 Examplés'of such ingredients for topical application are
oills such as liquid paraffin, vaseline, methyl-
polysiloxane, castor oil, sgualane, and coconut oil;

(IR 7 0
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30° understood that the conpounds of formula (I1) all exhibit in a
predictable way sim lar properties. EXAMPLE 1 Synt hesis of
N- Acetyl - 4-S-cysteam nyl (U-[err]C) phenol 35 (U-[err]C) phenol (9.26 MBq,

333. 3 MBg/ nmol )

10

15

20

25

30

35

in tol uene Substitute sheet - 10 March 1998 - 18-

16

anti-oxidants such as butylated hydroxyanisole,
butylhydroxytoluene, ethyl galiate, and tocopherol;
surfactants such as sodium laureate, laurylpyridinium
chloride, polyoxyethylene sorbitan monooleate, glyceryl
monoarachate, sodium N-stearyl-N,N-dimethyl glycine,
oleyl hydrolysed animal protein, and polyoxypropylene
glyceryl ether phosphate; humectants such as glycerol,
sodium 2-pyrrolidone-5-carboxylate, and sodium lactate;
thickeners such as tragacanth gqum, quince seed gum,
zanthan gum, carboxyvinyl peclymer and bentonite;
preservatives such as benzoic acid, allyl p-
hydroxybenzoates, dehydroacetic acid and
trichlorocarbonilide; coloring agents and pigments such
as Acid Red Rhedamine B, Violamin R, Orange SS, Naphthol,
Yellow-S, Tartrazine, Alizarin, Cyanine Green F,
Brilliant Blue CFC, Acid Violet, Carthamine, p-carotene,
Red, Blue & Yellow Oxide of Iron, titanium dioxide,
Yellow Iron Oxide, Cobalt Blue, Ultramarine Blue, Rose &
Violet, tri-iron tetroxide, and carbon black; waxes such
as Bees wax, Japan wax, Carnauba wax, Candelilla wax, and
lanolin; film-forming agents such as nitrocellulose and
polyvinyl alcohol; solvents or dispersing media such a
water and alcohols (e.g. ethanol); powders such as
aluminum powder, talc, kaolin, zinc oxide, titanium
dioxide, mica, calcium, carbonate, and treated powders;
plasticizers such as acetyl tributyl citrate, and
dibutylphthalate; pharmaceutically active agents such as
retinol, palmitate; y-orizanol, pyridoxine dipalmitate,
ascrobyl dipalmitate, ergocalciferol, di-e-tocopherol
acetate, biotin, ethinylestradoil estrone, hydro-
crotisone, calcium pantofhenate, ammonium
glycyrrhizinate, allantoid, gquaiasulene, and hinokitiol;
and perfumes such as musk, civet, amber, jasmine
absolute, and rose oil.

The skin treatment compositions, according to this

‘invention, can be prepared in any conventional form, for

example, solubilized forms such as cosmetic lotions, and
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(025 nL) was added to.aqueous HBr (47%w v ; 0.5 nL sol ution containing
unl abel | ed phenol (1.7 ng; 0.018 mmol) and cystam ne*2HC (45 ng; 0.2
nmol ). The mixture was heated for 30 min at 130[err]C in a screw capped
reaction vial. 5 After cooling, the solvent was renoved under vacuum and
t he resi due was di ssolved in aqueous nethanol (3%v/v). The solution was
applied to a Sep-Pak C[err] cartridge. The cartridge was washed with
aqueous net hanol (10%v/v ; 0.6 nL for renoval of excess cystam ne and
(14C) labelled 4-S 10 CAP and 2-S-CAP weté el uted with aqueous nethanol

(20%v/v ; 3.0 mgﬁulgq%lghusgxt__mgvassuésncerfrat gd unglgsr' V&, TS tments

and dispersions.

The pharmaceutical compositions of this invention

are particulirly useful for depigmenting skin where the

5 composition is applied topically or injected by s.c. or
i.p. route to the afflicted area to achieve desired
degree of depigmentation of the skin. Hence as another
aspect of the invention, the composition is useful in the
method of treating skin for purposes of depigmentation.

10 As well, the invention provides for formulating a
composition which is useful for depigmenting skin.

The compositions of the invention are alsc
especially useful for treating melancma. The compositien
is administered either topically or by injection through

15 i.p. or s.c. rocute. The composition is used in treating
melancma to either clear it up or place it in remission.
Furthermore, a method of the invention is in the
formulating of the composition useful for treating
melanoma. '

20 The compounds of formula (II) may be used in
sunscreening lotions as depigmenting agents. It has been
found that the active agents of formula (II):

1. prevent UV radiation activating melanin synthesis in
melanocytes; _

25 2. prevent moles from becoming melanoma aftef exposure

to sunlight; and
3. are substrates for the enzyme tyrosinase where it is

thought that enzymatic conversion of the substrates
produce components which act as depigmenting agents

30 and possibly as UV blockers in the sunscreen lotion.

Quite surprisingly, we have found that, upon '
administration of the acylated derivatives of formula
(II), the compounds are deacylated to become potent
melanocytotoxic and depigmenting agents. Such in vive

35 conversion of the compounds is extremely beneficial from
the standpoint of product stability and reduced general
toxicity. Once the compounds of formula (II) are

e replacement sheet
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maj-or conpounds were separated on preparative TLC using the nobil e phase |
The products were extracted fromTLC with MeOH in CHO [err] (20% v/v). The
two i soners were acetylated 15 with acetic anhydride in dry pyridine at
25[>err] C for 24 hours. The solvent was renoved under vacuum The residue
was dissolved in NH3 (2.0 M and stirred at 25[err]C for 30 mn for
O-deacetyl ation. After reaction, the nethanol solvent was renoved under
.vacuum and t he residue was purified on 20 greparatlve TLC using nobile
phase Il. ([err]C)N-Ac-4-S-CAP (9.5[err] G ,1851.9 kBqg) and

(Terr) ON-Ac-2- S ARG Lo L8 (LQ adllshhRULoh? Shifolilde Wokidighent ca

tyrosinase substrates. Accordlng to a preferred
embodiment of the invention, NAP-TEA, once incorporated
into the bedy, is deacylated to become N-acetyl-4-5-CAP
5 which is, as already demonstrated in the aforementioned
International Application W091/16302, a strong tyrosinase
substrate that is present only in pigment cells. This
enzyme activity becomes highly expressed in malignant
melanoma and melasma cells where the specificity of the
10 N-acetyl-4-5-CAP is important in avoiding general
toxicity to the patient. The therapeutic approach in the
use of these compounds for pigmentary diseases such as
melasma and skin cancer, such as malignant melancma, have
become very important as well as preventive medicine for
15 photoaging and skin cancer develcped after exposure to
sunlight. Melanoma represents 2% of all cancer by
instance and is generally increasing in the populaticn at
a rate exceeded only by lung cancer.
For purposes of treatment, it is understood that
20 depending upon the route of administration the
composition of this invention may have various
concentrations of active agent in the biologically
compatible carrier. For purposes of injectiocn, the
concentration of the active agent in the injectable
25 . solution usually is in the range of 200 to 1200 mg/kg of
body weight with a preferred dosage in the range of 300
mg to 500 mg/kg of body weight. For purposes of topical
application, the concentration of the active agent in the
cosmetic cream or the like usually is in the range of 4%
30 to 10% by weight in a cream base with a preferred
- composition in the range of 4% to 6% by weight in a cream
base.
It is appreciated that various complementary agents
may be included with the active agents of this invention.
35 For example, the cbmposition may be administered in
combination with L-dopa and/or antidecarboxylase. Such
combinations may have selected use in the treatment of
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The radi ochem cal purity of the two isomers was nore than 99% 25 This
Exanpl e denonstrates that one is able to synthesize ([err] C N Ac-4-S-CAP
wi th conventional acetylation and O-deacyl ation after electrophilic
substitution on phenol of the NH err]CH err]CH err] S+ cation in HBr
solution, as per the 30 follow ng reaction schene. [err]

19

various melanomas.

The following Examples demonstrate varicus aspects
of the invention in providing the diagnosis and treatment
of pigmentation diseases, depigmenting properties and

5§ antimelanocma properties. The various compounds of
formula (I) may be radioclabelled in accordance with a
preferred procedure outlined in the following Examples.
The procedures have been described in particular
reference to the compound N-acetyl-4-S-CAP; however, it

10 is understood that the procedure may be similarly applied
to the other compounds of formula (I). Furthermore, the
Examples also demonstrate effectiveness in blocking
melanin synthesis for only one of the compounds of
formula (II). However, it is understood that the

15 compounds of formula (IXI) all exhibit in a predictable
way similar properties.

EXAMPLE 1 Synthesis of H-Lcctyl-4-s-eyatcaninyl
(U-4C)phenol

20 (U-Yc)phenol (9.26 MBq, -333.3 HBq/mmol) in toluene
(0.25 mL) was added to aqueous HBr (47% w/v ; 0.5 mL
solution containing unlabelled phenol (1.7 mg; 0.018
mmol) and cystamine.2HCl1l (45 mg; 0.2 mmol). The mixture
was heated for 30 min at 130°C in a screw-capped reaction

25 vwvial. After cooling; the solvent was removed under
vacuum and the residue was dissolved in aqueous methanol
(3% v/v). The solution was applied to a Sep-Pak C,;
cartridge. The cartridge was washed with agqueous
methancl (10% v/v ; 0.6 mL for removal of excess

30 cystamine and (“C) labelled 4-S-CAP and 2~S~CAP were
eluted with aquecus methanol (20% v/v ; 3.0 mL). The
eluent was concentrated under vacuum. The major
compounds were separated on preparative TLC using the
mobile phase I. The products were extracted from TLC

35 with MeOH in CHCl, (20% v/v). The two isomers were
acetylated with acetic anhydride in dry pyridine at 25°C
for 24 hours. The solvent was removed under vacuum. The
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Substitute sheet - 10 March 1998 -19- [err] In the above reaction process,
([err]C-acetyl-2-S cysteam nyl phenol (([err]C)-Ac-2-S-CAP was al so
obtained as a mnor isoner. The synthesis of ([err]C) 4-S-CAP using the
ahove 15 reaction was as described previously (Sonmayaji et al, 1989). It
was difficult to renmove cystam ne by nethanol precipitation or to separate
the 2 and 4 isoners of CAP by TLC system However, it was possible to
renove cystani ne '
20

residue was dissolved in NH,; (2.0 M) and stirred at 25°C

for 30 min for O-deacetylation. After reaction, the

methanol solvent was removed under vacuum and the residue

was purified cn preparative TLC using mobile phase II.

5 (“¥C)N-Ac-4-S-CAP (95.5uCi, 351.9 kBg) and (!C)N-Ac-2-S-

CAP(5.7 pCi, 211.1 XBg) in 3.8% and 2.3% radiochemical

yield respectively. The radiochemical purity of the two

isomers was more than 99%.

This Example demonstrates that one is able to
10 synthesize (“C)N-Ac-4-s-CAP with conventional acetyacety—

2lation and o-deacylatlon after electrophilic

substitution on phenol of the NH,CH,CH,S* cation in HBr

solution, as per the following reaction scheme.

504, O,
”‘D * Sy HA T Ay P "’-O-sc’-z"‘
(**c phenol 0 4os-cre Moy 250
20 =
e
. SCH,C1 1
1, acetic anhydride/ C o
pyrridine
» ®o s, O *3!1 + B
2, O-deacetylation
" (e, in MecH) Horn-ac-4-s-cre “
25 {~ CIN-Ac-2-5-CaP

In the above reaction process, (4C)-acetyl-2-S-
cysteaminylphenol ((%C)-Ac-2-S-CAP was also obtained as a
minor isomer. The synthesis of (%C)4-S-CAP using the

30 above reaction was as described previously (Somayaji et
al,'1989). It was difficult to remove cystamine by
methanel precipitation or to separate the 2 and 4 isomers
of CAP by TLC system. However, it was possible to remove
cystamine and accomplish preliminary purification using a

35 - Sep-pak C" cartridge. The chromatographic separation of
the two isomers was'accomplished with mobile phase I.
This basic mobile phase allowed a complete separation of
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and; acconplish prelimnary purification using a Sep-pak Cerr] 20
cartridge. . The chromat ographi c separation of the two isoners was
acconplished with nobile phase |I. This basic nobile phase allowed a
conpl ete separation of the two isoneric CAP conpounds of the reaction
m xture (4-S-CAP : Rf = 0.66; 2-S-CAP : Rf = 0.53). 25 Unl abelled
crystalline phenol ( 2 ng) reacted snmoothly with cystam ne in HBr sol ution
in a smll scale reaction. An overall yield was approximately 76% as a
m xture of the two isomers, the ratio of 4-81CAP to 2-S-CAP being 2.5.
the two isomeric CAP compounds.of the reaction mixture
(4-S-CAP : Rf = 0.66; 2-S-CAP : Rf = 0.53).
Unlabelled crystralline phenol ( 2 mg) reacted
smoothly with cystamine in HBr solution in a small scale
5 reaction. An overall yield was approximately 76% as a
mixture of the two isocmers, the ratio of 4-5-CAP to 2-S~-
CAP being 2.5. Acetylation of the O-position and the N-
position on isomers was carried out with acetic anhydride
in dry pyridine. O-Deacetylation for the synthesis of N-.
10 Ac-4-5~-CAP was performed with NH; in methanol (2.0 M) ”
under mild conditions without N-deacetylation. A mixture
of 4-S-CAP (a major product) and 2-5-CAP (a minor
product) containing the ¥C-radiolabel were obtained by
using a two phase reaction system (toluene : HBr) under
15 reflux, and with the addition of unlabelled phenol this
gave low yield of products. If a source of (UC) phenol
were available as a sclid material or as a more
concentrated solution, the yield and the specific
activity can be greatly increased. (#C)N-Ac=4-S-CAP
20 synthesized from (“C)4-S~CAP gave a high radiochemical
yield (68%). Although the specific activity of (“c)N-Ac-
4-S=-CAP and (“C)N-Ac-2-S-CAP was low (450 XBg/umol), the
procducts would be sufficient to carry ocut experinental
studies. The use of solid (UC)phenol with a high
25 specific activity for the synthesis of (4C)4~-S~CAP and
(¥c)2-5-CAP would increase both the specific activity and
the yield of the final products.
All chemicals used were of reagent grade gquality.
(U-%“C)Phenol in toluene was purchased from Sigma Chemical
30 Company (Saint Louis, Missouri, USA). Preliminary
purification was performed on Sep~-Pak C, Cartridges
(Waters Chromatography Division, Millipore Corporation,
Milford, USA).  Whatman PLKSF preparative silica gel 1502
pPlates were used for separation of 4-S-cysteaminyl
35 (U=-Yc)phenocl, (%C) 4-S-CAP and 2-cysteaminyl (U-*C)
phenol ((c)2-s-CAP) using mobile phase I (CHCl, MeOH :
NHOH = 24 :12 :1. 1 v/v/v) and using mobile phase II
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30~:Acetyl ation of the O position and the N-position on isoners was carried
out with acetic .anhydride in dry pyridine. 0- Deacetylation for the
synthesis of N-Ac-4-S- CAP was perforned with NH3 in nethanol (2.0 M under
m ld conditions w thout N-deacetylation. A mixture of 4-S-CAP (a major 35
product) and 2-S-CAP (a mnor product) containing the [err]C radiol abel

wer e obtained by using a two phase reaction Substitute sheet - 10 March
1998 '
22

(CHCl,; : MeOH = 85 15 v/v) for the purification of the
N-acetyl derivatives of the two isomers. Mc-
Radioactivity determination of products was performed in
Aquasal®-2 (Biotechnology Systems NEN® Research Product,
5 Boston, MA, USA) with a Beckman LS 3801 liquid
scintillation spectrometer. HPLC analyses were carried
out with a Waters system consisting of a Model 600E
system controller, Mcdel USK injector and Model 441
detector at 254 nm, using pyBonapak C;,; reverse phase

10 compression (10u) column (Waters Millipore Canada Ltd.,
Mississauga, Ontario) and MeCH : 0.1% acetic acid in H0
(1 : 1 v/v) as eluent with a flow rate of 1 mL/min. The
final products, N-acetyl-4-S-cysteaminyl (U-'“C) phenocl
((*C) N-Ac-4-5-CAP) and N-acetyl-2-S-cysteaminyl (U-

15 “c)phenol ((“C) N-Ac-2-5-CAP) were confirmed by comparing
their retention times to those of authentic unlabelled
compounds on HPLC. Radiochemical purity after TLC was
determined by collect eluent fractions (0.5 mL) from an

HPLC analysis and counting by a liguid scintillation
20 spectrometer.

EXAMPLE 2A Synthesis of N-{2«((4-Acetoxyphenyl)-
thio)ethyl}lacetanide (NAP-TEA) '
Procedure
25 Acetyl chloride method
To solution of N-{2-((4-Hydroxyphenyl)thio)ethyl}
acetamide (200 mg, 0.95 mmol) in dry pyridine was added
slowly ace_tyl. chloride at -15°C with stirring. The
resulting solution was stirred at 25°C for 1.5 hour. ' The
30 residue obtained after removal of solvent was
chromatographed on a low pressure silica gel column
(CANAG, D-0, fine grain ; Mobile phase : 5% MeOH/CHCI,).
The fractions containing product were collected and then
the white powder obtained after removal of solvent was
35 recrystallized to gain the white crystals from H,0-MeOH.
(Chemical yield : 217 mg, 0.85 mmol 90.3% ) mp= 87-88°
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-20- system (tol uene HBr) under reflux, and with the addition of

unl abel | ed phenol this gave |ow yield of products. If a source of (Uerr]Q
phenol were available as a solid material or as a nore concentrated
sojution, the yield and the 5 specific activity can be greatly increased.
([err] O N-Ac-4-S- CAP synt hesi zed from (14C) 4-S- CAP gave a high

radi ochem cal yield (68%. Although the specific activity of
([err] O N-Ac-4- S-CAP and ([err]C N-Ac-2-S-CAP was | ow (450 kBqg/[err]nol),
the products woul d be sufficient to carry ou#3 experinental 10 studies.

The use of solid &fﬂerrﬂ(%ﬂhﬁnol with a high specific

'L NMR (Acetone-d;); § 7.52 (bro, s, 1H, NH), 7.41
(d, fine structure, 2H, J=8.5 Hz, aromatic C(2)-H,
C(6)-H), 7.04 (4, fine structure 2H, J=8.5 Hz,

5 aromatic C(3)=-H, C(5)~H), 3.33 (m, 2H, J(CH,~CH,)=6
Hz, J(CH,-NH)=7.S5 Hz, CH,CHNH), 3.05 (dd, 2H, J(CH,
m2)=8 Hz, SCH,), 2.22(s, 3H, CH,C00), 1.83 (s, 3H,
CH,CONH) . '

10 Be NMR (Acetone-ds) ppm; 169.95 (1C, CH,CONH) 169.29
(1C, CH,C00), 150.12 (1C, aromatic, C(4)), 133.61
(1C, aromatic, C(1)), 130.76 (2C, arcmatic, CH)
122.98 (2C, arocmatic, CH), 39.35 (1C, CH,NH), 33.48
(1c, scH,), 22.52 (1C, CH,;CONH), 20.61 (1C, CH,COO).

15
Exact mass calc. for C;H,NO,S : 253.07725; found
(HRMS) , 253.0773; intensity = 18.18%.

EXAMPLE 2B Synthesis of N-{2-{(4-Aceotxyphenyl)thio}-
20 ethyl)}propicnamide (NAP-TEP)

A mixture of 2-ethyl-2-oxazoline (786 mg, 7.94 mmol)
and 4-hydroxythiophenol (1 g, 7.94 mmol) was heated at
125° for 2 h under Ar gas. After cooling of the reaction
mixture, the mixture was evaporated under vacuum. The

25 residue was purified with a low pressure normal phase
silica gel column chromategraphy (mobile phase: 10% MeOF
in CHCl,;). N-propionyl-4-S-cystaminylphenol (N-Pro-4-S-
CAP) was obtained as a white powder on evaporation of the
solvent (Chemical yield: 53.4%, 953 ng). ,

30 A mixture of N-propionyl-4-S-cysteaminylphenol, dry
pyridine, and acetic anhydride is then stirred at 25° for
24 hours. The reaction mixture is evaporated under
vacuum and the residue is purified with a low pressure
normal phase silica gel column chromatography (mobile

35 phase : 8% MeOH in CHCl,;). N-{2-{(4-aceotxyphenyl)thio}-
ethyl}-propionamide (NAP-TEP) is obtained as a white
powder upon evaporation of the solvent.
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activity for the synthesis of ([err] C)4-S—CAP and ([err]C)2-S CAP woul d
i ncrease both the specific activity and the yield of the final products. 15
Al l. chemicals used were of reagent grade quality. (Uerr]C Phenol in
t ol-uene was purchased from Si gna Chem cal Conpany (Saint Louis, Mssouri,
USA). Prelimnary purification was performed on Sep-Pak Cerr] Cartridges
(Wat ers Chromat ography Division, MIIlipore Corporation, MIford, 20 USA).
What man PLKS5F preparative silica gel 150A p%@t es were used for separation
of 4-S-cysteam nyl (U-[err]C) phenol, (14C) S- CAP and 2-cyst ean nyl
(U-[err] Q) phenolpzapeir $C) 2- S- CAP)
In vivo covalent binding of (“c)=-N-acetyl~4-S~-CAP
was investigated in mice. Female C57BL/6J mice received
a single intraperitoneal injection of 2.0 mmol/ky (%C)=-N-
5 acetyl-4-S~-CAP compound. The animals were killed 48
hours later. The tissues were removed and the covalent
binding was determined as follows.
Five different tissues were examined for covalent
binding of radioactively labelled N-acetyl-4-S-CAP
10 intermediate(s). The maximum binding of N-acetyl-4-5S~CAP
was detected in the s.c. melanoma tumor and melancma
colony-bearing lung tissues. In contrast, the normal
organs, e.g., the lung without melanoma colcnies, kidney
and liver, which are actively involved in drug metabolism
15 of N-acetyl-4-S-CAP, did not reveal a significant
accumulation of radiocactive material. The results of
such study are set out in the following Table 1.

TABLE1

20 In Vivo Covalent Binding of (14C)-NACAP to Lung with and without B16F10
Melanoma Coloni_s, B16F10 Melanoma s.c. Tumor Tissue, Liver and Kidney

Tissue® Covalent Binding®
(amol covalently bound/mg of protein
Lungs with B16F10 0.330 + 0.118
25 melanoma colonies .
Lungs without B16F10 0.010 + 0.001
melanoma colonies
B16F10 melanoma 0.521 + 0.076
§.C. tumor
30 Liver 0.013 + 0.003
Kidney ' 0.008 + 0.001

*Female CS7BL/6J mice received a single intraperitoneal injection of 2.0 mmol/kg

(“C)-NACAP. The animals were killed 48 hr later, the tissues were removed,
35 and the covalent binding was determined as described under above.

*The data are presented as the means +S.D. (n=3).
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usithg nobile phase | (CHC [err] MeOH : NHerr]OH =24 :12 :1. 1 v/v/v) and
usi ng nobile phase Il (CHCO[err]: MeOH = 85 15 v/v) 25 for the
purification of the N-acetyl derivatives of the two isoners. [err]C

Radi oactivity determnation of products was perfornmed in Aquasal [err]-

(Bi ot echnol ogy Systens NEN err] Research Product, Boston, M\, USA) mnth a
Beckman LS 3801 liquid scintillation spectroneter. HPLC analyses were 30
carried out with a Waters system consi sting o a Mbdel 600E system
controller, Mddel UK injector and Model 441%etector at 254 nm usi ng

[orr] Bonapak Clerr] o S EeP RSB IbA vy N fdpoa! U (Wt ers
' pore Lahada autoradiography was determined in use of the compounds of

this invention and in particular, (“C)N-acetyl-4-S-CAP at
48 hours after i.p. injection of (#C)N-acetyl-4-S~CAP in

5 the mouse, radicactive material was cleared from the body
and was not detectable in any normal organs except the
lumen of the large intestine. This is shown in the
attached Figure 1. A whole-body autoradiogram of the
mouse with both an s.c. B16F10 melanoma tumor and a

10 Bl6F10 lung melancma colonies after single i.p. injection
of (“C)N-acetyl-4-S-CAP (5.0 pCi). 48 hours after
injection the animal was killed, frozen and prepared for
sectioning. The 20-um sections were freeze-dried and
exposed to x-ray f£ilm for whole-body autoradiography.

15 a) A vhole-body section without exposure to x-ray film.
E, eye; B, brain; Lu, lung with B16F10 melanoma colonies;
H, heart; Li, liver; Me, s.c. melancma tumor; I,
intestines. B) after exposure to x-ray film. Positive
signal of accumulated radioactivity is clearly detectable

20 in the melanoma colony-bearing lung and s.c. melanoma
tissues, as well in the lumen of the distal partes of
intestine. Bar, 1 cm. -

This result as shown in Figure 1 demonstrates the

significant detoxication of N-acetyl-4-S-CAP in the liver

25 followed by the excretion of N-acetyl-4-S-CAP metabolites
into the bile. The s.c. melanoma tumor and the lung with
melanoma colonies were the only organs displaying a
significant accumulation of the radiocactivity.

The radiolabelled compounds of this invention and in

30 particular, radiolabelled N-acetyl-4-S-CAP and
radiolabelled NAP-TEA are particularly useful as
radioimaging agents without causing toxic side effects in
the host. Also, in appropriate dosages the compounds may
be used effect radio-chemotherapy at specific melanoma

35 sites within the host.
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M ssi ssauga, Ontario) and MeOH : 0. 1% acetic acid in Herr]0O (1 35 1
v/iv) as eluent with a flowrate of 1 nL/mn. The final products,
N-acetyl -4-S-cysteam nyl (U-[err]C) phenol (([err]Q Substitute sheet -
10.March 1998 -21- N Ac-4-S-CAP) and N acetyl - 2-S-cyst eam nyl
(U[err]Qphenol (([err]C) N Ac-2-S CAP) were confirmed by conparing their
retention tines to those of authentic unlabell ed conpounds

26

EXAMPLE 4 = EXPERIMENTS FOR O-QBICILAEIOU
OF NAP-TEA IN MOUSE PLASMA
NAP-TEA was introduced to mouse plasma to determine
by in vitro experimentation the extent to which NAP-TEA
5 is deacetylated to form N-Acetyl-4-S5-CAP. The procedure
was as follows. Into 100 gl of mouse plasma, 10 ug of
NAP-TEA was introduced. The mixture was shock for one-
half of a minute and then passed through a Sep-Pak C;
cartridge in either 7 ml of 5% methanol/water to form-
10 eluent 1 eor in 4 ml of 50% methanol/water to form eluent
2. Both eluents 1 and eluents 2 were collected. Agueous
methanocl was removed from eluent 2 to provide a residue
vwhich was subjected to HFLC under the following
conditions. The HPLC had a column of p Bonapak C; under
15 reverse phase radical ccmpression. The residue was mixed
with methanol:water at 50:50 with a flow rate through the
radiograph at 1 ml/min. The detector was a Water
Associates Mcdel 441 with detection by ultraviolet at 250
nm. All that was detected in eluent 2 as passed through
20 the chromatograph was N4Acety1-4-s-CAP which indicates
that NAP-TEA was readily deacylated by the mouse plasma
to give the desired active agent. '

EXAMPLE S - DETERMINATION OF NAP=TEA, N~ACETYL-4-8-CAP

25 AND METABOLITES IN IN VIVO EXPERIMENTATION

A CS7BL/6J Black Mouse was injected at 300 mg/kg

body weight by i.p. administration of NAP-TEA. 100 ul of
plasma was extracted from the mouse after 5 minutes of
injection and after 20 minutes of injection. The plasma

30 samples were treated in accordance with the procedure of
Example 2. The plasma samples were passed through a
Sep~Pak C,; cartridge in either 5% methanocl:water to
produce eluent 1 or 50% methanol/water to produce eluent
‘2. Eluent 2 had the agueous methanol removed therefrom

35 +to provide a residue. The residue was redissolved in
methanol/0.1% acetic acid and water in a ratio of 50:50
and subjected to HPLC for both the 5 minute and 20 minute
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on"HPLC. Radi ochem cal purity after TLC was determ ned by 5 collect el uent
fractions (0.5 nL) froman HPLC analysis and counting by a liquid
scintillation spectroneter. EXAMPLE 2A Synt hesi s of

N-¥ 2- ((4- Acet oxyphenyl ) - thio)ethyl)acetan de (NAP-TEA) 10 Procedure Acetyl
chloride nmethod 15 To solution of N-{2-((4-Hydroxyphenyl)thio)ethyl}
acetam de (200 ng, 0.95 mmol) in dry pyridine was added slowly acetyl
chloride at -15[err]C with stirring. The 27

plasma samples. Their was no evidence of NAP-TEA but
their was evidence of N-Acetyl-4-S-CAP. The
concentration of N-Acetyl-4-S-CAP in the 5 minute
extracted sample being considerably greater than in the

5 20 minute extracted sample to indicate that in vivo NaP-
TEA is deacylated to N-Acetyl-4-S-CAP which in turn is
then taken up by the mouse melanocytes. -

EXAMPLE 6 ~ IN VITRO CYTOTOXICITY OF NAP-TEA

10 sa ce| e e stand cedure

MTT solution (Sigma catalog No. M2128) was dissolved

in PBS at 1 mg/ml and filtered to sterilize the solution.
The sclution was stored in the dark at 4°C until used.
The growing cells were harvested, counted and inoculated

15 into 96 well microtiter plates (1-2 x 10° cells/well).
After 24 h, drugs were applied to culture wells, and the
cultures were incubated for 5 days at 37°C. At this
time, 50 ul of MTT sclution was added to microculture
wells. After 4 h incubation at 37°C, supernatant was

20 removed from each well. 150 gl of DMSO was added to
solubilized the MTT-formazan product. After mixing
gently, absorbance at 540 nm was measured with ELISA
plate spectrophotometer. '

25 Results
NAP-TEA showed lower in vitro cytotoxicity than that
of N-Acetyl—-4-S~CAP on 3 cell lines.

In vitro cytotoxicity(ICy,) of NAP-TEA

30 and N=-Acetyl-4-S-CAP with MIT assay
Cell line o "Compound
NAP~-TEA N-Acetyl-4-S-CAP
_ ICq,
35 Hela 77ug/ml 7549 /ml
SK-MEL-~23 3iug/ml 25pg/ml
UT amelanotic melanoma l4ug/ml 12pg/ml
This Sheet Has Been This is the repiscement sheet
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resulting solution was stirred at 25[err]C for 1.5 hour. The residue
obt ai ned after renoval of solvent was 20 chromat ographed on a | ow pressure
silica gel colum (CANAG D-O fine grain ; ‘Mbile phase : 5% MeOH CHCL3) .
The fractions containing product were collected and then the white powder
obtained after renoval of solvent was recrystallized to gain the white
crystals fromH20- MeOH 25 (Chemcal yield : 217 ng, 0.85 mmol 90.3%) np=
87-88 Characterization [err]H NWR (Acetone ggerr]); [err] 7.52 (bro, s, 1H,
NH), 7.41 (d, 30 fine structure, 8.5 Hz, aromatic C(2)-H,

a6)-H, EXAMPLE 7 - UTILIZATION or NAP-TEA WITE MUSHROOM
TYROBINASE
Procedure
A reaction mixture consisting of NAP-TEA (500umol)

5 and of mushroom tyrosinase (11 units) in 1.0 ml of 0.05 M
scdium phosphate buffer (pH 6.8) was incubated at 37°C in
a water bath. The reaction was stopped periodically by
cooling with ice. Aliquots removed at set time intervals
were rapidly cooled to 0°C in an ice bath and the

10 remaining NAP-TEA was measured using HPLC.

HPLC instrument and conditions
Water 600 E liquid chromatograph system
Conditions: puBondapak C,, Radial-Pak Cartridge (Waters)
15 ~ Mobile phase; 70% MeOH/H,0, 1 ml/min
' Detector; Waters Model 441 UV absorbance
detector
Detection; Wavelength 254 nm

20 es S
NAP-TEA was not a substrate of mushroom tyrosinase,
due to the blocking effect of acetoxy group on the 4-
_posxtion of the benzene ring because its concentration
remained constant in the reaction mixture. 'However, the
25 concentration of N-Acetyl-4-S-CAP in the reaction mixture
dropped off rapidly over 25 minutes to almost zero amount
after 50 minutes in the reaction mixture. .

EXAMPLE 8 ~ MELANOCYTOTOXICITY IN VIVO OF NAP-TEA
30 (DEPIGMENTATION OF BLACK HAIR)
Hairs were plucked manually from the back of 6-8
week old C57BL/6J black mice (4 mice). Starting on day
2, daily for 14 days NAP-TEA was injected i.p. The dose
was 300 mg/kg body weight.
35
Results
After completion of the i.p. injections of NAP-TEA,
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7.Q4 (d, fine structure 2H, J=8.5 Hz, aromatic C(3)-H, C(S)-H), 3.33 (m
2H, J(CH err]-CHerr])=6 Hz, J(CH2-NH)=7.5 Hz, CHerr]CH err]NH), 3.05 (dd,
2H, J(CH err] 2)=8 Hz, SCH err]), 2.22(s, 3H CHerr]COO, 1.83 (s, 3H,
CH[-err] CONH). 35 Sub~titute sheet - 10 March 1998 -22- [err] C NMR
(Acetone-d[err]) ppm 169.95 (1C, CH err] CONH) 169. 29

29

mice were depigmented with the. new repiacenent hair being
almost pure white. '

EXAMPLE 9 -~ DEPIGMENTING BEFFECT OF NAP-TEA ON NEWBORN
5 BLACK MICE .
Six newborn (3 day old) CS57BL/6J black mice were
injected i.p. with a single dose of 0.1 mL of NAP-TEA
solution (300 mg/kg body weight).

10 Results
The newborn mice were depigmented in all hair
follicles with the growing hair being light grey after a
single i.p. injection of NAP-TEA.

15 EIAMPLE 10 - IN VIVO MELANOCYTOTOXICITY OF NAP-TEA IN PIG
Solutions of 15% NAP-TEA in DMSO(w/v) and of 15%
NAP-TEA in 60% EtOH(w/v) were prepared for topical
application to a Yucatan pig. NAP-TEA was applied to. the
back skin of the pig twice a day for 8 weeks. After 8

20 weeks, punch biopsy was performed from the application
area and from normal skin. Specimens obtained were képt
in 2N NaBr solution for 3 hours followed by separatioh of
the epidermis from dermis. Specimens of epidermis were
incubated for 3 hours in phosphate buffer (pH 7.4)

25 containing L-Dopa. The specimens were fixed in 10%
neutral formalin solution and then washed twice in PBS.
Finally, the specimens were mounted in glycerol gel. The
numbers of Dopa-positive melanocytes in 9 adjacent 1 mm®"
fields from each sample were counted.

30

Results :

The fields from skin samples treated with NAP-TEA

revealed a significant reduction in the number of

functioning melanocytes;
35 '
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(1C, CHerr]COO, 150.12 (1C, aromatic, C(4)), 133.61 (1C, aromatic, C(1)),
130.76 (2C, aromatic, CH) 122.98 (2C, aromatic, CH), 39.35 (1C, CH err]NH),
33.48 (1C, SCHerr]), 5 22.52 (1C, CHerr] CONH), 20.61 (1C,

CH err]COO) . Exact mamss calc. for Clerr]Herr]NO[err]S  253.07725; found
(HRVMS), 253.0773; intensity = 18.18% 10 EXAMPLE 2B Synt hesi s of

N-{2-{ (4- Acet oxyphenyl )t hi o}- ethyl}propi onam de (NAP-TEP) A m xture of
2-ethyl -2-oxazoline (786 ng, 7.94 mml) and 4- hydroxyt hi ophenol (1 g, 7.94
mmol ) was heated at 125[err] 15 for 2 h uf®er Ar gas. After cooling of

t he reaction _

Number of functioning melanocytes
(Average of 9 fields)

Normal epidermis 166 + 74/mm’
5 NAP-TEA in DMSO . 32 + 14/mm?
NAP-TEA in 60% EtOH 74 + 25/mn’
DMSO only 114 + 56/mm’
EtOH only 117 + 38/mm’
10 From the above specific examples, it is apparent

that one of the preferred compounds, according to this
invention, is converted in vive to N-Acetyl-4-S-CAP which
functions, as already discussed in applicant’s co-pending
International Application WO91/16302 as an excellent
~ 15 therapeutic agent in the treatment of pigmentary
diseases. It is therefore understood that the acylated
forms of the compounds of this invention are altered in
vivo to yield compounds which already have been
established as excellent therapeutic agents in the field
20 of treating pigmentary disorders.
Throughout the specification we have referenced _
" several Journal articles which relate to standard
procedures and techniques. Those articles are listed as

follows.
25
1. Alena F., Jimbow K. and Ito S. (1990)
Melanocytotoxicity and Antimelanoma effects of
Phenolic Amine Compounds in Mice in viveo.
Cancer Res. 50, 3743.
30
2. Ito Y. and Jimbow K. (1987) Selective
Cytotoxicity of 4-S-cysteaminylphenol on
Follicular Melanocytes of the Black Mouse -
Rational Basis for its Application to Melanoma
35 Chemotherapy. Cancer Res. 47, 3278.
3. Inoue S., Ito S., Wakamatsu K., Jimbow K. and
This.Sheet Has Been Replaced This is the raplecement sheet
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m xture, the m xture was evaporated under vacuum The residue was purified
with a | ow pressure normal phase silica gel colum chromatography (mobile
phase: 10% MeOF in CHC [err]). N-propionyl-4-S-cysteam nyl pheno
(N=Pro-4-S-CAP) 20 was obtained as a white powder on evaporation of the
sol vent (Chenmical yield: 53.4% 953 ng). A nixture of

N- pr opi onyl - 4--S- cyst eam nyl phenol, dry pyridine, and acetic anhydride is
then stirred at 25[err] for 25 24 hours. The reaction mxture is
evapor at ed under vacuum and the residue is pa8tified with a Iom1pressure

nor nmal hase silica gel colu chronat ra il e phase
P g r&?;ta K. 3& pﬁ%c&angsm c Growth Inh;h;t;on

of Helanona Cells by 4-S-cysteaminylphenol and
its Analogues. Biochem. Pharmacol. 39, 1077.

5 4. Jimbow K., Iwashina T., Alena F., Yamada K.,
Pankovich J. and Umemura T. (1992) Exploitation
of Pigment Biosynthesis Pathway as a Selective
Chemoctherapeutic Approach for Malignant
Melanoma. J. Invest. Dermatol. (in press).

10 .
5. Miura S., Ueda T., Jimbow K., Ito S. and Fujita
K. (1987) Synthesis of Cysteinylphenol,
Cysteaminylphenol and Related Compounds, and jin
vivo Evaluation of Antimelanoma Effect. Areh.
15 . Dermatol. Res. 279, 219.

6. Miura T., Jimbow K. and Ito S. (1990) The in
¥Yivo Antimelancma Effect of 4-S-
cysteaminylphencl and its. N-acetyl derivative.
20 Int. J. Cancer 46, 931.

7. Pankovich, J. Jimbow K. and Ito S. (1990) 4-S-
cysteaminylphencl and its Analogues as
Substrates for Tyrosiﬁase and Monoamine
25 Oxidase. Pigment Cells Res. 3, 146.

8. Somayaji V.V., Wiebe, L.I. and Jimbow K. (1989)
Experimental Antimelanoma Agents: The
- Synthesis of 4-S-cysteaminylphenol (U-
30 4c)phenol. MNuc. Cempact 20, 158.

9. Wong M. and Jimbow K. (1991) Selective
Cytotoxicity of N-acetyl-4-S-cysteaminylphenol
on Follicular Melanocytes of Black Mice. Br.

35 J. Dermatol 124, 5s.
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MeOH in CHC [err]). N-{2-{(4-acetoxyphenyl)thio}-ethyl}- propionanide
(NAP-TEP) is obtained as a white powder upon 30 evaporation of the
sol.vent . Substitute sheet - 10 March 1998 -23- EXAMPLE 3 In vivo
coval ent binding of ([err]C)-Nacetyl-4-S CAP was investigated in mce.

Femal e C57BL/ 6J nice received a

32

Although preferred embodiments of the invention are
described herein in detail, it will be understood by
those skilled in the art that variations may be made
thereto_ without departing from.the spirit of the

5 invention or the scope of the appended claims.
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single intraperitoneal injection of 2.0 mol/kg ([err]C-N 5

acetyl -4-S- CAP conpound. The aninmals were killed 48 hours tater. The

ti ssues were renoved and the coval ent bindi ng was deter@hggﬂaqﬁsﬁghk

Five different tissues were exam ned for coval ent blndln er
| abel | ed N-acetyl-4-S-CAP 10 internediate(s). The maxi

N-acetyl -4-S-CAP was detected in the s.c. nel anona tunDr

col ony-bearing lung tissues. In contrast, tg nor mal organs, e.g., the | ung
wi t hout nel anoma col oni es, ki dney and I|ver mhich are actively involved in

drug netabolism CLAIMS:
1. A compound for use in radioimaging and
radiochemotherapy in the diagnosis and/or treatment of
melanoma and other pigmentary disorders, said compound’
$ being selected from the group of compounds represented by
the formula:

OR
4 :
Fa, .
) ()
10

S(eu,) v,

15

wherein

R, is H or C,~C; alkyl;

R, is H or C¢,-C; alkyl;

20 ) R; is H, C;-C; alkyl or C,~C; alkanoyl;

R, is H or C,~-C; alkanoyl;

Ra is a radioactive material useful in radioimaging
and/or radiochemotherapy where the dotted line (==-)
indicates:

25 1) Ra is covalently bound to the structure of

formula (I);

2) Ra is ionically associated with the structure of

formula (I); or

3) Ra is radiocactive carbon which is part of the

30 structure of formula (I);
and

x is 1 to 5,

with the provisos that when x is 1, one of R, R, or
R, is other than H, and that the sulphur containing group

35 and the Ra group are in the 2, 4 or 6 positions of the
phenyl ring.
2. A process for radioimaging melanoma colonies in vivo

. This is the replacement sheet
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15°. of N-acetyl-4-S-CAP, did not reveal a significant accunul ati on of
radi oactive material. The results of; such study are set out in the
fo] | ow ng Tabl e hismalrﬁsgeemgﬁ' laced | n Vivo Coval ent Binding of (14C)- NACAP

torLung with and w Mel anoma Col oni es, B16F10 Mel anonma s. c.
Tunmor Ti ssue, Li vq .
Bi ndi ng[err] (nnol ound/ ng of protein Lungs with B16F10

I ssue[err] Coval ent
0.330 + 0.118 25 . mel anoma col oni es Luglgs wi t hout B16F10
0.010 + 0.001

- in a subject comprising: :
i) administering to the subject’s circulatory
system one or more radioimaging compounds
_ selected from the group of compounds
5 represénted by the formula:

| ™ [ | (x)
O
i
LC AN
. :

wherein
R, is H or C-C; alkyl;
R, is H or C,-C; alkyl;
R, is H, C~C; alkyl or C,~C,; alkanoyl;
20 R, is H or C~C; alkanoyl;
Ra is a radioactive material useful in radioimaging
and/or radiochemotherapy where the dotted line (---) '

indicates:
1) Ra is covalently bound to the structure of
25 formula (I);

2) Ra is ionically associated with the structure of
formula (I)}; or
3) Ra is radiocactive carbon which is part of the
structure of formula (I);
30 and
x is 1 to §,
with the provisos that when x is 1, one of R,, R, or
R; is other than H, and that the sulphur containing group
and the Ra group are in the 2, 4 or 6 positions of the
35 phenyl ring;
and '
ii) detecting the presence of emitted radiation

T
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nel.anoma col oni es B16F10 nel anonm 0.521 + 0.076 s.c. tunor
30 Li ver— 0. 013 + 0.003 Kidney

0.008 + 0.001 aFe 7Bl L0, phi received a single intraperitoneal
: ? Replhded

inpection of 2.0 P. The animals were killed 48 hr |ater,
the tissues were rngad | [l and the coval ent bindi ng was determ ned
as descri bed under :

are presented as the neans +S.D. (n=3).

35

from an accumulation.of said selected
radioimaging compound as said administered
compound binds solely to any melanoma tissue
present in said subject.

3. A process for radiochemotherapy treatment of
melanoma cells in a subject comprising:
i) administering to the subject’s circulatory
10 system one or more of the radiochemotherapy
compounds selected from the group of compounds
represented by the formula:

OR,

RR

15 N
lpl.

20 s(mz) xCSN—R3

(I)

25 R, is H or C,-C; alkyl;

R, is H or C;~-C; alkyl;

R, is H, ¢,~Cy alkyl or C,~C; alkanoyl;

Ry is H or ¢,-C; alkanoyl;

Ra is a radioactive material useful in radioimaging
30 and/or radiochemotherapy where the dotted line (---)

indicates: '

1) Ra is covalently bound to the structure of

formula (I);

2) Ra is ionically associated with the structure of
35 formula (I); or

3) Ra is radicactive carbon which is part of the

structure of formula (I);
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Substitute sheet - 10 March 1998 -24- In vivo biodistribution by whol e-body
auf or adi ography was determ ned in use of the conpounds of this |nvent|on
and in particular, ([err]C) Nacetyl-4-S-CAP at 48 hours d.llel -

i nj ection of ([err]C)N-acetyI 4-S-CAP in 5 the nouse, nquteJlal
was cleared fromthe body and was not detectable in an I

except the lunen of the large intestine. This is shown
Figure 1. A whol e-body autoradi ogram of the 136

and
x is 1 to 5,
with the provisos that when x is 1, one of R, R, or
R, is other than H, and that the sulphur containing group
5 and the Ra group are in the 2, 4 or 6 positions of the
phenyl ring.

4. A compound or process of claim 1, 2 or 3 wherein

.said sulphur containing group is in the 4 position.

10 .
5. A compound or process of claim 4 wherein said Ra-
group is in the 2 or 6 position.

6. A compound or process of claim 1, 2 or 3 selected

15 from N-acetyl-4-S-cysteaminylphenol, N,N-dimethyl-4-S-
cysteaminylphenol, 4-S-homo-cysteaminylphenol, c-methyl-
4-S-cysteaminylphenol, N-{2-{(4’/-acetoxyphenyl)-
thio)}ethyl}-acetamide, N-{l1-methyl {2-{(4~
acetoxyphenyl)thio)ethyl}-acetamide, N,N-dimethyl {2~

20 {(4’-acetoxyphenyl)thio}ethylamine or N-propionyl=4-S-
cysteaminylphenol. '

7. A compound or process of claim 6 wherein saiad
compound is N-acetyl-4-S-cysteaminylphenol.

25 ' .
8. A compound of claim 6 wherein said selected compound
is N={2-~{(4-acetoxyphenyl)thio}ethyl}-acetamide.

9. A compound of anyone of claims 1 through & wherein

30 said radiocactive material Ra is selected from the group
consisting of carbon 14, U-14-C, iodine (such as 21, 1
and B!7), technetium (such as ¥=r¢c), flourine (such as
BF), indium (such ‘as In) and 35;.

35
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nmpuse with both-an_s. ¢ B16F10 nel anoma tunor and a 10 B16F10 | ung nel anoma
colonies after single i g I njection of (14C)N-acetyl-4-S-CAP (5.0
[err]Ci). 48 ho Replacehn the aninal was killed, frozen and
prepared for sectj ” -[err] msections were freeze-dried and
exposed to x-ray - body aut oradi ography. 15 A) A whol e-body
section w thout exposure to x-ray film E, eye; B, brain; Lu, lung with
B16F10 nel anonma col onies; H, heart; Li, liyer; Me, s.c. nelanonma tunor; I,
intestines. B) after exposure to x-ray film Positive signal of accunul ated

radioactivity igoe¢l efr b¥mpsinsf lc¥lthe formula.(1I):

OR,

(I1)
1

$(Ca,) CAN-R,
Ry

10

wherein - _
R, is B or ¢, - C; alkyl;
R, is H or ¢, - G, alkyl;
15 R, is H, ¢, - C; alkyl or C, - C; alkanoyl;
R, is ¢, - ¢, alkanoyl; and
x is 1 to 5; and '
with the proviso that when x is 1 one of R,, R, or R; is
other than H, and that the sulphur containing group is in
20 the 2, 4 or 6 position of the phenyl ring.

11. A pharmaceutical composition comprising a compound

of claim 10 and a pharmaceutically acceptable carrier.
25

12. A compound or composition of claim 10 or 11 wherein

said sulphur group is in the 4 position.

13. A compound or composition of claim 10 or 11
30 comprising N-{2-{(4’/-acetoxyphenyl)thio}ethyl}-acetamide.

14. A compound or composition of claim 10 or 11
comprising N-(1-methyl{2-{(4’-acetoxyphenyl)thio}ethyl}-
acetamide.

35
15. A compound or composition of claim 10 or 11
éompriing N,N,-dimethyl {2-{(4’'-acetoxyphenyl)-

This is the replacement sheet
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20~ n the nel anoma col ony-bearing lung and s.c. nelanona tissues, as well
in the [umen of the distal partes of intestine. Bar, 1 cm This result as
shown in Figure 1 denonstrates the significant detoxicatiom of
N-acetyl -4-S-CAP in the liver 25 followed by the excreti
N-acetyl - 4- S- CAP net abolites into the bile. The s.c. Sh%gt BeenRe lged he
| ung with nel anoma col oni es were the only organs displ axjmllg

accunul ati on of the radioactivity. The radi ol abelled co _
i nvention and in 30 particul ar, radiolabell 28 N acetyl - 4- S- CAP and

thio}ethylanine.

16. A compound or composition of claim 10 or 11
comprising N=-{2-{ (4-aceotxyphenyl)thio}ethyl}-
5 propionamide.

17. A pharmaceutical composition as claimed in any one
of claims 11 to 16 wherein said carrier is a topzcal
vehicle.

10
18. A pharmaceutical composition as claimed in any one
of claims 11 to 16 wherein said carrier is a sunscreening
composition.

15 19. A pharmaceutical composition of any one of claims 11
to 16 for use in (a) blocking melanin synthesis in human
or animal melanocyte cells; (b) inhibiting the metabolic
pathway involving tyrosinase in human or animal

. melanocyte cells; (c) treating melanoma; (d) treating

20 hyperpigmentation, or (e) for use in treating cutaneous

hyperpigmentation.

20. A method of blocking melanin synthesis in human or
animal melanocyte cells comprising administering to a

25 patient a melanin synthesis blocking amount of a
composition of any one of claims 11 to 16.

21. A methed of inhibiting the metabolic pathway
involving tyrosinase in human and animal melanocyte cells
30 conmprising administering to a patient an inhibiting
- amount of a composition of any one of claims 11 to 16.

22. A method of therapeutically treating melanoma
comprising administering to a patient a therapeutically

35 effective amount of a composition of any one of claims 11
to 1s6. '
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radi ol abel | ed NAP-TEA are particularly useful as radioi magi ng agents
w t hout causing toxic side effect srhislshae{_fleaslme;tkeﬁlad&ﬂso, I n appropri-ate

met anoma 35 sites within the host.

dosages the conpounds may be used i[
EXAMPLE 4 - EXPERI MENTS FOR O DEAC

10

15

enot herapy at specific
sheet - 10 March 1998 - 25-

IR
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23. A method of therapeutically treating
hyperpigmentation comprising administering to a patient a
therapeutically effective amount of a composition of any
one of claims 11 to 16.

~24. A method of therapeutically treating cutaneous

hyperpigmentation comprising administering to a patient a
therapeutically effective amount of a composition of any
one of clainms 11 to 16.

25. The use of a compound of any one claims 10, 12, 13,
14, 14, 15 or 16 for the manufacture of a medicament for
(a) blocking melanin synthesis in human and animal
melanocyte cells; (b) inhibiting the metabolic pathway
involving tyrosinase in human and animal melanocyte
cells; (c) treating melancma; (d) for treating
hyperpigmentation; or (e) for treating cutaneocus
hyperpigmentation.

I ————
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OF °NAP- TEA | N MOUSE PLASMA NAP- TEA was introduced to nouse plasma to
determne by in vitro experinmentation the extent to which NAP-TEA 5 is
deacetylated to form N Acetyl -4-S-CAP. The procedure was as follows. Into
106G [err]l of nouse plasma, 10 [err]g of NAP-TEA was introduced. The
m xture was shook for one- half of a minute and then passed through a
Sep-Pak Clerr] cartridge in either 7 m of 5% nmethanol/water to form 10
eluent 1 or in 4 m of 50% nethanol /water, to formeluent 2. Both eluents 1
and eluents 2 were collected. Aqueous netttanol was renoved fromeluent 2 to
provi de a residue

Abstract of the disclosure

RADIOIMAGING AND RADIOCHEMOTHERAPY PHENOLIC THIOETHER
AMINES AND ACYL DERIVATIVES THEREOF FOR USE IN DIAGNOSING
AND TREATING PIGMENTATION DISORDERS

Hydroxyphenylthioalkyl amines represented by formula (I), wherein R?
is H or C,-Cq alkyl; R? is H or C,-C, alkyl; R® is H, C,-C4 alkyl or C,-Cg
alkanoyl; R* is H or C,-C; alkanoyl; Ra is a radioactive material useful in
radioimaging and/or radiochemotherapy where the dottet line (---} indicates:
1) Ra is covalently bound to the structure of formula (l); 2) Ra is ionically
associated with the structure of formula (l); 3) Ra is radioactive carbon
which is part of the structure of formula (l}); and x is 1 to 5, with the
provisos that when x is 1, one of R;,R, or R; is other than H, and that the
sulphur containing group and the Ra group are in the 2, 4 or 6 positions of
the phenyl ring, are useful in radiocimaging and radiotherapy. Preferred
compounds for use in radioimaging are N-acetyl-4-S-cysteaminylphenol and
N-[2-[{4’-acetoxyphenyl)thiolethyllacetamide. The O-acylated derivatives are
novel and are also useful in treatment of pigment disorders.

(Fig No. 1)

This Sheet Has Been Re
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whi‘ch was subjected to HPLC under the followi ng conditions. The HPLC had a
colum of [err] Bonapak Cerr] under 15 reverse phase radical conpression.
The resi due was mixed with nethanol:water at 50:50 with a flow rate through
the& radiograph at 1 m/min. The detector was a Water Associ ates Mdel 441
with detection by ultraviolet at 250 nm All that was detected in eluent 2
- as passed through 20 the chromatograph was N Acetyl -4-S-CAP which indicates
t hat NAP-TEA was readily deacyl ated by the nouse plasma to give the desired
active agent. EXAMPLE 5 - DETERM NATI ON OF NAP-TEA, N-ACETYL-4-S- CAP

11
Brain - Lung BisFio Melanoma
Eve ——0 us ——
a
Heart Liver lnfestine

~This is the replacement shest
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AND ACYL DERIVATIVES THEREOF FOR USE IN DIAGNOSING AND
TREATING PIGMENTATION DISORDERS

5. This invention relates to compounds which are

particularly useful in radioimaging and radio-chemotherapy
as it particularly relates to the treatment and location of
malignant melanomas and other pigmenting disorders. Novel
acyl derivatives of phenolic thioether amines and their use

10 in compositions for blocking melanin synthesis in human or

animal melanocyte cells are also described. More
particularly, the compositions involving the novel
derivatives are useful in treating pigmentation problems due
to a variety of skin disorders, including skin cancer in the

15 form of melanoma.

Phenylthiocalkylamines is a broad class of compounds
having a variety of uses which include therapeutics. US-A-
4,134,996 and US-A-4,183,927 disclose certain phenylthio-

20 alkylamine compounds which are useful as platelet

aggregation inhibitors. Other phenylthioalkylamine
compounds described in WO-A-9116302 are useful as
depigmenting agents in treating a variety of pigmentary
diseases. Such diseases are often characterized in the

25 elevated levels of the enzyme tyrosinase in melanocytes;

i.e., human and animal cells which synthesize the pigment

melanin. There are a variety of pigmentary diseases, such
as melasma, melanoma, and moles. In particular, moles are
susceptible to becoming melanoma after exposure to sunlight

30 which precipitates increased synthesis of tyrosinase.

Usually commercial forms of depigmenting compositions
are based on the use of hydroquinone. However, the
hydroquinone preparations are very unstable and cause skin

35 irritation. Hydroquinone compositions can also cause

permanent whitening of the skin if used for a prolonged

This. is the replacement sheet
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nethanol/0~1%)acet|c acid and water in-a ratlo of 50:50 and subjected to
HPLC for both the 5 minute and 20 minute Substitute sheet - 10 March

1993 -26- plasma sanples. Their was no evidence ut )
evi dence of N-Acetyl-4-S-CAP. The concentration §Lb%ﬁﬁﬁe€%g @%ﬂch\ﬁgéﬁe
5 mnute extracted sanpl e being considerablaggreater than in the

period and at a high concentration. As to treatment of
melanoma, this is presently attended to by surgical
procedures, since any type of known non-surgical treatment
of melanoma is unsatisfactory.

Research work has been conducted in the field of
phenolic and diphenolic compounds to serve as a basis for
chemotherapeutic treatment of melanoma and skin
depigmentation. In particular, 4-S-cysteinylphenol (4-S-CP)

10 and 4-S-cysteaminylphenol (4-S-CAP) have been synthesized
and evaluated for cytotoxicity to normal ep1dermal
melanocytes to determine their effectiveness as deplgmentlng
agents and antimelanoma agents. Miura et al, "Synthesis of
Cysteinylphenol, Cysteaminylphenocl, and Related Compounds,

15 and In Vivo Evaluation of Antimelanoma Effect", Arch.
Dermatol Res. (1987) 279:219-225, disclose the effect of 4-
S-CAP and 4-S-CP in depigmentation of black hair follicles
as manifested by loss of functioning melanocytes. It was
established that 4-S-CAP was a potent agent in prolonging

20 the lifespan of melanoma-bearing mice and hence exhibited
inhibition of melanoma growth. 4-S-CP and the methyl ester
of 4-S-CP also exhibited some inhibition of melanoma growth,
although not as active as 4-S-CAP.

25 The same compounds, 4-S-CP and 4-S-CAP, were also
investigated for properties of depigmentation of black
guinea pig skin by topical application. The results of this
work is reported by Ito et al, "Depigmentation of Black
Guinea'Pig Skin by Topical Application of Cysteaminylphénol,

30 Cysteinylphenol, and Related Compounds", The Journal of
Investigative Dermatology, Vol. 88 No. 1, January 1987.
Although 4-S-CAP demonstrated depigmenting properties,
inflammatory changes of the skin of the guinea pigs was
prominent. 4-S-CAP was capable, however, of:

35 . 1. decreasing the number of functioning melanocytes,
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5 20.minute extracted sanple to indicate that in vivo NAP- TEA is
de?cyFated to N-Acetyl-4-S-CAP which in turn is then taken up by the nouse
nel anocytes. EXAMPLE 6 - IN VITRO CYTOTOXI CI TY In
accordance with the standard procedure MIT oI u?o%@gggﬁgéga!%reﬁqms
M2128) was dissolved in PBS at 1 ng/m and flltered to sterilize the
solution. The solution was stored in the dark at 4[err]C until used. The
growi ng cells were harvested, counted and inoculated 15 into 96 well
mcrotiter plates (3-2 Xdéeireaéingethe/ ambiit of tepidermal dnedaniere

applied to culture wellsp and E
3. degeneratlng and destroying melanocytes.
5 . 4-S-CP and 4-S-CAP were also investigated for their

selective cytotoxicity on follicular melanocytes. This was
reported by Ito et al, "Selective Cytotoxicity of 4-S-
Cysteaminylphenol on Follicular Melanocyte of the Black
Mouse: Rational Basis for its Application to Melanoma

10 Chemotherapy", Cancer Research, June 15, 1987 47:3278-3284.
It was reported that 4-S-CAPidémonstrated cytotoxicity in
the depigmentation of black hair follicles, whereas it had
no effect on the albino follicles. Hence 4-S-CAP is
actively engaged in the melanin synthesis of the

15 melanocytes.

4-S-CAP, however, has several limitations from the
standpoint of practical clinical use. These limitations
include: ' '
20 a. hypotensive effect; and
b. high toxicity due to 4-S-CAP being a substrate for
monoamineoxidase (MAO) which in the plasma converts 4-S-CAP
into an aldehyde form which produces a non-specific
cytotoxicity.
25
Homologs of 4-S-CAP have been investigated for
antimelanoma and depigmenting properties. As reported in
Alena et al, Melanocytotoxicity and Antimelanoma Effects of
Phenolic Amine Compounds in Mice In Vivo, Cancer Research
30 50:3743-3747, June 15, 1990, such homologs demonstrate
depigmentation properties and N-acetyl-4-S-CAP demonstrates
potent antimelanoma properties. The benefits and uses of
these homologs and related compounds for use as depigmenting
agents and antimelanoma agents are described in WO-A-
35 9116302. Although the compounds disclosed in that
application are effective depigmenting agents as well as

This is the repiscement sheet
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cultures ‘were incubated for 5 days at 37C. At this time, 50 [err]l of MIT
sol.utisn was added to microculture wells. After 4 h incubation at 37[err]C,

supernatant was 20 renoved fromeach well. 150 Lgm{smutgghggﬁqM@ﬁa@ﬁdgggto
sol ubilized the MIT-fornmazan product. After E1X|ng gently, absorbance at

540 nm was measured with ELISA plate spectrophotoneter. 25 Results NAP- TEA
showed lower in vitro cytotoxicity than that of N Acetyl-4-S-CAP on 3 cel
lines. In vitro cytotoxicity(lCerr]) of NAP-TEA

antimelanoma agents, there are stability and toxicity

problems associated with some of the compounds. In
particular the very effective N-acetyl-4-S-CAP compound
tends to be unstable and can cause topical irritations on

5 administration.

As noted, melanin synthesis is a biological property
unique to the pigment cell, melanocyte and its neoplastic
counterpart, malignant melanoma. In order to develop a

10 targeted chemotherapy of malignant melanoma, phenolic and
catecholic melanin precursors'have been synthesized and .
their melanocytotoxicity and antimelanoma effects have been
examined (Ito, Y. et al, 1987; Miura, S. et al, 1987; Alena,
F. et al, 1990; Jimbow, K. et al, 1992). Among these, S--

15 substituted phenolic amines, N-acetyl-4-S-cysteaminylphenol’

. (N-Ac-4-S-CAP) was found to be a superior substrate of
melanin synthesizing enzyme, tyrosinase (Pankovich, J. et
al, 1990; Miura, T. et al, 1990), and to possess the most
effective melanocytotoxic activity and antimelanoma effect

20 (Miura, T. et al, 1990; Alena, F. et al, 1990; Wong, M. et
al, 1991). 4-S-CAP was, however, as noted, above, found to
have some general cytotoxicity (Alena, F. et al, 1990),
because it is metabolically transformed a cytotoxic aldehyde
metabolite by plasm monoamine oxidase (Pankovich, J. et al;

25 1Inoue, S. et al, 1990). On the other hand, N-Ac-4-S-CAP has
shown an absence of such cytotoxicity (Alena, F. et al,
1990), indicating that N-Ac-4-S-CAP may be a compound
suitable for the development of melanoma chemotherapy.

30 In the treatment of various pigmentary disorders, it
would also be beneficial to determine the specificity of the
compounds used in the treatment and_in particular, compounds
such as N-Ac-4-S-CAP. 1In this regard, we have also
discovered that certain anti-melanoma and depigmenting

35 agents can be labelled with radiocactive molecules to
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30 . and N-Acetyl-4-S-CAP with MIT assay Cell Iine

Cbnpound NAP-TEA N-Acetyl -4-S-CAP I Jerr] 35 HelLa
77l err]g/m 75[err]g/ m SK-MEL-23 % 1
25[err]g/ M UT anel anoti c nel anoma 14 err]-gs/-rriSUbSt'tl"te sheet - 103@ err érﬂ

Substitute sheet - 10 March 1998

achieve not only radioimaging but as well, radio-
chemotherapy particularly in the treatment of malignant

melanoma.
In accordance with this invention, we have also

5 discovered esterified compounds which exhibit excellent
stability and very low general toxicity, but have selective

toxicity for melanocytes.

In accordance with one aspect of the invention, there
10 1is provided a compound for use in radioimaging and
radiochemotherapy in the diagnosis and/or treatment of
melanoma and other pigmentary disorders, said compound béing
selected from compounds represented by the formula (I):

O
1s . Ry
Ra
“
(1)
R,
20 . -
S(cnz)xcmi'-ns
Ry
wherein
25 R, is H or C;-C; alkyl;

R, is H or C,-C, alkyl;

R; is H, C,-Cs alkyl or C,-C; alkanoyl;

R, is H or C,-C; alkanoyl;

Ra is a radioactive material useful in radioimaging
30 and/or radiochemotherapy where the dotted line (---)

indicates: _

1) Ra is covalently bound to the structure of formula

(I);

2) Ra is ionically associated with the structure of
35 _ formula (I); or
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-27- E{AN#EE 7 - UTI LI ZATI ON OF NAP- TEA W TH MUSHROOM TYROSI NASE Pr ocedur e
A reactiion m xture consisting of NAP-TEA (500[err]mol) 5 and of nushroom

tyresinase (11 units) in 1.0 mM of 0.05 M sodi u%%ﬁ&%aéﬁeewfﬁ%aééﬂ_ﬁ@gé)

was incubated at 37[err]Cin a water bath. TFiée re I'ONn Was stoppe
periodically by cooling with ice. Aliquots renoved at set tinme intervals
were rapidly cooled to O[err]J]C in an ice bath and the 10 remai ni ng

NAP- TEA was neasuredz)u%ar]gj.ypﬁ%ioactive carbon which is part of the
| structure of formula (I);
and
x is 1 to 5,
5 with the provisos that when x is 1, one of R;,, R; or R,
is other than H, and that the sulphur containing group and
the Ra group are in the 2, 4 or 6 positions of the phenyl

ring.

10 In accordance with a further aspect of the invention,
there is provided a process for radioimaging melanoma
colonies in vivo in a subject comprising administering to
the subject's circulatory system one or more radioimaging
compounds of formula (I) above and detecting the presence of

15 emitted radiation from an accumulation of said selected
radioimaging compound as said administered compound binds
solely to any melanoma tissue present in said subject.

The preferred compounds of formula (I) are when X is 1
20 and R, is alkanoyl.

‘ In accordance with another aspect, the invention
provides compounds of the formula (II):

25 OR,

(II)

| R, '
30 '
S (CH,) (CHN-R,
)
wherein
35 R, is H or C; - C, alkyl;
R, is H;
This
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HPLC instrument and-conditions Water 600 E |iquid chromatograph system
Condi tihons: [err]Bondapak ([err], Radial-Pak Cartridge (Waters) 15

NbbLle phase; 70% MeOH H err]O 1 m/mn Detect ok, \Water del 1

- absorbance detector Detection; Wavel ength 254 nﬁ$%%¥ﬁuéﬁéﬁ%$§qﬁAﬂ£?§ﬁﬁ%§§
not a substrate of nushroom tyrosinase, due {0 the bl ocki ng effect of
acetoxy group on the 4- position of the benzene ring because its

concentratlon
‘ R, is H, C, - Cs alkyl or C, - C; alkanoyl;

R, is C, - C; alkanoyl; and
x is 1 to 5;
with the proviso that at least one of R, and R; is other than
5 H, and that the sulphur containing group is in the 2, 4 or 6
position of the phenyl ring.

The preferred compounds of formula (II) are when x is 1
and R, is alkanoyl.
10
In accordance with a further aspect of the invention, a
pharmaceutical composition comprises a compound of formula
(II) and a pharmacologlcally or biologically acceptable
carrier.
15
According to a preferred aspect of the invention, this
composition is particularly useful as a depigmenting
composition in sunscreening lotions. The composition is
also useful as an antimelanoma agent and useful for the
20 treatment of melasma and generally useful for blocking
melanin synthesis in human or animal melanocyte cells.

The following is a description with reference to the
accompanying drawings of presently preferred embodiments of
25 the invention. In the drawings:

Figure 1 is a whole body autoradiogram of the sectional
mouse of Figure 1A; and
Figure 1A is a sectioned mouse.
30 |
The radiolabelled compounds of formula (I) are capable
of binding to melanoma tissue such that when the tissue is
subjected to radioimaging the existence of such melanoma
colonies or cells appears in the image. Further, by virtue
35 of the binding of these compounds to melanoma sites, the
radiocactive material may be used in radiochemotherapy
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fenained'qonstant in the reaction'nixfure. However, the 25 concentration
of. N-Acetyl -4-S-CAP in the reaction m xture dropped off rapidly over 25

mnutes to al nost zero anount after 50 mnutes ¢ i '
EXAVPLE 8 - MELANOCYTOTOXICITY IN VIVO OF p- T%i\b%g@term ¥0 Merér 1998

( DEPI GVENTATI ON OF BLACK HAIR) Hairs were plucked manual |y fromthe back of

6-8 week old C57BL/6J black mce (4 mce). Starting on day 2, daily for 14

days NAP-TEA was injected i.p. The dose was 300 ng/ kg body weight. 35
treatment of thé melanoma cells to either kill such cells or

effect their remission.

The preferred compounds of this invention exhibit
5 considerably less toxicity than known forms of phenolic
amine compounds such as the aforementioned 4-S-CP and 4-S-
CAP. 1In particular, when 4-S-CAP is used in radioimaging or
radiochemotherapy, the compound collects in the eye as well
as in the melanoma tissue. However, the compounds of
10 formula (I) do not have such drawbacks and are therefore
particularly suited to this new use. When the compounds.of
the formula (I) are used in radiochemotherapy they may be
combined with suitable pharmaceutical excipients and
carriers wherein the radiocactive selected compounds are
15 present in a biologicallY'effective amount in the carriers.
Suitable biologically,'compatible carriers may be solutions
when injected by either the IP or SC route. Suitable
biologically, compatible carriers for injection include
physiologically normal saline and other types of readily
20 injectable solutions which are well understood by those
skilled in the art and readily available. The preferred
injectable carrier is a neutral buffer having a pH of 7 to
7.4 and does not in any way effect the activity of the
radiolabelled compounds. For purposes of injection, the
25 concentration of the radiolabelled compound in the
injectable'solution is normally in the range of 200 to 1200
mg per kg of body weight where the preferred dosage is in
the range of 300 mg to 500 mg per kg of body weight. 1In the
following examples, further information is provided as to
30 the amount of compounds injected for purposes of
radioimaging.

Although one skilled in the art appreciates that there
are a variety of techniques for making the compounds of
35 formula (I) before they are radiolabelled the proposed
method for manufacturing the compounds is via the

This is the replacement sheet
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Results After conpl etion of the i. p. injections of NAP-TEA, Substitute
sheet > 10 March 1998 -28- mice were depignented with the new repl acenent

hai r being al nost pure white. EXAMPLE 9 - DEPI Gygphdiithe Sihd&tCT OMader1988 ON
NEVBBORN 5 BLACK M CE _ -9-

Weirmeister reaction as described in WO-A-38116302.

As will be demonstrated in the following examples,

radiolabelled compounds of this invention bind specifically
5 to melanoma tissues and the radiolabelled compound or

radiolabelled derivatives thereof remain in the melanoma

tissue for a sufficient period of time for eitherl

therapeutic treatment or for subsequent radioimaging. The

radiolabelling of the compound occurs normally in the phenyl
10 ring in accordance with the following reaction schemes.

A
HO + 8, (CH,CH,NH,),.2HC1 —————> HO
HBx S CH,CHNE,
IR TR
15
B A R,
RO—@-—S CH)CH,NH + ICl, —————> RO-Q s cazcnzz'm
- NaI TRa

R=H, R,;=Acetyl : N-Ac-4-S-CAP
R=R;=Acetyl : MAP-TEA

25 .

\_ A e

~Oxz Yy — »-Orpeet
: I

wherein I® is a radiocactive form of iodine.

30

This Is the replacement sheet
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SIX newborn (3 day old) C57BL/6J black mice were |nJected I.p. with a
singl e "dose of 0.1 nmL of NAP-TEA solution (300 ng/ kg body weight).

Résults The newborn mice were depignented in al |Sdb%t|futé%hééfﬂﬁ§mrbh m%
growi ng hair being light grey after a single i.p. injection of NAP-TEA. 15

EXAMPLE 10 -

I N VI VO MELANOCYTOTOXI CI TY OE1BlAP- TEA IN PI G Sol utions of 15%

NAP- TEA in DVSQ(wW v) and of 15% NAP-TEA in 60% Et OH(w v) were prepared for
topi cal application to a Yucatan pig. NAP-TEA was applied to the

10

15

20

25

30

35

Exemplary iodine labelling is as follows:
N-acetyl-3-iodo-4-S-cysteaminyl -phenol;
N-acetyl-2-S-cysteaminyl-3-iodo-phenol;
N-acetyl-2-S-cysteaminyl-5-iodo-phenol;
N-{2-{(2'-iodo-4'-acetoxy-phenyl)thio}ethyl}-
acetamide;
N-{2-{(2'-acetoxy-5'-iodo-phenyl)thic}ethyl}-
acetamide; and _
N-{2-{(2'-acetoxy-3'-iodo-phenyl)thio}ethyl}-
acetamide.

Various radiolabelling agents may be used such as -
carbon 14, U-14-C, iodine (such as !#33I, 12T and 13I),
technetium (such as *"Tc), fluorine (such as F), indium
(such as '*'In) and S for example. The method of
introduction of the radiolabelling agent to the compound
will depend on the choice of radiolabelling agent, as one
skilled in the art would appreciate. The radiolabelling
agent will be associated with the structure of the compound
through one of the several ways: (1) through a covalent
bond with the compound structure; (2) through ionic
association with the compound structure; or (3) as part of
the structure of the compound.

Novel acylated compounds of this invention are
represented by the compounds of formula (II). It has been
found that those compounds and the analogous compounds of
formula (II) in which R, is C;-C; alkyl (hereinafter
included in references to compounds of formula II)
are particularly useful in the treatment of various
pigmentation disorders and, when formulated into suitable
pharmaceutical compositions, exhibit excellent stability
and very low general toxicity, but selective toxicity with
respect to melanocytes. Hence, in accordance with another
aspect of this invention, the pharmaceutical compositions
are very useful in the treatment of pigmentary diseases
such as treatments involving one or more of the following:

blocking melanin synthesis in human or animal
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back ’slgi,n.of the pig twice a day for 8 weeks. After 8 20 weeks, punch
bi opsy ‘was perfornmed fromthe application area and from nornal skin.

Speci mens obt ai ned were kept in 2N NaBr sol utiorsaﬁgﬁpﬁew-ﬁgll\hgmﬁqggg

separation of the epiderm s fromderm s. Specinens of epiderms were
I ncubated for 3 hours in phosphate buffer ( 7.4) 25 containing L-Dopa.
The specinmens were fixed in 10% neutral fornmalin solution and then washed
twice in PBS. Finally, the specinens were nmounted in glycerol gel. The
nunbers of Dopa-positive nelanocytes in 9 adjacent 1 nmjerr] fields from
each sanpl e wereelenaawie cells,

- inhibiting the metabolic pathway involving tyrosinase

in human or animal melanocyte cells, and
treatment of melanoma, treatment of hyperpigmentation
5 and treatment of cutaneous hyperpigmentation.

In formulae (I) and (II), preferred alkyl and alkanoyl
groups are C, to C;. The most preferred alkyl and alkanoyl
groups are C, to C,.

10

Preferred compounds of formula (I) include N-acetyl-4-
S-cysteaminylphenol, N,N-dimethyl-4-S-cysteaminyl-phenol, 4-
S-homo-cysteaminylphenol, oa-methyl-4-S-cysteaminylphenol, N-
{2-{ (4'-acetoxyphenyl) -thio)ethyl) -acetamide, N-{l-methyl

15 {2-{(4'-acetoxyphenyl)thio}ethyl}-acetamide, N,N-dimethyl
(2-{ (4'-acetoxyphenyl) -thio}ethylamine or N-propionyl-4-S-
cysteaminylphenol.

Preferred specific compounds of the invention of
20 Formula (II) are: '

Compound R, R, R, R,

1. N-(1-Methyl-{2-{(4'-
25 acetoxyphenyl)thio}-
ethyl}acetamide CH, H COCH; COCH,

2. N,N,-Dimethyl {2-{(4-
acetoxyphenyl)thio}-
30 ethylamine H "CH, CH, COCH,
3. N-{2-{(4'-acetoxy-
phenyDthio}ethyl}-
acetamide - H H COCH, COCH,
4. N-{2-{(4-acetoxyphenyl)- :
35 thio} ethyl} propionamide H H COC,H; COCH,

This is the replacement sheet
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H

30 Reéqlté The fields fromskin sanples treated with NAP-TEA reveal ed a
significant reduction in the nunber of functioning nel anocytes;

Substitute sheet - 10 March 1998 -29- Nunber of éﬂﬂéﬁﬂﬁgiﬁébﬁF?dﬁW%%ﬁ%?égs

10

15

20

25

30

35

-12-

The compounds of formula (II) may be manufactured by a
variety of synthesis techniques. Generally, they may be
prepared by acylation of the corresponding cysteaminyl-
phenol compounds.

The cysteaminylphenol compounds may also be prepared in
accordance with the technique disclosed by Miura et al,
"Synthesis of Cysteinylphenol, Cysteaminylphenol, and
Related Compounds, and in vivo Evaluation of Antimelanoma
Effect", Arch. Dermatol. Res. (1987) 279:219-225. This
entails the reaction of a phenol with a cysteamine to yield
4-S~cysteaminylphenol or 2-S-cysteaminylphenol. 4-S-
cysteaminylphenol may then be isolated from the reaction
product by Silica gel column chromatography or
crystallization with changing pH of solution. It is
understood that the various derivatives of this invention
may be made by various radical substitutions to the sulphur
chain, or substituting a thiol with the desired chain.

Details of précesses for making some of the preferred
compounds of the invention are set out in the accompanying
Examples.

The intermediate cysteaminylphenol compounds may be
acylated by reaction with the appropriate alkanoyl; for
example, acetyl chloride may be reacted with N-{2-((4-
hydroxyphenyl) thio)ethyl}acetamide, to give the preferred
compound of the invention N-{2-((4'-acetoxyphenyl)-thio)-
ethyl}acetamide (NAP-TEA).

The compositions of this invention having active agents
of formula (II) provide a mechanism for treating a variety
of pigmentary diseases, such as melasma and other
hyperpigmentation diseases and melanoma and other skin
cancers and for preventing melasma and skin cancers which
are normally induced by exposure to UV radiation. This
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(Average of 9 fields) Normal epidernis 166 i 74/ nmmierr]
NAP- TEA i n BDMBO 32 + 14/ mjerr] 5 NAP- TEA in 60% Et OH

74 + 25/mierr] DMSO only I
117 38/ mmjerr] Fromthe above specific exanpl es?%ls%léﬁégg%ggrie%?%qry%

one of the preferred conpounds, according tqsthis invention, is converted
in vivo to N Acetyl-4-S-CAP which functions, as already discussed I n
WO A- 9116302 as an excellent therapeutic agent in the treatnent of

pi gment ary i :
activity of the composition is achieved by the selected

active compound of the composition becoming toxic in the
melanocytes in the presence of tyrosinase without being a
substrate for plasma MAO. The compositions upon

5 administration, according to this invention, have
significant melanoma cytotoxicity and antimelanoma effects.
This is recognized in the significant depigmentation of hair
on black experimental animals, as well as
significantly inhibiting the experimental growth of lung

10 metastases of Bl6 F10 melanoma cells. The compositions of
this invention have also demonstrated selective toxicity to
other neural crest tumors, such as pheochromocytoma and -
neuroblastoma cells. '

15 Experimental tests on animals indicate per single dose
toxicity levels in the range of 1,400 mg/kg of body weight
for the preferred compound of formula (II), NAP-TEA.

In the pharmaceutical compositions of the invention,
20 the term "a biologically effective amount of the active
compound" means that a sufficient amount of the compound in
the composition is provided such that upon administration to
the human or animal by, for example, i.p., s.c. or topical
route provides sufficient active agent on each application
25 to give the desired result in treating various pigmentary
diseases, including melanoma, melasma, or acting as UV
blocker and/or depigmenting agent in sunscreen
lotions. However, the biologically effective amount of the
active compound is at a level that it is not toxic to the
30 human or animal during the term of treatment.

The term "a suitable biologically compatible carrier"
includes a solvent for the compound when the compound is
injected by either i.p. or s.c. route. Suitable

35 biologically compatible carriers for injection include
physiologically normal saline and other types of readily
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diseésgsf It is therefofe understood that the acylated 15 forms of ‘the
conpounds of this invention are altered in vivo to yield conpounds which

al ready have been established as excellent ther apgititute 8H88ES1( 1foogl d
of treating pignentary disorders. 20 Throughgut t he spé%méirggt igon we

have referenced several Journal articles which relate to standard
procedures and techni ques. Those articles are listed as follows. 25
1. Alena F., Jinbow K. and Ito S. (1990) Mel anocytotoxicity and

Anti nel anoma effects of
injectable solutions which are well understood by those

_gkilled in the art. The preferred injectable carrier is a
neutral buffer having a pH of 7.0 to 7.4. When the
compound is topically applied, the carrier may be any type

5 of suitable excipient or carrier in the form of, for
example, cosmetic compositions, pharmaceutical adjuvants,
and sunscreen lotions.

Suitable carriers for topical application include

10 conventional skin treatment compositions, such as cosmetic
compositions and pharmaceutical preparations. Examples of
such ingredients for topical application are oils such as
liquid paraffin, vaseline, methylpolysiloxane, castor oil,
squalane, and coconut oil; anti-oxidants such as butylated

15 hydroxyanisole, butylhydroxytoluene, ethyl gallate, and
tocopherol; surfactants such as sodium laureate,
laurylpyridinium chloride, polyoxyethylene sorbitan
monooleate, glyceryl monoarachate, sodium N-stearyl-N,N-
dimethyl glycine, oleyl hydrolysed animal protein, and

20 polyoxypropylene glyceryl ether phosphate; humectants such
as glycerol, sodium 2-pyrrolidone-5-carboxylate, and sodium
lactate; thickeners such as tragacanth gum, quince seed
gum, zanthan gum; carboxyvinyl polymer and bentonite;
preservatives such as benzoic acid, allyl p-hydroxy-

25 benzoates, dehydroacetic acid and trichlorocarbonilide;
coloring agents and pigments such as Acid Red Rhodamine B,
Violamin R, Orange SS, Naphthol, Yellow-S, Tartrazine,
Alizarin, Cyanine Green F, Brilliant Blue CFC, Acid Violet,
Carthamine, B-carotene, Red, Blue & Yellow Oxide of Iron,

30 titanium dioxide, Yellow Iron Oxide, Cobalt Blue,
Ultramarine Blue, Rose & Vioclet, triiron tetroxide, and
carbon black; waxes such as Bees wax, Japan wax, Carnauba
wax, Candelilla wax, and lanolin; film-forming agents such
as nitrocellulose and polyvinyl alcohol; solvents or

35 dispersing media such a water and alcohols (e.g. ethanol);
powders such as aluminum powder, talc, kaolin, zinc oxide,

This is thie replacement sheet

Date:  § 1 MAR 199§



Phenol i ¢ ‘Ani ne Conpounds in Mce in vivo. Cancer Res. 50, 3743. 30
2.. lto Y. and Jinbow K. (1987) Selective Cytotoxicity of

4~ S cyst eam nyl phenol on Fol I'i cul ar Mel anocytes Bhasek- Mo wsar
Rational Basis for its Application to Ml anona Eﬁ%ﬁ@?ﬁﬁragsk %gncePthgs

47, 3278. 35 3. Inoue S., Ito S., Wakamajgsu K., Jinmbow K. and

titanium dioxide, mica, calcium, carbonate, and treated -
powders; plasticizers such as acetyl tributyl citrate, and
dibutylphthalate; pharmaceutically active agents such as
retinol, palmitate; y-orizanol, pyridoxine dipalmitate,

5 ascrobyl dipalmitate, ergocalciferol, di-a-tocopherol
acetate, biotin, ethinylestradiol estrone, hydrocortisone,
calcium pantothenate, ammonium glycyrrhizinate, allantoid,
quaiasulene, and hinokitiol; and perfumes such as musk,

' civet, amber, jasmine absolute, and rose oil.
10
The skin treatment compositions, according to this
invention, can be prepared in any conventional form, for
example, solubilized forms such as cosmetic lotions, and
emulsified forms such as liquid creams, creams, ointments
15 and dispersions.

The pharmaceutical compositions of this invention are
particularly useful for depigmenting skin where the
composition is applied topically or injected by s.c. or

20 i.p. route to the afflicted area to achieve desired degree
of depigmentation of the skin.

The compositions of the invention are also especially

useful for treating melanoma. The composition is

25 administered either topically or by injection through i.p.
or s.c. route. The composition is used in treating
melanoma to either clear it up or place it in remission.
Furthermore, a method of the invention is in the
formulating of the comp051t10n useful for treating

30 melanoma.

The compounds of formula (II) may be used in
sunscreening lotions as depigmenting agents. It has been
found that the active agents of formula (II):

35 1. prevent UV radiation activating melanin synthesis in
melanocytes;

This is the replscement sheet



Subsf!}gfe.sheet - 10 March 1998 -30-.Fujita K. (1990) Mechani smof G owth

B?hlﬁltloghof Nblﬁnona Cel l's by 4-S-cysteam nyl phenol and its Anal ogues.
ochem armacol . 39, 1077. 5 4. Ji Mgy | archAlgosa

F., Yamada K., Pankovich J. and Unenura T. (1992) EE%F%%P%??%ﬁggg gpgnent

Bi osynt hesi s Pat hway as a Sel ective Chenotier apeutic Approach for Mlignant
Mel anoma. J. Invest. Dermatol. (in press).

2. prevent moles from becoming melanoma after exposure to
_ sunlight; and
3. are substrates for the enzyme tyrosinase where it is
thought that enzymatic conversion of the substrates
5 produce components which act as depigmenting agents

and possibly as UV blockers in the sunscreen lotion.

Quite surprisingly, we have found that, upon

administration of the acylated derivatives of formula (II),

10 the compounds are deacylated to become potent |
melanocytotoxic and depigmenting agents. Such in vivo
conversion of the compounds is extremely beneficial from
the standpoint of product stability and reduced general
toxicity. Once the compounds of formula (II) are

15 deacylated upon administration, they become excellent
tyrosinase substrates. According to a preferred embodiment
of the invention, NAP-TEA, once incorporated into the body,
is deacylated to become N-acetyl-4-S-CAP which is, as
already demonstrated in WO-A-9116302, a strong tyrosinase

20 substrate that is present only in pigment cells. This
enzyme activity becomes highly expressed in malignant
melanoma and melasma cells where the specificity of N-
acetyl-4-S-CAP is important in avoiding general toxicity to
the patient. The therapeutic approach in the use of these

25 compounds for pigmentary diseases such as melasma and skin
cancer, such as malignant melanoma, have become very
important as well as preventive medicine for photoaging and
skin cancer developed after exposure to sunlight. Melanoma
represents 2% of all cancer by instance and is generally

30 increasing in the population at a rate exceeded only by
lung cancer.

For purposes of treatment, it is understood that
depending upon the route of administration the composition
35 of this invention may have various concentrations of active
agent in the biologically compatible carrier. For purposes
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10 5. Muyra S., Ueda T., Jinbow K, Ito S. and Fujita K (1987) Synthesis
of Cysteinyl phenol, Cysteam nyl phenol and Rel at ed Conpounds, and in vivo

quluation of Antinel anoma Effect. Arch. 15 79,
219, 6. Mura T., Jinbow K. and Ito S. (1990) Sypstitute shBEIT @ March 1098

Ef fect of 4-S-cysteam nyl phenol and its Nepgetyl derivative. Int. J. Cancer
46, 931. 20 7. Pankovi ch, J. Jinbow K. and Ito S. (1990) 4-S

of injection, the concentration of the active agent in the
injectable solution usually is in the range of 200 to 1200
mg/kg of body weight with a preferred dosage in the range
of 300 mg to 500 mg/kg of body weight. For purposes of

5 . topical application, the concentration of the active agent
in the cosmetic cream or the like usually is in the range
of 4% to 10% by weight in a cream base with a preferred
composition in the range of 4% to 6% by weight in a cream
base. '

10

It is appreciated that various complementary agents

may be included with the active agents of this invention.
For example, the composition may be administered in
combination with L-dopa and/or antidecarboxylase. Such

15 combinations may have selected use in the treatment of
various melanomas.

The following Examples demonstrate various aspects of

the invention in providing the diagnosis and treatment of

20 pigmentation diseases, depigmenting properties and
antimelanoma properties. The various compounds of formula
(I) may be radiolabelled in accordance with a preferred
procedure outlined in the following Examples. The
procedures have been described in particular reference to

25 the compound N-acetyl-4-S-CAP; however, it is understood
that the procedure may be similarly applied to the other
compounds of formula (I). Furthermore, the Examples also
demonstrate effectiveness in blocking melanin synthesis for
only one of the compounds of formula (II). However, it is

30 understood that the compounds of formula (II) all exhibit
in a predictable way similar properties.

EXAMPLE 1 Synthesis of N-Acetyl-4-S-cysteaminyl
(U-“C)phenol
35
(U-14C)phenol (9.26 MBqg, 333.3 MBg/mmol) in toluene
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cystéqm nyl phenol and its Anal ogues as Substrates for. Tyrosi.nase and
Monoani ne Oxi dase. Pignent Cells Res. 3, -146. 25 8. Somayaji V.V., W ebe,

L~ 1. and Jinbow K. {1989) Experinental Antinel amtiﬁglghgetj'mg“m@hhggas
of 4-S-cystean nyl phenol (U-[err]C)phenol. Nuc. Conpact 20, 158.

wng M and Jinbow K= (1991) Selective Cytotoxicity of
N- acet yl - 4- S-cyst eani nyl phenol on -18-

(0.25 mL) was added to.aqueous HBr (47% w/v ; 0.5 mL
solution containing unlabelled phenol (1.7 mg; 0.018 mmol)
and cystaminee2HCl (45 mg; 0.2 mmol). The mixture was
heated for 30 min at 130°C in a screw-capped reaction vial.

5 After cooling, the solvent was removed under vacuum and the
residue was dissolved in agueous methanol (3% v/v). The
solution was applied to a Sep-Pak C,; cartridge. The
cartridge was washed with aqueous methanol (10% v/v ; 0.6
mL for removal of excess cystamine and (*¢C) labelled 4-S-

10 CAP and 2-S-CAP were eluted with aqueous methanol (20% v/v
; 3.0 mL). The eluent was concentrated under vacuum. The
major compounds were separated on preparative TLC using the
mobile phase I. The products were extracted from TLC with
MeOH in CHCl, (20% v/v). The two isomers were acetylated

15 with acetic anhydride in dry pyridine at 25°C for 24 hours.
The solvent was removed under vacuum. The residue was
dissolved in NH, (2.0 M) and stirred at 25°C for 30 min for
O-deacetylation. After reaction, the methanol solvent was
removed under vacuum and the residue was purified on

20 preparative TLC using mobile phase II. (**C)N-Ac-4-S-CAP
(9.5uCi, 351.9 kBg) and (**C)N-Ac-2-S-CAP(5.7 pCi, 211.1
kBg) in 3.8% and 2.3% radiochemical yield respectively.
The radiochemical purity of the two isomers was more than
99%.

25

This Example demonstrates that one is able to

synthesize (*C)N-Ac-4-S-CAP with conventional acetylation
and O-deacylation after electrophilic substitution on
phenol of the NH,CH,CH,S* cation in HBr solution, as per the

30 following reaction scheme.

o ' SCH,CH,NH,
130°C
HO@ + Sy{CH,CH,NH,),.2HC] e HQ@SCH,CH,NH, + HO—@
in HBr (47%) '

35 (“c)Phenal © (MCM4S-CAP (MC)=S-CAP
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invention are described herein in detail, it w Ig,yastutednest 090 Nprchheos
skilled in the art that variations may be nmade thereto
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CH,
|
c=0
CH, . |
| SCH,CH,NH
c=0
1, acetic anhydride/pyrridine | _
. HO SCH,CH,NH + HO
2, O-deacetylation

(NH, in McOH) (¥C)N-Ac4-S-CAP (C)N-Ac-2-S-CAP

In the above reaction process, (C)-acetyl-2-S-
cysteaminylphenol ((%C)-Ac-2-S-CAP was also obtained as a
minor isomer. The synthesis of (¥%C)4-S-CAP using the above
reaction was as described previously (Somayaji et al, 1989).
It was difficult to remove cystamine by methanol
precipitation or to separate the 2 and 4 isomers of CAP by
TLC system. However, it was possible to remove cystamine
and accomplish preliminary purification using a Sep-pak C'
cartridge. The chromatographic separation of the two .
isomers was accomplished with mobile phase I. This basic
mobile phase allowed a complete separation of the two
isomeric CAP compounds of the reaction mixture (4-S-CAP : Rf
= 0.66; 2-S-CAP : Rf = 0.53).

Unlabelled crystalline phenol ( 2 mg) reacted smoothly
with cystamine in HBr solution in a small scale reaction.
An overall yield was approximately 76% as a mixture of the
two isomers, the ratio of 4-S-CAP to 2-S-CAP being 2.5.
Acetylation of the O-position and the N-position on isomers
was carried out with acetic anhydride in dry pyridine. O-
Deacetylation for the synthesis of N-Ac-4-S-CAP was
performed with NH, in methanol (2.0 M) under mild conditions
without N-deacetylation. A mixture of 4-S-CAP (a major
product) and 2-S-CAP (a minor product) containing the *C-
radiolabel were obtained by using a two phase reaction
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mnthout departlng fromthe scope of the appended cl ai ns. Substitute
sheet- “10 March 1998 -32 - CLAIMS: 1. A conpound for use in radioi magi ng

and.radi.ochenot herapy in the diagnosis and/or tr%@%@f bﬁ ee? - P(glmgﬂgp.]gggj

ot her pignmentary disorders, said conmpound being romthe group o
. compounds represented by the : -20-

system (toluene : HBr) under reflux, and with the addition
of unlabelled phenol this gave low yield of products. If a
source of (U*C) phenol were available as a solid material
or as a more concentrated solution, the yield and the

5 specific activity can be greatly increased. (*C)N-Ac-4-S-
CAP synthesized from (!4C)4-S-CAP gave a high radiochemical
yield (68%). Although the specific activity of (¥C)N-Ac-4-
S-CAP and (}*C)N-Ac-2-S-CAP was low (450 kBg/umol), the
products would be sufficient to carry out experimental

10 studies. The use of solid (U-*C)phenol with a high specific
activity for the synthesis of (!¢C)4-S-CAP and (C)2-S-CAP
would increase both the specific activity and the yield of
the final products.

15 All chemicals used were of reagent grade quality.
(U-*C) Phenol in toluene was purchased from Sigma Chemical
Company (Saint Louis, Missouri, USA). Preliminary
purification was performed on Sep-Pak C,3 Cartridges (Waters
Chromatography Division, Millipore Corporation, Milford,

20 USA). Whatman PLKSF préparative silica gel 150A plates
were used for separation of 4-S-cysteaminyl (U-!‘C)phencl,
(%C) 4-S-CAP and 2-cysteaminyl (U-C) phenol ((*‘C)2-S-CAP)
using mobile phase I (CHCl, MeOH : NH,OH = 24 :12 :1. 1
v/v/v) and using mobile phase II (CHCl, : MeOH = 85 15 v/v)

25 for the purification of the N-acetyl derivatives of the two
isomers. C- Radiocactivity determination of products was
performed in Aquasal®-2 (Biotechnology Systems NEN®
Research Product, Boston, MA, USA) with a Beckman LS 3801
liquid scintillation spectrometer. HPLC analyses were

30 carried out with a Waters system consisting of a Model 600E
system controller, Model U6K injector and Model 441
detector at 254 nm, using pBonapak C,, reverse phase
compression (10u) column (Waters Millipore Canada Ltd.,
Mississauga, Ontario) and MeOH : 0.1% acetic acid in H,0 (1

35 : 1 v/v) as eluent with a flow rate of 1 mL/min. The final
products, N-acetyl-4-S-cysteaminyl (U-!4C) phenol ((¢C)
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fbmmg'w - [err] wherein Rerr] is Hor (Jerr]-Cerr]
alkyl;>Rerr] is Hor err]-Cerr] alkyl; 20 Rerr][ is H,
Cerr]-Cerr] alkyl or (Jerr]-Cferr] al kanoyl ghsécfhté §hé=éto.r1mréﬂ1§§grr]

al kanoyl; Ra is a radioactive material usetgh.in radi ol nmagi ng and
radi ochenot her apy where the dotted line (---) indicates: 25 1) Ra is
covalently bound to the structure of formula
N-Ac-4-S-CAP) and N-acetyl-2-S-cysteaminyl (U-¢C)phenol
((C) N-Ac-2-S-CAP) were confirmed by comparing their
retention times to those of authentic unlabelled compounds
on HPLC. Radiochemical purity after TLC was determined by
5 collect eluent fractions (0.5 mL) from an HPLC analysis and
counting by a liquid scintillation spectrometer.

EXAMPLE 2A Synthesis of N-{2-((4-Acetoxyphenyl) -
thio)ethyl}acetamide (NAP-TEA)
10
Procedure

Acetyl chloride method

15 To solution of N-{2-((4-Hydroxyphenyl)thio)ethyl}
acetamide (200 mg, 0.95 mmol) in dry pyridine was added
slowly acetyl chloride at -15°C with stirring. The
resulting solution was stirred at 25°C for 1.5 hour. The

_ residue obtained after removal of solvent was

20 chromatographed on a low pressure silica gel column (CANAG,
D-0, fine grain ; Mobile phase : 5% MeOH/CHCL;). The
fractions containing product were collected and then the
white powder obtained after removal of solvent was
recrystallized to gain the white crystals from H,0-MeOH.

25 (Chemical yield : 217 mg, 0.85 mmol 90.3% ) mp= 87-88°

Characterization

1H NMR (Acetone-d¢); & 7.52 (bro, s, 1H, NH), 7.41 (4,
30 fine structure, 2H, J=8.5 Hz, aromatic C(2)-H, C(6)-H),
7.04 (d, fine structure 2H, J=8.5 Hz, aromatic C(3)-H,
Cc(5)-H), 3.33 (m, 2H, J(CH,-CH,)=6 Hz, J(CH,-NH)=7.5 Hz,
CH,CH,NH), 3.05 (dd, 2H, J(CH,.w2)=8 Hz, SCH,), 2.22(s,
3H, CH,CO00), 1.83 (s, 3H, CH,CONH).
35
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(I);'%) ﬁa.is ionically associated with the structure of formula (1); or 3)
Ra- i s fadi oactive carbon which is part of the 30 structure of formula

(1); and x is 1 to 5 wth the provisos that wheng: c
Rlerr] or Rlerr] is other than H, and that the ?ﬁPﬁWﬁr %g%§g$g?hgﬁ%$38§8and

35 the Ra group are in the 2, 4 or 6 posiigpns of the phenyl ring.

3¢ NMR (Acetone-d¢) ppm; 169.95 (1C, CH,CONH) 169.29
(1c, CH,CO00), 150.12 (1C, aromatic, C(4)), 133.61 (1iC,
aromatic, C(1)), 130.76 (2C, aromatic, CH) 122.98 (2C,
aromatic, CH), 39.35 (1C, CH,NH), 33.48 (1C, SCH,),

5 .22.52 (1C, CH,CONH), 20.61 (1C, CH,COO).

(HRMS), 253.0773; intensity = 18.18%.

10 EXAMPLE 2B Synthesis of N-{2-{(4-Acetoxyphenyl)thio}-
ethyl}propionamide (NAP-TEP)

A mixture of 2-ethyl-2-oxazoline (786 mg, 7.94 mmol)

and 4-hydroxythiophenol (1 g, 7.94 mmol) was heated at 125°

15 for 2 h under Ar gas. After cooling of the reaction
mixture, the mixture was evaporated under vacuum. The
residue was purified with a low pressure normal phase
gsilica gel column chromatography (mobile phase: 10% MeOF in
CHCl,). N-propionyl-4-S-cysteaminylphenol (N-Pro-4-S-CAP)

20 was obtained as a white powder on evaporation of the
solvent (Chemical yield: 53.4%, 953 mg).

A mixture of N-propionyl-4-S-cysteaminylphenol, dry

pyridine, and acetic anhydride is then stirred at 25° for
25 24 hours. The reaction mixture is evaporated under vacuum

and the residue is purified with a low pressure normal

phase silica gel column chromatography (mobile phase : 8%

MeOH in CHGCl,). N-{2-{(4-acetoxyphenyl)thio}-ethyl}-

propionamide (NAP-TEP) is obtained as a white powder upon
30 evaporation of the solvent.
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Subsfi}ufe.sheet - 10 March 1998 -33- 2. A conpound of the formula (11):
10 : [err] wherein Rerr] is Hor (Jerr] - (err] alkyl;

Rlerr] is H 15 Rlerr] is H Cerr] - (g)pétitateshedt’- 1@ Marth 1998
C err] al kanoyl;

-23 -~

EXAMPLE 3

In vivo covalent binding of (¢C)-N-acetyl-4-S-CAP was
investigated in mice. Female C57BL/6J mice received a
single intraperitoneal injection of 2.0 mmol/kg (*C)-N-

5 acetyl-4-S-CAP compound. The animals were killed 48 hours
later. The tissues were removed and the covalent binding
was determined as follows.

Five different tissues were examined for covalent

. binding of radioactively labelled N-acetyl-4-S-CAP

10 intermediate(s). The maximum binding of N-acetyl-4-S-CAP
was detected in the s.c. melanoma tumor and melanoma
colony-bearing lung tissues. In contrast, the normal
organs, e.g., the lung without melanoma colonies, kidney
and liver, which are actively involved in drug metabolism

15 of N-acetyl-4-S-CAP, did not reveal a significant
accumulation of radioactive material. The results of such

study are set out in the following Table 1.
TABLE |

20 In Vivo Covalent Binding of (14C)-NACAP to Lung with and without B16F10
Melanoma Colonies, B16F10 Melanoma s.c. Tumor Tissue, Liver and Kidney

Tissue* Covalent Binding®
(nmol covalently bound/mg of protein
Lungs with B16F10 0.330 +0.118
25 melanoma colonies _
Lungs without B16F10 0.010 +0.001
melanoma colonies
B16F10 melanoma 0.521 +0.076
' s.c. tumor
30 Liver | . 0.013 +0.003
Kidney 0.008 + 0.001

‘Female C57BL/6J mice received a single intraperitoneal injection of 2.0 mmol/kg
(**C)-NACAP. The animals were killed 48 hr later, the tissues were removed,

35 and the covalent binding was determined as described under above.
The data are presented as the means +S8.D. (n=3).
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R[erfl is C[err]'- Cerr] alkanoyl; and x is 1 to 5; and with the proviso
that at | east one of Rerr] and R err] is other than H and that the

sul phur containing group is in the 2, 20 4 or GRith f erod
ring. 3. A process for radioi magi ng nel anoma cot%ﬁﬁgss?%esiegm&ﬂeg 8

subj ect conprising i) admnistering to the gubject's circulatory system one
or nore radioi magi ng conpounds as 25 defined in Caim1l and detecting the
presence of emitted radiation froman accunul ati on of said sel ected

radioimaging compound as said AT YiReiea B9 hadd-BLAgS
autoradiography was determined in use of the compounds of
-this invention and in particular, (C)N-acetyl-4-S-CAP at
48 hours after i.p. injection of (*C)N-acetyl-4-S-CAP in
5 the mouse, radioactive material was cleared from the body
and ‘'was not detectable in any normal organs except the
lumen of the large intestine. This is shown in the
attached Figure 1. A whole-body autoradiogram of the
mouse with both an s.c. B16F10 melanoma tumor and a
10 B16F10 lung melanoma colonies after single i.p. injection
of (¥C)N-acetyl-4-S-CAP (5.0 puCi). 48 hours after _
injection the animal was killed, frozen and prepared for
sectioning. The 20-um sections were freeze-dried and
exposed to x-ray film for whole-body autoradiography.
15 A) A whole-body section without exposure to x-ray film.
E, eye; B, brain; Lu, iung with B16F10 melanoma colonies;
H, heart; Li, liver; Me, s.c. melanoma tumor; I,
intestines. B) after exposure to x-ray film. Positive
signal of accumulated radioactivity is clearly detectable
20 in the melanoma colony-bearing lung and s.c. melanoma
tissues, as well in the lumen of the distal partes of
intestine. Bar, 1 cm. '
This result as shown in Figure 1 demonstrates the
significant detoxication_bf N-acetyl-4-S-CAP in the liver
25 followed by the excretion of N-acetyl-4-S-CAP metabolites
into the bile. The s.c. melanoma tumor and the lung with
melanoma colonies were the only organs displaying a
significant accumulation of the radioactivity.
The radiolabelled compounds of this invention and in
30 particular, radiolabelled N-acetyl-4-S-CAP and
radiolabelled NAP-TEA are particularly useful as
radioimaging agents without causing toxic side effects in
the host. Also, in appropriate dosages the compounds may be
used effect radio-chemotherapy at specific melanoma
35 sgites within the host.
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solely;to‘any mel anoma ti ssue present in said subject. 30 4. A conpound
as-clai'rmed in daiml or Claim2, wherein said sul phur containing group is

in the 4 position. 5. A conpound as clainmed i AitifeShedicp
group is in the 2 or 6 position. 35 Substitutrsel%s eﬂefl_:b - 10 I\/grr\?ﬁ%

Z34-

10

15

20

25

30

35

it
-25-

EXAMPLE 4 - EXPERIMENTS FOR O-DEACYLATION
OF NAP-TEA IN MOUSE PLASMA

NAP-TEA was introduced to mouse plasma to determine
by in vitro experimentation the extent to which NAP-TEA
is deacetylated to form N-Acetyl-4-S-CAP. The procedure
was as follows. Into 100 ul of mouse plasma, 10 ug of
NAP-TEA was introduced. The mixture was shook for one-
half of a minute and then passed through a Sep-Pak C,,
cartridge in either 7 ml of 5% methanol/water to form

‘eluent 1 or in 4 ml of 50% methanol/water to form eluent

2. Both eluents 1 and eluents 2 were collected. Aqueous
methanol was removed from eluent 2 to provide a residue
which was subjected to HPLC under the following
conditions. The HPLC had a column of ¢ Bonapak C;; under
reverse phase radical compression. The residue was mixed
with methancl:water at 50:50 with a flow rate through the
radiograph at 1 ml/min. The detector was a Water
Associates Model 441 with detection by ultravioclet at 250
nm. All that was detected in eluent 2 as passed through
the chromatograph was N-Acetyl-4-S-CAP which indicates that
NAP-TEA was readily deacylated by the mouse plasma to give
the desired active agent.

EXAMPLE 5 - DETERMINATION OF NAP-TEA, N-ACETYL-4-S-CAP
AND METABOLITES IN IN VIVO EXPERIMENTATION
A C57BL/6J Black Mouse was injected at 300 mg/kg
body weight by i.p. administration of NAP-TEA. 100 ul of
plasma was extracted from the mouse after 5 minutes of
injection and after 20 minutes of injection. The plasma

 samples were treated in accordance with the procedure of

Example 2. The plasma samples were passed through a
Sep-Pak C,; cartridge in either 5% methanol:water to
produce eluent 1 or 50% methanol/water to produce eluent
2. Eluent 2 had the aqueous methanol removed therefrom
to provide a residue. The residue was redissolved in
methanol/0.1% acetic acid and water in a ratio of 50:50
and subjected to HPLC for both the 5 minute and 20 minute
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6. ‘A_cdnpound as claimed in Caim1, wherein the organic noiety of
formula (1) is selected fromN-acetyl-4-S cysteam nyl phenol

N, N- di et hyl - 4- S- cyst eam nyl phenol , 4-S- hono- cggefMite he&e ) March 1998
a- net hyl - 4- S-cyst eam nyl phenol, N- 5 . '

{2-{ (4" -acet oxyphenyl)thi o}ethyl)-acetam deggh (1-net hyl (2- ’
{(4-acet oxyphenyl)thio}ethyl}-acetam de, N, N-di nethyl {2-

{(4' -acet oxyphenyl )t hi o} et hyl ami ne and N propionyl -4-S- cysteam nyl phenol .

L0 tiyr  SOTg a2 ol B Te O Gy S 2t MR B, o
wherein sai d nBhetiy was evidence of N-Acetyl-4-S-CAP. The
concentration of N-Acetyl-4-S-CAP in the 5 minute
extracted sample being considerably greater than in the
5 20 minute extracted sample to indicate that in vivo NAP-
TEA is deacylated to N-Acetyl-4-S-CAP which in turn is
then taken up by the mouse melanocytes.

EXAMPLE 6 - IN VITRO CYTOTOXICITY OF NAP-TEA
MTT assay in accordance with the gtandard procedure
MTT solution (Sigma catalog No. M2128) was dissolved

in PBS at 1 mg/ml and filtered to sterilize the solution.
The solution was stored in the dark at 4°C until used.
The growing cells were harvested, counted and inoculated

15 into 96 well microtiter plates (1-2 x 10® cells/well).
After 24 h, drugs were applied to culture wells, and the
cultures were incubated for 5 days at 37°C. At this
time, 50 ul of MTT solution was added to microculture
wells. After 4 h incubation at 37°C, supernatant was

20 removed from each well. 150 pl of DMSO was added to

solubilized the MTT-formazan product. After mixing

gently, absorbance at 540 nm was measured with ELISA

10

plate spectrophotometer.

25 Results
NAP-TEA showed lower in vitro cytotoxicity than that of

N-Acetyl-4-S-CAP on 3 cell lines.

In vitro cytotoxicity(ICs;,) of NAP-TEA

30 and N-Acetyl-4-S-CAP with MTIT assay
Cell line Compound
NAP-TEA N-Acetyl-4-S-CAP
ICso
35 Hela 77ug/ml 75ug/ml
SK-MEL-23 31pg/ml 25pg/ml

UT amelanotic melanoma 1l4ug/ml 12pg/ml
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i's bF{?-{(4-acetoxyphenyl)thio}ethyl}-acetanide. 15 9. A compound as
claimed in any one of Claims 1 and 4 to 8, wherein said radioactive

material Ra is selected fromcarbon 14, U 14-C ]
[err]] and [err]l), technetium (such as [err] Tc)Slu g'% %ﬁgéhsﬁ%hw{ﬁgh 1968

[err]F), indium 20 (such as [err]ln) and {®r¥]S 10. A process as clainmed in
Claim3, wherein said radi oi magi ng conpound is as defined in any one of
Clains 4 to 9. 25
EXAMPLE 7 - UTILIZATION OF NAP-TEA WITH MUSHROOM
TYROSINASE
Procedure
A reaction mixture consisting of NAP-TEA (500umol)
5 and of mushroom tyrosinase (11 units) in 1.0 ml of 0.05 M
sodium phosphate buffer (pH 6.8) was incubated at 37°C in
a water bath. The reaction was stopped periodically by
cooling with ice. Aliquots:removed at set time intervals
were rapidly cooled to 0°C in an ice bath and the
10 remaining NAP-TEA was measured using HPLC.

HPLC instrument and conditions
Water 600 E liquid chromatograph system
Conditions: pBondapak C;3, Radial-Pak Cartridge (Waters)

15 . Mobile phase; 70% MeOH/H0, 1 ml/min
‘Detector; Waters Model 441 UV absorbance
detector

Detection; Wavelength 254 nm

20 Results :
NAP-TEA was not a substrate of mushroom tyrosinase,

due to the blocking effect of acetoxy group on the 4-
position of the benzene ring because its concentration
remained constant in the reaction mixture. However, the

25 concentration of N-Acetyl-4-S-CAP in the reaction mixture
dropped off rapidly over 25 minutes to almost zero amount
after 50 minutes in the reaction mixture.

EXAMPLE 8 - MELANOCYTOTOXICITY IN VIVO OF NAP-TEA

30 (DEPIGMENTATION OF BLACK HAIR)
_ ' Hairs were plucked manually from the back of 6-8
week old C57BL/6J black mice (4 mice). Starting on day
2, daily for 14 days NAP-TEA was injected i.p. The dose
was 300 mg/kg body weight.

35

Results
After completion of the i.p. injections of NAP-TEA,
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11 A conpound as claimed in Caim2, wherein said sul phur group is in the
4 position. 12. N-{2-{(4' - acetoxyphenyl)thlo}ethyl} acetam de. 30 13. A

conpound as claimed in Claim2, selected from bstitute sheet - 10 March 1998
met hyl {2-{(4' - acet oxyphenyl )t hi o} et hyl } -acetam de and N-(2-
{ (4- acet oxyphenyl )t hi o} et hyl } propi onam de.og5 14. A pharnmaceuti cal
conposition conprising a conpound as defined in Caim2 and a
pharmaceutically acceptabl e

mice were depigmented with the new replacement hair being

almost pure white.

EXAMPLE 9 - DEPIGMENTING EFFECT OF NAP-TEA ON NEWBORN
5 BLACK MICE
Six newborn (3 day old) C57BL/6J black mice were
injected i.p. with a single dose of 0.1 mL of NAP-TEA
solution (300 mg/kg body weight).

10 Re v
The newborn mice were depigmented in all hair
follicles with the growing hair being light grey after a
single i.p. injection of NAP-TEA.

15 EXAMPLE 10 - IN VIVO MELANOCYTOTOXICITY OF NAP-TEA IN PIG
Solutions of 15% NAP-TEA in DMSO(w/v) and of 15%
NAP-TEA in 60% EtOH(w/v) were prepared for topical
application to a Yucatan pig. NAP-TEA was applied to the
back skin of the pig twice a day for 8 weeks. After 8

20 weeks, punch biopsy was performed from the application area
and from normal skin. Specimens obtained were kept in 2N
NaBr solution for 3 hours followed by separation of the'
epidermis from dermis. Specimens of epidermis were
incubated for 3 hours in phosphate buffer (pH 7.4)

25 containing L-Dopa. The specimens were fixed in 10%
neutral formalin solution and then washed twice in PBS.
Finally, the specimens were mounted in glycerocl gel. The
numbers of Dopa-positivé melanocytes in 9 adjacent 1 mm?
fields from each sample were counted.

30 '

Results

The fields from skin samples treated with NAP-TEA
revealed a significant reduction in the number of
functioning melanocytes;
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Substitute.sheet - 10 March 1998 -35- carrier. 15. A pharmaceuti cal
conposition as clained in Caim114, wherein said carrier is a topical
vehicle. 16. A pharnaceutical conposition as cl gypBftutéskéeét MG Mardhaoe8n
said carrier is a sunscreening conmposition. 17. A pharnmaceuti cal
conposition as clained in any one of 10 dxns 14 to 16, wherein said
conpound is as defined in any one of Clains 11 to 13.

Number of functioning_melanocytes
(Average of 9 fields)

Normal epidermis 166 + 74 /mm?
NAP-TEA in DMSO 32 + 14/mm?
5 NAP-TEA in 60% EtOH 74 + 25/mm?
DMSO only 114 + 56/mm?
EtOH only 117 + 38/mm?

From the above specific examples, it is apparent that

10 one of the preferred compounds, according to this
invention, is converted in vivo to N-AcetylF4-S-CAP which
functions, as already discussed in WO-A-9116302 as an
excellent therapeutic agent in the treatment of pigmentary
diseases. It is therefore understood that the acylated

15 forms of the compounds of this invention are altered in
vivo to yield compounds which already have been established
as excellent therapeutic agents in the field of treating
pigmentary disorders. '

20 Throughout the specification we have referenced
several Journal articles which relate to standard
procedures and techniques. Those articles are listed as
follows.

25 1. Alena F., Jimbow K. and Ito S. (1990)
| Melanocytotoxicity and Antimelanoma effects of
Phenolic Amine Compounds in Mice in vivo. Cancer
Res. 50, 3743. |

30 © 2. Ito Y. and Jimbow K. (1987) Selective
' 'Cytotoxicity of 4-S-cysteaminylphenol on
Follicular Melanocytes of the Black Mouse -
Rational Basis for its Application to Melanoma
Chemotherapy. Cancer Res. 47, 3278.
35 |
3. Inoue S., Ito S., Wakamatsu K., Jimbow K. and
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18. The use of a conpound of the formula (I1): [err] wherein 25
Rlerr]:is Hor CJerr] - CJerr] alkyl; Rerr] is Hor Cerr] - (err] alkyl;

Rlerr] is H (err] - (Jerr] alkyl or Cferr] - ititersheaay1 €t 11P9Bs
Cerr] - (Jerr] alkanoyl; and x is 1 to 5; and %Bée\nthth t he prOO\Mago tﬁat

when x is 1 one of Rlerr], Rerr] or Rerfjois other than H and that the
sul phur containing group is in the 2, 4 or 6 position of the phenyl ring,

Fujita K. (1990) Mechanism of Growth Inhibition
of Melanoma Cells by 4-S-cysteaminylphenol and
its Analogues. Biochem. Pharmacol. 39, 1077.

5 4. Jimbow K., Iwashina T., Alena F., Yamada K.,
Pankovich J. and Umemura T. (1992) Exploitation
of Pigment Biosynthesis Pathway as a Selective
Chemotherapeutic Approach for Malignant Melanoma.
J. Invest. Dermatol. (in press).

10
5. Miura S., Ueda T., Jimbow K., Ito S. and Fujita
K. (1987) Synthesis of Cysteinylphenol,
Cysteaminylphenol and Related Compounds, and in
vivo Evaluation of Antimelanoma Effect. Arch.
15 Dermatol. Res. 279, 219.

6. Miura T., Jimbow K. and Ito S. (1990) The in vivo
Antimelanoma Effect of 4-S—cysteaminy1phenol and
its N-acetyl derivative. . Int. J. Cancér 46, 931.

20 '

7. Pankovich, J. Jimbow K. and Ito S. (1990) 4-S-
cysteaminylphenol and its Analogues as Substrates
for Tyrosinase and Monoamine Oxidase. Pigment
Cells Res. 3, 146.

25 |

8. Somayaji V.V., Wiebe, L.I. and Jimbow K. (1989)
Experimental Antimelanoma Agents: The Synthesis
of 4-S-cysteaminylphenol (U-¢C)phenol. Nuc.
Compact 20, 158.

30

9. Wong M. and Jimbow K. (1991) Selective
Cytotoxicity of NQacetyl-4-S4cysteaminylphenol on
Follicular Melanocytes of Black Mice. Br. J.
Dermatol 124, 56. '

35
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for the manufacture of a nedi canent for (a) blocking nelanin synthesis in
hunan and ani nal el anocyte cells; (b) 35 inhibiting the nmetabolic pathway

invol ving tyrosinase in human and ani mal nel anocs(}@,ﬂﬁﬁélshee{cjommhlmg
mel anoma; Substitute sheet - 10 March 1998 -36- (d) for treating

hyper pi gnentation; or (e) for treating cutgmeous hyper pi gment at i on.

Although preferred embodiments of the invention are
described herein in detail, it will be understood by those
skilled in the art that variations may be made thereto
‘without departing from the scope of the appended claims.
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19. A us€ as claimed in Caim18, wherein said conpound is as defined i.n
any one of Clains 2 and 11 to 13. Substitute sheet - 10 March 1998 37

10. A conpound of the formula.(l1): 10 ; 1l '
Refr] is Hor Qerr] - Clerr] al kyl . a2, Substitute sheét®’ 10 MHEh 9098

CLAIMS:

1. A compound for use in radioimaging and
radiochemotherapy in the diagnosis and/or treatment of

5 melanoma and other pigmentary disorders, said compound being
selected from the group of compouhds represented by the

formula:

OR,

/’/

10

(1)
R
S (CH,) ;CHN-Ry
15
R
. wherein
R, is H or C,-Cs alkyl;
R, is H or C,-Cy alkyl;
20 R, is H, C,-Cs alkyl or C,-C; alkanoyl;

R, is H or C;-Cg alkanoyl;

Ra is a radicactive material useful in radioimaging
and/or radiochemotherapy where the dotted line (---)
indicates:

25 1) Ra is covalently bound to the structure of formula

(1)

2) Ra is ionically associated with the structure of

formula (I); or |

3) Ra is radicactive carbon which is part of the

30 structure of formula (I); '
and

x is 1 to §5,

with the proviéos that when x is 1, one of R,, R, or R;
is other than H, and that the sulphur containing group and

35 the Ra group are in the 2, 4 or 6 positions of the phenyl
ring.

Iy,
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Rlerr] is Hor (Jerr] - C[err] alkyl; 15 Rlerr] is H (err] - (ferr]
alkyl or Cerr]-Cerr] al kanoyl ; Rlerr] is Cferr] - Cferr] alkanoyl X is
lito 5; and with the proviso.that x is lone of r I
other than H, and that the sul phur containing gr oup{'gdstelﬁb% 10‘Mar§!¢elgdgr 6
position of the phenyl ring. 11. A pharnacgu.cal conposition conprising a
conpound of claim 10 and a pharnmaceutically acceptable carrier. 25 12. A
canpound or conposition of claim10 or 11 wherein

2. A compound of the formula (II):

OR,
5
(11)
_$1
S(Cﬂg)zcm“’ks
10 . R,
wherein

R, is H or C, - C; alkyl;

R, is H;
15 R, is H, C, - C; alkyl or C; - Cg alkanoyl

R, is C, - C; alkanoyl; and
'x is 1 to 5; and
with the proviso that at least one of R, and R3 is other
than H, and that the sulphur containing group is in the 2,
20 4 or 6 position of the phenyl ring.

3. A process for rédioimaging melanoma colonies in vivo
in a subject comprising i) administering to the subject's
circulatory system one or more radioimaging compounds as
25 defined in Claim 1 and detecting the presence of emitted
radiation from an accumulation of said selected _
radioimaging compound as said administered compound binds
solely to any melanoma tissue present in said subject.

30 . 4. A compound as claimed in Claim 1 or Claim 2, wherein
said sulphur containing group is in the 4 position.

5. A compound as claimed in Claim 4, wherein said Ra
group is in the 2 or 6 position.
35
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sai d sul phur group is in the 4 position. 13. A conpound or composition of
claim10 or 11 30 conprising

N (2-((4' -acet oxyphenyl)thio}ethyl)-acetanide. d
conposition of claim10 or 11 conprising N (1- Ne%t‘thbfm[g?%%{] 10March 1998

(4' - acet oxyphenyl )t hio}ethyl}- acsetazi de. 15. A conpound or conposition
of claim10 or 11 conprising N, N, -di nethyl {2-{(4'-acetoxyphenyl)-
6. A compound as claimed in Claim 1, wherein the organic
moiety of formula (I) is selected from N-acetyl-4-S-
cysteaminylphenol, N,N-dimethyl-4-S-cysteaminylphenol, 4-S-
homo-cysteaminylphenol, o-methyl-4-S-cysteaminylphenol, N-
5 {2-{(4'-acetoxyphenyl)thio}ethyl}-acetamide, N-{l-methyl {2-
{ (4-acetoxyphenyl)thio}ethyl}-acetamide, N,N-dimethyl {2-
{(4'-acetoxyphenyl)thio}ethylamine and N-propionyl-4-S-
cysteaminylphenol.

10 7. A compound as claimed in Claim 6, wherein said moiety
is N-acetyl-4-S-cysteaminylphenol.

8. A compound as claimed in Claim 6, wherein said moiety
is N-{2-{(4-acetoxyphenyl)thio}ethyl}-acetamide.
15 | '
9. A compound as claimed in any one of Claims 1 and 4 to
8, wherein said radiocactive material Ra is selected from
carbon 14, U-14-C, iodine (such as }?I, %I and 1),
technetium (such as °™Tc), fluorine (such as 'F), indium
20 “(such as 'In) and 3S.

10. A process as claimed in Claim 3, wherein said
radioimaging compound is as defined in any one of Claims 4

to 9.
25 .
11. A compound as claimed in Claim 2, wherein said sulphur
group is in the 4 poéition.
12. N-{2-{(4'-acetoxyphenyl)thio}ethyl}-acetamide.
30

13. A compound as claimed in Claim 2, selected from N-(1-
methyl{2-{ (4'-acetoxyphenyl)thio}ethyl}-acetamide and N-{2-
{ (4-acetoxyphenyl)thio}ethyl }propionamide.

35 14. A pharmaceutical composition comprising a compound as
defined in Claim 2 and a pharmaceutically acceptable
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Substitut'e.sheet - 10 March 1998 38 thio~ethyl anine. 16. A conpound or
conposition of claim 10 or 11 conprising N (2-{

(4-acaot xyphenyl )t hi o~et hyl }- 5 propi onaxi de. 1gypdiitafershasteuio Miakch 1998
conposition as clainmed in any one of claiggsll to 16 wherein said carrier

Is a topical

10

15

20

25

30

35

vehicle. 10

carrier.

15. A pharmaceutical composition as claimed in Claim 14,
wherein said carrier is a topical vehicle.

16. A pharmaceutical composition as claimed in Claim 15,
wherein said carrier is a sunscreening composition.

17. A pharmaceutical composition as claimed in any one of
Claims 14 to 16, wherein said compound is as defined in any
one of Claims 11 to 13.

18. The use of a compound of the formula (II):

OR,

. (II)
R
S (caz)xcm"'n;

Ry

wherein

R, is H or C; - Cy alkyl;

R, is H or C; - C4 alkyl;

R, is H, C;, - Cy alkyl or C, - C; alkanoyl;

R, is C; - Cq alkanoyl; and

X is 1 to S; and _
with the proviso that when x is 1 one of R,, R, or R, is
other than H, and that the sulphur containing group is in
the 2, 4 or 6 position of the phenyl ring,
for the manufacture of a medicament for (a) blocking melanin
synthesis in human and animal melanocyte cells; (b)
inhibiting the metabolic pathway involving tyrosinase in
human and animal melanocyte cells; (c)'treating melanoma;
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18. A pharpaceutical connposition as clainmed in any one of claim1l to 16
whereih said carrier is a sunscreening conposition. 15 1.9. A

phar maceutical conposition to of any one of cl lﬂﬁm&ﬁe%ﬂeéf-ﬁer 6 1g08( )
bl ocki ng nel anin synthesis in human or ani gl _nelanocyte cell; @ﬁ?% .
inhibiting the netabolic pathway involving tyrosinase in human or ani nal

nel anocyte cells; (c)treating nelanoma; (d) treating 20 hyperpi gnentation
or (e) for use in treating cutaneous hyperpignentation 20. A nethod of

bl ocki ng nel ani(@)s¥ptrhesieatinghbyperpigmentation; or (e) for treating

cutaneous hyperpigmentation.

19. A use as claimed in Claim 18, wherein said compound is

5 as defined in any one of Claims 2 and 11 to 13.

| O A This i 7 oplacemand sheet
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4

ani mal mel anocyte cells conprising admnistering to a 25 patient a nelanin
synt hesi s bl ocking ambunt of a conposition of any one of claim 11 to 16.
Zl. A method of inhibiting the netabolic pat hwagubgﬁfﬁlté EﬁeétyrﬁMlﬁ'éﬁ 1088
human and ani mal nel anocyte cells 30 conrising admnistering to a patient
an inhibiting amount of a conposition of any one of clains 11 to 16 22. /A
met hod of therapeutically treating nmel anoma gpnprising adm nistering t
patient a therapeutically 35 effective anount of a conposition of any
of clains 11 to 160. A compound of the formula.(II): ]

OR,

(II)
&
S (cH,)  CaN-R,
R,
10

wherein
R, is H or ¢, - G alkyl;
R, is H or C; - C; alkyl;
15 R, is H, ¢, - ¢, alkyl or
Ry is ¢, -~ C; alkanoyl;
x is 1 to 5; and
with the proviso that wher/x is 1 one of R, R, or R; is
other than H, and that t}ie sulphur containing group is in
20 the 2, 4 or 6 position 6f the phenyl ring.

= C; alkanoyl;

11. A pharmaceuti : al composition comprising a compound

of claim 10 and Pharmaceutically acceptable carrier.
25
d or composition of claim 10 or 11 wherein
said sulphuy’ group is in the 4 position.

30 comprising nf—{z-( (4’ -acetoxyphenyl)thio}ethyl)}~-acetanide.
14. / A compound or composition of claim 10 or 11
cofiprising N- (l-methyl{2-{ (4’ -acetoxyphenyl) thio}ethyl}~-

cetamide.

15. A compound or conposition of clain 10 or 11
compr:.s:.ng N,N,~dimethyl {2~{ (4‘=-acetoxyphenyl) -

R R
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éubstitut‘e,sheet- 10 March 1998 39 23. A nethod of therapeutically
treatihg hyperpi gnentation conprising adm nistering toa patient a

therapeutically effective amount of a conpositi : h88E- 96 Mardh Mookl
to 16. 5 24. A method of therapeutically treati%g?"bgﬁgﬁéous _

38

thio}ethylanine.

16. A compound or composition of claim 10 or 11
comprising N-{2-{ (4-aceotxyphenyl)thio}ethyl}~
'5 propionamide.

17. A pharmaceutical composition as claided in any one

of claims 11 to 16 wherein said carrier/is a topical

vehicle.
10

18. A pharmaceutical composition claimed in any one

of claims 11 to 16 wherein said garrier is a sunscreening

composition.

15 19. A pharmaceuntical co ition of any one of claims 11

pathway involving t inase in human or animal
melanocyte cells; (¢} treating melanoma; (d) treating

20 hyperpigmentation,/or (e) for use in treating cutanecus
hyperpigmentatiop.

20. A method/of hlocking melanin synthesis in human or
animal melarnocyte cells comprising administering to a
25 patient a/melanin synthesis blocking amount of a

composiffion of any one of claims 11 to 1s.

21. /A method of inhibiting the metabolic pathway
inyolving tyrosinase in human and animal melanocyte cells
prising administering to a patient an inhibiting
amount of a composition of any one of claims 11 to 16.

30

22. A method of therapeutically treating melanoma
comprising administering to a patient a therapeutically
effective amount of a composition of any one of claims 11
to 16.
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hyper pi gient at i on conprising administeringto a patient a therapeutically
ef fective ampunt of a conposition of any one of clains 11 to 16. 10 25. The _ .
use, of a canpound of any one clains 10, 12, 13 Subktititd shéet on0Mardchr1998 -~ |
nmenuf acture of a nedicament for (a) blocking nelanin synthesis in human gnd . "
ani mal nel anocyte cell;(b) inhibiting the netabolic pathway 15 invol vi
tyrosinase in human and ani mal nel anocyte cegys; (c)treating nel anong,” (d)s
for treating hyperpignentation; or (e) for treating cutaneous B

23. A methdd of therapeutically treating

hyperpigmentation comprising administering to atieﬁi a
therapeutically effective amount of a composjifion of any
one of claims 11 to 16.

5
24. A method of therapeutzcally treafing cutaneous
hyperngnentat;on canpr;s;ng adni 'ster;ng to a patient a
~ therapeutically effective amoun of a .composition of any
one of claims 11 to 16. -
10

'25. The use of a comp of any one claims 10, 12, 13,
14, 14, 15 or 16 for the manufacture of a medicament for
(a) blocking mel synthesis in human and animal
melanocyte cellsf (b) inhibiting the metabolic pathway
involving tyrdeinase in human and animal melanocyte
(e) eating nelanana, (d) for treating

ntation; or (e) for treating cutaneous
gmentation.
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Abstract of the disclosure

RADIOIMAGING AND RADIOCHEMOTHERAPY PHENOLIC THIOETHER
AMINES AND ACYL 'DERIVATIVES THEREOF FOR USE IN DIAGNOSING_
AND TREATING PIGMENTATION DISORDERS

Hydroxyphenylthloalkyl amines represented by formula (l) whereln R'
is H or C,-Cg alkyl; R? is H or C,-C; alkyl; R® is H, C,-Cg alkyl or C,-Cq
alkanoyl; R* is H or C,-C4 alkanoyl; Ra is a radioactive material useful in
radioimaging and/or radiochemotherapy where the dottet line (---) indicates:
1) Ra is coyalently bound to the structure of formula (l}; 2) Ra is ionically
associated -with the structure of formula (l); 3) Ra is radioactive carbon
which is part of the structure of formula (l); and x is 1 to 5, with the
provisos that when x is 1, one of R,,R, or. R; is other than H, and that the -
sulphur containing group and the Ra group are in the 2, 4 or 6 positions of
the -phenyl .ring; are useful in radioimaging and radiotherapy. Preferred
compounds for use in radicimaging are N-acetyl-4-S-cysteaminylphenol and
N-[2-[(4’-acetoxyphenyl)thiolethyllacetamide. The O-acylated derivatives are
novel and are also useful in treatment of pigment disorders.

(Fig No. 1)
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Hvdroxyphenylthioalkyl amines represented by formula (1), wherein R! is H or C|-Cy alkyl; R2is H or C,-Cg alkvl: R
H, C,-Cj alkyl or C,-Cy alkanoyl; R3 is H or Cy-Cg alkanoy!: Ra is a radioactive material useful in radioimaging and.
radiochemotherapy where the dotiet line (---) indicates: 1) Ra is covalently bound to the structure of formula (1): 2) Re
ionically associated with the structure of formula (I): 3) Ra is radioactive carbon which is part of the structure of fan s
(I): and x is 1 to 5, with the prowsos that when x is 1, one of R;, Ra or Ry is other than H, and that the suiphur ¢
. group and the Ra group are in the 2, 4 or 6 positions of the phenyl ring, are useful in radioimaging and radlotherapv
ferred compounds for use in radioimaging are N-acetyl-4-S-cysteaminylphenol and N-[2-[(4’-acetoxyphenyi)ihioicih_-.r33;!-_‘
amide. The O-acylated derivatives are novel and are also useful in treatment of pigment disorders.




