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This invention relates to compound.a which are 
particularly uaetul in raclioi:aaqinq and raclio­
chaotherapy as it pa...-ticularly relates to the treatment 
and location o! maliqnant aelanomas and other pig.iaentinq 
disorders. Hovel acyl derivatives of phenolic thioether 
amines and their use in compositions for bloc}cinq melanin 
synthesis in human or anillla.l melanocyte cells is also 
described. Kore particularly, the compositions involving 
the novel derivatives are useful .in treatinq pig.iaentation 
problems due to a ·variety_ of skin disorders, includinq 
skin cancer in the farm of melanoma. 
JSAcgGROUNJ2 or m nymnOH 

PhenylthioalkylZlllinea is a broad class of compounds 
having a variety of uses which include tharapeutica. 
tr.s. patents 4,134,996 and 4,183,927 disclo•• certain 
phenylthioalkylamine·campOUl'ids which a.re useful as 
platelet aqtjreqation inhibitors. other phenylthioalkyl­
amine compounds o! applicant'• published International 
application W091/i6J02 a.re useful as depiCJllentinq agents 
in treating a variety of piCJllent&ry diseases. Such 
diseases are c:ften characterized in the elevated levels 
ot·the enzyme tyrosinase in melanocytes; i.e., human and 
an.ilu.l cells which synthesize the piCJllent melanin. There 
are a variety of piqmentary diseases, such as mela.sma, 
melanoma, moles and the like. In particular, moles are 
susceptible to becominq melanoma after exposure to 
sunliqht which precipitates increased synthesis of 
tyrosinase. 

Usually camm.ercial £or.is of depic;mentinq 
compositions are based on the use of hydroquinorie •. 
However, the hydroquinone preparations ar~ ve...-:1 unstable 
and cause s~in i.-:-itation. Hydroquinone compositions can 

·also cause permanent wniteninq of the skin if used for a· 
prolonqed period and at a hiqh concentration. As to 
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traatllent of llelancma, this is.presently attended to by 

surqical procedures, since any type of known non-surqical 
treatment of llelanoma is unsatisfactory. 

Research work has been conducted in the field of 
phenolic and diphenolic compounds to serve as a basis for 
chemctherapeutic treatment of melanoma and skin 
depigmentation. In particular, 4-S-cysteinylphenol (4.;.S­
CP) and 4-S-cystaud.nylphanol ( 4-S-CAP) have been 
synthesized and evaluated for cytotoxicity to normal 
epidermal melanocytas to determine their elfectiveneas as 
depiqmentinq aqents and anti.melanoma aqenta. Miura et 
al, "Synthesis of Cyateinylpbenol, Cyateaminylphenol, and 
Related Compounds, and In Vivo Evaluation ot Antimelanoma 
Effect", Arch. Dermatol Ras. {l.987) 271:219-225, disclose 
the aff act of 4-S-CAP and 4-S-CP in depigmentation ot 
black hair follicles as aanif eated by lo•• ot functioning 
melanocytea. It was establiShed that 4-S-CAP ·waa a 
potant aqant in prolonging the lif aspan of melanou­
bearing mice and hence •xhibitad inhibition of aelancma 
growth. '?he 4-S-CP and the methyl ester of 4-S-CP also 
exhibited some inhibition of m.elanolDA growth, althouqh 
not as active aa the 4-S~CAP. 

The same COlDpounds, 4-S-CP and 4-S-CAP, were also 
inveatiqated for propertiea of depic;mentation of black 
quinaa·piq 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 
Cystaaminylphanoi, cysteinylphenol, and Related 
Com.pounds", The Journal of Investiqative Dermatoloqy, 
Vol. 88 No. l, January 1987. Althouqh 4-S~CAP 
deJDonstrated depic;mentinq properties, inflammatory 
chanqes of the skin of ~e c;uinea pi9a 11as prOlDinent. 
The 4-S-CAP was capable, however, of: 

1. dec:reasinq the number of tunctioninq 
melanocytes; 

2. decreasinq the alllount of epidermai melanin 
pic;ments; and 
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3. deqeneratinq and destroyinq lllelanccytea. 
4-S-CP and 4-S-CAP were also investiqatad tor their 

selective cytataxicity on follicular melancc:ytas. This 
was reported by Ito et al, •selective Cytot~xicity o:f 4-

~-cystaaminylphencl on Pollicular Melanocyte o:f the Black 
Mouse: Rational Basia for ita Application ·to Melanaaa 
Chemotherapy", cane~ R-earch, June lS, 1987 47:3278-

3284. It was reported that 4-S-CAP demonstrated 
cytotoxicity in the depic;mentation of black hair· 
follicles, whereas it had no affect on the albino 
:follicles. Banca 4-S-CAP is actively enqaqed in the 
melanin synthesis o:f the .. 1anocytu. 

The 4-S-CAP compound, however, ha.a several 
limitations from the standpoint of practical clinical 
use. Th••• li:ai tationa include: · 

a. hypotensive.e:f:fect; and 

b. high toxicity due to the .t-s-cAP :beinq a 
sub•trata :for JIODM•ineoxidaa• (MAO) Which in 
the plasma.converts 4-S-CAP into an aldehyde 
f crm which produces a non••ptacif ic 
cytctoxicity. 

Homoloqs of the 4-S-CAP compound have :been 
investigated for antillelanoma and depiqmentinq 
properties. As reported in Alena et al, 
Melanocytotoxicity and Ant.illielanoma Effects o:f Phenolic 
Amine Compounds in Mice In Vivo, cancer Research 50:3743-

3747, June 15, 1990, such hamoloqs demonstrate 
depic;mentation properties and N-acetyl-4-S-CAP 
demonstrates potent antilaelancma properties. The 

_benefits and uses of these homoloqa and related compounds 
for use as depigmentinc; agents and antilaelancma agents 
are described in applicant's pul:>lished International 
application WO 91/16302. Although the c0111pouncls 
disclosed in that application are effective depic;mentinq 
aqents as well as antilaelanoJllA agents, there are 
stability and toxicity proDlema associated with some of 
the CCnllpounds. In particular the very effective N-
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acetyl-4-S-CAP ccmpound tanda to be unstable and can 
cause topical irritations on administration. 

Aa noted, :melanin synthesis is a bioloqical prope.-ty 
unique to the pigatmt cell, llelanocyta and its neoplastic 
counterpart, malignant melanoma. In order to develop a 
targetad che11otberapy of .Uignant melancma, phenolic and 
catecholic 11elanin pracw:sora have iMaen synthesized and 
their .. 1anocytatoxicity and anti.melanoma effects have 
been examined (Ito, Y. et al, 1987; Miura, s. et al, 
1987; Alena, F. et al, 1990; Ji.Jal:::tow, x. et al, 1992). 
Aaonq th•••, S-substitutecl phenolic amines, Jf-acetyl~4-S­
cyste•minylphanol (H-Ac-4-S-CAP) vaa found to be a 
superior substrate of melanin synthaaizinq enzyme, 

/ 

tyrosinase (Pankovich, J.-et al, 1990; Miura, T. et al, 
1990), and to po••••• the 11aat effective -lanocytotoxic 
activity and antiJaelanou effect (Miura, T. et al, 1990; 
Alena, F. at al, 1990; Wonq, a. at al, 1991). 4-S-<:AP 
was, however, •• ~, al:love, found to bav• soae general 
cytotoxicity (Alma, F. at al, .. 1990),. bacauaa it ia 
:metabolically transformed a cytOtoxic aldahyda metabolite 
by plasm monoa:m.ine oxidase (Pankovich, J. et al; Inoue, 
s. et al, 1990). on the other hand, N-Ac-4-S-CAP has 
shown an al:>sence of such cytotoxicity (Alena,· F. et al, 
1990), indicating that H-Ac-4-S-CAP :may be a compound 
suitable far the development of melanoma chemotherapy. 

In the treataant .of various pi9J18Dtary disorders, it 
would also be benaticial to deter:m.ine the speciticity of 
the compounds used in the treatment and in particular, 
compounds such as N-Ac-4-S-CAP. .In this reqard, we have 
also discovered that c~in anti-melanoma and 
depigmentinq agents can be labelled with radioactive 
:molecules to achieve not only radioimaqinq but as well, 
radio•c:hemotherapy particularly in the treatment of 
maliqnant melancma. 

In accordance with this invention, we have also 
discovered esteritiad CQ11lPOunds which. exhibit excellent 
stability and very low·general toxicity, but have 
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selective toxicity for malanocytas. 

stJMMAltY or m DJVmIOH 
.In accordance with one aspect of the invention, 

there is pravided a compound for use in radioilllaqinq and 

radiochemotharapy in th• diagnosis and/or ·treabaent of 

melanmaa and other pigmenta.ry disorders, said compound 

beinq selected fram the group of compounds represented by 

the formula: 

(:I) 

wherein 
R1 is B or c1-c; alkyl; 

R.z is H or c1-c; alkyl; 

R, is H, ei-c; alkyl or Ci-Cs alkanoyl; 

R. is H or Ci-Cs alkanoyl; 

Ra . ia a radioactive material use_ful in radioi.llaqinq 

and/or radioc:b-otherapy where the dotted line c--) 
indicates: 

and 

l) 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 radioactive carbon which is part of the 

structure of formula (I); 

x is l to 5, 
with the provisos that when x is l, one of R1 , Ki or 

R, is other than H, and that the sulphur containing ;roup 
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and the Ra ,c;roup are in the 2,.4 or 6 positions of the 

plienyl rinCJ. 
In accordance with a further aspect of th• 

invention, there is provided a·proc••• for radioimaqinq 

melanoma colonies in vivo in a subject coaprisinq: 

i) adllinistarinq to the subject'• circulatory 

•Y•t- one or J10r• radioillaqinq compounds 

selected from the c;roup of compounda 

repruantad l>y the formula: 

~ 
OR4 

(I) 

wherein 
Ri is B or C1-C. alkyl; 

Ri is B pr C1-C.alkyl; 

B, is H, Ci-C. alkyl or c1-c. alkanoyl; 

. R. is H or C1-C. alkanoyl; 

Ra i• a radioactive mate.rial ~aetul in radioiaaqinq 

and/or radiocheaotherapy where the dotted line (---) 

indicatu: 

and 

1) Ra is covalently bound to ~e structure of 

formula (I); 
2) Ra is ionically associated with t.Jl• structure of 

formula (I);·or 
3) Ra is radioactive carbon which is part of the 

structure of formula (I); 

x is l to S, 
with the provisos that when x is l, one of ~, Ri· or 

R, i• other than H, and that the sulphur containinq qroup 
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and the Ra group are in the 2, . 4 or 6 positions of the 
phenyl ring; 
and 

ii) detecting the praaence ot eaittad radiation 
froa an acClDlUlaticn of said aelectacl 
radioillaqinq compound as said administered 
ccmpound binda aolaly to any laelanoma tiaaue 
present in aaid S'UDject. 

In accordance with another aspect of the invention, 
there i• provided a pracaaa :tor radiocbeaotherapy 
treatlllent of melanoma calls in a subject camprisinq: 

i) adllinistarinq to the subjec:t'• circulatory 
syatea one or more ot the radiocb-Otherapy 
ccmpounc:UI selected tram the group of compounds 
repraaentad by th• fonaula: 

wherein 
Ri is B or C1-Cs alkyl; 

R.z is H pr c 1-c,alkyl; 

R.s is H, C1-Cs alkyl or Ci-Cs alkanoyl; 
Rt is H or C1-Cs alkanoyl; 

(I) 

Ra is a radioactive-material useful in radioimaqin9 
and/or radiochemotherapy where the dotted line (---) 
indicates: 

l) 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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3) Ra ia raclioactive carbon which i• part or the 
structure of for.ula (I); 

x ia l to 5, 

with the proviaoa that wen x i• l., one of R,, R.z or 
Bs ia other th.an B, and that the sulphur ccntaininq group 
and the Ra group are in the 2, 4 or 6 positions of the 

· phenyl ring. 

In accardanc:e with another aspect ot the invention, 
the pref erred compounds ot tonmla (I) are when X ia l 

and Re i• alkanoyl. 
In accordance with another aapact of the invention, 

a compound of the foraula (II): 

wherein 

ji 
S CCB2l CBN-ll . 

x I 3 
R2 

R, ia B or C1 - C. alkyl; 
· R.z ia B, Ci - Ca alkyl or C1 - C:. alkanoyl; 

R, is H' or C1 - C. alkyl; 
Re ia C1 - Ca alkanoyl; and 
x is 1 to s; 

(II) 

with the proviso that when x ia l one of Ru ~ or R, is 
other than H, and that the sulphur containinq group is in 
the 2, 4 or 6 position of the phenyl rinq. 

In accordance with another aspect ot the invention, 

the preferred compounds ot formula (II) are when.x·is l 
and Re is alkanoyl. 

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

.~:·· 
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compound of fo:rmila (II) and a.pharmacoloqically or 
biolcqically acceptable carrier. 

Acccrdinq to a pr.ferred.aapec:t of the invention, 
this composition i• particularly useful as a depic;mentinq 
composition in aunacreeninq lotions. The composition is 
also useful aa an antiJaelanoma aqent and useful for the 
treat:aent of 11elam. 

In accordance with another aspect of this invention, 
a CQ11Position useful for bloCkinq melanin synthesis in 
human or an.iJlal aelanocyte calls, ccmpriaea: 
i) -. a bioloq;cally effective amount of an active 

c~ound selected 'from the qroup represented by 

formula (II); and 

ii) a auital:»le bioloqically compatible carrier for the 
selected active cOllpOUnc:l. 

Accord.inq to another .aspect of the invention, a 
method for blockinq .. lanin aynthuia in hmaan or animal 
11elanoc:yte cell• cmapri•• treatinq human or anillal skin 

by use of a campoaition coapriaing a DiolOCJically 
etf ective uaount of an active C011pound selected tram the 
group represented by formula (II). 

Such methods of treataent are preferably applied in 
the depigmentinq of skin due to UV exposure, melaS11a and 
is also useful in the treatment of melanoma. 

Accordinq to another aspect of the invention, there 
is provided a method of fonmlatinq a composition useful 
for blockinq melanin synthesis in human or animal 
melanoc:yte cell• of skin c011prises mixinq: 
i) a bioloqically effective amount of an active 

COJllPOund selected from the group repreaented by 
formula (II); and 

ii) a suitable bioloqically compatible carrier. 

BRIEF QESCBIPTIQN OF TU PBAWINGS; 
Fiqure l ia a whole l::lody autoradioc;r~ of the· 

sectional mouae of Fiqure lA; and 
Fiqure lA is a sectioned mouse. 

1fi1iiiii!Uf 
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pmII.Jm DESc;RIP'!'IOH OP m m:mrn P!MBQPim'I'S 

The radiolabellad compounds ·of thi• invention are 

capable of bindinq to :melanoma tissue such that when the 

tissue is &UDjectad to radioi:aaqinq the existence of such 

melancma colonies or cell• appears in the illl.aqe • 

. Further,. by virtue of the binclinq of these compc)unds to 

melanoma sites, the radioactive material :may be uaet;l in 

radiochemotherapy treat:aant of the melancma cells to 

either kill such cells or affect their remission. 

The preferred ~ampounda of thi• invention exbibit 

considerably leas toxicity than known forms of phenolic. 

amine compounds such u the afor-entioned. 4-S-CP and 4-

s-CAP. In particuJ.,ar, when 4-S-CAP is used in 

radioilll.aqinq or radiochamotherapy, the ccmpound.collects 

in the eye aa well as in th• ••lanoma tissue. ·aovaver, 

the cmapounda of f ormila (I) do not have such drawbacks 

and are .theref ora particularly suited to this new use. 
~. i 

When the·· compounds of th• foraula· (I) are Wied in 

radioch8lll0therapy they :iiay be ccmbinad with suitable 

pharlllacautical excipienta and carriers wherein the 

radioactive selected compounds are present in a 

bioloqically effective uaount in the carriers. ·suitable 

bioloqically, c~atible carriers :may be solutions when 

injected by either the IP or sc route. suitable 

bioloqically, compatible carriers for injection include 

physioloqically 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 havinq 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 

concentration of the radiolabelled compound in the 

injectable solution is no:rJULlly in the range of 200 to 

1200 mq per kq of body weiqht where the preferred dosaqe 

is in the.ranqe of JOO 1KJ to 500 :mq per kq of body 

weiqht. In the followinq examples, further info:rJULtion 

is provided as t~ the amount of compounds injected for 
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purpoaes of radioilllaqinq. 
Althouqh one skilled in the art appreciates that 

there are a variety ot techniques for Jlakinq the 
compounds of formula (I) betora they are radiolabelled 
the proposed method for 'IUlDufacturinq the c;:ompoWlds is 
via the Weirlaeister reaction as described in WO 91/16302. 

M will be demonstrated in the tollowinq examples, 
radiolabellad compounds of :this invention bind 
specifically to •elanoma tisauea and the ·radiolabelled 
compound or radiol~lled derivatives thereat remain in 
the melancma tissue tor a ~ticiant period ot time for 
•i ther therapeutic treatment or tor subsaquant · 
radioilllaqinq. The radiolabellinq of the compound occurs 
normally in the phenyl rinq in·accordance with the 
follovinq reaction scbe11ea. 

R=H, !\ =.k:ety l : N-Ac-4-:-5-0.? 

R-P'l-~tyl : ~'?EA 

BO~ . 

~s a!.20LJiS2 

-J!a 

~herein IRa is a radioactive for.n of iodine. 

. ~- .. 
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Examplary iodine la.bellinq is aa follows: 

H-acetyl-2-s-cyat•••inyl-J•"iodo-phenol; 
N-acetyl-2-S-cyataa•inyl-5-iodo-phenol; 
N-{2-{(2'-iodo-4'-acetoxy-phanyl)thio}ethyl}­
acetaaide; 
N-{2-{(2'-acetoxy-5'-iodo-phenyl)thio}ethyl}­
acetallide; and 

N-{2~{(2'-acetoxy-3'-iodo-phenyl)thio}ethyl}­

acetaaida. 
Various racliolabellinq aqants may be used such as 

carbon 14, tJ-14-C, iodine (auc:h aa 121]:, DSx and 131I) , 

tec:hnetiwa (auch as -.r.c) , flourine (such u ~), indium 
(such as 111In) and 351 for example. '?he .. thod of 
introduction of the radiolabellinq aqat to the compound 
will depend on the choice of radiolabellinq a~ent, as one 
skilled in the art would appreciate. Th• radiolabelling 

aqent will be associated with the structure of the 

compound throuqh one of the aeveral ways: (1) tbrouqh a 
covalent bond with the ccmpound structure; (2) throuqh 
ionic association with the compound structure; or (3) as 
part ot the structure of the compound. 

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

been found that tho•• compound& are particularly.useful 
in the treat.Jlent 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 
melanocytas. Hence, in ac.cordance with another aspect of 

this invention, the pharmaceutical c011positions are very 
useful in· the treatlllent of pic;mentary diseases such as 
treatlllenta involvinq one or more at the :followinq: 

blockinq :melanin synthesis in human or an.illlal 

melanocyte cells, 
inhi~itinq th• matl.Dolic pathway involvinq 

tyrosinase in hU111aJ1 or animal melanocyte cells, and 
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traat:Jlent of melancma, treaaant of hyperpiq­
mantation and treaaent a:f cutaneous hyperpi921entation. 

In :forllUlae (I) ancl (II), preferred lower alkyl and 
lower allcanoyl group• are Ci to C..· The most preferred 
lower alkyl and lower alkanoyl groups are Ci to C4 • 

Pref erred compounds of forJLula (I) include N-acetyl-
4-S-c:yataalllinylphenol, N,H-di.Juatbyl-4-S-c:yataaminyl­
phanol, 4-S-hC110-cysta••inylphanol, c-methyl-4-s­
cysta•minylphanal, H-{2-{(4~-acetaxyphanyl)-thio)ethyl)­
acetamide, N-{1-.. thyl {2-{(4'-acetoxyphenyl)thio}ethyi}­
acetaaide, N,N-dillethyl (2-{(4'-acetoxyphenyl}­
thio}ethylaaine or N-propionyl-4-S-c:ystea•inylphencl. 

Pref erred specific ccmpounds of the invention of 
Formula (II) are: 

1. N~l-Medlyl-{2-{(4'­

ICllmJpbmyl)dlio}­

edlyl}namide 

2. N,N,-Dimlehyl {2-{(4-

acccmypheayl)dlio}­

edlylamine 

3. N-{2-{(4' -acemy­

pbmyl)dUo}erhyl}­

aonmidt 

4. N-{2-{(~henyl)-

B 

H 

thio }edlyl}prapionamide H 

I, . 

B COCH, COCH, 

COCH, 

H COCH, COCH, 

H COCH, 

The c011pounds ct tormula.{II) :may .be :manutactured by 
a variety ot synthesis techniques. Generally, they :may 
be prepared by acylation of the correspondinq 
cysteudnylphenol COllpounc:ls. 

The cysteuinylphenol compounds lllay'also be prepared· 
in accordance with the technique disclosed by Miura et 
al, •synthesis of Cyatainylphenol, Cysteaminylphenol, and 

\ 
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Related Compounds, and in vivo Evaluation of Antillel.anoma 

Effect•, Arch. Dermatol. Res. (1987) 27t:219-22S. This 

entail• the reaction of a phenol with a cystaamine to 
yield the 4-S-cyatea1ni nylphanol or the 2~S­
cystHlllinylphanol. 'l'he .f-S-cyataaminylphenol may t.hen be 

isolated from the reaction product by Silica qel column 
chrcmatoqraphy or crystallization with chanqinq· pH of 
solution. It ia understood that the various derivatives 
of this invention may be ude by various radical 

.•1lDstitutiona to the sulphur chain, or au.batitutinq a 
thiol with the desir-4 chain. 

Details. of processes for.ukinq acme of the preferred 
c~ounds of the invention are set out in the 

·accmapanyinq Examples. 
The intanaciata cystaainylphenol COJllPounds.:may be 

acylated ~ reaction with th• appropriate alka:Doyl;. for 
exuple, acetyl. chloride uy be reacted with li-{2-((4-
hydroxyphenyl)thio)ethyl}acetamde, to give the_ preferred 
cOllpOund of the invantion H-{2-((4'-acetoxypb.nyl)­
thio)ethyl}acetamide (HAP~'r!!A). 

The compositions of this invention havinq active 
agents of formula (II) provide a aechaniaa for treating a 
variety of pigmentary diseases, such. as melamaa and other 
hyperpigmentation diseases and melanOll& and other skin 
cancers and for preventinq :melaSlll& 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 becominq toxic in the 
melanocytea in the presence of tyrosinase without being 
a substrate for plasma MAO. The compositions upon 
administration~ according to this invention, have 
siCJ?lif icant melanoma cytotoxicity and antillelanoma 
effects. This is recoqnized in the significant 
depic;mentation of hair on black experimental animals, as 
well as significantly i_nhil:Jitinq the experimental growth 
of lunq metastases of Bl6 FlO melanoma cells. The 
compositions of this invention have also demonstrated 
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selective toxicity to other ~aural crest tU11Crs, such as 
pheoc:hrcmccytcma and neuroblastcma cells. 

Experimental tests on animals indicate per sinqle 
dose toxicity levels in the ranqa of l,400 mq/kq ot body 
weiqht for the preferred compound of formula (II), NAP-
TEA. 

In the pharmaceutical. compositions of the invention, 
· the te%'11l "a bioloqica.lly effective Ulount of the active 

compound• means that a sufficient amount of the compound 
in the COlllpOsition is provided such that upon 
administration to the human or animal by, for example, 
i.p., a.c. or topical route provides sutficiant active 
ac;ent on each application to give the desired result in 
treatinq various piCJlllentary diseases, incluclinq melanoma, 
melam, or actinq as tJV blocker and/or depiCJJICltinq 
aqent in aunscreci lotions. Bowaver, th• bioloqically 
effective amount of th• active cmapound is at a level 
that it is not toxic to the human or animal durinc; the 

. term of traatllent. 
The.term •a suitable bioloqically cmapatible 

carrier• includes a solvent for the compound when the 
compoUnd is injected by either i.p. or s.c. route·. 
suitable bioloqically compatible carriers tor injection 
inc~ude physioloqically noriraal salirie and other types of 
readily injectable solutions which are well understood by 
those skilied in the art. The preferred_ injecta):)le 
carrier is a neutral ~fer havinq 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 like. 

Suitable carriers for topical application include 
conventional skin treatlllent compositions, such as 
co&11etic compositions and pharmaceutical preparations. 
Examples of such inqredients. for topical application are 
oils such as liquid paraffin, vaseline, methyl­
polysiloxane, castor oil·, sC;ualane, and coconut oil; 



16 

anti-oxidant• such as butylatad hydroxyaniaole, 
bUtylhydroxytoluene, ethyl qallate, and toccpherol; 
surfactant. such as sodiua laureate, laurylpyridiniWB 
chloride, polyoxyethylene aorbi:tan monooleate, glyceryl 
monoarachate, •oditllll N-staaryl-N,N-dilllethyl glycine, 
oleyl hydrolysed animal protein, and polyoxypropylene 
glyceryl ether phosphate; hmaectanta such as qlycerol, 
sodium 2-pyrrolidone-S-carbcxylate, and aodiWB lactate; 
thickeners such as traqacanth gmi., quince seed c;um., 
zanthan gum, carboxyvinyl polymer and bentonite; 
preservatives such as benzoic acid, allyl p­

hydroxybenzoatea; debydr0acetic acid and 
trichlorocarbonilide; colorinq agents and pigments such 
as Acid Rad Rhodudna B~ Violudn R, Orange SS, Haphthol, 
Yellow-s, 'rartrazine, Alizarin, c:yanina Graen F, 
Brilliant Blue C!'C, Acid.Violet, Carthallline, JI-carotene, 
Red, Blue • Yellow oxide ct Iron, titanium dioxide, 

Yellow I:ron OXide, Cobalt Blue, Ultramarine Blue, Roae ' 
Violet, tri-iron tetroxide, and carbon black; waxes· such 
as Bees wax, Japan wax, carnauba wax, cancielilla wax, and 
lanolin; fillll-tol:'llling agents such as nitrocellulose and 
polyvinyl alcohol; solvents or dispersinq media such a 
water and alcohols (e.g. ethanol); powders such as 
aluminWR powder, talc, kaolin,· zinc oxide, titaniWR 
dioxide, lli.ca, calcium, carbonate, and treated powders; · 
pluticizars such as acetyl tri.butyr citrate, and 

dilnitylphthalate; pharmaceutic~lly active agents such as 
retinal, pallllitate; -r-orizanol, pyridoxine dipallllitate, 
ascrobyl dipalmitate, ergocalciferol, di-a-tocopherol 

·acetate, biotin, ethinylestradoil estrone, hydro­
crotiaone, calcium pantothenate, ammonium 
qlycyrrhizinate, allantoid, quaiasulene, and hinokitiol; 
and perfUllles such as musk, civet, amber, jasmine 

· al>solute, and rose oil. 
The skin treatment compositions, according ·to this 

invention, can be prepared in any conventional ·form, for 
example, aolul:>ilized forms such as coS111.etic lotions, and 
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uml•itied forms such as liquid creams, creULS, ointments 
and dispersion&. 

'?he pharJlacautical ccmpositions of this invention 
are particularly uaeful for depiqaentinq skin where the 
cOlllposition is applied topically or -injected by s.c. or 
i.p. route to the ~flicted area to achieve desired 
degree of clepigmentation of the skin. Hence as another 
aspect of the invention, the c:ompcsition is useful in the 
methcd of treatinq skin tor purposes of depigmentation. 
Aa well, the invention provides for formulating a 
composition which is useful for depig:mentinq slc:in. 

The.compositions ot the invention are also 
especially useful tor tr~tinq •elanama. The COlllposition 
is adllliniatered either topically or by injection throuqh 
i.p. or a.c. route. The composition ia used in treatinq 
melanOll& to either clear it up or place it in remission. 
!'Urtherm.ore, a method of the invention is in the 
f ormulatinq of the composition useful for treatinq 
melanoma. 

'?he compounds of tormula (II) may be used in 
sunscreeninq lotions as depic;mentinq aqents. It has been 
found that the active a9enu ot formula (II): 
l. prevent t1V radiation activatinq melanin synthesis in 

. melanocytas; 
2. prevent moles from becom.inq melanoma after exposure 

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

thought that enzymatic.conversion of the substrates 
produce components·which act as depigmentinq agents 
and possil>ly as UV bloclcers in the sunscreen lotion. 
Quite surprisinqly, we have found th~t, upon 

administration of the acylatad derivatives of formula 
(II), the compounds are deacylatad to become potent 
melanocytotoxic and depiqaentinq aqents. such in vivo 
conversion of the compounds is extremely 'beneficial from 
the standpoint of product stability and reduced qeneral 
toxicity. once the compounds of formula (II) are 
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deacylatad upon administration, they beccme excellent 
tyroainaae aubstrataa. Accordinq to a preferred 
embadilaent at the .invention, NAP-TD, once incorporated 
into the body, is deacylated to becmiae H-acetyl-4-S-CAP 

·which is, as already d-onstratad in the aforementioned 
International Application W091/16302, a stronq tyrosinaae 
substrata that is present only in'pic;m.ent calls. This 
enzyme activity becomu highly e%Presaed in malignant 
melanoma and •elalnll& cell• where the apeciticity of the 
H-acetyl-4-s-cu i• illportant in avoidinq general 
toxicity to the patient. The therapeutic approach in the 
use of th••• ccmpounc:la tor pigmentary diseases auc:b. aa 
mela1111a and akin cancer, such aa lllaligna.nt melanoma, have 
becoae very illportant aa well as preventive medicine for 
pbotoaqinq and akin.cancer developed after exposure to 
·sunlight. Melanoma · represents 2t o~ all cancer ))y 

instance and is qenerally increasinq in the population at 
a rate exceeded only ))y lunq cancer. 

Par purposes ot treataent, it is understood-that 
. dependinq upon the route of administration the 
composition at this invention may have various 
concentrations of active aqent in the biolaqically 
compatible carrier. For purpose~ of_ injection, the 
concentration of the active aqent in the injecta.ble 
solution usually is in the ranqe of 200 to 1200 mq/kq of 
body veiqht with a preferred doaaqe in the range of JOO 

mq to 500 m9/k9 of body weight. For purposes of topical 
application, the concentration of the active aqent in the 
cosmetic cream or the like usually is -in the ranqe of 4t 
to lOt by weiqht in a cream case with a preferred 
composition in the ranqe of 4t to 6% by·weiqht in a cream 
base. 

It is appreciated that various complementary aqents 
may be included with the active agents of this invention. 
For example, the composition may be adllliriisterad. in 
callDination with L-dopa and/or antidecarboxylase. Such 
coinDinationa may nave selected use in the treatlllent of 
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various •elancmas. 
The following Examplaa delllonstrata various aspects 

ot the invention in providinq the diagnosis and traablent 

of pigmentation diseases, depiqaentinq properties and 
antilllelana:ma properties. irh• various compounds of 
formula (I) :may 1'e radiolaallc in accordance with a 
preferred procedure outlined in the followinq Examples. 
The procedures have been described in particular 

reference to the compound H-acetyl-4-S-CAP; however, it 
is understood that the proc:adure may be similarly applied 
to the other compound• of formula (I). Furthermore, the 
Examples also demonstrate effectiveness in ~locking 

melanin synthesis for only one of the compounds of 
formula (II). However, it ia ·understood that the 

compounds of formula (II) all exhibit. in a predictable 

way similar properties. 

rmu 1 8JJ11:lle•i• or •-&a•tyl--t-•-c:rst••t11J'l 
(V-"c)pllaol 

(O-~C)phanol (9.26 HBq, 333.3 HBq/lllllol) in toluene 

(0.25 mL) was added to aqueous HBr (47% w/v ; o.s mI. 

solution containing unla~lled phenol (1.7 mg; 0.018 

mmol) and cystuine•2HCl (45 mg; 0.2. mmol). ·The mixture 

was heated tor 30 min at lJO•c in a screw-capped reaction 
Vial• liter COO ling I the 801 Vent W&S removed under 
vacuum and the residue was dissolved in aqueous methanol 

(3% v/v). The solution was applied to a Sep-Pak C11 

cartridge. The cartridge was washed with aqueous 
methanol (lOt v/v ; 0.6 mI. for removal of excess 

cystami.ne and (14C) labelled 4-S-CAP and 2-s-CAP were 

eluted with aqueous methanol (20' v/v; 3.0:lllL). The 

eluent was concentrated under vacuum. The major 
compounds_ were separated on preparative TLC usinq the 

mobile phase I .. The products were extracted from TLC 

with MaOH in CHCl, (20% v/v). The two isamers were 

acetylatad with acetic anhydride in dry pyridine at 2s•c 
for 2 4 hours. The. sol vent was removed under vacuum. The 
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residue was dissolved in NH, (2.0 M) and stirred at 2s 0 c 
for 30 min for 0-deacetylation. After reaction, the 
methanol solvent was removed under vacuum and the residue 
was purified c:i preparative TLC usinq mobile phase II. 
( 1'C)N-Ac-4-S-CAP (9.S~Ci, 351.9 kBq) and (14C)N-Ac-2-S­
CAP(S.7 l'Ci, 211.1 kBq) in 3.St and 2.Jt radiochemical 
yield r•spectively. The radiochemical purity of the two 
isomers was more than 99t. 

'l'his Example demonstrates that one is able to 
synthesize ("C)N-Ac-4-S-CAP with conventional acetyacety-
2lation and o-deacyiation after elec::trophilic 
substitution on phenol of the NH2CH2~s· cation in HBr 
solution·, as per the follovinq reaction scheme • 

l. acetic lli\vd:ide/ 
py::idine ---------· 

2. 0-ducetylai:ic:ln 

!Rt3 in "8(Hl 

.. mO-SCi·fJi£:112 ... · :m..10 
c14CJ 4-5-GU' cl4ci 2-s~ 

FJ 

-0
. f•O 

KO SO!zaiz'f!. . 

cl4o N-llC-4-5-0P 

7ll 
C•O 
I . mfj~ra 

c14o~z-;-op 

In the above reaction process, c1'C)-acetyl-2-s­
cysteaminylphenol ( (~4C)-Ac-2-S-CAP was also obtained as a 
minor isomer. The synthesis Qf ( 14C) 4-S-CAP usinq the 
above reaction was as. described previously ( Somayaj_i 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 puri~ication using a 
sep-pak C11 cartridge. The chromatoqraphic separation ·of · · 
the two isomers was accomplished with mobile phase I~ 
This basic mobile phas~ allowed a complete separation of 
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the two iacmeric CAP ccmpounds.of the reaction lllixture 

(4-S-CAP: Rf• 0.66; 2-S-CAP: Rf• 0.53). 
trnlabelled c:ryatralline phenol ( 2 •9') reacted 

aoothly with cyata:aine in BBr solution in a Slll&ll scale 
reaction. An overall yield. was approxillately 76% as a 

mixture ot the two isoaera, the ratio ot 4-S-CAP to 2-s­
CAP beinq 2.5. Acetylation ot the a-position and the H­
position on iaoaers waa carried out with acetic anhydride 
in dry pyridine. O-Deacetylation for the synthesis qt H­
Ac-4-S-CAP waa ~ormed with NB, in methanol (2.o K) · 

under ILild conditions without N-deacetylation. A mixture 
of 4-S-CAP (a .. jor product) and.2-s-CAP (a minor 
product) containing the 14C-radiolal:Mal were obtained by 

usinq a two phase reaction system (toluene : HBr) under 
reflux, and_ with th• addition ~t unlabelled phenol this 
qave low yield of products. If a source ct (tr14C) phenol 

ware available as a solid .. terial or aa a 110re 
concentratad solution, the yield ~ the spec:if ic 
activity can be greatly increaaed. ("c)N-Ac-4-S-CAP 

synth-ized ~roa (14C)4-S-<:AP qave a hiq.h radiochemical 
yield (68'). Althouqh the specific activity of (1'C) N-Ac-
4-S-CAP and (MC)H-Ac-2-S-CAP was low {450 kBq/µmol), the 
products would be sufticient to carry out experimental 
studies~ The use of solid ('O""C) phenol with a hiqh· 

specific activity for the synthesis of (MC)4-S-CAP and 

C"C)2-S-CAP would increase both the specific activity and 
the yield.of the final products. 

All chamicals used were of reaqent grade quality. 
(tJ~14C)Phenoi in toluene was p~chased fram Sigma Chemical 
Company (Saint Lauis, Missouri, tJSA). Preliminary 
purification was performed on Sep-Pak C11 cartridqes 

(Waters Chromatography Division, Millipore Corporation, 
Milford, OSA). Wh~tman PLXSF preparative silica qel lSOA 

plates were used for separation of 4-S-~steaminyl 
(U-"C)phenol, (14C) 4-S-CAP and 2-cysteaminyl (t1-1'C) 
phenol ( (14C) 2-s-CAP) usinq mobile phase I (CHCl3 MeOH 
NH.OH • 24 :12 :l. l v/v/v) and usinq mobile phase II 
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(CBC11 : MaOB • as 15 v/v) for .the purification of the 
N-acetyl derivativu of the two isomers.· 14c­
Radioactivity detandnation of products waa performed in 
Aquaaa1•-2 (Biotechnology Systems ·HEN'9 Research Product, 
Boston, MA, OSA) wit):l a Bac:lclan LS 3801 liquid . 
scintillation apectroaeter. BPLC analyse• were carried 
out with a Waters ayst .. consiatinq of a Medel 600E 

system controller, Modal 06X injector and Model 441 

detector at 254 na, using· µBonapak C11 reverse phase 
compreaaion (10~) column (Waters Millipore canada Ltd., 

Kisaisaauqa, Ontario) and _XeOB : 0.1% acetic acid ~ ¥· 
(1 : 1 v/v) as eluent with a flow rate of 1 mL/-1n. The 
final products, H-acetyl-4-S-c:yate••inyl (tr-Mc) phenol 
((14C) H-Ac-4-S-CAP) and H-acetyl-2-&-cyateaainyl (0-
Wc)phenol ccwc:) H-Ac-2-S-CAP) were con:firlled by. coiaparinq 
their retantion till.. to tho.. of authentic unlabelled 
·ccmpounda on BPLC. Radiochemical purity attar TLC was 
detar1inad by collect eluent fractions (O.S JIL) from an 
BPLC analysis and countinq by a liquid acintillation 

· spectrometer. 

~ 2A 8]'1lth••i• of 5-{2•((4-AcetoZJPhenyl)• 
thio)atllyl}acetu.i.4• CJtU-'fDl 

Procedure 
Acatyl chloride method 

To solution of H-{2-(c~-Bydroxyphenyl)thio)ethyl} 
acetalli.de (200 . .g, 0.95 mmol) in dry pyridine was added 

slowly ace~yl chloride at -1s•c. with stirring. The 
ruultinq solution was stirred at 2s•c for 1.s .hour. The 

residue obtained after removal of solvent was 
c:hromatoc;raphed on a low pressure silica qel colwim 
{CA.NAG, D-0, fine qrain ; Mobile phase : St M80H/ CHCL,) • 
The :tractions containing. product were collected· .and then 
the white powder obtained after removal of salvent was 
recrystallized to qain the White crystals from HiO-MeOH. 
(Cheaical yield : 217 mq, 0.85 llllal go.Ji ) mpis 87-sa• 



Ql•:=act:cri;atipn 
1H BKR (Acetone-dt); o 7 .52 (bro, s, lB, NH), 7 .41 

(d, fine structure, 2H, J•8.S Hz, arematic.C(2)-H, 
C(&)-B), 7.04 (d, fine atructure·2s, J•8.5 Bz, 

aromatic C{l)-H, C(S)-H), 3.33 (lll, 2B, J(~-~)-6 
B: I J ( CSi-RB) _,. s B: I c:BzCBzHH) I 3 • OS ( dd, 2B, J ( c:Bz. 
c::a2)•8 Bz, Sc:JL), 2.22(a, 3H, CB,COO), 1.83 (s, 3B, 

CJLCOHH) • 

De QR (Acetone-dt) ppm; 169.95 (lC, CHQ>NH) 169.29 
(lC, CH,.COO) I 150.12 c·1c, aromatic, C:(4)) i 133.61 

(lC, arcmatic, C(l)), 130.76 (2C, aromatic, ,gl) 

122.98 (2C, aroaatic, ,g!), 39.35 (lC, ~), 33.48 

(lC, S~), 22.52 (lC, ~CONH), 20.61 (lC, ~,coo). 

!!xaqt :1111 calc. for C11BuJtO,S : 253. 07725; found 

(limls), 253.0773; intensity - 1a.11t. 

mDL& 2B SfB't:!a••i• of •-{2-{(4-&cs.01:z!plaeay1)1:Jlio}­
•t!ly1}propion••i4• (BU-'fD) 

A mixture of 2-ethyl-2-oxazoline (786 mq, 7~94 111101) 

and 4·-hydroxythiophenol (1 g, 7.94 111J10l) was heated· at 

i2s• tor 2 h under Ar CJ••· Atter cooling of the reaction 
mixture, the Jlixtura was. evaporated under vacuum. The 
residue was purified with a low pressure normal phase 
silica 9el collDID chromatography {mobile phase: 10' KeOF 

. . 

in CHCl,). N-propionyl-4-S-c:ystaminylphenol (N-Pro-4-s-
CAP) was obtained as a white powder on evaporation of the 
solvent (Chmlical yield: 53.4t, 953 •CJ). 

A mixture ot N-propionyl-4-S-c:ystaUtinylphenol, dry . 

pyridine, and acetic anhydride is then stirred at" 2s• for 
24 hours. The reaction mixture is evaporated under 
vacuUll and the residue is purified with a low pressure 
normal phase silica 9el ~olumn chro:matoc;raphy (mobile 
phase: a' MeOH in CBC13) •. N-{2-{{4-aceo'txyphenyl)thio}­
ethyl}-propionamide (HAP-'rEP) is obtained as ·a white 
powder upon evaporation of the solvent. 
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In vivo covalent bindinq of (wC)-H-acetyl-4-S-CAP 
wa• investiqatad in mice. laale C57BL/ 6J mice received 
a sinqle intraperitoneal injection of 2.0 mmol/kq (1'c)-N­

acetyl-4-S-CAl' compound. The animal• were killed 48 
hour• later. The tiaauu were r-oved. and the covalent 
bindinq was determined aa follows. 

live different tiaauea were examined for covalent 
bindinq of radioactively labelled H-acetyl-4-S-CA.P 
interllediate(•). Th• 1U1Xi.Jm11 bindinq of H-acatyl-4-S-CAP 
was detected in the s.c. ·aalanoma tUJlor and melanoma 
colony-aearinq lunq tiaau•. In contrast, the normal 
orqana, e.g., the lun9 without .. 1anoaa colonies, kidney 
and live-, which are actively involved in drug metaDoliaa 
of N-acatyl-4-S-CAP, did not reveal a significant . 
acCUJ1ulation of radioactive •tarial. '?he reaul ta of 
such study are set out in the followin9 Table 1. 

TAii,& 1 

ID VM> Coval• Bindina of (14C)-NACAP tD L1IDI widl ad without B16F10 

·Melanoma Colonies, B16F10 M.elanama s.c. Tumor Tmue, Liver and Kidney 

:ump wish B16F10 
melaDDma coloaits 

Lap widaoat B16F10 
meimom colonies 

B16F10 mebDama 
s.c. mmor 

Liver 

Coftlmt Bhufini 
(nmol COYllemly boa1ldJmg of protein 

0.330 + 0.118 

0.010 + 0.001 

. 0.521 + 0.076 

0.013 + 0.003 

0.008 + 0.001 

-Female CS7BU6J mice received a siqle iauapedmlieal injection of 2.0 mmollkg 

('~NACAP. The miJnals were killed 48 hr later, the t:ismes were removed, 

and 1he covalent bindiDI WIS dcrermiDed as described under above. 
~~~~~~~~~ 

"Ibe dm m pres-med • 1he mans +S.D. (n=3). 
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In vivo biadistributicn by whole-bcdy 
autoradiography wa• determined in use of the compounds ·ot 
this invention and in particular, (Mc)N-acetyl-4-S-CAP at 
48 hours after i.p. injection of (wC)N-acetyl-4-S-CAP in 
the mouse, radioactive material was cleared from the body 
and was not datac:tGle in any·nonaal orqans· except the 
lm1en of the _larqa intuti.Da. This ia llhown in the 
attached FiF• 1. A whole-body autoradioqraJ1 of the 
1aousa with both an a.c. Bl6!'10 •elanoma tumor and a 
B16!'10 lunq •elanoaa caloni .. after ainqle i.p. injection 
of ("c)li-acetyl-4-S-CA.P (S.o pCi). 48 hours after · 
injection the anilaal was killed, frozen and prepared for 
sectioninq. '?he 20-Jm sections were freeze-dried ·and 
expo•ad to x-ray fillll for whole-body autoradioqraphy. 
A) A wbol-body aaction without exposure to x-ray fil.JIL. 

E, eye; B, brain; Lu, lunq with Bl6Fl0 •elancma colonies; 
H, heart; Li, liver; Ke, a.c. -lancma tmaor; I, 
intutinu. B) after exposure to x-ray fila. Positive 
siqnal of acc:uaulated radioactivity i• clearly detectable 
in the melanOlla colony-baarinq lunq and a.c. melanoma 
tissues, as well in the lumen of _the distal partes of 
intestine. Bar, 1 ca. 

This result as shown in Figure :I:- demonstrates the 
si;nificant detoxication of,H-acetyl-4-S-CAP in the liver 
followed by the excretion·of H-acetyl-4-S-CAP metabolites 
into the bile. The a.c. aelancma tumor and the lunq with 
melanOlla colonies were th• only orqans displayinq a 
significant acCWDUlation ot the radioactivity. 

The radiola.belled compounds of this invention and in 
particular, radiolabelled N-acatyl-4-S-CAP and 

· radiolabelled NAP-TEA are particularly useful as 
radioillaqinq aqents without causinq toxic side ettecta in 
the host. Also, in appropriate dosages the compounds may 
be used effect radio-chemotherapy at specitic melanoma 
sites within the host. 
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rmu 4 - SDBID' 1 HI J'OI. O-Dncn.H%0Jr 
07 DP-'!D IJI JIDVl3 M,18lQ 

HAP-TEA wu introducacl to mouse plam to determine 

by iz1 vitro axperilllantation the extant to which HAP-TEA 
ia deace'.tYlated to fon1 H-Acatyl-4-S~CAP. The procedure 

waa aa follow•. Into 100 µl of JDOUS• plam, 10 µq of 

NAP-TD waa introduced. The mixture was shoolc tor one~ 
half of a ainuta and than paaaed throuqh a Sep-Pale ·c11 

cartridqe in either 7 Ill of S-t methanol/water to fon1 

eluent 1 or in 4 1ll of so' •ethanol/water to form eluent 

2. Both eluents l and eluenta 2 were colleCted. Aqueous 
methanol was reaoved froa eluent 2 to provide a residue 

which vu aubjected to BPLC under the tollowinq 
conditions. The BPLC had a column of µ Bonapak Ci1 under 

revc"•• phase radical compression. The ruidue waa mixed 

with .. tbanol:vater at 50:50 vith a flow rate throuqh the 

radiQCJraph at 1 Ill/min. 'l'he detector wa11 a Water 

Aaaociat .. Hodel 441 with detection by ultraviolet at 250 

n:a.!' All that was detac:bld :in eluent 2 u passed tbrouqh 

the Chrcmatoc;raph wa• H-Acetyl-4-S-CAP which indicates 
that NAP-TEA was readily deacylated by the mouse plasma 

to qive the deair~~ active aqent. 

BDXpt.3 5 - DftDllT1D~%QJf OJ' BU-DA, 

um DDJSOI.%'91 DI DI VIVO BDJDTl«BftAncm 

A CS7BL/6J Black Mouse was inj_ected •t 300 mq/kq 

body weiqht by i.p. administration of NAP-TEA. 100 "l of 
plaama was extracted from the mouse after 5 111.inutes of 
injection and atter 20 111.inutes of injection. The plaSllla 
samples were treated in accordance with the procedure of 
Example 2. The plasma samples were passed throuqh a 

Sep-Pak c11 cartridge in either 5% •ethanol:water to 

produce eluant l 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 at 50:50 
and sul:>jectad to BPLC for }:)oth the s minute and 20 minute 
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pl•- aapl••. Their was no evidence of HAP-TD but 

their was evidence of H-Acetyl-4-S-CAP. The 
concentration ot N-Acetyl-4-S-CAP in the S minute 
extracted •aapla beinq co1U1ider&Dly greater than in the 
20 minute extracted aample to indicate that in vivo HAP­
'?EA i• d-cylatad to H-Acatyl-4-S-CAP wb4-ch in turn ia 

then taken up by the moua.a Jlelanocyt ... 

rmL& I • D VlHO Ci~C%ft OJ' JIU-'fD 
~ . 

MTT a111y in accprdance yit;h tb• 1tanda;=d prpcedµre 

K'l'T solution (Sigma cataloq Ho. M2128) was dissolved 
in PBS at l 111CJ/ml and. filtared to sterilize the solution. 
The solution vu stored in the dark at .&•c until used. 
The growinq cell• were harvested, counted and inoculated 
into 96 wall llicrotiter plates (1-2 x 1a3 cells/well). 

After 24 h, dru9• ware apl)li•d to culture wells, and the 

cultures were incubated for s day• at 37•c. At this 
tilla, 50 µl of !t'l"? solution was added to mic:roculture 

wells. After 4 h inc:ubation at 37•c, supernatant was 

removed froa each well •. · 150 "l of DKSO was added to 
solul:>ilized the xrr-tormazan product. After mixinq 
gently, abaorbanca at 540· ma was measured with ELISA 
plate spectrophotOJD.eter. 

Results 

HAP-iEA shoved lower in vitro cytotoxicity than that 
of N-Acetyl-4-S-CAP on 3 cell lines. 

Cell line 

Iri yitro cytotoxicity(I~) of HAP-TEA 

and H-Acetrl-4-S-CAP with xrr assay 

Compound 
NAP-TEA H•Acatyl-4-S-CAP 

IC,., 

He.La 77µg/ml 

SK-MEL-23 3lµg/ml 

UT amelanotic melanoma 14µq/ml 

· 7 Sµq /ml· 

25~9/1'1 

l2~q/ml 
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rmu 7 - U'!Il.Iml:mr o~ DP-'?D nu 1mmOC11: 
ftllC8ID8JI 

·ttocedure 

· A reaction 11.ixture conaiatinq of HAP-TEA (500µ11101) 
and ot mwabroca tyroainaaa (11 units) in l.O ml of o.os M 
aodiwa phoaphata ~far (pB 6.8)" vu incubated at 37•c in 
a water bath. The reaction. was stopped periodically . by 

coolinq with ica •. Aliquots ruoved at set tillle intervals 
were rapidly cooled to o•c in an ice bath and the 
remaininq MAP-TD. was •aaaured usinq BPLC. 

HPLC instrmaent and coziditiona 
Water 600 E liquid cbrcmatoqraph ayatam 

Conc:litiona: J£Bondapak Ci1 , Radial-Pak cartri49e (Waters) 
Mobile phua; 70' M80B/BiQ, 1 JLl./ldn 

Detector; Waters Hodel 441 tJV abtlorbance 
c!etec:tor 

. Detection; wavelength 254 .ma 

Result• 
HAP-'rEA was not a substrate of mushroom tyrosinase, 

due. to the bloc:kinq effect of acatoxy group on the 4-
. . 

position o~ the benzene rinq because_ita concentration 
rema-ined constant in the reaction mixture. . However I the 
concentration of H-Acetyl-4-S-CAP in the reaction mixture 
dropped off rapidly -over 25 minutes to almost zero illllount 
after so minutes in the reaction mixture. · 

ZDDLJI I - KIT·J•OCftOTOUCX'n Ill VIVO ~ DP-~D 
. . 

CZ>D%GJID'?1~%QJI o:r BLACX DD) 

Hairs were plucked manually. from the back of 6-.s 
· week old C57BL/6J black mice (4 m.ice). Startinq on day 

2, daily for 14 days .NAP-TEA was injected i.p~ The dose 
was JOO 11q/k9 body weiqbt. 

Results 
After completion of the i.p. injectio~s of HAP-':EA, 
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JLi.ce were depiqmented with ·the.new replacement hair beinq 
allloat pure white. 

rmt.a t • DDICDIZftDICI DJ'ZC'f OJ' D»•lfD OW D:llBOU 
aua :uc:z 

·six· newborn (3 day old) CS7BL/6J black mice were 
injected i.p~ with a sinqle doae·ot 0.1 lllL ot HAP-TEA 

solution (300 mq/kg body weight). 

Resulti 
The new=orn Ilic• were depigmented in all hair 

follicles with the growing hair :being·liqht grey atter a 

sinqle i.p. injection of HAP-TEA. 

NAP~TEA in 60t EtOB(w/v) were prep&?='ed for topical 
application to a Yucatan piq. NAP-TEA was applied to the 
back akin of the pig twice a day for a weeks. After s 

. . 
weeks, punch biopay was perfonaad from the application 
area and from normal akiri. Specimens obtained were kept 
in 2N HaBr solution for 3 hours followed by separation of 
the epiderllis from dermis. Specimen~ of epidermis were 
incubated for 3 hours in phosphate ~fer (pH.7.4) 

containinq L-Dopa. The specimens were fixed in lOt 
neutral formalin solution and then washed twice in PBS. 
Finally, the specimens were.mounted in c;lycerol gel. The 
number• of Dopa-positive melanocytes in 9 adjacent 1 :mm.1 

fields fr011 each sample were counted. 

Results 
The fields from skin samples treated with NAP-TEA 

revealed a sic;nif icant reduction in the nWllber of 
functioning 11elanocytes; 

,. 

1111iirr 



Normal epidermis 

NAP-'n:A in DMSO 

NAP-TD in 60' EtOB . 

DMSO_ only 
EtOB only 
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Number af functioning :melanccytes 
(Average of 9 fields) 

166 ± 1•1-r 
32 ± 14/-

74 ± 2~1..r 
11• ± s,,_. 
111 ± 38/mr 

l'rom the above specific exUlPlu, it is apparent 
that one of the preferred com.pounds, accordinq to this 

invention, is converted in yiyp to H-Acetyl-4-S-~ which 
functions, aa already diacwsaad in applicant's co-pending 
International Application W091/16302 aa an excellent 

therapeutic aqant in the tru'blant of pipantary 

di•ea-. It ia therefor• understood that the acylated 
f onua ot the coapoanda ot this invention are altered ia 

Ti'90 to yield. ccmpounda which already have been 

establiabed aa excellent therapei¢ic aqenta in the field 
.of treatinq piCJJ1a11tary disorders. 

Throuqhout the specif ica~ion we bave refer~ced 
. . 

several Journal articles which relate to standard 

... · procadur•• and techniques. '?hose articles are listed as 
follows. 

1. Alena F., Jimbow IC. and Ito s. (1990) 

Melanocytotoxicity and Antimelanc:ma effects of 
· Phenolic Amine Compounds in Mice in· vivo. 

C&Aaer •••· so, 3743. 

2. Ito Y. and Jilllbcw IC. (1987) s31ective 

cytotoxicity of 4-S-cysteami.nylpbenol on 
Follicular Melanocytes of the Black Mouse - · 

Rational Basis for ita Applic~~ion to·Melano:ma 
Chemotherapy. C&Daer ha. 4 7 , · 3 27 a . 

3. Inoue s., Ito s., Wakamatsu K., Jim.bow K. and 
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!'Ujita It. (1990) Hec:hanina of Growth Inhibition 

cf Melanoma Cella by 4-S-cyataawinylphencl and 

its AnalOCJUes. Bioah-. l'b&.:sac:ol. 39, 1077. 

4. Jimbow It., Iwashina T., Alena !'., Yawada x., 
Panltovich J. and tJJDeaura T. (1992) Exploitation 

cf Pigment Bicayntheaia Pathway as a Selective 

Chactherapeutic Approach tor Malignant 

Melanoma. J. IllTeat. Da:ll&tol.. (in press). 

5. Miura s. 1 Ueda '?. , Jillabow It. , I:to s. and Fuji t~ 

It. (1987) Synthesis of Cystainylphenol, 

Cyataaminylphenol and Related Compounds, and in 

D.s Evaluation of ·Anti.llelanoma ~feet. ~ch. 

D9%aatol. ••••• 279, 219. 

6. Miura '?., JiJl))ow x. and I:to s. (1990) The in 
Dm Antimelanau. Effect of 4-S­

cyateaainylphenol and its H-acetyl derivative. 

%Jlt. :z. cmaaer 46, 931· 

7. Pankovich, J. Jimbow It. and Ito s. (1990) 4-S­

cysteaminylphenol and its Analogues as 

Substrates tor 'l'yrosinase and Monoamine 

OXidase. Pic;am:Lt Cal.ls aaa. 3, 146. 

a. somayaji v.v., Wiebe, L.I. and Ji.mbow K. (1989) 

Experimental Anti.melanoma Aqents: The 
' 

Synthesis of 4-S-cysteaminylphenol (U-

~C) phanol. »uc. compact 20, 158. 

9. Wonq M. and Jimbow K. (1991) Selective 

cytotoxicity of N-acetyl-4-S-cysteaminylphenol 

on Follicular Helanocytes of Black Mice. B:. 

J.~De:aatol 124, 56. 
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Althouc;h preferred ·abo<U.aenta of the invention are 
described herein in detail, it will :be understood by 
thoae alcill.t in th• art·that variaticna uy be ude 
thereto without departincJ trca.tha spirit of the 
invention or the.scope of the appended clailu. 

iiiiiiiimlf 
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CUD15; . 

1. A compound for use in radioi:u.qinq and 

rad.iocheaotherapy in the cliagnaai• and/or treatment of· 

:melanoma and other pigaentary disorders, said compound 

beinq •elected from. the group of compounda represented by 

·the formula: 

(I) 

wherein 
Rt ia B or Ci-C. allcyl; 

Bi ia Jl or Ci-C. allcyl; 

Rs is Jl, c1-c. allcyl or Ci:-C. alkanoyl; 

~ is H or C1-C. alkanoyl; 

Ra is a radioactive material useful in radiai:maqinq 

and/or radi~c:hemotherapy where the dotted line (--) 

indieat•: 

and 

1) Ra is covalently bo~d to the structure of 

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

formula (I); or 
3) Ra is radioactive car=on which is part of the 

structure of formula (I); 

x is l to s, 
with the provisos that. when x is 1, one of Rs, R.z or 

R, is other than H, and that the sulphur containinq c;roup 

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

phenyl rinq. 
2. A proceaa for radioimaqinq :melanoma colonies.in vivo 

11111111111111 1111111111111111 
* C L M S * 
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in a subject ccmpriainq: 
i) administerinq to the subject'• circulatory 

aysta one or :more radioiaaqinq compounds 
••lec:tad.froa the group of ccmpoancls 
repruentad. Dy the formula: 

(I) 

wherein 
Rs is B or c;-c:. alkyl; 

~ is B Or C1-C. a~l; 
Rs i• B, c;-c:. alkyl or C1-C. alkanoyl; 
R. is B or c;-c:. alkanoyl; 

Ra is a radioactive material useful in raclioimaCJinCJ 
and/or radioc:h-otherapy where the dotted line (---) 
indicates: 

and 

· 1) Ra is covalently _bound to the structure of 
:formula (I); 
2) Ra ia ionically associated with the. a~cture of 
formula (I); or 
3) Ra is radioactive car):)on which is part of the 
structure of formula (I); 

x is 1 to s, 
with the provisos that when x is l, one of a., B.z or 

R, is other than H, and that the &1.llphur containinq c;roup 
and the Ra group are in the 2, _. or 6 positions of the 
phenyl rinq; 
and 

ii) detectinq the presence of ~itted radiation 

·, \ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \Ill 
· * c L M S * 
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froa an acCU11Ulation.ot said •elected 
radioi.llaqinq compound .. •aid adminiatered 
cmapound. binda llOlely to any .. 1anmaa tissue 
present in Aid subject. 

3 • A proc:ua for radia·ch..atherapy traatllent of 

•alanoma cell• in a subject ~riainq: 
i) acbniniatarinCJ to the aubjact'• circulatory 

ayat- on• ar llOZ:• of th• radioc:h..atherapy 
COllpOUDda •elected from the group of cOJ1pounds 
rapruantad by the tonmla: 

Rt i• H or c1-c. alkyl; 
B.z i• B or Ci-C. alkyl; 
it, is H, ei-c; alkyl or C1-C. alkanoyl; 
Re is B or C1-C. alkanoyl; 

{I) 

Ra is a radioactive material useful in radioillaginq 
and/or radioc:baotberapy where tbe dotted line (-) 

indicat-: 
l) Ra is covalently bound to the structure of 

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

I 

forJ1Ula (I); or 
3) Ra is.radioactive carbon which is part of the 
structure of formula (I); 

111111111111111111111111111111 
* C l M S * 
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x ia l to 5, 

with the proviaos that when x is 1, one of R1 , R.z or 
R, is other than H, · and that the sulphur containinq qroup 
and the lta group are in the 2, 4 or 6 positions of the 

. phenyl rinq. 

4. A compound or procea• of clai:a 1, 2 or. l wherein 
said sulphur containinq group is in the 4 position. 

S. A compound or process of claim 4 wherein said lta 

group is in the 2 or 6 position. 

6. A compound or procaaa of claill 1, 2 or 3 selected 
trom N-acetyl-4-S-cyate••inl'lphenol, H,N-dimatllyl-4-s­
cyste••inylphenol, 4-S-hmao-cyate••inylphenol, cz-methyl-
4-S-cyateaminylphenol, H-{2-{(4'-acetoxypbtanyl)­
thio}ethyl}-acetam.ide, N-{l-metbyl {2-{(4-
acetoxyphenyl)thio}ethyl}-acetmlide, H,M-di.Jlethyl {2-
{ (4 '-acetoxyphenyl)thio}ethylamine or N-propionyl-4-s­
cysteuinylphenol .• 

7. A compound or process Cf claim 6 wherein said 
I . 

cOJIPound ia N-acetyl-4-S-cysteaminylphenol. 

a. . A compound of claim 6 wherein said selected compound 
is H-{2-{(4~acetoxyphenyl)thio}ethyl}•acetamide. 

9. A compound of anyone of claims 1 through a vherein 
said radioaetive material Ra is selected froa the c;roup 
consistinq. of carbcn 14, U-14-C, iodine (such as 12'I, l2Sz 
and 01I), technetiWll (such as ~c), floµrine (such as 
11F) , indium (such as min) and 351 • 

' \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ . ; 
* C L M S * 
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10. A compound C?f the fonaula.(II): 

wherein 

Rs i• H or C1 - C. alkyl; 

~ i• H or c1 - C. _alkyl; 

Rs i• H, Ci - C. alkyl or Ci - C. alkanoyl; 
Jt.. i• Cs - Cs albnoyl; and 

x i• l to s; and 

with th• proviso that when. x ia l one of Rs, ~ or R, i• 
other than H, and that th• sulphur containing group i• in 
the 2, 4 or 6 position of the phenyl ring. 

11. A pharilaceutical campoaition comprisinq a compound 
of claim 10 and a pharmaceutically acceptable carrier. 

12. A compound or collipoaition of claim 10 or ~l wherein 
said aulphur group ~· in the 4 position. 

13. A compound or composition of claim 10 .or 11 
C011Prisinq N-{2-{(4'-acatoxyphenyl)thio}ethyl}-acetuide. 

14. A c011Lpound or composition of. claim 10 or 11 

comprisinq N-(l-aathyl{2-{(4'-acetoxyphenyl)thio}ethyl}­
. acatudde. 

15. A compound or composition of claim 10 or 11 
comprisinq N,N,-di.methyl {2-{(4'-acetoxyphenyl)-

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* t L M S * 
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thio}ethyluU.ne. 

16. A compc:nuid or composition of .claiw. 10 or 11 
ccmpriainq H-{2-{(4-aceotxypheDyl)thio}ethyl}­
propionudde. 

17. ·A pharll&ceutical composition as claiaed in any one 
of clai.Jul 11 to 16 wherein said carrier ia a topical 
vehicle. 

18. A pharmaceutical composition a• clahaed in any one 
of claims 11 to16 wherein said carrier is a aunscraeninq 
composition. 

19. A pharllaceutical composition of any one at claims 11 
:to .16 for use in (a) bloc:Jd.nq Mlanin .aynth .. i• in hmuan 
or anillal ••lanocyte cells; (b) inhibitinq the .. tabolic 
pathway involvinrJ tyrosina•• in hmum or aniwal 
.. 1anocyte calla; (c) treatinq .. 1ancma; (d) traating 
hyperpigaentation, or (•) for use· in treatinq cutaneous 
hyperpigmentation. 

20. A :method of blockinq ••lanin aynthaais in human or 
aniJlal •elanocyte cell• ea.prising administerinq to a 
patient a ••lanin synthesis blocki.nq UlOunt of a 
composition of any one of clai.Jl.8 11 to 16. 

21. A ••thod ot inhibitinq the metabolic pathway 
involvinq tyroainaae in human and animal melanocyte cells 
compriainq adJlinisterinq to a patient an inhibitinq 
aJaount of a camposition ot any one of clailla 11 to 16. 

22. A method of therapeutically treatinq melanoma 
ccmprisinq adminiaterinq to a patient ·a therapeutically 
effective amount of a composition of any 'one of claims ll. 
to 16. 

111111111111111111111111 ll llll 
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23. A method at therapeutically treating 

hyperpipentaticn ccmpri•inCJ adJlinistering to a patimit a 
therapeutically etf ective aaount of a cc:mpoaition of any 

one at claiu 11 to 16. 

24. A ••thcd at therapeutically treating cutaneous 

hyperpiCJJ19Dtation ccmpri•inc; ad:ainisterinq to a patient a 

therapeutically ef~ective aaount of a composition of any 

one of claills 11 to 16. 

25. Th•ua• of a com.pound of any one claim 10, 12, 13, 

14, 14, 15 or 16 for the 1111nufac:bn-e of a .-dicam.ent tor 
(a) blocking .. 1anin synthesis in h\Dlaft and ani.u.l 

lllelanocyta cells; (b) ~itil\q the ~lie pathway 
invalvinq tyroainaae in h1DIAD and aniJlal .. 1anocyte 

calla; (c) treating .. ianou; (c!) for treating 

hyperpigaentation; or (•) for treatinq cutaneous 

hyperj)igaentation. 

:-
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