1 COVPOUNDS CONTAI NI NG A M CHAEL- ACCEPTOR, ESPECI ALLY MALEI M DE OR MALEI C
ACI D DERI VATI VES, DI RECTLY OR | NDI RECTLY LI NKED TO A CHROMOPHORE AND THEI R
BSE | N LONGVOASI6H SUNSCRREN COVPCOSI TI ONS The present i nvenPCHIGBISIWBEs to
novel compounds which are useful as sunscreens and to water resistant and

l ong 5 | asting sunscreen conpositions. Mammalian skin conprises two
mai n | ayers; the outer cellular layer is ternmed the epiderms and the inner

| ayer, whiCdyonBnd®icBN A CE v kbl 2 i ' e
a0 e R
cor neum an iLgﬂ%erl ve P?g%ﬂﬂ*gﬂa q nocytes of which the epidernis is mainly

conposed. The other types of cell in 15 the epiderm s are nel anocytes
whi ch synt hesi se Thel gpresentd iavertbons redhlteswiic meores esbmpothgenwhieht he
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is known a8 UVB aRftiag sunssreen3zompesitdona. s terned UVA.  Light of
wavel ength 100 to 280 nmis known as UVC. Solar UVR is known to have

vari ous phot obi ol ogi cal, 25 ., effects on the skin and these include acute
effects such as éﬂagwﬁgﬂ-&n( sBRBBr FOBRTLSRPnitHP aBadal | La¥erdngdihe eprter

effects such as welludancelaye REENBdHied A8ha0. epidéemid €ande tEeNaRhaps
of the reactions,of sunlight on the skin are nq%%iéﬂl% ynder st ood but |t
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quantities in thés a non-living keratin layer known as the stratum
corneum and is derived from keratinocytes of which the

epidermis is mainly composed. The other types of cell in

1S the epidermis are melanocytes which synthesise melanin

and Langerhans cells which present antigens to the
systemic immune system.

Solar ultra violet radiation (UVR) ranges in wavelength
20 from about 250 nm to 400 nm. Radiation of 280 to 320 nm
is known as UVB and radiation of 320 to 400 nm is termed
UVA. Light of wavelength 100 to 280 nm is known as UVC.

Solar UVR is known to have 'various photobioclogical
25 effects on the skin and these include acute effects such
as erythema (sunburn} and tanning as well as longer term
effects such as skin cancer and premature aging. The
precise mechanisms of the reactions of sunlight on the
skin are not fully understood but it seems clear that the
30 initial event is likely to be a photochemical reaction in
which a chromophore present in the skin is modified after
absorption of UVR. Known chromophores in the skin
include urocanic acid, which is a deamination product of
histidine and is present in large quantities in the

.



2 stratum corneum nucleic”acids, aromatic ami no acids and nel ani ns which

are conpl ex pignments produced by the nel anocytes. 5 Because of the well
known dana@og§@éssect s of sunlight on the skin, sunscreens REWEBBEMM3Y n use .
for many years. Sunscreens are classified b§ their sun protection factor

agai nst sinul ated sol ar radiation which is d¢efined by the follow ng

equation: 10 [err] 15 Until recently, nost of the adverse effects of
sunlight on the skin as well as tanning have been attributed to the effects

of UVB but there_i LA eas) dy.of_ev] . \Whi uggest s .t hat
WA is likely tosgga?gﬁlpgﬁg#gﬁé'ﬁ{#g‘g%% %‘fﬂ?% %ﬂ%‘%ﬁ?*@%@ﬁ%ﬁ%? 0
effects of sunheganins whichaarecuranplext pigmentmeprodyges: oyt Hte UVA
could be a causemgiaﬁggggggnt mel anonma in humans (Setlow et al, Proc. Natl.
Acad. Sci. 90, 6666- 6670). For this reason, until relatively recently nost
of the sunscreens were designed only to protect from UVB 25 and offered
little or ;0 propecause of arhd/weil ®Rnown MambbisgCeBflet dadf bt idif
wear er of the_sugﬁcre n since=¥rotection frgn1erythena.cgused b B
encour ages | ongeF 8x 5t e THIRS T BAYE BREBqdEh ISR t °ﬁvﬂaF‘§or¥W%h
t he wearer of th8ussorxeensnare cbaspibiedtlsy. theiB(sun protddteief dactwxdel y
accepted that it_LS;: i ﬂméf # f.Qr L.ans .t
protection from %%?ﬁgﬁfmé and iﬁ%& sﬁ?’eﬁ% r%?elatt\?\bomélg’%&g%t ?gng?g%ﬁaesb%fthe
action of sunscrfehkowing equation: |

10

[MED,,, with sunscreen at 2pl/cm?] (

SPF = .
[MED,,, without sunscreen]

15 Until recently, most of the adverse effects of sunlight
on the skin as well as tanning have been attributed to
the effects of UVB but there is now an increasing body of
evidence which suggests that UVA is likely to be
responsible for some of the aging and carcinogenic

20 effects of sunlight. In particular, it has been
'suggested that UVA could be a cause of maligﬁant melanoma
in humans (Setlow et al, Proc. Natl. Acad. Sci. 90, 6666-
6670). For this reason, until relatively recently most
of the sunscreens were designed only to protect from UVB

25 and offered little or no protection from UVA. Clearly,
this can be dangerous to the wearer of the sunscreen
since protection from erythema caused by UVB encourages
longer exposure to the sun and consequently to UVA from
which the wearer of the sunscreen is not protected. It

30 is therefore widely accepted that it is desirable for
sunscreen formulations to offer protection from both UVA
and UVB.

There are two conventional modes of action of sunscreens.



3 The first of these is to prevent UVR fromreaching the skin which can be
done by coveri the skin with a pignent which will scatter UYR _Pignents
whi ch are u¥@Ps %ﬂ“éunscreens i ncl ude i norgani ¢ substances su &k T4BIFO1033
titani um di oxi de and zinc oxide and sone sunscreens al so include nel anin.
The other strategy for providing a sunscreen3is to cover the skin with a
subst ance possessing a chronophore which absorbs |ight of the appropriate

wavel engt h. Subst ances wth suitable 10 chronophor es i ncl ude
anthranil ates, - nzgghenon canphor derivatives, Cci nnamat es,
di benzoy! et hanes-2 hPhoREnFHieEe ad dFO (BREY§RE 5 trom Faachingy dhe

and salicyl ates. Bnmdvmmﬂi r canproz edbhan By ootéRiggn tbl@e acidieveRibN a

nbi UVA h
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probl ens wig h co | g BAPEEL EENS t.hat
they 20 5rgenePée/fllg?éﬂ%ﬁ(|i on the ski %or éq J.IP:t(e;r a reﬁiﬁ{éé\%&%d%ﬁ&%{%
period of tine. 1 %d%aﬁ’el%énélﬁnger &hs é&hﬁ}‘nySQS'é‘r:QgMoﬁﬂﬁ pravidinghat
their sunscreen véldsdredectishesyf O'F'O'Péfhae.ﬁeasskh.ht | ¢igs 3Q TQu@Reaiyudl es
when the sunlight_is very i ntensg. The Ob%hffrpgl s, particul arlg 25

acute for sw nmmerPSFEBHREr Fpaf FET"SB’H‘Pg v stAEBE MR &het he
nost effective suamraamate e hégélgngohubl e iSubsizicedd, withWwals@litiable

I neffecti at fi UVR, user | etely _unprotected
soon aft \gfb ent e%%%ﬁ%%gsmt g‘rr%élm% al;ﬁ'&sal%r%)ant nz O% REOREEPeens
are avail abl e butcanmhamt derivarivesce Q;Trmmaé;ressesdibenzohhmnlyames whipeh

the conpounds ar erf;H{dBdHHE al 180509h vk '5 “’a-ﬂdSta{ﬁ( SUB&%E@&E%&Q“%&' ng
a UV absor bi ng corrponent attached to a po yrrerl C ba
salicylates. Broad spectrum protection from UVR can be

achieved by combining UVA and UVB absorbing substances
15 such as 2-ethylhexyl-4’-methoxycinnamate (Amax = 308 nm)
and 4-“butyl-4’-methoxydibenzoylmethane (Amax = 355 nm).

There are, however, several problems with conventional
sunscreens and one of the most serious is that they
20 generally remain on the skin for only for a relatively
short period of time. This can be dangerous as many
users do not realise that their sunscreen will protect
them for perhaps as little as 30 to 60 minutes when the
sunlight is very intense. The problem is particularly
25 acute for swimmers and other participants in water sports
since many of the most effective sunscreens are highly
soluble in water and, as water is ineffective at
filtering out UVR, the user may be completely unprotected
soon after entering the water. Water resistant
30 sunscreens are available but the water resistance often
arises from the way in which the compounds are formulated
although water resistant sunscreens comprising a UV
absorbing component attached to a polymeric backbone have
also been proposed. Even with these so called water



al so been proposed. Even with these so called water 4 resistant
sunscreens, however, it is still necessary for the user to reapply them
frequenthﬂr’fﬂ:’Q‘Hfs can be inconvenient in many water sportscréé)ﬁﬁéllqsans. 5
One approach to providi qgé feENDY Ot ection from UVR has been

t he so called "acii L Jgg;%gage Nﬂ;rmulation whi ch includes | ow
concentrations of the photQs er i met hoxypsor al en (5-MOP) which
is capabl e of inducing a tan which provides superior and 10 per si st ent
phot opr ot ecti on agalnst DNA danage. However, the use of_ 5-MOP has proved
cont roversi al g-stant suBﬁSFSgFﬁdshPBeEﬂR'ahH HasShibh ReeRRSARY Hion

phot omut agen andha nm:@cabmwy 1Ehem ﬂf@f@nﬁm hdgga tieesl £ah e
sunscreen which.is ca pr.ov stlnﬁpgrotectlon to the user

even in the wat &PS° V%ﬂéeBFeégnpaPXv3ﬁg95n588F9§sSf E4PBBt em by provi ding

a conpletely neM/approach to the production of sunscreens. It is intended
that the gunscrg e Qf . _ne

form ng a”prot ec?ﬂ ve aye%‘r n&? nroxf:?%#éé] 1]<' & '155%'1513 rci’s‘to%%é:lgf’ EI%“Y
interacting cheHVBal | yh@ast hbepa ebhﬁern1%°an@ahl¢d tTnsttMBrnﬁnnsnrqﬁn“
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keratinised cell e.stratum?25 .. corneum are contlnually ed by

the process i&EQ&G&ﬁ&FFﬁﬁran&1Wﬁ§QSﬁﬁﬂ§954%941 uhPTMORWs whdehs is
appr oxi mat el y exzap;bneuroﬁdayxsd@aswhg har efaer eaméwnpebeeaeshls@;@;eh:s_ocih%md:al Iy

attached_.to it would ist for 0 t time

Th At 554171 HREsisl8et HRatrbAetaERich, 1oRLARE DA (inded” douever,
the use of 5-MOP has proved controversial as it ‘
photobinds to DNA and has been shown to be a photomutagen
and a photocarcinogen.

15 There is thus a need for a sunscreen which is capable of
providing long lasting protection to the user even in the
water. The present invention solves this problem by
providing a completely new approach to the production of
sunscreens. It is intended that the sunscreen compounds

20 of the invention, instead of merely forming a protective
layer on top of the skin, will be capable of interacting
chemically with the epidermis and will thus be much more
persistent than the creams and lotions which form the
state of the art. The keratinised cells of the stratum

25 corneum are continually shed by the process of
desquamation and the stratum corneum renews itself
approximately every four days and therefore a sunscreen
which is chemically attached to it would be likely to
persist for about that time.

- 30 .
JP-A-59-204171 discioses maleimide derivatives for use as
reagents for determining SH-containing compounds.

In a first aspect of the present invention, therefore,

is Sheet Has Been Reﬁaced

T
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reagents for determ ning SH containing conmpounds. EP-A-0407932 di scl oses
conpounds for use as sunscreens 4a which are polyners of nethacryl ates
earryi ng chmWm#¥9646es such as hydroxyl ated benzophenones. | n PET{GRIS “Qgpect
of the present invention, therefore, JUL 5 there is provided a conpound
for use as a sunscreen and conprising a UV chBonophore attached to a group
whi ch is capable of chem cal binding to manmalian skin. 5 Al t hough the
intention of the present inventors is to design a sunscreen which is
chemcally attached to the skin, it is inportant that it is not
sufficiently absort&Fs drS iRTAGLAe et LIRPYNA t FR¥ | $9¢ n@S cal Fupagsren opnd

the epi germ;csi X o%ﬁfpﬁii@i%g %afnﬂchﬁoﬁndg%oﬁ*ee&gk}[échgd t{: gr er:]-@?%edﬂwﬁt ikhe
conpounds o e pres i nventian are .designed to react w e keratin
of ahi ch cel s of TRBELE SAMIEIRRAPATEETE ) TBOFAISER FET s al so
greatly preferred that reaction of the sunscreen agent with the keratin

shoul d be rel ativel . d th el ratd f u (of0) nd
into the skin is %l)r%l{r?a .h T%%g%%%%ﬁﬁ%?% (;%fé.ck%rl%t P%égrereltpr‘o €l %é%%hilc{pggve
a relatively highdesdion ¢f syrsereent whichedsamhenigsldy attdahamh thethe

keratin present inRlihe eEEdeigisiﬁﬁaiééﬂé ZQhat_:ﬁ?”ﬁﬁhahokomﬁﬁfﬁgéﬂéﬁ€i§s
of cysteine than the keratin of the hair and najls, theie are st{ll
sufficient cystei FESOFSEFUELT difd ThUSEIFRAT Grothstie oriTHRS £l bel@¥RBS as
of the epidermis. For this reason, it 1is greatly
10 preferred that the compounds of the present invention are
designed to react with the keratin of which cells of the
stratum corneum are mainly composed. It is also greatly
preferred that reaction of the sunscreen agent with the
keratin should be relatively rapid so that penetration of

15 unreacted compound into the skin is minimal.

The components of keratin are proteins which have a
relatively high ratio of cysteine to other amino acids.
Although the keratin present in the epidermis contains

20 somewhat lower quantities of cysteine than the keratin of
the hair and nails, there are still sufficient cysteine
residues, and thus thiol groups, for them to be used as
a point of attachment of a UVR absorbing substance.

25 Thiols are able to react with «,fB-unsaturated carbonyl
compounds or similar agents in conjugate addition
reactions and this route of attachment to the skin has
been found to be particularly useful.

30 Therefore, in a second aspect of the present invention,
there is provided a compound for use as a sunscreen and
comprising a UV chromophore attached directly or
indirectly to a Michael acceptor.



a point of attachnment of a UVR absorbing substance. 25 Thiol s..are abl e
to react with [err]-unsaturated carbonyl conpounds or simlar agents in
conj ugat e WORSBP&E reactions and this route of attachnent tBCEEBISNPIS has
been found to be particularly useful. 30 Therefore, in a second aspect
of the present invention, there is providedéa conpound for use as a
sunscreen and conprising a UV chronophore attached directly or indirectly
to a Mchael acceptor. 6 In the context of the present invention the
phrase "attached directly or indirectly" neans that the UV chronophore
can be either di Factihe | cArREEXto Phie Wiehdsesentepinvent dosomthpaphraket he
chromophor i ¢ ent taycabhed i1yl ivel Vind TPV RRddddi LACL AdAChEENt
wher eby t he chronnphorq?is attached tq a Ijnker such as an alkyl or alkenyl
chain which is i FPIUPTPRPTR TR ] IRt WMThsirestdepildmkesy to thenMichael
context of theacpepsent vialvesmeonpartheoft etie " Muniphasent @ht ikl ers
to any [erg]-uns . ound which is capable of reacting with a

nucl eophi 1%® in aﬁ%%%ﬁ%%gfgggaﬁi??%ﬁer@3¥t$8nl§§&ﬁe§§ Fﬁ§a§hmEgFI€HeHFbﬁae
addi tion. Strictthe sphedmophotdeis extrnadiEthdo aldiirker Buch asehar alkgla
particul ar conj t L ' k. hi [ s reacted.with
an [err]-unsatuﬁ%?éﬁlco %uﬁ@aaﬁggéggﬂtﬁg %ﬂeggﬁg ?%@gggigﬁ %@epﬁ%ﬁgﬁﬁﬁy
concerned with t#HeEREUati on when the nucl eophile is a thiol group.

However, the same groups which would 20 undergo the M chael reaction.
w | alsgi{eact ith.thiols and therefore they have been terned "M chael

M |
accept or s+° t hr outfho ] hEREESENt OZpeEPfi RFFIPAL invention, the term

"Michael acceptor" refers to any «, f-unsaturated compound (_
which is capable of reactiﬁg with a nucleophile in a
conjugate addition reaction such as the so called Michael
addition. Strictly speaking, the term Michael addition
is refers to a particular conjugate addition reaction in

which a carbanion is reacted with an o, B-unsaturated
compound whereas the present invention is primarily
concerned with the situation when the nucleophile is a
thiol group. Hdwever, the same groups which would

20 = undergo the Michael reaction will also react with thiols
and therefore they have been termed "Michael acceptors"
throughout the present specification.

Examples of Michael acceptors are well known and any
25 compound of this_type is suitable for use in the present '
invention. Michael acceptors _include o, B-unsaturated
esters, amides, carboxylic acids, nitriles, aldehydes and
ketones. Specific examples include derivatives of
guinone:
30 '



Exanpl es of M chael acceptors are well known and any 25 conmpound of
this type is suitable for use in the present invention. M chael acceptors
Fncl ude [er Woassmsddar at ed esters, am des, carboxylic acids, rRCHGBSHOI03S

al dehydes and ket ones. Specific exanmples include derivatives of

qui none: 30 7 [err] 5 Quinone naleic and acrylic acids, and their esters
and ot her 10 derivatives: [err] O maleic acid

mal.eim de 20 [err] acrylic acid 25 and ot her el ectron defi ci ent

al kenes such . as acrylonitrile: 30 [err] acrylonitrile WD 95/ 30646 8
It has been found that naleic acid, naleaniccgcid and

Quinone

maleic and acrylic acids, and their esters and other

10 derivatives:
¢} O
on Lo
OH
15 Y
0
maleic acid maleimide
20 0
acrylic acid
25

and other electron deficient alkenes such as
acrylonitrile:

30

acrylonitrile



mal ei mi de and their derivatives are particularly suitable for use.as the

M chael acceptor since they react gently yet quickly wth thiol

t hus woul i kely 5 to cause unpl easant side effecr/clssnimpplied

to the skin. e reaction of a mal ei mde derivative with the ethyl ester of
cysteine can be represented by the follow r\qg equation: NH [err]

O her M chael acceptors react wwth the thiol group of 15 cysteine in an

anal ogous nmanner. The M chael acceptors mentioned specifically above are
wel |l known to those skilled in the art and are either comrercially

avai | abl e or camchengy eBééﬁ‘d fevineetdgds wéleic KBoWn h@ltelaaae deild eghdn

the art. A further, adv of att ChJ t he chronD ori ou
M chael accept oM&LE ﬂg ket 1% axPePARF écuiﬁggfng‘%ﬁgjo?ﬂ y

to free thiol gfespusen xzy die Neiddael acrmtcmessinne atisey treadthegently

Can ronct: v th Soh e nsiud o eRo B280be. AptiFniK Su 8 nf BT Lfer) "o

proteins &nd pefs deauaelduopllelasasttdesfcﬁmi pffecthe whemoappl dlefiy sionethe

form coval ently
been suggested

mal ei m des. The UV chronophore may be selected fromany one of a nunber of

: k_ed succinimde 9 - derivatives. It has also
at the.im dazole group of histidine will react with

wel I known chrom@h%&&ctiénwbkl aOfmELXB i edbrivat £P€S @i tHO t H@te&m
[err]max is within elt ter t he UVA or tt]erVB wavel engttg range ffrdl n

the particul ar
10

15

20

25

cysteine can *epresente owin
equatlon.
NH
2
o 0 EtO\n/l\/S %
Eto)j\(\su o+ GNR —_— 0 \QNR
NH?. 0 s}

Other Michael acceptors react with the thiol group of
cysteine in an analogous manner.

The Michael acceptors mentioned specifically above are
well known to those skilled in the art and are either
commercially available or can be prepared by methods
known to those skilled in the art.

A further advantage of attaching the chromophoric group
to a Michael acceptor is that the Michael acceptors are
able to bind not only to free thiol groups on cysteine
residues but also to other nucleophiles which are likely
to be preseﬁt in the skin. For example, they can react
with a-amino groups which are present at the N-terminus
of proteins and peptides and on the side chain of the
amino acid lysine to form covalently linked succinimide

groups and

-



protection which is desi red. Exanpl es include derivatives of cinnamc acid

and 10 i dene which are UVB absorbers and varj 1035
substi t ut e&gﬁggé#ﬁgenone and di benzoyl et hane derivatives Whil,C &g?sem UVA

absorbers. The present invention relates inag third aspect to novel 15

conpounds of general forrmula I: X-R (I') wherein Xis a
M chael acceptor; 20 Ris Z, [err] alkyl-YZ, [err] alkenyl-YZ or [err]
al kynyl- YZ;, Yis O, [err], S[err] , COor [err] and n is an integer from

0 25 to 2; waerehathioes] is th [ds] Alde/| perd esihgekkeay! thapd ghés a
chronmophore group; %0 w_th the pr%vhso t hat V\,heg X regresents: . .10 %serr]
5 then Z is not [FOrPRZPAepBEPUPABEYIREIEHRESEALL FRRCDf WIRE TRFFHRFIRE -
groups: 15 [err] Thel @V | cRbombphere R4y sodd, sgkectedl lfHom ainyevng afkeayl ;
number of well known chromophores. ‘It will of course be
5 chosen so that the Amax Is within either the UVA or the
UVB wavelength range according to the particular type of

protection which is desired.
Examples 1include derivatives of cinnamic acid and
10 benzylidene which are UVB absorbers and various

substituted benzophenone and dibenzoylmethane derivatives
which are UVA absorbers.

The present invention reiates in a third aspect zo novel
15 compounds of general formula I:

X-R (1)

wherein X is a Michael acceptor;

20
R is 2, C,-C, alkyl-YZ, C.-C, alkenyl-YZ or C,-C, alkynyl-
YZ;
Y is O, NR*, S(0),, C=0 or CH, and n is an integer from 0
25 to 2;
wherein R* is H, C,-C; alkyl or C,-C, alkenyl; and
Z is a chromophore group;
30

with the proviso that when X represents:



and Z is preferably a chronophore group: 30 11 [err] 10 15 wherein [err]
and [err] nay be the sane or different and represent: 20 -H, [err]

chloro, f|IWRW30M6onDp, iodo, [err] alkyl, [err] al kenyl, [ePETGBINQIA
phenyl, [err] [err] al kyl phenyl , [err] al kenyl phenyl , [err]

al kynyl phenyl, [err] [err] alkyl COR3, [eril]0 25 al kenyl COR3,
[err] alkynyl COR [err] al kyl COOR3, - [err] al kenyl COOR3 or [err]

al kynyl COOR3; alternatively, either or both of [err] and [err] may be

repl aced by a .group [err] alkyl-YZ, [err] alkenyl-YZ 30 or [err]
al kynyl -YZ wherein Y and Z are as defined apove; R3 is H [err] alkyl,
[err] al kenyl, phenyl, [err] Cl2 cycloallk{l, [err] cycloal kenyl,

[err] 12 cycl oal kenone -or [err] cycl odl kewene; [err] and [err] nay be

the sane or different and represent H or rr] alkyl. 5 It can be seen that
all of the above conpounds conformto the d¢kneral pattern of a M chael
acceptor Isinked to a

then Z is not

. oo

Preferably, X represents one of the following groups:

15
0 0 o
J G G
4 4/| NH— 4.
Rr RN R 7%
20 o 0
0
Q 0
HAC — '
2\/”\0__ C OH
4 .
R R4 4
25

wherein R* is H, C,-C, alkyl or C,-C, alkenyl;

and Z is preferably a chromophore group:
30 |



chronmophore or to a pair of unconjugated chronophores. 10 In the
present invention the term[err] alkyl" refers to a straight or branched
chai n al kyl W@ esmM0646avi ng from one to ei ght carbon atons. Exa®eT&BIsSP1Ie3sich
groups include nethyl, ethyl, n-butyl, t-butyl and n-hexyl. 15 In the
present invention, the term[err] alkenyl" refers to a straight or branched
chai n al kenyl group having fromtwo to ei ght carbon atons. Exanpl es of
such groups include ethenyl, propenyl, 1-butenyl and 2-butenyl. 20 In
the present invention, the terns [err] cycloal kyl" and [err] cycl oal kenyl"
refer respectively to substituted or unsubstitu%gd cyclic al kyl and al kenyl
groups having from4 to 12 carbon git ons. Such'igroups i nclude cyclobutyl,
cycl ohexyl, cycl ohexenyl ang=r ystenB 25 rbuch as
nor bornyl and nor bor nyl ene. ; represents
either a mal eim do group or a5 onpounds based
on these M chael acceptorp are 30 NEL) y+€asy to synthesi se
and react readily yet mldlygdith thiols. [t has been found that good
results are obtained when the group Ris a substituted prenyl group, a
benzophenone or WO 95/ 30646 13 substituted bepgzophenone or a cinnamc
acid derivative. The fol M ng conpounds of gen&Fal fornmula | are
particularly useful: N (4 r boxyphenyl ) mal eam @ aci d;
N- (4- carboxyphenyl)naI%‘" g=ON- (4- bengoyl phenylp.nal eanic a
N-(4- benzoygphenyl)nal- .
1

15

wherein R!' and R? may be the same or different and
represent:
20
-H, -OR®, -NR’R?, -SO.H, chloro, fluoro, bromo, iodo,
C,-C alkyl, C,-C, alkenyl, C,-C, alkynyl, phenyl, -C,-
Ce alkylphenyl, -C,-C, alkenylphenyl, -C,-C,
alkynylphenyl, -COOR?!, -COR?, -C,-C, alkylCOR’, -C,-C,
25 alkenylCOR®, -C,-C, alkynylCOR?, -C,-C, alkylCOOR®, -
C,-Cs alkenylCOOR? or -C,-C, alkynylCOOR?;

alternatively, either or both of R' and R’ may be
replaced by a group C.-C, alkyl-Y¥YZ, C,-C, alkenyl-YZ

30 or C,-C; alkynyl-YZ wherein Y and Z are as defined
above;

R® is H, C,-C, alkyl, C,-C, alkenyl, phenyl, C,-
- C,, cycloalkyl, Cr'CQz cycloalkenyl, c,-C



10 N-[ 4- (2- car box¥- (E) - ethenyl)phenyl]nalean1c aci d;

N-[ 4- (2- car boxy- (E) - et henyl ) phenyl ] mal ei m de;

N-[ 4- ( 2- cAH®SEP6467) - et henyl ) phenyl | mal eani ¢ aci d; PCT/GBIS/01035
N-[ 4- (2-car boxy- (Z)-ethenyl) phenyl ] mal ei m de;

N- (4- et hoxycar bonyl phenyl ) mal eam ¢ acid; 12

N- (4- met hoxycar bonyl phenyl ) nmal ei m de;

N- (4- n- but yl oxycar bonyl phenyl ) mal eam ¢ aci d; and

N (4-n- butyloxycarbonylphenyl)nalelnlde It has been found that the W
characteristics of the 20CYClogAksRepRoPEsCus@d fYiclerlkemprends of the
“invention are changed sonmewhat on directly attaching a M chael acceptor and -
subsequently reacting the rod ct_with a thiol. Cenerally, it has been
found that the [err]max of t R onBRYoPs {ERe s SéfmeyRY y dddisrensniandthe
M chael 25 recept or mmbpraseathﬁrokacgah takk1an reaction of the

product with cysteine. This can sometimes be a problemsince if the change
in [err]nax is too great, the chronophore may no | onger absorb light in the
UVA or UVB wavell&ngeh bang@enzmha#1ai&mq@ ¢hef abbhirve compgends conform to

4- 8”1nObenZOpheQﬁ@ed@ﬂé?&ﬂ“ﬁh@téﬁﬁr$fa§‘ﬁléﬁgéq"%¥@%ﬁ@ofsliﬂxéﬁetoU%P

range When the am™no group 1s replace eam Cc _acld
[err] max of the"éﬁ'PB‘F?BBHSFe°§hFPt§ Paleoefnwmnwgageét chromomlqremhu n
the UVB range but when the amino group is replaced by a maleimde residue,

t he [err x falls_to 258 .This is outside the range of . U/B al t hough
t here is restOPthSnpﬁ?s EY?QF%?nmﬁ%% RN mefie G EEYL" reakers b
with cysteine as stradght be bhanched! cihrain calleel sdoug [leivimg e rom She) . (

The changes are.gaglilhe’ 2bb-803l 236hsO" Examples of such groups 1nclude
methyl, ethyl, n-butyl, t-butyl and n-hexyl.

15 In the present invention, the term "Cf4; alkenyi" refers
to a straight or branched chain alkenyl group having from
two to eight carbon atoms. Examples of such groups
include ethenyl, propenyl, l-butenyl and 2-butenyl.

20 In the present invention, the terms "C,-C,, cycloalkyl" and
"C,-C,, cycloalkenyl" refer respectively to substituted or
unsubstituted cyclic alkyl and alkenyl groups having from
4 to 12 carbon atoms. Such groups include cyclobutyi,
cyclohexyl, cyclohexenyl and more complex ring systems

- 25 such as'norbornyl and norbornylene.

It is preferred that the group }iirepresents either a
maleimido group or a maleamic acid residue since
compounds based on these Michael acceptors are

30 particularly easy to synthesise and react readily yet
mildly with thiols.

Zt has been found that good results are obtained when the
group R is a substituted phenyl group, a benzophenone or



the basis of conjugative effects but the effects of attaching M chael
acceptors to the various chronophores which nmay be used canngt_al wayvs
gasily be pVOPsBEoM§. 10 Thi s probl em can be overcone to chnga%X’&ﬁ ent
sinmply by separating the chronophore fromthe M chael acceptor using a
spacer. Particularly useful conpounds thereflére include those in which the
group Ris [err] alkyl-YZ J[err] alkenyl-YZ or [err] alkynyl-YZR and

especially those in 15 which Y is O Conpounds in which a hexyl oxy

l'i nker is used.(that is, R err are especi al | referre Examl es of
conpounds of genet s?%qqﬁﬁészf‘;%q e&"%c%f Hét % @M [ReFE VAELYSt-or
and the chronophore include 20 the foll ow ng:

N-[ 6- (4-benzoyl phgnoxy. gﬁ%!)]) - mal ] | d; -
(4- benzoyl - 3- hydr'oxXy- phenoxy ngﬁe(g@r;%&:?r% eacr’nk\l(-: %%wfral fonﬁ%}%; 1 are

N-{6-[4-(2', 4" -dinaarisudsanizbyseidydroxy- phenoxyl | - hexyl } - mal eanmi ¢ aci d;
30 g N-[ 6-(4-benzoyl phenoxy) hexyl]-mal ei m de; N- [6-

(4- benzoyl - 3- hydr oxy- phenoxy) -hexyl] -malei m de; .

N-{6-[4'-(2",4 -di hyd%‘xﬁﬁb‘ééz’fﬁﬂwm)weamlcl?CId;

phenoxy] - hexyl } - mal ei W-des-ddrtofyipher(y?) maleimide;

- et hyl hexyl oxy) - car bog}i_l -4(_ - et henyl |- .ghe oxVy}.- hex Id} mal eam c acid; 5
N-{6-{[4 - (2" -ethyl h&i% -zc?é’ﬁti%i'?]s”fﬂ(f)ajﬁ%g?w id;

phenoxy} - hexyl } - mal ei N-O&-benzoylphenyl)maleimide;

N-{6-{[4" (2" - et hyl hexy| QXVy)s ! _-ﬁg)_— t I . . 2.
phenoxy} - %gxyl } - mal ea)r%/cﬂac(izd; L%gé% 4'e%- -’épﬁ%’gﬁé%ﬁl&% €. ggrlgényl -
(E) -ethenyl]- N-[4-{2-carboxy- (E) -ethenyl)phenyl]lmaleimide;

N- [4-(2-carboxy- (Z) ~ethenyl) phenyl]maleamic acid;

N- (4~ (2-carboxy- (Z) -ethenyl)phenylimaleimide;
N- {4 -methoxycarbonylphenyl)maleamic acid;
15 N- (4 -methoxycarbonylphenyl}maleimide;
N- {4-n-butyloxycarbonylphenyl)maleamic acid; and
N- (4-n-butyloxycarbonylphenyl)maleimide.

It has been found that the UV characteristics of the

20 chromophores used in the compounds of the invention are
changed somewhat on directly attaching a Michael acceptor
and subsequently reacting the product with a thiel.
Generally, it has been found that the Amax of the
chromophore falls slightly on attaching the Michael

25 receptor with a rather larger £fall on reaction of the
product with cysteine. This can sometimes be a problem
since if the change in Amax is too great, the chromophore
may no longer absorb light in the UVA or UVB wavelength
range.

30
An example of this change is 4-aminobenzophenone which
has a axmax of 318 nm which is in the UVB range. When
the amino group is replaced by a maleamic acid group, the
Amax of the chromophore shifts to 306 nm which is still



phenoxy} - hexyl }-mal ei mide; " 15 N-{6- [(4' -ethoxycarbonyl- (2)

- et henyl henoxy] - hexyl}-maleam c acid; N-{6- [(4' nyI Z
-ethenyl xy] - hexyl}-mal eimde; 20 N-{6- [(4 -eﬁﬁgﬁé%ﬁﬁggﬁ
-ethenyl) - phenoxy] - hexyl }-mal eam ¢ aC| d; N-{6- [(4" -ethoxycar bonyl (E)
-ethenyl) - phenoxy] - 25 hexyl }4ral ei ni de:

[4-(2',2' -di nethyl ethyl)-benzoyl]-[4-(ethenedioic acid

nonoanlde N—6 hexyl oxy) - benzoyl | - met hane; 30

4- (2", t . , R '
fal 61 1 dohexy et EbeHs T M ket ban Fhe pine FHRRAR T8RlaREg o
t he present |hYeﬂtmaheamedeunﬁskduﬁanyheohmantfahab son268eams, Mhtis 16
rritating tojgheogkhfuandehdieyrahdd tder Qv © HERAdH Sl el o to

the | arge section of the population who have sensit] skin and "are
t heref ore notTgBFeratign QEeUVB EGHAtYoRRD theadtetnide iG meagted g 5

consi des abl e degheeystedheces ot - wou%@ ﬁédwhdﬂ%apﬁmhédﬁébnGhEOEkln
Nl kgt el ef i AR o B AR ot RIS R SARIHY PR OAIGeOR 0 be
mut ageni ¢ andthéeyasiso bﬂve:oze;mgalmd oeffetys MutCorheunsitfsdtgeper al
formula I in &@EgghfﬁéSMfcﬂgéfaHLEeﬁﬁégsrgaiQHS:vLE&Ble%hromophores
which may be used cannot always easily be predicted.
10 - This problem can be overcome to a large extent simply by
separating the chromophore from the Michael acceptor
using a spacer. Particularly useful compounds therefore
include those in which the group R is C,-C, alkyl-YZ, C,-C,
alkenyl-YZ or C,-C; alkynyl-Y2R and especially those in
15 which Y is 0. Compounds in which a hexyloxy linker is
used (that is, R is (CH;),0Z) are especially preferred.

Examples o£ compoﬁnds of general formula I with a spacer
between the Michael acceptor and the chromophore include
20 the following:

.N-[6-(4-benzoylphenoxy)hexyl]-maleamic acid;

, N-{6-(4-benzoyl-3-hydroxy-phenoxy) -hexyl] -maleamic
25 acid;

N-{G-[4-(2’.4'-dihydroxybenzqyl)-3-hydroxy-
. phenoxyl] -hexyl}-maleamic acid;

30 N- (6- (4-benzoylphenoxy) hexyl] -maleimide;
N- [(6- (4-benzoyl-3-hydroxy-phenoxy) -hexyl] -maleimide;

N-{6-[4’-(2',4'-dihydroxybenzoyl) -3-hydroxy-



can be prepared by reaction of maleic anhydride with a 20 conpound of
general formula Il or IIl. [err] Il [err] 1]
25 wher ei n WRO98/30646 defi ned in general fornula | in an inert BeoVGBIOI&¥ch as
di chl oronet hane and in the presence of a tertiary am ne such as
triethylam ne. 30 Conpounds of general formaka | in which X is a nmaleimde
resi due: 35 17 [err] 5 can be prepared fromthe correspondi ng nal eam c
acid conmpound of general formula | by reaction with a dehydrati ng agent
such as acetic-acid in sodium acetate. 10 Conpounds of general fornulae |
and 111 can both be prRRsmoxyli-hexys jcomdedmddef; general formula IV 15
[err] 20 wherein Ris as defined in general formula |I. In order to obtain a
conmpound of gener al f%ﬂﬂU| |1, the conpound of formula IV can be treated
wi th hydrazine 25 i ﬁrztffl rﬁzé-eéﬁ%nﬂwéw@én@#om}nﬁfﬂh-ﬂhewll-
requi red, the phthal i pheaokedi-texyldnrmageaméavadidn the presence of acid.
Whet her thg conpound of fornmula | is synthesised via a 30 conpound of
formula I'l7or formula Il will depend upon
N-{6-{[4'-(2"-echylhexyloxy) -carbonyl- (Z) -ethenyl] -

phenoxy}-hexyl}-maleimide;

N-{6-{[4’- (2"-ethylhexyloxy) -carbonyl- (E) -ethenyl] -
10 phenoxy}-hexyl}-maleamic acid;

N-{6-{[(4’-(2"-ethylhexyloxy) -carbonyl- (E) -ethenyl] -
phenoxy}-hexyl}-maleimide;

15 N-{6-[{4’-ethoxycarbonyl-{Z)-ethenyl) -phenoxy] -
hexyl}-maleamic acid;

N-{6-[(4'-ethoxycarbonyl-(2)-ethenyl) -phenoxy] -
hexyl}-maleimide;

20
N-{6-[(4'-ethoxycarbonyl- (E}-ethenyl) -phenoxy] -
hexyl}-maleamic acid;
N-{6-[(4’-ethoxycarbonyl- (E)-ethenyl) -phenoxy] -

25 hexyl}-maleimide;
[4-(2’,2"-dimethylethyl)} -benzoyl] - {4- (ethenedioic
acid monoamide-N-6-hexyloxy) -benzoyl] -methane;

30 [4-(2’,2'-dimethylethyl) -benzoyl] -[4-(6-

maleimidohexyloxy) -benzoyl] -methane.

The preferred compounds according to the present
invention are, unlike many conventional sunscreens, not



the nature of the group R "If it is stable in acid but unstable in alkali,
then the conpound of formula IV will be converted with acid to a conpound
of formul awblos3edder eas if the group Ris unstable in acid, PCHCPWHS,| g
18 a conpound of formula Il will be used. A conpound of general fornmula IV
can be prepared froma conpound of general jgornula V: 5 R-Br V.-
wherein Ris as defined in general formula | by reaction with: 10

O [err] 15 (potassium phthalimde) in a polar solvent such as

di et hyl formam de (DMF). This route for the conversion of conpounds of

general formula fértlctazd.mounebs ehegesieinl dmi muhey | wildlknoheragotée be
Gabri el synthesis

f ed Jea on t ondi tjons e
famliar to thosp@r &fl i¥n eg. g’r e é’ml'heq‘-E br |AJ1I§% a%%ceésliés}gl séP che
particularly useiqpluhmﬂ:mwm @anrenx_ssplsenone gkisi qndaarqetheaefmae i)

An al ternative d rt pr f g forgul a
Bed kor thse genera‘g]f Or@ﬂm@&@w Rdnd @memﬁt quia

1l is by reaction of_ a conpoun
30 wherei B R i s cansddenadd e n SQFEPaWﬁ oFHPCRMECTEFh s IrrbaéfiFl&ﬁlF’S*'ca‘P?l ed

out in the presereeioly Fdicautagendcaty it wasl Blrpbesihafbyofeund RRhat pne

which i's unlike many known N-alkylmaleimides the compounds of the
present invention do not seem to be mutagenic and they
also have very low toxicity.
10 .
Compounds of general formula I in which X is a maleamic
acid residue:
0
15 ' | OH
"
0
can be prepared by reaction of maleic anhydride with a
20 compound of general formula II or III.
RNH, ' II
RNH,* III
25
wherein R is as defined in general formula I in an iner;
solvent such as dichloromethane and in the presence of a
tertiary amine such as triethylamine.
30

Compounds of general formula I in which X is a maleimide
residue:

35



éusceptible to nucleophilic attack in a site other than 19 the one to be
coupled to the M chael acceptor. Conpounds of general fornulaVl e
prepared fr¥M9&BI®unds of general fornula V by reaction mﬁtﬁcgk“ég%hﬁk
[err] Compounds of general formula V are well known in the art and/or can
be prepared by nmethods known to those skilled?7in the art. 10 A third way of

preparing conpounds of general fornmula Ill is by reaction of a conpound of
general formula VII [err] VIl 15 wherein-Ris as defined in
general formula I, with trifluoroacetic acid to renove the t-

but yl oxycar bonyl (Boc) protecting group. 20 o Protected am nes of general
formula VI1 can be produced fromam nes simd ar to those of general fornula
1. This route is often used when R is a rleai-+ve group such as a cinnamic

acid derivative. For exanple, an aryl group~xtan be introduced into a

protected am ne to give a conmpound 25 ofOgeneral formula Vi1, follow ng
whi ch the otecting group can be renoved to give a conpound of general
formula I'll°. Conpounds of general formula | in which Xis a maleic 30

acid ester residue: 20

can be prepared from the corresponding maleamic acid
compound of general formula I by reaction with a
dehydrating agent such as acetic acid in sodium acetate.

10
Compounds of general formulae II and III can both be
prepared from a compound of general formula IV
0O
15
N-R
0
v
20

wherein R is as defined in general formula I.

In order toc obtain a compound of general formula II, the
compound of formula IV can be treated with hydrazine
25 whilst, if a compound of general formula III is required,
the phthalimide residue can be cleaved in the presence of

acid.

Whether the compound of formula I is synthesised via a
30 compound of formula II or formula III will depend upon
the nature of the group R. If it is stable in acid but
unstable in alkali, then the compound of formula IV will
be converted with acid to a compound of formula III
whereas if the group R is unstable in acid, the route via



[err] 5 can be prepared by reaction of a conpound of general fornula VIII:

10 [err] VIIl wherein R
is as def We930d6general formula | with mal ei c anhydride | RCAIGBISPHPIS
cat al ysed esterification reaction. 15 Al cohol derivatives of general
formula VI11 are well known or can be prepaBed by -net hods known to those
skilled in the art, for exanple frombrom des of general formula V. 20
Compounds of general formula | in which X is a quinone derivative: 25
[err] and Ris a group Z _can bhe prepared by_the reaction of 30 gui none
with a conpoundaog°EBEHP§IOﬁoﬁﬁﬁm&lﬁx;I[E#X} be used.

| X under the conditions described in Org. Synth. Coll. Vol. 21 4, 15

(1963). For c f general forymula.l in which Xis a qujnone and R
is a substitut egnggglggﬁﬁgsﬁ h SREeTAL ]‘%Umat ﬂ é’%ﬂ/ﬁi%é?ﬁ?ar%ﬁ EXam the
reacti on of a coepponddobiggenezblf fommhidaXv:5 [err] wherein Z is as

defi ned iﬁ general fornmula I with quinone under the conditions described in
Og. Synth., Coll. Vol. 10 6, 890 (1988). Conpounds of general fornmul ae
| X and X are known in the art BrBray be prepar®d by nethods faniliar to
those skilled in the art. _

wherein R is as defined in general formula I by reaction

with:
10 o ‘
<o -
0 ' .
15

(potassium phthalimide) in a polar solvent such as
dimethylformamide (DMF). This route for the conversion
of compounds of general formula V to compounds of general
formula II is known as the Gabriel synthesis and

20 preferred reaction times and conditions are familiar to
those skilled in the art. The Gabriel Synthesis is
particularly useful when R is a benzophenone or similar
derivative.

25 An alternative method for the preparation of a compound
of general formula III is by reaction of a compound of
general formula VI: |

R-N(Me,Si), VI
30
wherein R is as defined in general formula I. This
reaction is carried out in the presence of aqueous acid
and is wuseful when the group R is one which is
susceptible to nucleophilic attack in a site other than



i5 Conpounds of general formula | in which X is an acrylic acid residue:
O may be prepared by heating a conpound of general fornula 25 §!i?%err]

Xl in aqueoW®%3BP&s 30 A compound of general formnula Xl ch i ned
by reaction of a conpound of general fornula X I: RCHO
Xl 22 with diethyl propanedioic esterl9[err] in the presence of

pyri m di ne. Conpounds of general formulae XIl are known in the art 5
and may be prepared by net hods known to those skilled in the art. An
alternative nmethod for the synthesis of a conpound of general formula | in
which X is an acriheconei toreei coepled to theMickael RegePteRaction. In

this method, a coppRYSEnas Qﬁne?@ﬁe{'&'[ Megmithlal :vRCEE@n be prepared from

X1l 15 is reacted with dride in the presence of sodium
acetate. This is s°$a?vvea|%$|§egﬁ¥% bFRrHetRol WA g%??%°%ﬁ”%ﬁ§l gr oup.
Agai n, al dehydes of general fornula Xl Il are well known 20 in the art.

The processes for preparing the ﬁ ﬂpgg ﬁs of general fornmula | forma part
of the present invention and the 2 énother aspect of .the invention
there is 25 provi ded a process for the preparation of a compound of

Compounds of general formula V are well known in the art
and/or can be prepared by methods known to those skilled
in the arct.

10
A third way of preparing compounds of general formula III
is by reaction of a compound of general formula VII

R-NHCOO*Bu VII

15
wherein R is as defined in general formula I,
with trifluorcacetic acid to remove the t-
butyloxycarbonyl (Boc)} protecting group.

20 Protected amines of general formula VII can be produced

from amines similar to those of general formula II. This
route is often used when R is a reactive group such as a
cinnamic acid derivative. For example, an aryl group can
be introduced into a protected amine to give a compound

25 of general formula VII, following which the protecting
group can be removed to give a compound of general
formula III.

Compounds of general formula I in which X is a maleic

30 acid ester residue:



general fornmula I, the process conprising: a. when X is a nmaleamc acid
residue, reacting maleic anhydride with a conpound of gene A1 or
30 geWé’r’éP“‘gornula 111" in an inert solvent such{,éi‘ld’g)&r"ﬁw’sa :
di chl oronet hane, optionally in the presence of an am ne such as
triethylamne; b. when X is a nal eini de 2&si due, reacting the conpound

23 of general forrmula | produced in step (a) with a dehydrating agent such
as acetic acid and sodi um acetate; c. when X is a maleic acid ester
residue, reacting a 5 conpound of general fornmula VIII with naleic
anhydride; d. when X is a quinone resigue, reacting.quinone with a .
conpound of general fornmula I X or generall fornmula X; or 10 e. when X
is an acrylic acid residue, heatin Odonpound of general fornula Xl
in agueous acid conditions or reactinglian aldehyde of general formula X |

W th acetic anhydride; 15 wherein geyéral forrmulae I, III, VIII, IX

X, Xl andgXI'I'l are as defined above. Thegconpounds of the present invention
may be fornulated as creans, lotions or oils for topical admnistration to
20 the skin. Cbnventlonal dermat ol ogically aceceptabl e excipients
are well known to those skilled in the art and include fats, paraffin,
enollients etc. Thu inafu t aspect of he inventio t here Ii 25
provi ded a sunsE?Ee%QRﬁ¥ﬁF§E? ﬁﬁFP oﬁp&ﬁﬁ??H {%ef

i nvention togetﬁermuiahvarﬂernatologlcalIy acceptable eXC|p|ent or carrier.
In a fur{@er aspect of the inventio there is provided 30 a pRAgsEss .
for screening the skin fromthe sun, conpri sing (

wherein R is as defined in general formula I with maleic
anhydride in an acid catalysed esterification reaction.

15 Alcohol derivatives of general formula VIII are well
known or can be prepared by methods known to those:
skilled in the art, for example from bromides of general

formula V.
20 Compounds of general formula I in which X is a quinone
derivative:
0
25
0
and R is a group Z can be prepared by the reaction of
30 quinone with a compound of general formula IX:

ArN," | IX

under the conditions described in Org. Synth. Coll. Vol.



applying to the skin a sunscreen conpound as descri bed above. Because of

their ability to screen the skin fromthe sun 24 for prol onged periods
of time, tweosssessinds of the invention will be of PCI/GRISNLESS | N
preventing dermatol ogical conditions arising from exposure to
sunlight, for exanple erythema, premature agiig, skin 5 cancers and

ot her conditions caused by prol onged exposure to sunlight. Therefore, in a
further aspect of the invention there is provided a conpound of the
invention for use in the 10 prevention of dermatological conditions
related to exposure 1% dJd8EBJht. Fbr icompounds ab®ogenepal sdEormulat odifor
the prevention of yhdar RRlQ adichAlncrndidd &0 18 LS s0BtRMLEXPISYESub Ocdn
sunlight, the netho conprising ~admnistering to a patient an

ef fecti ve amount &6 £iRfblnd asSWbEaPlectyrbetic | roure adigi thenueaaspent

of the invention tdfele dompdind ofP'gaedd tHeni3a & a conpound as
descri bed ahove in the preparation™ of an agent for the prevention of

der mat ol ogi Gal conditions arising fromexposure to sunlight. 25 The
invention wll now be furtizeo(oHd,)xd,Hated by reference to the X
foll ow ng exanples and to the drawings in which: FIGURE 1 is a plot show ng
the change in the 30 . absorption spectrumof hair keratin after
reacti on with N pwdeyeia & kibdas detimedURE gerieral [foxmudlaoli wijthheu ihomes e
in the under the conditions described in Org. Synth., Coll. Vol.

10 6, 890 (1988).

Compounds of general formulae IX and X are known in the
art or may be prepared by methods familiar to those
skilled in the art.

15 '
Compounds of general formula I in which X is an acrylic
acid residue:

20
_CH%/U\OH

may be prepared by heating a compound of general formula
25 XI: |
R-CH=C (CO,Et ), XI

in aqueous acid.

30 A compound of general formula XI may be obtained by
reaction of a compound of general formula XII:

RCHO XII



absor ption spectrum of horn-hoof keratin after 25 reaction with

N- phenyl mal ei m de. Exanple 1 5 N- (4- car boxyphenyl )mal eam c acid [err]
4- Ami nobenwaisszesssd (17.24 g, 0.1257 nol) was added to a 15PCT/GBSSG163Sed
solution of naleic anhydride (12.33 g, 0.1257 nol) in propanone (300 m).

Stirring was continued at room tenperaturgs for 3 hours.

The product,

whi ch separated as a yellow solid, was collected by suction filtration and

dried on the filter: np 217-219[err]. (Ref: 20 K C Liu,

J. Chin. Chem

Soc., 1973, 20, 163). Exanple 2 N (4- carboxyphenyl)nale|n1de 25 [err] 30
The product frorwfbdan'piaeethy(lzowﬁpgneﬁle&iaz estexr wab(Bubley ,CR,]a shi r tRé

sol.uti on of anhy, e (4.00 g) in ethanoic anhydride (200
m) and the mxt %?#?ﬁgﬁ%ﬁ% 'stirring at 90-95[err] until

di ssol uti on was conplete The solution was allowed to cool

tenperature, wi téb@daﬂwgoﬁngenéﬁfrfar&uiaéek& ey %«t

an i ce-5% aqueous sodi um bi carbonate 5 sol uti1on

to room

'8 shevhyei nto

preci pi tate was 319 A% P PRERRLSG Y ReShods KaRWE; éPh?hoéﬁhékll%sdxlBO

m) and air the art.

An alternative method for the synthesis of a compound of
general formula I in which X is an acrylic acid residue
10 is via the Perkin reaction. 1In this method, a compound

of general formula XIII:

RCHO

XIII

15 is reacted with acetic anhydride in the presence of

sodium acetate. This is a pafticularly suitable method

when R is an aryl group.

Again, aldehydes of general formula XIII are well known

20 in the art.

The processes for preparing the compounds of general
formula I form a part of the present invention and:
therefore in another aspect of the invention there is

25 provided a process for the preparation of a compound of

general formula I, the process comprising:

a. when X is a maleamic acid residue, reacting maleic

anhydride with a compound of general formula II or
30 general formula III in an inert solvent such as
dichloromethane, optionally in the presence of an amine

such as triethylamine;

b. when X is a maleimide residue, reacting the compound



dri ed. Purification of t he product by flash chronat ography
using chloroformas eluent yielded the maleamc acid (Ref: K C Liu, J.

Ghi n. Chem W&#530646973 10 20, 163). Exanple 3 PCT/GBI5/01035

N (4- benzoyl phenyl )mal emic acid 15 [err] 20 4- Am nobenzophenone (10.00 g,

0. 0507 nmol) was added to a stirred solution2% naleic anhydride (4.98 g,

0. 0508 nol) 25 in dichloronethane (200 m). After 10 mnutes of
stirring at roomtenperature, yellow precipitate was forned. Stirring was
continued for a further 3 hours, follow ng which the solid was coll ect ed,
washed with di chiUr oReHR (Foxrmidan ¥ aRBEcdueedy| int rAgeR 2 (@)30with 38

and finally airdemrdmert i agentl duchhgs S8&€RF Lo idhd %53‘1'&9\ ac&:a@é 74
H 4.57; N, 4.41% [err] requires C, 69.15; H 4.44; N, 4.

(Krorra2|l [err], 49.95% MeOH, 49.95% [err}, O. 1%CF3002H) ; 99 7%[err] 306
nm [err] 20560. c.]er MhefDNSO s @emna]lei& &%ﬂdlfés&r Nsidud, -rdadring 24

Eng’r] mExQPr%Ingl)Af 5 I\I-(X('%#nzo eny )r?ax]mgll I X(I&Fﬂer%tlﬁga;ﬁ%nﬁggréﬁlH >

Exanpl e 2 was enpl oyed, but, in place of 15 t he product of Exanple 1
t he mal eam ¢ aci @.fromr@ﬁarmli% a quinone residue, reacting quinone with

a compound of general formula IX or general formula X; or

10 e. when X is an acrylic acid residue, heating a
compound of general formula XI in aqueous acid conditions
or reacting an aldehyde of general formula XIII with
acetic anhydride;

15 wherein general formulae II, III, VIII, IX, X, XI and
XIII are as defined above.

The compounds of the present invention may be formulated
as creams, lotions or oils for topical administration to

20 the skin. Conventional dermatologically acceptable
excipients are well known to those skilled in the art and
include fats, paraffin, emollients etc.

Thus, in a further aspect of the invention, there is

25 provided a sunscreen formulation comprising a compound of
the present invention together with a dermatologically
acceptable excipient or carrier.

In a further aspect of the invention, there is provided

30 a process for screening the skin from the sun, comprising
applying to the skin a sunscreen compound as described
above.

Because of their ability to screen the skin from the sun



3 (15.0 g, 0.0508 nol) and ‘anhydrous sodi um et hanoate (3.00 g) in ethanoic
anhydride (150 m ) were used. The nal eimde was obtained. J[err]Hn.mr

(DVBO): [avdbs3oessl (4H m N-Ph); 7.52 (5H, m Ph); 6.89 (261/GB9SA1e3s CH),
Hp.l.c. 20 100%% Exanple 5 25

N-[ 4- (2-carboxy- (E)- ethenyl)phenyl]naleaméhemnd [err] 30 The net hod of
Exanpl e 1 was enpl oyed using 4- 28 am noci nnam ¢ aci d hydrochl ori de
(10.0 g, 0.0501 nol) and mal eic anhydride (5.00 g, 0.0509 nol).
Triethylamne (7.00 m, 0.0502 nol) in dichloromethane (100 m) was added
to generate theféfeq:mdiged Tberyealsomﬂrateﬁai c tﬂ'xe coﬁ@bdrﬂd@s &bt aheed.

Hp.l.c. 100% iheLr eLr 10 51 44, _Dbs ar
Hs): 7.55 (1H,1 ‘14,& 4554, © ??TS&P P%ﬁéﬁﬁ’&
6.30 (1H,d, [erd@rmhtcidgtéx) dmndltldﬁﬁmn@naSEng from exposure to .
N-[4-(2- carboxy eny err, T. r ation
was carried ouf &ﬁil&ﬁ? * th%g?degghﬂgeé e é& h %&%5
product f¥om Exeaprers E(rld) C()‘-I'Gr Gonds tions. Cau%ﬁlb?@ﬁqmm emqsme'e out
by flash col umeghseadigrF aphy with 10% net hanol - 90@6ch|oroforn1 as

el uent. The nmal ei mde was obtai ned. 25 Hpl.c. 99.81% [err]:
[err] 7.80 (2H, d, 2, 6H on phenyl): 7.61 (1H d, CH CH[err]; 7.38 (2H,
d, 3,5-H on phenuéiefaréﬂ iRk Eurﬁhér'é§ﬁec&5éﬁ'dﬁHﬂlnﬁedﬂidﬂ k@k&h is

provided a compound of the invention for use in the
10 prevention of dermatological conditions related to
exposure to sunlight. 3 : (

The invention also comprises a method for the prevention

of a dermatological condition arising from exposure to

15 sunlight, the method comprising administering to a

| patient an effective amount of a compound as described
above.

In an additional aspect of the invention there is
20 provided'the use of a compound as described above in the

preparation of an agent for the prevention of

dermatological conditions arising from exposure to

sunlight.

25 The invention will now be further illustrated by
reference to the following examples and to the drawings
in which:

FIGURE 1 is a plot showing the change in the
30 . absorption spectrum of hair keratin after reaction
with N-phenylmaleimide; and

FIGURE 2 1is a plot showing the change in the
absorption spectrum of horn-hoof keratin after



29 Exanple 7 N-(4-nethoxycarbonyl phenyl)nmal eamic acid [err] 10 The net hod
descri bed in Exanple 5 was enpl oyed using nethyl 4-am nobenz

hydr ochl ori‘HQ’?’I 46 g, 0.053 nol). the nal eam c acid was obtgﬁ{g&’mmﬁ:bund
C, 57.60; H 15 4.55; N, 5.52% [err] requires C, 57.83; H, 4.45; N,
5.62% . [err] (DVBO: [err] 10.65 (1H, s, RP); 7.91 (2H, d, 2,6-H of
phenyl); 7.75 (2H, d, 3,5-H of phenyl); 6.51 (1H, d, CH = CH); 6.32 (1H, d,
CH=CH; 3.8 (3H, s, [err]. Hp.l.c. 99.31% [err] 294 nm [err] 16013.

20 Exanple 8 N-(4-nethoxycarbonyl phenyl)naleingide .25 [err] 30 The
met hod described in BX: H@nzééég gﬁ%k%?@émﬁg%ﬁﬁl e product from Exanpl e
7 (10.0 g, 0.04 nol). The nal ei mde was obtained as a gol den yel | ow soli d.

(Found C, 61.77; gbl:#1@6;2 N, 5.89% [err] 0.1 H20 requires C, 61.86; H,
3.98; N, 6.01@@."‘E%ﬁg?ft. 99. 73% [err] 30 8.06 (2H, d, 2,6-H on

phenyl); 7.42 (2H, d, 3,5-H on phenyl); 6.81 (2H, S, CH = CH) 3.85 (3H, S,
[err] [errk 245 mm(4l-RarbokyBfényl)malebndBPheid

0
. ' { OH
0

4-Amincbenzoic acid (17.24 g, 0.1257 mol) was added to a
15 stirred solution of maleic anhydride (12.33 g, 0.1257

mol} in propanone (300 ml). Stirring was continued at

room temperature for 3 hours. The product, which

separated as a yellow solid, was collected by suction

filtration and dried on the filter: mp 217-219°C. (Ref:
20 K C Liu, J. Chin. Chem. Soc., 1973, 20, 163}.

Example 2

N- (4-carboxyphenyl)maleimide

0
QN—@—COOH
0

25

30

The product f£rom Example 1 (20.00 g, 0.0852 mol) was
added to a stirred sclution of anhydrous sodium ethanoate
{4.00 g) in ethancic anhydride (200 ml) and the mixture



N- (4- n- but y| oxycar bonyl phenyl ) mal eani ¢ acid 10

[err] 15 The mal eam ¢ acid was prepared using the nethod de i - i
Exampl e 7 BW?530¢46| ester (12.20 g, 0.053 nol) was used in %&(EB%‘“?%

nmet hyl ester. The product was obtained a n off-white solid. (Found C,
61.71;, H 20 5.74; N, 4.67% [err] reaﬁares C, 61.85; H 5.88; N,
4.81% . Hop.l.c. 99.90% [err] (DVWSO: 6 10.61 (1H, s, NH); 7.85 (2H, d,
2,6-H of phenyl) 7.73 (2H, d, 3,5H of phenyl); 6.45 (1H, d, CH = CH); 6.32

1H, d, QAo 4
ﬁlm . 25 ?%%e?\:e’dl v:w))i@l'ﬂ sﬁlr{:'?ﬁg] ht boldse2Rindi1 [cﬁégolut{f&{] wad

N- (4- n- but yl oxy&ﬂ%ﬁﬂ%enﬁ@%?@ﬂ-%ﬂ@nS wast r pligWeHe Gl EPRL dEnasoom
prepared as in Eenpdmathts nadheginedue andmabearphe £f8rther020holrs34

mol) in place of t he et ester. The,prodyct was .obtai.ned as a
white solid. cﬁfﬂe P%"l Y g @ n#8359%95“3“?\9“5556§3/““‘1§1°arb°{1§1=?]
requires G, 65. Eshll.ﬂt,:.cﬁ'x 582 M) .5. 13‘%& pﬁéqxp;traté%&é%flﬂeerchd &t 1thé2H,

d, 2,6H of ph 7. h 8
4.29 (2Ho ¢ en%‘i"‘p’ 6%&%%#&}?@5&%8 %%f)ﬁf‘? %( [“e r]gii‘[‘%r%Q
0.94 (3H, t, [erdfqlq rrl 24Bur+%¢¢§ta@563ofzo Eharrplmrqquct ash
N-[ 6- (4-benzoyl phitmabodipty o8Ph§aWM c3Tfbrm as eluent ylelded the

maleamic acid (Ref: K C Liu, J. Chin. Chem. Soc., 1973,
10 20, 163). '

Example 3

N- (4-benzoylphenyl)maleamic ‘acid

15
0
| OH )
A0
20 0 _
4 -Aminobenzophenone (10.00 g, 0.0507 mol) was added to a
stirred solution of maleic anhydride (4.98 g, 0.0508 mol)
25 in dichloromethane (200 ml). After 10 minutes of

stirring at room temperature, yellow precipitate was
formed. Stirring was continued for a further 3 hours,
following which the solid was collected, washed with
dichloromethane (3 x 30 ml) and diethyl ether (2 x 30 ml)
30 and finally air dried to yield the maleamic acid.
(Found: C, 68.74; H, 4.57; N, 4.41%. C,H,,NO, requires
C, 69.15; H, 4.44; N, 4.74%). H.p.l.c (Kromazil C,4,
49.95% MeOH, 49.95% H,0, 0.1% CF,CO,H): 99.7% Apy 306 nm;
€ 20560. 'H-n.m.r (DMSO): 6 10.62 (1H, s, NH); 7.8 - 7.5

<



25 [err] 30 The steps for the preparation of this conpound were as foll ows.
32 A Preparati on of 4-(6-bronohexyl oxy)-benzophenone To a sol ution of
sodi um et hoa®sBopéepar ed by di ssol ving sodi um (1.30 g, 0. 05FCHGBISPIPIS
absol ute ethanol (150 m), was slowly added 1-benzoyl -4-hydroxy-benzene (10

g, 0.055 nol).  The resulting solutior?tas added dropwise to a
stirred solution of 1,6-dibronohexane (36.6 g, 0.15 nol) in ethanol heated
under refl ux. Stirring and heating were continued for 8 hours during

which tinme sodiu onj. de fo as . a rystal l'in precipjtate.
10 Rorouar ot S0 Th oty | 0 gﬁgdémbyd’fﬂ&fr‘aﬁ'ﬁn earid i ¥bork

of the filtrate in GHtuo3ga@e{BHWFt eCOADi.d whi ch was washed with et hanol

(30 m). The et hanol washi ngs were concentrated to 10 nl and the product
i sol ated by flash_col um chronmat ography using chl orof orm 15 as el uent
to yield the brone¥@RRteddrivative as white crystals. (Found: C

63.12; H 56.18% [err] requires C, 63.17; H 5.86%. FAB ns 362,and

360 (MH). [err] ( ). [err]. 7.8 -.6.9 (9 m aromatic); 4.02 (2H, t,
[err]; 3.41 (2H éﬂﬁﬁéﬁ;f?°ﬁ%@kﬁﬂ¥%&?ﬁ%§%§#@ﬁr]; 1.50 (2 20 x [err]. B
Preparation of N-{6- (4- benzoyl phenoxy) - hexyl ] - phthal i m de Potassi um
phthalimde (5.75 g, 0.031 nol) was added to a 25 solution of the
product fromA (10.2 g, 0.028 nol) inGdimethylformanm de (250 m). The
reacti on m xture was

10 ‘ N—Q'C

0
The method of Example 2 was employed, but, in place of
15 the product of Example 1 the maleamic acid from Example
3 (15.0 g, 0.0508 mol) and anhydrous sodium ethanocate
{3.00 g) in ethanoic anhydride (150 ml} were used. The
maleimide was obtained. 'H-n.m.r (DMSO): & 7.91 (4H, m,
N-Ph); 7.52 (5H, m, Ph); 6.89 (2H, s, CH = CH}, H.p.l.c.
20 100%.
Example 5
25 N- [4- (2-carboxy- (E) -ethenyl) phenyl]lmaleamic acid
0
| OH
0 ¢ o
o

The method of Example 1 was employed wusing 4-



heated at 60[err] for 16 hours. Chl oroform (300 m) was added and the

m xture poured into distilled water (1.4 L). The chlorofor S
separ at ed WRPSB¥46 aqueous 30 | ayer extracted with chi orwéwe%x 75

m). The conbi ned chloroform | ayers were washed successively with 0.2 M
sodi um hydroxide (150 n) and water (150 nP$, dried over anhydrous

. magnesi um sul phate and evaporated to yield a gum whi ch produced white
crystals of the desired 33 phthalimde derivative and its hydrate on

trit ti i.th_diet t.h F X 14,37 5.9 24%

0’5 [err] requi ARTECLi pes BB eeiodiod Gdue &7y oo gt nd |

6 7.8 - 7.6 (6Hmakheisr camitydyide. 55( 28, gn Qr o8 | wpl) 7. 4 T8ikthylamine
tic); 6.7 ,

e (8H, ((%It?c’m'[‘? rpe BB? 11]%]'?68 Fh%%"l‘gﬁ_?‘%ﬁ%%%s((?g&\ot'““ s

113. 91 (aronat | @ddegl; Wy $%¢¢1f=t%7t ® freg) amigegp [@e]yehbomm? ew}uc _

ZEI 48 éo 'Is'h [ergd(-_]_,_,dt Zfﬁé%ﬂéﬁéiﬂed CH.pk(&: 02? ohexy % dmuig'/@pd hegone

chloride The praoduct, fr e

m xture ‘of et Eaﬂ'& -cladit | Qmoﬁﬁf inég g rﬁﬁ'atﬁdl'q%) Wa?f?d?&%hl H&‘Iaci d

(200 M) and the mmture. theatm undeHOJ;cefd:Hx =f QH; 3@OHOWRIECHNM < hCHy t §1e30

~additions of 1: id drochloric acid (100 m) after 4 and
24 hours. Théu“ilt sl%‘ltat’?néglﬁ ?utlox was treated with charcoal, filtered

and the filtrate washed into an 20 evaporating flask with chloroform
Evapor at ihgn vyi el ghydrochl oride as an off-white solid on trituration
wth dlethyl et her. ound: C, 60.33; H 6.67; N 3.74% [err] 0.45
[err] requires C, 60.28; H, 6. 36; ‘
N- [4- (2-carboxy- (E) ~ethenyl)phenyllmaleimide

15 | Q.
l X OH

20 This preparation was carried out as for the method
described for Example 2 using the product from Example 5
(10.0 g, 0.038 mol). Purification was carried out by
flash column chromatography with 10% methanol - 90%
chloroform as eluent. . The maleimide was obtained.
25 H.p.l.c. 99.81%. !H-n.m.r. (CDCl,}): & 7.80 (2H, d, 2, 6H
on phenyl); 7.61 (1H, d, CH = CH CO,H); 7.38 (2H, d, 3,5-H
on phenyl); 7.20 (2H, s, CH = CH); 6.57 (1H, 4, CH =
CHCO,H) . '



N 3.619%. [err] [err] 7.9 (3H, bs, [err]; 7.6 - 25 7.5 (9H, m

aromatic); 42 2H, t, [err]; 2.8 (2H, t, [err] ; 1.8 -
Lerr] ; 1.4WO AH, m 2 x [err] . D 1- Benzoyl - 4- (et heﬁ#&ng%gg’lsd
nonoam de- N-hexyl -6- 30 oxy) - benzene (Exanple 11) The product

from C (above) (5.00 g, 0.015 nol) was treat?®¥ as for Exanple 5 using
mal eam ¢ acid (1.47 g, 0.015 nol). Columm chromatography on silica gel with
10% MeOH, 90% chloroformyield the pure title conpound as its 34 hydrate

np 114 - 6[err]- é Fognd'i C 68.97; H 6.31, N, 3.39% [err] 0.4 [err]
requires C, 68. 612 =~46; N, 3.48% FAB ns 396 [err] . [err] [err] 8.2
(1H, bs, NH), 7.8 - 7.4 (7H, m aromatic), 6.9 (2H, d, aromatic), 6.4 (1H,

dCH—C) 6.2 (4H = (2Hm[err])18
- 1.3 (8H m 4 xﬁ[ 4??? ie??}rf§?§}pé§§&]ﬁm err 1%8%9 .C. 99.7%
Exanmpl e 12 10 N[ 6-(4-benzoyl phenoxy) - hexyl ] -mal ei m de 15

[err] The gconpound can be prepared from N[6-(4- 20

benzoyl phenoxy) hexyl ] - mal eam ¢ aci dof rom Exanple 11 by reacting with
acetic acid and sodi um acetate accor ng to the nmethod described in Exanple

2. The desired nal ei m de was isol a ed 9 nohydrate by flash col um
chr omat ogr aphy. Mp 84 - 6C ‘9 —@4—6{ u 25 - 6.28; N,
3.58% [err] requires C, 73. 19 H =3, 69%). ® Hp.l.c. 100%

FAB ns 378 [err]. [err]Hn.mr. [errP 6.9 (2H, m aromatic), 6.6 (2H, d,

The method described in Example 5 was employed using
methyl 4-aminobenzoate hydrochloride (10.0 g, 0.053 mol).
the maleamic acid was obtained. (Found C, 57.60; H,

15 4.55; N, 5.52%. C,.H.,;NO; requires C, 57.83; H, 4.45; N,
5.62%). H-n.m.r. (DMSO): & 10.65 (1H, s, NH); 7.91 (2H,
d, 2,6-H of phenyl); 7.75 (2H, 4, 3,5-H of phenyl); 6.51
(1H, d, CH = CH); 6.32 (1H, d, CH = CH); 3.82 (3H, s,
CH,}). H.p.l.c. 99.31%. 1Ay, 294 nm: ¢ 16013.

20

Example 8

N- {4-methoxycarbonylphenyl)maleimide
0
25 o)
< > &
E:N OMe
0

30 The method described in Example 2 was employed using the
product from Example 7 (10.0 g, 0.04 mol). The maleimide
was obtained as a golden yellow solid. (Found C, 61.77;
H, 4.06; N, 5.89%. C,HNO, 0.1 H,0 requires C, 61.86; H,
3.98; N, 6.01%). H.p.l.c. 99.73%. H-n.m.r. (CDCl,):



(2H, m [err]) 3.5 (2H, m J[err]) 1.8 (2H, m J[err]) 1.6 (2H, m [err]),
1.5 (2H m [err]), 1.3 (2H m [err]). [err] [err] 30 286 nm [err]

- 16590. WO Il ¢ 13 N- [ 6- (4-benzoyl -3 -hydroxy-pheno%&?"ﬂﬁﬁwyv¥
-maleami c acid [err] 10 This compound can be prepared according to the
fol | owi ng method. 15 A 4- (6-bromoh®Xyl oxy) -2-hydroxy-benzophenone
The preparative nmethod enpl oyed was anal ogous to that in Exanple 10 A using
2, 4- di hydr oxybenzophenone (20.00 g, 0.088 nol) in place of benzophenone.
The product was ;i g0l ag oftf-white c . agd ,was, Jised,w thaut, 2
further purific t'?gna{%ﬂB (?be C)\i‘v\)i\,i}l é’% ﬁﬂéﬁ?if' TP 5’9 b O%

N- { 6- (4- benzoyl| pBehyd) ox§- phehiky)s h&H/|=] CHYhBhBEi f3de TheCH) 0d Uk f245M A

was treated in ﬁa’a@ahggggg manner to 25 t hat described in Exanple 10 B
(above), and the product was isolated in 42.5%yield by colum

chromat ography [err] gel - 10% ethyl ethanoate in hexane). C 4-

(6- anmoni ghexyl ex¥mpid- Bydr oxy- benzophenone 30 hydr ochl ori de The
product from B (3.08 g, 0.00676 nol) was treated as for Exanple 10 C

(above). The product hydrochl ori de was obtained as a tan-col oured solid.

36 N- (4-n-butyloxycarbonylphenyl)maleamic acid
o _
10 on _
(O '
r 0'Bu
0 .
15 _

" The maleamic acid was prepared using the method described
in Example 7 but butyl ester (12.20 g, 0.053 mol) was
used in place of the methyl ester. The product was
obtained as an off-white solid. (Found C, 61.71; H,

20 5.74; N, 4.67%. C,H,,NO, requires C, 61.85; H, 5.88; N,

4.81%). H.p.l.c. 99.90%. 'H-n.m.r. (DMSO): & 10.61 (1H,

s, NH); 7.85 (2H, 4, 2,6-H of phenyl); 7.73 (2H, d, 3,5H

of phenyl); 6.45 (1H, d, CH = CH); 6.32 (1H, d, CH = CH);

4.21 (2H, m, CH;); 1.62 (2H, m, CH,). Amax 294 nm, ¢
25 15806.



D. N [6- (4-Dbenzoyl -3 -hydroxy-phenoxy) -hexyl] -maleamc acid The
product fromC (1.00 g, 0.00286 nol) was reacted with mal ei c anhydri de as
descri bed | WOS888¢46c 13 D and the 5 pure title conpound XET{GBS01035
nonohydrate was isolated as a tan-col oured solid. ( Found: C, 64.66; H,
6.04; N, 3.34% [err] requires C, 64.32; H35.34; N, 3.26) Hp.l.c. 99.3%
FAB nms 412 [err] . [err] 12.8 (1H bs, NH, 7.8 - 7.2 (8H m aromatic),
6.5 - 6.1 10 (3H, d+s, CH=CH O, 4.1 (2H m [err], 3.3 (2H m
[err], 1.9 - 1.2 (9H, m 4 x [err] + OH). Exanple 14 15 N-

[ 6- (4- benzoyl - 3- h&éﬁ&&%ﬁh&@oxy)- hexyl] -maleimde OH [err] 20

0O This conpound was prepared fromthe product of Exanple 13 using the

.met hod of Example,2.,,25 [ n _order to denpnstrate that the conpounds of the
i nvention are capdbl&-Br BFXéPﬂcfﬁbﬁﬁng iﬁ

ARy hBALBERERRNg experiments were
carried out. 37 Exanple 15 N-{6- [4- (2',4" -D hydroxybenzoyl)
- 3- hydr oxypgenoxy} hexyl } - maleam c acid 5 [err] 10 A
4-16- (N-t-Butyl oxycarbonyl ) am nohexyl ¢&kxy] -2,2',4"- 15
tri hydroxybenzophenone Sodi um (3. 48I : N15 | e) ovas di ssol ved in absolute

0"Bu
o
10

The maleimide was prepared as in Example 8 using the

product from Example 8 (10.0 g, 0.034 mol)} in place of

the methyl ester. The product was obtained as an off-

white solid. (Found C, 65.70; H, 5.69; N, 5.05%.
15 C,sH,sNO, requires C, 65.93; H, 5.53; N, 5.13%). H.p.l.c.
99.89%. ‘H-n.m.r. (CDCl,): 8.11 (2H, &, 2,6H of phenyl);
7.46 (2H, 4, 3,5H of phenyl); 6.83 (2H, s, CH = CH); 4.29
(2H, t, CH,CH,0); 1.71 (2H, m, CH, CH,0); 1.44 {3H, m, CH,,
CH,); 0.94 (3H, t, CH,). A, 245, € 15563.

20
Example 11
N-[6- (4-benzoylphenoxy) -hexyl] -maleamic acid
25 0
l OH
rNH- (CHZ)G—O—Q—CO—Q
O
30

The steps for the preparation of this compound were as
follows.



et hanol (500 m ). The mixture was purged wi th nitrogen and

2,2',4,4' -tetrah dr0xybenzophenone (37.5 g, 152 mmol e) ‘?H

Met hane  W@P: acid 6-(N-t- 20 but y| oxycar bonyG™ 9ﬁ'8HE§yI
ester (15-g, 50 mml e) was added. The m xture was refluxed for 27 h, then
filtered. The filtrate was concentrated to3agryness and redissol ved in
chloroform An oil which solidified, separated and was renoved by
filtration. The filtrate was concentrated 25 "to dryness and the process
repeated tw ce. The final filtrate was concentrated to dryness and

chr omat ogr aphed dver Brepagation of gy hihnoxohexnisstylrdiengophenogeve t he

product (20.14 gpo @%omﬁ&[ e 1saam et@m%&d@ ﬁ’ at dog'z, % i S
OH) , 1H, ) A égf & Ff# ﬁ%n
ArCH) 6 2(9 6. 3%%%&"‘1 M. /S&Q:l% %@ﬁ@q} (2-F+ apsolute] echagglo (850 (mid) » m

[err]), 1.34-1. Gaas(m dddud yil-behzoviienr- oRyebeéeneM(toly, 664 05346
(30%, 137 (1009 v i oh]g{;r " g

-4, 2,2 -t%i hydr benz%&ﬁeftﬁ‘?é“lc%rgr n%g“tl?% w?‘f’\l- afidegutdﬁ%égr btiﬂ'ly‘?)
am nohexyl oxy) -$5ixred'sclutiidny dridxyiseditmponohexanes (35 . 6ag, d0sss| medl) i n

methanol 5 - (& 3%Anafdh%afe§§d il Cres1 (RNCCHYy aéﬁ%gy%;cgygésé'%ﬁ%acid

(50 m) was ad r opw se mnu concentr roc ric
acid (25 m ) V\/aéﬂ%ﬁﬁjeﬁoaﬁéntlﬁé A 9& ue h@urw&uratng rebkeht drier asodium

over ni ght. Thersmel deentwads fsymeaed aRg t ke E:?%b st $ m 10
et hanol / et her taq vyi el r;”e tit]e conmpqund (7.9, é!ﬂl(ih)é I\E/Rébeﬁﬁéﬁg :

6 7.15-7.8 (2HRIMMOVRIH)Of 6. BAS6. F9daNm  BrY Wzsf’ﬁl%%at(m n?nd
ArCH), 3.95-4. O%V(a?btbrdﬂldrerdﬂ )tRe THi Do vk d 2th ﬁazcz[z@rga]n)e 4. Whide 7Sol 841, m

4 x [err]). rﬂewhich was washed with ethanol (30 ml). The ethanol

washings were concentrated to 10 ml and the product

isolated by flash column chromatography using chloroform

15 as eluent to yield the bromohexyl derivative as white

- crystals. (Found: C, 63.12; H, 6.18%. C,H,,Bro,

requires C, 63.17; H, 5.86%). FAB ms 362 and 360 (MH").

'H-n.m.r. (DMSO) & 7.8 - 6.9 (9H, m, aromatic); 4.02 (2H,

t, CH,); 3.41 (2H, m, CHy); 1.99-1.80 (2 x CH,); 1.50 (2

20 x CH,).

B. Preparation of N-[6- (4-benzoylphenoxy) -hexyl] -
phthalimide

Potassium phthalimide (5.75 g, 0.031 mol) was added to a

25 solution of the product from A (10.2 g, 0.028 mol) in
dimethylformamide (250 ml). The reaction mixture was
heated at 60°C for 16 hours. Chloroform (300 ml) was

added and the mixture poured into distilled water (1.4

L). The chloroform layer was separated and the agqueous

30 layer extracted with chloroform (2 x 75 ml). The
| combined chloroform layers were washed successively with
0.2 M sodium hydroxide (150 ml) and water (150 mi), dried

over anhydrous magnesium sulphate and evaporated to yield

a gum which produced white crystals of the desired



346 ([err] + 1; 86% 253 (100% . 15 C. N-{6- [4- (2" 4

-Di hydroxybenzoyl ) -3- hydroxyphenoxy] hexyl }-nmal eam c aC| d

4- (6- Ani nONEQ A ¥648 4' 2 2" -t ri hydr oxybenzophenone (1 g, 20 PCTCBISPIRR, o)
and mal ei ¢ anhydri de (255 ng, 2.6 mmol e) were suspended i n nethyl ene
chloride (50 m) and triethylam ne (265 ng, 33. 6 nmol e) added. The m xture
was stirred at roomtenperature for 2.5 days. Triethylamne (265 ng, 2.6
nmol e) was added and the m xture stirred for a 25 further 18 h. It was
filtered, the filtrate concentrated and the residue redissolved in

chl orof orm (50 nichthaiiimidel udexivawsvd r aatiedityd t hydgaeeuoHCtrit2bationl. 2

. B30 NNR (1 raE DRl Ryl ePRl . o (Reedf 3 AEALTE 367 B Fia4¢70
OH), 10.35 (1H, S:Halo, B.57- wzozzre(qmraq Qv CP# ;285 2B, 6 49 A6HY, ni& 21%) .

ArCH, 2 X CH of zqid e 2 °
166175 (oH, moTers i 2 (B nrlnl[nerw%%? )15537?:) A S ensTal):

40%, 176 E100% aromggzg}ama & {@H, m, aromatic (3H, m, aromat:.c),
N-{6-[(4"-Et hoxycanbomﬁ (o) - atrbaauh):phemowl hexyl b, oHRpM 6 aCci 1 A,

Et hyl 4-[6- (N b - h ] l eth t hyl
4- hgdroxym Lnagmt‘ (? i §<ycar é@'vg‘g‘ P‘g ’g)r(éi'lfclylfelé ?%gnﬁfﬁe‘ Sggg@g}ﬁ 3/
hydr oxi de (1.17 g)SSWlw addecb)anmamalac_om ;mMbeRuld st liBedlf fardmapie); A
sol ution of 6-(Ngh- gRUYKOXYCHF DPAY| A 3T Ny NSangy, ) TebBangsylahenate fg- 07

9 10 (CH,); 25.55 (CH,).

C. 4- (6-ammoniochexyloxy) -benzophenone chloride
The product from B (above) (9.00 g, 0.021 mol) was added
to a mixture of ethancic acid (200 ml} and concentrated
15 hydrochloric acid (200 ml) and the mixture heated under
reflux for 36 hours with further additions of 1:1
ethanoic acid and hydrochloric acid (100 ml) after 4 and
24 hours. The resulting solution was treated with
charcoal, £filtered and the filtrate washed into an
20 evaporating flask with chloroform. Evaporation yielded
the hydrochloride as an off-white solid on trituration
with diethyl ether. {Found: c, 60.33; H, 6.67; N,
3.74%. C,H,NC1O, 0.45 CHCl, requires C, 60.28; H, 6.36;

N, 3.61%). ‘'H-n.m.r. (CDCl,) &6 7.9 (3H, bs, N'H;); 7.6 -

28 7.5 (9H, m, aromatic); 4.2 (2H, t, CH,N); 2.8 (2H, t,
CH,0); 1.8 - 1.4 (4H, m, 2 x CH,); 1.4 - 1.2 (4H, m, 2 X
CH,) . |

D. l-Benzoyl-4-(ethehdioic acid monocamide-N-hexyl-6-
30 oxy) -benzene (Example 11)

The product from C (above) (5.00 g, 0.015 mol) was

treated as for Example 5 using maleamic acid (1.47 g,

0.015 mol}). Column chromatography on silica gel with 10%

MeOH, 90% chloroform yield the pure title compound as its



in THF (12 m) was added dropw se during 30 mn and the m xture stirred for .

3 hin a vessel protected by a calciumchloride guard tubel,((.jl.,G 155%' ution :

was heat e@WOPS5/30646 under reflux for 1.25 h, ~cooled, a gel -like-

precipitate renoved by filtration. Concentration of the fiItrate gave the

title conpound as a pale yellow oil which % ystallised on standing (4.47 g,

110% as sol vate) 1H nnr [err] 7.62(1H, d, ArCH=CH), 7.44(2H, d, Ar-m 20

H) 686(2HdAr-oH) 28(1H d =CHCO), 45(1H br, NH), 423(2H d,

[err]) 3.9(2H, %err [err]F lrz; 2x[

1.7-1. 9(4H m bvd TE?-r]“P i%z(grﬁ S [d P}mdi 27‘%'3 8t97{eHr]° .38; N, B,

E'; hyl 6damm|n| omexy%Oxy)qg;}g ( rm@t ﬁﬂﬁqregjlecTheapspﬂum brag; An(2. 0

g) was dissol ved t he so o)

Conc. hydr ochl on%gEE 13@15' 3?#‘3 add T i L@Dg@ef @oee;jﬁ (qﬁ{rdi’ts]he

sol ution all oweldH} p v\/aarn-t'l) 40()71HI emp eaxtmatel ol { 6 30 (2H, },i mxiomgticA,

further agdditiog pf (ggnc hégrrg aci q 2d7 ’%ﬁ Was) magle af&gr h and
a

stirring.continued for a hour's. "Evapdrat i on |n vacuo yrél déd a

white crystalli®&&Nol |3d3v\H|2é‘h \Was CH:Pkd by8 co-levZap@Hht iMon 4wkt RHt harakx (15

nm). Recrystal (¢mail, g)nzggomnet kangbsgaveyt Be1.c. 489t 4%4¢l e conpound as
white platelets (1.4 g,- 4% Ms (FB) err] C. N-{6- [(4 '
- Et hoxycar bonyl - (2) - et henyl ) phenoxy  hexyl } - mal eam ¢ aci d
Mal ei ¢ anhydri dexddpbegl2was di ssol ved in acetoni trile (15 m) and a

suspensrlﬁg of the product fromB above (1 g) in acetonitrile (15 m) was
added. suspension was stirred and triethylamne was added ‘
dropwi se. THE- [6-(4-benzoylphenoxy) -hexyl] -maleimide

' 0 | .
| N— (CH.)— c
15 ' [: (s O—O_ 0@
0 .

The compound can be prepared from N-[6-(4-

20 benzoylphenoxy) -hexyl] -maleamic acid from Example 11 by

reacting with acetic acid and sodium acetate according to

the method described in Example 2. The desired maleimide

was isolated as its monohydrate by flash column

_ chromatography. Mp 84 - 6°C. (Found: c, 72.78; H,

25 6.28; N, 3.58%. C,;H,,NO,, H,0 requires C, 73.19; H, 6.65;

N, 3. 6§’s) H.p.l.c. 100%. FAB ms 378 (MH'). ‘H-n.m.r.

(cDCl,) 6 6.9 (2H, m, aromatic), 6.6 (2H, 4, CH = CH), 3.9

(2H, m, CH,), 3.5 (2H, m, CH,), 1.8 (2H, m, CH,), 1.6 (2H,

, m, CH,), 1.5 (2H, m, CH,), 1.3 (2H, m, CHy). Amy (CH,Cl,)
30 286 nm, € 16590. '



10 resulting clear solution was stirred for 1 h, 1.2 M hydrochloric
acid (25 m) was added and stirring continued for a further .
precipitate ?394% ned was col | ected, washed with 1.2 M hyéF%?%FgP?ggacid
(3 mM) and dried by suction on the filter to yield the 15 title
conpound as a white powder (0.33 g, 28% npa3E35.5- 136.5C. Hplc (80:20
MeCH: [err]), ms (FAB) [err]390. NVR [err] DMSO) [err] 9.13-9.14 (1H, bm
NH), 7.58-7.67 (3H m 2 x ArCH, alkenyl CH), 6.94-6.97 (2H, d, 2 x ArCH),
6.23-6.49 (3H, m alkenyl CH), 4.14-4.20 (2H, q, [err]) 3.99-4.03 20

(2H, t, [err]) 3. Exatngl® I8 q, [err]) 1.70-1.75 (2H, m [err]) 1.32-1.54
(6H m 3 x [err]), 1.23-1.27 (3H, t, [err]. Exanple 17 25 Reacti on of
mal ei m de derivatives with L-cysteine ethyl ester In order to underpin the
principle of reactdif ofé-FRenzoylrd -hydrexyrahensay chepyl] -mad eapicecagdd
thi ol groups, two nodel reactions were studied. Thus the reactions between
L-cysteine ethyl ester and N-phenyl nal ei m de and N (4-

benzoyl phenyl ) mal ei m de were carrged out. In each case, the reaction

produced t he di astereoi soneric pripduct 41 nixturgé in reasonabl e yields
at roomtenperature. Al startigfg ei m des ha tedwithin 30 m nutes
(tlc). The two products were i sl | atygd(@nd i é The m | dness
and rapidity of these reactions I di cat ¢ Phat t | ei dg’ groups confer
the ability for reaction with the nucl eophilic groups of keratin. Exanple

18
: 10

This compound can be prepared according to the following
method.

15 A. 4- {6 -bromohexyloxy) -2 -hydroxy-benzophenone
The preparative method employed was analogous to that in
Example 10 A using 2,4-dihydrokybenzophenone {(20.00 g,
0.088 mol) in place of benzophenone. The product was
isolated as off-white crystals and was used without
20 further purification in B (below).

B. N-{6-(4-benzoyl-3-hydroxy-phenoxy) -hexyl] -
phthalimide
The product from A was treated in an analogous manner to
25 that described in Example 10 B (above), and the product
was isolated in 42.5% yield by column chromatography {(SiO,
gel - 10% ethyl ethancate in hexane).

c. 4-(6-émm6niohexyloxy)-z-hydroxy-benzophenone
30 hydrochloride

The product from B (3.00 g, 0.00676 mol) was treated as

for Example 10 C (above). The product hydrochloride was

obtained as a tan-coloured solid.



10 Substantivity tests with keratin In order to denonstrate that the

mal ei m des are capable of binding to keratin, the following tests were
carried 15WO095/38646 usi ng N-phenyl nal ei m de as a nodel conpoRERIGBISNINIS|
tests were conducted with human hair specially cl eaned and prepared to
provi de as near to a standard substrate as_possi ble. The nmethod adopted
utilised the 20 reduction in ultra-vi 0I3§t absorptivity in the
supernatant solution in contact with hair when the conpound under test was
absorbed into.the hair surface. Standard and control solutions were

TP huy of 52 OUL bRt s 00t fysabinglpRblRlf s ERyR) bl 10

i npossi ble to achi evéeidverthel ess, all results showed that substantivi ty

was a feature ofri@rdqueenyh-enl i md@o uped etﬁozisd"?&ﬂ') %@p%?%ed w1th .
consi der abl e redu ti.0n cgésoégtl vity bel, %% observed ar tests with
hair 30 havé® q?l‘gl? 9=t A ChE Fte"rnat%*%m%%eeé‘ﬁd@n@ a‘h’aeas a
standard tSest, fpresuhistiantdonipoundf asudser aen&hyﬂdaeéhﬁéscﬂﬁﬂﬁétéé agegatin
prepared fromt h of |SISCI’m‘EI‘ ially
ft%rh%l%ﬁ%% 98Yg§, O Y c§ ﬁﬁy e r, (%bo@efo §o

avai |l abl e, and S was used Tha Siml
keratin was finélB4Fowd&hdi:Nod HPi reqdiveshCa é@l.BlzroH, 06.3&e Npl ]Blzmdo '

conpound and it sy guhstantdyidy, estaivhgd 1g@bsor pLi Vi
measur ement s. The resul hs wer e found gt gafaggﬁsef thgsé %b%al r(IEe%Cw?th hai r

(Table 2 and Fi gfrds (3Han8S4) Ny AT 81~ 7.2 (8H, m, aromatic), 6.5 - 6.1
10 (3H, d+s, CH = CH, OH), 4.1 (2H, m, CH,), 3.3 (2H, m, ‘
" CH,), 1.9 - 1.2 (9H, m, 4 x CH, + OH). |
Example 14

15 N-[6-(4-benzoyl-3-hydfoxyphenoky)-hexyl]-maleimide
.0 ' OH
e
o '

' This compound was prepared from the product of Example 13
using the method of Example 2.

20

25 .
In order to demonstrate that the compounds of the
invention are capable of binding to keratin, the
following experiments were carried out.



iO Results of substantivity tests on N-phenyl naleimde wth hair and
hor n- proof keratin w of hair W nmalaimde added W naleimde absorbed

Subst ant i vi WP 5569646 (9) (9) ( BETIGBISA1037 o
1. 0000 0. 4520 0. 0837 18.5 1. 0000 0. 4670

0. 1421 30.4 20 Average: 0.1129 ¢ 24.5% W of wt
mal ei m de added W nal ei m de absor bed Sub%?ant|V|ty hor n hoof (9)
(9) (%9 keratin 25 1.0000 0. 4360 0. 0968
22.2 1.0000 . 0.4741 0. 1001 21.1 30 The results

i ndicate that thezgkaggipoigtion of a maleimdo resi due resul ted I n
chem co-physical 1 nteractions with the keratin conponent of hair and the
hard tissues of the epiderms. The nethod is extensively 35 used to
establish substann+96tY4anm'the-nrnyaféﬁyﬁiﬂhdymg43nhya§bﬁ9§53¢5§ypﬁgﬁyy}-of
persi stence of t f? $§ an the hair or skin.

Exanpl e 19 Biological resulTS, nutagenicity and toxicity studies 5

Among  the Sinportant criteria okor boplcqély appl i ed sunscreens, safety
in use has the highest priority. It wag thusinecessary to investigate the
nmut ageni city of the nmal ei m de ang sunscr eens.
Si x conpounds of the present i#8%

HO
10

A. 4-{6-(N-t-Butyloxycarbonyl)aminochexyloxy]-2,2’,4’-
15 trihydroxybenzophenone
Sodium (3.48 g, 152 mmole) was dissolved in absolute
ethanol (500 ml). The mixture was purged with nitrogen
and 2,2',4,4’-tetrahydroxybenzophenone {37.5 g, 152
mmole) added. Methane sulphonic acid 6-(N-t-
20 butyloxycarbonyl)aminohexyl ester (15 g, 50 mmole) was
added. The mixture was refluxed for 27 h, then filtered.
The filtrate was concentrated to dryness and redissolved
in chloroform. An oil which solidified, separated and
was removed by filtration. The filtrate was concentrated
25 to dryness and the process repeated twice. The final
filtrate was concentrated to dryness and chromatographed
over silica gel using chloroform/methanol 9:1 to give the
product (20.14 g, 89%) NMR (d4°-DMSO): & 11.48 (1H, s, OH},
11.1 (iH, s, OH), 10.3 (1H, s, OH), 7.25-7.15 (2H, m,

30 ArCH}, 6.44-6.48 (2H, m, ArCH), 6.29-6.36 (2H, m, ArCH},
3.93-4.0 (2H, m, OCH,), 2.83-2.89 (2H, m, NCH,), 1.34-1.69
(17H, m, t-butyl, 4 x CH,). m/e: 446 (M" + 1; 6%), 346

{30%), 137 (100%).



10 representative of the main classes of sunscreen and submtted for
Ames tests. The results are summarised in Table 2. The E‘fri{n?smlos .
denonst r aMY9¥3946 none of the conpounds were mnutagenic belrow oXlI C fevel S,
with or without the presence of rat liver netabolic activation is o
system S9, that the mal eamic acid derivativ8s showed only slight toxicity

and that the nmaleimdes were mldly toxic. 44 TABLE 2 Toxicity and
mut agenicity test results EXAMPLE FORMULA . : |
TOXI CI TY/ pG pl.a t ageni,city +S , - S9, err
2500 P k-3 ZSﬁ(S-Mlohexﬁow?-‘l'.Z.z -trzMnFephfnqne
100 40 [err] 1lchloride [err] 5000 5000 [err]
5000 5000 [erfd-on-+- : oo, ,, ,,200
[err] 2500 o Mat PuspLoxyearsgpyl) aniaghepyloxy) 2204
200 [err] trihydroxybenzophenone E@ g) was ibssolved ihimdthamsl
statistically si@of ifNtand cooled on ice. Concentrated hydrochloric
acid (50 ml) was added dropwise. After 15 minutes,
concentrated hydrochloric acid (25 ml) was added and the
mixture stirred at room temperature overnight. The
- solvent was removed and the residue crystallised from
10 ethanol/ether to yield the title compound (7.9 g, 56.6%).

NMR (d°-DMSO) : 6 7.15-7.26 (2H, m, ArCH), 6.44-6.49 (2H, m,
ArCH), 6.28-6.33 (2H, m, ArCH), 3.95-4.03 (2H, m, OCH,) ,
2.71-2.79 (2H, m, NCH,), 1.33-1.73 (8H, m, 4 x CH.). m/e
346 (M* + 1; B6% 253 (100%).

15

C. N-{6-[4-(2',4’-Dihydroxybenzoyl) -3-
hydro:éy’phenoxy] hexyl}-maleamic acid :
4- (6-Aminohexyloxy)4’2,2’ -trihydroxybenzophenone (1 g,
20 2.6 mmole) and maleic ahhydride (255 mg, 2.6 mmole) were
suspended in methylene chloride (50 ml) and triethylamine
(265 mg, 2.6 mmole) added. The mixture was stirred at
room temperature for 2.5 days. Triethylamine (265 mg,
2.6 mmole) was added and the mixture stirred for a
25 further 18 h. It was filtered, the filtrate concentrated
and the residue redissolved in chloroform (50 ml). This
solution was treated with aqueocus HCl (25 ml, 1.2 M)
whereupon a precipitate formed. This was filtered off
and dried (440 mg, 38%) NMR (d°-DMSO) & 11.49 (1H, s, OH),
30 11.14 (1H, s, OH), 10.35 (1H, s, OH), 7.17-7.24 (2H, m,
ArCH), 6.21-6.48 (6H, m, 4 x ArCH, 2 x CH of acid), 3.97-
4.03 (2H, t, CH,0), 3.15-3.20 (2H, m, NCH,), 1.69-1.72
(2H, m, CH,;), 1.31-1.51 (6H, m, 3 x CH,) m/e: 444 (M + 1,
40%), 176 (100%). '



CLAI M5 1. The use of a conpound conprising a W chronophore attached to a
group which is capable of covalently 5 bi nding to manmal i an skin, in
the prepar atWord53#646 sunscreen conposition. 2. The use as cPET/GBISHINIS
claiml1l wherein the group capable of covalently binding to mammali an skin

s a 10 M chael acceptor attached directIQ or indirectly to the W
chronophore. 3. The use as clainmed in claim?2 wherein the M chael

acceptor is naleic acid, naleam c acid or mal eimde, or 15 a derivative
of one of these. 4. The use of claim2 or claim3 wherein the M chael
acceptor is sepanggéhéyéwméhe chronmophore by a spacer. 20 5. A
conpound of genera ormula 1: X-R | wherein Xis a M chael

acceptor; 25 Ris [err] alkyl-YzZ, [err] alkenyl-YZ or [err] alkynyl-YZ Y
is 0, [err] or(&ilanq(ﬁﬂéﬂﬁﬁbkﬁ&ﬁ&hbﬂ&lﬂwﬁ)16&23n?@)phedﬁ¥¥ﬁﬁ&x Q?H

is H [err] alkyl JEHF alﬁfnyl and Zis a chronDp ore group; wt he
fol |l ow ng prOVISO 3RS when X represents:
[err] then B is not 10 [err]

A. Ethyl 4-[6-(N-t-butyloxycarbonyl) -

aminohexyloxy] phenylethenocate

Ethyl 4-hydroxycinnamate (2.0 g) was dissolved in dry THF
(20 ml), potassium hydroxide (1.17 g) was added and the
10 mixture stirred for 1 hour. A solution of 6-(N-t-
- butyloxycarbonyl)amino-hexanol methanesulphonate (3.07 g)
in THF (12 ml) was added dropwise during 30 min and the
mixture stirred for 3 h in a vessel protected by a
calcium chloride guard tube. The solution was heated
15 under reflux for 1.25 h, cooled, and the gel-like
precipitate removed by filtration. Concentration of the
filtrate gave the title compound as a pale yellow oil
which crystallised on standing (4.47 g, 110% as solvate)
1H nmr (CDCl,): & 7.62(1H, 4, ArCH=CH), 7.44(2H, 4, Ar-m-
20 H) 6.86(2H,d,Ar-o-H), 6.28{(1H, 4, =CHCO), 4.5(1H, br,
NH), 4.23(2H, q, CHCH,), 3.9(2H, t, CH,0), 3.7(2H, t,
CH,CH.0), 3.1(4H, m, 2 x CH,), 1.7-1.9(4H, m, 2 x CH,)},

1.42(9H, s, (CH,),C), 1.27(3H, t, CH,).

25 B. Ethyl 6-ammoniohexyloxy)phenyl ethencate chloride
The product from A (2.0 g) was dissolved in ethanol (27.5
ml) and the solution cooled to 0°C. Conc. hydrochloric
acid (5.5 ml) was added dropwise over 10 min and the
solution allowed to warm to room temperature with

30 stirring. A further addition of conc. hydrochloric acid
(2.7 ml) was made after 1 h and stirring continued for a
further 23 hours. Evaporation in vacuo yielded a white
crystalline solid which was dried by co-evaporation with
ethanol (15 ml). Recrystallisation from ethanol gave the



or that the conpound is not 20 [err] 25 wherein nis 2 and R.is nethoxy:
or nis 6 and R is nethoxy, ethoxy, pentoxy or hexyloxy; or that the

conmpound wo 98846460 N- phenacyl mal ei nnmonoam de, 1- p- ACTIGRISOIEISY - 5-
mal ei m dopent ane, 2- hydr oxy-4- (beta-

hydr oxyet hoxy) benzophenone maleic acid, 2-hydroxy-4-

(bet a- hydr oxyet hoxy) benzophenone nal ei ¢ ac4® ester, 2-

(Phenoxynet hyl ) - 1, 4- benzoqui none, 2- hydr oxy-4-(2- AMENDED SHEET
47 nethacryloyloxyethoxy) benzophenone 4- (N@thacryloyloxy)

hexyl oxy- bi phenyl . - N-phe et_hanol am_ne neth | at e,

N- ( 2- mathylpheny?';le Wﬁﬁ&P&wrﬁ?rnﬂnkﬁﬁyl g%¢?§cr§1oﬁylSxyhéﬁﬁpoxy)
cinnam c acid oM. 5(FB)MN9[£.—(4 (2- hydr oxy) - benzoyl phenoxy) - propyl ]
mal ei m de. 6. A compound as clained in clain1 5, wherein X
represents one of the follow ng groups: 10 [err] wherein
[err] is H [er€} aINy{sal(%éfﬁ}haxkﬁgqbﬁnz&}GZh-stpoar})Bhtgdmymheﬂym}ﬁ]
al kenyl - YZ or [err] ﬂif¥£¥ic JZidY is 0, [err], [err] or CCOand n is an

integer fromO0O 2 2; and Z is a group; 30
Malelc anhydrlde (1.5 g) was 1ssoived in acetonitrile

(15 ml) and a suspension of the product from B above (1
g) in acetonitrile (1S ml) was added. The suspension was
stirred and triethylamine was added dropwise. The
10 resulting clear solution was stirred for 1 h, 1.2 M ‘
hydrochloric acid (25 ml) was added and stirring
continued for a further 1.5 h. The precipitate which
formed was collected, washed with 1.2 M hydrochloric acid
(3 ml) and dried by suction on the filter to yield the
15 title compound as a white powder (0.33 g, 28%) mp 135.5-
136.5°C. Hplc (80:20 MeOH:H,0), m.s (FAB) MH'390. NMR (d°-
DMSO) 6 9.13-9.14 (1H, bm, NH), 7.58-7.67 (3H, m, 2 x
ArCH, alkenyl CH), 6.94-6.97 (2H, d, 2 x ArCH), 6.23-6.49
(3H, m, alkenyl CH), 4.14-4.20 (2H, g, CH,CH,), 3.99-4.03

20 (2H, t, CH,CH,0), 3.16-3.22 (2H, q, CH,N), 1.70-1.75 (2H,
m, CH,), 1.32-1.54 (6H, m, 3 x CH,), 1.23-1.27 (3H, t,
CH,) .
Xam 17

25

- Reaction of maleimide derivatives with L-cysteine ethyl
ester

In order to underpin the principle of reaction of
30 maleimido derivatives with the cysteine thiocl groups, two
model reactions were studied. Thus the reactions between
L-cysteine ethyl ester and N-phenylmaleimide and N-(4-
benzoylphenyl)maleimide were carried out. In each case,
the reaction produced the diasterecisomeric product

-



48 [err] wherein [err] and [err] may be the sane or different and 15
represent: -H [err] chloro, fluoro, brono, iodo, [err] al -

al kenyl , coweP nyl, phenyl, -Cl1- [err] alkyl phenyl, [err?¥&“ﬂézm§§5
alkenylphenyl, [err] 20 al kynyl phenyl, [err] [err] alkyl COR3,
[err] alkenyl COR3, [err] al kynyl COR3, [err] ghkyl COOR3, - [err]

al kenyl COOR[ err] or [err] al kynyl COOR3; alternatively, either or both of Rl
and R2 may be 25 replaced by a group [err] alkyl-YZ [err] al kenyl-YZ or
[err] al kynyl-YZ wherein Y and Z are as defined above; R3 is H [err]

al kyl, C2-C8 al kemilkktupieenyln r@&ksciable yields at rddm témséedled. all
[err] cycloalken%

l.aal k | k
and [err] may be tﬁearg‘égr?gr %l§¥%% gﬁgnsagﬂgegrﬁﬁ%sgﬁ%Wog F‘S?‘?‘?Qogﬁy‘:{er ]

7. A conpound aShel &wgegrioductai weFeoisollatedbandheharacRexised.
substituted phenyl group, a benzophenone or substituted benzophenone or a
ci nnam ¢ aC|d derivative. 5 A conpound as clained in any one of

claims 5 to57, wherllﬂxlﬁ?%ﬁ%mén@ rapidity. of these reactions indicate
N-[ 6- (4- ben20y|thHﬁ%VEHéxﬁéieﬂﬁi@@- Howd Gonker the abllwty[for reaction

4- benzoyl - 3- h dro ph -mal eam ¢ _aci d;
&-{6 [Z {2' d H}gP §§Beﬁ§8}??9gxh 8r 8XguP ﬁh@ﬁo&éFfthExyl} mal eam ¢ aci d;
15
Sxample 18
10

Substantivity tests with keratin

In order to demonstrate that the maleimides are capable
cf binding to keratin, the following tests were carried
15 out using N-phenylmaleimide as a model compound.

Initial tests were conducted with human hair specially
cleaned and prepared to provide as near to a standard
substrate as possible. The method adopted utilised the

20 reduction in ultra-violet absorptivity in the supernatant
solution in contact with hair when the compound under
test was absorbed into the hair surface. Standard and
contrel solutions were employed. It was found that the
standardisation of hair, coupled with the difficulty of

25 handling a readily static-charged material, was
impossible to achieve. Nevertheless, all results showed
that substantivity was a feature of the N-phenylmaleimide
used as a model compound, considerable reduction in
absorptivity being observed. Similar tests with hair

30 have been quoted in the patent literature as evidence,
and as a standard test, for substantivity of sunscreens
and other cosmetics.

Keratin prepared from the horns and hooves of wvarious



N-[ 6- (4- benzoyl phenoxy) héxyl ] -mal ei m de; N [ 6-

(4- benzoyl - 3- hydr oxy- phenoxy) - hexyl ] - mal ei m de; 20 -

N-{ 6-[ 4' WO2S/38846 di hydr oxybenzoyl ) - 3- hydr oxy- phenoxy] - hexm’smﬂoé?% de; .
N-{6-{[4" - (2"-ethyl hexyl oxy)-carbonyl -(Z)-ethenyl]-
phenoxy} - hexyl } -mal eam c-acid; 25 N-{6-{ f4' - (2" -ethyl hexyl oxy)
-carbonyl- (2) -ethenyl] - phenoxy}-hexyl -malei mde; N-{6-{[4" -(2"

- et hyl hexyl oxy) - car bonyl - (E) - et henyl ] - phenoxy} - hexyl } - mal eam ¢
acid; N{6-{[(4" - (2 "-ethyl hexyl oxy) -carbonyl (E) -ethenyl] -
_phﬁnoxy}]hexKIanfméfsrldecommeegiahy?{ava%%Abiethanucahgenwhs ﬁde—&EhenY;)
- phenoxy] - hexy am c_aci OXYyC on et heny

- phenoxy] - a s}m{ﬁ w%’} %r?al t:ella?‘n g‘?"‘[t %bo‘ﬁ q?ox%%a?{)b% (E)

- et henyl ) -pheﬁbn9}y pnw@ﬁ%edMah@dn1etarrdd anth a solut{ﬁn [ the

-ethoxycarbony i
[4-(2',2' -di metbﬂl% ?ﬁdﬁ%é%?/ &F% %(éghene 1Ol C ‘}E;.%}g dBeiared by uv
nonoanid%-N—G- rggyyl ng@yﬁprﬁgpﬁ&ﬁe 1The results were Zound to

[4-(2", 2" -di mephyseley| thbsazentdihdd (With hair (Table 2 and Figures 3
nale|n1dohexylgég) Penzoyl] met hane. 10. The use as clainmed in any one of

clains 1 to 4 wherein the conmpound is of the formula I(a): X-R

I (a)
.~ TABLE
10 _ (
Results of substantivity tests on N-phenylmaleimide with '
hair and horn-proof keratin )
' we uhinidc ‘absorbed
15 " luv :luy) .
0.0837
20 9.1421 |
Avergg_ : 0.1129 g
Wt of Wt maleimide added we n:-l.-inid. absorbed o
hora hoof (g) (g) o
k.tlt(il; -
25 s
30 ,
The results indicate that the incorporation of a
maleimido residue resulted in  chemico-physical
interactions with the keratin ctomponent of hair and the
hard tissues of the epidermis. The miethod is extensively -
35 used to establish substantivity and the measurements are

an indirect indication of persistence of the molecules on
the hair or skin. ' -



wherein X is a Mchael acceptor; 25 Ris Z, [err] alkyl-YZ Jerr]

al kenyl -YZ or [err] alkynyl- YZ, Yis 0, [err] , C=Oor [err] and n is an
i nteger fr oo 95646 to 2; wherein R4 is H, [err] alkyl or BCHGBISHIWSny| ;
and Z is a chronophore group; 51 in the preparation of a sunscreen
conposition. 11. The use of a compound of tge formula I (a) 5

X-R | (a) wherein Xis a M chael acceptor; Ris Z, [err]

al kyl-YzZ, [err] alkenyl-YZ or [err] al kynyl- 10 YZ, Yis 0, [err] C=0
or [err] and n.is an integer fromO to 2; 15 wherein [err] is H [err]

al kyl or [err] aE@%@#lﬁ grd Z is a chronmophore group; in the preparation of

an agent for the of 20 dermat ol ogi cal conditions related
to exposure to sunlight. 12. The use as clainmed in claim10 or claim11l

wherein the CO”D@i@i&g;’ir.c'ﬂdirfésﬁdt@é Ak taldndci®Y anal tblkk&_clﬁy stu&%@kur es

of claims 6 to 9. 13. The use as clainmed in any one of clains™1 to

wherein the conmpound is: 30 N- (4- car boxyphenyl ) mal eam ¢ aci d;
N- (4- car bogsyphenpmoiid eittiede impoidahenzeytipbenyl ) fokcatbpieallly applied
N-[4- (2- car boxy- (s%}fs%tr:g%rﬁ%l,) R ééu w ¢l ChaasCi't%e highest priority. It
was thus necessary to investigate the mutagenicity of the
maleimide and maleamic acid derivatives of sunscreens.
Six compounds of the present invention were chosen as
10 representative of the main c¢lasses of sunscreen and
submitted for Ames tests. The results are summarised in
Table 2, The tests demonstrated that none of the
compounds were mutagenic below toxic levels, with or
without the presence of rat liver metabolic activation
15 system S9, that the maleamic acid derivatives showed only
slight toxicity and that the maleimides were mildly
toxic. '



N[ 4- (2-car boxy- (E) - et heny!l ) phenyl ] mal ei m de; AVENDED SHEET 52.

N-[ 4- (2- carboxy-(Z)-et henyl ) phenyl ] mal eam ¢ aci d;

N-[ 4- ( 2- cANDEN064E) - et henyl ) phenyl ] nal ei mi de; PCT/GBI5/01035
N- (4- met hoxycar bonyl phenyl ) mal eam ¢ acigy

N- (4- met hoxycar bonyl phenyl ) mal ei m de;- 5

N- (4- n- but yl oxyoct yd phenyl ) mal eam ¢ acid; or

N R

4- n- but yl oxycar bonyl phenyl ) mal ei m de. 14. A process for the preparation

of a conpound of general formula I, the process conprising: 10 a. when X
i's a maleani c aciskiciiylund mireigend Itf‘es%nhlé%u.@% with a Corrpound of
general formula Il or general formla l: [err] 15

[err] n inert soI s d| .chl or ¢ han

opt i onal Fy MPLR e prese ql% llJg‘l“élan ani ne suﬁﬁggﬁ feani ne; ge icity,
when X is a nal eimde residue, reacting the™ rrpound general formula |
produced in step (a) vm'th a dehydratl ng agent such as acetic acid and

sodi um acetate; c. c acid ester resi due, reactl neg a 25
conpound of geder al Ior 2500 e Negative'y, | |
wi th mal ei ¢ anhydride;Ti when is a quinone residue, reacting

qui none with a corrpoun‘@l of general formula I X

=0

_ -
- 00 40
4 [ ’x %. CO<<:::> t ‘

Qs

Co" -— . qe
1 E{'\IHQ—CO!H 5000. 5000
O
i
2 .E;\‘—@—CO;H 500 500 "
t
1 _

C0-.H CO.H ) o
5 l Nzﬁ@—//— 5000 5000

]
(o’
0
Y CO;H .
&6 [~ 200 200 "
|
O o

11 ] O?QI;I(GI:)@@—CO@ 2500 2500 g

0(2]

9 _
12 QN(Q{Z)GO-O—COQ 300 200 _ -
o ( 3)

50 25 slight=
aot statistically
significant

o=l )=
Z
o



ferr]

LX-or—gereyal formula X 5

[err] or; e. when X is an a¢muis SHEBEHAS fm fdue, heatin
conpound ofWgesiateédé forrmula Xi: 10 [er rREPLACED PCTICBOS/01035
i N aqueous acid condrtions—er reaétipg-amat-dehyde of general formula Xl

15 RCHO
15. A sun m’w "(!ﬂﬂ”k“!ﬂn conprising a cé ound as defined in any one of
£

clains 5 to*1

1l with acetic anhydride.

toget her with a dermatol ogically acceptable

exci pient or carrier. A process for screening the skin from

sun, conprising aﬁm%!gﬂg to the skin a sunscreen conpound as defined in
or claim13. 17. A conpound as defined in any one of

claims 5to 10 30 or claim13, for use in the prevention of

one of clains

der mat ol ogi cal
represents: 5

candi t izpnsonRh P dEdw daser& tenseréédhind coﬁbﬁisﬂi’@

then Z i no

[err] 15 and t hat”%t IRAXSIRRARERS | athRthed to aNBIﬁ?éJQ 68'1"7% St e

1- p- Am nopBenoxychemical binding to mammalian skin.

10

15

20

25

30

2. A compound for use as a sunscreen and comprising a
UV chromophore attached directly or indirectly to a
Michael acceptor.

3. A compound as claimed in claim 2, wherein the
Michael acceptor is maleic acid, maleamic acid or
maleimide or a derivative of one of these.
4. A compound of general formula I:

X-R I

wherein X is a Michael acceptor;

R is Z, C;-Cy alkyl-YZ, C,-C, alkenyl-YZ or C,-C, alkynyl-
YZ;

Y is O, NR*, S(0),, C=O or CH, and n is an integer from 0
to 2;

wherein R* is H, C,-C, alkyl or C,-C, alkenyl; and
Z is a chromoéhore group;

with the proviso that when X represents:

This Sheet Has Been

, T

Xl
11
20

t he
any

X



mal ei m dopent ane, 2- hydr oxy-4- (beta- hydroxyet hoxy)benzophenone

mal ei c aci d ester, 2- (Phenoxynet hyl) -1, 4- benzoqui none

2-hydr oxy- WO95B0646t hacryd-ayl oxyet hoxy) benzophenone, 4- 25 PCT/GBISN1035

(Met hacryl oyl oxy) hexyl|d#S ISHEET MAS B enyl ethanol ani ne net hacryl ate,-

N ( 2- net hyl phenyl ) Tthanoﬁgnymggne apryééate, 4-(Acryl ocyl oxyhexyl oxy)

cinnanic acid or N 6-( pyl phenoxy) - propyl] mal ei m de. 30
A compound as clained in claim 5, wherein X represents one of

the f This Sheet Has Been Re | aced [err] 10 wherein

[err]mmmlnglmuil'mm or [err] alkenyl; Rpis [err] alkyl-YZ, [err]

al kenyt -YZ or Perf] 4al kynyl- 15 [ij; Yis 0, [err] [err] or C=O
0

and nis an integer fromO to 2; and 20 — Zis agroup: R2 [err] 30
56 wherein [err] and R2 may be the sane ifferent and represent: -H,
[err] chloro, fluoro, brono, iodo, 5 0 [err] alkyl, [err] alkenyl,
[err] al kymyl, phenyl, [err] alkyl phenyl, [err] al kenyl phenyl , [err]

then Z is not
- OLC
\\_l ‘

15 ‘5. A compound as claimed :in claim 4, wherein X
represents one of the following groups:

0 o
: . : 0
20 - /J o O | W
SO O
¢
0
0 o)

0
Q 0
H,C —
R4 a4
. K 0

wherein R* is H, C,-C; alkyl or C,-C, alkenyl;
30 . | |
R is 2, C,-Cy alkyl-YZ, C,-C, alkenyl-YZ or C,-C, alkynyl-
YZ;

Y is 0, NR', S(0),, C=0 or CH, and n is an integer

- This Sheet Has Been

ki 100



al kynyl phenyl, [err] [err] al kyl COff i§ SHEEE T
r-'?ral Vil

hyl COR[err], [err]
al kynyl COR3 | kyl COOR3, - [ef W [err] .alkyn I(Qg@;
10 al ternat m‘gﬁwther or both of Lr] MC may_pe repl J@W’“& roup

_— L

[err] alkyl-YZ, [err] alkenyT=YZ or [err] alkynyl-YZ wherein Y and Z are as
defi ned above;”mmm [ r] alkyl, [err47al kenyl, phenyl, C4- Cl12
cycl oal kyl “ﬂ# ﬁH_nyl , [err] cycloal kenone or [err]

M s *

cycl oal kenone; *20¢ t [err] and [err] may be the sane or

different and represent Hor [err] al kyl. 7. A conpound as clained in
claim5 or claim6, wheFEPnOR*Ps2a @BBstituted phenyl group, a benzophenone
or 25 substituted benzophenone or a cinnam c acid derivative. 8.

N- (4- car boxyphenyl ) mal gagic_agcid; N-(4-carboxyphenyl) mal ei m de;
N- (4- benzoyl phenyl ) mal ga%caaﬁ#tg?p% ;

N-[ 4- (2-carboxy- (E)-et henyl) phenyl ] mal eam ¢ aci gz

N-[ 4- (2-cardoxy- (E) - et henyl )phenyIR]‘maI ei m de;
N-[ 4- (2- car boxy- (Z) - et henyl | ] mal eani ¢ aci ¢I; N-{ 4-(2-cargboxy-
(Z) - et henyl ) phenyl ] mal ei m @ (4- met hoxycar y
57 N-(4-net hoxycar bonyl phen | ei m de; N
(4-n-but yl oxycar bonyl phenyl ) nfal eam ¢ aci d;
N- (4- n- but yl oxycar bonyl phenyIRfrmal ei m de. 5 A conpound as cl ai ned
in any one of clains 5 to 7, wherein the group Ris [errgs

10

_2
' _ 0 R] R!
15 h2 rRZ

wherein R' and R? may be the same or different and
represent:

20 -H, -OR®, -NR°R®, -SO,H, chloro, fluoro, bromo, iodo,
C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, phenyl, -C,-
C, alkylphenyl, -C,~C, alkenylphenyl, -C,-C,

alkynylphenyl, -COOR®, -COR?, -C,-C, alkylCOR?, -C,-C,
alkenylCOR?, -C,-C, alkynylCOR?, -C,-C, alkylCOOR?, -
25 C,-C, alkenylCOOR® or -C,-C, alkynylCOOR®;

alternatively, either or both of R! and R? may be

replaced by a group C,-C, alkyl-YZ, C,-C, alkenyl-YZ

or C,-C; alkynyl-YZ wherein Y and Z are as defined
30 : above;

R* is H, C,-C, alkyl, C,-C, alkenyl, phenyl, C,-
C,, cycloalkyl, C(,-C,; cycloalkenyl, C,-C,,
cycloalkenone or C,-C,, cycloalkenone;



10. N-[6- (4- benzoyl phenoxy)h m& w, F’WELLM N- [ 6-
(4- benzoyl - 3- hydr oxy- phenoxy) C aC|d N-{6- [4- (2" ,4
- di hydr oxwlesszosds) - 3- hydr oxy- phenoxyl hexyl} mal eani ¢ aRCTGB2G01035 -

N-[ 6- (4- benzoyl phenox N-

(4- benzoyl - 3- hydr oxy-|p enoBgé 3§§§§E¥ nale|n1de 20

N-{6-[4"-(2",4"-di hydeoxyh #A 3-hy ro * phenoxy] - hexyl } - nale|n1de;
N-{6-{[4"-(2" -ethylhexyloxy) carbonyl (Z2)-ethenyl]- _

phenoxy} - hexyl }-mal eam ¢ acid; 25 : '
N-{6-{[4" -(2"-ethyl hexyl n Z) - et henyl

phenoxy? - hexyl } - mal ei mdce%y §§ ??434@(}; %e Jh lme or d:.fferent and .

- et hyl hexyl oxy) - carbonyl -Yepresempyi|or 30,-C; alkyl. phenoxy} - hexyl }-nmal eanic
acid; N-{6-{[(4 - (2" -ethyl hexyl oxy) -carbonyl (E) -ethenyl] -

phenoxy} hexyl } - mal ei m de; 58 N-{6- [(4' -ethoxycarbonyl- (2)

“et henyl ) - pheno&ky] - AeSSABYRG e%ﬁnq;-ad(ﬂ%i *-R FGalw(‘i or Gl Sar Wbeyein
(2)-etherg/l) -phenaxyh - sﬁbstltuted ,dea rﬁéﬂ%o ﬂéhone or

-eth b I -' rral eam

N (8] L - ot noxSHaTRITEE BsterBarbes pcwareo A A A
[4-(2', 2" -di nethyl ethyl)-benzoyl]- [4 (ethened|0|c aci d

monoani de- N- 6- hexyl oyY] 1 PERON I HEL PP a1 damic acid;

N- (4-carboxyphenyl)maleimide;

10 N-(4-benzoylphenyl)maleamic acid;
' N-[4- (2-carboxy- (E) -ethenyl)phenyllmaleamic acid; ‘

N-[4- (2-carboxy- (E) -ethenyl) phenyllmaleimide;
N- [4- (2-carboxy- (Z) -ethenyl) phenyllmaleamic acid;
N- [4- (2-carboxy- (Z) -ethenyl) phenyllmaleimide;

15 N- (4-methoxycarbonylphenyl)maleamic acid; .
N- (4-methoxycarbonylphenyl)maleimide;
N-(4-n-butyloxycarbonylphenyl)maleamic acid; or
N- (4-n-butyloxycarbonylphenyl) maleimide.

20 8. a compound as claimed in any one of claims 1 to 3,
wherein the Michael acceptor is separated from the
chrdmophore by a spacer.

9. A compound as claimed in any one of claims 4 to 6
25 wherein R is a group: C,-C, alkyl-YZ, C,-C, alkenyl-YZ or
C,-Cy alkynyl-YZ.

10. A compound as claimed iﬁ claim 9, wherein the group
R is (CH,)(0Z.

30 _
11. N-[6-(4-benzoylphenoxy)hexyl] -maleamic acid;

N- [6- (4-benzoyl -3 -hydroxy-phenoxy) -hexyl] -maleamic
acid;

This Sheet Has Been Re’ilaced




[4- (20,2 -dinmethylethyl) -benzpy =fA=—6 |
mal ei m dohexyl oxy) - benzoyl ] - net ha 1@”5155"—"4%15%&{5& a COWOUEE’[@E}%SS
ael acceptor;

fornul a | (Y0 9530646 R | (EPLAGERein X is a Mc

25 R-is—Z;- [err}j—alkyl =%¥Z, [err] alkenyT=YZTor-[err] .al kynyl- YZ, Y is
0, [err] [ = ~and n is an int r fromO to 2; 30 wherein
[err] is Hﬂ!‘lmmﬂﬁ'ﬁ(mgﬂl[err] al kenyl; and Z is a chronophore group;

in the pre screen conposition. 12. The use of a conpound of
the formula I(a) 5 X-R I (a)

wherein X is a Mchaelyaceeptpr 2R ,igs’ Zdil8fdtodybn¥oyl ¢+ - Avidaryky¥Z
or [err] alkynyl- 10 YZ; Y is 0. Jerr] Jerr] .. C=Oor [err] and n is an
integer fromO0 to 2; JEPen°x¥&kﬁQﬁ*y%kﬁqﬁﬂqégﬁ$ 3497 alkyl or [err]

al kenyl; and Z is a chronophore group; in the preparati on of an agent for
the prevention of 20 L rdefm | SRR | 1Pns. ,to0 exposure
to sunlight. 13. The u%e[é;s(%&n%%}@%f al mq-h#%irq c‘?%a]?énﬁ wherein the
conmpound i $ nodified by any one or nore of the 25 features of clains 6

to 10. 14. A process for 4 hg MaPAIALI QUhRErckyCPRBALRY) ChegPTPRImd1di0MiAe ;A

|, the process conprising:

N-{6-[4'-(2',4’-dihydroxybenzoyl) -3-hydroxy-
phenoxyl -hexyl}-maleimide;

10
N-{6-{{4’ - (2"-ethylhexyloxy) -carbonyl - (2) -ethenyl] -
phenoxy}-hexyl}-maleamic acid;

N-{6-{[4"- (2"-ethylhexyloxy) -carbonyl- (Z) -ethenyl] -

15 phenoxy}-hexyl}-maleimide;

N-{6-{{4’- (2"-ethylhexyloxy) -carbonyl- (E) -ethenyl] -
phenoxy}-hexyl}-maleamic acid;

20 N-{6-{[(4‘-(2"-ethylhexyloxy) -carbonyl- (E) -ethenyl] -
phenoxy}-hexyl}-maleimide;
N-{6-{(4'-ethoxycarbonyl- (Z) -ethenyl) -phenoxy] -
hexyl}-maleamic acid;

25
N-{6- [ (4’ -ethoxycarbonyl- (2) -ethenyl) -phenoxyl -
hexyl)-maleimide;

_ N-{G—[(4’-ethoxycarbonyl-(E)—ethenyl)-phenoxy]-

30 hexyl}-maleamic acid;

N-{G-[(4’-ethoxycarbcnyl-(E)—ethenyl)-phenoxy}-
hexyl}-maleimide;

This Sheet Has Been Repllaced
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30 a. when Xis a naIH " ﬂ”'ﬂ e, reacting mal ei c anhydride
wi th a conpound of general eral formul a III ﬁ%’w’ﬂ}%}
| WO 5680646 60|nan|nert soP B as

di chl or onet hane, opt I dsence of an am ne such as
triethylamne; b. \Aﬁ“s %’EP?AWIA&;QF@m de 5r0e5| due, reacting the compound 5
of general fornula it ep with a dehydrating agent
such as acetic acid and sodi um acetate; c. mhen Xis a maleic acid ester
residue, reacting a conpound of general formula VIiIl: 10 R OH

VITT with maleic anhygrige, 215d1met@1ylet‘ﬂiﬂr) )Eéﬁch’yﬂ&“ Wn?e?ﬁé.hgagm.c

reacting quinone with a_conpound general_ formyld
| X 20 or general agifd Re wlcfee— rlzexy loxyi benzoyl] -methaney or: 25
e. when X is an acrylic acid reS| due, heating . a conpound of general
formula Xl: [err] '

aqueous acid conditi b%s # et bmfntlap’c}'e?&&é’]o 'd’e?ﬁglzaﬂyﬁ'(hr'ﬁgﬁé ‘x?'nn |

RCHO 5 male:.m:Ldohexyloxy) -benzoyll{rethane.

12. A process for the preparation of a compound of
general formula I, the process ccmprising:

10 a. when X is a maleamic acid residue, reacting maleic
anhydride with a compound of general formula II or
general formula III:

RNH, II
15 |
RNH," III

in an inert solvent such as dichloromethane, optionally
in the presence of an amine such as triethylamine;

20 .
b. when X is a maleimide residue, reacting the compound
of general formula I produced in step (a) with a
dehydrating agent such as acetic acid and sodium acetate;

25 c. when X is a maleic acid ester residue, reacting a
compound of general formula VIII:

R-OH ' VIII
30 with maleic anhydride;

d. when X is a quinone residue, reacting quinone with
a compound of general formula IX:

- This Sheet Has Been RTlaced
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61 61 wth acetic anhydride. 15- stRsereer—Fof nul ati on conprising a
compound of mula |, as cd%ﬂﬁéﬂﬁfﬁ?ﬂﬁygaﬁ% of clains 5554 ,ﬁn%
t.oget her w mat ol ogi cal lly accBRflMIES exci pi ent or carr|er Ve
process for screening-the—skin Trom tne suan, conprising applying to the
skin a sunscreen conpound of 10 t he fornyda.l; as defined in any one of
clains 5 m“mltmmound of the formula |, as defined in any one of
clainms 5 ml\mm t he prevention of der mat ol ogical conditions
related to eéxpébsute ® sunl i ght . :
ArN,” IX

or general formula X:

w

Z-0 (CH,) ,CO, X
or;

e. when X is an acrylic acid residue, heating a
compound of general formula XI:
10
R-CH=C (CO,Et), XI

in agqueous acid conditions or reacting an aldehyde of
general formula XIII:
15
RCHO XTII

with acetic anhydride.

20 13. A sunscreen formulation comprising a compound of the
formula I, as defined in claim 4, or a compound as
claimed in any one of claims 1 to 3 or 5 to 11 together
with a dermatologically acceptable excipient or carrier.

25 14. A process for screening the skin from the sun,
comprising applying to the skin a sunscreen compound of
the formula I, as defined in claim 4, or a compound as
claimed in any one of claims 1 to 3 or 5 to 11.

30 15. A compound of the formula I, as defined in claim 4,
or a compound as claimed in any one of claims 1 to 3 or
S to 11 for use in the prevention of dermatological
conditions related to exposure to sunlight.
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16. A method for the prevention of a defmatological
condition arising from exposure to sunlight, the method
comprising administering to a patient an effective amount
of a compound of the formula I, as defined in claim 4, or

a compound as claimed in any one of claims 1 to 3 or § to
11.

17. The use of a compound of the formula I, as defined
in claim 4, or a compound as claimed in any one of claims
1 to 3 or 5 to 11 in the preparation of an agent for the
prevention of dermatological conditions related to
exposure to sunlight.
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