WD 02/ 10120 PCT/ GB01/03336 - 1 ESTERS OF 5- AM NOLEVULI NI C ACI D AS
PHOTOSENSI Tl ZI NG AGENTS | N PHOTOCHEMOTHERAPY The present invention rel ates
to new davovatiiees of 5-am nolevulinic acid (ALA) and i nPERGBID336 t O
esters of ALA and their use as photosensitizing agents in

phot ochenot her apy or di agnosi s. Phot ochemot-her apy, or phot odynam c therapy
(PDT) as it is also known, is a technique for the treatnment of wvarious
abnor nedTERE ¥ oraMINSIEVIRESI®RCIT@sSKHATOSENSOrheING apENTSely BHODIQEMSTHHRAPY
mucosa, especially cancers or pre- cancerous |lesions, as well ascertain
non-mal i gnant | esions for exanple skin conplaints such as psoriasis.

Phot ochenot her apy i nvol ves the application of photosensitizing

(phot ochenot her apeptd ¢)raaant slrmeﬁt%n azfé‘leepé@od & t%?empfdetﬂefat%qdzsé,s fd | oned

by exposure to phot oactivating | in order to activate
phot osensi t i A RPRRRE %%@rﬁﬂ&t@%mqqﬂ bRt IEUd 2 (i}romes\ﬂ’?é’rseby t he
affected cel lsx auen kidd ethe«irr thei ras @ﬂﬁﬂd‘s@r&mt\&&m erfendls dinm ni shed. A

range of phot nsi.ti zi a nts nown i ncl udi ng notably the
psor al ens, ﬁ%“%b %ﬁ?r %ﬁ@ﬁqgf &d the pht hal ocyani ns. Such drugs

becone toxic wheGMEQHEhémduhdnqpﬁ. crhgthogemyinamzion g hémagy n@pTexert their
effects by a;u/afd el Pl RN S A o I eekdahentiis | of

exanpl e, certaln photosensitizers becone rectly toxic_ when activated by

| i ght, wher edGtdes parnad igans s disegdepadi ddie ekgn &4 @tdisdg agent s
such as si nglegdi txame eréaﬂseroxowm—aderésp@hmqg; l_dicealss orwWpireh are

extremely destructive to cellular rial blonnle l.es such as
lipids, prot&IEHHHIGTTSciads. e &rFal &th rﬁ?lr]@ directly
acting phot dsenisirdd z6s1s;exgmorl ee>gkoisu rceontod. & dirgst stdméy asompmorddduct.s and

%Lzszyhlﬂzzl2ﬁ£¥¢?éhemé%ﬁé%%§§ fﬁ%giég l@ﬂ% éBﬂf%%gﬁ?%m.Eﬂﬁreby I nhi bi ting

photosensitizing (photochemotherapeutic) agents to the
affected area of the body, followed by exposure to
photoactivating light in order to activate the
photosensitizing agents and convert them into cytotoxic
form, whereby the affected cells are killed or their
proliferative potential diminished.

A range of photosensitizing agents are known,
including notably the psoralens, the porphyrins, the
chlorins and the phthalocyanins. Such drugs become
toxic when exposed to light.

Photosensitizing drugs may exert their effects by a
variety of mechanisms, directly or indirectly. Thus for
example, certain photosensitizers become directly toxic
when activated by light, whereas others act to generate
toxic species, e.g. oxidising agents such as singlet
oxygen or other oxygen-derived free radicals, which are
extremely destructive to cellular material and '
biomolecules such as lipids, proteins and nucleic acids.
Psoralensg are an example of directly acting
Photosensitizers; upon exposure to light they form
adducts and cross-links between the two strands of DNA
molecules, thereby inhibiting DNA synthesis. The

unfortunate risk with this therapy is that unwanted



unfortunate risk with this therapy is that unwanted WO 02/10120

PCT/ (B01/ 03336 2 nutagenic and carcinogenic side effects may occur. This
di sadvantvege2/mago be avoi ded by sel ecting photosensiti zer BCWGBN1/63336
alternative, indirect node of action. For exanple porphyrins, which act
indirectly by generation of toxic oxygen species, have no nutagenic side
effects and represent nore favourabl e candi dates for photochenot herapy.
Por phyri ns ametagtemial land aeourimoggnpice eidsoes fiewtsheayyothesi.s of hene. In

particul ar, hene H?¥$%(§%#% gM%%gg Q) fggfég il EQC%%R%Eﬁﬁﬁghin

pr ot opor phyrin | X . e action enzyme-f erroche ase. Ppis
an extrenel yppetesengiiotizsdenhsiittly en alieraas ivemre indd reetpRedsselsi ti zi ng

effect. One guehROr Py Nobagad ?jﬁ%@h hokof WA Ch) acQ?‘%ndﬁ%%%@tll_W_llg%een
e e

approved as a photosensitizer in herapy of certain cancers. mai n
di sadvant age ISR He & R TP IFE SBRCAESY e BT SpAPeRLERTPIYC

general |l y i nkideer@fddts idnd aeses sphot aseasithivoal-bdleotanthi€askisn whi ch
may | ast for _several eks .followng_i.v ection, Phog?frin consi sts of

r i, Nj
large ol i gom&PE & OH&%;ﬁ%ﬁ%ﬁ%ﬁ%&ﬁ-itP&EQQYE&PgréﬁﬁiFﬁtﬁéﬁ Yate the skin
when appl i edotopiredlgy prSiovdsarsprioblcérs sgricbesist bf behler pdnphyri n- based

phot osensi ti ég&%ggaq%ﬁs He{?rgedﬁgbp%ldh%gd" ReERt QparPhyLey derivative” (Hpd)

whi ch has al S en repor, use_i n cancer photochenotherapy (see for
exanpl e S. DdugR&PPyrated Nat Protapesphyrin, IXoZRp) by, thg3gctiken prand
Snell, J. U ehe £9£§mel Horrckb) adadel. S 2pcopphex ciixkbhmeeyopbakned by
treating hae opor phyr.in with acetic¢ and, sul phurjic _acids, after which
Lhe. acetyl at BHOPOGAR. eSS SORTEawiEHea RE) PO FHOGIEFEaE FETe

probl ems, precdesars of Pp have been investigated for
gf‘gxﬁgfg%rﬂ?geggeg R By 1 hpRAEY! 6RL.8T bh&BR RLBCURLSAr
‘ recently been approved as a photosensgitizer in the
therapy of certain cancers. The main disadvantage is
that since it must be administered parenterally,
generally intravenously, it causes photosensitization of
the skin which may last for several weeks following i.v.
injection. Photofrin consists of large oligomers of
porphyrin and it does not readily penetrate the skin
when applied topically. Similar problems exist with
other porphyrin-based photosensitizers such as the so-
called "hematoporphyrin derivative" (Hpd) which has also
been reported for use in cancer photochemotherapy (see
for example S. Dougherty. J. Natl. Cancer Ins., 1974,
52; 1333; Kelly and Snell, J. Urol, 1976, 115 : 150).
Hpd is a complex mixture obtained by treating
haematoporphyrin with acetic and sulphuric acids, after
which the acetylated product is dissolved with alkali.
To overcome these problems, precursors of Pp have
been investigated for photochemotherapeutic potential.
In particular the Pp precursor 5-aminolevulinic acid
(ALA) has been investigated as a photochemotherapeutic
agent for certain skin cancers. ALA, which is formed
from succinyl CoA and glycine in the first step of heme

synthesis, is to a limited extent able to penetrate the



(ALA) has been investigated as a photochenot herapeutic agent for certain
skin cancers. ALA, which is fornmed from succinyl CoA and glycine in the
first stapoot/ihietre synthesis, is to a limted extent abl BCT/GBpEOBSEG ate t he
WO 02/ 10120 PCT/ GB01/03336 3 skin and lead to a |ocalised build-up of Pp;
since the action of ferrochelatase (the fretallating enzyne) is the rate
limting step in henme synthesis, an excess of ALA |eads to accunul ati on of

Pp, the phoé%ﬁﬂﬁiéﬂl?inga@gE@ta 1%&3@5&@& BRPlyi g M Ao opi Diadd Jthl@ skin
tunours, and _then after sever our s, exposi n e, tunours to Jight a
benefi ci al ph%?tbjc?\%n%% hé?ﬁﬁ%ﬁ?%a%??%cftﬁgym%%gl Bt HEh T ALY 117 g‘g}}%\rrpl e
W91/ 01727). Shipeel ithet skhynstepvini hgmdasyhonasi andars guamems el ALA

carci nonas i eadl] do by ) i si nce
t he concentrZ]f(lg%élgo?éf%??%%{%fé)%g?%{slg&?s?ﬁbwéﬁﬁ é@?ﬁo@%ﬁéﬁ%ﬁ%ﬁﬁ [‘Lﬂ%as been
found that topheal RyppPrbyies HhA Peri¢ebls to skielworwed y awhanced

product i on pfuli’@nia\ftéyn@@i}érairbﬁ@lyfé,ex@ﬂ?@ép&@e@% heraRyrMddh Alpd s not
al wvays enti relu%%g%lsf tor%? ALA is not able to penetrate all ~tunours

and other tis3 1AL PROFRpReBPERR R C PEhREF (RBAtRRNt of a wi de
range of tumubssattiedt hece £ondetamnbe anolo AL 2t B0. t eidscd athe dwst abl e in
phar maceuti ca r i These.probl ens have to a . | arge .extent been
over cone by t%%$%§££ﬂ%?ﬁ %%?g?%ﬁ %%dai HI RS TbST ucfaelajlarllcknﬁl AA Bt %r s

whi ch exhi bi treapt by epensetaeed by yARArt ladomonevel thy ssiuie), reom syistamic
local i zation gfe a(g(gglgéﬁtgleé@go@g@f\t§erf5@5gy§gaé@tfg%cg‘g;ﬂi%%>§l producti on,

and reduced pain sensation on admnistration (see Dat abase
Xfire, entrids'myEndreit oayyiagen sigyrdothataxpeper ] seaskBiomtBn13A7 and
6517740 (Bei |mt®ei 18336056 0a @D&%ﬂ%wm&%ef?muﬁaﬁdﬂ@Sp;pfin]apan,
Vol 16; No. g&%%&§é9930), 16.4.1992; EP-A-316179 (Tokuyama Soda
However, photochemotherapy with ALA is not always
entirely satisfactory. ALA is not able to penetrate all
tumours and other tissues with sufficient efficacy to
enable treatment of a wide range of tumours or other
conditions and ALA also tends to be unstable in
pharmaceutical formulations. These problemg have to a
large extent been overcome by the use of straight chain,
unsubstituted alkyl ALA esters which exhibit improved
selectivity for abnormal tissue, non-systemic
localization of administered agents, improved uptake and
PpIX production, and reduced pain sensation on
administration (see W096/28412).
Database Xfire, entries 3060978, 5347132, 5499790,
5620924, 5633390, 5991317 and 6517740 (Beilstein); Cosmo
Sogo Kenkyusho KK, Patent Abstracts of Japan, Vol 16;
No. 156 (C-0930), 16.4.1992; EP-A-316179 (Tokuyama Soda
KK) ; GB~A-2058077 (Hudson et al) and DE-A-2411382
(Boehringer Sohn Ingelheim) describe alkyl ester
derivatives of 5-aminolevulinic acid, and derivatives
and salts thereof and processes for their preparation.
However, these compounds still exhibit some
limitations for use as pharmaceuticals in PDT, e.g.

relative low efficacy, and thus a need therefore exists



KK); GB-A-2058077 (Hudson et al) and DE- A-2411382 (Boehringer Sohn

I ngel hei m) describe al kyl ester derivatives of 5-am nolevulinic acid, and
derivati we@o2ame salts thereof and processes for their prRPORGBDI/3I36
However, these conpounds still exhibit some Ilimtations for use as
pharmaceuticals in PDT, e.g. relative Jowefficacy, and thus a need
therefore exists WD 02/ 10120 PCT/ GB01/03336 4 for alternative

phot ochenot hef@peditd &ragents pHdt odtdtid il @ p Aot ochpmideriapeut i ¢ agents
whi ch exhibit inproved efficacy over those known in the art. The present
nvent i on addERSHELhH PHRRAFBARP § e T IR (| SHETH T T S5 R T

phot ochenot heirmpeimted affeini=cy Whreh diasdatie@m phargmeceirtd cal s, i.e. which

have an enhanced .phot ochem)ct h.era(:ioecu.ti c effect over .those , descr.ibed in the
RS

rior art. It has now™een tound S5 BF gzélrlisvé’telezdecfm I'A esters,
p

essential |l y qomprieilay briarc Hed midoyd deAlphotasthemme thed-aqehstiia wosthtzenzy|

ALA esters ang sl (A Godial: Yag i aliat aehermthal gy pard oyl ar. 1t

has been found that certain such conpounds provide surprising
advant ageous EHIRIREH ISt gssRathesredisardd asd Ivem td@fsounds. Thus,
viewed from engs@asipesd itrheHavantdompr ovi des a conpound for use in

phot ochenot her apy .or .di aghosi.s, said ¢€q und hein anched al kyl ester
or substituted al%&lhaessgjé?w dreas dﬁ?m% ift & %,Oafo?jeér”v&g:ﬁ i ve or
phar maceut i callldy et abdsesesslitaltihereofpriaingy farerdredasidotl Aia i nventi on
provi des a C%!H%QH:P r i t ther i IS whi ch
sai d corrpounccie IS 0 dag%drjlesr a lotglmj a &%@%ﬁz%%%%m&l (1)
(wherein Rl riepr égentiy admdhamatilemamst i thn epraligalagrody d@iser  than an
unsubsti t ut edhedd i @fHa ahRitned A4 such compounds provide

surprisingly advantageous enhanced PDT properties
compared to known compounds.

Thus, viewed from one aspect the invention provides
a compound for use in photochemotherapy or diagnosisg,
said compound being a branched alkyl ester or
substituted alkyl ester of 5-aminolevulinic acid, or a
derivative or pharmaceutically acceptable salt thereof.

In a further aspect the invention provides a
compound for use in photochemotherapy or diagnosis in

which said compound is of general formula I:
R?,N-CH,COCH, - CH,CO~-0R* (1)

(wherein
R' represents an optionally substitutéd alkyl group other
than an unsubstituted straight-chained alkyl
(preferably, when R' is unsubstituted, this represents a
branched alkyl group); and
R? independently represents a hydrogen atom or an
optionally substituted alkyl group) or a
pharmaceutically acceptable salt thereof.

Preferably, the present invention provides

compounds of formula I,



(preferably, when R1 is unsubstituted, this represents a branched al kyl
group); and R2 independently represents a hydrogen atomor an optionally
substi t utved oakdyd group) or a pharmaceutically accept abl BCE&BD1/03386 eof .
Preferably, the present invention provides conpounds of formula I, WO
02/ 10120 PCT/ GB01/03336 5 R22N-CH2COCHZ; CH2CO-ORL (I ) (wherein R1
represents an optionally substituted branched al kyl (e.g. C5-30 al kyl)
group, or a substigyedudod, -eoed;of2, each of which mgy be the same or
different, represents a hydrogen atomor an optionally substituted alkyl
group, preferably a group Rl; wherein said substituents are selected from
hydr oxy, al koxiyeretyyl oxy, al koxycarbonyl oxy, am no, aryl, nitro, o0xo,
fluoro, -SR3, R NR32 andt PR32 groups, and each al kyl group is optionally
i nterrupted by one 6 dre -0-, -NR3-, -S- or - PR3- groups; and R3
represents a hydr cg{erpmlmn@ﬂ}a Tlbst Wkyed groumhedired lsal t & ther@of, for
use in photochemothargpy orodi agrosis. As used herein, the term"alkyl”
unl ess stated otherviise,” | nc udes any | ong or short chai n, cyclic,

strai ght - chai ned @ BikFicHeaed i pHart GEMRIrated or  unsat ur at ed

hydr ocar bon g#*QuRachhefuRsalHr ﬂb@db@ kvl s@mEUBS HBY rReef®NO- oOr
pol yunsaturat ed and i ncl ude both aI kenyl and al k,yrR/ Unl ess stated
ot herwi se, PN Y A5 AR ali\(}gkvqéﬁ) d gr oups

cont ai ni ng upalky]lOgranpef eps:aénffqmalplym 8gro¢;ar£¢1| cul arI y prefer abI y up to 6,
especi al l'y prvﬁ{eel[eaﬂ{ Ysa P éLaoslltlctatﬁg%s a&roémse reectperchi%frormeq‘iydroxy,

alkoxy, acyloxy, alkoxycarbonyloxy, amino, aryl, nitro,

oxo, fluoro, -SR’, -NR?, and -PR? groups,

and each alkyl group is optionally interrupted by one or

more -O-, -NR’-, -8- or -PR’- groups; and

R’ represents a hydrogen atom or a C,. alkyl group)

and salts thereof for use in photochemotherapy or

diagnosis.

As used herein, the term "alkyl", unless stated
otherwise, includes any long or short chain, cyclic,
straight-chained or branched aliphatic saturated or
unsaturated hydrocarbon group. The unsaturated alkyl
groups may be mono- or polyunsaturated and include both
alkenyl and alkynyl group. Unless stated otherwise,
such groups may contain up to 40 atoms. However, alkyl
groups containing up to 10, preferably up to 8,
particularly preferably up to 6, especially preferably
up to 4 carbon atoms are preferred.

The substituted alkyl R' groups may be mono or poly-
substituted. Thus suitable R' groups include for example
alkoxyalkyl, hydroxyalkoxyalkyl, polyhydroxyalkyl,
hydroxy polyalkyleneoxyalkyl, oxaalkyl, polyoxaalkyl and
the like.

The term "acyl" asg used herein includes both
carboxylate and carbonate groups, thus, acyloxy
substituted alkyl groups include for example
alkylcarbonyloxy alkyl. In such groups any alkylene



The substituted al kyl Rl groups may be nono or poly- substituted. Thus
suitable RL groups include for exanple al koxyal kyl, hydroxyal koxyal kyl ,

pol yhydr oxgat/koakg hydr oxy pol yal kyl eneoxyal kyl , oxaal kyl pCpeoByoszaé kyl and
the like. The term"acyl" as used herein includes both carboxylate and

carbonate groups, thus, acyloxy substityted alkyl groups

i ncl ude for

exanpl e al kyl carbonyl oxy al kyl. I n such groups any al kyl ene WO 02/ 10120
PCT/ GB01/ 033361 ot i@ s rﬁyeeﬁéx%lgf el BraRlH IRV & eal RomlRB GirtieRls defined

herein for alkyl groups. Preferred substituted alkyl Rl g
those carryiegedie I e loyd Ysimps, preferably straig

roups include
ht - chained C4_12

al kyl (e.g. C8 10P¥é@éﬁréﬂféﬂbhﬁﬂﬁﬁﬂ®iuﬂ@@d_b& @ﬂ@upbwmnﬁluﬁérEBose
(preferably tvvo or, three) oxo. rouqo Exanpl es % s%rou% i ncl ude

3, 6- di oxa- 1 - CEYIFEhPRE €NV DET HEH® gP&&&%r ;llytl culCarty preferred
substi t ut ed aiHayﬂnelal Cgrlguakkyﬂt\hl(ehgrra%_ eaﬁikgééngrpupsowbandsubédf ormul a. |

i ncl ude I £f Cl i r

C4 al kyl (e. gjyama ylr)m erratq’l ted pr eraB/pa: t?ri]m%r}lla%
an aryl groumroppst-er Fednmaiad Qfr Gt |9¥(§1Lme l@wéwyie 3diep
monocyclic 5-ofe Aenhe] ed.c & Gor i - 6-g8Ah ﬂ@et er oaro

%t)%r ably C1 or
stituted) by
Wér?}qa -and

mati cs,

especi ally phenyl _and such grou t eI ves |1
substituted, for EEHHIBHRF %dﬁéprcﬁg%%?eér SCTZ)S{rl l&)ﬁ) Rélg%o‘é]?ﬁyl

groups (pr ef mﬁl‘dw n@y bealdoydsente.ih deetdayinds a;|fkcf>qrrr(n,ﬂag
fluoro, chi (H
i ncl ude thoseltfioﬁ1 ni’ n

eas om se

I nmetfiody), nitro,

ﬁ'f'%or q”%tbﬁg) &L Egﬁyefog%%?i& {1258?&9&?%5 groups

rom oxygen,

sul phur and @i Dro@erﬁlkﬁvlpr & ez r e ttleyer ettt vk agf omjfﬁfser@hll}ﬁl ne.
Represent at i Vc%r?rLith%{l' tsqgaﬁlkﬁﬂteg{)ow a%l Al udeucy lBldednred

al koxynet hyl oxyet'hyl “and al koxypr

aryl groups include phenyl dlphenyl and monocyclic 5-7

membered, e.g. 5 or 6-membered, heteroaromatics,

especially phenyl and such groups may themselves

optionally be substituted, for example by one or more

(e.g. one or two) C;¢ alkyl groups (preferabl

Y C1—4 alkyll

e.g. methyl), alkoxy (e.g. methoxy), nitro, fluoro,

chloro or trifluoromethyl groups. Suitable

hetercaromatic groups include those containing at least

one heteroatom selected from oxygen, sulphur

and

nitrogen. A preferred heterocaromatic group is pyridine.

Representative substituted alkyl groups

R} include

acylalkyl, alkoxymethyl, alkoxyethyl and alkoxypropyl

groups or acyloxymethyl, acyloxyethyl and acyloxypropyl

groups, e.g. pivaloyloxymethyl.
Preferably said branched alkyl group in

formula I

is a C,4, preferably a C;; straight chain alkyl group

which is branched by substitution with one or more

optionally substituted C, alkyl (e.g. C;, alkyl) groups,

thus forming preferably a Cq, alkyl group. I
cases where R' is a branched alkyl group, thi

n those

s 1is

preferably unsubstituted. For example, R' may represent

an unsubstituted, branched C,,, alkyl group, preferably a

Csg alkyl, e.g. C; or C; alkyl.

Where R' represents a substituted alkyl group,



groups or acyl oxynethyl, acyl oxyethyl and acyl oxypropyl groups, e.g.

pi val oyl oxynet hyl . Preferably said branched al kyl group in formula | is a
C4-8, pra¥epziiigo a C5 8 straight chain al kyl group whi chPCEGBOERESBEd by
substitution with one or nore optionally substituted C1_6 alkyl (e.g. Cl1_2
al kyl') groups, thus formng preferably_a7C5-9 al kyl group. In those cases
where R1 is a branched al kyl group, '"this is preferably unsubstituted. For

exanpl e, f@%é nﬁreﬁéraﬁ%%b@%té&@gtl@&@@@g%&%ﬁﬁ aj&kyd . group,

pr ef erably a C. Where Rl represents a
substituted RS Y]g)ro% a%@ﬁél‘i@i‘?@ W/‘E%@‘i?%%‘é%% & SERpeiufied

preferably the subBhuguents paetacylatey prepderyd) feic@tkady which may
t hensel ves be substltut ed. Thus in a particularly preferred feature Rl
represents: anciOptTUNatiy substituted branched C5 30 al kyl group,

preferably a C6_9 ah kcygbtgonalblycsmbstt"s&mgeca Istanadlgdd Cscjaaiaihk@_gﬁoapkyl
group, preferably r ef I I
group, branched stl t| o%‘%maﬁlh Xeéj Lgrfo%e&%fq(ﬁs I]I(‘:‘cx)al g@d:rag

preferably Cl or @ame@ezsnaééﬁYd gﬂfpépef Pr§ﬁl§§ﬁbﬂ-w Bofibs fmléff er abI y at C2
or a higher C at %’%eﬁra@ﬂya&)’é pr(@l_cj@gyo%ut@?)tléu&ﬁﬂ Akdyh, group,

D ne fu b sepodraehl ol iR LS LS B e onds AP (g
Cl_2 al kyl), al koxgromesg. pf@fétﬁaﬂy])y ¢, var a,, th]h@f@lnnsséi@ @Ite of
trifluoromethyl grsqﬂpsstl@@‘glogr eﬁxaé’%é'rasx?if éagt l@j(y or oqplghse SLtbstl tuted by
atom,
or
an aryl or alkoxy substituted alkyl group,
preferably a C; or C, alkyl group,
wherein preferably said aryl group is
substituted, especially preferably substituted
by one or more alkyl (e.g. C;, alkyl), alkoxy
(e.g. methoxy), fluoro, chloro, nitro or
trifluoromethyl groups,
and
preferably said alkoxy group is substituted by
one or more further alkoxy groups, which
groups may be further substituted.
In a further aspect, the present invention provides
novel compounds. Thus the present invention provides

compounds of formula I,
R?,N-CH,COCH, - CH,CO-OR* (I)

(wherein

R' represents
an optionally substituted branched C.;, alkyl group,
preferably a Cs, alkyl group, comprising a straight
chain C,,9 alkyl group, preferably a C,,, more
preferably a C;3 (e.g C; or C4) alkyl group,

branched by substitution with one or more C,, alkyl



one or nore further al koxy groups, which groups may be further
substituted. In a further aspect, the present invention provides novel
conmpoundwoO Mug2d he present invention provides conpoundsPof/GBor/miBa |,
R22N- CH2COCH2 -CH2CO-OR1 (1) (wherein Rl represents an optionally
substituted branched C5_30 al kyl group,. greferably a C6_9 al kyl group,
conprising a straight chain C4-29 al kyl group, preferably a C9 8, nore

preferably a C5_6 gfaﬁe te£6)all Yt, @roup, wﬁéﬁ@ﬁﬁegab& subst b ution
with one or nore Cl WO 02/ 10120 PCT ]1?03336 gr oups,

preferably CL or C%Ub%ﬁé\:ﬁo’%a?%l e ot 3 T AT at 2 or a

hi gher C atom or oma non-heteroaronmatic aryl substituted al kyl group

preferably a Cl Or%ly fi‘lﬁ ?%Qf&aa%{@r%”lsé‘ux?s@{ al}l Oﬂ%@ ST hstituted,

especially prefera & or” Tor & al kyl ),
al koxy (e.g. net hdwye)ferahbfxfoa €hlogr é?,z alkyd grouprnfrh@mmmycﬂ @mlnps or

an al koxy substit uegudl kyl s@beup..psef o é/lélf-% pRLE&Zaii kYl group,
wherein said al kyl \%oup is _substituted oxy group, or an al koxy

group substitut ed>WPEh BACEE KBXYCRR 0Rip Wﬁ%kﬁl]@f]te?eg}t)@ Rey<yBe «f urt her
substituted, R2, eaTho®R$y WBigh m@yhdey) herBadswo orcilidfer affcro r@presents a

hydr ogen at om or ional ly substituted alkyl group (e.g. a group Rl);
and wherein said %%ﬁ?%ﬁ‘ﬁ?%ng LEP®ied from hydroxy, al koxy, acyl oxy,

al koxycar bonyl oxy,cam no, aryl, nitro, oxo, fluoro, -SR3, -NR32 and - PR32

groups, an alkoxy substituted alkyl group, preferably a C;
or C, alkyl group, wherein said alkyl group is
substituted by a methoxy group, or an alkoxy group
substituted with an alkoxy group which latter group
may be further substituted,

R?, each of which may be the same or different,

represents a hydrogen atom or an optionally substituted

alkyl group (e.g. a group R'); and

wherein said substituents are selected from hydroxy,

alkoxy, acyloxy, alkoxycarbonyloxy, amino, aryl, nitro,

oxo, fluoro, -SR’, -NR? and -PR?, groups,

and said alkyl group is optionally interrupted by one or

more -O-, ~NR’-, -S- or -PR’- groups; and

R® represents a hydrogen atom or a Ci.¢ alkyl group) and

pharmaceutically acceptable salts thereof.

Preferably R®* are both hydrogen atoms and thus in a
preferred feature, the invention provides substituted
benzyl ALA esters and optionally substituted branched
Ce-g alkyl ALA esters, which may be used in methods of
the invention.

Thus preferred compounds of the invention or for
use in methods of the invention comprise 2-wmethylpentyl
ALA ester, 4-methyl pentyl ALA ester, l-ethylbutyl ALA
ester, 3,3-dimethyl-1-butyl ALA ester, benzyl ALA ester,
p-methylbenzyl ALA ester, p-nitrobenzyl ALA ester, p-
[trifluoromethyl]lbenzyl ALA ester, p-fluorobenzyl ALA
ester, 4-chlorobenzyl ALA esﬁer, 3-methylbenzyl ALA



and said al kyl group is optionally interrupted by one or nore -0-, -NR3-,
-S- or -PR3- groups; and R3 represents a hydrogen atomor a ClL 6 al kyl
group) amdo ophEeimaceuti cally acceptable salts thereof. Prep€EGBbI/G33BRR are
bot h hydrogen atons and thus in a preferred feature, the invention

provi des substituted benzyl ALA esters gnql optionally substituted branched
C6_9 al kyl ALA esters, which may be used”in nethods of the invention. Thus

preferred cogg(a_lér}d%?@‘ 2t_%%t%§é?%ﬂzﬁL%&ﬁ Qi yse in methods of the

i nvention conprise 2-neth ester, 4-nethyl pentyl ALA ester,
1-ethyl butyl ALA Tést eiommpuadsi wét fiyle [inyenylionl Aredoar UsBepPy EhALA ester,

p- net hyl benzylAkA €5t &lay BeNiiphersy AR e3beHarP processes and
[trifluoromethyl]benzyl ALA eSter, p-fluordbenzyl ALA ester,

. r,
4- chl or obenzPEOACAVESTe e 13- MEOIRA Bénife ALK WBro9PTeT26-BEFAeR0DF03336 -
9 ester andmilmat-FyirkenzylalAAmesieds, Thedcespegnddiof the invention or
for use in the_ inventian rrayér%ek?lre ar.ed&gltsei ngtstandgrd processes and
t

procedur es WEFESEAGRT I Fhie Srtaéri vati Zatiof “of nul ti-functi onal
conpounds, aedtespddicaltiypne stfe ciofmpoatiden mags ikvowwei probecaivn soch
esterificati QRN ' | t LoRKhaRd - depr ot ekl on of
appropriate g{rggup%%suc%lﬁt %;ft gg)ﬁfjf?%%g\égr g’%&%ﬁ%dbér oupsar ema:ig ac%ai ve and
take part inTreRelliregarqon®suFeEeithactdng enensabe PReEtedPeflei cati on.

Tﬂus for exampbettibe stReld tuentsnafi tsuhst cfuted cakkanalisaused.to prepare
the esters nmm

group on the bﬁﬁ%&ﬁ%%\%ﬂrei gE‘H %g‘blgﬁltlg%%ggtollfggBB%%hgrgldgftp grEuRlzzza I
may be prot eallédndis ngedheéor paepear ahed depeesenhgdbet bepeatted. Such
b tect)on AREELLALAGIRSHLED agp L ORnEn LB bl B he
compound contributing this group to compounds of formula
I may be protected during the reaction and deprotected
thereafter. Such protection/deprotection procedures are
well known in the art for the preparation of
derivatives, and in particular, esters of well known
amino-acids, see for example Mcomie in "Protective
Groups in Organic Chemistry", Plenum, 1973 and T.W.
Greene in "Protective Groups in Organic Chemistry",
Wiley-Interscience, 1981.

In a further aspect, the present invention thus
provides a process for preparing the compounds of the
invention or for use in the invention, comprising
forming an ester of the carboxy group of a 5-
aminolevulinic acid.

The invention can thus be seen to provide a process
for preparing the compounds of the invention or for use
in the invention, comprising reacting a 5-aminolevulinic
acid, or an esterifiable derivative thereof, with an
alkanol or an ester-forming derivative thereof.

More particularly, this aspect of the invention
provides a process for preparing compounds of formula I,
which process comprises at least one of the following

steps:



am no-aci ds, see for exanple Mcome in "Protective Goups in Oganic
Chem stry", Plenum 1973 and T.W Geene in "Protective Goups in Oganic
Chem st rwao 02/10A20 ey- | nt er sci ence, 1981. In a further asperCT/GBhIPBBESENL
invention thus provides a process for preparing the conmpounds of the
invention or for use in the invention, cepprising formng an ester of the
carboxy group of a 5- am nolevulinic acid. The invention can thus be seen

to provide a pypcessscfPhgPh ePabHGnd Ner carpaundsy of the invention or for
use in the invention, conprising reacting a 5-amnolevulinic acid, or an

esterifiable derivative thereof, wth an al kanol or an ester-formng
derivative thereof. Mre pargicakardys,tdH,eoagpect of therrpvention

provi des a process for preparing conmpounds of fornmula I, which process
conprises at |least one of the followng steps: WO 02/10120 PCT/ GB01/ 03336

- 10 (a) reatthegemn dnpopnaseaitd on Miavidg FERIdEH2 GoBH2CHAE X6 (1)

wherein X i | ,
hal ogen at om S EaPRoR, 5t Sy il o i SO BUSA, PR 0P D and
R2 is as herespibesories gt iarel) anhrdaidompownl afd fRr el asi 11 R1-OH (111)

(wherein R i1g-88ihssebrbeiof nLef i ned); and (b) converting a conpound of
formula | into a pharmaceutically acceptable salt thereof. The reaction of

step (a) may conveftentd yCHRORE reedtduteddh H 5ol vent or mixture of
sol vents such as water, acetone, diethylether, nethylformm de,
tetrahydrofuran etc. at tenper atures up to the boiling Q?&% of the
m xture, preferably at anbient

(wherein R' is as hereinbefore defined); and

(b) converting a compound of formula I into a
pharmaceutically acceptable salt thereof.

The reaction of step (a) may conveniently be
carried out in a solvent or mixture of solvents such as
water, acetone, diethylether, methylformamide,
tetrahydrofuran etc. at temperatures up to the boiling
point of the mixture, preferably at ambient
temperatures.

The conditions of the esterification reactions will
depend on the alcohol used and the conditions may be
chosen such that maximum yield of the ester is obtained.
Since the esterification reactions are reversible
equilibrium reactions, reaction conditions may be
selected in such a way that maximum yield of the ester
product is obtained. Such conditions may be obtaiﬁed by
selecting a solvent which is capable of removing the
water formed in a typical esterification reaction by
forming an azeotrope with water. Such solvents are
exemplified by aromatic hydrocarbons or others capable
of forming azeotropes with water, e.g. some chlorinated
hydrocarbons such as chloroform. For the formation of
the lower esters of 5-ALA the equilibrium reaction may

be driven to the ester side by using a large excess of



tenperatures. The conditions of the esterification reactions will depend
on the al cohol used and the conditions may be chosen such that nmaxi num

yi el d of whne2/eBter is obtained. Since the esterificati onP€P&BDi/@3336 ar e
reversible wequilibriumreactions, reaction conditions may be selected in
such a way that maximumyield of the estgr _product is obtained. Such
conditions may be obtained by selecting a solvent which is capable of

removing the tﬂ@t@xcémmd Wﬂtn bypégabsestErthd CadnhOni seagh vy e form ng
an azeotrope ter % hlasol vents ar éafrrpl ified hy aromatic
bt

hydr ocar bons lYﬁ SULES SFLFHr T GGk GpEE it t TP VRR XCET).

chl ori nat ed dmf/dﬂrloe:aasdamhs such as chloroform For the formation of the

| ower esters of 5- vent o t e ester
Sl de by usi ng a | Ao LS b eI L RGeS A1
al cohol . Wt hfer hexamster sas hécequibedrvvindamly BrtadrivetTowar ds the ester

product by Usélfﬂegmfséfygc?feeﬁéséarﬁéxﬂ‘fc ack s Bsterddd £t on(@paci{ ons are
wel | -known in the art” for exanp descri bed by Saul atal in "The

chenmistry of Rhe>¢ar bUkW?%C%a%‘il‘él% jéﬁ;l%lmesfiﬂfé?1 gloukaap Wepl . (Metggglen
I ntersci ence d96Drouh sbnbachieye, 1Ml rml,en"cadmorgagmﬁahei Chem e, Band

ES, "Carbonsauren and _car onsaurep der| Thi eme Verl ag,
1985). The fo??‘f‘f??rb%a%]f (? %?4%1 %eccgi%slg'f]eem%g\é%? ¥%%d i n Band
XI/2 of the sky@S)keriBse icbianmhemlv\éqf,demetmd&rsde‘i aDnigart sscies Ghsi e,

Band X112, "SUSKELaN T HErBlOdUROPY o c Ry 200 Coqr 0 I AL At 1950)

The reaction step conveni ent carried out 1n the presence
of a cat al ystMetggpdetn dendPy@mtsehe ofﬁlg%[m%: & ¢FL/ah aci d bi ndi ng agent

such as a basestickstoffverbindungen", p. 269, Georg Thieme Verlag,
1958).

The reaction of step (a) will conveniently be
carried out in the presence of a catalyst, eg. an
inorganic or organic acid or an acid binding agent such
as a base.

The compounds used as starting materials are known
from the literature, and in many cases commercially
available, or may be obtained using methods known per
se. ALA, for example, is available from Sigma or from
Photocure ASA, Oslo, Norway.

As mentioned above, the compounds of the invention
or for use according to the invention may take the form
of pharmaceutically acceptable salts. Such salts
preferably are acid addition salts with physiologically
acceptable organic or inorganic acids. Suitable acids
include, for example, hydrochloric, hydrobromic,
sulphuric, phosphoric, acetic, lactic, citric, tartaric,
succinic, maleic, fumaric and ascorbic acids.
Hydrophobic salts may also conveniently be produced by
for example precipitation. Appropriate salts include
for example acetate, bromide, chloride, citrate,
hydrochloride, maleate, mesylate, nitrate, phosphate,
sulphate, tartrate, oleate, stearate, tosylate, calcium,

meglumine, potassium and sodium salts. Procedures for



The conpounds used as starting materials are known fromthe literature,
and in many cases commercially available, or nay be obtained using nethods
known demwoOsz10120.A, for exanple, is available from Si gma PET/GBONM33Bhot ocur e
ASA, Gsl o, Norway. As nentioned above, the conpounds of the invention or
for use according to the invention may_take the form of pharmaceutically
acceptabl e salts. Such salts preferably are acid addition salts with

physi ol ogi caldyit atsam e HFdaibevditisua cracigds. . Suitabl e acids
i ncl ude, for exanpl e, hR/d,r ochloric, hydrobromc, SU|§hUI‘I c, phosphori c,
c

acetic, lactic, cit¥iERGIGRSH i FPOVeuddtHiCRAIEE O fiiifarityeaitd s cor bi ¢
aci ds. Hydr ophbhicr satd saamyrdds® comieniantdnt i FHIQﬁUﬂ%iﬂJ)Sag_ft@’ gxarrpl e
precipitation, propri.ate lts include ; for exanpl e acetate, bron de,
chl oride, ci ﬁ%x%,va%%%ﬁo%m%% ec,:(glfo le%afle,prnQéJseyﬁ%alteeS,’ rﬁatr?egtye, phosphat e,
sul phat e, t amthcitasers idat = ne tparpe e, i ¢ sl iatle reagrlesisurhhemegamilngs
pot assi um and,;§aql 1?9§g r WO 02/ 10120 PCT/ GB01/03336 - 12
sal t fornatig% aréﬂgﬁﬁggﬁfﬁiégi ir#%ié?éﬁa. As mentioned above, the
conpounds of the f@HIGF 3REForohddiadisssintg Ty aHe thvent i on and
their salts dwa-dsalgdiabl-pheddmcd! S 6@ cRtaRer iRsnpdarlon
phot osensi ti zi ng properties which rengfrs t.eqi seful _as
photochenothé?ﬁ%’ D Fe TP A3 e%ﬁﬁihﬁ LGNSR ISt Fdent i on
accordi ngly prloatintese e iptedrinvacettecadblcongeddsi thlerecdignprdass g ra wdatpound as
descri bed hergi nfefar &, 0r @ pharmmeent | cally acseptabla salt ther eof,

ep

together with at lTeast o armaceutical carrier or excipient. In a
further aspect, tHére ifsupimy deepert pHdranr ddt iteslvicsdhaesi tion, as
descri bed hergihefnssicd10rcdigs A5t forlle AL Rt R hdrk iRMireghenot her apy
or diagnosis . .

for use as a medicament, e.g. in photochemotherapy or
diagnosis.

In a still further aspect, there is also provided
the use of a compound as described hereinbefore, or a
pharmaceutically acceptable salt therxeof, for the
preparation of a therapeutic agent for use in
photochemotherapy, and especially for the treatment of
disorders or abnormalities of external or internal
surfaces of the body which are responsive to
photochemotherapy.

The abnormalities and disorders which may be
treated according to the present invention include any
malignant, pre-malignant and non-malignant abnormalities
or disorders responsive to photochemotherapy eg. tumours
or other growths, skin disorders such as psoriasis or
actinic keratoses and acne, skin abrasions, and other
diseases or infections eg. bacterial, viral or fungal
infections, for example Herpes virus infections. The
invention is particularly suited to the treatment of
diseases, disorders or abnormalities where discrete
lesions are formed to which the compositions may be
directly applied (lesions is used here in a broad sense
to include tumours and the like).

The internal and external body surfaces which may



In a still further aspect, there is also provided the use of a conpound as
descri bed herei nbefore, or a pharnmaceutically acceptable salt thereof, for
t he prepavanr/on2of a therapeutic agent for use in phot ochemoBasoBpy, and
especially for the treatnent of disorders or abnormalities of external or
internal surfaces of the body which acejgesponsive to photochenotherapy.
The abnormalities and di sorders which nay be treated according to the

present invend ofréAEdddecadyYdi NG t@namd , i RFentBdh gNadt ud@d donsimad | gnant
abnormalities (gr ﬂisorders resIE0£s|ve t $hot ocﬁermtgera y Jgfgff tumours or
ot her growt hs2PS kit P SBrHerRIElehiat PLOri P broURLiFet ¢ Kardt and
acne, skin abfesi essppbadnotbesn, dhsebhetngs ohf @cyamnseqgg.tibacteri al

nvent fon | s RRTRTRUTATY S Sorr et PRI R B b e G R ™ (o der

or abnor nal i ttesciherandi gtrede Wi*_'elgi@mt%_r@li@_ﬁ rerbo e sudie
conposi tions ppyrbeesdisegt! yiappl igdiLlesionsids woed herg.dda broad

sense to include_ tumours and the_li1ke). The internal and external body
surfaces whi cHLFRES WOIPADY 29! Pkt R 953336 91lands rd t5¥atal accor di ng

to ]Ehe invent?@@iéﬁ@épde theagkiviolngb ai]:'lehoé]b__ﬁﬁ,_ a@th&lh]gé&:aﬁa@éwl ser Oﬁal
surfaces, includjn or exanple mucosa,.the Linings of organs eg. the
respiratory, Yas V‘g§i%‘?’ésﬁ{%‘§ﬂ%n$%g%’?w%r? atpti‘ﬁ QW%JCI?BS', glgl?}% glands with
ducts which espiynentousuehd she faceshgeign. | iSwerh sarfadod |t eslsw t h
sebaceous gl AR IR Y Ok AdSne 8 A VY HAAP S0 I, G D3l s s ¢l es).

In addition to the skin, suc aces 1nclude for exanpfe the I1ning of
the vagi na, the diesrRPRY rPUNTARCETPES FB191e8 iedn BRI stAvYHeRs may al so

include cavitiep d@IMBhd ERCiHOGY &0l anhies exedisi &0 gofowiseased or

cancerous tissue ¢ Xemg égycggé éggs thus include: (i) skin and
conjunctiva; (ii) the lining of the mouth, pharynx,
oesophagus, stomach, intestines and intestinal
appendages, rectum, and anal canal; (iii) the lining of
the nasal passgages, nasal sinuses, nasopharynx, trachea,
bronchi, and bronchioles; (iv) the lining of the
ureters, urinary bladder, and urethra; (v) the lining of
the vagina, uterine cervix, and uterus; (vi) the
parietal and visceral pleura; (vii) the lining of the
peritoneal and pelvic cavities, and the surface of the
organs contained within those cavities; (viii) the dura
mater and meninges; (ix) any tumors in solid tissues
that can be made accessible to photoactivating light
e.g. either directly, at time of surgery, or via an
optical fibre inserted through a needle.

The compositions of the invention may be formulated
in conventional manner with one or more physiologitally
acceptable carriers or excipients, according to
techniques well known in the art. Where appropriate, in
a preferred aspect of the invention, compounds or
compositions according to the invention are sterilized,
e.g. by y-irradiation, autoclaving or heat
sterilization, before or after the addition of a carrier

or excipient where that is present, to provide sterile



foll owi ng the excision of tunours such as glioms. Exenplary surfaces thus
include: (i) skin and conjunctiva; (ii) the lining of the nouth, pharynx,
oesophagweQ oxt1meech, intestines and intestinal appendageBCT/GB01/03336 and
anal canal; (iii) the lining of the nasal passages, nasal sinuses,
nasopharynx, trachea, bronchi, and bron %igles; (iv) the Iining of the
ureters, urinary bladder, and urethra; (V) the lining of the vagina,
uterine cehwfbr@ﬁmgyigﬁys (vi) the parietal and visceral pleura; (vii)
the lining of the peritoneal and pelvic cavities, and the surface of the
organs contai ned ¢St hbIes c‘&%Yth%saerWWQGIf@fg RR 2 et e ro%md Y

neni nges; (iXJr Wsﬁét@é&llj}l sotdh dd B Setffpod Nforankhe p@é&ﬂé‘dﬂsm ble to
phot oacti vati nl‘?% ]Jer?h% h$ ei ther di reCtrﬁ{%e ime of s er or via an
optical fibré TR POLgh TR & I@bﬁpd‘%ﬁ)@r%ﬁvs %R i nvent i on
may be fornmulseletes | nsthokent somas, nEowisray the seeer 0fs rrwrazrq:ﬂnﬂsé ol ogical ly
accept abl e c féa;% S &51@%(3%1% e&é r?;gf&f 4y c§t%e\{ & qqgcels ) known i n

the art. Were T opria erred aspec |nvent|on
conpounds or Phﬁﬁm&!wml a&mﬁlﬁg he tart i nvention are sterilized, e. g.

by y-irradiation, euiasbaviNeGors s «sbd Id\azfltlm defqre omafter the
addition of a carrjer _or, excipient where that present to provide

sterile WO 02702 Fes/ eHolt/ Y3 B IeQus T f%lrlrﬁul%sl%r‘f‘é’-t C‘%’f@pom tions may

be adm ni st eratittophcabt ysudtabley tl@[c]&@tﬁirﬁjﬂalai/iqm gkl iaad ag@ﬁmi tions
are preferred, tand |ncI %Jle els ctre ointnments, spr ays, tions,

sal ves, stick SoapS ovvde rm%]e |Wejsth aet oascxl)uredus cﬂ’ro sll iS5 ons and
any of the otamet wiohvent @mﬁerqﬂh,arammcnmuf anres dm rrtd".r@ art. QO ntnents,

gg'sz %”?hciﬁaéﬁn@ﬁfy{r?gﬁ XAIPL L e Sdnahef Wil agpequs or oily
colouring agents. Powders may be formed with the aid of

any suitable powder base. Drops and solutions may be
formulated with an agueous or non-aqueoug base also
comprising one or more dispersing, solubilising or
suspending agents. Aerosol sprays are conveniently
delivered from pressurised packs, with the use of a
suitable propellant.

Alternatively, the compositions may be provided in
a form adapted for oral or parenteral administration,
for example by intradermal, subcutaneous,
intraperitoneal or intravenous injection. Alternative
pharmaceutical forms thus include plain or coated
tablets, capsules, suspensions and solutions containing
the active component optionally together with one or
more inert conventional carriers and/or diluents, e.g.
with corn starch, lactose, sucrose, microcrystalline
cellulose, magnesium stearate, polyvinylpyrrolidone,
citric acid, tartaric acid, water, water/ethanol,
water/glycerol, water/sorbitol, water/
polyethyleneglycol, propyleneglycol, stearylalcohol,
carboxymethylcellulose or fatty substances such as hard
fat or suitable mixtures thereof. ,

The compositions may additionally include

lubricating agents, wetting agents, emulsifying agents,



addi tion of suitable thickening and/or gelling agents. Lotions may be
formul ated with an aqueous or oily base and will, in general, also contain
one or mweozenmd si fyi ng, dispersing, suspending, thickenP@yGBn1/0336é ouri ng
agents. Powders may be fornmed with the aid of any suitable powder base.
Drops and solutions nmay be fornul ated_-wth_an agueous or non-aqueous base
al so conprising one or nore dispersing, solubilising or suspending

agents. Aer oslspH By ReratdV @ity ndgleldartifd Se@Pepiiess Wigeshd; packs,
with the use of a suitable 11;i)ﬁrjopacegil ant.. Alternatively, the co&pom tions may
be provided imMEPYorH fEFIEY PHSTRNI B PLPEHTESAl Sadri FEEASS on,  for
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nj ection. Alher najiye.s Bharrageut]cal, [oIim, 1 S incluide, plain o coated
tabl ets, capsules, §ﬁspen5|ons and sol uti ons cont’ai ni Ng HE act ive
conponent optisoral Iprawvigte el okt euste iored mor dldlpered cedwase odalthearriers

andfor di | ueBlchs R Gingd fLAOE SRR AN o0 UeS 030 JTkaer ygtal | i ne

cel l ul ose, magnesi um stearate, polyvinylpyrrolidone, <citric acid, tartaric
aci d, water, SHREYaharrcedugsteriafily n ifafté® $&ibi tol, water/

pol %et hyl eﬂelglomﬁillﬁ,llipziqwla&nﬁgﬂf v elabistiesimy aoeehe ,mayd alfso be used, o

car boxynet hyl cel l ul ose or fatt st anges suc ar t or ,suitable

m xtures thefest. e < %tdﬁs]ﬂﬁyo%gﬂnﬁﬁl dditt i%ﬁa%l%y i ﬁéflc&(?glexl%&&ﬁ‘cati ng
agents, wet t iCogeageittisyne maysideyiing sage ripgrof@ 16261 626 g_RCTOEB01//03336 -
15 suspendi ng agant s.. ALeSERMING,AYENtS, jSyeetening agen(s, 1l avouring
agents, adsorption enhancers, e.g. surface “penetrating agents as nentioned
bel ow, and t W& ahdephemas comppsiabtos et athdlenJdis-on They C9ePRE%ul at ed so

as to provi de fHHeK,i kst ehsF elnayRd JRleawd eb,t hecagrve dangr edi ent
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The concentration of the compounds as described
hereinbefore in the compositions, depends upon the
nature of the compound, the composition, mode of
administration, the condition to be treated and the
patient and may be varied or adjusted according to
choice. Generally however, concentration ranges of 0.01
to 50%, e.g. 0.05 to 20%, e.g. 1-10% (w/w) are suitable.
For therapeutic applications concentration ranges of 0.1
to 50% have been found to be suitable, e.g. 0.2 to 30%
(w/w). Lower doses may be used when derivatives are
prepared which are highly lipophilic, e.g. a
concentration range of 0.01 to 10%, e.g. 0.02 to 1%
(w/w) .

Topical administration to inaccessible sites may be
achieved by techniques known in the art, e.g. by the use
of catheters or other appropriate drug delivery systems.

Following administration to the surface, the area
treated is exposed to light to achieve the photo-
chemotherapeutic effect. The length of time following
administration, at which the light exposure takes place
will depend on the nature of the composition, the
condition to be treated and the form of administration.

This can generally be in the order of 0.5 to 48 hours,



enpl oyi ng procedures well known in the art. Solubilizing and/or stabilizing

agents nmay al so be used, &e.g. cyclodextrins (CD) a, j, y and HP-R
cycl odextwon2/101@bnposi tions may be in any appropriate dosROEGBO1/0333¢ or
exanple as an ermulsion or in |iposones, niosones, , mcrospheres,

nanoparticles or the like. The conpound 1gf _the invention may then be
absorbed to, incorporated in or bound to these forns. The concentration of
t he conpoundse ag. deseds i tedhores ei nbefore in the corrposi tions, depends upon

the nature of th oun the co sition tration, the
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accordi ng t o dadmwi bere Gamerd | yo Howe vEry latoent fati eramphgestofl00. 01 to

50% e.g. 0.0pt ngc/z e.g. 1- 10%(W/vv) are suitable. For therapeutic
applications concentration ra 13?J;)es of 0.1 to 50% have been found to be
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adm ni strati This can g eraIIy e in the order 5 to 48 hours, WO
02/ 10120 PCT/X0H9DFES 640 181, Q¥Larain e HnhS MThaster SMPAAYSE-wi || in

general be appyeent B HIsa-dauela drddl a0 cowes1argtHoreaxanpl e at

100 irradiation, extending beyond the absorption maximum of
the porphyrin, the photosensitizing effect may be
enhanced. Whilst not wishing to be bound by theory,
this is thought to be due to the fact that when Pp, and
other porphyring, are exposed to light having
wavelengths within its absorption spectrum, it is
degraded into various photo-products including in
particular photoprotoporphyrin (PPp). PPp is a chlorin
and has a considerable photo-sengitizing effect; its
absorption spectrum stretches out to longer wavelengths
beyond the wavelengths at which Pp absorbs ie. up to
almost 700 nm (Pp absorbs almost no light above 650 nm) .
Thus in conventional photochemotherapy, the wavelengths
uged do not excite PPp and hence do not obtain the
benefit of its additional photosensitizing effect.
Irradiation with wavelengths of light in the range 500-
700 nm has been found to be particularly effective. It
igs particularly important to include the wavelengtps 630
and 690 nm.

A further aspect of the invention thus provides a
method of photochemotherapeutic treatment of disorders
or abnormalities of external or internal surfaces of the
body, comprising administering to the affected surfaces,

a composition as hereinbefore defined, and exposing said



Joul es/cn2. The wavel ength of |ight used for irradiation my be selected
to achieve a nore efficacious photocheno- therapeutic effect.

Convent i wabt/ywizswhen porphyrins are wused in phot ochenot hreHoBO1/E36 ar e
irradiated with light at about the absorption maxi num of the porphyrin.
Thus, for exanple in the case of the prier_art use of ALA in

phot ochenot herapy of skin cancer, wavelengths in the region 350-640 nm

preferably 61668585 W6T £i SAP| OyLErerdONRVIES . 1 RyhiS ol R LU Gv R, DT Gtk 1 ange
of wavel engths for irradiation, extendrlé&g beyond t he absorpti on nmaxi mum of
the porphyri nce3HeR phdt o3ehsiti oy efdEete mbP b0 dihanced. Wil st not

w shing to be boundebtlyoddebsy, irtdudsat ot hofighi f fordier Hieed® dhecHact that
when Pp, and . other porphyrins, are exposed to ljight havin wavel engt hs
Within ite abRorntioh speailn 7t 1M o i hdr Il i B MR product s
i ncludi ng in (paeticul examhbe oprwt dporPpéygh n (RPp)stBPpin Baitddmorin and
has a consid | £ b0t 0-sensitdzin f odd S f | t
stretches ou?\ﬁ%g F%ng(e)é'ﬁ%@l%%%%hs%ﬁy%%c%%%&ﬁa%% gt%lggat?&%ﬁi% Pp

absorbs ie. UPEELEFHDSY TOEEH¢RA bsrd<orit st fid1eht above 650 nn).

Thus 1 n conventi onghe p&@ﬁ@g@@d@t@gr@w,iﬁmﬁwlﬁngﬁm ugtseth do ot excite
PPp and hence, do not obtali \%&t h benpefit of its aﬁfdj tional phot %sensi tizing
effect. |rratdFa3Toh W TR wabet FTGEHREST FHYMT 137 HE § 566" 700 nm has

been found t otleepashotcadeard iyt eifegtayentdt fors gpaanipleulzid yor nportant to

ol e Yeyek sngble S50 a0 SS0EPTOAJMILRG ARty e T vent o1
abnor mal i ti escwiarse crlpel Pt oehemeiiemapduices ffadie By, exeompld si ng
admi ni steri ng-{O dhen@fdected r%%Ff]@&%ﬁicﬁa o, a8y her elnfsf ore
defined, and exposing said WO 02/ 10120 PCT/ GB01/03336 . 17 ,
to enhance accumulation of Pp; the chelation of iron by
the chelating agents prevents its incorporation into Pp
to form haem by the action of the enzyme ferrochelatase,
thereby leading to a build-up of Pp. The
photosensitizing effect is thus enhanced.
Aminopolycarboxylic acid chelating agents are
particularly suitable for use in this regard, including
any of the chelants described in the literature for
metal detoxification or for the chelation of ’
paramagnetic metal ions in magnetic resonance imaging
contrast agents. Particular mention may be made of
EDTA, CDTA (cyclohexane diamine tetraacetic acid), DTPA
and DOTA and well known derivatives/analogues thereof.
EDTA is preferred. To achieve the iron-chelating
effect, desferrioxamine and other siderophores may also
be used, e.g. in conjunction with aminopolycarboxylic
acid chelating agents such as EDTA.
The chelating agent may conveniently be used at a
cohcentration of 0.05 to 20% e.g. 0.1 to 10% (w/w).
Additionally, it has been found that surface-
penetration assisting agents and especially
dialkylsuphoxides such as dimethylsulphoxide (DMSO) may
have a beneficial effect in enhancing the

photochemotherapeutic effect. This is described in



surfaces to light, preferably to light in the wavel ength region 300-800
nm for exanple 500-700 nm Methods for irradiation of different areas of
the bodwoenioiky | anps or |asers are well known in the aPCT/GBsE@33s®Or
exanpl e Van den Bergh, Chemi stry in Britain, My 1986 p. 430-439). For

i naccessi ble regions this may conveni enjgy_-be achi eved using optical
fibres. The conpounds of the invention or for use in the invention nay be
fornul at ed arddwyiiadia iederedoywth other photosensitizing agents, for
exanpl e ALA or Phgtofrin(r or with other active co nent s .whi ch may
enhance the phot oc W‘fﬁéaa%éelﬁ? g\{‘le?&f 1o %ﬁlsegeﬁfgplaeqf?nq:c%aryaﬁ%&%ents
may benefi ci abf ythre skiicl-vokede e of deras4 ios teirlm regeerace Wrd atiled dfn Pp; t he
chel ation of . tq agent rev ' | ncorporation into
Pp to form hﬂal{e%}%ﬁﬁﬁ%ée&glﬁﬁ%fo ﬂ%m enze; rfcg 'esfr}%)e?h&eﬁtd;iéasge, 'gD't her eby

| eadi ng to a BRAAM- uprofadmniFhele ghotsngt tdodany leffuddahats )t hawrenhanced.

Ani nopol ycar hoyytd & a1 ohel ating: agents AR BRIddSHAId Y taRl e for
use in this regard, including any of the chelants described in the
literature fordthptadidiet Gidi @tdh aidlor themHasfrpropriate
paramagnet i ¢ getfcd Qshd irMBONetd € T aSoARCRITRgImg udO MRSt aagent s.
Particul ar nmenti.o y be nmade. of . EDTA, cycl.ghexane di am ne
tetraacetic a Efv(ﬁl?la@l?A j%é% Ja??dl)mblqﬂ%ﬁoa\(ﬁ}gé)et Sfati ves/ anal ogues
t hereof . EDAdlkypreeflavhedlddn, aiohimve e dr on-dehwtlatdtig/l ef f ect
desferri oxamﬁgﬁ,{g};- e ' erocpj[}% lrm%/i] dised, e.g. in
conjunction wt amlg%%o{%%b'oxy |cﬂ§y<:ac_l E?L%%zﬁa?ﬁg dgents such as EDTA
The chel at i ngH sty frmeasmivisi €ETA) ,béiu@dlyé{a%ta@m@g@entqla&qqiﬁlof 0.05 to
20%e.g. 0.1 \;&_ik?f@ (pyﬂwo]iimdtd&r@- La_[a/jﬁést d(fm I kml L&un% Lhat, ﬁurface-
penetration assisting agents and es i a Ial kyl suphoxi des such as
di met hyl sul p théﬂ(Dl\/é%)t ey O%Perpg‘god%?é%ﬁi‘?ﬁyal Tt Hac2 r‘?@ﬁﬂgﬂﬁi'ng t he
and Azone® (Stoughton et _al., Drug Dpv. Ind. Pharm.
1983, 9: 725-744), or mixtures thereof.

DMSO is however preferred due to its anti-histamine

and anti-inflammatory activities and its stimulatory
effect on the activity of the enzymes ALA-synthase and
ALA-dehydrogenase (the enzymes which, respectively, form
and condense ALA to porphobilinogen) thereby enhancing
the formation of the active form, Pp.

The surface penetration agent may conveniently be
provided in a concentration range of 0.2 to 50% (w/w),
e.g. about 10% (w/w).

The compositions of the invention or used according
to the invention may additionally be formulated and/or
administered with other agents, to improve the efficacy
of PDT. Furthermore, when treating tumours for example,
angiogenesis inhibitors (anti-angiogenic drugs) which
have been found to be useful for treating tumours
(O'Reilly et al., Nature Medicine, 2, p689-692, 1996;
Yamamoto et al., Anticancer Research, 14, pl-4, 1994;
and Brooks et al., J. Clin. Invest., 96, pl815-1822,
1995) may be used together with compositions of the
invention in PDT to further damage the vascular system

of the tumour. Angiogenesis inhibitors which may be



phot ochenot herapeutic effect. This is described ih WD 02/ 10120

PCT/ (B01/ 03336 - 18 detail in W95/07077. The surface-penetration

assi sti ngvagenti2zoray be any of the skin-penetration assi sSPCTVGBayeI’ss
described in the pharmaceutical literature e.g. chelators (e.g. EDTA),
surfactants (e.g. sodi umdodecyl sul phatey, _non- surfactants, bile salts
(e.g. sodium deoxychol ate) and fatty acids (e.g. oleic acid). Exanples of

appropriate §id agf-RENSTF08 100 apRinelidh agendysdinad ude e 0 b s

(avail able fromH sam tsu), DMSO and ot her._ dj al’kyl sul phoxi des, in

particul ar n-3dddigmet ATt FFhdxF AREINGVE)L i frdtagd Slvithh dededs de,

gi nmet hyl f or n?ﬁa%dm%dugfﬂm@mm_e,t Tadken, garenl)s, langairdgnasc'ilwrrol i done
erivatives odf.or al ., J.._.Toxical...Cut. & Qul ar_ _Toxj ogy, 1986,

5. 167-177), (\ég%c?l&ag‘ng%‘ﬁe?ﬁkb@ﬁbr?teg%l%eﬁ fg%?ltlaﬁd?ﬂe&%éﬁaﬁ] 1983,

9: 725-744), Gemtextal ésterddied VB0 dchduivieeerd pnefegried ogfie to its

anti-hi stam | -tnfla Wi (WY& i L.nul akory

effect on the%%écct w%}téof le%lhée' erﬁr?ﬁéy%elso .AclA-a\sﬂytth agg&g)n&%ﬁlgqgkﬁg?’ogenase

(the enzynes Wt dEriaxspReseareh ot tuded to

por phobi I'i nogen) thwerabyenhanel ng- ddw diomtien edndhe retdpe form  Pp.

The surface penetratjon agent, may, conveniently be rovided in

concent r at i oSG {ﬁ'q}. Zal?tblbﬁfgl/%eﬁv/% et .Céé.lorfo chy 53 (r%/“"\ﬁ)op%?ﬁ@

conposi ti ons saft itvee: ity efd d sk Jorotl S&tbrat @ iplg adentishenayn\tentised nmy

additional ly .be for ed and/or .admnistered.w th qother .agents, to

i nprove the ejfr%grco%mﬂrgjlf PO Furd hteor ?Dhree,lnv\v/'r%ﬂ“’[ornéat %ﬁgm FUours o

exanpl e, angifodéress suphidnardrary agdntangilogdn damegHommeidcin have been

found to be yseid SO -dJ&al | gy IS o Ariiddmblallon, Ny e1Medi ci ne,
2, p689-692, 1996; Yamanoto et al., Anticancer Research, 14, pl-4, 71994,
to known methods for using these agents. These

additional agents may be administered before, after or
during PDT, depending on their function. For example,
angiogenesis inhibitors may be added 5 to 10 days after
PDT to prevent tumour regrowth. '

Other anti-cancer agents may similarly be used in
combination with a composition of the invention, either
as part of the formulation or as a separate treatment to
be administered simultaneously, separately or
sequentially.

Glucose has also been found to assist PDT when
applied either topically or systemically. Although not
wishing to be bound by theory, it appears that
administration of glucose results in a lowering of pH
which increase the hydrophobic properties of
protoporphyrins, e.g. ALA, such that they can penetrate
cells more easily. When topical administration is
contemplated, conveniently the formulation, e.g. a
cream, may contain 0.01% to 10% glucose (w/w).

According to the condition being treated, and' the
nature of the composition, the compounds for use in the
invention may be co-administered with such other
optional agents, for example in a single composition or

they may be administered sequentially or separately.



and Brooks et al., J. din. Invest., 96, pl1815-1822, 1995) may be used
together with conpositions of the invention in PDT to further danage the
vascul ar wge2/emo of the tunour. Angi ogenesi s inhibitors whCTlEBIaY33BEe WO
02/ 10120 PCT/ GB01/03336 - 19 wused include TNP-470 (AGW 1470, a synthetic
anal ogue of a fungal secretion product |led fumagi |l lin; Takeda Chem cal
I ndustries Ltd., Osaka, Japan), angiostatin (Surgical Research Lab. at
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activating factor) or m)t herapﬁjyr O%_ents he used to ggr ove PDT
Stratoft Fe

according to thé |Sr?\-3)earﬁa| .S TR 15h&85 80P fitary agents
shoul d be percopoehdsn fare e ain rtdwgt e nveondemt.r at i on and fornul ati on,

according to knowp Ig}%}&g@ﬁb u%| tsli‘?:ﬁ%tﬁ ents,. p¥%e§§§a§ﬂg L onal

agents may be adm ni efore ur| ng e en on their
functi on. FoWlé%a#ﬁ@eSunﬁﬂﬁqn39m9§n§tﬂ@ﬁa9ﬁ§@ﬁ§lﬁ@yaaénadd£61$OW@ 10 days

after PDT t@yphewamti deddulon @G @Meh ﬁh@‘ta%heﬁﬁﬁ:he%aﬁéﬁlt;@QQQ&%U@‘:&
simlarly be Used in, conhination with a conposition of the invention,

either as p&FPISPEHET & &0 UG 258 "REDEhERALE™ Péﬁﬁﬁﬁhflgt 89°pE
adm ni st er edmsiyimvket dreeifsiolalsepahaneky sarfaequerhealrby ionCarsaseihgs al so

h I |1
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hydr ophobi ¢ preperkihes ep ROLAPALRRY! | RS ﬁh%toéhémo%ﬂ@?abQéElEhey can
penetrate cells nore easily. When fopical admnistration is
agent may subsequently be administered up to several

hours following pre-treatment eg. at an interval of 5-60

minutes following pre-treatment.

Viewed from a further aspect, the invention thus
provides a product comprising a compound as described
hereinbefore or a pharmaceutically acceptable salt
thereof, together with at least one surface-penetration
assisting agent, and optionally one or more chelating
agents as a combined preparation for simultaneous,
separate or sequential use in treating disorders or
abnormalities of external or internal surfaces of the
body which are responsive to photochemotherapy.

Alternatively viewed, this aspect of the invention
also provides a kit for use in photochemotherapy of
disorders or abnormalities of external or internal
surfaces of the body comprising:

a) a first container containing a compound as
described hereinbefore or a pharmaceutically
acceptable salt thereof,

b) a second container containing at least one surface
penetration assisting agent; and optionally

c) one or more chelating agents contained either
within said first container or in a third

container.



contenpl ated, conveniently the fornulation, e.g. a cream may contain
0.01%to 10% gl ucose (W w). According to the condition being treated,
and' t he wabure20f the conposition, the conmpounds for usePCTWGBAE033BAOVenti on
may be co-administered with such other optional agents, for exanple in a
single conposition or they may be adm nigtered sequentially or separately.
WO 02/10120 PCT/ GB01/03336 - 20 Indeed, in many cases a particularly

beneficial phot oghrnmt ft@{@wﬂacbeefﬁe@fettﬂmd@ﬁ @1&1@ ned Ry 1Rke- itr @at ment

with the surface- enetratlon assisting agent in rate step, prlor to
adni ni strati GitR STPSATTE T oS e it Ry |bﬁv Fﬁ d Egr PHE in
sone situati @mmrm:mtt:rcﬁa,t Ny exuntgld hep s flaoe- penet) rat| on assi Stl ng
agent, foll owed nlstr .of,_ t ot.oche her a |caent in
conjunction with t e sur ace % % 1:|eé£%§£% S |nénmé%le%t ol%e%th %

beneficial . Wﬂémga cmmﬁcamqoavetdeﬁqmmesﬂs@emam@ef@g@umemm@dm n
pre-treat ”Entlr%v*aﬂ%égaycﬁée SR Al dH ah ofCQt’ﬁ% g%&'d%&soxea% 'fﬁaﬁ% 0%
nmpl oye hot oChenot he

(ww. If such a pre- treatnent step is e apeutic

agent may subSedfertdSAIRS admitilstertdd dptenssidveod thﬁ@urs fol | owi ng
pre-treat mentf1e@redcettd MF Rl 1fedto0 e1iliee HORWaNg cRNExt r eat ment .

Viewed from a_ further, as ect t i nvention thus pro des roduct
conpri sing a% staﬁﬂég’c %2&‘ TRPEOE B‘Iayanﬁ 8ti cally
accept abl e saziltsuaﬂhmeaoj‘he tsaget, herxtwrith aald |sdasiatdoe sdr thee- penetrati on

assisting ag %tﬂ,o G_\1c&§} o%nqﬂ%x%% or nore chelating agents as a comnbined
preparation Si Tt @neous. Separate or sequential use in treating

di sorders or abna?h@alahmcrz@nadfltefxm Walsogmdemttdiwali denptfidded o the body

which are respeRSivRd dPhelocheridrenaRts Alder Bal kg ¥nehewed, this
aspect of the invention also _provides a kit for use i n_photochenotherapy
of treated through altermnative therapeutic techniques e.g.

surgical or chemical treatment, or by the method of
therapy of the invention by continued build up of
fluorescence or through further application of compounds
of the invention at the appropriate site. It will be
appreciated that diagnostic techniques may require lower
levels of fluorescence for visualization than used in
therapeutic treatments. Thus, generally, concentration
ranges of 0.2 to 30% e.g. 1-5% (w/w) are suitable.
Sites, methods and modes of administration have been
considered before with regard to the therapeutic uses
and are applicable also to diagnostic uses described
here.

The compounds of the invention or for use in the
invention may also be used for in vitro diagnostic
techniques, for example for examination of the cells
contained in body fluids. The higher fluorescence
associated with non-normal tissue may conveniently be
indicative of an abnormality or disorder. This method
is highly sensitive and may be used for early detection
of abnormalities or disorders, for example bladder or
lung carcinoma by examination of the epithelial cells in
urine or sputum samples, respectively. Other useful

body fluids which may be used for diagnosis in addition



di sorders or abnormalities of external or internal surfaces of the body
conprising: a) a first container containing a conpound as described

her ei nbefw® e2/0r2@ pharmaceutically acceptable salt therep€T/GBp1/8833€Ccond
contai ner containing at |east one surface penetration assisting agent; and
optionally c) one or nore chel ating agents contained either wthin said
first container or in a third container. WO 02/10120 PCT/ GB01/03336 - 21

Where the sur&@C@rﬂe@eﬁ@té @gemcwd@p@ié&ql | ferfen secr@erlaéed@ﬁlatlr eat ment
concentration, for exa up to 100%

step, it may plledln
(Ww. It wl %?ec.%%%%]?%h%&mlf#%snﬁrﬁﬁemrq%yﬂa SHRP RSipounds
as descri bed ém:anmtb@cﬁprﬁor rre;varﬁ@m ynmpswplwﬂssmé]mﬁ |htare seanesy of the
di sorder or abnori;rallty to be treated. V\hl st. the inte Slt g}ﬁthis
e

fl uorescence Sﬁ%yp useqfih?op ?Serﬁl ajt%V rﬁalfh%eler sterl iUt i on of
t he fl uor escentecomyowedsised tle mmrattlme, tdne A ey té)etmnf dre situation

of the abnorcgrfé% Y P HLSGF J@%}g‘?@f%méﬂtﬂnéﬁ s“%tq{%{]deénr%ﬁ t r eat ed

identified or nfirmed at t eS|te |nvest|c§1at|on may t

t hr ough al t erPRieeheRipERRY ¢ ad Hrreieate. nd Jiirtt dar drerdiaam
treatment, orsdydtdieadmédpgd. of therapy of the invention by conti nued build

up of (1 vorescence gl oroual, Ly er, apol Leail on, of comounds, of the
t echni ques mayetlesdi c@ imwettrd eliedgnadid | unf eseenamlfidried siral | zati on t han
0.2 to 30% o LT Wiy r e S ran TS e e Sy el oS
admi ni strat i onf haves et , (ﬁ)fnlsti degtdtbd ef@mrer ity radgdredgstto tth@e t her apeutic
uses following steps:
i) admixing said body f£luid or tissue with a
compound as described hereinbefore,
ii) exposing said mixture to light,
iii) ascertaining the level of fluorescence, and
iv) comparing the level of fluorescence to control
levels.
The invention will now be described in more detail
in the following non-limiting Examples, with reference

to the drawings in which:

Figure 1 shows cellular porphyrin formation induced
by ALA (filled circles), l-methylpentyl ALA ester (empty
circles), p-isopropylbenzyl ALA ester (filled inverted
triangles) and p-methylbenzyl ALA ester (empty inverted
triangles) ;

Figure 2 shows cellular porphyrin formation induced
by ALA (filled circles), benzyl ALA ester (filled
triangles) and 2-phenylethyl ALA ester (empty
triangles), bars indicate standard deviation;

Figure 3 shows cellular porphyrin formation induced
by ALA (filled circles), hexyl ALA ester (empty
circles), cyclohexyl ALA ester (filled inverted
triangles) and 4-methylpentyl ALA ester (empty inverted

triangles), bars indicate standard error;



and are applicable also to diagnostic uses described here. The conpound
of the invention or for use in the invention nay also be used for in vi
di agnost iw0 0/eabni ques, for exanple for exam nation of theRCTEBOE0338ONt a
in body fluids. The higher fluorescence associated with non-normal tiss
may conveniently be indicative of an abpgroality or disorder. This neth
is highly sensitive and may be used for early detection of abnormalitie
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spinal flui t i ssue es_or par tiaon eval uate
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t hus extends fempbte imeeroédconpaupdssbf the invention, or salts thereof

for diagnosis aCC]Q{&'%PQ § Oshifs LR AMPINLLO0a0 HEd hods. £ XFLFY agnosi s,

phot ochenot her B¥ products an its Perfornlng
further aspectPBil¢deiomveht onrt ohbd easter alfhetedEBI2 e Vi t¥o di agnos

of abnor malItrh@@hﬂpeﬂwprﬁmse@we@swyu@dauzs%ﬁe@f bpdé/tm}mﬂ: tis
of a patient,_said nethgg Jf](_)n‘ﬁusm%F % Ieast th Iomﬁqg} e i)
admi xi ng sai PHOSEFLI & bt L e85 sEREShF ¢ n&‘ UL ilgénty

her ei nbef or e, AlLA ) eex@osi il bad defrat e, tioats gididatd gﬁanﬂafﬂrung t he

| evel of fILm§§§8$nce and iv) conparing the |evel of fluorescence to
control | eve he invention will now be described in nore detail in

fol I owi ng non-|imifiggrexanphess skin flieresesnce after topical
application of hexyl ALA ester (empty squares),

cyclohexyl ALA ester (filled triangles), 2-phenylethyl
ALA ester (shaded squares) and 4-methylpentyl ALA ester
(filled circles), bars indicate standard error;

Figure 7 shows skin fluorescence after topical
application of hexyl ALA ester (empty squares) and p-
methylbenzyl ALA ester (shaded triangles), bars indicate
standard error;

Figure 8 shows skin fluorescence after topical
application of hexyl ALA ester (filled squares), p-
(isopropyl)benzyl ALA ester (filled triangles) and 4-
phenylbutyl ALA ester (shaded inverted triangles), bars
indicate standard error;

Figure 9 shows skin fluorescence after topical
application of hexyl ALA ester (filled squares), p-
fluorobenzyl ALA ester (filled triangles) and p-
nitrobenzyl ALA ester (filled circles), bars indicate
standard error;

Figure 10 shows skin fluorescence after topical
application of hexyl ALA ester (filled squares), p(t-
butyl)benzyl ALA ester (shaded triangles) and p-[tri-
fluoromethyl]benzyl ALA ester (filled circles), bars
indicate standard error;

Figure 11 shows skin fluorescence after topical
application of hexyl ALA ester (filled squares) and
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to the drawings in which: Figure 1 shows cellular porphyrin formation

i nduced by ALA (filled circles), 1-nmethylpentyl ALA ester (enpty

circl es) woot/sapr opyl benzyl ALA ester (filled inverted tPCHOGBOES3B3I@N

p- met hyl benzyl ALA ester (enpty inverted triangles); Figure 2 shows

cel lular porphyrin formation induced by,ALA (filled circles), benzyl ALA
ester (filled tri angl es) and 2-phenyl et%y ALA ester (enpty triangles),

bars indi cat g, ¢h dewiat i 11Fé<gqger owsg, G&l Iy Br-RQr phyrin
formati on i nduce b&/ ALA (é]:;lﬂlt| ed ci rclle ?ie%r}exyla ALA ester (enpty

circles), cycitoHEand A% Bster (filled inverted triangles) and
4-net hyl pentyl ALAieftes (ermrowd miert et dddait@rs) ,aft?ﬂarrs ddpdiczat e standard

error; WD 02/1012 0 PCT/ GB01/ 03336 - Fi.gur ws cel lul.ar porphyrin

formation i ndRd By ALY 1 ﬁ?e % H%‘r%iesﬁs,&p} [&ﬁ%ﬁﬁ%hcﬁ%lr?éﬁﬁh P5¢hzyl - ALA

ester (enpty 3% raclae@:,mqj:k[}tlmﬂmm}tﬂeﬂmﬁ At restiarn 1e(d iddiethglmegrt ed

triangles) ar}g;llpS ni t{;9henz %E%]%teef ol enpty inverted triangles); Figure
atter

5 shows skin uorescence opi cal ‘application of hexyl ALA ester
(filled squares), Piguns fa pdmws Siin dsliuarqsfdanced afitieanglasical

1-ethyl butyl MNA esf8lod fdﬂ | ed Hé}a{ﬁr tath Wddiandl @Perddnai@hnylhipentyl  ALA
ester (filled Circles), .bars indicate standard error; Figure 6 shows skin

f1 uor escence AfIBCRBIHC A2 1 i Fat | BRI F&HANIALR ) estldr (enpty squar es),
cycl ohexyl AlA ¥st,67, d-fdddtedk Tudanges)L p&ppha@mélxet(@yﬂade&@l@&wds()shaded

sauares) "and e pentyl AN e8! oty (LLed Sl ol s Tedieate
of hexyl ALA igstierateemitandsquiareasjormnd p- met hyI benzyl ALA ester (shaded
triangles), barSi#¥§d¥3‘34 shows skin fluorescence after topical
application of hexyl ALA ester (open triangles), 2-
methoxyethyl ALA ester (filled squares), 3-nitrobenzyl
ALA ester (shaded diamonds) and 3,4-[di-chlorolbenzyl
ALA ester (open circles), bars indicate standard error;
Figure 15 shows skin fluorescence after topical
application of hexyl ALA ester (filled sguares), 3,6-
dioxa-1l-octyl ALA ester (filled triangles), 3-
fluorobenzyl (open diamonds) and 3,6,9-trioxa-l-decyl
ALA ester (shaded circles), bars indicate standard
error;
Figure 16 shows skin fluorescence after topical
application of hexyl ALA ester (filled squares), 3-
pyridinyl-methyl ALA ester (filled triangles), 4-
diphenyl-methyl ALA ester (filled diamonds) and 4-
methoxy-benzyl ALA ester (filled circles), bars indicate
standard error; and
Figure 17 shows skin fluorescence after topical
application of 1% hexyl ALA ester (open squares), 3% 2-
methylbenzyl ALA ester (filled triangles), 3% benzyl-5-
[(1-acetyloxyethoxy) -carbonyl] ALA ester (filled
diamonds) and 3% 3-methylbenzyl ALA ester (open

circleg), bars indicate standard error.



standard error; Figure 8 shows skin fluorescence after topical application
of hexyl ALA ester (filled squares), p- (isopropyl)benzyl ALA ester (filled
triangl esyoanwi2e phenyl butyl ALA ester (shaded inverted peT/aBgl/espe bars
i ndi cate standard error; Figure 9 shows skin fluorescence after topical
application of hexyl ALA ester (filled s% gares), p- fluorobenzyl ALA ester
(filled triangles) and p- nitrobenzyl ester (filled circles), bars
indicate standard error; Figure 10 shows skin fluorescence after topical
application of hexyl ALA ester f|IIed squares) butyl)benzyl ALA
ester (shadedZ¥ARBhE bAELPn OF | shAlLRe pLroRapenLtanpatester (filled
circles), barﬁydr@dhbafﬁdstaadafd error; Figure 11 shows skin fluorescence
after topical application of hexyl ALA est er (filled squares) and WO

02/ 10120 PCT/ GB01/03336 - 24 benzyl ALA ester (filled circles), bars

i ndi cate sta@Benedabrpoocediigar® 12 shows skin fluorescence after topical
application of 1% hexyl ALA ester (filled squares) and 3%

3,3-dimethyl -1-butyl ALA ester (filled triangles), bars indicate standard
error: Fi gur eThBORRbUShLRFACE| (bF BsBEhcErafadied opreRYisappPidagion of 1%
hexyl ALA EStgﬁlf@@@na§Q6§bES)(6 308 2o f § LT PR3yl e ALbo €5t €T (K shaded
triangles), 10% 2,3,4,5 E ?Laflao%obeqﬁﬁ ALA est er éshaded dj anonds)
and 10% 4- chIB?%%%ﬁ??Vr%LA SLEPVERi PY et R &%) OXPRTFRLANT 3+ st andar d
error; Figurehﬁdrehbhsrsaen(iluogeseemceme&xeﬂnt@@ecpmrtB@@l|Tﬁé|on of
hexyl ALA est [ oxye I & r il]ed
squares), 3- Hﬁ gﬁgw%é %%Eé% ag 7 %de%lég%nd:%Ah %rg &ntli

3,4-[di- Ch|or©}©@hz§¢lutlon was obtalned The reaction mixture was

checked by TLC [silica gel 60 on aluminum foil eluted

with acetone-MeOH (3:2)]. The mixture was cooled to room
temperature and added to diethyl ether (50 ml) with
stirring. Filtration gave the crude ester; excess

alcohol could be recovered from the filtrate.

The crude ester was purified by flash chromatography on
a 150-200 x 25 mm silica gel 60 column eluted with
acetonitrile (250 ml) and 5-10% MeOH in acetonitrile
(500-1000 ml) . The fractions containing the product were
evaporated and the residue was washed with ether and
dried at 30-40 °C and 0.2 mm Hg.

The following esters were prepared by this method:

Ethyl 5-amino-4-oxopentanoate hydrochloride

From ethanol (6.0 ml) and 5-amino-4-oxopentanoic acid
hydrochloride (1.0 g; 6.0 mmol) at 70 °C. The reaction
was complete after 2 h. The yield was 1.0 g (85%).

'H NMR (200 MHz; DMSO-dé6):5 1.19 (3H, t, J = 7.2 Hz),
2.54 (2H, t, J = 6.3 Hz), 2.83 (2H, t, J = 6.6 Hz), 3.96
(2H, br s), 4.05 (2H, g, J= 7.0 Hz), 8.52 (3H, br s).
C NMR (50 MHz; DMSO-d6): & 14.0, 27.1, 34.2, 46.4,
60.0, 171.9, 202.4.



ALA ester (open circles), bars indicate standard error; Figure 15 shows
skin fluorescence after topical application of hexyl ALA ester (filled
squar es) wWG@pB1012d oxa- 1-octyl ALA ester (filled triangl es)PCB6GBhi/B3BObENzZYI]
(open di anponds) and 3,6,9-trioxa-l-decyl ALA ester (shaded circles), bars
indicate standard error; Figure 16 showscskin fluorescence after topical
application of hexyl ALA ester (filled squares), 3- pyridinyl-nethyl ALA

ester (filled indandl 8sentyt slipheiyl ¢ 1BidPEn a5t efy ddddH1eG-idcanonds)
and 4- et hoxy- benz%/rl1 AIC_)Q ester (filled circles), bars indicate standard
error; and Fi oA skin fluorescence after topical application of
1% hexyl ALATFasier (lopemcqued 65)ml )3%nd sreinhildienspophinA sestier alcfid | ed
triangles), 3%penzyl -5-.[(}-acetyl et hagxy).-c Qny! 1 ALA ester (filled
di anonds) an%‘%&o\f@éﬁ %ﬁ%e{%z'y KL ')ei}s/tm i ?opaetnaf&gi ?:yc'l 1éTs © 1:Baél"‘rcé:liorrlldi cate

st andard err ors \WONGRY el 205 tRAT/c@EB0 Y 0833khe vizd d meandl-@ & (B6épar at i on of
5- Ami no- 4- oxopeg{/anoabe by dbehl gkh desEst grs (Ggneral sprogedugey | Thi onyl
chloride (1.0 msg \r/avas added dropw s5e to the s(tgalﬁfre('j al coho?ul?G).O m or 5-6
g) cool ed tolo&Y batth denber &t & é)2) f d-12Gnedtthy ™5-rardi-1$d- 428xoBent anoi ¢
acid hydrochl.eri defl1.90, gr 6.4 3mmd)), i2n sanepor td,onr =The 6 mizXt une owas

stirred at 70-90 C.for 1-4 rs til cl.ear, sql ution_was obtained. The
reaction ni xt(&%e Vs %‘#@ck@?’bﬁﬁ%ﬁ sﬁlfg’l &fgel® é% g(ﬁHw B fdm foi | el uted
with acet one* M@K 3(2) |MHTheDMStdA)e: sl T.ool exb t40, radord, tasnwer at ure and
added to dietfyl, etherg (5304i ?) M th st ia”i;%ga' o Iztoltoatli on gave the crude

ester; excessS ‘al’cohol ‘coul d 'be T'édovéred fromthe I't'rate. The crude
ester was purified by flash chromatography on

3-Hexyl 5-amino-4-oxopentanoate hydrochloride [compound
12]

From 3-hexanol (6.0 ml) and 5-amino-4-oxopentanoic acid
hydrochloride (1.0 g; 6.0 mmol) at 100 °C. The reaction
was complete after 2 days. The yield was 0.87 g (58%)of
amber oil.

'H NMR (200 MHz; DMSO-d6):5 0.83 (3, t, J = 7.4 Hz),
0.86 (3H, t, J= 7.2 Hz), 1.27 (2H, m, J = 7.7 Hz), 1.48
(4H, m, J = 7.5 Hz), 2.54 (2H, t, J = 6.3 Hz), 2.83 (2H,
t, J=6.0 Hz), 3.95 (2H, s), 4.73 (1H, m, J = 5.9 Hz),
8.55 (3H, br s).

¢ NMR (50 MHz; DMSO-dé6): & 9.3, 13.6, 17.8, 26.2, 26.8,
33.9, 34.8, 45.9, 73.7, 169.8, 200.1.

2-Methyl-1-pentyl 5-amino-4-oxopentanocate hydrochloride
[compound 13]

From 2-methyl-1l-pentanol (6.0 ml) and
5-amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) at 70 °C. The reaction was complete after 3.5 h.
The yield was 1.43 g (95%).

'H NMR (200 MHz; DMSO-d6): & 0.85-0.90 (6H, m), 1.1-1.4
(4H, m), 1.74 (1H, m), 2.56 (2H, t, J = 6.7 Hz), 2.84
(2H, £, J = 6.6 Hz), 3.75-3.9 (2H, m), 3.95 (2H, br s),
8.52 (3H, br s).

®c NMR (50 MHz; DMSO-de6): & 13.9, 16.4, 19.1, 26.7,



a 150-200 x 25 mmsilica gel 60 colum eluted with acetonitrile (250 m)
and 5-10% MeCH in acetonitrile (500-1000 m). The fractions containing the
product weo®e21@@porated and the resi due was washed w t h pCveBoao336 dri ed
at 30-40 C and 0.2 mmHg. The followi ng esters were prepared by this

met hod: Ethyl 5-am no-4-oxopentanoate_hydraochloride Fromethanol (6.0 m)

and 5-am no- 4- oxopentanoi c acid hydrochloride (1.0 g; 6.0 nmol) at 70 C
The reaction 3nas, cogpbetesagt efs2oh. sih@ ymcbdowaz;ool D.g (85%. 1H NWR
(200 MHz; DI\/SOdG) :6119(3H t, J = 2Hz) 254(2H t, J 6.3 Hz),

2.83 (2H, t, J = 6.6 Hz), 3.96 (2H,brs)405(2H q,J:7OHz)852
(3H, br s). 4%W€5Qphﬂrlzylm/8§3nﬂﬁ¢—4-(5xd§4e@taﬁﬂaﬂe BAd ZocHbo#,de 60. 0,
171.9, 202.4. éjgpg 12 ﬁ PCT/ GB01/ 03336 - 26 1-nethyl-pentyl

5- am no- 4- oxopentanoa ydrochl oride [conpound 1] From 2-hexanol (6.0 m)
and 5-am no- ﬂmp‘éﬂn%hb}’b hepentayel othl ©rmie g11d 0 g; 6.0 nmol ) at 70 C.

The reaction 5&@@9@@@5{%@&&%01@ adid- hg&lj?o&&af&dld@sul d) 99 (66%% . 1H
NVR (200 MHz; d J =6.2

Hz) . 1.25 (470t at1705‘ic(2"r"1flen?*’;ea“?‘“—35<1n("QEH3 %Omgfet% aafti%lj Py 2’18 IhoH, t,
J = 6.6 Hz), RO 2, 1532, 94(5&)(;LH m J =6.5 Hz), 8.47 (3H, br s) 13C
NI\/R 50 MHz; d6) 2 7. 33.8, _34.4, 44.9,
69. 6 169. 5, 1% @%Q’Qﬁs 'SDXI;%% 7614 é gpgﬁt e{ﬁgaté’h%drzoghﬁoﬁ%e [ conpound
12] From 3- he‘lxalffi)Jrl(:BSO(ZlﬂI) mand B-4%d hos3- (ppent arwixs adi, thydr echl ori de
(1.0 g; 6.0 0 e Jfeactio t d The
yield was 0.87 )éo)]%fE’g CLEEREE @Wzo% %58%(5 2 F%3 (3H
t, J =7.4 Hz§2f@86,(@H= ©;8H= 7.9.%%)CH. I (PH m J = 7.7 Hz) 1.48

YC NMR (50 MHz; DMSO-d6): & 22.0, 22.2, 25.6, 26.7,

26.8, 34.0, 45.9, 63.5, 169.9, 200.1.

3,3-Dimethyl-1-butyl 5-amino-4-oxopentanoate
hydrochloride [compound 16]

From 3,3-dimethyl-1-butanol (5.0 g; 49 mmol) and
5-amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) at 70 °C. The reaction was complete after 4 h. The
vield was 0.91 g (60%), mpl46-148°.

'H NMR (200 MHz; DMSO-d6): & 0.91 (9H, s), 1.51 (2H, t, J
= 7.6 Hz), 2.53 (2H, t, J = 6.2 HZ),A2.83 (2H, t, J =
6.2 Hz), 3.96 (2H, br s), 4.07 (2H, t, J = 7.0 Hz), 8.54
(3H, br s).

C NMR (50 MHz; DMSO-d6): & 27.0, 29.3, 29.34, 34.3,
46.4, 61.5, 171.9, 202.4.

Cyclohexyl 5-amino-4-oxopentanoate hydrochloride
[compound 7]

From cyclohexanol (6.0 ml) and 5-amino-4-oxopentanoic
acid hydrochloride (1.0 g; 6.0 mmol) at 80 °C. Thionyl
chloride was added at room temperature. The reaction was
complete after 3 h. The yield was 1.48 g (99%).

'H NMR (200 MHz; DMSO-d6):5 1.1-1.5 (6H, m), 1.5-1.9 (4H,
m), 2.52 (2H, t, J= 6.3 Hz), 2.82 (2H, t, J = 6.3 Hz),
3.95 (2H, br s), 4.64 (1H, m), 8.52 (3H, br s).



(4H m J = 7.5 Hz) , 2. 54 (2H, t, J = 6.3 Hz) , 2.83 (2H, t, J = 6.0 Hz)
, 3.95(2H, s) , 4.73 (1H m J =5. 9 Hz) , 8.55 (3H, br s). 13C NI\/R(50
MHz; DMVSOv@63/10120 9.3, 13.6, 17.8, 26.2, 26.8, 33.9, 34.8pCW&EBI1/03836 7,
169.8, 200.1. 2-Methyl-1-pentyl 5-am no-4-oxopentanoate hydrochl oride

[ compound 13] From 2-net hyl -1 -pentanol (g0 _m) and 5-am no-4-oxopentanoic
acid hydrochloride (1.0 g; 6.0 mol) at 70 C. The reaction was conpl ete
after 3.5 h. ”EhﬁMRIQB@ W@% 1Dﬁ§ogd%95ob 2iH8NNB4(20025*E ByBE- d6) : 5
0.85-0.90 (6ﬂ§ﬁ”§ éﬁ | , 2. 56 (2H, t, J =6.7
Hz) , 2.84 ( 45- 9'67é )1 6% ¥5- %0% %2H ' 3.95 (2H, br s), 8.52
(3H, br s). 13C NVR (50 MHz; DNBC>d6) 5 13.9, 16 4, 19.1, 26.7, WO

02/ 10120 PCT/ L 7 0.0, 200.1.
4- Met hyl -1 -pe%’jg/ gj’;%gghglﬁo%%%%t ano ?ééﬁy%n%%ﬁ? ‘?%Ir }fg%% und 8] From
4- et hyl - 1- peheanpdud. Bl M) and 5- ani no- 4- oxopent anoi ¢ aci d hydrochl ori de
(1.0 g; 6.0 woh) eact after 2 h. The vyield
was 1.32 g (870). 2ﬁrﬁh%/QRY§etﬁ%I 5 égc)&]dmﬁ rﬁr%‘?} I?(%GH d J = 6.6 Hz),
1.15-1.25 (2+$ Fying- ﬁs@&OB%n¥%¢91¢oaC§d5%Y@99¢h¥0r%d@-<% BHA-0 2. 83
(2H, t, J Gulotz) at 3096c ( 2Hhe bfe&&tlo@ Wi dahbpldse bt dr & hz) Thd. 53

(3H br s) . 13 5 5 22.0 22.2 25.6, 26.7, 26.8,
i%ﬁé P, %%%91E&§é

34.0, 45.9, 3- D| met hyl -1 - but yl

5- am no- 4- oxd]blemlvmwo(aaow Mz @n‘yllfﬁloerdee Bcemsour@Hl6} , Fuom 6.4 Hz),

3, 3-di net hyl byt | £5. g #opl ) ani nos4- anaj c,acid
hydr ochl orldei(l O@Qﬁ‘ é 9 OQCaéQh ZISI_%eg:’tlon %gd)?gg | € e%fter 4
h. The (2H, br s) 4 23 2H t J = 7.0 Hz), 7.1-7.4 (5H, m),

8.54 (3H, br g).
C NMR (50 MHz; DMSO-d6): & 24.6, 28.0, 35.2, 47.4,
65.5, 127.2, 129.2, 129.7, 172.8, 203.3.

4-Phenyl-1-butyl 5-amino-4-oxopentanocate hydrochloride
[compound 14]

From 4-phenyl-1-butanol (5.0 g; 33 mmol) and
5-amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) at 70 °C. The reaction was complete after 29 h.
The yield was 1.22 g (68%).

'H NMR (200 MHz; DMSO-d6): & 1.60 (4H, br s), 2.5-2.6
(4H, m), 2.84 (2H, t, J = 6.4 Hz), 3.97 (2H, br s), 4.0
(2H, m), 7.15-7.35 (5H, m), 8.56 (3H, br s).

B3¢ NMR (50 MHz; DMSO-d6): & 27.0, 27.2, 27.6, 34.3,
34.6, 46.4, 63.8, 125.6, 128.2, 141.8, 171.9, 202.4.

2-Methoxyethyl 5-amino-4-oxopentanoate hydrochloride
[compound 20]

From 2-methoxyethanol (5.0 g; 66 mmol) and
5-amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) at 70 °C. The reaction was complete after 1 h. The
vield was 1.25 g (93%) of yellowish oil.

'H NMR (200 MHz; DMSO-d6): & 2.57 (2H, t, J = 6.2 Hz),
2.83 (2H, t, J = 6.2 Hz), 3.27 (3H, s), 3.54 (5H, br s),
3.95 (2H, br s), 4.12 (2H, br s), 8.52 (3H, br s).



yield was 0.91 g (60%, npl46-148. 1H NVR (200 MHz; DMSO-d6) : 5 0.91 (9H,
s), 1.51 (2H, t, J =7.6 H) , 2.53 (2H, t, J =6.2 Hz) , 2.83 (2H, t, J
6.2 Hz), WO9B1012H, br s), 4.07 (2H t, J = 7.0 Hz), 8.54 PCBEBOL0333§. 13C
NVR (50 MHz; DVMBO-d6) : 5 27.0, 29.3, 29.34, 34.3, 46.4, 61.5, 171.9,
202. 4. Cycl ohexyl 5-am no-4- oxopent anoat g hydrochl oride [conpound 7] From
cycl ohexanol (6.0 m) and 5-am no-4- oxopent anoic acid hydrochloride (1.0
g; 6.0 mmol) 1 I y d d t t rature. The
reacti on was % I&rr\%lzec(tSeJQWtP%%/ DM%L(% e?\é??i %agg%i %8 460((1597']90% ."TH NMR (200
MHz ; DIVBOd6)63521r 169163 (61 - Gy , 2%J§1 9 (4H m , 2.52 (2H, t, J=6.3
Hz) , 2.82 (2H, t, = 6.3 Hz) , 3.95 (2H, br s), 4.64 (1H, , 8.52 (3H,

br s). WO 02/.10 P / GB 336 ; 28 13C NVR (50 Mz d6)
22.8, 24.5, 2%6}%9 1o %‘%*Zyggg AR NG ~PXOREg! ﬂofd*(? fydf%gﬂfl&%yl
5- am no- 4- oxo[pmm;&nnai 623ﬁydr ochloride [conpound 5] From 2-phenyl et hanol
(5.0 g; 41 0 hyrc or|e 0 g; 60
nmol ) at 70 C2thﬂ%eta tl?e{)ﬂréq\?%és}llcgggnpgﬁ?&{oa& Ctégh % i %I el'd \5\“/21331'”1 43
(88% 'H Nl\/ran(dzcs?&ampoﬂvsm&)nta@:;c WJ(dzmdtrocJﬂﬂra% H2). 0, g;2. 82 (2H
t, = 6.4 HZG),O gnnﬁﬁ)(%‘?'ﬁ 7to, Q}J Thé) J:l'éza)otl%ng%ras( %'dlvﬁl?ret%) a’ft%ﬂ:z% @12H ’
:70Hz), : (5H, ,DI\/ISd6):
24.6, 28.0, %ezyﬂfildztwasw @0 1327(523 >1?§ '}lgiliigt?n £P3ig- 203. 3.
4- Phenyl :  bitryhMB- amuomﬁzexpmsolta@r@at@ hydoocehiipri der {:cwn@ouﬂﬂ, _131 From
4- phenyl -1 - but g;-33 an m _no- 4- oxopentanai ¢ ,ac
hydrOChlorldé %% 62%F %. g 33 dmply,yand, 5= amo- 4 0xopentanai ¢ ackd

s), 4.13 (2H, t, J = 4.2 Hz), 8.52 (3H, br s).

B NMR (50 MHz; DMSO-dé6): & 15.0, 27.1, 34.3, 46.5,
63.4, 65.5, 68.1, 69.1, 69.8, 172.0, 202.5.

u1u

3,6,9-Trioxa-1-decyl 5-amino-4-oxopentanocate
hydrochloride [compound 25]

From triethylene glycol monomethyl ether (5.0 g; 30
mmol) and 5-amino-4-oxopentanoic acid hydrochloride (1.0
g; 6.0 mmol) at 70 °C. The reaction was complete after
20 h. The yield was 1.19 g (63%) brownish oil.

'H NMR (200 MHz; DMSO-d6): & 2.58 (2H, t, J = 6.2 Hz),
2.84 (2H, t, J = 6.4 Hz), 3.25 (3H, s), 3.4-3.65 (10H,
m), 3.96 (2H, br s), 4.13 (2H, m), 8.49 (3H, br s).

*C NMR (50 MHz; DMSO-d6): & 27.1, 34.3, 46.5, 58.0,
63.4, 68.1, 69.5, 69.6, 69.7, 71.2, 171.9, 202.5.

General procedure IT

A mixture of the alcohol (5.0 g) and
5-amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) was heated to 90-100°C (up to 135°C if necessary
to melt the alcohol) and 12 M hydrochloric acid (0.1 ml)
was added. Heating was continued until a clear solution
was obtained (up to 5-6 days). Work-up as in the

previous procedure.



mml) at 70 C. The reaction was conplete after 29 h. The yield was 1.22 ¢
(68% . 1H NWR (200 MHz; DVMSO-d6): 5 1.60 (4H, br s), 2.5-2.6 (4H, m, 2.84
(2H, t, Weos12Hz), 3.97 (2H, br s), 4.0 (2H m, 7.15-FCBEB0HII336), 8.56
(3H, br s). 13C NWR (50 MHz; DWsO-d6): 5 27.0, 27.2, 27.6, 34.3, 34.6,
46.4, 63.8, 125.6, 128.2, 141.8, 171.9, 2Q2.4. 2-Met hoxyet hyl

5- am no- 4- oxopent anoat e hydrochl oride [conpound 20] From 2-nmet hoxyet hanol

(5.0 g; 66 mMphe BT oW &9r r HXRRLAT sragin, wdroghlordgde (1.0 g; 6.0
mmol) at 70 C. The reaction was conplete after 1 °'h. The yield was 1.25 g
(93% of yellowi sh oil. 1H NWMR (200 MHz; DVMsO-d6) : 5 2.57 (2H, t, J = 6.2
Hz), 2.83 (2bbniyl J5=amino Hz)oxSp@ddt4{dbhte)hy@rddhldH ddr [Smpourd 95 (2H,
br s), 4.12 (2H, br s), 8.52 (3H, br s) . WO 02/10120 PCT/ GB01/03336 - 29
13C NMR (50 ; DMBO-d6) : 5 27.1, 34.3, 46.5, 58.0, 63.2, 69.6, 172.0,
202.5. 3, 6- Diltxem|berayl &leginb- %@Mbmmﬁ@t@hmmmdmmm{mnpound

23] From di etmi@%ﬂa&ﬂomwezmlo%heéo (rén&g A’f?té?mi ;0 < The

5- am no- 4- oxopent anqi ¢ aci d hydr ochl or’

reacti on was W%t%e%if]erajﬁ@ho THRS i %?W%Ja%‘?@f% & (%B%/Q(llﬁthl ght tan

solid. 1H Nl\/l%ér%%ka{\&dzxe)Dl\ﬁQt dﬁ)33 B 140 fréH yie1d was/ & Hy , (532)58 (2H,
t, J =6. 0 Hz §65 (8H, m , 3 .96 (2, br s) , 4713 (2H t, J =
4.2 H) , 8. 57+ 13C NWR (50 MHz; DMBO-d6): 5 15.0, 27.1, 34.3,
46.5, 63.4, 1&5NBIR 6801) MB%.; 1 DMBO-816)172. Q,. 630228, t3, 6, 9- §r.60Ka) |, -decyl

5-am no- 4- ox ey a dro de d 2ol Framptri yl g

gl ycol rmnorre%ohyl Qt%ﬁ (5)10 6Cr\%lgié)n'm) )" an gﬂg an n ’4c§g1xope dn0| c’ acid

hydr ochl ori de’ (3:0-4 g(5}61 (blmﬁﬁl ) @t570(3E, Me Fleacti on was conplete after
C NMR (50 MHz; DMSO-d6): & 26.7, 33.8, 45.9, 64.8,

1l26.3, 126.4, 126.8, 134.4, 165.8, 200.1.

4-Nitrobenzyl 5-amino-4-oxopentanocate hydrochloride
[compound 11]

From 4-nitrobenzyl alcohol (5.0 g; 33 mmol) and
5~amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) . The reaction was complete after 15 min at 135 °C.
The yield was 0.95 g (52%).

'H NMR (200 MHz; DMSO-dé6): & 2.72 (2H, t, J = 5.8 Hz),
2.91 (2H, t, J = 6.2 Hz), 4.02 (2H, br s), 5.28 (2H, s),
7.67 (2H, d, J = 8.0 Hz), 8.25 (2H, 4, J = 9.1 Hz), 8.58
(3H, br s).

Bc NMR (50 MHz; DMSO-dé6): & 27.1, 34.3, 46.5, 64.4,
123.5, 128.3, 143.9, 146.9, 171.8, 202.5.

4-Fluorobenzyl 5-amino-4-oxopentanoate hydrochloride
[compound 15]

From 4-fluorobenzyl alcohol (5.0 g; 40 mmol) and
5-amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) . The reaction was complete after 3 h at 90 °C. The
vield was 1.02 g (62%).

'H NMR (200 MHz; DMSO-dé6): & 2.63 (2, t, J = 6.4 Hz),
2.88 (2H, t, J 6.6 Hz), 3.99 (2H, br s), 5.10 (2H, s),
7.22 (2H, t, J 8.8 Hz), 7.45 (2H, 4, J = 8.0 Hz), 8.57



20 h. The yield was 1.19 g (63% brownish oil. 1H NVR (200 MHz; DWMSO- d6)
52.58 (2H, t, J =6.2 Hz), 2.84 (2H, t, J =6.4 Hz), 3.25 (3H, s),
3.4-3. 65wWa0oo120) , 3 .96 (2H, br s) , 4.13 (2H, m , 8.BOT/GBHI/0I386 S)
13C NMR (50 MHz; DVMSO-d6): 5 27.1, 34.3, 46.5, 58.0, 63.4, 68.1, 69.5,
69.6, 69.7, 71.2, 171.9, 202.5. Ceneral 3|5L)rgcedure Il A mxture of the

al cohol (5.0 g) and 5-am no-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mol ) was heatgg t;9- 99y 100C (up to 135C if necessary to nelt the al cohol)

and 12 M hydrgchi oric aC| d (0 was added. Heati ng was _continued until
a clear sol utlgnNMB\/a§58bM§FneHM?9pd§b 5562?5Ia3ys)34vi)r k4@p°>asé4n?t he

previous procedtwre, W3 02/ 104201 PCTE6&BOL/ 08836, 13803, Thes fo) Ixwd ng, esters
wer e prepar edlﬁl %ﬁmb%?ge hod: Benzyl 5-am no-4- oxopent anoat e hydrochl ori de
[ conpbund 4] yT - al cohol (50 ml) and 5-am no-4-oxopentanoic acid
hydrochl oride (10.0 g; 60 rrrml) After 23 h at 900, excess benzyl al cohol

was dIStI||ed4q\fﬂ];t lat egpey at E’% ield vvas
819 (539 b T Wéi PR St e bR By gy e
6. 5 Hz) , 2<8C¥m£{%m t31 J—65Hz) 3.98 (2H, hr s), 5.11 (2H, s)
7.3-7.4 (5SH, ﬁforﬁ)q, rﬁeiﬂgyi}g’é’hzﬁ é])coH&C NVR ($0 M"mecg\ﬁ%rgﬁ) 5 26.7,
33.8, 45.9, 64.8,. 126.3, 126.4, 126.8 i}g%}fdiﬁé &m N|trobenzyl
5- ami no- 4- oxo%e‘?‘f?%a‘% ERRRFVHIOHF d%Clci Olrf] %r bim Ui t6rrpoenzyl
al cohol (5.0 mnoB3. MMt ) reanclt 1 &r awd Oz Ghapmae rd Bt @ afdys hyrheochleird de
(1.0 g; 6.0 g@% Th on was conplete after 15 mn at 135 C. The
yieldwaso9 582 gegm(zoo MHz; DMSO-d6) : 5 2.72 (2H, t, J = 5.8
Hz) , 'H NMR (200 MHz; DMSO-dé6): & 2.30 (3H, s8), 2.60 (2H, t, J

= 6.4 Hz), 2.86 (2H, t, J = 6.2 Hz), 3.96 (2H, br s),

5.05 (2H, s), 7.1-7.3 (4H, m), 8.55 (3H, br s).

3C NMR (50 MHz; DMSO-dé6): & 21.7, 28.1, 35.2, 47.4,

66.4, 128.9, 129.8, 133.9, 138.2, 172.8, 203.4.

4-Isopropylbenzyl 5-amino-4-oxopentanocate hydrochloride
[compound 2]

From 4-isopropylbenzyl alcohol (5.0 ml) and
S5-amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) . The reaction was complete after 2 days. The yield
was 1.0 g (56%).

'H NMR (200 MHz; DMSO-d6): & 1.19 (6H, d, J = 6.6 Hz),
2.61 (2H, t, J = 6.4 Hz), 2.84 (1H, m), 2.88 (2H, t, J =
6.8 Hz), 3.98 (2H, br s), 5.06 (2H, s), 7.2-7.4 (4H, m),
8.56 (3H, br s).

3¢ NMR (50 MHz; DMSO-d6): & 23.7, 27.1, 33.1, 34.3,
46.4, 65.5, 126.2, 128.0, 133.3, 148.2, 171:8, 202.6.

4-t-Butylbenzyl 5-amino-4-oxopentanocate hydrochloride
[compound 10]

From 4-t-butylbenzyl alcohol (5.0 g; 30 mmol) and
5-amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) . The reaction was complete after 2 days. The yield
was 0.84 g (52%).

'H NMR (200 MHz; DMSO-dé): & 1.27 (9H, s), 2.61 (2H, t, J



2.91 (2H, t,

= 8.0 Hz), 8.
DVBO- d6) ‘W& 02T012) 34.3, 46.5, 64. 4,

J=6.2H) , 4.02 (2H, br s) , 5.28 (2H, s) , 7.67 (2H, d, J

25 (2H, d, J = 9.1 Hz), 8.58 (3H, br s). 13C NMR (50 MHz;
123.5, 128.3, 143.9, PAWEBI1/03BIA. 8,

202.5. 4-Fl uorobenzyl 5-am no-4-oxopentanoate hydrochl oride [conpound 15]
From 4-fl uorobenzyl al cohol (5.0 g; 40_nﬁgl ) and 5-ani no-4- oxopent anoi c
e

acid hydrochloride (1.0 g; 6.0 mmol)

at 90 C. The_ygqq{-évyas 21 @2 92]‘:6:62{:/9 Juﬂé\lwgzaoom QYBO(i6
(2H, t, J = 6.4 Hz

reacti on was conpl ete after 3 h
, 5 2.63
' 5.10 (2H,

H 99 (2H " b
s), 7.22 (211-%° ?JZH 83)8 %)29 ?21315 C%'ZHT‘d 34) % ( rl5s Wg G2/ 10120

PCT/ GBO1/ 033354 ‘HAL, €335 bIEs)baA30 NMVR (50 Miz; DVBO d6)

46.5, 64.9,

171.8, 202.4.

[ compound 31

5- am no- 4- oxopent anoi ¢ acid hydrochloride (1.0 g; 6.0 mol).
after 2 days. The%éljeld was 0, 84 (52% . 1H NWMR (200 M—Iz

was conpl ete
DVSO-d6) : 5

UG T ellp ey A8 S B0 ol e Wk dentbrite

45 657 ,hylib‘én(zyl 1241 chhdI3Y 3,0 160 44, i )8 arfd2 . 4.

& G iBhoxgmethy bhpenayl 5 -anino ¢ OHPPENEFEYDH, t,

Hz), 3.96 (2hyd¥odiorbd®5[ddhbosld 9. 1-7. 3 (4H m, 8.55 (3H, br s).

NVR (50 MHz;
133. 9 138. 2

5- am no- 4- ox
was conpl ete

PR 4 U b orczfneréwﬁ@panzaén%? chiod P % e Ao

hydr ochl ori demc{ Corgaime 2] oXspen knsiepreapyd bemzdctdloralts (15.00gH ) and

5 27. 1 34.3,

The reaction

= 6.2
13C

%ntnﬁ{b ). afﬂ@#&'étoﬁ{}l Wde 12t Frlr YY) pplhe reaction

af ter day
yield was 1.24 g (64

'H NMR (200 MHz; DMSO—d6): 5 2.69 (2H, t, J = 6.2 Hz),
2.92 (2H, t, J = 6.4 Hz), 4.00 (2H, br s), 5.23 (2H, =),
7.62 (2H, d, J = 8.2 Hz), 7.75 (2H, d, J = 8.2 Hz), 8.58
(3H, br s).

’C NMR (50 MHz; DMSO-d6): & 27.1, 34.4, 46.5, 64.7,
121.4, 125.2, 125.3, 125.4, 126.9, 128.2, 140.9, 171.8,
202.5.

2-Fluorobenzyl 5-amino-4-oxopentanoate hydrochloride
[compound 17]

From 2-fluorobenzyl alcohol (5.7 g; 45 mmol) and 5-
amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) . The reaction was complete after 27 h at 100°C.
The yield was 0.64 g (44%). Mp 91-94°C (dec.)

'H NMR (200 MHz; DMSO-dy): & 2.63 (2H, t, J = 6.0 Hz),
2.88 (2H, t, J = 6.0 Hz), 3.98 (2H, br g), 5.16 (2H, s),
7.2-7.6 (4H, m), 8.56 (3H, br s).

C NMR (50 MHz; DMSO-d,): & 27.0, 34.3, 46.4, 59.7,
59.8, 115.1, 115.5, 122.7, 123.0, 124.5, 130.4, 130.6,
130.7, 130.8, 157.8, 162.7, 171.8, 202.4.

3-Fluorobenzyl 5-amino-4-oxopentanocate hydrochloride
[compound 24]
From 3-fluorobenzyl alcohol (5.1 g; 40 mmol) and 5-

amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0



was 1.0 g (56%. 1H NVR (200 MHz; DVBO-d6) : 5 1.19 (6H, d, J = 6.6 Hz),
2.61 (2H, t, J = 6.4 H) , 2.84 (1H, m , 2.88 (2H, t, J = 6.8 H), 3.98
(2H, br sy0 051080 ( 2H, s) 7.2-7.4 (4H n), 8.56 (3H br BOT/GBBOISBR (50
MHz; DMBO-d6): 5 23.7, 27.1, 33.1, 34.3, 46.4, 65.5 126.2, 128.0, 133.3,

148.2, 171.8, 202.6. 4-t- Butyl benzyl 5-3 Fpno-4- oxopent anoat e hydrochl ori de
[ conpound 101 From 4-t-butyl benzyl al cohol' (5.0 g; 30 mmol) and

5-am no- 4- oxqawﬁnorﬁeafégcby&m% Oéérﬁi?lééeoagueﬁ 4h {mRl )10l reaction
was conpl ete aﬁter day The | d . g (52% . 1H NI\/R (200 MHz;
DVBO- d6) 1© Y oH ‘gﬁ-s 120‘619(911? )t Pﬁpv@@ﬂ&%l PCT/ GB01/ 03336 - 32
6.4 Hz) |, 2 1&7N(VIZ>H 2to,o J/II-FZ ;6.0819d2)d,) . 3598. 62H2Br 8) v =506 H2H S) :

Ié?:gNﬁAZ?H’( 58 h%ifz% 7’5 872 éz’si‘g ?1,4(21% %'4%) 54%5}*?? ("65 At 125 0,

127.7, 133.0, (2E50.4) , 17/1187 20234, m4, (WrHTu@rinE,t hy)l )biari‘z@/I(BH br

5-am no- 4- oxgpent anoat e hydrochl ori de [corrpound 9] From

4-(trifl uoroqgthyl benzyl al cohol % g; 28 mmol) and

5- ani no- 4- oxopenmMRoi( &0 alHa i hi¥Eec Ho‘rﬁjew( L0 Xf-3.6.40 -ol6f -7, The reaction

was conpl ete afder, 21tu . gher1yie) hams: 1.2 G5 (640) .4 1H:NJVF$ (21% Miz;
DVSO- d6) 92 (2Ht," J 4 M) | 4.00

. 52 69
(2H, br s) ]é (211591_6)1645/6127%2%4%0 8 .2 Hz) 775(2H d, J =

8.2 Hz) , 8 58 (3H br s). 13C NVR (50 MHz: DVBO-d6): 5 27.1, 34.4. 46.5,
64.7, 121.4 2 4,. 12 128 2 240, 9 71.8 202. 5.
2- Fl uor obenzy% ’n% l?lelgg:(%%%g 5?1%% % or| ao olf%norrapnoouan%e 171

hydrochlorlde [compound 18]

From 2,3,4,5,6-pentafluorobenzyl alcohol (5.1 g; 26
mmol) and 5-amino-4-oxopentanoic acid hydrochloride (1.0
g; 6.0 mmol). The reaction was complete after 6 days at
100 °C. The yield was 0.25 g (13%). Mp 146-148 °C.

'H NMR (200 MHz; DMSO-d,) : & 2.59 (2H, t, J = 6.4 Hz),
2.85 (2H, t, J = 6.4 Hz), 3.95 (2H, br s), 5.22 (2H, s),
8.51 (3H, br s).

3C NMR (50 MHz; DMSO-d;): & 26.8, 34.2, 46.5, 53.2,
109.9, 123.2, 134.5, 139.5, 142.7, 147.7, 171.6, 202.4.

4-Chlorobenzyl 5-amino-4-oxopentanoate hydrochloride
[compound 19]

From 4-chlorobenzyl alcohol (5.0 g; 35 mmol) and 5-
amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.0
mmol) . The reaction was complete after 24 h at 100 °C.
The yield was 0.56 g (32%). Mp 127-129 °C.

'H NMR (200 MHz; DMSO-d;): & 2.65 (2H, t, J = 5.8 Hz),
2.89 (2H, t, J = 6.0 Hz), 3.99 (2H, br s), 5.11 (24, =),
7.44 (4H, s), 8.56 (3H, br s).

C NMR (50 MHz; DMSO-d,): & 27.1, 34.3, 46.5, 64.7,
128.4, 129.7, 132.6, 135.1, 171.8, 202.5.

3,4-Dichlorobenzyl 5-amino-4-oxopentanocate hydrochloride
[compound 22]
From 3,4-dichlorobenzyl alcohol (5.0 g; 28 mmol) and 5-



From 2-fl uorobenzyl al cohol (5.7 g; 45 mmol) and 5- am no-4-oxopent anoi c
acid hydrochloride (1.0 g; 6.0 nmmol). The reaction was conplete after 27 h
at 100C. wOhziogeel d was 0.64 g (440). M 91-94C (dec.) | HGCNVBBRW33dVHz;
DMSO-d6) : 5 2.63 (2H, t, J =6.0 Hz) , 2.88 (2H, t, J =6. 0 Hz) , 3.98
(2H, br s) , 5.16 (2H, s) , 7.2-7.6 (4Hy,m , 8.56 (3H, br s) . 13C NMR
(50 MHz; DMsO-d6) : 5 27.0, 34.3, 46.4, 59.7, 59.8, 115.1, 115.5, 122.7,

123.0, 124. 5,ar3c§19644 éﬁ@p@ntaﬁ@pc 7ac:|1§0h§drc1<;5lzl§r1é@2 17,0 3971 53 0 202. 4.

3- Fl uor obenzyl anlnoe4 oxopent anoat e hydrochl orid [.conpound 24] From

3- fluorobenzymm%}éohgh Beﬁcbloﬁdwﬁﬁn¢?m%%%t% a%%$%04%]%%ﬁbéHan6?c aci d
hydr ochl ori derd. ngld6wQsVI)DQ/@O@Q@zPCT/GBOl/O3336 - 33 mmol). The

reacti on was t 2 at 00 C h iel.d S (720). M
115-119 C 'H Wo@ﬁé&%@@é’@d. 69; g?—ﬁ L P &2‘9@?) '2.90 (2H,
t, J = 6.2 HJ-904(B8, (BH,Jd= 6.4 Bz) 0 4Hz<)Q (mﬁ 11:4 S)(,2I-5 ) (21, 1s)7. 3 (3H,

M . 7.4°7.5 §1H0m, (By54n ;?,H7 bry. ) sn13G R {50, Mz O d6) : 5 27.1,
34.3, 46.5, 1151 1147977123 1,° 123, M B 130 5, 138.8,

139.0, 159. GGA%HMB <§?1M§Z 2@%8@ dp, 3.5 £7 5., 64Peént A -tor Serzy|

5-ami no- 4- oxopent @apoate. 7 hydspch) qvﬁalcmmmd 181 From
2,3,4,5, 6-pent af | uor obenzyl al cohol (5.1 g; 26 mvol) and

5- am no- 4- oxopent anoi ¢ acid hydrochloride (1.0 g; 6.0 mmvl). The reaction
was conpl et e afvetrébdaygl as-aifo C: - akmpgﬁeémba%ﬁ;ﬁydib@hldﬁw@é Mp 146- 148

C. '"H NWR ( 209?%4%3;0%%/5896) 52.59 (2H, t, J = 6.4 Hz) 2.85 (2H, t, J =

6.4 Hz), 3.95 5.22 (2H, s) 8.51 (3H, br s). 13CNI\/R(50I\/HZ
DVBO- d6) : 6 E280m8, 3331 prolsnsyl 58leohol 00k &) 423D, mudd). Sind 3-aninat?. 7,

147.7, 171. 614£g§bﬁkntan01c acid hydrochloride (1.0 g; 6.0 mmol). The
reaction was complete after 20 h at 100 °C. The yield
was 1.00 g (55%).
'H NMR (200 MHz; DMSO-d,) : & 2.68 (2H, br s), 2.90 (2H,
br s), 3.98 (2H, br =), 5.26 (2H, g), 7.6-7.9 (2H, m),
8.1-8.3 (2H, m), 8.47 (3H, br s).
C NMR (50 MHz; DMSO-d,): & 27.1, 34.3, 46.5, 64.4,
122.3, 122.8, 130.1, 134.3, 138.4, 147.7, 171.8, 202.5.

2-Methylbenzyl 5-amino-4-oxopentanocate hydrochloride
[compound 29]

From 2-methylbenzyl alcohol (5.0 g; 41 mmol) and 5-
amino-4-oxopentanoic acid hydrochloride (1.0 g; 6.b0
mmol) . The reaction was complete after 4 days at 100°C.
The yield was 0.72 g (44%). Mp 107-109 °C.

'H NMR (200 MHz; DMSO-dg): © 2.29 (3H, s), 2.62 (2H, t, J
= 6.4 Hz), 2.86 (2H, t, J = 6.4 Hz), 3.96 (2H, br s),
5.10 (2H, 8), 7.2-7.4 (4H, m), 8.54 (3H, br s).

BC NMR (50 MHz; DMSO-d,) : & 18.4, 27.0, 34.3, 46.4,
64.1, 123.1, 125.8, 128.2, 128.8, 130.0, 133.8, 136.5,
171.8, 202.5.

3-Methylbenzyl 5-amino-4-oxopentanocate hydrochloride
[compound 31]

From 3-methylbenzyl alcohol (5.0 g; 40 mmol) and 5-



4- Chl or obenzyl 5-am no-4-oxopen tanoate hydrochloride [conmpound 191 From
4- chl orobenzyl al cohol (5.0 g; 35 mmol) and 5- am no-4-oxopentanoic acid
hydrochl vodz10120 0 g; 6.0 nmol). The reacti on was conpl epeT/aBoE033261 h at
100 C. The yield was 0.56 g (32% M 127-129 C. 1H NWR (200 MHz; DMSO d6)
: 52.65 (2H, t, J =5.8 Hz) , 2.89 (2 5tLJ=6. 0 Hz) , 3.99 (2H, br s)
, 5.11 (2H, s) 7.44 (4H, s), 8.56 (3H, s). 13C NWR (50 MHz; DMBSO- d6)

5 27.1, 34.3,atthcua %Jpent]a?rﬁafc 2l by d]z%?cr@oﬂ%% 1 B8 402. 5.

3,4-Dichlor obenzyl 5-.am™no- 4- oxopent anoate hydrochl ori de [corrpound 22]

From 3, 4- di cAIHobeBA ZHABHAD (510 Yrdgtmaidteand 9268 ¢ £0120
PCT/ GB01/ 0333fhe -yiddid amaNaQ- 4-10xppE@ganoiMp aw-dghydrochloride (1.0 g; 6.0

(5709 i e oD DD BRED B’ €2 R S IR 875" 50 ©
t, J = 6.4 HY 6420&(2&1; Bﬁr @H, 5,127 (214.45Hz) ,7.32.97. §2fLHpbms) ,7. 5-7. 6
oH m, 8. 50 33 erH ll;lgﬁ%(S%%) g5d6()3H @Izg)l 34.3, 46.7,

64.1, 129.8, . 130. Nitr oberizy
5- ami no- 4- oxop%r?ﬂl‘é%oéﬁ% Pﬁ%?r JMHIQrdde I éﬁrrﬁ@uﬁa 2113l¢r ém 36n#t r obenzyl

al cohol (5.0 g5.633 19Wl9, and > ania-4 4-1@0BeNtiaB0isc agid shydrackl ori de
(1.0 g; 6.0 mml). The ~reaction was corrpl ete after 20 h at 100 'C’ The
yield was 1.0 @(55%. 1H NVR (200 MHz: DVMBO-d6) : 5 2.68 (2H, br s) ,
2.90 (2H, br s), 3.98 (2H, br s), 5.26 (2H, s), 7.6-7.9 (2H, ), 8.1-8.3

(2H, m, 8. 47 (3Hf¥br sg ﬁ%@ ﬁ&g (50 MHz; DVsO-d6) : 5 27.1, 34.3, 46.5,

64.4, 122.3, ) ) -3, 138.4, 147.7, 171.8, 202. 5

2- Met hyl benzyl 5-an no-4- oxopent anoat e hydrochl ori de
The benzylic alcohol (5.0 mmol) was added dropwise to a
mixture of N,N'-diisopropylcarbodiimide (0.63 g; 5.0
mmol) and copper(I) chloride (1 mg) cooled to 0°C (bath
temperature). After one hour at 0°C, the mixture was
stirred about 24 h at room temperature. The dark green
mixture was diluted with pentane (3 mL) and filtered
through a Celite pad. The residue was washed with a
little pentane and the combined filtrates were
evaporated. The residue was dissolved in dry
tetrahydrofuran and N-t-BOC-5-amino-4-oxopentanoic acid
(0.43 mmol) in dry dichloromethane (10 mL) was added.
After standing for 5 days at room temperature, the
mixture was filtered and the residue washed with a
little diethyl ether. The residue was dissolved in
ethyl acetate (20 mL) and treated with a solution of
hydrogen chloride in ethyl acetate (2 mL). A
precipitate of the hydrochloride appeared after 4 h to 3

days and was purified as indicated below.

N-t-BOC-5-amino-4-oxopentanoic acid

Triethylamine (13.9 mL; 10.1 g; 0.10 mol) was added
dropwise to a stirred mixture of 5-amino-4-oxopentanoic
acid hydrochloride (10.0 g; 59.7 mmol) and di-t-butyl
dicarbonate (21.8 g; 0.10 mol) in dry N,N-

dimethylformamide (25 mL). The reaction mixture was



[ compound 29] From 2-net hyl benzyl al cohol (5.0 g; 41 mmol) and 5-

am no- 4- oxopent anoi ¢ acid hydrochloride (1.0 g; 6.b nmmol). The reaction
was conplved e2/afiter 4 days at 100C. The yield was 0.72 g (BE¥UGBOM®B33O7- 109
C. "H NWR (200 MHz; DVMBO-d6) : 6'2.29 (3H, s) , 2.62 (2H t, J =6.4 Hz),
2.86 (2H, t, J =6.4 Hz), 3.96 (2H, br _s)¢ _5. 10 (2H, s), 7.2-7.4 (4H, m,
8.54 (3H, br s). 13C NWR (50 MHz; DMSO db) d 18.4, 27.0, 34.3, 46. 4

64.1, 123.1, deprBeqledn 2at 128 @,aﬁéoox%rr%ﬁl@,atl%o% tén?ﬁe@dt

3- Met hyl benzyl 5-am no- 4- oxopent anoat e_hydrochl ori d npound 311 Fr om
3- met hyl benzytPal BhBFRE 572° SVaRCRABPY @Rl 2 \/%’504291 12@@@#/ GB01/ 03336 -
35 ami no- 4- oxepeatanare) aghd nhydraahieri dehd leds Hud.whs MA@lJi £ e

bocos o 1h R SRRl e e R 2fa (B L e M 41 090 L P,
Hz), 2.87 (2Hextradted Gyithizgthyl 930<§l2¢-te bt6 s} ,15 50106, (md; csx)mbﬂne’ld? 4 (4H,
. 8.55 (3H _pr, 6 46. 4,
?5 6, 124(9 efg% %ét ]‘g I@%ﬁ)%d%%hg 13€ %2 }i%%‘gh 82%‘% %at%gan%?%l
procedure |1 1NgGE %féh%’y}@% é\lc%)h%lm% 0 WHeRY disingldet8tebwi se to a

mhrtu_rg omle é\lfeﬂﬂli rp@yé% éﬁw@rxocrﬁ@ xRk WEB 91 Begk-&ppper (1)
cnioriae

m xture was r%%‘??%‘g@%ﬁ%g? 24 a%tr‘? fre"l?éjgr ]iFrjslf tcﬁ'rﬁgﬁﬁ'q@q@regh oc the
m xture was dihxbrestogtdpipentane £8 :rrLe)o amﬁi dilicx epkl tdolough <l 13add t e pad.
e “ovaver TR A IR AR | L1 2L
N-t - BOC- 5- ani fiead: pxopenttarmmicec ak2 2 g (88% VlSCOU.S yellow oil that

partly solidified on storage in a refrigerator.

'H NMR (200 MHz; DMSO-d;) : & 1.39 (9H, s), 2.42 (2H, t, J

= 6.4 Hz), 2.63 (2H, t, J = 6.4 Hz), 3.78 (2H, 4, J =

5.8 Hz), 7.04 (1H, &, J = 5.6 Hz), 12.1 (1H, br s).

Cc NMR (50 MHz; DMSO-d,): & 27.4, 28.1, 38.6, 49.5,

78.1, 155.7, 173.6, 206.1.

4-Methoxybenzyl 5-amino-4-oxopentanocate hydrochloride
[compound 28]

Prepared from 4-methoxybenzyl alcohol (1.0 g; 7.2 mmol),
N,N'-diisopropylcarbodiimide (0.91 g; 7.2 mmol), CuCl (9
mg) , and N-t-BOC-5-amino-4-oxopentanoic acid (1.7 g; 7.2
mmol) . Flash chromatography on a 175 x 25 mm silica gel
60 column eluted with acetonitrile (200 mL), 5% methanol
in acetonitrile (500 mbL), and 10% methanol in
acetonitrile (750 mL) and collecting 50-mL fractions
gave 0.24 g (11%) product. Mp 110-112°C.

'H NMR (200 MHz; DMSO-d,): & 2.58 (2H, t, J = 6.4 Hz),
2.83 (2H, t, J = 6.4 Hz), 3.75 (3H, g), 3.94 (2H, br s),
5.02 (2H, g), 6.93 (2H, d, J = 8.4 Hz), 7.31 (2H, 4, J =
8.4 Hz), 8.48 (3H, br s).

C NMR (50 MHz; DMSO-d,): & 27.1, 34.2, 46.4, 55.0,
65.4, 113.7, 127.9, 129.8, 159.1, 171.8, 202.5.

3-Pyridinylmethyl 5-amino-4-oxopentanoate



(0.43 mol) in dry dichloronethane (10 nL) was added. After standing for 5
days at roomtenperature, the mxture was filtered and the resi due washed
with a Wovtendi et hyl ether. The residue was di ssol ved i PCT/eBayb33acet at e
(20 mL) and treated with a solution of hydrogen chloride in ethyl acetate
(2 m). A precipitate of the hydrochl orikde_appeared after 4 h to 3 days
and was purified as indicated bel ow. N 1t-130C 5-am no-4-oxopentanoic acid

Tri et hyl am nedjﬂ}:sdlgo@jg,lo_,;pdé g@ogpélgnamié] was added dropwise to a stirred
m xture of 5-am no- oxo ent?nmc ci Eiqoe/drochl oride (10.0 gd 59 7 nmol )

and di-t-butyf rorﬂll%aﬁ’%h Betigage 0¥y 3P dRgP N nend
di et hyl f or mexi 0eB@R55 rpindhe- dszeapémwncma(tatmiwas d/RlO:Qdﬁ&ﬂeZﬂlane

PCT/ GB01/ 0333 irre at 50C and o er t r 0o errperature

The sol vent wgls evapor:éen&mo#Lj %%P%ac‘t}?rba‘% %‘%prétf%t{ﬁ &y ed 7-1 mm

Hg. The resi duelviestaciaieiedo g\nr@Sl@e@corIIldquO%m tdigsalkied (50 nl) and
di at el h eth t i

i medi ately extyaciad yidl e yé()m@féﬁ %(rgaaéfég%mm%%é%@%l on (1

extracts were washed w th water saturate

x 5 nl) . Af t¥FCIRYE n? (Ne2Smy added nfyhthe rmePeeise Yerkamor AGHRE mi xture
was filtered swntiavaporated. rdbe E@(ﬁb@i‘ét% Rﬂ{é f]!‘e%jl@Ye fhash

chr omat ogr aphy. na lica coI th eth

acet at e-ﬁexgn%ﬂ%’frﬁ %‘?I%Em o~ B0~ nt: Jf‘?aacgf‘? r‘?'st %%‘ga@g 12 03 88%

vi scous yel | dig did girat 0 pad tdy( 6&)%) do ff |aed1}cg’rc&tcm]gage san'L:ai refri ger ator. 1H
NVR (200 M—lz 1 1. ) $ 2 H, 2.63
(2H, (t, - 64 ij%o?g‘%(zm%%ﬁ(og? Pary (Fé)d’% o (“IH g PefD), ) |
12.1 (1H br %991 1GENNR (H0= MHz4 PD)BOI‘U@ 5 Q7(24L, 28. 15383 6(2H9.B,, 78.1,
155.7, 173.6,3206 L divethoxybenzylzd: asp no- 4-0XRent anaat e,hydr achl ori de

co ound 281

[conmp .0 (2H, m).
BCc NMR (50 MHz; DMSO-d,): & 27.0, 34.3, 46.4, 61.9,
126.9, 140.8, 141.3, 144.4, 171.7, 202.5.

4-Diphenylmethyl 5-amino-4-oxopentanoate hydrochloride
[compound 27]

From 4-diphenylmethanol (5.0 g; 40 mmol) and N-t-BOC-5-
amino-4-oxopentanoic acid solution (10 mL; 4.3 mmol).
The crude hydrochloride was purified by flash
chromatography on a 190 x 25 mm silica gel 60 column
eluted with acetonitrile (300 mL), 10% methanol in
acetonitrile (1000 mL), and 20% methanol in acetonitrile
(250 mL), collecting 50-mL fractions. The yield was
0.39 g (16%). Mp 163-166 °C.

'H NMR (200 MHz; DMSO-dy): & 2.65 (2H, t, J = 6.4 Hz),
2.88 (2H, t, J = 6.4 Hz), 3.98 (2H, br s), 5.16 (2H, s),
7.2-7.5 (5H, m), 7.6-7.8 (4H, m), 8.52 (3H, br s).

C NMR (50 MHz; DMSO-d,): & 27.1, 34.3, 46.4, 65.3,
126.6, 126.7, 127.5, 128.5, 128.9, 135.2, 139.6, 139.8,
171.9, 202.5.

Benzyl 5-[[1-(acetyloxy)ethoxy]carbonyl]amino-4-
oxopentanoate [compound 30]

Pyridine (0.32 mL; 0.32 g; 4.0 mmol) was added dropwise



Prepared from 4-net hoxybenzyl al cohol (1.0 g; 7.2 mmol),

N, N -di i sopropyl carbodiimde (0.91 g; 7.2 nmmol), &ud (9 ng), and

N-t - BOC- 3vant/ma20l- oxopentanoic acid (1.7 g; 7.2 mmol). FPeBiEB01/03336

chromat ography on a 175 x 25 mmsilica gel 60 colum eluted with
acetonitrile (200 nm), 5% nethanol in_aggtaonitrile (500 nl), and 10%

nmet hanol in acetonitrile (750 nL) and collecting 50-nL fractions gave 0.24

g gli%HZ;JYOdU@& al\@tinlﬁeélﬁfx:xtﬂzkleHZWB beR M‘gvar@@ﬂ%xo %ﬂ?ax%?at{%" 1’-3 0%
S .
(2H s) . 6. é@Y%Einggﬁjorade é°45%|z§i 703?1“1?{2)4 %3 3- Ch?%r 8. 48 (3H,

br s) . 13C NMRLOBOEMzat BVBD:06)g: 5.@7midol B4R, d4p. Eletﬁé'ohj{&irojﬁ&éh 113. 7,

ézgnlholigogogéﬁﬁaﬁoagzﬁgg)6g%ﬁb?ﬁbngdgwéégi?%%%g6@g$p%9at%r%yJ¥bchIorlde

[ conpound 26]MFxigwrs-pyei deahbdevhbhovalfer 561 gg 5. @Lhn®m§ it 431 M

N-t - BOC- 5- am - - @éfmgﬂéﬁnQ!LCxaQ'ﬂL naQaC@:_Lpé@rT?ﬁ% (%qlrﬂfat&o mol ) .
Evaporati on of%golvents romt he trate gave eS| whi ch was

di ssol ved in hsToRekerhier Aehl &tﬁ%ngoc?mm%r %r%le YaF et hyl

acetate (2 nljisesladdednt 9glabeadnhest 56! aukidn( 1@Afmﬁr aﬁd&ﬁ@id’tﬁ:}ﬂ(]’ﬂl)ﬁt room
t enperat ure, the re5|9§ ¢ é tere and dr% d ove silica gel at_30C and
355 £65% B

0.01 mm Hg t3-Grves of'% ’ny“é‘?%s T 15t D00 Mz;
DVSO-d6) : 5 @aB9 {2Hrodm ﬁempérdth&&,,exébéﬂ.4d&t1¢ adid& wad Hz), 3.9-4.0

gr)ZH. I 35‘?‘%% ﬁée%‘%fﬁu\/%t(%%&mmﬁ%cf %&é’f%at%fg %nzije(ng 61. 9,

126. 9, 140 8,1A4mm Fg144The nggiqueges sstingr pmemlcimml ether

5-anmi no- 4- oxopedtanpas e hy di oehbar | d&ftéﬁqmmé%%le FrOf due with

4- dlphenylnehggggleéggg 9i54gL??D%%eagg%£tééd filtrates were
neutralized with NaHCO; and washed with saturated NaCl
gsolution (1 x 10 mL). After drying (MgSO,), filtration,
and evaporation, the crude product was purified by' flash
chromatography on a 190 x 25 mm silica gel 60 column
eluted with ethyl acetate-hexane (2:1) (500 mL),
collecting 25 mL fractions. The yield was 0.43 g (61%)
pale yellow oil.
'H NMR (200 MHz; DMSO-d,): & 1.41 (3H, d, J = 5.6 Hz),
2.00 (3H, s), 2.57 (2H, t, J = 6.0 Hz), 2.73 (2H, t, J =
6.0 Hz), 3.90 (2H, d, J = 6.0 Hz), 5.08 (2H, s), 6.68
(1H, g, J = 5.4 Hz), 7.36 (5H, s), 7.71 (1H, t, J = 5.8
Hz) .
C NMR (50 MHgz; DMSO-d,): & 19.6, 20.6, 27.3, 33.7,
49.5, 65.5, 88.8, 127.8, 127.9, 128.4, 136.1, 154.2,
168.6, 172.0, 205.1.

Example 2 -Measurement of porphvrin formation in cell

culture in vitro

Methods

The following compounds were tested relative to ALA:

1. l-methylpentyl ALA ester



am no- 4- oxopentanoic acid solution (10 nm.; 4.3 nmmol). The crude

hydr ochl ori de was purified by flash chromatography on a 190 x 25 nmsilica
gel 60 covanmioied uted with acetonitrile (300 ni), 10% net PEAVGIBOi/0B336
acetonitrile (1000 nm.), and 20% net hanol in acetonitrile (250 ni),
collecting 50-nL fractions. The yield Wa§9 0.39 g (169%9. M 163-166 C. 1H
NVR (200 MHz; DMSO-d6) : 6 2.65 (2H, t = 6.4 H) 2.88 (2H, t, J =6.4

Hz), 3.98 (2H b 5H, M, 7.6-7.8 (4H, ), 8.52
(3?4 br s)( 1@30 an}/§R)?5§UD}n/€E§mnzgl ALAzegm g 34@3, 46. 4, 65.(3, ?26. 6,

126.7, 127.5,3 128.55;mabigy hoenzsl zﬁw’iw@er 139.8, 171.9, 202.5. Benzyl 5-
((1- (acetyl qu) q@&@%yj Lk bogwyds} am no -4 - oxopentanoate [conpound 30]

Pyridine (0. s added dropwi se WO 02/10120

PCT/ GBO1/ 03335 - h?r&%a ‘éﬂ%r% ek e of benzyl

5- am no- 4- oxcfpent em@mb Ay desicdt ori de (0.52 g; 2.0 mml ) and

1-chl oroet hyl 51)5 é}gﬁiemﬁ) gsgu%, 2.0 mol ) in dry tetrahydrofuran
e

(10 nL). After’ stlr I'ng roomtenperature, the mxture was washed
with water (Bx 2 4iletpdlrentiatAdd® G solution (1 x 2 nL) and dried

(MySH4) . Filtgatign [@gw@ﬂ 18820 660 ader oil. The oil was
di ssolved in acetic md)é]]go n.) and rrercury(ll) acetate (0.64 g;

aci al
2.0 mol) vvaslgoaddé%l' ‘N}?‘ét?yjsﬁ??lﬁ roomtenperature, excess
acetic acid vias. evapDradleshofl AOA aieax. BOC (bath tenperature) and 8- 10
mm Hg. The residue was stirred with diethyl ether (10 nlL) and filtered.
After washing the residue with nore ether (15 nL), the conbined filtrates
were neutralTheedadt hodgHOOBIH meweashietb adived siat Mg d dNaCl soI ution (1 x

10 ML) . Al ercdiadig MO 1dd Wt {Qibolc A ROl ablphoddie o ude
product was chI’I fied by'flash chr oma{ ogrcaphy on 1%%%90 25 rrm 5| i ca gel
60 col umm concentratlons were obtained by ‘dilution of the stock

solutions with phosphate-buffered saline (PBS) or

culture medium.

Cell cultivation
WiDr cells, derived form a primary adenocarcinoma of the
rectogigmoid colon, were subcultured in RPMI 1640 medium

(=]

(Gibco) containing 10 % fetal calf serum, 100 U/ml
penicillin, 100 pg/ml streptomycin and 1 % glutamine.
Cells were split 1:100 twice a week, and maintained at

37°C and 5 % CO2 in a humid environment.

Treatment conditions

5x10° WiDr cells in 2 ml of RPMI medium as described in
the previous paragraph were added to each well in 6-well
plastic tissue-culture plates (Nunc) and left for 48 hr
at 37°C and 5 % CO, in a humid environment for proper
attachment to the substratum. The cells were then washed
twice with RPMI 1640-medium without serum, followed by
the addition to the wells of the appropriate dilutions
of the test compounds in 2 ml of fresh culture medium to
final concentrations of 0.001, 0.01, 0.1 and 1 mM in
duplicate. The cells were incubated at 37°C for four
hours.



eluted with ethyl acetate-hexane (2:1) (500 m.), collecting 25 nL
fractions. The yield was 0.43 g (61% pale yellowoil. 1H NVR (200 WMHz;
DMSO- d6) wos2/10124d (3H, d, J = 5.6 Hz) , 2.00 (3H, s) , 2PCHGBORG333¢, J =
6.0 Hz) , 2.73 (2H, t, J = 6.0 Hz) , 3.90 (2H, d, J = 6.0 Hz) , 5.08 (2H,
s) , 6.68 (1H q, J = 5.4 Hz), 7.36 (9QHggs), 7.71 (1H t, J = 5.8 Hz).
13C NWMR (50 MHz; DMsSO-d6) : d 19.6, 20.6, 27.3, 33.7, 49.5, 65.5, 88.8,
127.8, 127.9,M828ubemdnb. ér ééﬂl@lar%@@rﬁh 472 . Bon2%:d. Exanple 2

- Measur enent or n formation i ulture in vitro Methods The
fol l 3\% ng cor‘%%ﬁ%ﬁs&\%?{ém?ﬁgt%%l ‘lll%?%?}{’/%gtbnd%t? PATAGLIRR hW R PR MAL A
ester WO 02/ 164201 PCINEBOLHhO3E3Bl s -wdPe Rasiped sopropybenzyps Al ester 3.

thyl b S L p Ry ALA ester 6.
PoTet L Benzbe Aoty DSNRHIoALA: S oR, AipRERVRLIL LA et
p-[tri-fluor @@rh}yir]l%ehlzfylcemas esterthe osulpsratu oy begeays Al ester 11.
p- mtrobenzylc&ealese@um@ra% C@@PP%Q@ri’\@H@aé“éeﬁ%x)’&ﬂ pyp DMBO to a

concentration of 100 nM (sto ol ution), Appropriate concentrations were
obt ai ned by o??%’f?bﬁu%?t%% TR KOOERINH 1 B riORi §T ot SHWIer&P sal i ne
(PBS) or cul tcumeemﬂm@mﬂm&m@wmwlquﬂgaa cd 418in demered.dxamm a
pri mary adenogal Gl POFR.SL1hdex " PELOBLAMPLY L0100y MR LHRAE urgd Tn RPM
measured at 606 nm using a long pass cut-off filter (530
nm) on the emission side). The fluorescence in each
sample was calculated relative to the protein content in

control cells as measured by the Bradford method.
Results

The results are shown in Figures 1 to 4 for test

compounds 1-3, 4 & 5, 6-8 and 9-11, respectively.

It can be seen from Figure 1 that steep dose-response
curves were found for both the p-methylbenzyl- and the
p-isopropylbenzyl esters. These esters were equally
efficient in inducing cellular porphyrin synthesis and
approximately 200 times more potent than ALA. The curve
for the l-methylpentyl ester increased slowly with
increasing ester concentrations. The 1-methylpentyl
ester at low concentrations was only glightly better

than ALA in inducing porphyrin formation.

From Figure 2 it can be seen that both the benzyl and 2-
phenylethyl esters were considerably more efficient than
ALA in inducing cellular porphyrin synthesis. In fact,
the porphyrin formation induced by 0.001 mM benzyl ester
equals that obtained with 0.6 mM ALA. Similarly, it can
be seen that the fluorescence following the addition of
0.001 mM 2-phenylethyl ester corresponds to that induced
by 0.4 mM ALA.



(G bco) containing 10 % fetal calf serum 100 Um penicillin, 100 g/m
streptonmycin and 1 %glutanine. Cells were split 1:100 twi ce a week, and
mai nt ai n@do a2/1013¥C and 5 % C02 in a hum d environnent. Trear/edat/ozenditions
5x105 WDr cells in 2 m of RPM nediumas described in the previous
paragraph were added to each well in 6:we{l_ plastic tissue-culture plates
(Nunc) and left for 48 hr at 37Cand 5 % CQ2 in a humd environnent for

pr oper attaq:m@me t0 dieys Uit aldin chie He8liS welse thien washed twice
with RPM 1640-ne mwi t hout serum follo by _the addition to the wells

of the appropfrit ' G OnSS R H\éerceeﬁq o@rﬁf&“ﬁnf -mL o3 esh
cul ture nedi whdo b igwdn c&n‘merﬂﬁeatﬂma)ft}&d)@:he @QA1itlel am thawd i n

PO GB01. 033380 Sy F S MR i e B o SRR CEoMeE 5 Al Lor
treat ment as adwysHineddly I gameg d’plghétlr éétarlrertﬁlatcmfdﬂtmon@het he cells
wer e washed Wc@%ﬂ@;&ﬁ RB2 NG/ dr eughloy) M RngobilibaR 0fhniM HC1IO4 in 50%

MeOH by scraping the cells off the substratum by means ‘of a”_ Costar cell
scraper. Cel IS Gy Wers Sfhied By e Alfugat |16‘ﬁ1ucTI‘P§ BPORBRYELR cont ent
of each sarrplfemmlcdﬁt ey nedHdtamRindredlilonsysithe aylackieryal mer LS50B

spectrof | uori et er itati at_.407 nm ssion was neasured at 606 nm
using a |l ong %gsegf l?ts SF i Qr{l: & 950 thr?rﬂ%oq']ﬁ‘the eni ssi on side). The

fl uorescence |n each sanple was calculated relative to the protein content

in control %en%%%lﬂ %?mlgry tﬂéeﬁ npoun&%%hggl%qugw its The results

are shown in |gures to 4 for test 6-8 and 9- 11,
respectively flmwt&wldé@mmlompﬁ [gutarty il fpenzytleapddpsaitesopensal curves

were found fQstheth e ppypidvRenray! 20and itR® better than ALA in

inducing porphyrin formation.

The results may be summarized as follows:

COMPOUND (IE. ESTER SIDE CHAIN) |POTENCY*
[COMPOUND NO. ]

ALA 1
l-methylpentyl [1] 3
4-methylpentyl {[8] 100
2-phenylethyl [5] 500
benzyl [4] 100-600
hexyl [6] 100
p-isopropylbenzyl [2] 200
p-methylbenzyl [3] 200
cyclohexyl [7] 1
p-nitrobenzyl [11] 200

p- [trifluoromethyllbenzyl [9] 200

p- [t-butyllbenzyl [10] 200

*Relative ability to induce porphyrin formation



p-isopropyl benzyl esters. These esters were equally efficient in inducing
cel lul ar porphyrin synthesis and approximately 200 tinmes nore potent than
ALA. The wapven12d or the 1-nethyl pentyl ester increased sl per/aBoi/03336

i ncreasi ng ester concentrations. The 1-nethyl pentyl ester at |ow
concentrations was only slightly better. gpbhan ALA in inducing porphyrin
formation. FromFigure 2 it can be seen that both the benzyl and 2-
phenyl et hyl esters were considerably nore efficient than ALA in inducing

cel lul ar porphyrin syntheS|s In, fact t he porphyrin forpation i nduced by
50001 an bonobrbmly &Y Lo8 2 s b G P & i Tar ol 1}
can be seen apatidtheidhuonesceneenéokkdmi ng the addition of 0.001 nmM

2- phenyl et hyl ester corresponds to that induced by 0.4 mM ALA. WD 02/ 10120
PCT/ GB01/ 03336 - 41 Figure 3 shows that both the hexyl- and the

4- et hyl pent yMelkodes were equally efficient. It can also be seen fromthe

Figure that theeaph]idies Oé@mﬁléﬁﬁés RELET SedOad NEMCH: CRL I Ul &ty por phyrin
formati on wer ti mes higher than that of ALA. The

pr oxi ma
cycl ohexyl es %Pcﬁ%gln%lc?wﬁp%%ﬂ%eﬁtF%t?%n%eSEﬁﬁgﬁnfﬁ¥%ﬂﬁl? Hore efficient
than ALA in inducing porphyrin formation. At higher concentrations, the

cycl ohexyl ester l.ess effect than ALA. It can be seen fronlthe
Figure 4 thatfthe %f%@??yf??%%¥£n%ﬁ%y??%%ﬁzyI p-[t-butyl]benzyl and

p-ni trobenzyl2. estﬁﬁsswwmepy¢mmmzyhaAhAye§®@rt|nes better than ALA in

i nduci ng porphyrin, for enf £S may be summarized as fol | ows:
COVPOUND (| E. ESTE% S| %}%ﬁﬁ] ]&% éé%)g‘é:‘r[CO\/PClJND NO ] ALA 1

1- et hyl pent y#- [ 1128129l ibhyepedtryl [8] 100

5. 2-phenylethyl ALA ester

6 hexyl ALA ester

7. cyclohexyl ALA ester

8 4-methylpentyl ALA ester

9 p-ltri-fluoromethyl]lbenzyl ALA ester

10. p-[t-butyl]lbenzyl ALA ester

11. p-nitrobenzyl ALA ester

12. l-ethylbutyl ALA ester

13. 2-methylpentyl ALA ester

14. 4-phenyl butyl ALA ester

15. p-fluorobenzyl ALA ester

16. 3,3'-dimethyl-1-butyl ALA ester
17. 2-fluorobenzyl ALA ester

18. 2,3,4,5,6-pentafluorobenzyl ALA ester
19. 4-chlorcobenzyl ALA ester

20. 2-methoxyethyl ALA ester

21. 3-nitrobenzyl ALA ester

22. 3,4-[di-chloro]lbenzyl ALA ester
23. 3,6-dioxa-l-octyl ALA ester

24. 3-fluorobenzyl ALA ester

25. 3,6,9-trioxa-1l-decyl ALA ester
26. 3-pyridinyl-methyl ALA ester
27. 4-diphenyl-methyl ALA ester

28. 4-methoxy-benzyl ALA ester

29. 2-methylbenzyl ALA ester



2- phenyl ethyl [5] 500 benzyl [4] 100-600 hexyl [6] 100 p-isopropyl benzyl
[2] 200 p-nethyl benzyl [3] 200 cyclohexyl [7] 1 p-nitrobenzyl [11] 200
p- [trifwoopoathyl] benzyl [9] 200 p- [t-butyl] benzyl PaOGBROM®B33Rel ative
ability to induce porphyrin formati on WO 02/ 10120 PCT/ GB01/03336 - 42
Exampl e 3 - Porphyrin formation after topkcal application onto nurine skin
Met hods The foll ow ng conpounds were tested relative to ALA (including

conmpounds 1 tgoll B@ﬁ&?ﬂ sn[lﬁxaa@éey%x eﬂ-ho;lYﬁEé@MB@ﬁ vt Yhmfhd ester 2.
p-i sopropyl benzyl fster . -nethy?benzy ALA ester 4. benzyl ALA

ester 5. 2-phenyle ﬁ %E%F%ster 6. hexyl ALA ester 7. cyclohexyl ALA
ester 8. 4- nEBhyIpEﬂmgthleeHSYErABA pstéri-fluoronet hyl ] benzyl ALA ester
10. p- [t-butyl] benzyl ALA ester 11. p-nitrobenzyl ALA ester 12.

1-ethyl butyl ALA ester 13. 2-nethyl pentyl ALA ester 14. 4-phenyl butyl
ALA ester 15Meghédgorobenzyl ALA ester 16. 3,3'-dinethyl-I-butyl ALA ester

17. 2-fluor obgnzyte A AERbENNAE- wérsd: formBr PEL f ) ushbenzyh vilAester 19

4- chl orobenzyl ALA ester
(cream base available from Merck, consisting of silicon

dioxide, paraffin lig., vaseline, album, cetostearol,
polysorbat. 40, glycerol monostearate, Miglyol®812 (a
mixture of plant fatty acids), polypropyleneglycol, and
purified water) to the desired concentration.
Concentrations are given as % (w/w) calculated as
hydrochlorides. The formulations were prepared the day
before the experiment commenced and stored in the
refrigerator until the day of use.

Female Balb/c athymic nude mice, weighing about 22 g,
obtained from the Department of Laboratory Animals, The
Norwegian Radium Hospital (Montebello, Oslo, Norway)

were used in the studies.

Three mice per group was used. Each mouse received
0.05-0.1 g of formulation topically applied at the right
flank of the body, evenly distributed and covered with a
dressing (Opsite Flexigrid; Smith and Nephew Medical
Ltd., Hull, England). The fiber point measuring device
consisted of a bundle of optical fibers connected to a
spectrofluorimeter which produced the excitation light
of 407 nm. The excitation light, which is able to
penetrate 0.1 - 0.5 mm into the tissue, was led through
half of the fibers to the mouse skin. The resulting
emission fluorescence spectrum (550 - 750) nm was
collected and led through the remaining fibers into a

photomultiplier for quantification.

After application of the cream formulation, the
fluorescence spectrum from porphyrins in the skin was

measured by the fiber-optical method at different



20. 2-net hoxyet hyl ALA ester 21. 3-nitrobenzyl ALA ester 22.
3,4-[di-chl oro] benzyl ALA ester 23. 3,6-dioxa-l-octyl ALA ester 24.
3-fl uor olve@aylo12.A ester 25. 3,6,9-trioxa-I-decyl ALA estP€T/GB61/03336
3-pyridinyl-nethyl ALA ester 27. 4-diphenyl-nethyl ALA ester 28.

4- met hoxy- benzyl ALA ester 29. 2-methylbgpzyl ALA ester WO 02/10120
PCT/ GB01/ 03336 - 43 30. Benzyl-5-[(1-acetyl oxyethoxy)-carbonyl]am no

| evul i nate 31ln§eggébglangyheAgﬁtg§t§amlﬁ@é g? %He test conpounds were
formul ated in Unguentum Merck (cream base ava l e from Merck, consisting

of silicon dioxide, paraffin liqg., vaseline, album cetostearol,
pol ysorbat. 4fhe gfy@@f@bcéﬁaésiﬁaéﬁéﬁty ngil@cﬂ(fﬁ&iZek%rméﬁt”&) of plant

fatty acids), po opyl en C and, purified ter) to the desired
concentrationS ek %%ﬁ %ﬁgratﬁgﬁg g?ﬁe ?vén Wawhy B0 cal cul ated as
hydr ochl ori de5- aﬂhnolevnmhaatenﬁcmewespxn@hm@ebthm eayh émpewfmémmaas

experinment co ediin the refrigerator until the day of use.
Fenal e Balb/cgg? yﬁ?%ﬁ%gdégﬁ#cg wei ghi ng about 22 g, obtained fromthe

Department of Laboratory Animals, The Norwegi an Radi um Hospit al
(Montebel | 0, gB4@1tdorway) were used in the studies. Three m ce per group

was used. Each?nnuse ecei ved . 0. 05:0. %?Of formul ati n to ically applied
at the right ?aﬁ?sﬁ CEhaTBodyovByERI S ST i Dut@dl 4n Ted with a
dressing (Opsidorléwexggtedt Sompbuadd: Nephewe Medi c<ad>mpdnh1dds Huld, Engl and).

The fiber p°'§$d”§§5“rb98ugévbce SRPSLS88% 0F ; @ PrOdLE Pf. opbhsalndd bers

connected to
3 and 6; Figure 8 - compounds 2, 6 and 14; Figure 9 -

compounds 6, 11 and 15; Figure 10 - compounds 6, 9 and
10; Figure 11 - compounds 4 and 6; Figure 12 -
compounds 6 and 16; Figure 13 - compounds 6 and 17-19;
Figure 14 - compounds 6 and 20-22; Figure 15 -
compounds 6 and 23-25; Figure 16 - compounds 6 and 26-
28; Figure 17 - compounds 6 and 29-31. All compounds
were used at 1% (w/w) except in Figures 12 and 17 where
3,3-dimethyl-1-butyl ALA ester, 2-methylbenzyl ALA
ester, benzyl-5-[(acetyloxyethoxy)-carbonyl] ALA ester,
and 3-methylbenzyl ALA ester were used at 3% (w/w), and
in Figure 13 where 2-fluorobenzyl ALA ester, 2,3,4,5,6-
pentafluorobenzyl ALA ester and 4-chlorobenzyl ALA ester

were used at 10% (w/w).

It can be seen from the Figure 5 that the hexyl, 1-
methylpentyl, l-ethylbutyl and 2-methylpentyl esters all
gave porphyrin formation. Furthermore, the hexyl ester
gave the highest fluorescence followed by the
2-methylpentyl and the l-ethylbutyl esters. The
l-methylpentyl ester gave intermediate fluorescence

levels in this study.

Figure 6 shows that the hexyl ester and the
4-methylpentyl ester result in high fluorescence levels
whereas the cyclohexyl and the 2-phenylethyl esters gave



spectrofluorinmeter which produced the excitation Iight of 407 nm The
excitation light, which is able to penetrate 0.1 - 0.5 nminto the tissue,
was | ed moough20 half of the fibers to the nouse skin. TheCT/eB0l/0336¢

em ssion fluorescence spectrum (550 - 750) nmwas collected and | ed
through the remaining fibers into a phoggnultiplier for quantification.
After application of the creamfornulation, the fluorescence spectrumfrom

por phyrins i ndwea skins wes rressdgeddy the fiber-optical nmethod at
different WD 02/ 10120 PCT/ GB01/03336 - 44 intervals of tine after

adm nistration. The fluorescence intensity varied fromexperinent to
experinment. TFhgyefore dhded wWhet NexgH hdedmaral eyuld tiatléddGh 1wag Al ncl uded
in each experi i nt ernal_.control.. Result The results are shown
in Figures 5 etgo‘r‘eerlﬁlg ?%a}v%hrheigr}i oafl?cgvﬁlr?lgﬂtaerstle%eﬁpsofnf;sf:luﬁréiﬁrcée%e: conpounds
1, 6, 12 and 13; Figure 6 - conpounds 5-8; Figure 7 - conpounds 3 and 6;

Figure 8 - conpounds,Ziedt afidhol 41 Jil @ that GHP PN Fropth #0015, Figure
10 - conpounds 6, 9 and _ 10; Figure 11 - conmpounds 4 and 6; Figure 12 -
conpounds 6 an@MEGCF U A TRBHTGFhdL e hRrTeAirde Levgdse Of4 -
conpounds 6 @dicHExAZindd gkl -tIeRomp@ings, 16-rand,123- 25; Figure 16 -

conpounds 6 and 26- 28 Fiqure 17 - ¢ unds..6 and 29-31. Al l. conpounds
were used at %Q%Ww%e"e%%%t%? r?aﬁegffg? Y rd UPF SiTEs S tevels. It
3, 3-di net hyl -ils hutbdredtA restior ,tH-aretdydduernididt AlpA anesiogiue to the
benzyl - 5- [ (aget XY Mgvﬁ ,%&_n j}éj@e_ and . 3- l. | ALA
ester were use?gat 35%(w/ Cé::dr} i)ﬂnplg rle%fg{y\bng?e%%%ﬂq%é’:ﬁgﬁgﬁg% ALA
ester, 2,3, 4285 J75ft afghiriomeiz ylodask deimrennengec HieyicdisevatueALA est er
were used at (H% (W W) . IthiAkRsseent rdmd hafFitgwz%15 that the hexyl, 1-

5-aminolevulinate (Figure 11) is "extended" with one or

more methylene (-CH,-) groups between the benzyl and ALA,

a reduced capability to induce porphyrin formation

results.

Figure 9 shows that the p-nitrobenzyl- and hexyl esters
both gave high levels of fluorescence. Slightly lower

levels were obtained with the p-fluorobenzyl ester.

Figure 10 shows that high porphyrin formation (as
indicated by high fluorescence levels) was obtained with
the hexyl- and the p-[tri-fluoromethyl]benzyl esters.
Intermediate fluorescence levels was obtained with the
p(tert-butyl)benzyl ester. This is possibly due to the
rather bulky ester group.

It is evident from Figure 11 that high levels of
fluorescence were obtained with both the hexyl- and the

benzyl esters.

It is seen from Figure 12 that similar fluorescence
values were obtained for the 1% hexyl ester and from the
3% formulation of the 3,3'-dimethyl-1-t-butyl ester.

Thus, the two esters are approx. equally effective in



met hyl pentyl, 1-ethyl butyl and 2-nethyl pentyl esters all gave porphyrin
formation. Furthernore, the hexyl ester gave the highest fluorescence

f ol | owed W@ 02/ha20 2- et hyl pentyl and the 1-ethyl butyl esteP€T/GBaE03336

1- net hyl pentyl ester gave internmedi ate fluorescence levels in this study.
Figure 6 shows that the hexyl ester and fhe. 4-nethylpentyl ester result in
hi gh fl uorescence | evels whereas the cycl ohexyl and the 2-phenyl et hyl

esters gave m&ﬁi}@bﬁﬁﬂr@py&a@qoﬁ 4D +Heowiligvel s of fluorescence.
Figure 7 shows that both hexyl and p-nethyl benzyl ALA esters gave high and

simlar levels of fluorescence. It is evident fromFigure 8 that the
p-isopropyl - lenzydn de adamwlfevnl iMaiera asulthed ithe atehiedobeaziavel s of

fl uor escence her eas, Jng, dyphandliulylo 3ol eyl igal g gave only | ow
fl uorescence Tevel -1t % interesting in thls'regar8 haP’an anal ogue to
the latter SubBstiarfod (andaflploaopenaniy lansl gnifdoloavbenAsgilepstalrso gave

relatively megdest ifldanesceneoHievel3valivess . (Figure 6). This shows that
when the benzyl 5-am nolevulinate (Figure 11) is "extended" with one or

nore net hyl ene (-CH2-) groups between the benzyl and ALA, a reduced
capability tat rEWCePHRMY firdnd GridRireeN 14r esidl 1S, thhguae19ashows that the

p- ni trobenzyl - _and hexyl esters th ve. hi B | evel s of fluorescence.
Slightly IowgﬁtﬁIEV§¥§%ﬁ§ﬁeC§éF i%%&nw% Pﬁgg'-FF§8F0b3ﬁ¥§l ester. Figure
10 shows t hatinftiegimepghesley skinf dilmmtrieseehas aiffidirc &bedcby hi gh fl uorescence

| evel s) was gbtai-ned ;w th the hexyl- and the p-[tri-fluoronethyl]benzyl
esters. Inte?ﬁgéiaté'f*uorescence | evel s was obtained with the

p(tert-butyl)benzyl ester. This is possibly due to the rather bulky ester
group. It isreviidertyifdem Frow eifhrhat hingh kevehsxoh ester gave

high levels of fluorescence and the 3-pyridinyl-methyl
and the 4-methoxy-benzyl esters gave intermediate
fluorescence. The 4-diphenyl-methyl ester gave

relatively low fluorescence.

It can be seen from Figure 17 that the N-substituted ALA
benzyl ester gave intermediate/high fluorescence,
whereas the other three esters tested gave high

fluoresccence levels.

The results may be summarized as follows:

COMPOUND (IE. ESTER SIDE CHAIN) FLUORESCENCE LEVEL
[COMPOUND NO. ] LOW INT. |HIGH

l-methylpentyl [1] X

2-methylpentyl [13]

4-methylpentyl [8]

l-ethylbutyl [12]
hexyl [6]
3,3-dimethyl-1-butyl [16] X

b B B

2-phenylethyl [5] X

4 -phenylbutyl [14] X




fl uorescence

t he 1% hex@b2/ester and fromthe
3,3 -dinmethyl-I-t-butyl

effective in

were obtained with both the hexyl -
is seen fromFigure 12 that simlar fluorescence

ester. Thus,

WO 02/ 10120 PCT/ GB01/ 03336 4,7 46

and the

benzyl

esters.

It

val ues were obtai ned for
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3% fornul ati on of the
the two esters are approx.

equal l'y

i nduci ng porphyrin formation

in the skin. It can be seen fromFigure 13 that the 4-chl orobenzyl ester
gave hi gh fl gorescencetevels, wiereas—the 2, 8,4, 5, 6-pentaf tgorobenzyl and
2-f11 orobenzyPeB&vérd4lgave internedi ate/ high hctivitigés. It dan®be deen
from Fi gures é_lgggrégx tRat, ?h';@}A esters tegted, other ythan the hegxyl
ester, gave E yorescence—after—topr¢cal—applicatign. It
is evident fy pﬁmEtgyﬂbeﬁﬁyﬂhéB]the hexyl ester|gave hifgh |evel s Xof
fl uorescence[and . rhe d-géiiﬂin -n9tnyl and tpe Z4-net hoxy- benzyt_estlers
gave internejpapétFPBSP e The 4-diphenyl tnethyl ester gave
rel atively I3w_ﬁkgg&§§gggﬁgth§§]Bgﬂzgg seen fron1F|gure 17 that tge
N- substi t ut e¢ berzyH—ester—gave—tnterrediptefhi-ghHuoregeenee;
wher eas t he Jphét bhtgé]bsneyé ﬁéQﬂed gave high fluorésc&ence |eveld. The
results may Zzed ows: COVPOUND (TE. ESTER S I'N)
FLUORESCENCE EE%EE“P%@%@ d ] LOVINT. HGH 1-nethyl pentlyl 1] {X
2-nethy|pent/hyhighe%y14{ﬂ¢thylpentyl [8] X 1 etﬁylbuiyl [ 12]} X hexyl [6]
X 3, 3' dl ITEt I_yl = Ut /\ }JIIUII_yI CL Il_yl |_ J] /\
2- fluoroéenzyl [17] X
3-fluorobenzyl [24] X
2,3,4,5,6-pentafluorobenzyl [18] X
4-chlorobenzyl [19]
3,4-dichlorobenzyl [22] X
3-nitrobenzyl [21] X
4 -methoxybenzyl [28] X
3-pyridinylmethyl [26] X
4-diphenylmethyl [27] X
3-methylbenzyl [31] '
2-methylbenzyl [29]
2-methoxyethyl [20] X
3,6-dioxa-1-octyl [23] X
3,6,9-trioxa-1-decyl [25] X
benzyl-5[(l-acetyloxyethoxy) - X
carbonyl]aminolevulinate [30]




4- phenyl butyl [14] X WD 02/ 10120 PCT/ GB01/ 03336 47 benzyl [4] X
p-isopropyl benzyl [2] X p-nethyl benzyl [3] x p-nitrobenzyl [ill x p-
[trifluomvooet/imikd benzyl [9] x p- [t-butyl] benzyl [10] KXCT/6Bbi/B38®©benzyl
[15] x cyc | ohexyl [71 X 2-fluorobenzyl [17] X 3-fluorobenzyl [24] X
2,3,4,5, 6-pent af | uorobenzyl [18] X 4-chlygrabenzyl [19] x

3, 4-di chl orobenzyl [22] X 3-nitrobenzyl [21] x 4-nmethoxybenzyl [28] X
3-pyridinyl methylimg26] X 4-di phenyl methyl [27] X 3-nethyl benzyl [31] X
2-met hyl benzyl [29] X 2-nethoxyethyl [20] X 3,6-dioxa-l-octyl [23] X
3,6,9-trioxa-l-decyl [25] X benzyl-5[(1-acetyl oxyethoxy)-
carbonyl]aninmLevuAinampoﬁﬁﬂ]fo)OQél@ﬂZﬁthH%ﬁEﬁdﬁﬁéﬁ@@y or48 dains: 1.

A compound o581 1Pl oS" SR RERARY. o, € 8000sia S8l compound:bel o

a branched al er’ or er 0
acid, or a d%ﬁbﬁé%tvﬁe@rabhﬁlna@éarl@ﬁl5yam€n@b$v@lensalaCL@er@Dfa 2. A

;:ormorndl for gsgiia:phet oehsARENSEaRY10A11li 39POSE 81 Sakgh £opporads bei ng of
or mul a
2. A compound for use in photochemotherapy or

diagnosis, said compound being of formula I:
R?,N-CH,COCH, - CH,CO-OR* (1)

(wherein R' represents an optionally substituted alkyl
group other than an unsubstituted straight-chained
alkyl; and

R’ independently represents a hydrogen atom or an
optionally substituted alkyl group) or a

pharmaceutically acceptable salt thereof.
3. A compound as claimed in claim 2 wherein in formula

R' represents an optionally substituted branched alkyl
group, preferably a Cs;_, alkyl group, or R' represents a
substituted alkyl group;

R?, each of which may be the same or different,
represents a hydrogen atom or an optionally substituted
alkyl group, e.g. a group RY;

wherein any substituted alkyl group is substituted by
one or more groups selected from hydroxy, alkoxy,
acyloxy, alkoxycarbonyloxy, amino, aryl, nitro, oxo,
fluoro, -SH, -NR% and -PR? groups, and any alkyl group
is optionally interrupted by one or more -O-, -NR’-, -S-
or -PR?- groups, in which R® represents a hydrogen atom
or a C¢ alkyl group).

4. A compound as claimed in claim 2 or claim 3 wherein

in formula I, R! represents an unsubstituted, branched



R22N- CH2COCH2- CH2CO-OR (I) (wherein Rl represents an optionally
substituted al kyl group other than an unsubstituted straight-chained

al kyl ; amdo RR1G1p@dependent |y represents a hydrogen at om or P@VGBopboi3amal |y
substituted al kyl group) or a pharmaceutically acceptable salt thereof. 3.
A conpound as claimed in claim2 whereingpn_formula 1: Rl represents an
optionally substituted branched al kyl group, preferably a C5_30 al kyl

group, or RIL ¢epreasgpisgaoupulat bt uhed al kb, OroppR2, each of which may
be the sanme or differ en(fJJ represents a hydr ogen atom or an optionally

substituted alkyl group, e.g. a group Rl; wherein any substituted al kyl

group is substj tut.zeobcmpom@ & EDF B qupSargplcﬂcé esk fadiamayy dr caey 4 al koxy,
ni,t ro, 0xo f.l.uoro, - NR32

acyl oxy, al ko carbo r I

and - PR32 gr o)t%s f%lf ‘T‘ngT orglp&'lL i & Gper oM Ty ralqu4e9d by one or
more -0-, - N%—ralﬁt mchaﬂmi gtlogbsyroup whiicth B3 rketpzr&ﬂmfd iy hydrogen
atom or Ornﬁ?ﬂt:&&r?‘%}?z)th She AL HRUNG_asy t@ﬁ% L% Gl a or claim

3 wher ei n Fepresents an unsubsti‘tu branc d WO

02/ 10120 PCT/CIB(?_I;/ 8353¥8) .- 49 C5-30 alkyl group (e . g . a Cb- 9 al kyl
group) . 5. A conpound as claimed in any one of clainmse 2 to 4 wherein in
formula I, Rl is C9- 291 ef er tralght alned | k group
whi ch is brarfched )FO% t%ﬁl%f?%‘?% ldﬁéj i €L Iw%r%‘dﬁ’s (e.g.
Cl or C2 al kiyl )Eoruulle conpunepaesehasmed hhkglagrodpor p@bﬁémely\her ein
in formila I, Rg)rr r&fl@gi Sg?crgruolsl k%lfkﬁ@él%fa&)rk?e} err‘?glgr %no:.gél aq.rkoggy al kyl

group, substltuted y on oxy, ary 0X0 groups
aryl or oxo groups.

7. A compound as claimed in claim 6 wherein said aryl
group is substituted by one or more alkyl (e.g. C.,
alkyl), fluoro, chloro, nitro or trifluoromethyl groups.

8. A compound as claimed in claim 7 wherein said aryl
group is phenyl, diphenyl or a monocyclic 5-7 membered

heteroaromatic group, preferably phenyl.

9. A compound as claimed in claim 8 wherein said

heteroaromatic group is pyridinyl.

10. A compound asg claimed in any one of claims 2 to 9

wherein each R® represents a hydrogen atom.
11. A compound of formula I:
R?,N-CH,COCH,-CH,CO-OR! (I)

(wherein

R' represents
an optionally substituted branched Cs_;, alkyl group,
preferably a Cq, alkyl group, comprising a straight
chain C,,, alkyl group, preferably a C,,, more

preferably a C;4 (e.g C; or C¢) alkyl group,



7. A conpound as clainmed in claim6 wherein said aryl group is substituted
by one or nore alkyl (e.g. C1 2 alkyl), fluoro, chloro, nitro or
trifluoroveotiydi2zgroups. 8. A conpound as clained in clai PCTGRBOBOBBO sai d
aryl group is phenyl, diphenyl or a nonocyclic 5-7 nenbered

heteroaromati c group, preferably phenyl. 8. _A conpound as clainmed in claim
8 wherein said heteroaromatic group is pyridinyl. 10. A conpound as

claimed in any oneseinhdhnBy2sti0s it WBEs el fi €RCHECoF GRS LS & aémmdrogen
atom 11. A compound of for rru%a .. R22N- CH2COCH2- CH2CO- OR1 (wherein

Rl represents an opt?OnAr I HS %E??%%t%@cﬁ%éhch@ﬁe€31%05%¥@y$15?oﬁﬁ
preferably a C6_9 ahkytigubipn tonptiG2 ngraa shtghghtc ohemn C4-29 al kyl
group, preferably C4 8, nore preferably a C5.8 (e.g C5 or CO al kyl
group, WO 02/10120 PCT/ GB01/03336 - 50 branched by substitution with one
or more Cl_6 al kyla geoupstepeafenably @iy brs@stithered mlaid siewp of

substitution is aIp£2fQ£aBl§'9h§rcg'%iogleE foﬁ? LELPAT O aﬁé'gr
ky e

substituted al kyl group, preferabl a roup, rel sald
aryl group is subSt¥Pibt &8, S%%%%%?%F?@ pﬁ%ﬁ%ﬁ%&ﬂ W B rakd¥ed by one or

more alkyl (e.g. GluReeikytdd b}kbh@é%r&ﬁtbﬁéoalmlr%%}t@q|allQ£ry€lm3,t hyl

groups,mﬁr an alk ?iurs%$%ﬁ%ef éﬂé%ﬁ)ég(ﬁéﬁﬁiﬁégég a Cl or C%Zalkyl
group, erein said arky S S
each of which may e the sane or different, represents a hydrogen atom or

an optionally SUb§£ﬁtgiﬁgxyaéﬁﬂét£ﬁﬁ%gh §ﬁﬁ&lebﬁgﬁ5¥)ﬁ¥éferably a C;
or C, alkyl group, wherein said alkyl group is
substituted by a methoxy group;

R?, each of which may be the same or different,
represents a hydrogen atom or an optionally substituted
alkyl group, e.g. a group R';

wherein said substituents are selected from hydroxy,
alkoxy, acyloxy, alkoxycarbonyloxy, amino, aryl, nitro,
oxo, fluoro, -SR’, -NR’, and -PR’, groups,

and said alkyl group is optionally interruptea by one or
more -O-, -NR’-, -S- or -PR>- groups; and

R’ represents a hydrogen atom or C;¢ alkyl group) or a

pharmaceutically acceptable salt thereof.

12. A compound as claimed in claim 11 wherein in
formula I, R' represents an unsubstituted, branched Cs-30

alkyl group (e.g. a C¢, alkyl group) .

13. A compound as claimed in claim 11 or claim 12
wherein in formula I, R' is a Cys9, pPreferably a C,
straight-chained alkyl group which is branched by
substitution with one or more C, ¢ alkyl groups (e.g. C;
or C, alkyl).

14. A compound as claimed in claim 11 wherein in
formula I, R' represents an alkyl group, preferably a C

or C, alkyl group, substituted by one or more alkoxy,



wherein said substituents are selected from hydroxy, al koxy, acyl oxy,

al koxycar bonyl oxy, amno, aryl, nitro, oxo, fluoro, -SR3, -NR32 and -PR32
groups, amaoxaiteo al kyl group is optionally interrupted byPonweBor/033s®ore -0-,
-NR3-, -S- or -PR3- groups; and R3 represents a hydrogen atomor Cl-6 al kyl
group) or a pharmaceutically acceptablegsalt thereof. 12. A conpound as

claimed in claim1ll wherein in fornmula I, R represents an unsubstituted,
branched Cs- 30ryal&ylogs aytiofss 9. a C6-9 al kyl group) . 13. A conpound as
clained in claim11l or claim1l2 whereinin fornulal, RLis a C4 29,

preferably a C4_8 straight-chained al kyl group which is branched by
substitution ¥Math Zbrreomowmi ea€Cle 16 iahdd)/ | irgraolroisn (e gvhe@limrsaGA al kil )

14. A conpou%@?ﬁ é:f'cx?ééad rgylégzﬂ@qf(yll%f@ alf}g;lnu <_:J[ Rl represehts

an al kyl gro grou substitutéd by one or
nore al koxy, %mb/lloﬁlzmm/@mmmro Tty uqsﬁorr@&ilyg{ @HIPSL5. A
conpound as clainmed in cIa|n114 mhereln said aryl group is substituted by
one or nore aIkyI chloro, nitro or

( . Cl , fluoraq,
trifluoronet A Lﬁa‘g“ r§g i e ihedisiinses g n sai d
aryl group |g3ranpenyé , piimphienyd i mteray Iano cy ahdroo &L irerer edmbered
het er oar omat iy¢ f p ound as clainmed in any
one of clains elt%(]?éhoﬁcg%% %%&i} rh%gérln%ﬁa% Y%ehae% represents a hydrogen

atom 18. A corrpound as claimed in claim 1l which is selected from

2-met hyl pent yil7 ALA ec%rﬁ‘ﬁourf]d et hyila R Yin Ay &eelor %1%{1% Byt Yo ALA
ester, 3,3-dinethyl-I-butyl ALA ester, henzyl ALA ester, p-nethylbenzyl

ALA ester, Wl'fﬁ?‘?“&belﬁ}yﬁom‘l%aesrtlereacd“ BT Fﬁpﬁéﬁﬁﬁ%ﬁh?l PB@H??F“AEAOT“est er,
p-fl uor obenzyl ALA ester, 4-chlorobenzyl ALA ester, 3-nethyl benzyl ALA

ester and Z_H_Fé.hyli)ecngrxgou%‘cﬁas claimed in claim 11 which is selected
from 2-methylpentyl ALA ester, 4-methyl pentyl ALA
ester, l-ethylbutyl ALA ester, 3,3-dimethyl-1-butyl ALA
ester, benzyl ALA ester, p-methylbenzyl ALA ester, p-
nitrobenzyl ALA ester, p-[trifluoromethyl]benzyl ALA
ester, p-fluorobenzyl ALA ester, 4-chlorobenzyl ALA
ester, 3-methylbenzyl ALA ester and 2-methylbenzyl ALA

ester.

19. A process for preparing compounds of formula I as
claimed in any one of claims 11 to 18, said process

comprising at least one of the following steps:
(a) reacting a compound of formula II

RN -CH,COCH, - CH,CO-X (I1)
(wherein X represents a leaving group, for example a
hydroxyl group, a halogen atom or alkoxy group or COX
represents an acid anhydride group and R? is as defined

in claim 11) with a compound of formula III

R'-OH (I11)



ester. 19. A process for preparing conpounds of fornmula | as <clainmed in
any one of clains 11 to 18, said process conprising at |east one of the
fol |l o ngv@0BPBE20 (a) reacting a conpound of formula I PCT/GB01/03336

R2N- CH2COCH2- CH2CO- X (I'1)  (wherein X represents a | eaving group, for
exanpl e a hydroxyl group, a halogen atospor al koxy group or COX
represents an acid anhydride group and R2 is as defined in claiml1ll) with

a conpound of(wiyrmailra R'l EsRA=sCkEihel WO 0241R120) PEEAEB01/ 03336 - 52
(wherein RL is as defined in claim1l); and (b) converting a conpound of
formula | into a pharmaceutically acceptable salt thereof. 20. A

phar maceut i cdlb)conrposidrtnma @rpongicngnda cdofleaund a &s idebi med i n any one of

claims 1 to ?%a(}rma%%madéﬁ%f%tcj %@tla%laec%%ﬁbat%lh%r%%!ft t her eof , toget her

with at |east one pharmaceutically acceptable carrier or excipient. 21.
Use of a conpound as defined in any one of clains 1 to 18, or a

pharmaceuti cald.y aceapiablRutaldalt ReRRisitilel dheREepar at kehpund

t herapeutic a erétseff,or se in_ phot oﬁ%eq%t,herapyc, or a diagnostic agent for
use in di agfosi®¢r 8% 3k Y M4 Gl 1@%ailmt®1 LWih&FePn t he

phot ochenot helapynaafeudiiagiidsi scdceppelfier red tothdirsordersgetheabrarmml i ti es
of external qr i | _Sukf s, of .th body. whi are_responsive to

phot ochenot hgdrtaplygagf]:s%n,& %Pg%ﬁ]%tceggr%ﬁra'ﬁ%yngc\ée (t):r?%gﬁngaggl&%f Pried in any
one of clai mextipder®.. or a pharmaceutically acceptable salt thereof,
together with at | east one surface- penetration assisting agent, and
optionally one or _nore _chelating agents as a conbined preparation for

si nul t aneous 2lsepdE& €T segReNTFarsuseliimeds éat pay one of claims 1

to 18, or a pharmaceutically acceptable salt thereof,
for the preparation of a therapeutic agent for use in
photochemotherapy, or a diagnostic agent for use in

diagnosis.

22. Use as claimed in claim 21 wherein the
photochemotherapy of diagnosis is performed on disorders
or abnormalities of external or internal surfaces of the

body which are responsive to photochemotherapy.

23. A product comprising a compound as defined in any
one of claims 1 to 18, or a pharmaceutically acceptable
salt thereof, together with at least one surface-
penetration assisting agent, and optionally one or more
chelating agents as a combined preparation for
simultaneous, separate or sequential use in treating
disorders or abnormalities of external or internal
surfaces of the body which are responsive to

photochemotherapy.

24. A kit for use in photochemotherapy of disorders or
abnormalities of external or internal surfaces of the
body comprising:

a) a first container containing a compound as defined

in any one of claims 1 to 18 or a pharmaceutically



di sorders or abnormalities of external or internal surfaces of the body
whi ch are responsive to photochenotherapy. 24. A kit for use in
phot ochemwo® het@Epy of di sorders or abnornalities of exterpal/GBn/i3sser nal
surfaces of the body conprising: a) a first container containing a
conpound as defined in any one of claLng3zl_to 18 or a pharmaceutically WO
02/ 10120 PCT/ GB01/03336 - 53 acceptable salt thereof, b) a second
cont ai ner containi@@c@ptébaéts@ne sheta@se, penetration assisting agent; and
optionally c), one or_npre chel atlngﬁa ents. contained either within said

i

first contaimdt or®iFCEOTRi FACEONThI RRPCaTEI IR et ofFh SHETHC
di agnosi s of abnorpehé¢tizsion aslssstieysadyniassayd ngotaisaplye of body fluid

Steps 1 aqrshi hashertr aabd, PRLEOCLATRILA D aied ARo L e et aed i n

steps: i) adm Xi ng sal oun
any one of clains w1¥%¢488a1@|§1é&%o@®®@a%%¢ﬁ %ﬁxlmwﬁaﬁhﬂ¢dght iii)

ascertaining the | gyelaohef!l uorescence, and iv) conparing the |evel of
fluorescence to control |evels.
25. A method of in vitro diagnosis of abnormalities or
disorders by assaying a sample of body fluid or tissue
of a patient, said method comprising at least the
following steps:
i) admixing said body fluid or tissue with a
compound as defined in any one of claims 1 to 18,
ii) exposing said mixture to light,
iii) ascertaining the level of fluorescence, and

iv) comparing the level of fluorescence to control

levels.



