Chem cal Conpounds That Contain Tocopherol as Well as At Least One O her
Phar maceutical Active Ingredient The invention relates to chem cal conpounds
that contain tocopherol as well as at |east one other pharmaceutical active
i ngredi ent, process for the production of these chem cal conpounds as well
as their use as pharmaceutical agents or prodrugs. Wen using these chem cal
conpounds as pharnmaceutical agents or prodrugs, tocopherol exerts the
action of an antioxidant; conversely, the other pharmaceutical active
ingredient is preferably a non-steroidal anti-inflammtory agent (NSAID),
whi ch i s Chemiéxd Cohipoacs [Thatt Cortac dpéughedol ar Well as At EpacOne Other s
"chem cal | y-attached conbi nation of two pharmaceutical active ingredients”
resul ts iphaidceuethl AetveMBgradichel | as nore conpatible derivatives. In the
organi smof the patient, the pharnmaceutical active ingredient and

t ocopherol are released fromthe conpounds clainmed here by netabolic
processes, such as the enzymatically catalyzed ester hydrolysis, and said
.aCtI ve 1 nhgr ed"ﬁ]@ti veg‘t%jn &f?a?a?%‘@l{e%c‘f%@ {) ?lras ﬁé&nt:ﬁ?%‘c&ph‘é&quﬁ% qns' The
increase in ef T6CtIvVeness is prodhcéa romthé optim'zzatl oh 0O fie
physicocnenical araneters, and.the igﬁroved resgrﬁ%ion. rgq§ced t herefrom
and t he UptShR Gherpharmacquligal aCiygngredishls PYGess Y RepPAugtion obhed s syst em
(CNS). The inproved conpatibility is primarily to be attributed to the
reduct i orfhemicabeogingrrds as giehjap thefraits as ifarqentical pgepts 08 pradgiesexanpl e, the
reduction of locally- induced toxic effects of the NSAI D conponents in the
gast r oi nt est i M¥hentusagtthdsy chemikdl sgmpetnels gsplivoxgdchica sgedisfarpeedregs, as wel | as
the reduction of the active ingredient concentration in the periphery by

i ncr easedocgphedobexefts the mpthamafsiniantiddidanCNBnvezsely) tleddhdr ipbmrmathigicaliiegvt | on
relates to a process for the production of the above- nentioned chem cal
conpoundsing@diéglis pRferdtiied holiSteroakl HRINMBE R e AenBINBA RN GRRicRTs

linked directly to tocopherol or via a spacer. This “chemically-attached combination of
two pharmaceutical active ingredients” results in more effective as well as more
compatible derivatives. In the organism of the patient, the pharmaceutical active
ingredient and tocopherol are released from the compounds claimed here by metabolic
processes, such as the enzymatically catalyzed ester hydrolysis, and said active ingredient
and tocopherol can then exert their known actions. The increase in effectiveness is
produced from the optimization of the physicochemical parameters and the improved
resorption produced therefrom and the uptake of the active ingredients by the central
nervous system (CNS). The improved compatibility is primarily to be attributed to the
reduction of possible, locally toxic effects, such as, for example, the reduction of locally-
induced toxic effects of the NSAID components in the gastrointestinal tract by masking
the carboxylic acid function, as well as the reduction of the active ingredient

concentration in the periphery by increased uptake of compounds in the CNS.



prodrugs for treatnent or prophylaxis of degenerative diseases of the
central nervous system such as Al zheiner's disease, Lewy Body denenti a,

Par ki nson' s di sease, Huntington's disease (chorea), nultisystem atrophy and
other simlar diseases, such as also in the case of diseases caused by TNF
(tunmor necrosis factor)-alpha, IL (interleukin)- ] beta, IL (interleukin)-6
and/or IL (interleukin)-8 or other inpirmties such as pain, diabetes, etc.
Also and in particular, the use of the chem cal conpounds according to the
invention in the production of pharmaceutical agents for the treatnent of

di seases t hat lTapdditipmfhednventidn ijatesddiapadcesst fpeds prasiuctionay thenbdveeases of t he
respiratory system such as lung inflanmation, of the digestive system of
t he vascuhariosgdsthemcabegipoasdd Bwkedimsaheir se aopllapihdceanadl bybstaaéestohe connecti ve
ti ssue, such as rheumatism of the eyes, such as in cataracts, are subjects
of the i nytedihgs0r trddiBett e Plophy1a£i® BPRLBELTatAe G B Bf the céliRl ndri@nt i on are

sui tabl e expressly for the production of pharmaceutical agents for the

treat mento,apdl QIRRIXIAG Ry Eise'ésé,%%ﬁﬁaédt} dé’ﬂ)ie@rih IplfkiROTPR uls@RE, and/ or

oxi dative“stress occur. The invention therefore conprises the production

and the e .of these chen.cal ounds.in case of all canditions
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medi cal backgr,ound of .the invepti is explained in nore detajl ,gn sever al
respect s, Seri e ree  ineiep msatey HIVE ibmor hecleyt facipr)ralih. r{Flsuliipg .-
ment i oned neurodegenerative diseases. In earlier works, it was postul ated
that i nflbatdk Gpigigtovesawior dhi(ptegleekin)-§ ar ether ipfirgitics sych pipdshse of damage
to the blood-brain 3 barriers. Later, however, it was proven that the brain
can be putiatietesceto palsenndin parigulapaheusgiof thechemignlt compbhadsmatoodipg pribeesses. |t
is now known that inflamrati on processes are involved very decisively at the
invention in the production of pharmaceutical agents for the treatment of diseases that are
influenced by radical stress, such as in diseases of the respiratory system, such as lung
inflammation, of the digestive system, of the vascular system, such as leukemia,
hemoglobinopathy, of the connective tissue, such as rheumatism, of the eyes, such as in
cataracts, are subjects of the invention. The chemical compounds according to the
invention are suitable expressly for the production of pharmaceutical agents for the
treatment and prophylaxis of diseases in which inflammations and/or oxidative stress
occur. The invention therefore comprises the production and the use of these chemical
compounds in the case of all conditions covered here by introductory clauses and
mentioned below.
Below, the medical background of the invention is explained in more detail.
In several respects, inflammatory processes play an essential role in the above-

mentioned neurodegenerative diseases. In earlier works, it was postulated that

inflammatory processes only occur in the brain in the case of damage to the blood-brain



begi nni ng of the disease and as the di sease progresses especially in the
case of Alzheiner's disease. This is confirnmed by a nunber of

epi dem ol ogi cal studies (MGCeer, 1992, Akiyana 2000). The thesis that
NSAI Ds have a positive effect on the course of Al zheiner's disease is also
supported in that in the cortex of Al zheiner patients and older control
pati ents, who had both neurofibrillar3tangles (NFFs) and P-anyloid plaque,
t he estimated nunmber of synapses, determ ned based on i mrunohi st ochem cal
data or | oss of synapses, correlates nmuch nore strongly with inflammtion
mar ker s thasmers.viiatdr, hdveevpr, dyaspeoveh tFThs banul c8 et oitdloplepgomiand ( Rogers et
al. 1995). Even in the case of Al zheiner's disease, inflamation reactions
ar e sonetmaipmindnhaan irelagnodtory Ipeocdssemge t hat soneti nes al ready exi sts.
Nevert hel ess, the brain in the case of Al zheiner's disease, as in several
inflanmmatory dj §aa%asews tabinliamattibiBrocekdshiré tnvElved very dbdisi®élpar thpody regi ons
offers a nunber of possibilities for inflammations to devel op whereby said

i nf | anmaty : . rigiral pat hol ogi cal
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changes. y cases, it is assune t P-anyloid plaques, however, are

not necegplibk¥s Sl el il I9STIRG: A0 RhoBAkANRINg Al Zhel mer’ S
di sease. I'n I's” connectron, infla I'on reactions”aré a highly probable

conpl enentary f or..that | so necessary for the clinical picture to
devel op (é@éé%@l éikfyai’@%ﬁ'@)- ?’l"ei‘ S‘é&‘%ﬁé@%ﬁé@&ﬁ%"e Amstive Aot g e ty of
P-anyloid after the activation of conplement proteins occurring in the

bri ne i ncoureesAlheimsts diseo thalgospapgricddn thaf in thogpriex of ddahetngr patigmsany| oi d i s
significantly nore toxic than -- nore readily sol uble - non-aggregated

3- anyl oi cand otdenemtnobpaichis swhomhatl emmwsdfrbaidler fangles ¢NFI's) sk p-aiglogbnpl enent
protein C q enhances the aggregation of P- amyloid (Wbster et a]. 1994).

Thi s seefadue ABE bstimayedi nipdet @ynapsed, HetbiSnitanskeeseihhiahistorBahiegat ed

P-anyloid activates Cq (Jiang et al. 1994). Al so, tau pathol ogy, which
pl ays data or loss of synapses, correlates much more strongly with inflammation markers than
with the presence of NFTs and B-amyloid deposits (Rogers et al. 1995).

Even in the case of Alzheimer’s disease, inflammation reactions are sometimes a
sequela of the damage that sometimes already exists. Nevertheless, the brain in the case
of Alzheimer’s disease, as in several inflammatory discases, such as asthma, arthritis, ...
in other body regions offers a number of possibilities for inflammations to develop
whereby said inflammations can then cause greater damage than the original pathological
changes. In many cases, it is assumed that B-amyloid plaques, however, are not
necessarily sufficient for triggering and for advancing Alzheimer’s disease. In this
connection, inflammation reactions are a highly probable complementary factor that is

also necessary for the clinical picture to develop (Rogers et al. 1995). It is advantageous

that the toxicity of §-amyloid after the activation of complement proteins occurring in the
brine increases by up to 1000x (Shalit et al. 1994). Aggregated B-amyloid is significantly

more toxic than -- more readily soluble — non-aggregated f3-amyloid. It was possible to



an essential role in neurodegeneration in addition to O-anyloid, is closely
associated with inflammatory processes and the activation of the conpl enent
system (Shen et al. 2001). In the case of inflanmatory processes,
pro-inflammtory cytokines, such as interleukin 1, tunor-necrosis-factor

al pha of various cell types, are released as a response to correspondi ng
stimuli (in which, for exanple, |ipopelysaccharide as well as various forns
of cell stress are included). In addition to the above-nentioned

neur odegenerativc processes, an el evated rel ease of the above-nentioned

cyt oki neslen®ngtsoipivatedavtht bompeme psotein Sdqedmpces tichrggegatiorofdkanpl e,
rheumatoid arthritis, Paget's disease, osteoporosis, nultiple nyelons,

uvei tis, JaABUdie ( WebsidHeo i CY9uy eTRig 8dints ehRitke@FliMporkd5 & iak cHifiRr@ahiS, also as
acconpanyi ng nanrfestatrons of insulin- dependent Type | di abetes,

osteoart 1 t I tory
intestingﬁkﬁkég% Ss?ﬂgzggﬁgﬁgggug%hégﬂ?é%?ﬁgy%%?gﬂeﬁ“rﬁﬁﬁhr?gk ori asi s,
Crohn's disease, allergic rhinitis, ulcerative colrtrs anaph Iaxrs
contact dé@ergptialirale "agftlrﬁfrrﬂ&gemer & ldifiandp Rramsiordcia ehpesly assortére Fiths
syndronme, Type | and Type 11 di abetes, rejection reactions, reperfusion
damage afinammatgryisadesses and e agswetion oksthe coraplembitalstem &Shea et ah 2901 e
sclerosis, cerebral malaria, sepsis, septic shock, toxic shock syndrone,
i nfection-indieéd chewdinftantnay@ipgecassas, prelflaasnatorpt@okinen)suaMash vari ous
viruses (HV 1, HV 2 HYV 3 CW, influenza viruses, adeno viruses and

her pes Viiptef&kin T, hanbﬂ:w&msrsq’embh;ﬂpmfcqwn@ls&;errr,qieetaee&ere@serdhe a¥&Pome chem cal
conmpounds accordrng to the invention for the production of pharmaceutical

agents f Qg cofdsptidin}Osiinl GPONER rf@ﬁé)ﬂaﬁlﬂﬁdhﬁup%ﬁ%mamﬁ AWeNlevhagagener ative
di seases, oxidative stress represents an especially inportant factor both

in the i glPHlsegf o & % Sg,rgq,,w&ea% ]%%H& 8 {d tﬁ{i Godik-rfl tlogf%or%llrod%{ﬂ'é{gﬁ% of

anat om c physi ol'ogica iochem ca proper I'es sugge

iall h n
espect a }}roéess%s G5 e}evaated felcase Of the above-mentioned cytokines is associated with

various diseases, such as, for example, rheumatoid arthritis, Paget’s disease, osteoporosis,
multiple myeloma, uveitis, acute or chronic myelogenic leukemia, loss of Beta cells, also
as accompanying manifestations of insulin-dependent Type I diabetes, osteoarthritis,
rheumatoid spondylitis, uratic arthritis, inflammatory intestinal diseases, respiratory
distress syndrome of adults, psoriasis, Crohn’s disease, allergic rhinitis, ulcerative colitis,
anaphylaxis, contact dermatitis, asthma, muscle degeneration, cachexia, Reiter’s
syndrome, Type 1 and Type II diabetes, rejection reactions, reperfusion damage after
ischemia, arteriosclerosis, cerebral travma, multiple sclerosis, cerebral malaria, sepsis,
septic shock, toxic shock syndrome, infection-induced fever and myalgia as well as
infections with various viruses (HIV 1, HIV 2, HIV 3, CMV, influenza viruses, adeno
viruses and herpes viruses. The invention therefore also relates to the use of chemical
compounds according to the invention for the production of pharmaceutical agents for

treating the above-mentioned diseases.



systemis at risk with respect to the damage caused by radicals: the brain
consunes an especially |large anount of oxygen in conparison to the other
body regions. Expressed in nunbers, this neans a proportion of 20% of the
total 02 requirenment at only 2% as a proportion of body weight. The result
is an especially large potential for radicals to develop. In this
connection, it was denonstrated that geveral cellular conponents are

altered by oxidative stress: Proteins (Markesbery and Carney 1999), |ipids
(Sayre et al. 1997, Montine et al. 1998, MKracken et al. 2001), nuclear as
wel | as m t ocHomeuroddgendhlive(ddeems aixidativastresd 8prkserGadobispecidty ialporta98) and
RNA (Nunonura et at. 1999) are -- as repeatedly confirnmed by literature -

af f ect ed. fallegdthliiGe HiEM S Ee wiel laRA@UIRHicld fral. 2002 hibedbf Matdlaichlve stress
to reduce the risk of stroke is very useful (Chen and Zhou 2001, Mattson et

al . 2001)ppy ﬁ'()ﬁ)%xcahﬁW@Jhemk@%r@ﬁértl&)%ﬁggéﬁt ﬁ%ﬁé&h‘i‘@ tﬁef*’éaﬁbraﬁ{eﬁvoupr oduced

during and directly after ischema an ave a harnf ul effect on the survival

of ~nerve Q%ln'éat J'il‘?%ﬁfﬂe% bl 1l :{1@&9@ P{E%El I b i coREMEL ] m in most

cases | as on er e excl e course or lipid

per oxi dati on t occurs i.n the h ox ctlon oduct are
broduced,® ngfa%ﬁ@gfgmgm}a’éowgﬁg}a} IR é%wé*é EXpesssgin) * wni ch
creates both necrotic and apoptaotic cell death Also is highly probable

that ot hePumbsEs Brismeaps@ PERROHON o 2Pfhe0t é*ﬁﬁp@l O EEiremeqit Bborﬂbg%t IS\el y
influenced to a decisive extent by substances that have an antioxidative
acti on ( Epropasten ofzhndy Mekahsr The mauliyp an espeoially laggei ngtemtigldorradissls t hus pl ays a
significant role in the case of danage caused by stroke both in the first
hour s anddesviep. tehs doatestiomiit wasl demgnstiaveldhaiaecral celhparadmpbsentGarBy

measur enents of the 8-hydroxyguanosi ne (80HG content, it was possible to
confirm thirteddlyemalatice Qickd alrorehs §Mafk@sberBal VAhidy B8D), Yipide aSdifectal.

Al zhei ner's di sease (Nunonura et a], 2001). The devel opnent of the main

conponent $99f Mbnel &A1, TS, McKracken et al. 2001), nuclear as well as mitochondrial
DNA (Mecocci et al. 1994, Gabbita et al. 1998) and RNA (Nunomura et al. 1999) are --
as repeatedly confirmed by literature — affected. Regarding preventive measures, the
reduction of oxidative stress to reduce the risk of stroke is very useful (Chen and Zhou
2001, Mattson et al. 2001). Also, however, radical oxygen compounds (ROS) are
produced during and directly after ischemia and have a harmful effect on the survival of
nerve cells. The cell-biological changes that result therefrom in most cases last longer
that the excitoxicity itself. In the course of lipid peroxidation that occurs in the hypoxia,
toxic reaction products are produced, such as aldehyde 4-hydroxynonenal (McKracken et
al. 2001), which creates both necrotic and apoptotic cell death. Also, it is highly probable
that other factors that occur in the acute phase can be positively influenced to a decisive
extent by substances that have an antioxidative action (El Kossi and Zakhary, M. M,

2001). Oxidative stress thus plays a significant role in the case of damage caused by

stroke both in the first hours and even days later with long-lived reaction products.



recogni zed theories for Al zheiner's disease, both the 0-anyl oid pathol ogy
and the tau- pathology, are, as confirned by several bibliographic

ref erences, obviously narrow in connection with oxidative stress (Pappolla,
M A et a]. 2002). Especially in the early phases of Al zheiner's disease -
even before the devel opnent of extracellular P-anyloid deposits - it
results in the intracellular concentrgtion of P-anyloid (Gouras et al.

2000). Since the oxidative stress is also especially pronounced during this
early stage of the disease, a connection, for exanple, via netal ions that
are bonded t o B¥meashemdnts 0Nba Grhydeoxguanbsin@ (R0 G oronteay itofaslrosdiblaro t angl es
(Sayre et al. 2000) and that can then form hydrogen peroxide directly, is
very prohabfifn thkh@evmdd oxidativostread st viepchiptp dédtare oS AlABRAdIRIMiRAR! anati on t hat
can be readily documented for the radical stress that occurs so early in an

enhanced (Nahdmbdlet Al 2@®11) 2he &OQ \Aﬁmexﬁto‘fﬁhér}h'&h 8hihip onten@ oPIRUGbIdspat 1s al so

strongly prone to aggregatl on, is the oca poi nt of the pathol ogy of

Par ki nson' s _di s S esult in nt.ensi f.i.c n of ,..oxidative
orrese. Metenya® O o BrbETr Y Fiotde P EbMEa SRbRERY Rt i7ai  ecei y
associated with et- synucl ein, confl rmthat oxidative stress is an early and
very mar Kthologyetre.ds sprfamsd Py seesl biblogiqphig sfereensiehy ioyslyBAFRVAB on' s di sease
(Mgliore et al. 2002, Munch et al., 2000, Roghani and Behzadi 2001). In
addi t i on oanackien withwaidaivestiesredaptiodadded. ¢tal. £A)aepecefilyriethesddyener at i on,
oxi dative stress can result in arrythm as, nyocardial infarction,

ar t er i osqihase@ of Alzheimvt’s divome -@vewbefoleehd dlmglss)pmeﬂmlemzlceﬂdan@esmymr r hagi c
and non-henorrhagic 7 infarctions, such as stroke, diseases of the gastric

muicous GRS it k&\ﬁtsr?@pﬁnﬁ?a%euulﬁlcﬁﬁ&%%n QUL (G'agﬁpg aﬁbid@@?at by,

sepsi S_, various forns o dl abetes, stress reactlons | Seases O
excretl O%EE%%Be Midative rs],trca&‘;% 18 ar?so espe(:lalfy prllor%cun;[:e'a dmkilné:I (e arly %?age of the

disease, a connection, for example, via metal ions that are bonded to p-amyloid
(Nunomura et al. 2001) or neurofibrillar tangles (Sayre et al. 2000) and that can then
form hydrogen peroxide directly, ts very probable. The malfunction of mitochondria is
another explanation that can be readily documented for the radical stress that occurs so
early in an enhanced form (Hirai et al. 2001).

o-Synuclein, the protein that is also strongly prone to aggregation, which is the
focal point of the pathology of Parkinson’s disease, also results in the intensification of
oxidative stress. In vivo studies and in vitro studies, even sometimes not directly
associated with a-synuclein, confirm that oxidative stress is an early and very marked,
detectable parameter in the development of Parkinson’s disease (Migliore et al. 2002,
Munch et al., 2000, Roghani and Behzadi 2001).

In addition to the above-mentioned diseases in the area of neurodegeneration,
oxidative stress can result in arrythmias, myocardial infarction, arteriosclerosis,

inflammation of the lungs, cerebral edemas, hemorrhagic and non-hemorrhagic



i nsufficiency, diseases of the supporting apparatus, such as rheumatism the
sense organs, such as cataracts, or nake a significant contribution to the
devel opnent of disease of else influence the course of the conval escence.
The |l ong-term use of non-steroidal anti-inflamatory drugs (NSAIDs) is
associated wth a quite pronounced gastrotoxicity. In the case of

| onger-lasting treatnents, it results relatively often in irritations of
the gastric nmucous nenbrane, in gastric bleeding as well in the formation of
ul cers. NSAIDs are the second nost common cause of gastric and duodenal

ul cers. Théardloagduditasistrake, dseasesofabngdaaid mi@ut membiaas) thgpancrelf)i s f act
represents a significant problem since in the case of neurodegenerative

di seases, cirhd¥R$ leukBinia, h@NGESbiARatiyt epas VRNGS BRREATdidbeE WressNSA] Ds, such as
i buprof en, occupy promninent positions in statistics in pharnaceutlcal agent

side eff %L&mn% 'y %@mﬁé e;lc‘i’etfolﬂ%%ig@g s‘ﬁ@lglasaiﬂﬂdrﬂ&%&%ftﬂé ki ‘5’ SClig on the

side effects o , 16000 pe die fromnecrosis every year in the
U S A (Vbl e et nf by |it rature the toxicity
of “sover aiigRer It bR APl Tl

i buprofen (Lolli et al As ment.i oned bove the u of NSAIDs is an
eni nent | ysuglaewaa@%agmaw Sléfé&?ﬁﬂéf%ﬂ%@g bt F.dfx#%vene Pﬁ%ﬁqaﬁf‘gmcfésgener ative

di seases of the central nervous system Substances that have an
ant i oxi dainflyencefieserrse eifbpcenyalgbecaein E and others, al so represent a
prom sing approach, as already mentioned. hbvertheless, the effectiveness of
the two 8 tr edfhedong-tstm aseayines-siesoidd asti-inflirmedory drnigs dNSAHRYas act i ve
substances, in particular the NSAID, can overcone the blood-brain barriers
and can gstodidtiédowitihe qiiPpromuyicddazagtrotexiyity. | Inihd @de eXbagr-lasting
treatments, it results relatively often in irritations of the gastric mucous membrane, in
gastric bleeding as well in the formation of ulcers. NSAIDs are the second most common
cause of gastric and duodenal ulcers. The bleeding that occurs can be life-threatening.
This fact represents a significant problem, since in the case of neurodegenerative
diseases, almost only longer-term treatments appear useful.
NSAIDs, such as ibuprofen, occupy prominent positions in statistics in
pharmaceutical agent side effects. In a report in the New England Journal of Medicine on
the side effects of NSAIDs, 16000 people die from necrosis every year in the U.S.A.
(Wolfe et al. 1999).
As can be confirmed by literature, the toxicity of several ibuprofen derivatives is
significantly less compared to ibuprofen (Lolli et al. 2001).
As mentioned above, the use of NSAIDs is an eminently advantageous and
realistic possibility for treating degenerative diseases of the central nervous system.

Substances that have an antioxidative effect, such as Vitamin E and others, also represent

a promising approach, as already mentioned. Nevertheless, the effectiveness of the two



A strategy for inproving the passage of the blood-brain barrier is the
formation of prodrugs, i.e., conpounds that thenselves have only a little
or no biological activity. Only by netabolic processes are the actual
active ingredients rel eased, and they can then exert their action (Al bert,
1958). The cl ai med conpounds represent so-called "Carrier- Mitual Prodrugs,"”
i.e., NSAID and tocopherol can be reggrded in each case as carriers of the
ot her conponents according to the invention. To be able to vary the
properties of the conpounds to a greater extent, derivatives also according
to the i ny@anhéndBraeyis is thap ligded insttlatshigp haivertibdigickd) én patet@mponent  pr odr ugs
with a spacer between the active ingredient groups and thus a

t hr ee- CONMOAAN lcaP b RGO th&Bloo@Blin bLEAS Bhd &R ADHEINS CNECGEPRI Pidri ty, but
al so the extent and speed of hydrolysis can be nodified by the spacer.

Chem cal eommeynds of general structure | as racemates, enantiomers as well
as diastereoners as well as in the formof their physiologically harnless

salts and sol vate especi al | y hydrat | .as addition c ounds with
al cohol's, are ‘g ﬂtﬁiggtﬁs’r 'E'fpr?vﬁlég %Ie H%Sé?ﬁei Ogil?eqﬁ%(\é@%ra% S ofoii] r\sdti'e g‘?rg'aﬁﬁgg?tiungui shed
in that a pharmceuti cal a}c}ti ve | ngr edi en "R-A" as. well_ as tocopherol
"Toc" t he'IHEDpE+ emRoupdsthal (hemselgs aye Rl Llifge RBPO PiologiAbaciyie or nore

spacers B according to formula RSA[ B 0"Toc (l) via an oxygen atom 9
Radi cal FOmlgbzmetabgli¢ precessrstignie actpd peiiwringiediens releastdibhétheh srmeeut i cal
active ingredient nolecule. The structure RA-OH (if the partial structure
A can bmxes leiwacaen (Adbett, dP5SHOThe okinRdAldmpbondsAepreséht wamllehifSartie-at t ri but ed
to the pharmaceutical active ingredient that is used.

Mutual Prodrugs,” i.e., NSAID and tocopherol can be regarded in each case as carriers of

the other components according to the invention. To be able to vary the properties of the

compounds to a greater extent, derivatives also according to the invention were

represented supplementing the two-component prodrugs with a spacer between the active

ingredient groups and thus a three-component prodrug. Not only resorption and CNS

accessibility, but also the extent and speed of hydrolysis can be modified by the spacer.

Chemical compounds of general structure I as racemates, enantiomers as well as

diastereomers as well as in the form of their physiologically harmless salts and solvates,

especially hydrates as well as addition compounds with alcohols, are subjects of the

invention. These compounds are distinguished in that a pharmaceutical active ingredient

“R-A” as well as tocopherol “Toc” therein optionally are linked to one another via one

one or more spacers B according to formula

A O
R/ \{\Bﬂn/ \Toc

n

via an oxygen atom.



R synbolizes in particular the acyl radicals of NSAI D, such as
acetylsalicylic acid, diclofenic acid, ibuprofen, indonethacin, ketoprofen,
nmef enam ¢ acid, naproxen as well as derivatives thereof, especially
reducti on products of indomethacin, whereby the CON partial structure is
replaced formally by -CHIN, as well as ketoprofen, whereby the

ket o-carbonyl group is replaced formalgly by -CH(OH)- or by -CH2-. The
abbreviation Toc refers to a tocopheryl radical, in which R, R' and R"
mean H or nmethyl. As can be seen fromthe followng fornula, three

asymret ri cal RadadaDREefefs@o fie@BCiingQEp@RtiocONAE YAtRBLd phatrhReeial &9k ght

di astereoneric forms. Al diastereorners as well as m xtures thereof

accor di ngin[gfedfenﬁnm@&ﬂatmzﬁt:ﬁret@.Abencdiﬁmﬁmam%cﬁrﬁx hend vtk on
conprises the chem cal conpounds of general fornula | with respect to al

possi bl e fa e | | oRer I Last Jf acidic or
basi ¢ par trArT SPPLo AR P RS @R iR aBn ik A8l L BRBRL bl a0 T
derivativestﬁf &Eiena ic acid or diclofenic acid), their physiologically
har m ess DEIEEEPHPUBPYE: subjects of this invention. In addition, the

i nvention al so conprises so| vates, especialé¥ hydrates and al cohol addition
conpounds, conp&UPkAizes igparepiar the agy sadicaly i pAEY sechy asypetplsahicads  salts. 10

For all radicals that can occur in several places, such as substituent X'
it hol ds adi¢, declafpric acihabyprofenrinduyeetkace, keldpénmdenfenghicani, papseiesas A st ands
for C=X, SO, X or CH2, whereby X represents 0, Sor NR (with nz 1) or S
or NR (wwtlhasndervatjves thsraoéfespesiatlp rddnetigr popiargofXad@acthacin, whereby the

CON partial structure is replaced formally by —CH;N, as well as ketoprofen, whereby the

keto-carbonyl group is replaced formally by -CH(OH}- or by —CH;-.

The abbreviation Toc refers to a tocopheryl radical, in which R’, R’* and R*”’
mean H or methyl. As can be seen from the following formula, three asymmetrical C

atoms are present here, consequently there are eight diastereomeric forms. All

diastereomers as well as mixtures thereof according to the invention are to be claimed.

-
- o 5 H_ GH, H_ CH, CH

Toc = CH,
)

The invention comprises the chemical compounds of general formula I with
respect to all possible racemates, enantiomers as well as diastereomers. If an acidic or
basic partial structure is present in the compounds of formula I (e.g., derivatives of
mefenamic acid or diclofenic acid), their physiologically harmless salts are also subjects
of this invention. In addition, the invention also comprises solvates, especially hydrates

and alcohol addition compounds, compounds I as well as their physiologically harmless

salts.



in which Y stands for C=X, SO or C(XR )R4, n neans O, 1, 2, 3, 4, 5 or 6
and is preferably 0, 1, 2 or 3, mstands for 1 or 2 (preferably) R stands
for H a C -Cu,-alkyl radical (preferably a C -C6-alkyl radical), an aryl
radical, a Het radical or an aryl or Het radical that is bonded via a

C -C6-spacer (preferably C1-C3). R2 stands for an al kyl ene, aryl ene or Het
spacer or, however, conbinations thereof, whereby the latter are linked to
one another either directly or else vith the function that is defined above
as A or via the grouping X, ,-A-Xp. The spacers can be defined anal ogously

to the radicals "alkyl." "aryl" and "Het." o and p stand for 0 1 or 2; they
can be the sarferai radiqafsdhal 5pn ogeur ‘ér?&"q@ﬂ nlgcet qughs SFPS“&“*F} X itholgs ky| radi cal

(preferably a C, -C6-al kyl radical), aryl radical, a Het radical or an
aryl or Hee that dhedraiheanings afegndrpperisat Q/fl%ﬁaﬂ nerCG- spacer (preferably Cl-C3).
Al kyl radicals are defined as hydrocarbons that are unbranched, branched or
cyclic, satura standsrfop@eX) S0, X arSlds, whatebgd Wi t h doubl e and/ or triple bonds,
unsubstituted or substituted in at |east one place, preferably with F, O,

Br, CN, NGz, rese;&}@;sl?mhf (vtuhﬁn ahkyt s bAdREaliuERBI ns 6 SOmalkyl, OR
CORE, COORG, 11 nore than one substltuent the latter

can be the sa i eval kyl radicals are preferably nmet hyl ,
et hyl , propqu?Fg%sgggié%g@Bg ﬁ Fgobutyl tert-butyl, cyclopropyl,

cyclopentyl or CyCln?wﬁlch stands for C=X, SO,, or C(XR)R?,

nmeans 0, 1,2,3,4,50r6 and is preferably 0,1, 2 or 3,

m stands for 1 or 2 (preferably)

R' stands for H, a C;-Cyy-alkyl radical (preferably a C;-Cy-alkyl radical), an aryl
radical, a Het radical or an aryl or Het radical that is bonded via a C-Cg-spacer
(preferably C-Cs).

R” stands for an alkylene, arylene or Het spacer or, however, combinations
thereof, whereby the latter are linked to one another either directly or else via the function
that is defined above as A or via the grouping X,-A-X,. The spacers can be defined
analogously to the radicals “alkyl,” “aryl” and “Het.”

o and p stand for 0, 1 or 2; they can be the same or different.

R* and R* stand for H, a C;-Cyy-alkyl radical (preferably a C,-Cs-alkyl radical), an
aryl radical, a Het radical or an aryl or Het radical that is bonded via a C,-Cs-spacer
(preferably C;-Cs).

Alkyl radicals are defined as hydrocarbons that are unbranched, branched or
cyclic, saturated or partially unsaturated with double and/or triple bonds, unsubstituted or
substituted in at least one place, preferably with F, Cl, Br, CN, NO,, NR6R7, CHO,

SO,alkyl, OR®, COR®, COOR®, COCOR®, or CONR®R’. If the alkyl radical contains



Aryl radical stands for an unsubstituted phenyl radical or a phenyl radical
that is substituted in at |east one place, preferably wwth F, d, Br, CN,

al kyl, CF3, N2, NR6R7, CHO SOmal kyl, OH, OR6, CORE, COOR6, COCORG,
CONR6R7, CSNR6R7 or aryl or that is Het-substituted. The phenyl radical can
be condensed with additional cycles. The Het radical refers to a saturated,
unsaturated or aromati c nonocyclic or bicyclic heterocyclic conmpound with 5
to 10 ring nmenbers, with at | east onejheteroatom preferably nitrogen,
oxygen and/or sulfur, and which optionally is provided with a fused

car bocyclic conpound or heterocyclic conpound. R6 and R7 stand for H, a

Cl- d O al iyie thanding abhstipreef, dreddtley can GelthChanad drydifferesdi d&b alkalhradiasly brer adi cal , a
het eroaryl radical or an aryl or heteroaryl radical that is bonded via a
Cl-C6  spgerfabhyhethel allly plopylCRopropylabidi L isohutyll hee-ButMesiciopropygl ates to a
process for the production of the chem cal conmpounds of general formula

(1). For oAUl EigReXx9f the conpounds of type 1-1 according to the
i nventi On&%ﬁ){;ﬁﬁ?ﬁ\}}:&w éﬁd n =0 - these are O acyltocopherols in these

compounds - di (f¢r.e0t; FEL0RHSY yFasASic PRty LRI G raditl pugrd ants are

avail abl e; on e one steri arion 0 ocopher of° by direct
reaction with a, corresponding free, carboxyli 1d. a t he (.ot her hand,
t he acyl at% H“%éfb‘ltil?f'ﬁ'p‘ﬂ‘l"’ plllaﬁg RSHERBIY Vg F '\ét ﬁ(/gﬁ%ﬁ]ktyi;g;fﬁﬁg(%l h an

activated car boxgl ic acid derivative. Belqw, these variants are presented

"n more dEHE: BOnaBy HOHTOR' (PR EQPRInCHCQRY CONIRA CSNRSRA prarhl o 0 |
that is Het-substituted. The phenyl radical can be condensed with additional cycles.

The Het radical refers to a saturated, unsaturated or aromatic monocyclic or
bicyclic heterocyclic compound with 5 to 10 ring members, with at least one heteroatom,
preferably nitrogen, oxygen and/or sulfur, and which optionally is provided with a fused
carbocyclic compound or heterocyclic compound.

R? and R’ stand for H, a C,-Cyg-alkyl radical, preferably a C,-Cg-alkyl radical, an
aryl radical, a heteroaryl radical or an aryl or heteroaryl radical that is bonded via a C;-Ce
spacer, preferably C;-Cs,

In addition, the invention relates to a process for the production of the chemical
compounds of general formula (I).

For the production of the compounds of type I-1 according to the invention with
A = CO and n = 0 — these are O-acyltocopherols in these compounds — different methods
can be used. In principle, two variants are available; on the one hand, the esterification of
the tocopherol by direct reaction with a corresponding free carboxylic acid and, on the
other hand, the acylation reaction of the phenol derivative of tocopherol with an activated

carboxylic acid derivative. Below, these variants are presented in more detail.



A) Starting fromthe free carboxylic acid, the synthesis of the clained
conpounds of Type 1-1 can be carried out by reaction with a tocopherol. +
Toe-OH R (lI-t) Diagram 1. For exanple, the foll ow ng procedures are
suitable for these variants: A 1) The reaction is carried out in the
presence of an organic condensi ng agent. Exanples of suitable condensing
agents are dicycl ohexyl carbodii mde ({2CC), carbonyl- diim dazole (CD),

t hi onyl di i m dazol e (ThDI) and 1-hydroxy-1H benzotriazole (HBT); A 2) The
reaction is carried out in the presence of an inorgani c condensing agent,
for exanpleA n |ngrgan|c anhydri de, such as phosphorus pentoxide or an

i nor gani cRAaci paITde such as phosphorus oxychi oride. A 3) The reaction is
carried out as an acid-catal yzegr £00dassate: on 4 418h. For this purpose,
the addition @f catal ytic anounts of a non-oxidizing, strong acid is
suitable- Thi¥ can be both of an inorganic natur@”le.g., concentrat ed

sul furic acid) and of an organi - pat gnée;q}, benzenesul fonic acid or

tol uenesul fonic acid). In this r'dce fhe kontinuous renoval of water

that is uced n th con atlon reaction, for ex | e 13 by azeotropic
di still at‘&)og‘a‘a‘mﬁ 3{"?8?1‘ ‘ﬁaf’ﬁ’eth&lsﬂ"t gSIS:01\{pgy dpime g&?‘ﬁ?‘ﬁ'ﬁs 0f\;as proven

its val ue. Inplenentaplon can be perforned either in an inert solvent or
sol vent mYpedrlecan bpearaethoutpy repstipy with ageeepharel. t he absence of a sol vent.
Because of the reactivity of the conponents as well as the solvent that is

used, the reaction is carried ouf" at £10 to 250C
y o] H_ CH, H_ CH

3

{1

Diagram 1.

For example, the following procedures are suitable for these variants:

A 1) The reaction is carried out in the presence of an organic condensing agent.
Examples of suitable condensing agents are dicyclohexylcarbodiimide (DCC), carbonyl-
diimidazole (CDI), thionyldiimidazole (ThDI) and 1-hydroxy-1H-benzotriazole (HBT);

A 2) The reaction is carried out in the presence of an irorganic condensing agent,
for example an inorganic anhydride, such as phosphorus pentoxide or an inorganic acid
halide, such as phosphorus oxychloride.

A 3) The reaction is carried out as an acid-catalyzed condensation reaction. For
this purpose, the addition of catalytic amounts of a non-oxidizing, strong acid is suitable.
This can be both of an inorganic nature {e.g., concentrated sulfuric acid) and of an
organic nature (e.g., benzenesulfonic acid or toluenesulfonic acid). In this process, the

continuous removal of water that is produced in the condensation reaction, for example



whereby the reaction is carried out according to A) or usually already at

| ow tenperature (in general at roomtenperature), and usually relatively
drastic conditions are necessary for the esterification according to B) or
C: this applies primarily for variant C), since here a continuous
distillative separation of the water is necessary. B) Because of the
generally relatively |low reactivity ofzcarboxylic acids, usually carboxylic
acid derivatives are used in the acylation reactions. The nethods that are
claimed below are referred to in that a derivative of the carboxylic acid

W t h hi ghiey azeotegpid divtiltayioh Sndigparatidinwih detaid/aft edatcorpautod haaproatsios be for med
in situ by the derivative not being isolated fromthe reaction m xture but
rat her beifpg further reacted directly with the nucl eophile tocopherol to
formthe claimed conpounds of structure |I. a R OH Aktivierung + Toc-OH CH3 O

RO Rhal M IHRHARGn cld SeperrORhdddifibtfAn TndtSERt ardBivedtinfigem] s of the

process for the production oﬂ)t conpounds o ype according to the

I nventi Ono%o%glyehgwgr%r,%egn in the Q)sgrgc% 0 Iag&gent?.e bgc\:lguse of the reactivity of the

components as well as the solvent that is used, the reaction is carried out at —10 to 250°C,
whereby the reactton is carried out according to A) or usually already at low temperatqre
(in general at room temperature), and usually relatively drastic conditions are necessary
for the esterification according to B) or C): this applies primarily for variant C), since
here a continuous distillative separation of the water is necessary.

B) Because of the generally relatively low reactivity of carboxylic acids, usually
carboxylic acid denivatives are used in the acylation reactions. The methods that are
claimed below are referred to in that a derivative of the carboxylic acid with higher
reactivity is used. This activated compound can also be formed in situ by the derivative
not being isolated from the reaction mixture but rather being further reacted directly with

the nucleophile tocopherol to form the claimed compounds of structure 1.

1)

[Key: Activierung = Activation]



Bl) The ester synthesis that originates froman acid halide - usually an
acid chloride or acid bromde - and that is perfornmed in the presence of a
base (usually triethylamne, triethylam ne/4-dinmethyl am nopyri dine,

pyridi ne, pyridine/4-dinmethylam nopyridine, N-nethyl-norpholine, Hinig
base) has proven its value especially well. For the production of acid
hal i de, different reagents of inorganig nature (e.g., thionyl chloride) or
organic nature (e.g., oxalyl chloride, or 2,4,6-trichloro-1,3,5-triazine)
can be used, whereby the activation by means of

2, 4, 6-tri chl orExatpls bf the ipactesyefor the produgrmtdf chel @mpalisds of @p¢ 1goaddihgr t he
synthesis of esters in the single-pot process, in which primarily the acid

chlori de thShdihAdiies dvifand=tdemdl £ 0GH dtedbbloter reacted. B2) As an
alternative, the target conpounds can be produced by acyl ation of

tocopherol by giRansmole @, Aids AAIWHILAR folhPulieRnld sl fnaRticgnal | ¥

carried out with the a Ion o ase, tor exanple pyridine. acyl ating
reagents according ﬁ these. et hods, .pure anhydri des of % e
phar maceut i cal sub$ I%ﬁlgeemaa:sc]J\/\Tl/g'rlofmages arrr’lggféa ‘Sgpneﬁ%?’a‘%“%‘jc}égﬁe PFEPEF A1 %€ anhydri des
fromthe pharnaceutica%hsu s{ance and cargpx | i Fcld noester, are
suitable. B3) Prodépbhinsthylaping frigthylamio ﬁtfﬁ'ﬂ?ﬁ xlaggnapygging. gygidine,
reesterification: in this process, an easily cleavable ester (for exanple
net hyl ester or et pyfidigg/duimethyamingpyiading Nowsthgl-morpholins, Hiaig hase)has
tocopherol. 15 B4) An alternative technique is distinguished in that first
t he phenolic funct ipovenits vdepespeoali eel.i Forttrcpphetion obaad bddelephenol at e t hat
is produced is then

different reagents of inorganic nature (e.g., thionyl chloride) or organic

nature (e.g., oxalyl chloride, or 2,4,6-trichloro-1,3,5-triazine) can be used,

whereby the activation by means of 2,4,6-trichloro-1,3,5-triazine is in

particular also very good for the synthesis of esters in the single-pot

process, in which primarily the acid chloride is produced and then directly

further reacted.

B2)  As an alternative, the target compounds can be produced by acylation of

tocopherol by means of an acid anhydride. This reaction is optionally

carried out with the addition of a base, for example pyridine. As acylating

reagents according to these methods, both pure anhydrides of the

pharmaceutical substance as well as mixed anhydrides, preferably

anhydrides from the pharmaceutical substance and carboxylic acid

monoester, are suitable.

B3)  Production of the claimed compounds of type I by reesterification: in this

process, an easily cleavable ester (for example methyl ester or ethyl ester,

but also thioester) is reacted with tocopherol.



converted into the correspondi ng target conmpound by reaction with an
activated acid derivative (in particular acid chloride or acid anhydride).
As indi cated above, the previous statenments apply for conpounds with X = CO
and n =0, i.e., for esters. Derivatives in which the radical "A represents
one of the other functions are nmade accessi bl e anal ogously to processes
that are generally known, as they args;to be found in standard works, for
exanpl e in ~Houben-Wyl: Mthoden der O gani schen Chem e [ Met hods of Organic
Chem stry],' Georg Thienme Verlag, Stuttgart. In addition, it is possible

subsequent |y tgu)derAvaterftivé feehmgavk aidtha0ishes af thixeshst e@pRoXMt fscdsi d esters-
This includes in particular the reduction of the -COOTloc-partial structure

to -CH2OQoc. This i } i LEeRE iant of the
direct etherificat ?gﬁﬁ@ﬁgﬂ%doﬁg%dgﬁg&%?%@é%}%gﬂ%rt%gafé,ggﬁcg? %etgg{rrpl e, a

reduced formof a hiologi |y i rboxyl i id, The ounds of
structure | accordf§5&¥%9Pﬁghrﬁggﬁ#Péﬁnéﬁ¥%£ﬁMgp “?§Y23$P %Hﬁgﬁ formal |y
fromthe conponents active.jngredients (in structure 1, th nchanged
portion is referrddifa ‘4‘«‘5}', Ivatye (4 pyr “P"éﬁﬂdtcg'@BBﬁB"r?ﬂ’J arsf’ﬁ&"‘f‘gﬂkage of

t hese conponents can be carried out in different ways and in various
sequences. TheAhagisaisdahovedlie preyipus statsmertp apply &icamppends withhesLQubst i t uent s
in conpounds of structure | - in particular on "A" and spacer B.' These
react i on awgpsidenpen esters Heerpyriowe ss which ftheoxdidalt’ Ad reprasentsiotd afithe @hérer

cl eavage, acylation, alkylation, etc., that are well-known to one skilled in

the art. fhlaaidssere mideprakdblkavdogiuolyps process@ahitiatipcmeratiy &acham, s hedr oxyl and
am no protective groups, can also be necessary; the use of the

p- et hoxyfie azid foBR®iaRtATard Wik, 8% ek MApIE iR HBubENWeIH B¥AEW e hydr oxyl
function in conmbination with the benzyl group as an am no protective group,
I's especi glgayisBef B mEIMethods of Organic Chemistry],” Georg Thieme Verlag, Stuttgart.

In addition, it is possible subsequently to derivatize the previously described
carboxylic acid esters. This includes in particular the reduction of the -COQToc-partial
structure to —CH;Otoc. This subsequent derivatization thus represents a variant of the
direct etherification. The compound R-CH,OH can produce, for example, a reduced
form of a biologically active carboxylic acid.

The compounds of structure I according to the invention with n = 1 is carried out
formally from the components active ingredients (in structure I, the unchanged portion is
referred to as R), spacer (B) and tocopherol. The linkage of these components can be
carried out in different ways and in various sequences. The necessary reaction steps are
dependent on these substituents in compounds of structure I — in particular on ‘A’ and
spacer ‘B.” These reaction steps comprise the processes of oxidation, reduction, ether
cleavage, acylation, alkylation, etc., that are well-known to one skilled in the art. The vse

of protective groups, in particular standard hydroxyl and amino protective groups, can

also be necessary; the use of the p-methoxybenzyl group as a protective group, for



In the diagram bel ow, several variants are shown for the production of
conpounds |I. These variants are used only for illustration, however, and do
not limt the scope of the invention to the latter. In general, it should
be noted that in the reactions, bifunctional derivatives are frequently
used. It follows fromthe above that the conditions in any case are sel ected
such that the correspondi ng conponent;g are not reacted with thensel ves,

i.e., neither internolecularly nor intranolecularly, or that only one of
the existing functions of the bifunctional conponents is derivatized. It
can be achhmmedhydxiiten@ida iadebindthatwilhafe bémpl gre@MaN 4d Mige Such as
reaction tenperature, solvent, auxiliary base or auxiliary acid, catalyst

and/or r g&g@ghhgﬁseﬁﬂéﬁnfbﬁﬁ§§dfavorable as possible are carried out by
sel ection, or by using suitable protective groups. The use of protective

gr oup t echni Qs GaD BPLSAL! o6y Atk RN A Ror 32) ARG RGPt and in the

reaction m xture, e rue cl'eavage of the

rotective gro ...Jn the reactiqgn diagram no protecti roups . are
Tl ot omapaitRy Thabevionis s pieg onfr SRR R et fo S REBBE i que

cannot be elimnated. It is known to one skilled in the art when protective
groups arseonesy therByEngpgto the ifevhat protective group the best results can be
achieved with the given fornulation of the problem An exanple of working
wi th protecti eggembpsshoslddiegotedithat ah the reabigonsymfineidml dexatipisese | n
addition, it should be noted that optionally primarily an activation of the
i ndi cat edreqo¢emlyneed. (Isjollows fremeths alioye tHanthafroaditic@sia ant biss afeselkee@ssary and in
what way an activation can be carried out are known to one skilled in the

art. The sagf thytathé aﬂreisﬁondp%_&@h@bﬂamd dre RQIGERTAWith iheibeVRel &l dipdr known
conversion reactions. 17 agram 3 bel ow shows various variants for the

producti qafﬂﬂoléfﬁ%y'nhpfn%mﬁfegﬂgﬂ?ﬁ Bt (f QY 6hSof the ORRMMEIRcrihd B Bpacer

conponents) .

bifunctional components is derivatized. It can be achieved, on the one hand, that reaction
conditions, such as reaction temperature, solvent, auxiliary base or auxiliary acid, catalyst
and/or reaction time, that are as favorable as possible are carried out by selection, or by
using suitable protective groups. The use of protective group techniques can be carried
out both with isolated product and in the reaction mixture; the same also holds true for
the cleavage of the protective groups. In the reaction diagram, no protective groups are
indicated for the sake of clarity. In many cases, however, this technique cannot be
eliminated. It is known to one skilled in the art when protective groups are required and
with what protective group the best results can be achieved with the given formulation of
the problem. An example of working with protective groups is also cited in the synthesis
examples. In addition, it should be noted that optionally primarily an activation of the
indicated component(s) is necessary. In which cases this is necessary and in what way an
activation can be carried out are known to one skilled in the art. The activation is

possible, if necessary, with the aid of known conversion reactions.



+ Toc-cOHH f BX1BI-X H B 0 Toc B,, /Toc X-B Jn i - O Verfahren C R A-X
X-B-H Toc-OH+ RA-X\ / + RA-H+ Toc-OH RRA-H RA-~ B-tn O, Toe X -B-X"
Toc-OH + Toc-OH / \ + Toc-OH Verlahren DHf B-rB,, X' + RAX> R '4 B-L ~8 _
1 X* Hf RTB~X" + RA-H X - B-~-B~X" A, B, R Toc: X X X': geeignete
Abgangsqgr uppen (kOnnen sowohl gl eicher als auch unterschiedl cher Natur sein)
[X, X', X': Suitable |eaving groups (gan be both of the sanme nature and of a
different nature] D agram 3.

Diagram 3 below shows various variants for the production of such ‘three-

component products’ {compounds with spacer components).

Toc-OH Toc-OH
H‘fBT \ .._L), H BTB\ ~Toc XTBTB\ _~Toc + Toc Xl‘f‘Bj:TB\xu
+ AA )\Verl‘ahren C/
R-A-X R-A-H

X'-B-H —_ > R/A\[\Bﬂ: Noe €—— X-BX

Toc-OH Toc-OH

+ Toc-OH + Toc-OH
Verlahren D

B A-AX R-A-H . B
H Nyt 3 H T e x~{, 1/ yn
fB/}iT X BT fB B n-1 x

A, B, R Toc:
X, X', X": geeignete Abgangsqgruppen (kdnnen sowobhl gleicher als auch unterschiedlicher Natur sein)

[X, X°, X”: Suitable leaving groups (can be both of the same nature and of a different
nature]

Diagram 3.

[Key: Verfahren = Process}

A variant of the multistage synthesis of compounds of type I with n = 1 represents
— as the diagram shows — the primary formation of the spacer-tocopherol adducts. The
subsequent reaction with the active ingredient results in the introduction of radical R and
thus in compounds I according to the invention. In addition, in this variant C, it can then
be distinguished which of the components — active ingredient to be introduced or spacer-
spacer components — the leaving group carries and which of the used compounds the

acceptor function takes over (see processes C1 and C2). An alternative procedure can be



[ Key: Verfahren = Process] A variant of the nultistage synthesis of
conpounds of type | with n ? 1 represents - as the diagram shows - the
primary formati on of the spacer-tocopherol adducts. The subsequent reaction
with the active ingredient results in the introduction of radical R and

thus in conpounds | according to the invention. In addition, in this variant
C, it can then be distinguished whic{g of the conponents - active ingredient
to be introduced or spacer- spacer conponents - the |eaving group carries
and which of the used conpounds the acceptor function takes over (see

pr ocessesfofid iarvdri@it )D. 1Anhiskiserfiratdctiee ppadiedisraad cpated arcllthked tunchei N vari ant D.
In this case, first active ingredients and spacers are |linked to one

anot her  angihet ind Ny Rlyrei@ack @liotbHerdl OAapIReYr AttereMRioRes mdibier enti ati on
in nethods Dl and D2 is carried out anal ogously to process Cthat is

descri beoi?ﬁp.mfﬁz isﬂaﬁieﬂ%ﬂpédgﬁygousz} Rtodebet 1A% REGRRT bW e Athe kdupk@oe of the
a epende

i ndi vi du conponents are nt" on the existing substituents in the

conpounds_ i nyol ved er eby. pri i1y, ion reactions nd.al kyl ati on
reacti ons }%?k a4 MRS ?"é?{'nrﬁey rhfﬁpéd'?@é%l% ORS¢ Searrreede grﬁd%lgo%glf ried out

anal ogously to the nethods that are described in the |literature. The latter
are knowrF"%/sb‘“g SYPSUIBRR f"etge F‘H“E%@gsa OlXEG YRy PrmARY agKlaten FRHInS st at enent .

The reaction schene can also be carried out in the way that the

t wo- conpteatkylatine easkians Rlay agesgael sole. The reaeliomehenacagibe Gargigdovthen, wi t hout
isolation fromthe reaction mxture, can be further reacted. General

assess merangslogeushyt tovike methedsi thatlard desgzihed in {he ditesatatsi [Tihe Jatiof aro keowh ta he
described synthesis variants is not possible. The selection of the suitable
process rathkkilledin thesrt and do got heaimny Hertleev afateatent.i ty of the required starting
materials or the access to the latter and the protective group techni ques
that are necegmadhdactibscBaGdcahtSerbe DaRicdRERIBE WaPpthal tht RGo-0Rhpdredd S are

general ly known or commrercially
intermediate stages are formed only in situ and then, without isolation from the reaction
mixture, can be further reacted. General assessments relative to suitability or
preferability of one of the described synthesis variants is not possible. The selection of
the suitable process rather arises, 1.a., from the availability of the required starting
materials or the access to the latter and the protective group techniques that are necessary
in each case. The necessary starting materials are generally known or commercially
available; unknown educts can be produced analogously to the known compounds.

The claimed compounds can also be synthesized directly from the three
components under suitable reaction conditions, although here, i.a., lower yields of the
desired compound result.

Based on compounds of structure 1-2, which are compounds of type I with A =
CO, n =1 and B = O-CH,CO, key steps of the synthesis of the clatmed compounds below

are to be explained in more detail. The substance class selected for this purpose or the

cited examples are used, however, only for illustration, without limiting the invention to



avai |l abl e; unknown educts can be produced anal ogously to the known
conpounds. The cl ai mred conpounds can al so be synthesized directly fromthe
three conponents under suitable reaction conditions, although here, i.a.,
| ower yields of the desired conpound result. Based on conpounds of
structure 1-2, which are conpounds of type |l with A= CO n =1 and B =
O CH2CO, key steps of the synthesis ofgthe clainmed conpounds below are to
be explained in nore detail. The substance class selected for this purpose
or the cited exanples are used, however, only for illustration, wthout
limting thkiesdopy eMhd bsdqent Statdiints af QRE be IR ned se iRtitutddateaiv®Ves can al so
be assigned to the substituted derivatives directly or with m nor
nDdlflcat&gﬁﬁ oFWhﬁnan Eﬁﬁmﬁék fOr: A= COB = CCH COund n=1 0" Toc
[ Key: ] ¥ = and As a spacer, a glycolic acid conponent is
pr esent |n conpounds 1-2; this conponent can be introduced in a different
way correspoaﬁfnﬁs Qﬁﬁmabove-discussed variants fiprotective groups are
t*th

not indicated at‘thi"s point), forfrekafBle by
B = OCH,CO und O/A\H/
® n=1
) (1-2)
[Key:]
Fiir = for
und = and

As a spacer, a glycolic acid component is present in compounds 1-2; this
component can be introduced in a different way corresponding to the above-discussed
variants (protective groups are not indicated at this point), for example by

* Reaction of activated glycolic acid or of free glycolic acid according to one of the
processes, described under A1-A3, with tocopherol and subsequent O-acylation
by reaction with the active ingredient R-COOH or an activated derivative thereof

(= variant C1)

* Primary reaction of a-haloacetic acid or an activated derivative, such as, for

example, a-haloacetyl halide; because of the varying high reactivity of the two
halogen atoms, only an acylation with tocopherol and subsequent alkylation of the
carboxylic acid function of the active ingredient molecule are carried out here
under suitable reaction conditions by reaction with the free active ingredient (R-

COOH) in the presence of a base (= variant C2).



Reaction of activated glycolic acid or of free glycolic acid according to
one of the processes, described under Al -A3, with tocopherol and subsequent
O acylation by reaction with the active ingredient R-COOH or an activated
derivative thereof (= variant C) Primary reaction of a-hal oacetic acid or
an activated derivative, such as, for exanple, ct-haloacetyl halide;
because of the varying high reactivity,of the two halogen atons, only an
acylation with tocopherol and subsequent al kyl ation of the carboxylic acid
function of the active ingredient nolecule are carried out here under

sui tabl e reactprgfire ytitibh 0Nhe Ativedagtaion mdibduld hierehdia cRRICUOH diahedi ent (R
COOH) in the presence of a base (= variant C2). 20 Primary acylation of the

acti ve i ngrediefil iRlBeHIV With J1FRHELEAD aRd sfBsédibht (@—%cﬁﬁ?}on@ﬁ}t&c\égﬁégg derivative

with glycolic acid and subsequent O acyl ation of tocophero er suitable

reacti on conditj,ons. {: | i | ant.. Esterification
of the activel%ﬁaggﬁﬁ%ﬁ?L%§5§F&§ﬁ%P?%%h%gg%’?%§¥§§¢ﬁméyﬁiﬁgacetic acid or a
derivative that is not activated, however, and subsequent acylation of the

t ocopher ol {varieahgatgpyt thageve ingtedienthy allrlatipareacHon Wb &qRalOdCREC second st ep.
Starting fromthe educts that are used in Cor D, a direct reaction of al
conponent s carncigdios @ dpevatisg Hiabid notactiviihé hpweyaannd subsgtuent ecyliitwowéthed here are
shown in Diagram4 below. HO-,A OH + Toc-OH HO + R COOH A ~Toc (bzw.
aktiviertes tocopherol {variant D2). Here, i.a., an activation precedes the second step.

Starting from the educts that are used in C or D, a direct reaction of ali
components can also be carried out.

The variants that are discussed here are shown in Diagram 4 below.

0 o] (8] (8]
HO\)I\ H + Toc-OH HO \).I\ Toc \)L + Tec-OH
o _— o~ X o ~Toc & X o ~H

+ R-COOH @ Verfahren C @

(bzw. aktiviertes + H-COOH + Base
Derivat, z.B.

R-COX)

o] (0]

wo I o
o’ o’
- R 0. Toc .
+ Toc-0OH \rr o + Tac-OH
+ R-COOH + Base 0 +R-COOH + Base
+ Toc-OH + Toc-OH

Verfabren D @
0 [0} (4] O
HO\)L H  +R-COOH A 0 \)J\ H R o\)J\ H R-COOH X\)L H
0/ - \n/ 0/ Y 0/ - T 0/
o}

(bzw. aktiviertes
Derivat, z.B. Base
R-COX) 0

A, Toc: Defintion laut Anspruch
X: geeignete Abqamsqmppe {v.a. Halogep) .
[R, Toc: Definition according to the claim

X: Suitable leaving group (see also halogen}|

Diagram 4.



Rerivat, zB H COX) + Toc-OH + R-COON + Base Vai Tahran C Vertahren 0 +
R-COON (bzw. aktiviertes Derivat, z.B. R COX) R Toc: Definition |aut
Anspruch X: geeiclrtete Abgangsgruppe (v.a. Halogen) [R Toc: Definition
according to the claimX Suitable |eaving group (see al so hal ogen)] Di agram
4. cz OToc 10C 0.- X"""OH A COOH + Base + Toe-OH + R-COOH + Base 0, H Base

21

[Key:
bzw. aktiviertes Denvat, z.B.... = or activated derivative, e.g., ...

Verfahren = Process

Below and under Experiments, one of these synthesis strategies (D2) — this time
taking into consideration protective groups — is explained in more detail based on the
examples (see also Diagram 5). No preference of the process compared to one of the
other described methods or else analogous processes can necessarily be deduced from
this, however.

In the case of the build-up of these double carboxylic acid esters according to the
method that is presented under Experiments, the first step is the linkage of the acidic
active ingredient with the spacer. The production of these active ingredient-glycolic acid
esters is possible by, for example, the alkylation reaction. While the use of free a-
haloacetic acid can lead to the formation of undesirable by-products, the use of a
compound with protected carboxylic acid function has proven its value. With respect to
the additional synthesis steps, a protective group can be selected that can be cleaved
under very mild reaction conditions. For example, a suitable benzyl ester fulfills this
requirement, since such esters, experience shows, can be cleaved selectively.

For the production of the O-acylated glycolic acid benzyl ester, a solution of the
respective active ingredient, for example the corresponding NSAID, is mixed with an
auxiliary base, and then the carboxylate anion that is formed is converted by reaction

with bromoacetic acid benzyl ester into the corresponding (-acylated glycolic acid ester.



21 [Key: bzw. aktiviertes Derivat, z.B.... = or activated derivative, e.qg.,
Verfahren = Process Bel ow and under Experinents, one of these synthesis
strategies (D2) - this tine taking into consideration protective groups -
is explained in nore detail based on the exanples (see also Diagram5). No
preference of the process conpared to one of the other described nethods or
el se anal ogous processes can necessarily be deduced from this, however. In
the case of the build-up of these dould e carboxylic acid esters according to
the method that is presented under Experinents, the first step is the
| i nkage of the acidic active ingredient wwth the spacer. The production of
t hese active iAdtgr ddihedrogenolyisl dienvags of thepleeiive goypouslisubseqynt f or exanpl e,
the al kylation reaction. Wiile the use of free a- hal oacetic acid can | ead
to the faxtiedtioonf ok catbdedicragbl fendipnpioodiaeipde by bevaisnafitoahe conpound with
protected carboxylic acid function has proven its value. Wth respect to

the addi tdopBgondiiihdi@ chidridd, WhSch idpHsME R VEredétadteiRtrReafRkld K44 t hat can
be cleaved wunder very mld reaction conditions. For exanple, a suitable

I
benzyl esyf » b Blifibthbrd- 1315 Sriail RO NFBMYimctpRYiHe SHE hr&sd fXperience
shows, can bé cl eave §éFe%?ively. Forygﬁgbproghct?%n 5&ﬁ?ﬁ% O acyl at ed
glycolic acid | estear I . Les ive active ingredient,
for exanﬂrgdrfl%%ﬁ%éa}r{ercelglggﬁ(llerr?g:aﬁI%LA%%ﬁ?dsg%Sieggm\%}? ‘Qgﬁocoehxef(ﬁi ary base, and
then the cgyboxylate anion that is forned is converted by reaction wth

br onpaceti g} aci d benz ester into the corresfonding O acyl ated glycolic
acid esteg” 3R Afﬁﬁﬁfﬁkg/hmqrogeﬁe+w&i@\ﬁL gsf, the.gPbrective group and
0

subsequent
0
0 Aktivierung R 0\)'L
R 0\)L _H > \n/ ¢
o CI\I/N\ a
Y
zB. mit N\fn - o it H_CH, H_ CH, CH,
& "l«/\)\/\)\/\/'\c“a
HO
+ N-Methylmorpholin R
+ Base + 4-Dimethylaminopyridin
Y
R o
R o a H \\\CHS H ‘;CHs CH,
(o] ., /\}\/\W
e CH,
R 0]
j‘l/ o
o R
Diagram 5
[Key:]

Aktivierung = Activation
+N-Methylmorpholin = +N-Methylmorpholine

+ Base + 4-Dimethylaminopyridin = + Base + 4-dimethylaminopyridine



activation of the carboxylic acid function, for exanple by conversion into
the corresponding acid chloride, which is possible, i.a., by reaction of
the free carboxylic acid wth 2,4,6-trichloro-1,3,5-triaizne and
N- net hyl nor phol i ne, the three-conponent prodrugs that are claimed here can
be obtained by esterification with tocopherol. 0 RLOFI + F-tO C1L +
N- Met hyl norpholin O Ph H,, PD C 41k. $Xey:} Aktivierung = Activation
+N- Met hyl nor phol i n = +N- Met hyl nor phol i ne + Base + 4-Di net hyl am nopyridin = +
Base + 4-dinet hyl am nopyridine Ph O Aktivierung ROG C\ /N "~ /ClL |
z.B. nit TNN Z3pBediemon thg substitition patiest,ithaicdnepoupds afdype, I thtercdmypdudds of type
| that are descri bed
as well as their precursors can be further functionalized according to processes that are
known in the hiterature. These derivatizations comprise the processes of oxidation,
reduction, ether cleavage, acylations, alkylations, etc., that are well-known to one skilled
in the art.
In addition to the carrier-linked prodrugs, compounds that can be regarded as
bioprecursors, i.¢., that can be converted by non-hydrolytic metabolization into the
corresponding two- or three-component prodrugs or else directly into active ingredients,
are also claimed. The compounds that are cited below are only examples of this type of
combined bioprecursor-carrier prodrug; the scope of the invention, however, is not to be
limited to this scope.
The keto function that is present in the NSAID ketoprofen is an option for, for
example, derivatization; by reduction, the latter can be converted into the corresponding
alcohol or else into a methylene grouping. In the organism, the benzophenone structure
can be further produced by oxidation of the benzhydrole or diphenylmethane partial
structure.
The production of such combined bioprecursor-carrier prodrugs is possible by
reduction reaction, which can be carried out in different stages. Since the synthesis

sequence that is described contains a hydrogenation step, it is advantageous to perform

the reduction of the ketone in this stage.



as well as their precursors can be further functionalized according to
processes that are known in the literature. These derivatizations conprise
the processes of oxidation, reduction, ether cleavage, acylations,

al kyl ations, etc., that are well-known to one skilled in the art. In
addition to the carrier-linked prodrugs, conpounds that can be regarded as
bi oprecursors, i.e., that can be converted by non-hydrol ytic netabolization
into the corresponding two- or three2tonponent prodrugs or else directly
into active ingredients, are also clained. The conpounds that are cited
bel ow are only exanples of this type of conbined bioprecursor-carrier
prodrug; the scope of the invention, however, A3ynot to be Ilimted to this
scope. The keto function that is present in the MNSALD ketoprofen is an
option for, for exanple, deriv'tizati&n;\gﬁireouction, the latter can be
converted into the correspﬂﬂgs ° gt'se into a nethyl ene grouping.

In the organism the benzop ure can be further produced by

oxi dation of the benzhydrol e”or diphenyl nethane partial structure. The
production of such conbi ned bi oprgecursqQr-carrier prodrugs is possible by
reduction reaction, which can b out in different stages. Since the
synthesis sequence that is described contains a hydrogenation step, it is
advant ageous to perform thesreduction of tQe ketone in this stage. 24 0 OH

Akti vi erung on o CH,
JC o
8]

Aktivierung
Aktnierung
I + Toc-OH

H
OH H, * o
O “Toc
Toc o
(e}

Figure 4. Examples of combined bioprecursor-carrier —prodrugs of the ketoprofen

+ Tac-OH

[Key:]

Aktivierung = Activation

Examples of Strategies for the Svynthesis of Novel Two- and Three-Component

Prodrugs

The invention is explained in more detail below based on the embodiments for
implementing the invention. These examples are used only for illustration, without,

however the scope of the invention being limited to this scope.



DC OH Figure 4. Exanpl es of conbi ned bioprecursor-carrier -prodrugs of the
ket oprofen [Key:] Aktivierung = Activation Exanples of Strategies for the
Synt hesi s of Novel Two- and Three- Conponent Prodrugs The invention is
expl ained in nore detail bel ow based on the enbodi nents for inplenenting
t he invention. These exanples are used only for illustration, wthout,
however the scope of the invention beigng limted to this scope. 25 Process
for the Synthesis of Two- Conmponent Prodrugs in the Exanple of NSAl
D Tocopherol - Esters Single-Pot Process: 1.3 equivalents (2.80-4.85 mmol) of
t he respecti v@raasdiokhk iSgnthedidofi By s UsmeottadPiodrugd On tik Fxbmpleetoni tril e, m xed
with 0.33 equivalent (0.72-1.24 mmol) of 2,4,6-trichloro- 1,3,5-triazine as
wel | as INJAERWbMPh&BLBstérd. 37-4. 10 nmol ) of N-net hyl norpholine and stirred
for 2.5 hours at roomtenperature. After 1.0 equivalent (2.15-3,73 mol) of
a- tocopherol gifdisp@lpedsd:n about 5 m of absolute dichloromethane) and
catal yti c anount's of 4-dinethyl am nopyridine are added, the reaction batch
|s heated to 4% AQfvaf [1 §%P-r4r£qnm31:) oHillfﬁesbgémgrc%th)E Eiicuaietdi iL sn?sBQIY e{i%% on is as
ssihl e ?réab [N toring' by NS of “Uhi n- ayer

conpl ete as possi i'on non nea

vacuum St itecsgbivie ek B SR e o Al Pomainah 2t oENeRgan ¢ phase

is washed with 2M hydrochloric acid_ and )
1,3,5-triazine as well as 1.1 equivalents (2.37-4.10 mmol) of N-methylmorpholine and

stirred for 2.5 hours at room temperature. After 1.0 equivalent (2.15-3,73 mmol) of a-
tocopherol (dissolved in about 5 ml of absolute dichloromethane) and catalytic amounts
of 4-dimethylaminopyridine are added, the reaction batch is heated to 45-50°C and stirred
at this temperature until conversion i$ as complete as possible (reaction monitoring by
means of thin-layer chromatogram = TLC).

For working-up, the solvent is distilled off in a vacuum, and the residue is taken
up in dichloromethane. The organic phase is washed with 2M hydrochloric acid and
saturated sodium bicarbonate solution, then washed neutral with water and pre-dried with
saturated sodium chloride solution; after drying on anhydrous sodium sulfate, the solvent
is distilled off. The thus obtained crude product is then purified, for example, by means
of column chromatography.

Two-Stage Synthesis:

One equivalent of the respective carboxylic acid is converted with the aid of one
of the standard processes, 1.€., for example by treatment with thionyl chloride or oxalyl
chloride, into the corresponding carboxylic acid chloride. The crude product that is
obtained after the reaction is completed can be used either directly or after purification

(preferably by distillation) for acylation of the corresponding nucleophile (e.g., a-



sat urat ed sodi um bi carbonate sol ution, then washed neutral with water and
pre-dried with saturated sodiumchloride solution; after drying on
anhydrous sodium sulfate, the solvent is distilled off. The thus obtained
crude product is then purified, for exanple, by nmeans of columm
chromat ogr aphy. Two- St age Synt hesis: One equi val ent of the respective
carboxylic acid is converted with thex@i d of one of the standard processes,
i.e., for exanple by treatnment with thionyl chloride or oxalyl chloride,
into the correspondi ng carboxylic acid chloride. The crude product that is
obt ai ned w@mtepherd)hdor aatttion the activewp cebed/licanidaed tsaatckepphilerardbnoegitt! y or
after purification (preferably by distillation) for acylation of the
cor r espondiredgtion il HpfoRichAely @q@valerd adBuite GDFNQE®kJIvedt Plor aylpdd i on, the
activated carboxylic acid and the nucl eophile are brought to reaction in
appr oxi magighnfroffttHad& kG fhy FORIN aiokahegmrdenﬁﬁtb_rrﬁﬁﬁiu@,%etéﬁiﬁnp,eaf%mk@ o
di chl or onet hane, tetrahydrofuran, dioxane, dinethylformmde, acetonitrile,
or the Ii ' res. f .efer ri et hyl am ne
#ﬁet\g:e BHC%BH.% ﬁglaﬁ%ﬁgé?otage (p?e@ergﬁ ltrllellﬁ}rlélmﬂgﬁp p rgc{n?e() progmé‘?’{al

or pyridine er-an acylation cata ably

4- di met hyl am nopyri di ne) is added, Bel sone. ex I of conpounds t hat
can be pr?f%ﬁ@’é?fgj’%{fﬁ‘o{‘ﬁf’tgl))’%?regﬁr&?%ﬁd ‘?tgg?'af?ﬁpg‘%‘%l?@%%@ti ve ingredient
conponent s: NSAI D: Dexi buprofen Antioxidant: a-Tocopherol Reaction tinme 43

hours Appear arRdeOW,SPER EX3rapiesRl CoMBeHIs thit FanderRreduced RIseBIYdEhcited:
chromat ography: Stationary phase: Silica gel, Mbile phase:

Example 1:
CH,
H,C o i H_ (CH, H, CH, CH,
CH, "'u/\)\/\>\/\/l\c|..3
o
CH,
H,C
Active ingredient components: NSAID: Dexibuprofen

Antioxidant: a-Tocopherol
Reaction time 43 hours
Appearance: Light-yellow viscous oil
Purification  Column chromatography: Stationary phase: Silica gel, Mobile phase:

Dichloromethane/Petroleum ether (Ratio: 10/1)

Elementary analysis: C H
Relativeto  C42HeOs Cld. 81.50% 10.75%
(618.99) Fnd. 81.31% 10.95%

IR (KBr) 1751 cm™
MS (CI) 619.5 (M+1)*

"H-NMR (CDCl;)



Di chl or omet hane/ Petrol eum et her (Ratio: 10/1) Elenentary analysis: Relative
to (618.99) C42H6603 CH Cd. 81.50%0. 75% Fnd. 81.31%40.95% IR (KBr) 1751
cm' M (C) 619.5 (M1)+ 'H NMR (CDC 3) 27 S Val ues

[ppmM Mul tiplicityRel ativeldentification Intensity 7.35d,1=8. OHz2H 7. 12d, J =
8.0 Hz2HPhenyl-H q,J 7.1 Hz1HPhenyl -CH-CH3 ......... ....... - 6.6 Hz2H4- CH2
(Chroman) 2.477.2 Hz-CH2-CH(CH3)2 2. 038H 1.67S3H5- CH3i 7-CH3, 8-CH3, 1.64S3H
2- CH3

Relative
O Values [ppm ] Multiplicity Identification
Intensity
7.35 d,J=8.0Hz 2H
Phenyl-H
712 d,}=8.0Hz 2H
3.98 q,J=71Hz 1H Phenyl-CH-CH;
252 t,J=6.6Hz 2H 4-CH; (Chroman)
247 d,J=72Hz 2H -CHz-CH(CH3),
2.03 S 3H
1.67 S 3H 5-CHs, 7-CH3;, 8-CH,,
1.64 S 3H
1.23 S 3H 2-CHs
3-CH; (Chroman),
Phenyl-CH-CH3,
1.96-1.02 M 27H
-CH;-CH(CH3),, CH,
CH;
4 x CH';
0.91-0.82 M 18H (Tocopherol Side Chain)
-CH;-CH(CH3),
Example 2:
H3
£H, M, GM, H_ .CH CH

e © '/\>§/3\>\\/l\/l\3
- cH,

ey a
0
OO CHJ
HiCn gy o



1.96-1. 02M27H3-CH2 (Chroman), Phenyl -CH CH3, -CH2-CH(CH3)2, CH,

.91-0. 82MBHCH2 4 x CH3 (Tocopherol Side Chain) -CH2-CH(CH3)2 Exanple 2: 28
Active ingredi ent conponents: NSAID: Naproxen Antioxidant: a-Tocopherol
Reaction tinme 40 hours Appearance: Yellow viscous oil Purification Colum
chromat ography: Stationary phase: Silica gel, Mbile phase:

Di chl or omet hane/ Petrol eum ether (Ratizs 4/1) Elenmentary Anal ysi sCH Rel ative
to C43H62O4 (642.97)C d. 80.33 99. 72 % Fnd. 80. 27 9%40.02 % IR (KBr) 1749 cm1
M5(Cl) 643.5 (M+l)+ 'H NMR (CDC13) S Val ues

[ppm Mul tiplicityRel ativeldentification Intensity 7-82-7.70V3H

Active ingredient components: NSAID: Naproxen
Antioxidant: a-Tocopherol
Reaction time 40 hours
Appearance: Yellow viscous oil
Purification  Column chromatography: Stationary phase: Silica gel, Mobile phase:

Dichloromethane/Petroleum ether (Ratio: 4/1)

Flementary Analysis C H
Relative to Cy3Hs04 (642.97) Cld. 8033 % 9.72 %

Fnd. 8027% 10.02%

IR (KBr) 1749 cm™
MS(CI) 643.5 (M+1)*

'H-NMR (CDCl,)

Relative
& Values [ppm} Multiplicity Identification
Intensity
7.82-7.70 M 3H
dd,J=84Hz;J=1.8
7.55 1H Naphthyl-H
Hz
7.18-7.13 M 2H
4.14 q,J=7.1Hz - 1H Phenyl-CH-CHj;




7.55dd, J = 8.4 Hz; J = 1.81HNaphthyl-H 7.18-7.13Hz 2H M

4.141q, J=7. 1Hz1HPhenyl - CH CH3 29 Rel ative 6 Val ues

[ppmM Mul tiplicityldentification Intensity 3.92S3H OCH3 4-CH2 ( Chronan) 3-CH2
(Chroman), 2.14-1.00M26H Phenyl -CH CH3, CH, CH2 1.76S3H5-CH3, 7-CH3i 8-CH3,
1. 72S3H 1. 203H2-CH3 (Chroman) 4 X- -G ,"H,, G 0.88-0.82ML2H (Tocopher ol
Side Chain) i Exanple 3: Cl Active inggedi ent conponents: NSAID:

| ndomret haci n

Relative
O Values [ppm} Multiplicity Identification
Intensity
3.92 S 3H -OCH;
2510 't 2H 4-CH; (Chroman)
3-CH; (Chroman),
2.14-1.00 M 26H
Phenyl-CH-CH;, CH, CH;
202 S 3H
1.76 S 3H 5-CH;, 7-CH3;, 8-CH;,
1.72 S 3H
1.20 S 3H 2-CH3 (Chroman)
4 % CH3
0.88-0.82 M 12H
(Tocopherol Side Chain)

Example 3:
CH,
H,C of m oM H.CH CH,
O "!./\)\/\>\/\/1\CH
Q
el CH,
H,C R o,
P
o
Cl
Active ingredient components: NSAID: Indomethacin

Antioxidant: a-Tocopherol

Reaction time 40 hours



Ant i oxi dant: a-Tocopherol Reaction tine 40 hours 30 Appearance: Light-yellow
viscous oil Purification Columm chromatography: Stationary phase: Silica
gel, Mobile phase: D chloronethane/ Petrol eumether (Ratio: 10/1) El enentary
Analysis CHN Relative to C4sH6MCINCG Cld. 72.88 %8.18 % 1.76 %x 0.3
CH7CI 2 Fnd. 72.89 %8.25 %2.18 % IR (KBr) 1752, 1686 cm 1 MS(Cl) 770.4
(M+1l)" "H- NMR (CDC13) 31 Relative S Values [ppniMiltiplicityldentification
Intensity 7.68-7.61n2H Phenyl-H 7.49-343n2H d,J 2.6 Hzl ndol e- H4

d,J=9. 1HzI ndol e-H7 dd~.... 9.1 Hz 1.- 2.6 6.681H ndole-H6 Hz
Appearance: Light-yellow viscous oil
Purification Column chromatography: Stationary phase: Silica gel, Mobile

phase: Dichloromethane/Petroleum ether (Ratio: 10/1)

Elementary Analysis C H N

Relative 10 C4sHeguCINOs Cld. 7288% 818% 1.76%
x 0.3 CHxClL, Fnd. 7289% 825% 218%

IR (KBr) 1752, 1686 cm™

MS{(CI) 770.4 (M+1)"

'H-NMR (CDCl;)



3- 93l ndol e- CH2- COCR - OCH3 2. 54=6. 6Hz4- CH2 { Chr onan)
...................... .__- 2.45SIndol e-2-CH3 2.05 1.90S3H5- CH3, 7-CH3,
8-CH3x 1.85s3H 1.83-1.67m2H ..3 CH2 (Chronan) 11.02CH, CH2 1.21s3H2 CH3
{Chroman) 4xCH3 0.88-0.831 m 12H(Tocopherol Side Chain) 32 Exanple 4: O
Active ingredient conponents: NSAJD: Ketoprofen Antioxidant: a-Tocopherol
Reaction time 15 hours Appearance: Light-yellow viscous oil Purification
Col um chr omat ogr aphy: Stationary phase: Silica gel, Mbile phase:

Petrol eum et her/Di ethyl ether (Ratio: 3/1) Elenentary AnalysisC H

Relative
0 Values [ppm | Multiplicity Identification
Intensity
7.68-7.61 m 2H
Phenyl-H
7.49-7.43 m 2H
7.08 d,)J=206Hz 1H Indole-H4
691 d,J=9.1Hz 1H Indole-H7
dd,}=9.1Hz;J=2.6
6.68 1H Indole-Ho
Hz
3.93 $ 2H Indole-CH,-COOR
3.82 $ 3H -OCH;
2.54 t,J=6.6Hz ZH 4-CH3 (Chroman)
2.45 s 3H Indole-2-CH;,
2.05 s 3H
1.90 s 3H 5-CHj,, 7-CH3, 8-CHs,
1.85 s 3H
1.83-1.67 m 2H 3-CH; (Chroman)
1.62-1.02 m 21H CH, CHa
1.21 s " 3H 2-CHj; (Chroman)
4 % CH3
0.88-0.83 m 12H (Tocopherol Side
Chain)




Rel ative to C45H6204C1d. 78.57 % 9.11 % x 0.3 CH2C12Fnd. 78.57 %9.37 % IR
(KBr) 1750,1662 cmi MS(Cl) 667.4 (M+1)+ I H-NVR (CDC13) 33 Rel ative b Val ues
[ppmM Mul tiplicityldentification Intensity 7.91-7.42mHPhenyl -H 4. 10q, J=7. 2
Hzl HPhenyl - CH- CH3 2.54t, J 6.6 Hz2H4-CH2 (Chroman) 3H 1. 7353H5- CH3, 7-CH3,
8-CH3, 1.69s3H 3-CH2 (Chroman), 1.86-1.08n26H Phenyl-CH CH3, CH, CH2 2-CH3
(Chroman) 4 x CH3 0.91-0.82m2H ( Tocopherol Side Chain) Process for the

Synt hesi s of Three-Conponent Prodrugs in the Exanple of NSAID dycolic

Aci d- Tocopherol Esters

Example 4:
CH,
He of RO RO CH,
o oH, ‘-:.,/\)\/\)\/\/I\CH3
4]
gUY -
o
Active ingredient components: NSAID: Ketoprofen

Antioxidant: a-Tocopherol
Reaction time 15 hours
Appearance: Light-yellow viscous oil
Purification  Column chromatography: Stationary phase: Silica gel, Mobile phase:

Petroleum ether/Diethyl ether (Ratio: 3/1)

Elementary Analysis C H

Relative to CysHgo04 Cld. 7857% 911%
x 0.3 CH,Cl, Fnd. 7857 % 937%

IR (KBr) 1750, 1662 cm™

MS(CI) 667.4 (M+1)"

'H-NMR (CDCl3)
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Esters One equivalent (4.5-9.0 nmmol) of the respective
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and m xed with 1.5 equival ents of potassium carbonate (6.75-13.5 mmol) and

a spatula-tip full
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1.86-1.08

26H

3-CH; (Chroman),

Phenyl-CH-CH3, CH, CH2

1.21

3H

2-CHj; (Chroman)

0.91-0.82

12H

4XCH3

(Tocopherol Side Chain)

Process for the Synthesis of Three-Component Prodrugs in the Example of

NSAID-Glycolic Acid-Tocopherol Esters

Production of Benzyl Esters

One equivalent {4.5-9.0 mmol) of the respective carboxylic acid is suspended in

20 m] of absolute N,N-dimethylformamide, and mixed with 1.5 equivalents of potassium

carbonate (6.75-13.5 mmol} and a spatula-tip full of sodium iodide. Then, while being

stirred constantly and being cooled with ice, 5.0 equivalents (22.5-45.0 mmol) of

bromoacetic acid benzyl ester (dissolved in 10 ml of absolute N, N-dimethylformamide) is



Cl eavage of the Protective G oup by Means of Hydrogenati on One equival ent
(4.92-8.17 mml) of the respectively benzyl ester derivative is dissolved
in 150 m of tetrahydrofuran, covered for three mnutes with nitrogen and
mxed with 0.2 g of palladiumon activated carbon per g of benzyl ester. At
a pressure of 35 at nost 50 Psi, it is hydrogenated at room tenperature
whi | e bei ng shaken constantly (reaction tinme: 2.5-24 hours, the reaction is
nonitored by neans of TLC). After the34eaction is conpleted, the solution is
covered again with nitrogen, the catalyst is filtered off, and the sol vent
is distilled off in a vacuum The crude product that is obtained is
purified aidedrdregs WighmheSpuise et gsthapt | Thettiash i steredanglgonsgrsien dotsvent (e. g. ,
di i sopropyl ether) or by colum chronmat ography. Activation and

Esterifi campbate od pdssiblocibp hacadn tim@isdulidvimuesrtesictidn B0riBrag bymuads «f t he
respective glycolic acid derivative is suspended in 40 m of acetonitrile,
m xed w thL©). 33 equi val ent (0.38-0.97 mmol) of
2,4,6-trichloro-1,3,5-triazine and 1.1 equivalents (1.27-3.20 nmol) of N

net hyl nmor phol | A¥ger t@NEactibh iy @shpl@éd, theTeR1iDRYEISIG is hRAN:S ShRERAMIGE. After 1.0
equi valent (1.15-2.91 nmmol) of a-tocopherol is added (dissolved) in about 5

m of abs te . 6l rqg@% - fei

4-dinethy¥%ﬁ?%6&§%? |Egt t @ﬂﬁgggﬁggﬁﬂg§?2£ﬂﬁ#£@ﬂgg?g%ykgaﬁéygﬁfpand stirred
until the conversion is as .conplete.as .possible: . t reaction tinme is

17 b5, 5 reura Pt KlerreaTeRh S8 R R R SBGRERR o Up, ¢ he
solvent is distil]ed off in acyum the residue is _taken up in ethyl

acet ate, ‘FFF@!S‘B#‘ %drﬁ“?,m H%P?@WE“&HS%J’“WSP R4\ Wﬂi“‘d@ml'&fgi‘ Q%‘Ef‘ﬂ Bed sat ur at ed
sodi um bi carbonate solution, neutralized with water and predried with

sat ur at eddesisentenntibhEeasiageveight s regehedAf t er dryi ng on anhydrous sodi um

sulfate, the solvent is conpletely
If a precipitate is formed, the aqueous phase is exhaustively extracted with

dichloromethane. The combined organic phases are washed several times with saturated
sodium chloride solution and dried on anhydrous sodium sulfate. Then, the solvent is
distilled off. To remove this N,N-dimethylformamide — this has a disturbing effect in
column chromatography — the residue is taken up in ether, and the ether phase is washed
with water as well as saturated sodium chloride solution. After drying on anhydrous
sodium sulfate, the solvent is distilled off, and the crude product that is obtained is
purified by means of column chromatography (silica gel, LM: 1) PE (for eluting

bromoacetic acid benzyl ester), 2) ether (for eluting the product).

Cleavage of the Protective Group by Means of Hydrogenation
One equivalent (4.92-8.17 mmol) of the respectively benzy! ester derivative is
dissolved in 150 ml of tetrahydrofuran, covered for three minutes with nitrogen and

mixed with 0.2 g of palladium on activated carbon per g of benzyl ester. At a pressure of



distilled off, and the thus obtained crude product is purified by neans of
chromat ography. 36 Exanple 5. H G 0 Active ingredient conponents:
NSAI D: Naproxen Spacer: dycolic acid Antioxidant: ct-Tocopherol Reaction
time 17 hours Appearance: Dark-yellow viscous oil Purification Colum

col um

O

chromat ogr aphy: Stationary phase: Silica gel, Mbile phase: Petroleum Ether
El enentary anal ysis: CH Relative to CAHHE64000 d. 77. 1099. 20%

(701.01) Fnd. 77. 349%8. 93% | R (KBr) 1777, 1746 cm MS (Cl)701.3 (M-1)+ 'H NMWR

(CDC13) Relative S Values [ppmiMultiplicityldentification Intensity
7. 69- 7. 63k shyil is Hydrogenated at room temperature while being shaken constantly

(reaction time: 2.5-24 hours, the reaction is monitored by means of TLC).

After the reaction is completed, the solution is covered again with nitrogen, the
catalyst is filtered off, and the solvent is distilled off in a vacuum. The crude product that
is obtained is purified either by means of recrystallization from a suitable solvent (e.g.,

diisopropyl ether) or by column chromatography.

Activation and Esterification with Tocopherol

1.3 equivalents (1.50-3.98 mmol) of the respective glycolic acid derivative is
suspended in 40 ml of acetonitrile, mixed with 0.33 equivalent (0.38-0.97 mmol) of
2,4,6-trichloro-1,3,5-triazine and 1.1 equivalents (1.27-3.20 mmol) of N-
methylmorpholine, and stirred for 2.5-3 hours at room temperature. After 1.0 equivalent
(1.15-2.91 mmol) of a-tocopherol is added (dissolved) in about 5 ml of absolute
dichloromethane) and one spatula-tip full of 4-dimethylaminopyridine, the reaction batch
is heated to 45-60°C and stirred until the conversion is as complete as possible: the
reaction time is 17-65.5 hours (reaction monitoring by means of TLC).

For working-up, the solvent is distilled off in a vacuum, the residue is taken up in
cthyl acetate, the organic phase is washed with 2M hydrochloric acid and saturated
sodium bicarbonate solution, neutralized with water and predried with saturated sodivm
chloride solution. After drying on anhydrous sodium sulfate, the solvent is completely
distilled off, and the thus obtained crude product is purified by means of column

chromatography.



7.42dd, J = 8.4 Hz; J=2.0 Hz1H 37 Rel ative S Val ues
[ppriMul tiplicityldentification Intensity 7.14-7.08i n2H di J=15.9Hz

2H O CH2-COCOR 4.83d, J 15.9 Hz .............. -- 4.01q, J=7. 2HzPhenyl - CH CH3
3.90s3H OCH3 2.56= 6.5 Hz2H4-CH2 (Chroman) 2.07 1.97s3H5-CH3, 7-CH3i 8- CH3,
1.92s3H ......... 2H3 CH2 (Chroman) = 7.2 HzPhenyl -CH CH3 1.59-1.08i nCH, CH2

2-C4A3 (Chroman) 4xCH3 0.88-0.83 1ml2Hfglocopher ol Si de Chai n)

Example 5:
CH,
H,G o H_.CM, H_ CH, G
" o m AN I AN
El ’ CH,
O\)I\O
H,C., 0 GH,
3]
Active ingredient components: NSAID: Naproxen
Spacer: Glycolic acid
Antioxidant: a-Tocopherol

Reaction time 17 hours
Appearance: Dark-yellow viscous oil
Purification  Column chromatography: Stationary phase: Silica gel, Mobile phase:

Petrolenm Ether

Elementary analysis: C H
Relative to C4sHegOg Cld. 77.10% 9.20%
(701.01) Fnd. 7734% 8.93%

IR (KBr) 1777, 1746 cm’'
MS (CI) 701.3 (M+1)*

'H-NMR (CDCl;)

Relative
O Values [ppm] Multiplicity Identification
Intensity
7.69-7.63 m 3H Naphthyl-H

742 dd, ) = 8.4 Hz; ]=2.0 Hz 1H




38 Exanple 6: 0 H,C C Active ingredient conmponents: NSAID: |ndonethacin
Spacer: dycolic acid Antioxidant: cx-Tocopherol Reaction tinme 24 hours
Appear ance: Light-yellow foamresin Purification Colum chromatography:
Stationary phase: Silica gel, Mbile phase: D chloronethane/ Petrol eum et her
(Ratio: 10/1) Elenentary Anal ysisC HN Relative to CAH66CLNO7 (828.54)C d.
72.48 %8.03 %4.69 % Fnd. 72.30 % 7.937 %.81% IR (KBr)1770,1736, 1680 cm '
M5(Cl) 828.3(Mrl)+ "H NMR (CDC13) 39 Rel ative 8-Val ues

[ppmi Mul tiplicityldentification

Relative
& Values [ppm] Multiplicity Identification
Intensity
7.14-7.08 m 2H
492 d,}=159Hz
2H -0-CH,-COOR
4.83 d,J=159Hz
4.01 q.J=72Hz 1H Phenyl-CH-CH;
3.90 s 3H -OCH;
2.56 t,J] =6.5 Hz 2H 4-CH; (Chroman)
2.07 5 3H
1.97 ) 3H 5-CHj;, 7-CHs, 8-CHg,
1.92 s 3H
1.85-1.69 m 2H 3-CH; (Chroman)
1.64 d,J=72Hz 3H Phenyl-CH-CH;
1.59-1.08 m 21H CH, CH;
1.23 s 3H 2-CHj; (Chroman)
4 x CH;
0.88-0.83 m 12ZH (Tocopherol Side
Chain)




Intensity 7.62-7.58n2H Phenyl -H 7.44-7.40n2H . 6.972.5 Hz1H ndol e- H4

6. 86a, 1=y. 1ti z1HI ndol e- H7 dd, J=9. 1Hz; J=2.5 6. 651H ndol e-H6 Hz

4.92s- O CH2- COCR 3. 81sl ndol e-CH2- COCK f 3.78-0CH3 = 6.2 Hz4-CH2 (Chronman)
2.373H. _...Indole-2-CH3 s3H 1.95s3H5-CH3, 7-CH3i 8-CH3, 1.91s3H ......
......... i n2H3- CH2 (Chroman) 1.59-1.06inJ 21HCH, CH2 1.233H2-CH3 (Chroman)
4 x CH3 0.88-0.83 1m 112H( Tocopherol 43 de

Example 6:
m /Q\/\)\/\/\
Ry~ CH, 0
10
H,C N
; |
Cl
Active ingredient components: NSAID: Indomethacin
Spacer: Glycolic acid
Antioxidant: a-Tocopherol

Reaction time 24 hours
Appearance: Light-yellow foam resin
Purification  Column chromatography: Stationary phase: Silica gel, Mobile phase:
Dichloromethane/Petroleum ether (Ratio: 10/1)
Elementary Analysis C H N
Relative to CsuHa CINO; (828.54) Cld. 7248% 803% 1.69%
Fnd. 7230% 791% 181%
IR (KBr) 1770, 1736, 1680 cm’™
MS(CI) 828.3 (M+1)"

'H-NMR (CDCl3)



Chai n) 40 Exanple 7:
A ycolic acid Antioxidant:
Li ght -yel | ow vi scous oi
Silica gel,

Appear ance:
Stationary phase:

I,c Active ingredient conponents:
a- Tocopher ol

Petrol eum et her/ Di et hyl

Relative
d-Values [ppm ] Multiplicity Identification
Intensity
7.62-7.58 m 2H
Phenyl-H
7.44-7.40 m 2H
6.97 d,J=25Hz 1H Indole-H4
6.86 d,J=91Hz 1H Indole-H7
dd,]=91Hz;J =25
6.65 1H Indole-H6
Hz
492 $ 2H -0-CH;-COOR
3.81 s 2H Indole-CH;-COOR
3.78 s 3H -OCH;
2.56 t,J=62Hz 2H 4-CH; (Chroman)
2.37 s 3H Indole-2-CHj
2.07 $ 3H
1.95 $ 3H 5-CH;, 7-CH,, 8-CH;,
1.91 5 3H
1.82-1.72 m 2H 3-CH; (Chroman)
1.59-1.06 m 21H CH, CH,
1.23 s " 3H 2-CHj; (Chroman)
4 x CH;
0.88-0.83 m 12H {Tocopherol Side
Chain)

NSAI D:  Dexi bupr of en
Reaction tinme 47 hours
Purification Colum chronat ography:
Mobi | e phase:
4/ 1) El enmentary Anal ysi sCH Rel ative to C49H6806 (677.03)C d. 78. 06
940.12 % Fnd. 77.84 99.94% | R (KBr) 17861749 cm -1 M5(Cl) 677.5(M1)+ | H NWVR
(CDC13) Relative S Values [ppniMiultiplicityldentification Intensity 7.24d, J
= 8.0 Hz2H Phenyl-H 7.07d, J = 8.0 Hz2H




41 Relative S Values [ppmiMultiplicityldentification Intensity

4.92d, J=15. 9Hz 2H O CH2- COCR 4. 81d, J=15.9Hz q, J=7. 3HzPhenyl -CH-CH3 --------

------- 2.587 = 6.8 Hz2HACH2 (Chroman) - :
oo . 2.42= 7.0 Hz-CH2- CH(CHB)22083H19983HSCHB 7CHB BCHB 1. 95S3H

3-CH2 (Chroman), 1.89-1.69n8H - CH2- CH(CH3) 2 nR4HPhenyl - CH C113, CH, CH2

1.232-CH3 4xCH3 0. 90-0. 83nmL8H( Tocophef®! Side Chain) -CH2-CH(CH3)2 Exanpl e

8:

Example 7:
CH,
e o f H_ oH, H_ o, CH,
GH, 0 "--,/\)'‘\/\>"\/\/l\m,|3
cH, O\/u\o
he c CH,
Active ingredient components: NSAID: Dexibuprofen
Spacer: Glycolic acid
Antioxidant: a-Tocopherol

Reaction time 47 hours
Appearance: Light-yellow viscous oil
Purification  Column chromatography: Stationary phase: Silica gel, Mobile phase:
Petroleum ether/Diethyl ether (Ratio: 4/1)
Elementary Analysis C H
Relative to C44HesOs (677.03) Cld. 78.06% 10.12%
Fnd. 77.84%  9.94 %
IR (KBr) 1780, 1749 cm™
MS(C]) 677.5 M+1)*

'H-NMR (CDCl3)

Relative
& Values [ppm] Muttiplicity Identification
Intensity
7.24 d,J=80Hz 2H

Phenyl-H
7.07 d,J=8.0Hz 2H




42 Active ingredi ent conponents: NSALD: Diclofenic acid Spacer: dycolic
acid Antioxidant: a-Tocopherol Reaction tinme 34 hours Appearance:

White-yel l owi sh resin Purification Colum chromatography: Stationary phase:
Silica gel, Mbile phase: Dichloronethane/Petroleumether (Ratio: 4/1)

El ementary Anal ysi sC HN Rel ative to C45H61ClI ZNO6 (766.90)C d. 70.48 % 8. 02
%.83 % Fnd. 70.76 %8.17 %.74% 1R (kBr) 3368, 1763, 1745 cm M5(Cl) 766.2
(ML) + TH-NWMR (CDC13) 6 Values [ppm MultiplicityRelative Identification
Intensity 7.34-7.24n8H dt, J = 7.7 Hz, J = 1.7 7.421H HzPhenyl -H

7.01-6.92n2H 6.55d, J F 8.0 Hz1H 43 Relative
O Values [ppm] Multiplicity Identification
Intensity
4.92 d,J=159Hz
2H -0-CH;-COOR
4.81 d,J=159Hz
3.85 q,J =73 Hz 1H Phenyl-CH-CH;
2.58 t,] =68 Hz 2H 4-CH; (Chroman)
2.42 d,J=70Hz 2H -CH;-CH(CH3),
2.08 5 3H
1.99 s 3H 5-CHs, 7-CHj, 8-CH,,
1.95 s 3H
3-CH; (Chroman),
1.89-1.69 m 3H
-CH,-CH(CH;),
1.59-1.08 m 24H Phenyl-CH-CH;, CH, CH;
1.23 S 3H 2-CH;
4 x CH3
0.90-0.83 m 18H (Tocopherol Side Chain)
-CH,-CH(CH3;);
Example 8:

CH, o
h,C o H CHs  H M, CH,
o "'l,/\)\/\)\/\/kEH3
@\/“\ ©
o Sy T
NH e}
al



7Rel ative S Val ues [ppndVUItipIicityldentification Intensity 6.70"s" (br) 11

HNH 4. 952H O CH2- COOK _. . .. _. _ o« it iiiii === 3. 96S2HPh CH2- 000R
t,J=6. 8Hz2H4- CH2 (Chroman) 2707 2. 00s3H 15- CH3, 7- CH3i 8- CH3, 1.95s3H
1.85-1.692H3-CH2 (Chroman) .._..... 1. 60-1. 0821HCH, CH2 1.22s3H2 CH3 4xCH3

0. 88- 0. 82niL2H( Tocopherol Side Chain) Exanple 9: CH, CH, 44 Active ingredient
conponents: NSAID. Mefenam c acid Spacer: dycolic acid

42
Active tngredient components: NSAID: Diclofenic acid
Spacer: Glycolic acid
Antioxidant: a-Tocopherol

Reaction time 34 hours
Appearance: White-yellowish resin
Purification  Column chromatography: Stationary phase: Silica gel, Mobile phase:
Dichloromethane/Petroleum ether (Ratto: 4/1)
Elementary Analysis C H N
Relative to CysHg CINOs (766.90) Cld. 7048% 802% 183%
Fnd. 7076% 817% 174%
IR (KBr) 3368, 1763, 1745 cm™
MS(CI) 766.2 (M+1)"

'H-NMR (CDCl,)

Relative
d Values [ppm] Multiplicity Identification

Intensity

7.34-7.24 m 3H
dt,J=7.7Hz, 1 =17
7.42 1H
Hz Phenyl-H

7.01-6.92 m 2H
6.55 d,J=8.0Hz 1H




Ant i oxi dant: a-Tocopherol Reaction tine 66 hours Appearance: Light-yellow
foamresin Purification Colum chronmat ography: Stationary phase: Silica gel,
Mobi | e phase: Dichl oronet hane/ Petrol eum et her (Ratio: 10/1) El enentary
Analysis C Relative to C4A6HG65NCE (712.03) Ad. 77.60 HN 77 %9.20 % 1.97 %
34 %897 R F 12 %d . n

43
Relative
O Values [ppm] Multiplicity Identification
Intensity
6.70 's' (br) 1H NH
495 s 2H -0-CH,-COOR
3.96 $ 2H Ph-CH;-COOR
2.57 t,]=68Hz 2H | 4-CH;(Chroman)
2.07 s 3H
2.00 § 3H 5-CHa, 7-CH3, 8-CHs,
1.95 s 3H
1.85-1.69 m 2H 3-CH; (Chroman)
1.60-1.08 m 2lIH |  CH,CH;
1.22 $ 3H 2-CHjy
4 x CH,
0.88-0.82 m 12H {Tocopherol Side
Chain)

Example 9:



IR (KBr) 3336, 1779, 1690 cm M5(Cl) 712.3 (Mrl)+ 'H NWR (CDClI3) 6 Val ues
[ppriMul tiplicityRelative lIdentification Intensity 9.12S1H I NH

8.08dd, J=8. OHz, J=1. 61H 7. 30- 7. 01Hz 4HPhenyl-H m 6. 73- 6. 63n2H
5.112H O CH2- COK = 6.5 Hzl 2HI 4-CH2 (Chroman) 45 Rel ative 6 Val ues
[ppmiMul tiplicityldentification Intensity 2.33s3H 2 x Ph-CH3 2. 16s3H s

44
Active ingredient components: NSAID: Mefenamic acid
Spacer: Glycolic acid
Antioxidant: a-Tocopherol

Reaction time 66 hours
Appearance: Light-yellow foam resin
Purification  Column chromatography: Stationary phase: Silica gel, Mobile phase:
Dichloromethane/Petroleum ether (Ratio: 10/1)
Elementary Analysis C H N
Relative to CssHesNOs (712.03) Cld. 77.60% 920% 197%
Fnd. 7734% 897% 212%
IR (KBr) 3336, 1779, 1690 cm™
MS(CD 7123 (M+1)*

'H-NMR (CDCl;)

Relative
0 Values [ppm} Multiplicity Identification
Intensity
9.12 s 1H NH
dd,J=80Hz =16
8.08 1H
Hz
Phenyl-H
7.30-7.01 m 4H
6.73-6.63 m 2H
511 $ ~ 2H -0-CH,-COOR
2.59 t,J=65Hz ZH 4-CH; (Chroman)




2. 06S3H5- CH3, 7-CH3, 8-CH3, 2.02s3H 1, 86-1.703-CH2 (Chronan) .....

: .02nCH, CH2 $2-CH3
4XCH3 0.88-0.82nﬁ2H(TocopheroI ' Side Chaln) Exanples of Conbi ned
Bi oprecursor-Carrier Prodrugs: The reduction of the keto function is carried
out within the scope of the cleavage of the benzyl protective group by
reaction with hydrogen at 50 Psi in the presence of a suitable catalyst;
after the necessary anount of hydrogen is taken up, the reaction is halted.
Then, the corresponding 0-acylated glycolic acid is activated and reacted

with tocopherol. 46 Exanple 10: Active i|ngRedtient | conponents: NSAI
(C=O -partiadp wlﬂeggpmp Ket opmeltiplicityspacer : G ycol | ¢ atdéhtifiehiioiki dant :
a- Tocopher pl Reaction tijme 60 hours Appear aafasitt-l ght -yel | ow vi scous oi
Purificatipn Col um chromat ography: Statijonary phage: Silica gel, Mbile
phase: D ¢hi-oropeyhane/Petroteugrether—Rat if)‘ﬂ 411t
2 x Ph-CHj
2.16 8 3H
2.09 S 3H
2.06 s 3H 5-CHjs, 7-CHj, 8-CH,,
202 5 3H
1.86-1.70 m 2H 3-CH; (Chroman)
1.58-1.02 m 21H CH, CH;
1.23 s 3H 2-CH;
4 x CH3
0.88-0.82 m 12H (Tocopherol Side
Chain)

Examples of Combined Bioprecursor-Carrier Prodrugs:

The reduction of the keto function is carried out within the scope of the cleavage
of the benzyl protective group by reaction with hydrogen at 50 Psi in the presence of a
sutitable catalyst; after the necessary amount of hydrogen is taken up, the reaction is
halted. Then, the corresponding O-acylated glycolic acid is activated and reacted with

tocopherol.



El ementary Analysis C H Relative to C47H660, Cd. 76.20 % 9.00% x 0.2 CH2O 2
Fnd. 76.35 %8.83% IR (KBr) 3428, 1775, 1746 cm WMS(Cl) 727.6 (Mr1)+ 'H NWR
(CDC13) 6 Values [ppniMultiplicityRelativeldentification Intensity

7.36-7. 17MPHPhenyl -H 5.69. .. 1S .. .1H .. .. . TCH OH 47 Relative S

Val ues [ppmi| Miultiplicityldentification Intensity 4.82S2H -O CHz- OOOR

g, J=7. OHz1HPhenyl -CH CH3 2.56t. J---646 Hz-4-CH2 (Chroman) 2.45s (br)1H
(D20 exchangeable) s 1.96s3H I5-CH3, 7-CH3, 8-CH3, 1.93S3H 1.84-1.672H3-CHz
(Chroman) 1.52=7. OHzPhenyl - CH CH3

Example 10:

CH,
1
CH
H,C o 3 H “‘CHQ H “\CHS CH,
OH CH, o] /\>\/\>\NKCH
O\JL ’
0
o] GH,

Active ingredient components: NSAID: (C=0)-partially reduced Ketoprofen
Spacer: Glycolic acid
Antioxidant: a-Tocopherol

Reaction time 60 hours
Appearance: Light-yellow viscous oil
Purification  Column chromatography: Stationary phase: Silica gel, Mobile phase:

Dichloromethane/Petroleum ether (Ratio: 4/1)

Elementary Analysis C H

Relative to C47HgcOp Cld. 76.20% 9.00%
x 0.2 CHxCl, Fnd. 7635% 8.83%

IR (KBr) 3428, 1775, 1746 cm™

MS(CI) 727.6 (M+1)*

"H-NMR (CDCl3)

Relative
d Values [ppm] Multiplicity Identification
Intensity
7.36-7.17 M 9H Phenyl-H

5.69 S 1H CH-OH




-------------------------- 1. 60-1. 09nCH, CH2 3H2-CH3 (Chroman) 4 x CH3

0. 88-0. 83nl2H ( Tocopherol Side Chain) Exanple 11: O Active ingredient
conponents: NSAID: (C=O -reduced Ketoprofen 48 Spacer: dycolic acid

Ant i oxi dant: a-Tocopherol Reaction tine 60 hours Appearance: Light-yellow
viscous oil Purification Columm chromat ography: Stationary phase: Silica
gel, Mobile phase: Dichloronethane/ Pgtrol eumether (Ratio: 411) Elenentary
Analysis CH Relative to C4A7TH66C6 Cid. 78.60 % 9. 37 % x0.4H20 Fnd. 78.58 %
9.11 % IR (KBr) 1779, 1748 cm M5(Cl) 711.3 (Mtl)+ tH NVR (CDCI3) Relative S
Val ues [ppm Mul tiplicitlyldentification Relative

d Values [ppm] Multiplicity Identification
Intensity
4.82 s ZH -0-CH,-COOR
3.84 q,J =7.0Hz 1H Phenyl-CH-CHj;
256 t,]=66Hz 2H 4-CH; (Chroman)
CH-OH
245 s (br) 1H
(D,0-exchangeable)
2.08 S 3H
1.96 § 3H 5-CH;, 7-CH3, 8—CH3,
1.93 8 3H
1.84-1.67 m 2H 3-CH; (Chroman)
1.52 d,J=70Hz 3H Phenyl-CH-CHj;
1.60-1.09 m 21H CH, CH,
1.18 s 3H 2-CHj (Chroman)
4 x CH3
0.88-0.83 m 12H
{Tocopherol Side Chain)
Example 11:

CH

: oh, H, CH, H_ CH cH

OHSC ¢ /\X/J\X/a\/l\!

CH .
) \J\ - CHa
o
o
0 cH,

Active ingredient components: NSAID: (C=0)-reduced Ketoprofen



Intensity 7.30-7.01nDHPhenyl -H = 16.1 Hz 2H- O CH2-0OOR 4.80 1d, J = 16.1 Hz
2HPhenyl - CH2- Phenyl ene- q, J=7. 1HzPhenyl -CH CH3 J = 6.6 Hz4-CH2 (Chroman)
2.08s I3H5-CH3, 7-CH3, 8-CH3, 1.981 s I3H 49 S Val ues

[ppmM Mul tiplicityRel ativeldentification Intensity 1.9453H 1.59-1.02m 24H3
CH2 (Chroman) nPhenyl-CHCH3, CH, --------------- - - -CHZ 1.23s3H2-CH3
(Chroman) 0.89-0.83nml2H4XCH3 ( Tocophe4®l Side Chain) The chem cal conpounds
according to the invention that contain tocopherol and at |east one other
phar maceutical active ingredient are suitable for healing or prophylaxis
of, in particular, inflammtory dbreeises bedacde agid t heir different

phar maceuti cal active

Antioxidant: a-Tocopherol
Reaction time 60 hours
Appearance: Light-yellow viscous oil
Purification  Column chromatography: Stationary phase: Silica gel, Mobile phase:

Dichloromethane/Petroleum ether (Ratio: 4/1)

Elementary Analysis C H

Relative to Cy7Hgs0s Cld. 7860% 937%
x .4 H,0O Fnd. 7858% 9.11%

IR (KBr) 1779, 1748 cm™

MS(CI) 711.3 (M+1)

'H-NMR (CDCl,)

Relative
& Values [ppm] Multiplicity Identification
Intensity
7.30-7.01 m 9H Phenyl-H
4.91 d, J=16.1Hz
2H -0-CH;-COOR
4.80 d,J=16.1Hz
3.92 s ' 2H Phenyl-CH,-Phenylene-
3.83 q,J=7.1Hz 1H Phenyl-CH-CH;
2.58 t,J=6.6Hz 2H | 4-CH; (Chroman)
2.08 s 3H ~ 5-CHj;, 7-CH3, 8-CHs,
1.98 S 3H




i ngredi ent groups, since the pharmaceutical active ingredient that is

sel ected preferably fromthe group of non-steroidal anti-inflammatory
agents reduces or even interrupts the inflamatory process, whereas the

t ocopherol radical acts as an antioxidant. In these chem cal conpounds, the
pharmaceutical active ingredient that is used as well as the tocopherol
that is used are linked to one anotheg9either directly or via a spacer. Wen
used as a pharnmaceutical agent or prodrug, this chem cally-attached

conbi nation of two pharmaceutical active ingredients produces a higher
degree of | effectivenesy or an increased ddslpiane bjility for the patients.
These advand ¥gbesfppai)f gct s Ohdtiplicitysed i|n parti cul ar Identifiratiomse of
| ong-termtherapy, as ils necessary, i.a.|, Infensityseases of the central
nervous system 50 daijns: 1. Chem cal qonpounds |n the formof thejr
racemat es| enanfegpmnmer s [Or di astgreoners \w tgggenerar fornmuta R Toc -1,
(1) in which R stands for the unchanged portion of a variable

phar maceut- ea -ngr-edi-ept-—-rot-ecyl-e; 5B -st-ands f t~—@and Toc
with the for rru?a lJljgc =|R and R, R' and R - are equa(?ﬁi@:]’?—‘p a]ﬁ hyI
stands f of-tocopherol--gnd--A-st-ands -f or---{C=X; SO }--X..OF \ X IS
equal to D, S or NR (vhen n ~: 1) or Slor NR (V\heﬁhe'ﬁl CHbS: 3’ means a
groupi ng X-R QS?f wWeth Y equal t® C=X, SO o?‘”bXR 3 )R 4 ,C&nd n |s

2

1.23 5 3H 2-CH; (Chroman)

4 x CH3
0.89-0.83 m 12H
(Tocopherol Side Chain)

The chemical compounds according to the invention that contain tocopherol and
at least one other pharmaceutical active ingredient are suitable for healing or prophylaxis
of, in particular, inflammatory diseases because of their different pharmaceutical active
ingredient groups, since the pharmaceutical active ingredient that is selected preferably
from the group of non-steroidal anti-inflammatory agents reduces or even interrupts the
inflammatory process, whereas the tocopherol radical acts as an antioxidant. In these
chemical compounds, the pharmaceutical active ingredient that is used as well as the
tocopherol that is used are linked to one another either directly or via a spacer. When
used as a pharmaceutical agent or prodrug, this chemically-attached combination of two
pharmaceutical active ingredients produces a higher degree of effectiveness or an
increased compatibility for the patients. These advantageous effects can be used in
particular in the case of long-term therapy, as is necessary, i.a., in diseases of the central

nervous system.



equal to O to 6, preferably O, 1, 2 or 3, and in stands for |I or 2, whereby
R stands for H C to d()-alkyl, preferably C, to C6-al kyl or aryl, Het
or an aryl or Het radical that is bonded via a C, to C6-spacer, preferably
C, to C3, and whereby R 2 is selected fromthe group al kyl ene, arylene or
Het spacers as well as conbinations thereof, whereby the latter are |inked
to one another either directly or via radical A or via grouping X ,-A- Xp,
whereby o and p are equal to O, 1 or M and the latter can be the same or
different, and whereby R 3 and R 4 stand for H C to C(I-alkyl,
preferablyd -C6-alkyl or aryl, Het o ? aryl or Het radical that is
bonded via a C, to C(, spacer, prefera%l yd to C3-spacers. 51 2. Conpound of
general formula | according to claim1, in which RA for A equal to C=0
refers to an acyl radical of a pharmaceutical active ingredient fromthe
group of the non-steroidal anti-inflammtory agents. 3. Conpound accordi ng
to claim2, inl-vheaicakeompesindpinghefarmiod leapeeapiessemnkiomehoncy| radical of a
non-steroi dal anti-i nfl ammat ory agent that is selected fromthe group of
acet yl sal diggt¢reemers wath gemezdldbémmilel aci d, i bupr of en, i ndonet haci n, ket opr of en,
mef enam ¢ acid, naproxen as well as derivatives thereof, especially
reducti on products of indonethaci S bl as of ket oprofen 4. Chem cal
compound of general formula | agCorf totetaiml1, in which radicals R,
R2, R3, and R4 are selected fromthe gioup of hydrocarbons that are
unbranched, branched or cyclic, saturated or partially unsaturated with
double and/or triple bond(s) unsulﬂ!;titut ed or substituted in at |east one
pl ace, preferably with F, NR6R7, CHQ, SOmal kyl, OR6, CORE,
COORr ', CocdrehR stgadsfay !heélgc@m“o%ofad%@ﬁ‘?'%ﬁh“%?ﬁﬂ&ﬁﬂé%‘fe general formla
| according to cIa|m1 in which the aryl radical is selected fromthe
group of isBeedignt meldeula Bsstands fordr spagengap Jor withdbe formele e

Toc = oM
)
and R’, R”” and R”’’" are equal to H or methyl stands for tocopherol and A stands for
C=X, SOy, X or CH;, whereby X is equal to 0, S or NR! (whenn=1)orSor NR! (when
n = 0), and B means a grouping X-R>-Y with Y equal to C=X, SO,, or C(XR*)R*, and n is
equal to 0 to 6, preferably 0, 1, 2 or 3, and m stands for 1 or 2, whereby R! stands for H,
C: to Cyp-alkyl, preferably C, to Cg-alkyl or aryl, Het or an aryl or Het radical that is
bonded via a C; to Ce-spacer, preferably C, to (5, and whereby R? s selected from the
group alkylene, arylene or Het spacers as well as combinations thereof, whereby the latter
are linked to one another either directly or via radical A or via grouping X,-A-X,,
whereby o and p are equal to 0, 1 or 2, and the latter can be the same or different, and
whereby R* and R* stand for H, C, to Cyy-alkyl, preferably C,-Cs-alkyl or aryl, Het or an

aryl or Het radical that is bonded via a C, to Cq spacer, preferably C, to Cs-spacers.



substituted in at |east one place, preferably with F, d, Br, CN, alkyl,
CF3, NO2, NR6R7, CHO, SOmal kyl, OH, ORE', COR ~, COOR6, COCOR6, CONR~' R7,
or CSNR6R7 or are aryl- or Het-substituted, whereby the phenyl radical is
optionally condensed with other cyclic conmpounds. 6. Chem cal conpounds of
general formula I, whereby the alkyl or aryl radicals have the nmeaning
according to claim4 and/or 5, characserized in that radicals R6 and R7
stand for H C to Co-alkyl, aryl, heteroaryl or for a Cl to

C6- spacer-bonded aryl or heteroaryl radical. 52 7. Chem cal conpound of
gener al fornulZ Compraod df ganetab fasmalarhapcoring taclaigubge mMhichiFbA facdor di ng to one
of clains 2 to 6, wherein the Het radical represents a conpound that is

sel ect ed équahotthd® glaup mfacglatdicad toé d pharmaeduticas taeldveangradienskdm thenonocycl i ¢ or
bi cyclic heterocyclic compounds with 5 to 10 ring nenbers as well as at

| east onegdy @f@@h@mte@;@t ﬁftﬂﬂhﬁmﬁiab{?ﬁ@lﬂts oxygen and/or sul fur, whereby
optlonally t het erocyclic conpound is fused to another carbocycllc

conpound or heieé lnli%ccoﬁﬂﬂ%f&‘@aﬂmﬁln\gﬁ%ﬂkcﬂlforcﬁmvw qﬂ?&r {sormof

their racenates enant | onmers I astereoners W th genera ornu I (1)

RYO- Toc ’im ac¥l &é&cai@ﬁa%h—%{%rﬁdﬁa nrgpngl?a\((?rﬁ r?tnﬁ?ﬂ;' @ﬁ 8%‘8 q'hn roun gsone of

clains 1 emca oun orm of I 'acefat

enanti oma&s acetylsalicylic acid, diclofenic acid, ibuprofen, indomethacin, ketoprofen, mefenamic
acid, naproxen as well as derivatives thereof, especially reduction products of
indomethacin as well as of ketoprofen.

4. Chemical compound of general formula I according to claim 1, in which
radicals R, Rz, R? and R*? are selected from the group of hydrocarbons that are
unbranched, branched or cyclic, saturated or partially unsaturated with double and/or
triple bond(s), unsubstituted or substituted in at least one place, preferably with F, Cl, Br,
CN, NO2, NR°R’, CHO, SOjnalkyl, OR®, COR®, COOR®, COCOR®, as well as CONRR’.

5. Chemical compound of general formula I according to claim 1, in which the
aryl radical is selected from the group of phenyl radicals that are unsubstituted or are
substituted in at least one place, preferably with F, Cl, Br, CN, alkyl, CF;, NO,, NR(’RT,
CHO, SOalkyl, OH, OR®, COR®, COOR®, COCOR®, CONR®R’, or CSNR®R’ or are
aryl- or Het-substituted, whereby the phenyl radical is optionally condensed with other
cyclic compounds.

6. Chemical compounds of general formula I, whereby the alkyl or aryl radicals
have the meaning according to claim 4 and/or 5, characterized in that radicals R® and R’
stand for H, C; to Cyy-alkyl, aryl, heteroaryl or for a C; to Cq-spacer-bonded aryl or

heteroaryl radical.



di astereonmers with general formula I (2) O- "' Toc Spacer-O (2) in which
R, spacer, as well as Toc have the neaning according to one of clains | to
7. 10. Chem cal conpounds in the formof their racenmates, enantioners or

di astereonmers of general formula I (3) (3) 0 ,,Toe in which R and Toc have
t he neani ng according to one of clainms 1 to 7. 53 11. Carrier-1linked
prodrugs for non-steroidal anti-inflanmmtory agents and tocopherol
containing at | east one chem cal conmp®und according to one of claims 1 to 10
in isolated formor as a physiologically harm ess salt and/or solvate. 12.
Combi ned bi oprecursaqr-carrier prodrugs containing at | east one chem cal
conpound accordi¢Rymier! sprapymd @F&‘F'ﬁ"ﬁ‘l ormylaglgiopqiding & glpigy! #othik or as a
physi ol ogically harm ess salt and/or solvate. 13. Conbi ned

bi opr ecursibstitetsy dceprdipgdel P chiewe 2 4 fugvheeein thgibint 1@licalvepreséms ane  or nore
additional derivatizations are perfornmed on pharmaceutically active radical
R or on ¢dngpotimxtthphie selbciedfivme ate. grdup ofRamessis viaritbeopradaét | on of a

conbi ned bi oprecursor-carrier prodrug according to claim112 or 13, wherein

t he functmehbcyatoribieycheh@ab8/clis tdhipdandd Weh Bit® PO ARK M Mbers as welh§ aduced by
reduction reaction.
least one heteroatom, preferably nitrogen, oxygen and/or sulfur, whereby optionally the
heterocyclic compound is fused to another carbocyclic compound or heterocyclic
compound.

8. Chemical compounds in the form of their racemates, enantiomers or

diastereomers with general formula I (1)
R

\n/O\Toc

0
I
in which R and Toc have the meaning according to one of claims 1 to 7.
9. Chemical compounds in the form of their racemates, enantiomers or
diastereomers with general formula I (2)

R 0 Toc
\n/ “Spacer—0~
O

{2

in which R, spacer, as well as Toc have the meaning according to one of claims 1 to 7.
10. Chemical compounds in the form of their racemates, enantiomers or

diastercomers of general formula I (3)

0
R 0\)L Toc
e
0
3

in which R and Toc have the meaning according to one of claims 1 to 7.



15. Pharnmaceutical agent containing at |east one chem cal conpound according
to one of clains 1 to 10 in isolated formor as a physiologically harm ess
salt and/or solvate. 16. Process for the production of a pharnaceuti cal
agent according to claim1l5, wherein at |east one chem cal conpound
according to one of clainms 1 to 10 in isolated formand/or in the form of
the correspondi ng physiologically harmess salt and/or solvate 1is m xed
with additives that are conmon in phafidraceutics. 17. Use of a chem cal
conmpound according to one of clains 1 to 10 in isolated formor in the form
of the correspondi ng physiologically harm ess salts and/or solvates for the
production of Bhé}wéﬁv%ﬂpd@g&fﬂrw -Sieraigad antirinflamgratqry apanyd @di s of
degenerative diseases of the central nervous systens, such as Al zheiner's
di sease, thewphetvddyntddingentesst pux; chiPamdal oxupvusd dicwehseto ddaf Clagtsointod Odi sease
(chorea), multisystem atrophy and other simlar diseases. 18. Use of a
chem cal dspaethidnaoeay dpigiolazi@ng harinlesds aaltmndiortsolvad@. i n i sol ated formor in
the formof the correspondi ng physiologically harm ess salts and/or sol vates

for the productd Q@bntindabispiBaril-Laabs ;ﬁ&ﬁﬂ%sscofn%mﬁg f3tAeHe @EmRa@l N condi tions
or inflammation reactions, in particular | ong- termtherapy of chronic

condi t1 0NGmpbiing 326 teoﬁbﬁmﬁ@k 198 TR ARG RE F8AE rraga%ﬂ Y308 Seilyyel @ e L to

10 in |s orm of correspondi ng ogical ly

har nl ess (if a d/ ?f 03 \{at es for the production of pharmaceutical agents
t hat can SFETh a peroral, transdermal, transnucosal, rectal,

i nhal ati onal Iéfnt racerebroventri cuI ar nanner, 20. Use_of a chem cal

compound accor]cT’r mbineg DOPSECUEPLEFAECHPIOUETRCERANg P Slauy 12 hersiBPme n t he form

of the correspondi ng physiologically harmess salts and/or sol vates
or more additional derivatizations are performed on pharmaceutically active radical R or

on the tocopherol radical.

14. Process for the production of a combined bioprecursor-carrier prodrug
according to claim 12 or 13, wherein the function that is characteristic of the bioprecursor
is introduced by reduction reaction.

15. Pharmaceutical agent containing at least one chemical compound according
to one of claims 1 to 10 in isolated form or as a physiologically harmless salt and/or
solvate.

16. Process for the production of a pharmaceutical agent according to claim 15,
wherein at least one chemical compound according to one of claims 1 to 10 in isolated
form and/or in the form of the corresponding physiologically harmless salt and/or solvate
is mixed with additives that are common in pharmaceutics.

17. Use of a chemical compound according to one of claims 1 to 10 in isolated
form or in the form of the corresponding physiologically harmless salts and/or solvates
for the production of pharmaceutical agents for treatment or prophylaxis of degenerative

discases of the central nervous systems, such as Alzheimer’s disease, Lewy body



for the production of pharnmaceutical agent adm nistration forns that are
suitable for inplants and/or injections and/or infusions.

54

dementia, Parkinson’s disease, Huntington’s disease (chorea), multisystem atrophy and
other similar diseases.

18. Use of a chemical compound according to one of claims 1 to 10 in isolated
form or in the form of the corresponding physiologically harmless salts and/or solvates
for the production of pharmaceutical agents for treatment of pain conditions or
inflammation reactions, in particular for long-term therapy of chronic conditions.

19. Use of a chemical compound according to one of claims 1 to 10 in isolated
form or in the form of corresponding physiologically harmless salts and/or solvates for
the production of pharmaceutical agents that can be administered in a peroral,
transdermal, transmucosal, rectal, inhalational, or intracerebroventricular manner.

20. Use of a chemical compound according to one of claims 1 to 10 in isolated
form or in the form of the corresponding physiologically harmless salts and/or solvates
for the production of pharmaceutical agent administration forms that are suitable for

tmplants and/or injections and/or infusions.



