WO 03/ 064423 PCT/ EP03/ 00459 Aza- Aryl pi perazi nes The present invention
relates to new piperazine derivatives, to processes and internediates for
their prsyp@omictas, to pharmaceuti cal conpositions contai nPCEPG®IANd 5 to
their nedicinal use. The active conpounds of the present invention are
useful in treating obesity and other disorders. The invention is concerned
particularly with conpounds of fornula |I and their pharmaceutically
acceptabl e salts, solvates and esters R RL NNNR4 R3 ~~) 10 wherein
R is hydrogen, hal ogen, alkyl, cycloal kyl, al kenyl, al koxycarbonyl al kenyl,
al koxy, al koxyal kyl, aryl al koxy, hydroxyal kyl, cyano,

cycl oal kyl al koxyal kyl , al koxyal koxyal kyl, aryl al koxyal kyl, am no,
hal oal kyl , hydroxyal koxy, al koxyal koxy, 15 hydroxyal koxyal kyl ,

al kyl car bonyl , hal oal kyl carbonyl, al kyl-S-, alkenyl-S-, A or A2; R2is
hydrogen, al kyl or al koxy; R3 is al kyl, hydroxyal kyl or al koxyal kyl; WO

03/ 064423 PCT/ EP03/ 00459 -2- R3 is alkyl, hydroxyal kyl or al koxyal kyl; R4
is hydrogen or alkyl; A is Ra | O Ro R 5 Ra is hydrogen, alkyl,

cycl oal kyl or cycl oal kyl al kyl ; Aza-Arylpiperazines

The present invention relates to new piperazine derivatives, to processes and
intermediates for their preparation, to pharmaceutical compositions containing them and
5 to their medicinal use. The active compounds of the present invention are useful in

treating obesity and other disorders.

The invention is concerned particularly with compounds of formula I and their

pharmaceutically acceptable salts, solvates and esters

10
wherein
R' is hydrogen, halogen, alkyl, cycloalkyl, alkenyl, alkoxycarbonylalkenyl, alkoxy,
alkoxyalkyl, arylalkoxy, hydroxyalkyl, cyano, cycloalkylalkoxyalkyl,
alkoxyalkoxyalkyl, arylalkoxyalkyl, amino, haloalkyl, hydroxyalkoxy, alkoxyalkoxy,
15 hydroxyalkoxyalkyl, alkylcarbonyl, haloalkylcarbonyl, alkyl-S-, alkenyl-S-, A' or A%;

R’ is hydrogen, alkyl or alkoxy;

R’ is alkyl, hydroxyalkyl or alkoxyalkyl;



Rb is hydrogen or alkyl; or Ra and Rbo together with the oxygen atom and the
carbon atom to which they are attached formtetrahydrofuranyl; Rc is

hal oal kylwoaBky4423 al koxyal kyl or thiazolyl; A2 is Re Rf PCTEPIR4BY O Y R
10 0 Rd is al kyl, cycloal kyl, aryl, aral k¥| or al kenyl; Re is hydrogen or
alkyl; or Rd and R together with the nifrogen atomto which they are
attached form pyrrolidin or benzyl oxycar bonyl pi perazinyl; Rf is hydrogen
or alkyl; a dls%{’%@d’ioé(yﬁ%ﬂr‘)(S@'ﬁ(ﬂx%%{k}'gl kyl . It has been recogni sed that
obesity is a disease process influenced by environnental factors in which
the traditi Bhialhydeigghor hligls nmet hods of dieting and exercise need to be
suppl enented by therapeutic products (S. Parker, "Obesity: Trends and
Treatnments”" ,i9crip Reports, PJB Publications Ltd, 1996). 20 WD 03/ 064423
PCT/ EPO3/ 0045 -3 Whet her soneone is classified as overwei ght or obese is
generally determ ned on the basis of their body mass index (BM) which is
cal cul ated by dividgrhg body weight (kg) by height squared (m . Thus, the
units of BM are kgin2 and it is possible to calculate the BM range
associated with minPnum nortality in each decade of life. Overweight is 5
defined as a BMgupb range 25-30 kg/ nR2, and obesity as a BM greater
than 30 kg/n2. Fxl'he e are problens with this definition in that it does not
take into account tRé proportion of body mass that is nmuscle in relation
to fat (adi pose tissue). To account for this, obesity can al so be defined

on the basis of body fat content: greater than 25% and
5 R*is hydrogen, alkyl, cycloalkyl or cycloalkylalkyl;

R® is hydrogen or alkyl; or R* and R® together with the oxygen atom and the carbon atom
to which they are attached form tetrahydrofuranyl;

R is haloalkyl, alkyl, alkoxyalkyl or thiazolyl;

Ais

Rg
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RY is alkyl, cycloalkyl, aryl, aralkyl or alkenyl;

R® is hydrogen or alkyl; or R? and R together with the nitrogen atom to which they are
attached form pyrrolidinyl or benzyloxycarbonylpiperazinyl;

Ris hydrogen or alkyl; and
15 R&is hydrogen or alkyl.

It has been recognised that obesity is a disease process influenced by environmental
factors in which the traditional weight loss methods of dieting and exercise need to be
supplemented by therapeutic products (S. Parker, “Obesity: Trends and Treatments”, Scrip
Reports, PJB Publications Ltd, 1996).

20



30%in mal es and femal es, respectively. 10 As the BM increases there is an
I ncreased risk of death froma variety of causes that is independent of
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Compounds marketed as anti-obesity agents include Orlistat (XENICAL®) and

Sibutramine. Orlistat (a lipase inhibitor) inhibits fat absorption directly and tends to

20 produce a high incidence of unpleasant (though relatively harmless) side-effects such as
diarrhea. Sibutramine (a mixed 5-HT/noradrenaline reuptake inhibitor) can increase
blood pressure and heart rate in some patients. The serotonin releaser/reuptake inhibitors
fenfluramine (Pondimin®) and dexfenfluramine (Redux ™) have been reported to decrease
food intake and body weight over a prolonged period (greater than 6 months). However,

25 both products were withdrawn after reports of preliminary evidence of heart valve
abnormalities associated with their use. There is therefore a need for the development of a

safer anti-obesity agent.

It is an object of this invention to provide selective, directly acting SHT, receptor
30 ligands for use in therapy and particularly for use as anti-obesity agents. It is a further
object of this invention to provide directly acting ligands selective for 5-HT,g and/or 5-
HT,¢ receptors, for use in therapy and particularly for use as anti-obesity agents. Itisa
further object of this invention to provide selective, directly acting 5-HT,¢ receptor
ligands, preferably 5-HT.c receptor agonists, for use in therapy and particularly for use as
35 anti-obesity agents.



I nsulin dependent diabetes nellitus (I1DDM; and Type 11l or

mal nutrition-related 5 di abetes). The di abetes may be di abetes secondary to
pancr eat iwodB®ease; or diabetes related to steroid use. Paa/Rrosrpasnds of
formula (1) are also useful in the treatngnt and/or prevention of the
sequel ae of hyperglycaemia; in the treatnment and/or prevention of diabetic
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lost. In type II diabetes, often referred to as non-insulin dependent diabetes mellitus
(NIDDM), which afflicts 80-90 % of all diabetic patients in developed countries, the Islets
of Langerhans in the pancreas still produce insulin. However, the target organs, mainly
muscle, liver and adipose tissue, exhibit a profound resistance to insulin stimulation, thus
25 the body compensates by producing abnormally high levels of insulin. In the later stages of

the disease, however, insulin secretion decreases due to pancreas exhaustion.

Current first line treatment for diabetes generally involves adoption of a diet low in
fat and glucose and taking regular exercise. However, compliance can be moderate and as
the disease progresses, treatment with hypoglycemic drugs, e.g. sulfonylureas or

30 metformin, becomes necessary. A promising new class of drugs has recently been
introduced that resensitize patients to their own insulin (insulin sensitizers), thereby
reverting blood glucose and triglyceride levels to normal, and thus abolishing, or at least
reducing, the requirement for exogenous insulin. Troglitazone (Resulin™) and
rosiglitazone (Avandia™) belong to the thiazolidinediones (TZD) class of PPARy-agonists

35 and were the first representatives of the class approved for NIDDM treatment in several
countries. These compounds, however, suffer from side effects including rare but severe
liver toxicity (as seen with troglitazone), and increased body weight in humans. Therefore,



35 and were the first representatives of the class approved for N DDM
treatnent in several countries. These conpounds, however, suffer from side
ef fects iwoloadésags rare but severe liver toxicity (as seeRCHEPN3/00459
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conbrnatronndsﬁ@hrfres a group of the fornula alkyl- 0- in which the term
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n-propoxy, i SORpLoRQX éyaoﬁreg%rone'o%%)usr%ymuéﬁglgrwﬁauyaam&ﬁrntg Wt 98

pref erably nethoxy an
carbon atoms and preferably a cycloalkyl ring with 3 to 6 carbon atoms. Examples of C3-Cg

cycloalkyl are cyclopropyl, methyl-cyclopropyl, dimethylcyclopropyl, cyclobutyl, methyl-

20  cyclobutyl, cyclopentyl, methyl-cyclopentyl, cyclohexyl, methylcyclohexyl, dimethyl-
cyclohexyl, cycloheptyl and cyclooctyl, preferably cyclopropyl and cyclopentyl and
particularly cyclopropyl.

The term "alkoxy", alone or in combination, signifies a group of the formula alkyl-
O- in which the term "alkyl" has the previously given significance, such as methoxy,
25 ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and tert-butoxy,
preferably methoxy and ethoxy.

The term "haloalkyl", alone or in combination, signifies an alkyl group as previously
defined, wherein one or several hydrogen atoms, preferably one to three hydrogen atoms
have / has been replaced by halogen. Examples of haloalkyl groups are trifuoromethyl,

30 trifluoroethyl, pentafluoroethyl and trichloromethyl. Preferred examples are
monofluoromethyl, trifluoromethyl and difluoromethyl. Particularly preferred is

trifluoromethyl.

The term “carbonyl” refers to a group of the formula —-C(O)-.



The term "hal oal kyl ", alone or in conbination, signifies an al kyl group as
previously defined, wherein one or several hydrogen atons, preferably one
to three wopdBogems at ons  have / has been replaced by hal ogen/EPaxenpsd es of
hal oal kyl groups are trifluoronethyl, 30 trifluoroethyl, pentafluoroethyl
and trichloronethyl Preferred exanples are nDnoquoronethyI
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20 fluorjsne, é‘éﬁllepfdrﬂﬁ‘n%g nng%ﬁw s, ARG Dabk! ‘NH% grlemsywhl %ﬁﬂ@ﬂmrom ne. The

term'’ car bOX I'nat1 on,
dimethylamino, diethylamino, methyl- ethylammo, morpholin-1-yl, pyrrohdln- -yl or

piperidinyl etc., preferably amino, dimethylamino and diethylamino and particularly

primary amino.

The term "halogen" signifies fluorine, chlorine, bromine or iodine and preferably

20 fluorine, chlorine or bromine and particularly chlorine and bromine.
The term “carboxy”, alone or in combination, signifies a -COOH group.

The term “alkenyl” alone or in combination signifies a straight-chain or branched-
chain hydrocarbon group comprising a carbon carbon double bond and 1 to 10, preferably
1 to 8 carbon atoms, more preferably 1-4 carbon atoms. Preferred examples are ethenyl

25 and allyl.
The term “cyano”, alone or in combination, signifiesa ~CN group.

The term "pharmaceutically acceptable salts" refers to those salts which retain the
biological effectiveness and properties of the free bases or free acids, which are not
biologically or otherwise undesirable. The salts are formed with inorganic acids such as

30  hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the
like, preferably hydrochloric acid, and organic acids such as acetic acid, propionic acid,

glycolic acid, pyruvic acid, oxylic acid, maleic acid, malonic acid, succinic acid, fumaric



The term "al kenyl " alone or in conbination signifies a straight-chain or
branched- chai n hydrocarbon group conprising a carbon carbon doubl e bond
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"Pharmaceutically acceptable esters" means that compounds of general formula (I)
may be derivatised at functional groups to provide derivatives which are capable of
20 conversion back to the parent compounds in vivo. Examples of such compounds include
physiologically acceptable and metabolically labile ester derivatives, such as
methoxymethyl esters, methylthiomethyl esters and pivaloyloxymethyl esters. Additionally,
any physiologically acceptable equivalents of the compounds of general formula (I),
similar to the metabolically labile esters, which are capable of producing the parent

25 compounds of general formula (I) in vivo, are within the scope of this invention.

In more detail, for example, the COOH groups of compounds according to formula
I can be esterified. The alkyl and aralkyl esters are examples of suitable esters. The methyl,
ethyl, propyl, butyl and benzyl esters are preferred esters. The methyl and ethyl esters are
especially preferred. Further examples of pharmaceutically usable esters are compounds of
30 formula I, wherein the hydroxy groups can be esterified. Examples of such esters are
formate, acetate, propionate, butyrate, isobutyrate, valerate, 2-methylbutyrate, isovalerate
and N,N-dimethylaminoacetate. Preferred esters are acetate and N,N-

dimethylaminoacetate.



"Pharmaceutically acceptable esters” neans that conpounds of general
formula (1) may be derivatised at functional groups to provide derivatives
whi ch ar ewoapatd4e3 of 20 conversi on back to the parent conpPamrEPe3/H035¥i vo.
Exanpl es of such conpounds include physiglogically acceptable and
metabolically labile ester derivatives, such as nethoxynethyl esters,
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orlistat. Additional processes for the preparation of orlistat are disclosed in European Patent

Applications Publication Nos. 185,359, 189,577, 443,449, and 524,495.

20 Orlistat is preferably orally administered from 60 to 720 mg per day in divided doses
two to three times per day. Preferred is wherein from 180 to 360 mg, most preferably 360
mg per day of a lipase inhibitor is administered to a subject, preferably in divided doses
two or, particularly, three times per day. The subject is preferably an obese or overweight
human, i.e. a human with a body mass index of 25 or greater. Generally, it is preferred that

25 the lipase inhibitor be administered within about one or two hours of ingestion of a meal
containing fat. Generally, for administering a lipase inhibitor as defined above it is
preferred that treatment be administered to a human who has a strong family history of

obesity and has obtained a body mass index of 25 or greater.

Orlistat can be administered to humans in conventional oral compositions, such
30 as, tablets, coated tablets, hard and soft gelatin capsules, emulsions or suspensions.
Examples of carriers which can be used for tablets, coated tablets, dragées and hard gelatin
capsules are lactose, other sugars and sugar alcohols like sorbitol, mannitol, maltodextrin,
or other fillers; surfactants like sodium lauryl sulfate, Brij 96, or Tween 80; disintegrants
like sodium starch glycoiate, maize starch or derivatives thereof; polymers like povidone,

35 crospovidone; talc; stearic acid or its salts and the like. Suitable carriers for soft gelatin



Olistat is a known conpound useful for the control or prevention of
obesity and hyperlipidema. See, U S. Patent No. 4,598,089, issued July 1,
1986, whiwb oaben23zli scl oses 15 processes for maki ng orli stratr/ERnsioldss.
Patent No. 6,004,996, which discloses appgopriate pharmaceuti cal
conpositions. Further suitable pharmaceutical conpositions are described
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00/ 09123. A d| tsl ona essﬁaﬁlgo Hegg%ﬂgfggﬁl\é@%?&g?%&atpgwg%dthe

di scl osed i nkeédpm@éernﬂwah@nnacex\pfﬂl chtamms Par ko aini preseNGBE agedss, 359,
189,577, 4 A9 ersa} t I
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i ndex of 25 or greater. Olistat can be adm nistered to humans in
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and soft g ¢ arriers
whi ch can gjlgg%glegg?sge?“t a&eectgénﬂogga{]&ég{ gets Hﬁgsaggg%ﬁggﬁ (fgno‘emlgat in
capsul es are | actose, other sugars and sugar aI cohol s like sorbi toI,
mannitol, maltodextrin, or other fillers; surfactants |ike sodium |l auryl
sulfate, Brij 96, or Tween 80; disintegrants |ike sodiumstarch glycol ate,
mai ze starch or derivatives thereof; poly Ig{g | i ke povi done, 35

crospovi done; talc; stearic acid or it& salf's and the |ike. Suitable
carriers for soft gelatin WO 03/0644 \I§POS/ 00459 -9 capsules are, for
exanpl e, vegetable oils, waxes, fat¥, id and liquid polyols and the
| i ke. Moreover, the pharnaceutical e Yons\can contain preserving
agents, solubilizers, stabilizifdg agéht s, ttiNgRAgent s, enul si fying
agents, sweetening agents, coloring agents agor i ng(lpgents, salts for
varying the osnotic pressure, buffers, coBtihg35 agents and anti oxi dants.
They can al so contain still other therapeutl cally val uabl e

wherein R' is attached to the 6-position, R? is attached to the 9-position and R® is attached
15 to the 4-position.

Preferred are compounds of formula I and their pharmaceutically acceptable salts,

solvates and esters

wherein

20 R'is hydrogen, halogen, alkyl, cycloalkyl, alkenyl, alkoxycarbonylalkenyl, alkoxy,

alkoxyalkyl, arylalkoxy, hydroxyalkyl, cyano, cycloalkylalkoxyalkyl, alkoxyalkoxyalkyl
arylalkoxyalkyl, amino or haloalkyl;



substances. The fornul ati ons may conveniently be presented in unit dosage

formand may be prepared by any nethods known in the pharmaceutical art.

Pref erablwp oombdi4gz at is adm nistered according to the forcmEvs/easshown in

the Exanples and in U S. Patent No. 6, 004 996, respectively. 10 In the
nonencl ature used in the present appllcat} on the carbon atons of the basic
ring system,of nd cording to fornula | are nunbered as

fol lova: BB hg’@‘eﬂg%gw“%k&@w 4a NNR4 5 R3 2 (1) /4 3 wherein R is

attached to the 6-position, R2 is attached to the 9-position and R3 is

attached 1B’ B@HWhéydﬂpmdkﬂmon&opﬁﬁﬂémméd are compounds of fornula | and

their pharmaceutically acceptable salts, solvates and esters R R~ N N
NR4 Rs ( S hydrogen, hal ogen, al kyl, cycl oal kyl,

al kenyl , o?y?ﬁﬁﬁgggfﬁgﬁenyl al koxy, al koxyal kyl, aryl al koxy,
hydroxyalkyl cyano, cycloalkylalkoxyalkyl alkoxyalkoxyalk

aryl al koxyal Ky | Thedhiel IHes hefor bl (ma\fﬂcpfs/*?: é’s%nPéé% PO34Q04EEbond 0 RZ
i s hydrogen, alkyl or alkoxy; R3 is alkyl, roxyal kyl' or al koxyal kyl ; and

Accordingly, compounds of formula (I) are of one of the following formulae (Ia) and (Ib)

R R?
I ~ 9a l N \ 9a
RN N>_\/N~R“ RN N>\/N*R4

R3
(1a) (ib)

wherein R! to R* are defined as before.

Preferred compounds of formula I are those which are of formula Ib. Particularly

10 preferred are compounds of formula I which are of formula Ia.

The compounds of formula I can contain several asymmetric centres and can be
present in the form of optically pure enantiomers, mixtures of enantiomers such as, for
example, racemates, optically pure diastereoisomers, mixtures of diastereoisomers,
diastereoisomeric racemates or mixtures of diastereoisomeric racemates. The optically

15 active forms can be obtained for example by resolution of the racemates, by asymmetric
synthesis or asymmetric chromatography (chromatography with a chiral adsorbens or
eluant).

The term “asymmetric carbon atom (C*) means a carbon atom with four different
substituents. According to the Cahn-Ingold-Prelog-Convention the asymmetric carbon

20 atom can be of the “R” or “S” configuration.
g



R4 is hydrogen or alkyl. The dotted lines in formula | (marked as *)
represent a single or a double bond R2 %R NN ,NRa Rs (~)

Accor di ngwg,030emapdbunds of forrmula (1) are of one of the fecCirarosigp4sor mul ae
(la) and (Ib) R R2 9a 92 R NNNR4 RN NNR4 R3~ R3~ (la) (Ib)
wherein R to R4 are defined as before. Preferred conpounds of fornmula I
are those whic f I : f Gfygpounds
of formula | Vﬁrifﬁﬁg«?éreoc]‘?ﬁ. Or%o?nldg-af %h@%ai(rﬁr%)%hvr}%g Hg %fcgfrbrr?ggé&fl%g an

contai n sevahas theR eandigurationent res and can be present in the form of
optically pure enantionmers, mxtures of enantioners such as, for exanple,
racemates, opt ipzatkirdd B Girdl @ SIHAS SOBIRIa (TE)ct ures of di astereoi soners,
di ast ereoi soneric racemates or ‘m xtures of diastereoi soneric racemates. The
optically 15 active forns can be obtained for exanple by resolution of the
racemates, by asymmetric synthesis or alaﬁlrmetri ¢ chromat ography

(chromat ography with a chiral adso eluant). The term "asymmetric
carbon atom (C*) nmeans a carbon four different substituents.
According to the Cahn-1ngol d-Prel ™on the asymmetric carbon 20
atom can be of the "R' or "S'g&ontiglraN on. NAQB(BSI 064423 PCT/ EPO3/ 00459
-11 Preferred are chiral conpounds of fokmula (la), erein the carbon atom
nunber 9a has the R configuration. Prgterred are cﬂ?ral conmpounds of
formula (lc),

5 wherein R' to R* are defined as before. Formula (Ic) means that the asymmetric carbon

atom C*

N~ N N-g
) — (ic)

is of the R configuration and R' to R* are defined as before with the proviso that in case R®
means alkoxymethyl or preferably hydroxymethyl C* is of the S configuration. The R?

10  substituent occupies an equivalent stereochemical position in the 3-dimensional space.

Further preferred compounds of formula (I) are those, wherein C* is of the R

configuration and wherein R?> means alkyl.

Further preferred are those compounds according to formula (I), wherein C* is of

the S configuration and R? means alkoxymethyl or preferably hydroxymethyl.

15 Preferred are compounds according to formula I and their pharmaceutically
acceptable salts and esters. Particularly preferred are the compounds according to formula

I and their pharmaceutically acceptable salts. Preferred salts are the hydrochloride salts.

Preferred compounds according to formula I are those, wherein R? is hydrogen or
alkyl, preferably hydrogen or methyl. Particularly preferred are compounds of formula I,
20 wherein R? is hydrogen. Further particularly preferred are those compounds of formula I,

wherein R? is methyl.



R2 RNNN-Ra R3 (Ic) 5 wherein R to R4 are defined as before. Formula (1c)
means that the asymmetric carbon atomCc R2 RNNNNRa R3> " (lc) is of the
R confi guwatisos4and Rl to R4 are defined as before with treTmPOVI®S t hat in
case R3 neans al koxynet hyl or pref erabl_ylzhydroxyrret hyl C is of the S
configuration. The R3 10 substituent occupi es an equi val ent stereochem cal

position in th | | e H&F}%Hﬂg& f
formula (1) ar g:u?%‘gfsg?e@e\%}é%g%ﬁ |sdsggyt{rh£l§g’%g{1ﬁ§u§§tld qan / erein R3
means al kylmethylrt her preferred are those conpounds according to fornula
(I'), wherein C is of the S configuration and R3 neans al koxynet hyl or
preferably hydn h el N4 la |
Bnd thei 1 phar nege T B eforted e SR iRls 3L R R T RAERIEE SR by ReM
preferred are the conpounds accordi;? to formula | and their

phar maceut i cal |Brefarred pregompoyngls accophag to fosmulad) whergipeRk tif Bydrogsro Balogen: de

salts. Fyef 16 Q%3R0M S a¥igik B L A IxPEIA! &raho; hIRPRR x?m]g;],ei n RRis
hydr ogen oraﬁ{ygil 4}%? Fe?sel%g%ﬁ)y ?lydrglg{]’en 5(? ]%gfﬁyfl ?a‘gglroticul ar y preferred
are conpourtieoxyilkexrahyl, amino oplrlofedei n R2 is hydrogen. Further

particularly preferred are those conmpounds of fornula I, wherein R2 is
met hyl . VO 03/ Q6dddr Bgé@é?@&%@ﬁle_prgs%nﬁﬂ%rﬁﬁfn fe ebapo @iyt forgmppuUNds of
formula I, wherein R3is alkyl,

_ ) 1oartlcularl{lﬁpmethyl. reoyer, preferred
are conpourthereis &oighalegenpalkir ergloalkyl, alkpayleilkpxpaarpanylylkenygatkoxypr ef er r ed
are conpoungs, SOeAr siyhtkdxp, Hyar 1, cyatlBesyRioAlkiRalk I FESFalkbADGEN, 5
al kyl, cycl oalxifylf(\f/:l %:ykox_y ar}gonyl a k(ca}ﬁayl ,éygl koxyalo%/ill%(ﬂcyano, Bﬁ}‘

cycl oal k| arkalkpuyaliyl, amigp pokglatlkdxyal kyl , anino or hal oal kyl .

Preferred are compounds of formula I, wherein R’ is hydrogen, chloro, bromo,
methyl, ethyl, trifluoromethyl, cyclopropyl, ethoxycarbonylethenyl, methoxypropyl, cyano,
cyclopropylmethoxymethyl, methoxyethoxymethyl, methoxymethyl or primary amino.

Further preferred are compounds of formula I, wherein R is chloro, bromo, methyl,
15 ethyl, trifluoromethyl, cyclopropyl, ethoxycarbonylethenyl, methoxypropyl, cyano,
cyclopropylmethoxymethyl, methoxyethoxymethyl, methoxymethyl or primary amino.

Also preferred are compounds of formula I, wherein R' is hydroxyalkoxy,
alkoxyalkoxy, hydroxyalkoxyalkyl, alkylcarbonyl, haloalkylcarbonyl, alkyl-S-, alkenyl-S-,
A'or A

20 Particularly preferred are those compounds of formula I, wherein R' is fluoromethyl,
difluoromethyl, hydroxy-ethyl, methoxyethyl, ethoxyethyl, cyclopropylmethoxy-ethyl or
allyl-S-.

Further preferred are compounds of formula I, wherein R' is hydrogen, halogen,
alkyl, cycloalkyl, alkenyl, alkoxycarbonylalkenyl, alkoxy, alkoxyalkyl, arylalkoxy,
25 hydroxyalkyl, cyano, cycloalkylalkoxyalkyl, alkoxyalkoxyalkyl, arylalkoxyalkyl, amino,
haloalkyl, hydroxyalkoxy, alkoxyalkoxy, hydroxyalkoxyalkyl, alkylcarbonyl,
haloalkylcarbonyl, alkyl-S- or alkenyl-S-.

Further preferred are compounds of formula I, wherein R'is A' and particularly,
wherein R® is hydrogen, alkyl, cycloalkyl or cycloalkylalkyl; R® is hydrogen or alkyl; and R¢
30 1is haloalkyl, alkyl, alkoxyalkyl or thiazolyl.



A further preferred aspect of the present invention are conpounds of
formula I, wherein R is hal ogen, alkyl, cycloal kyl, alkenyl,

al koxycarwongbedskenyl , al koxy, al koxyal kyl, aryl al koxy, Rrgumesyedsky! ,
cyano, cycl oal kyl al koxyal kyl , alkoxyalkox¥ IkyI 10 aryl al koxyal kyl, am no
or hal oal kyl. Preferred are conpounds of ornula I, mherein R is hydrogen,
chl oro, brono,

et hoxycar bonyl e{(&féﬁk%ﬂmﬁ%ﬁé%}éry Pg%% mé%%)?m}g% opr oﬁér%efn 1 rnerh}flhyl

met hoxyet hoxynet hyl , nethoxynethyl or primary amno. Further preferred are
conpounds of - f ofF#thes Prefexipdansicanirounds ofifprmala Lwlkerein Rids hydrogemer dkyhy | |
trifluoronethyl, cyclopropyl, ethoxycarbonyl ethenyl, nethoxypropyl, cyano,

cycl opropyl met hRfchtﬂ@ d[kﬁaékerreﬁpaglk&¥ Y EthB HsABSA the ’comaﬂolﬁﬁﬁy promﬁlulalqr whEre R M

am no. Al so preferre re conpounds of formula I, whereln
hydroxyalko?ﬁhmnﬁp ¥hof eyl hydroxyalkoxyalkyl, al kyl car bonyl ,
hal oal kyl car bonyl, al kyl -S-, al kenyl - ' ZAor A 20 Particularly

preferred are tM@@ r&&?&?&%@‘dﬁos@fw bmas%fkorﬂmrwkrgn R1§s A 41 oy,
di fl uoroneth y-et hyl , aﬁi}gthyl eth xx@

cycl opropyl f‘ﬁﬁ‘)g ?ﬁf}fll C&k’allﬁﬂllaﬂ' asalkylpg alkayl; Bris d?%dnaféu%]bﬁfpléunds of
formula I, b&nbrRlkyl;anANE T ORRRogdRdragen. al kyl, cycloal kyl , al kenyl,
alkoxycarbonyla kenyl alkoxy, al koxyal kyl , arylalkoxy, 25 hydroxyalkyl,

cyano, cycl oal %r I kax yal kyI al koqé\éal koxyal kyI ary} al ko yal ka:r am no,
hal oal kyl, hydr f&é‘le 3% thoag campeinds of formyla o wagrery yaan areh}' PB&ar bonyl |
hal oal kyl carbonyl, al kyl-S- or alkenyl-S-. Further preferred are conpounds

of for rml al, V\P‘l@feﬁeﬂ akt theTofipoaids ¢rabirh@lhl [, afherein REAIRYIN R Heyl PHRPIOEN,
al kyl , cIoaI ylfﬁ cycloalkylalkyl Rb i s hydrogen o?yalky ,ﬁéﬁgQRgg 30

i's halo ky]Pen - al koxyal kyl or thlazolyl WO 03/ 064423 PCT/ EPO3/ 00459
-13 Also preferred are conpounds of formula I, wherein Ra is hydrogen or

met hyl . Furt heFurtheg bedfeieel] areehepsuinds thforran[arW%el‘ein RhBh§droghR 1S
hydrogen or al kyl. Another preferred aspect of the invention are conpounds

of formula I, V\Qxeaheplles o'?prefs rreci Eérflll)gu%rdg%? Xllulaofarmat hyl.

1. (R)-6-Chloro-4-methyl-1,2,3,4-tetrahydro-2,4a,5-triaza-fluorene;

2. (4R,9aR)-6-Chloro-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene; -
15 3. (4R,9aS)-6-Chloro-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

4. (R)-6-Bromo-4-methyl-1,2,3,4-tetrahydro-2,4a,5-triaza-fluorene;

5. (4R,9aR)-6-Bromo-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

6. (4R,9aS)-6-Bromo-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

7. (R)-4,6-Dimethyl-1,2,3,4-tetrahydro-2,4a,5-triaza-fluorene;
20 8. (4R,9aR)-4,6-Dimethyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

9. (4R,9aR)-6-Ethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

10. (4R,9aR)-4-Methyl-6-trifluoromethyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

11. (4R,9aR)-6-Cyclopropyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

12. (4R,9aR)—3-(4-Methyl-1,2,3,4,9,9a—hexahydro;2,4a,5-triaza-ﬂuoren-6-yl)—acrylic acid
25 ethyl ester;



5 Also preferred are those conpounds of fornula I, wherein RL is A2 and
particularly, wherein Rd is alkyl, cycloal kyl, aryl, aral kyl or alkenyl;
Re i s hydwogemese3 al kyl ; Rf is hydrogen or al kyl; and RO PCI/HPpsio@mgen or
al kyl. Preferred are those conpounds of fgrmula I, wherein Rf and RO are
hydrogen. Preferred are the corrpounds of formula I, wherein Rd is alkyl,
cycl ohexyl ,;3p r §

conmpounds of3 pﬁﬁﬂR) 6%9 I\\Q;ﬁgﬁé} Hﬂ{ggﬁ Mﬁmfgg%ﬂgggg h%&ﬁfdg&jz%grtté garred
conpounds of B?IE‘FBF’aI are: 1.

(R -6-Chloro-4-nmethyl-1,2,3,4-tetrahydro-2,4a,5-triaza-fl uorene; 2.

(1 gR,B9aR) - 6- B0 (4R, 9a R~ aMidtli 1= 1,2 3,43, %h- Bex@Ry d16054ty3 iz, flhidr &iret 6-catBanitdilepr ene;

(4R, 9aS) - 6- -fh- et h trl or ene,

4. (R)-6- o (oA, 8s t%ﬁ’ﬁ% r‘l*’yi‘hiﬂ‘f’@fﬂr‘%ﬁ{}dr O%@Yyi lozsg?éagﬁ iexsdte: %ﬁ"é‘%

(4R, 9aR) 5 6- Br tmezaflueeerey| - 1, 2, 3, 4, 9, 9a- hexahydro-2, 4a, 5-tri aza-f| uorene;

6. (4R 9aS)-6-Brono-4-nethyl-1,2,3,4,9, 9a- hexahydro 2,4a,5-triaza-fl uorene;
7. (R)-4,6-1d nat ily-6-12 MAhbxy)-SthbMARR) 4. Meth r-'ib'ﬁ?@ { heRhsaR-2,4058-

(4R, 9aR) - 4, 6- @i h) I-}l 2, 36)51}9 gﬂexgaydro t?l aza-fluorene; 9.

(4R, 9aR) - 6- Et FF%Z"" ‘Wé?rffyl -1 2,3,4,9, 9a- hexahydro 2 4a 5-triaza-fl uorene;

10.

(4R 9aR) - 4 mtmpa@-mnéthugmmﬂhyhreﬂhyza3,344,9,9%ekefiwdwdr4952tri4@a-ﬂu¢rrehaza-f|
uor ene;

(4R, 9aR) 6 I rQ24a5tr|azaquore
he: d@’g&f? @&%yr ilgfe%%{,.@ “hdxahydio, 91,3 FiEXADAS

1, 2, 3 4 9 9a- hexahydro- 2, 4a, 5 triaza-fluoren-6-yl) -acrylic acid 25 ethyl
ester: \ND OB (490 -poivthrioB?.0@8%-hexalydra:2,4a,5-triaza-fluoren-6-ylamine;

(4R, 9aR) - 6- ( 3- Met hoxy- propyl ) -4-nethyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a,5-tri aza

- fluor ene; 0l R)-6 4RO, 9 AdiVRIHVY12,3,4-tetrahydro-2,4a,5-triaza-fluorene;
1,2,3,4,9, 9a- hexahydro 2. 4a, 5-triaza-fl uorene-6-carbonitrile; 15.

(545 r ?:ZR;_ ? | Ofégﬁggfgi ' enzyrfo % rrtlert]l){yl 1,2, ﬁb@a{l hexah)idréi 493 59t611'1arz]ae ik 1ye91re,o 2, 4a, 5-
(4R, 9aR) - 6- ( 2- Met hoxy- et hoxymnet hyl ) - 4-net hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-
tri aza-f | ud2eR,9aR)-6-Methoxy-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

23. (4R,9aR)-6-Ethoxy-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
15 24. (4R,9aR)-2-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yloxy)-ethanol;

25. (4R,9aR)-6-(2-Methoxy-ethoxy)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;

26. (4R,9aR)-6-Cyclobutylmethoxymethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;
20 27. (4R,9aR)-6-Ethoxymethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

28. (4R,9aR)-6-Cyclohexylmethoxymethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;

29. (4R,9aR)-2-(4-Methyl-1,2,3,4,9,92-hexahydro-2,4a,5-triaza-fluoren-6-ylmethoxy)-
ethanol;

25 30. (4R,9aR)-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-methanol;

31. (4R,9aR)-6-Isobutyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;



17.

(4R, 9aR) - 6- Met hoxynet hyl - 4-net hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-triaza-fl uo
rene; 18wO(Rpe#d2idket hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5- t r i azarfrosiaene; 10
19. 1=.

(4R, 9aR) - 4- Met hyl - 1, 2, 3, 4, 9, 9a- hexahydr 0-125, 4a, 5-triaza-fl uoren-6-yl am ne;

gg (R) - 6- By, @4R94R Ro-DiflRb oM ettlyl 4- rethyl- S 21324994 Resahf@ror2 b saz@zd- HHGrRAE:

4R, 9aR) - 6- B I -4- hyl -1, 2 4 -h h -2, 4a, 5-tri -f
.( ’Zga ) - 6 33e.Qﬁﬁ%}%iluﬁgm&hy&l-mg&yﬂ19,2,%31,9,9621)51?@%1%5&0-2,4:}5-5tri;zral- uzoa}‘ene;uor ene
(4R, 9aR) - 6- Met hoxy-4-net hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-tri aza-fl uorene;
23. 34. (4R,9aR)-1-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-ethanone;
(4R, 9aR) - 6- Et hoxy- 4-net hyl - 1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uorene;
15 24. (4R 3aRYIR92R)-[44Me¢thyll1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-propan-1-
1,2, 3,4, ,_? 9a- hexahydro- 2, 4a, 5-tri aza-fl uoren-6-yl oxy) -ethanol; 25.
(4R, 9aR) “6- ( 20t hoxy- et hoxy) - 4- net hyl - 1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza
- fluorene; 26.
(4R, 9aR) - 6- &y ¢4RPR )y 1 11 Miethylnk 2 Byl 9, %- hetahydro 12,45, B 1rdqz8- famreep atl) lutwn2l -4a, 5- t
riaza- fl uorene:.. 20 27.
(4R, 9aR) - 6- Et hoxynet hyl - 4- et hyl - 1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-tri aza-fl uor
ene; 28.
§ i4§’z 2aR]2 | ﬁz_)% gg&@%&lb,@tﬂ‘?ff&%l NY4-nfbtiirl1H3,2,9,03-héxdhydr §.3; A% BN AIAR0 fen?E S-
(4R, 9aR) - 2-(4-Y%ch§‘}0n£5, 2,3,4,9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uoren-6-yl net ho
xy)- ethanol; 25 30. (4R 9aR) - (4-Methyl -
1, 2, 3, 4,19, 938.{eR NI 1 GRB)-48 Methyl! 192,840 9d HeRihydry-2)4a;5B 1A a Rbren-841)-
(4R, 9aR) - 6- | Sog#"é*i- 4-met hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-tri aza-f | uor ene;
WO 03/ 064423 B 03/ 00459 -15 32.
(4R, 9aR)-6-Di fl uoronet hyl -4-net hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-triaza-flu
orene; 33.39. (4R,9aR)-6-(1-(R)-Hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
(4R 9aR) - 6- Fl yprogrt hyl - 4-nmet hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza-f | uor
ene; 34. ’
(4R, 9aR) - 1-&4- Met h1¥| -1,2,3,4,9,9a- hexahydro-2, 4a, 5-triaza-fluoren-6-yl)-eth
anone: 35.40. (4R.9a )-6-(1-(85)-Hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
(4R, 9aR)s1- (4-ivRkdnel - 1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uoren-6-yl)-pro
pan-1- 5 one; 36. _
(4R 9aR) - 1- L AR ORN)-6 1 AR MetRoR 2o MG ANRE91.£.25% 908 HeBfFialo- Y0 8Nzl ) - DU
(4R, 9aR) - 2, 2, Alubrerfe} uor o- 1- (4-net hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-tri aza-f
| uoren-6- yl)-ethanone;

42. (4R,9aR)-6-(1-(S)-Methoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;

20  43. (4R,9aR)-6-(1-(R)-Ethoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;

44. (4R,9aR)-6-(1-(R)-Cyclopropylmethoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-

2,4a,5-triaza-fluorene;

45. (4R,9aR)-6-(1-(S)-Ethoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

25 fluorene;

46. (4R,9aR)-6-(1-(S)-Cyclopropylmethoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-

2,4a,5-triaza-fluorene;



| 0 38.

(4R, %9aR) - 1- (RS) - (4- Met hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-tri aza-fl uoren-6-yl
) - et hanoWp 03064423 PCT/EP03/00459

(4R, 9aR) - 6- (1- (R) - Hydroxy-et hyl )-4-met hyl - 3, 4, 9, 9a-tetrahydro-|1 H 2, 4a, 5-tri
aza- fluorene; 40. (4R 9aR)-6- (1 (S) - Hydi &y- et hyl ) -4 met hy! -

(R’ - Mot hoxd ‘?E&X%&%wfﬁaﬁ% HARS R0 SR e 2 R Bl gl

fl uorene; 42. YﬁﬂR quRpan-16l; (1 - (S) -Methoxy- et hyI) - 2" et hyl -
1, 2,3,4,9, 9a- hexahydro- 2,4a,5-triaza- fluorene; 20 43.

( 4R 9aR) 6- 481‘(418,)%@5‘ Q)SYTﬁHWIJo)-I ‘/€f4-'ﬁ?ettlr1‘)ﬁl 1;23,2,99a%hRal A AN 3195 Aubfnds L 11 @

za- fluorene;

(4R, 9aR) - 6- (1-Yt F()S)'@%FP%} ®byl met hoxy- et hyl ) -4-met hyl - 1, 2, 3, 4, 9, 9a- hexahydr o
- 2,4a,5-triaza-fluorene; 45. (4R 9aR) - 6- (1 - (9 -Ethoxy et hyl)

- 4- et hyls-  49. 24R.94R 9(Pacdamieetiy-dr33,2,94a  Hexitydea-a;4a Botriakar a6 6-40-thiazol-2-
(4R, 9aR) - 6- (1 a %c opropyl nmet hoxy- et hyl )-4-nmet hyl -1, 2, 3, 4, 9, 9a- hexahydr o
- 2, 4a,5- trl aZa 19 ioréne; WD 03/ 064423 PCT/ EP03/ 00459 -16 47.

(4R 9aR)-3,3,3-Trifluoro-1-(4-nmethyl -1, 2,3, 4,9, 9a- hexahydro-2, 4a, 5-tri aza-f
| uor en- 6- y$() (4R ,58%)- (r(@pdathyl-1,20,4,9,98 hexahiriBaRYa,3-teiag- ffuoreh geyld-thiazol-2-
:-(|4 met hyI ,ygn;?éﬂeangl 9a- hexahydro- 2, 4a, 5-triaza-fluoren-6- yl)-(S)-propan-
-0

gﬁszg?R) ( R% m,ﬁlgé})hg (4%\6ethyl 1,2, 3 4,9 9ahﬁexapx¥c9 ro-2 421,§1 %r1a52at lio%gr? 6f}11)u8rro%2n 2- olI ot
(4R, 9aR) - (S) (4-Methyl -1, 2, 3, 4,9, 9a- hexahydro- 2, 4a, 5-triaza-fluoren-6-yl)-t
hi azol - 20 y52.rfeR aR)es- MEt]hyl 2-(RS)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-

E)gﬁ gasl) 2- (4y§&% an 71 dl2 , 4,9, 9a- hexahydro-2, 4a, 5-triaza-fluoren-6-yl)-pro
(4R, 9aR) - 3- Met (RS) (4-neth , 9a- hexahydro- 2, 4a,5-triaza-flu

or en- 6- 53. (4}¥ 9aR)-1-Methoxy-2- sil (4- methyl 1 2, 4,9,9a-hexahydro-2,4a,5-triaza-fluoren-
6-yl)-propan-2-ol;

54. (4R,9aR)-5-Chloro-2-(RS)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-
15 yl)-pentan-2-ol;

55. (4R,9aR)4-Methyl-6-(2-(RS)-methyl-tetrahydro-furan-2-yl)-1,2,3,4,9,9a-hexahydro-
2,4a,5-triaza-fluorene;

56. (4R,9aR)-6-((RS)-1-Fluoro-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluorene;

20 57. (4R,92aR)-6-((RS)-1-Fluoro-propyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;

58. (4R,9aR)-6-((RS)-1-Fluoro-butyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;
59. (4R,9aR)-6-Ethylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-fluorene;
25  60. (4R,9aR)-6-Allylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-fluorene;
61. (4R,9aR)-6-Propylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-fluorene;

62. (4R,9aR)-6-Isopropylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-fluorene;



yl)-butan-2-o0l; 53.

(4R, 9aR) - 1- Met hoxy-2-(RS) - (4-net hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza-f|
uor en- 6-wb)o3psapan- 2-ol ; 54. PCT/EP03/00459

(4R, 9aR)-5-Chl oro-2-(RS)-(4-nethyl -1, 2, 3, 679 9a- hexahydro- 2, 4a,5-triaza-flu
oren-6- 15 yl)-pentan-2-ol; 55.

(4R, 9aR) 4- N@} YR 9§Rﬁ$ (| ?ﬁ%%ﬂfeﬁ% B8 ALR T Vo3 Fox hiiahydrod2,da 3 B3z € X AN

ydro- 2,4a,5-triaza-
(4R, 9aR) 6- ((ﬂSPHmEFIuoro ethyl)-4-methyl -1, 2, 3, 4,9, 9a- hexahydro-2, 4a, 5-tri
aza- fluorene; 20 57.

(4R, 9afR|) 6-64 E@933)%14@r(Rspt?auﬁaopéms@ﬁMpr%p;l)I’arﬂueaxyﬁazts%gbyﬂl@ﬁa}&dﬂ& S-tr
i aza- uor en

(4R, 9aR) - 6- ((%é? 1“?*%8P8“ﬁﬁtyl) 4-met hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-tri
aza- fluorene; 59.

(4R, 9aR) 56- ﬁlﬁ*}fR@aﬂl)‘-éﬁ%(R&)—Nm}mﬂy blut{)-3;- shethyD 8,2 13c % bartiexahPdrba? Ba,btriaza- f | uo
rene; 25 60.

(4R, 9aR) 6 AIIyPsSITanyI 4-nmet hyl - 1, 2, 3, 4, 9, 9a- hexahydr o- 2-4a, 5-tri aza-fl uo
rene;

(4R, 9aR) 6 i 6PRPRI-6-4 RSk Erheryrputyl)-4-methylel, 33.4iJeahsrahysdre-244a, Sitizdaaza- f | u
orene; 62.

(4R 9aR) - 6- Isogfggyisulfanyl 4-met hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2-4a, 5-tri aza-

fl uorene; 44 3/ 00459

(4R, 9aR) - 6- 19‘?@%6“ -{% %-‘EV%BVO}’Y %‘E’Wi’?u@’f -methyl 143 hRamsttydn-4a, 5. t
ri aza- fibuor ef2gta,56¢iaza-fluorene;

(4R 9aR) - 6- (1- (RS) - Cycl opr opyl net hoxy- propyl )-4-nethyl -1, 2, 3, 4, 9, 9a- hexahyd

ro- 2,4a,5-tqi

(4R 9aR) - 6- ‘§8r (?Eg %%‘?@1 63%"3?3“ 3cid Lyl 13349 Pashegabydro-ddaptrigzay 5 ¢y
i aza- f| uor enduosme-6-ylmethylester;

(4R, 9aR) - 6- (1- (RS) - Et hoxy-butyl)-4-methyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri

aza- fluor ege;(4R9aR)-tert- Butyl carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

(4R, 9aR) - 6- (1- Inethoxy butyl) 4- nethyl 1,2,3, 4,9, 9a- hexahydr
o- 10 2, 4a,5- §%dg%ﬁﬁﬁ$ r’68 (4R, 9aR) - | sopr opyl - carbam ¢ acid

4-nethy|-1,2,3,4,9,9a hexahydro-2-4a,5-triaza-
15  70. Cyclohexyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-

ylmethyl ester;

71. (4R,9aR)- Ethyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-
6-ylmethyl ester;

72. (4R,9aR)- Phenyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
20 fluoren-6-ylmethyl ester;

73. (4R,%aR)-Benzyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-ylmethyl ester;

74. (4R,9aR)- Allyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-
6-ylmethyl ester;

25  75. (4R,9aR)-Ethyl-carbamic acid 1-(RS)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-yl)-propyl ester;

76. (4R,9aR)-Ethyl-carbamic acid 1-(RS)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-yl)-butyl ester;



fluorene-6-yl nethylester; 69. (4R 9aR)-tert-Butyl-carbamc acid

4-met hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-triaza- fluoren-6-ylnethyl ester; 15
70. Cycl oNexglesas bam ¢ aci d PCT/EP03/00459

4-met hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri %za-f | uoren-6- ylnmethyl ester;
71. (4R 9aR)- Ethyl-carbam c acid Ther

;12neE Q}Q Qg_R)%Y?)%%ﬁ?E&tEY )éc% agrliig éleg%@(ﬁ-(glfﬁl%?fl-{,Eg%f&a-hgﬁa}ﬂy&%{-2&,5-%1’3152%[ '

4- et hyl - 1, 2, 3fluoenFaylhestghesthrn- 2, 4a, 5-tri aza- 20 fluoren-6-yl nethyl ester;
73. (4R 9aR)-Benzyl -carbam c acid

4- et hyl - 1, 2,83 ¢ 4cida- &) (4l vl- _fe i$far
TR 9aR)27-8' ﬁ,%@g@ggﬁ]ag&ggf guaq &)@l Ac@yl- 1, YU R0 Bebh Bt ha, $34i80

4- et hyl - 1, 2, 3fluotgndyy Bféﬂ?(h?ﬁéﬁ‘b- 2,4a,5-triaza-fluoren- 6-ylmethyl ester; 25
75. (4R 9aR)-Ethyl - carbam c acid

1- (RS) - (45 meh{4R, 9aR) - IsoproPyl 2arbuenia hyidriotS) - (4ambthyl- 1,2, 339,94 - Hewabipd 1o~ 3,49,5pr opy|
ester; 76. (4Rt 9aR)r- Et krllyg-ﬁarlt%ﬁm c acid

1- (RS) - ( 4- met hiR2 Byosemo gt 698K i1 0- 2, 4a, 5-tri aza- f1uoren-6-yl)-butyl
ester; WD 03/064423 PCT/ EP03/00459 -18 77. (4R, 9aR)-Ethyl-carbam c acid

1- (S) - (4- met8y (4R194R)3Pyrrolidine-hendiygtioadd 4amethyk-1,33#.9,94-bevabyde-24#3,5et hy|
ester; 78. (4Rfr%§§)frugféhp&’-lyhﬁ&ﬁﬁ%9?eﬁ aaai d _

1-(S)-(4-nmethyl -1, 2, 3, 4, 9,/9a- hexahydro- 2, 4a, 5-tri aza- fluoren-6-yl)-ethyl
ester; 5 79. (4R 9aR) -] sopropyl -carbanj.c agid

1-(S)- (4- rret&%y(‘l-l%‘z?a%h?lﬁe@,z%i %ﬂéﬂ?{kﬂ"ar}ll??ﬂgl,bsﬂzﬂ pster Asmethylid 2648991 ) - et hyl
ester; 8@y (4Rh&aRydroP44,kristarfRroterc-ardoxttyl estaci d

4-met hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5- triaza-fluoren-6-yl nmethyl ester;
and 81. (4R 9aR)- Piperazine-1,4-dicarboxylic acid benzyl ester

4-met hyl -1, 2, 3,4, 9,9a- 10 hexahydro-2,4a,5-triaza-fluoren-6-yl nethyl ester.

Exanpl es of par t]éx%rl%llpﬁ:rs |o¥p£)rrﬁg1];1§rrl}rf Slgef&(r)e coolf'rrx];()josun%fs 0? %rrrrrrllflhaa.[ a{re:ar €.

(4R,9aR)-6-Chloro-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
(4R,9aR)-6-Bromo-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5- triaza-fluorene;

15 (R)-4,6-Dimethyl-1,2,3,4-tetrahydro-2,4a,5-triaza-fluorene;
(4R,9aR)-4,6-Dimethyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
(4R,9aR)-6-Ethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
(4R,9aR)-4-Methyl-6-trifluoromethyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
(4R,9aR)-6-Cyclopropyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

20 (4R,9aR)-6-Cyclopropylmethoxymethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;
(4R,9aR)-6-Methoxymethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
(R)-6-Chloro-4,9-dimethyl-1,2,3,4-tetrahydro-2,4a,5-triaza-fluorene;
(4R,9aR)-6-Difluoromethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

25  (4R,9aR)-6-Fluoromethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;



(4R, 9aR) -6-Chloro-4-nethyl -1, 2,3, 4,9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uorene;
(4R, 9aR) -6-Brono-4-nethyl -1, 2,3, 4,9, 9a- hexahydro-2, 4a,5-tri aza-fl uorene;

15 (R)-4,wobsroeuby| - 1, 2, 3, 4-t et rahydro- 2, 4a, 5-tri aza- f | uoPEmMAEP03/00459

(4R 9aR)-4,6-Dinmethyl - 1,2,3,4,9, 9a- hexahlr o- 2, 4a, 5-triaza-fl uorene;

(4R, 9aR) - 6- Et hyl -4-net hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-tri aza-fl uorene;
(4R, 9aR) - 4- Mt Jur)ei 1-13) L Ery@HoRTRIHPYL4-IneuyR- 3, o Rty MV N 2o, Ftridial 1 | aza- T |
uor ene;

(4R, 9aR) - G-Mﬁb‘ﬁr opyl -4-met hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uore
ne; 20 (4R 9aR)-6- Cycl opr opyl net hoxynet hyl - 4- net hyl -
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orene; 25

(4R 9aR) - 6- : i - efhy®)-Pan BN DY IUD- B BekaBydrbiBea5-f | uor
ene; WO 03/ gdéﬁ%%[% ﬂyélgP(é)%/ Orgg%nkdioﬁ( 4R, 9aR) gﬂ (1 - (S - H%r ox?/@et hyl )
- 4- et hy| - 3tAZY: Srecnéi?néinydr 0- 1H2,4a,5-triaza- fluorene;
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aza- fl uor eR,94R)-6-Allylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-fluorene.
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za-fl uorene;

(4R, 9aR) - 6- (1- (S) - Cycl opr opyl net hoxy- et hyl ) -4-net hyl -1, 2, 3, 4, 9, 9a- hexahydr o
- 2, 4a, 5-10t r i azaPfdcasesefoe theamanufacture of the compounds according to formula I are an

(4R 9aR) - 6- ALl vl sul fanyl - 4- met.hyl=1, 2. 3.4 : - 2- Ll -f.l uo
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1,2,3,4-Tetrahydro(2,4a,5]triaza-fluorenes of formula II and III can be prepared
20  according to scheme 1 by a process where the 7-aza-indole-2-carboxylate of formula A is
first reacted with an alpha halo alkanenitrile (e.g., 2-bromo propionitrile) in a suitable
solvent (e.g., DMF) with a suitable base (e.g., sodium hydride). Compounds of formula II
correspond to compounds of formula I, wherein R? and R* are hydrogen. Compounds of
formula III correspond to compounds of formula I, wherein R? s alkyl or alkoxy and R* is

25 hydrogen.

The intermediate B is reduced and cyclized to the tetrahydro(2,4a,5]triaza-fluorene II or
I11 by reaction with a suitable reducing agent in a suitable solvent (e.g., LiAlH4 in THF or
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1, 2, 3, 4- Tworoahyded[ 2, 4a, 5] tri aza-fluorenes of forrmula || @ad/EPbd/oman be
prepared 20 according to schene 1 by a prgcess where the

7-aza-indol e-2-carboxylate of formula Ais first reacted with an al pha

hal o al kanegif #i - LanLtri ' '

(o g DN tferk Rt scieit 1300, BIGRLBR frclefihly 11 Wb, pRgeBly
fornul a || mehylossgyhd to compounds of fornula |, wherein R2 and R4 are
hydr ogen. Conpounds of formula IIl correspond to conmpounds of fornula I,

wherein R2 is alkyl, an@ﬂc‘éﬂf%uﬁ@ﬁae@&difgztozérﬁﬁﬁwgen- The internediate B is

reduced and cycli'zed to the tetrahydro 4a,5]triaza-fluorene Il or 11l by
reaction with a suitable reducing agent in a suitable solvent (e.g., LiAH4

in THE or WO O03/dapshdd JIEd/nRitD A, WR4RH R-idByaiogbhyt hAbRARY, partiBdlailf cg6HgE®e 1
Is an al kyl grou&,ﬁ (ﬁ;ﬁ&(ér blma | oner al ky?, group, preferably nethyl or
ethyl . Prepkr4eriabe noz)(% s according to forrmula A: Conpound of fornula
A, wherein R is hydrogen or hal ogen, particularly chlorine 5 are

descri bed i n WOo0EeLZES of foompbakoeheodin R isdefined\as dferesiith fe provistethanR s as
before wt | t . b S I»p AP n

anal ogous Blroﬁ)gggré%%}sléaglg%ecgrbﬁ%ggl ]ID)%’] 8%%% gg&g;gs%s%g&é%%%%m dat P%%é?b?’he

pyri di ne nietg exdatiemof the pxridine airegende theoNraxidd wnder aRPI@PHRIG@XIdiENGi t i ons,

tsgcth hgs N”gicég&ﬂbﬁﬁ,%ﬁa{ MBS r6p@6kbehboifl h&RLQ HRAR-BARMaA thd frEAIRNG Of

e Wi.th a nucl eophjlic system such as neat,agetic. acid
anhydri é& dhe He?f%é? withainusclepphilic Hater SPﬁbasgﬂeéE%ﬁ?E‘é agif aghidi; BPenIpAcacid | | ke
e. g. hexanifrbylidt inithegsdct Bf asifitdbledabs liks gVibmetigididlazar® ig a suitable
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this process, preferably with a Boc group.

Compound of formula A, wherein R' is as defined before with the proviso that R' is
15 not halogen can also be obtained by analogous process as described in Synthesis 1996, 877
from N-protected (preferably Boc) 3-alkyl-2-aminopyridines, through double
deprotonation with a base, such as n-butyllithium in a suitable solvent like, e.g.
tetrahydrofuran and subsequent treatment of the intermediate with diethyloxalate and
dehydration of the resulting adduct under acidic conditions, e.g. with hydrochloric acid in
20 an appropriate alcohol, such as, e.g. ethanol.

Compounds according to formula A particularly in case R is alkoxy can also be
synthesized in a process where 2-(ethoxycarbonylmethyl-amino)-nicotinic acid ethyl
esters, which can be obtained by, e.g. reaction of 2-amino-nicotinic acid ethyl ester with
glyoxal and perchloric acid in ethanol, are cyclized to the corresponding 3-hydroxy-1H-

25  pyrrolo[2,3-b]pyridine-2-carboxylic acid ethyl esters which in turn are alkylated with
suitable alkylating agents in an appropriate solvent (e.g. ethyl iodide in tetrahydrofuran).

Alpha halo alkanenitriles can be either purchased from commercial sources or
synthesized from, e.g. reaction of acrylonitrile with bromoalkanes under UV irradiation in
the presence of, e.g. triphenylphosphine and a suitable catalyst such as copper(I)chloride

30 in an appropriate solvent like, e.g. tetrahydrofuran (analogous to the process described in
J. Am. Chem. Soc. 1983, 105(22), 6719). Alpha halo alkanenitriles can also be prepared in a
process, where an alkoxyacetonitrile derivative is irradiated in the presence of a suitable
brominating agent like, e.g. N-bromosuccinimide in tetrahydrofuran (analogous to the
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1,2,3,4-Tetrahydro(2,4a,5]triaza-fluorenes of formula II and III can also be prepared

according to scheme 2 by a process where the 7-aza-indole-2-carboxylate of formula A is

10 first reacted with the Boc-sulfamidate X in a suitable solvent (e.g., DMF) with a suitable
base (e.g., potassium tert-butylate or sodium hydride) followed by removal of the Boc
protecting group (Boc means tert-butoxycarbonyl) with a suitable reagent e.g.
trifluoroacetic acid (TFA) and ring closure in the presence of base (e.g., potassium
carbonate). The stereochemistry of the carbon atom attached to R* in Boc-sulfamidate X

15 1isinverted (>90% e.e.) in this reaction sequence. The intermediate amide D is reduced
with a suitable reducing agent in a suitable solvent (e.g., LiAlH, in tert-butyl methyl ether
or borane-dimethylsulfide complex in THF). R? in scheme 2 is an alkyl group,Apreferably a
lower alkyl group, preferably methyl or ethyl. In case R? means hydroxyalkyl the
corresponding hydroxy group can be protected by, e.g. a tert-butyl-dimethylsilyl group.

20 Compunds II and III are defined as in scheme 1.

Chiral compounds according to formulae II and III can e.g. be obtained as follows:
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[, 111 1,2,3,4-Tetrahydro[ 2, 4a, 5] triaza-fluorenes of fornmula Il and I1]
can al so we omepas ed according to scheme 2 by a process \RQEEPOS/NES9
7-aza-indol e- 2-carboxyl ate of formula A i 10 first reacted with the

Boc-sul fam date X in a suitable solvent (¥ 9., DW) wth a suitable base
(e.g., pot a§§1ieuré13tert-butyl ate or sodium hydride) foll owed by renoval of

t he Boc proct scti ng group (Boc nmeans tert-butoxycarbonyl) with a suitable
reagent e.g. trifluoroacetic acid (TFA) and ring closure in the presence
of base (e.g., potassium carbonate). The stereochem stry of the carbon
atom attached to R3 in Boc-sulfamdate X 15 ig inverted (>90%e.qg.) in this
reacti on sequence. Thei ntermediate anide D iR reduced with a itabl e
reduci ng agent i t abjOe sol vent (e [
et her or boraneddi pet ul fi de—sonpl ex i
al kyl group, préfeNablN a NHower al k@l gindupN pr éter abl B'“menhy NHhyl .
In case R3 neans hydr kyl the correspond%}rg-/ﬁg-groxy group cairbe
protected by, e.g. afert-butyl-dinethylsil{ group. 20 ConpuRds Il and
1l are defined as in_schene 1. Chiral conpounds according to formul ae 1|1
and Ill can e.g. be oBt ai ned as fol |l ows: WO 03/ 064423 PCT/ EP03/ 00459 - 22-
Scheme 3R RR R2 + R NNNHRNNNHRNNNHR3} R3R-D

5 If racemic Boc-sulfamidate X is used in this process, the enantiomers of intermediate D

can be obtained by methods known in the art, e.g., by preparative chiral HPLC.

Scheme 4

10 I, 111

The enantiomers of 1,2,3,4-tetrahydro[2,4a,5]triaza-fluorenes II and III can be
obtained either by using a chiral sulfamidate X or by separation of the enantiomers by
preparative chiral HPLC or by crystallisation with suitable chiral acids, separation of the

15 diastereomeric salts and isolation of the enantiomers from these salts. An alternative access
to the enantiomers of 1,2,3,4-tetrahydro[2,4a,5]triaza-fluorenes II and III involves the

separation of the enantiomers of the precursor C, e.g., by preparative chiral HPLC.



5 If racem c Boc-sulfamdate X is used in this process, the enantioners of
I ntermedi ate D can be obtai ned by nethods known in the art, e.g., by
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IMF RNN R3)--\ GHNHBoc 7-Aza-indolge derivatives H can be q:repared
according to schenme 5, starting from 5 protected o-iodoanilines (PG neans
a suitable protective group such as e.g. Fﬂ_\ X)
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7-Aza-indole derivatives H can be prepared according to scheme 5, starting from
5 protected o-iodoanilines (PG' means a suitable protective group such as e.g. N-

methoxycarbonyl) by cross-coupling reaction with suitably substituted and optionally
protected carbinols (preferred protective groups PG? are silyl ethers, especially preferred is
tert-butyl-dimethylsilyl). The reaction proceeds in the presence of a suitable catalyst (e.g.,
bis-triphenylphosphine palladium dichloride and copper(I)iodide as co-catalyst) in a

10 suitable solvent (e.g. triethylamine). The intermediate E is treated with a base (e.g. LIOH
in THF/water) to yield the indole derivative F. After deprotection (e.g., with
tetrabutylammonium fluoride) in a suitable solvent (e.g., THF), the resulting alkohol is
oxidized (e. g., with manganese dioxide in dichloromethane), to yield the indole derivative
G. Alkylation of G with the Boc-sulfamidate X in a suitable solvent (e.g., DMF) in the

15 presence of a suitable base (e.g., sodium hydride or potassium tert-butylate) leads to
intermediate H. The stereochemistry of the carbon atom attached to R in Boc-sulfamidate

X is inverted (>90% e.e.) in this reaction sequence.

Alternatively, compounds of formula H can be prepared according to scheme 6:
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5 7-Aza-indole derivatives H can also be prepared according to scheme 6, starting

from protected o-iodoanilines (a suitable protective group, PG1, is, e.g. N-
methoxycarbonyl) by cross-coupling reaction with propargyl alcohol derivatives in the
presence of a suitable catalyst (e.g., bis-triphenylphosphine palladium dichloride and
copper(I)iodide as co-catalyst) in a suitable solvent (e.g. triethylamine), followed by

10 treatment with a base (e.g. LIOH in THF/water). The alcohol intermediate is oxidized, e. g.
with manganese dioxide in dichloromethane, to yield the indole derivative G. Alkylation of
G with the Boc-sulfamidate X in a suitable solvent (e.g., DMF) in the presence of a suitable
base (e.g., potassium tert-butylate or sodium hydride) leads to intermediate H. The
stereochemistry of the carbon atom attached to R? in Boc-sulfamidate X is inverted (>90%

15 e.e.) in this reaction sequence.



R3 NHBoc H 5 7-Aza-indole derivatives H can also be prepared according to
schene 6, starting fromprotected o-iodoanilines (a suitable protective
group, PGYpBm¢44e3 g. N met hoxycarbonyl) by cross-coupli n@Craeos/dms Wit h
propargyl al cohol derivatives in the presence of a suitable catalyst
(e.g., bis-triphenyl phosphine palladium ichl oride and copper(!)iodide as
co-cat al ystg, hlg ed sSuitable solvent (e.g. tr| ethylam ne), followed by 10
treatment with a base (e.g. LiOHin THF/water). The al cohol internediate is
oxidized, e. g. wth manganeee.FQl oxide in ronet hane, to yield the

i ndol e derivative G Al kyl ation of .G with|t the B ul fami date X in a

sui tabl e sol vent (e.g. DIVF) L,Aqme pr egt yfjabl & base (e.qg.
potassiumtert-butyl at e or sodl um*hydri de) | ead;%-t_o/l ntermediate H The

stereochem stry of the carbon atom attached tog®3 in Boc-sulfam date X is
inverted (>90% 15 e.e.) in this reaction sequence V\D 03/ 064423
PCT/ EPO3/ 00459 -25- Schene 7 H 1. TFA 2. Li Al NNNHII HC, EtOCAc H

NaBH( OAc) 3 AcOH, CH2CI12 R N NBoc N R3/~_ As E%F\%@d in scheme 7, the
internedi ates of fornmula H can be further processed to 5 conpounds of
formula Il by either renoval of the Boc protecting group (e. g., with

trifluoroacetic acid) to yiel g imne in (ate which is not isolated
but reduced directly wgh [’E%Eﬁ ;iﬁ}eal um ni ydBRi toyield Il as a
separabl e m xture of epirrerg 'ﬁtﬁ glrec1 i e dduatmon (e.g., with
sodi um tri acet oxyborohydrid Ol ar' si eves a acetic acid in a

sui tabl e solvent, e.g., dichloronethane) to yi @d conpound IV, followed by

1o renoval of the protecting group (e.g., with hydrochloric acid in ethyl
acetate).

As described in scheme 7, the intermediates of formula H can be further processed to
5 compounds of formula II by either removal of the Boc protecting group (e. g., with
trifluoroacetic acid) to yield an imine intermediate which is not isolated but reduced
directly with lithium aluminium hydride to yield II as a separable mixture of epimers, or
direct reductive amination (e.g., with sodium triacetoxyborohydride, molecular sieves and
acetic acid in a suitable solvent, e.g., dichloromethane) to yield compound IV, followed by

10 removal of the protecting group (e.g., with hydrochloric acid in ethyl acetate).

Scheme 8
X X
RN N NH RN N: NPG
R3>.‘/ R’
1 v
15 A variety of substituents R?, preferably those functional groups that do not tolerate

the methods described for the 1,2,3,4-tetrahydro(2,4a,5]triaza-fluorenes synthesis can be
introduced starting from 1,2,3,4-tetrahydro[2,4a,5] triaza-fluorene IV according to scheme
8. To that end, the amine nitrogen of II may be protected, e. g., as the tert-butyl
carbamate, to generate compounds of formula IV.

20



Scheme 8 R NNNHRNNNPG R3>-/ R3> 1l IV 15 A variety of
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t he net howe odeewes bed for the 1,2,3,4-tetrahydro [ 2, 4a, 5pCrrEpazen4s9 uor enes
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1,2,3,4-tetrahydro[ 2,4a,5]triaza-fluorene“tV according to schene 8. To
that end, t e nitrogen of Il may be protected, e. g., as the
tert-butyl "carbamate, to generate conpounds of forrmula IV. 20 WD 03/ 064423
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IV 111, wherein R2 is nethyl 1,2, 3, 4- Tetrahydgo[2,4a,5]triaza-fluorenes of
formula I'll in I ch R2 equal s a nethyl stituent can al so be/prepared
as depicted inlsc 9 frominternedia \ by a two step wher e
an al dehyde nuilet I\ st +Atroduc a Vi+-s#eier -
fornylatlonF?eacW|on>929N@nbsequenﬁ redhctlééT;NRWhe formR~iner i gl
under suitable trons (e. g., trieth ane and trlfluoroacg aci d

i n di chl oronet hane). Under these condltl ns the protective groudqnay al so
be cl eaved-off, e.g. if it is a tert-butyl carbamate 10 group. Schenme 10
R RRR 14 R NNNHR NNNHR NNNBc R R/ R3 1 IIwhereinR?is methyl

1,2,3,4-Tetrahydro[2,4a,5)triaza-fluorenes of formula III in which R? equals a methyl
5 substituent can also be prepared as depicted in scheme 9 from intermediate IV by a two
step process where an aldehyde moiety is first introduced by, e.g. a Vilsmeier-Haack
formylation reaction and subsequent reduction of the formyl intermediate under suitable
conditions (e. g., triethylsilane and trifluoroacetic acid in dichloromethane). Under these
conditions the protective group may also be cleaved-off, e.g. if it is a tert-butyl carbamate

10 group.

Scheme 10

NBoc

15

The hexahydro([2,4a,5]triaza-fluorene derivatives of formula V can be prepared as
described in scheme 10 from compounds of formula II or III (analogous to WO 0044753)
or IV by reduction with suitable reducing agents in suitable solvents or solvent mixtures
(e.g. THF/TFA or NaCNBH3 in acetic acid, respectively). Compounds of formula V may
20  also be prepared from compounds of formula II or III (analogous to WO 0044753) by
simultaneous reduction and deprotection of the tert-butoxy carbonyl group with suitable
reducing agents in suitable acidic solvents or solvent mixtures (e.g. THF/TFA).

Compounds of formula Ia can be prepared as shown in scheme 11:
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Hexahydro(2,4a,5]triaza-fluorene derivatives of formula Ia can also be prepared as
5 depicted in scheme 11 from intermediate ] where the indole moiety is reduced with
magnesium in methanol to produce indoline-amide K, which is then reduced under
suitable conditions (e. g., LiAlH, in diethyl ether).

Scheme 12
3
o. ,N~B°c
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N R MeOH s KO‘°"Bu DMF
H
L M N NBoc
R R
1. Deprotection x 0 LIAIH, x
| g | o
2.MeOH,K,CO, R' N N: NH THF RN N: NH
R® R®
10 K v

Compounds V can alternatively be prepared as depicted in scheme 12. Indole

intermediates L are reduced with a suitable reducing agent (e.g., magnesium in methanol).
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Scheme 13
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PG means a protective group compatible with the chemical transformation, e.g. as

15 described in T.W. Greene and P.G. M. Wuts, Protective groups in organic synthesis, 2

edition, pp. 309; preferably Boc.

R® is defined as before and R is alkyl, aryl, cycloalkyl, alkoxyalkyl or aryloxyalkyl.



R = M, Et, cyclopropyl, CF3 50 RZR2/ RR ROZO ~-NN,NPGB NN
NPGY "NN,NPG R~/ RRIXR~~P Z=CO0ORNRSRS Zz=OR R RZ RZ N RSRBN
RONRWONBRGAERGC WR QT R2 ROiIi NNNPG UR3 PG neai3/ERopomsective
group conpatible with the chem cal transfgymtion, e.g. as 15 described in
T.W Geene and P.G M Wits, Protective Yroups in organic synthesis, 2nd

edition, pp. 308, pref 0C. L §5def La reqsand R7 is kyl ,
aryl, cycl oal ky ,anglrgoa%/g}%é%&oo% %@PB%&?‘L? %%6%%&%%@2&5??%‘7 E’E&‘%ﬁiw
-29 R5 and dreatizched {afmyaing.ouckhsaplorpirolirs] -h gymelidiogeripiperidintl. t he N at om
to which they are attached forma ring, such as norpholin-1-yl,

pyrrolidinyl orc&hp&iﬂd?,iaewrdingqmﬁn% IR ELPbJbBgink® al REdHE 3o {cKem@D R
obt ai ned acf(i(:)@rdj ngecio schene and . follow ng reduction according to scheme

10. 5 A varPBeyngfedistioparepiding tischesiedOer abl'y t hose funtional groups t hat
do not tolerate, th t hods desgribed.for the hexahydro [2, 4a, 5]

triaza-f ? uor en&gyhﬁggﬁ“g“g&ﬁmﬁ ’Hrﬁ%@bﬁ@@a‘e 39?3%0‘1‘956&?&4%“0" tolerate
hexahydr o[ 2hd metliddsidezaibbd fartheRexdydiodd, 18] thida-fluorene synthesis can be

introduced starting from the hexahydro[2,4a,5]triaza-fluorene derivative IX.
Several examples for the elaboration of compound IX are highlighted in scheme 13.

a) Amine derivatives O (by, e.g. cross-coupling reaction with benzophenone imine in the

10 presence of a base like, e.g. sodium tert-butoxide and an appropriate catalyst like, e.g.
tris(dibenzylideneacetone)dipalladium chloroform complex and R-(+)-2,2"-
bis(diphenylphosphino)-1,1"-binaphthalene as ligand in a suitable solvent like, e.g.
toluene and cleavage of the imine functionality (with, e.g. palladium on charcoal and
ammonium formate in methanol). The amine substituent can be further alkylated or

15 converted into amides or sulfonamides by methods known in the art. In the case where
the substituents R’ and R® together form a ring like in, e.g. morpholine, the substituent
can be introduced with, e.g. palladium(II) acetate, 2,2’-dihydroxy-1,1’-dinaphthyl,

sodium tert-butylate and morpholine in toluene.

b) Ester-substituted derivatives P (e.g. via bromine-lithium exchange, quenching the
20 lithium intermediate with carbon dioxide and esterification of the acid) or via
carbonylation reactions (e.g. under a carbon monoxide atmosphere with a suitable
catalyst like, e.g. bis(triphenylphosphine)palladium(II) chloride in an appropriate
alcohol like, e.g. methanol or ethanol in the presence of a base like, e.g. triethylamine),
which can be further converted into amides (T) or reduced to benzylic alcohols (U),
25 the latter again can be alkylated or arylated by methods known to those skilled in the

art.

¢) Cyano derivative Q (e.g. with copper(I)cyanide and tetraethylammonium cyanide,
tris(dibenzylideneacetone)dipalladium(0) as catalyst and 1,1’-
bis(diphenylphosphino)ferrocene as ligand in dioxane), which can be further reduced
30 to the benzylic amine, which in turn can be alkylated and acylated, respectively by
methods known to those skilled in the art.
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Scheme 14

20 Id

Cleavage of the protective group in compounds according to formula Ic, wherein PG
means a protecting group, preferably Boc, can be performed, e.g. with acid such as
trifluoroacetic acid or hydrogen chloride in a suitable solvent such as ethyl acetate in order

to obtain a compound of formula Id.
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5 The tetra- and hexahydro(2,4a,5]triaza-fluorenes of formula Ib and Ia can be

prepared from compounds of formula II, III and V, respectively, by methods known in the
art (e.g. March, Advanced Organic Chemistry, 4 th. edition, page 411ff, 768ff, 898ff, 900ff,
1212ff.), e.g. alkylation reactions (e.g. with R*-Br under basic conditions), Mannich

reactions or acylation followed by reduction etc.

10 Scheme 16

RS (”) o ) /,O
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B
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X

The Boc-sulfamidate X can be prepared according to scheme 16 by treating Boc-
protected ethanolamine derivatives with thionyl chloride in a suitable solvent e.g. THF or
15 ethyl acetate in the presence of a suitable base e.g. triethylamine or imidazole and oxidising

the intermediate (e.g., with sodium metaperiodate and ruthenium(IV)oxide) in a suitable
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derivatives with thionyl chloride in a suitable solvent e.g. THE or 15
ethyl acetate ilithbiupeeobnaofdie iaveniondbipeotidseompepnds ataording sorformudy I

i m dazol e apg ,,Qxitheia g&tlc‘ahfadtf%%m e (e.g., wth sodiumnetaperiodate
and rut heni un(lV)oxid In a suitable WO 03/064423 PCT/ EP03/ 00459 -32

sol vent ge.g. mmﬂotﬁ&%?&@afthmﬁuﬁsw ol cbﬁh Bﬁﬂ&srbff&ﬁﬁulalas described
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subst ances. I S anot’her object of the invention to prOV|de conpounds of
fornmula | a@%ﬁ?zp@em%sbwecwlerﬂym@é Bleut¥®tiPén of medi caments for the
prophylaxis and therapy of illnesses which are caused by disorders

associ at ed W t hy {ikB@iseithillZn 61?)6& RF &feﬁnvén'ﬁ%n'io Blde phakthd&utiddl doRrrpoditibns
subtypes, particularly the HT2c su tg
10 comprising a compound of formula I and a therapeutically inert carrier.

It is a further object of the invention to provide a compound in accordance with
formula I for use in the production of medicaments for the treatment and prophylaxis of

eating disorders and obesity.

Also preferred is the use of a compound in accordance with formula I for the
15 production of medicaments for the treatment and prophylaxis of diabetes mellitus (DM)
including Type I diabetes (insulin dependent diabetes mellitus (IDDM)), Type II diabetes
(non-insulin dependent diabetes mellitus (NIDDM)), diabetes secondary to pancreatic
disease, diabetes related to steroid use, Type III diabetes (malnutrition related diabetes),

diabetes insipidus, hyperglycaemia, diabetic complications and insulin resistance.

20 Particularly preferred is the use of a compound in accordance with formula I for the
production of medicaments for the treatment of diabetes mellitus (DM), Type I diabetes
(insulin dependent diabetes mellitus (IDDM)), Type II diabetes (non-insulin dependent
diabetes mellitus (NIDDM)), diabetes secondary to pancreatic disease, diabetes related to
steroid use, Type III diabetes (malnutrition related diabetes), hyperglycaemia, diabetic

25 complications and insulin resistance.

It is a further particularly preferred object of the invention to provide a compound
in accordance with formula I for use in the production of medicaments for the treatment
of Type II diabetes (non-insulin dependent diabetes mellitus (NIDDM)).

An object of the invention is the use of compounds in accordance with formula I for
30 the production of medicaments for the treatment and prophylaxis of disorders of the
central nervous system, cardiovascular disorders, gastrointestinal disorders, diabetes

insipidus and sleep apnoea.
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production of nedicanents for the treatnent and prophyl axis of disorders of
the central nervous system cardiovascul ar disorders, gastrointestinal

di sordens, di ab@&@greférfeal 1Pt}félé$or@ﬁ@n§$ri’e‘aﬂlsé‘8m%om\ﬁ9ugaé DR 6ARRs to formula I,
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obsessi ve- conpul sive djsorders, social phobias or panic states, sleep
di sorders, sexuhfurthesphisetafshe inyestionase sompewndsdn Hﬁ@ﬁd@cew@)rf@rmlae{nwhm her

condi ti ons manufactured according to the processess described herein.

20 A further embodiment of the present invention is a method for the treatment and
prophylaxis of disorders of the central nervous system, cardiovascular disorders,
gastrointestinal disorders, diabetes insipidus and sleep apnoea, which method comprises

administering an effective amount of a compound of formula I as described.

Preferred is this method, wherein the disorders of the central nervous system are

25 selected from depression, atypical depression, bipolar disorders, anxiety disorders,
obsessive-compulsive disorders, social phobias or panic states, sleep disorders, sexual
dysfunction, psychoses, schizophrenia, migraine and other conditions associated with
cephalic pain or other pain, raised intracranial pressure, epilepsy, personality disorders,
age-related behavioural disorders, behavioural disorders associated with dementia, organic

30 mental disorders, mental disorders in childhood, aggressivity, age-related memory
disorders, chronic fatigue syndrome, drug and alcohol addiction, bulimia, anorexia
nervosa, premenstrual tension, trauma, stroke, neurodegenerative diseases, encephalitis
and meningitis.

Preferred is a method for the treatment and prophylaxis of of diabetes mellitus
35 (DM), Type I diabetes (insulin dependent diabetes meeitus (IDDM)), Type II diabetes
(non-insulin dependent diabetes mellitus (NIDDM)), diabetes secondary to pancreatic
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dependent di abetes nmellitus (NIDDVM ), diabetes secondary to pancreatic
It is a further preferred object of the invention to provide a method of treatment of

obesity in a human which comprises administration of a therapeutically effective amount
20 of a compound according to formula I and a therapeutically effective amount of a lipase

inhibitor, particularly, wherein the lipase inhibitor is orlistat. Also an object of the

invention is the method as described above for the simultaneous, separate or sequential

administration.

It is a further preferred object to provide a method of treatment of Type II diabetes
25 (non-insulin dependent diabetes mellitus (NIDDM) in a human which comprises
administration of a therapeutically effective amount of a compound according to formula
I and a therapeutically effective amount of a lipase inhibitor, particularly, wherein the
lipase inhibitor is orlistat. Also an object of the invention is the method as described above
for the simultaneous, separate or sequential administration of a compound according to

30 formulal and a lipase inhibitor, particularly orlistat.

It is a further preferred object of the invention to provide a method of treatment of
diabetes mellitus (DM), Type I diabetes (insulin dependent diabetes mellitus (IDDM)),
Type II diabetes (non-insulin dependent diabetes mellitus (NIDDM)), diabetes secondary

to pancreatic disease, diabetes related to steroid use, Type III diabetes (malnutrition
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particularly orlistat.

A further object of the invention is the use of a compound of formula I in the
20 manufacture of a medicament for the treatment and prevention of obesity in a patient who
is also receiving treatment with a lipase inhibitor and particularly, wherein the lipase

inhibitor is orlistat.

A further object of the invention is the use of a compound of formula I in the
manufacture of a medicament for the treatment and prevention of Type II diabetes (non-
25 insulin dependent diabetes mellitus (NIDDM)) in a patient who is also receiving treatment

with a lipase inhibitor and particularly, wherein the lipase inhibitor is orlistat.

A further preferred object of the present invention is the use of a compound
according to formula I in the manufacture of a medicament for the treatment and
prevention of diabetes mellitus (DM), Type I diabetes (insulin dependent diabetes mellitus

30 (IDDM)), Type II diabetes (non-insulin dependent diabetes mellitus (NIDDM)), diabetes
secondary to pancreatic disease, diabetes related to steroid use, Type III diabetes
(malnutrition related diabetes), diabetes insipidus, hyperglycaemia, diabetic complications
and insulin resistance in a patient who is also receiving treatment with a lipase inhibitor

particularly, wherein the lipase inhibitor is orlistat.
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involving elevated plasma blood glucose.

The compounds of formula (I) may be used in the treatment (including prophylactic
20 treatment) of disorders associated with 5-HT, receptor function. The compounds may act
as receptor agonists or antagonists. Preferably, the compounds may be used in the
treatment (including prophylactic treatment) of disorders associated with 5-HT,5 and/or
5-HT,c receptor function. Preferably, the compounds may be used in the treatment
(including prophylactic treatment) of disorders where a 5-HT,¢ receptor agonist is

25 required.

A further preferred embodiment of the present invention is a process for the

preparation of a compound of formula I, comprising one of the following reactions:

a) reduction of a compound according to formula B in order to obtain a compound
30 of formula Ib
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wherein R! to R® are defined as in claim 1 and, wherein R? is hydrogen;

10 ¢) reduction of a compound according to formula Ib preferably with a reducing
agent in a suitable solvent or solvent mixtures e.g. THF/TFA or NaCNBH3; in acetic acid in

order to obtain a compound of formula Ia

R R
m l >
1 I~ 4 _—— —
R "N g N—R RN

R’ P
Ib
wherein R' to R* are defined as in claim 1 and, wherein R* means preferably hydrogen;

15 d) reduction of a compound according to formula K, preferably with e.g. LiAlH,,
particularly in diethyl ether or THF



formula I. Particularly preferred is this use or nmethod wherein the

di sorders are disorders involving elevated plasma bl ood gl ucose. The
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5 such as ethyl acetate in order to obtain a compound of formula Id
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3
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RS

wherein R’ to R’ are defined as in claim 1. A preferred protecting group (PG) is the Boc
group.

Another preferred aspect of this invention are the following intermediates:

10 (4R,10aR)-6-Bromo-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester;

7-Oxy-pyrrolo[2,3-b]pyridine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester;

6-Bromo-pyrrolo(2,3-b]pyridine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl
ester;

15 6-Bromo-1H-pyrrolo[2,3-b]pyridine-2-carboxylic acid ethyl ester;
6-Hydroxy-1H-pyrrolo[2,3-b]pyridine-2-carboxylic acid ethyl ester; and

6-Hydroxy-pyrrolo[2,3-b]pyridine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl
ester.



R NNNHR NNNRI R--/ R DIb wherein RL to R3 are defined as in
claim1l and, wherein R4 is hydrogen; 10 c) reduction of a conpound
accordi ngvoe3permul a | b preferably with a reduci ng agent PCI/EROFUI45BDI €
sol vent or solvent m xtures e.g. THF/ TFA £4_. NaCNBH3 in acetic acid in
order to obtain a compound of formula Ia% R2R NNNRIOR NNNRKR
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means preferably n; reducti‘on of ﬂairr;]) accordi ng to
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a suitable sol vent as ethyl® acetate | er to obtain a ¢onpound
of fornul a pbtained Ry dissvlvingrthefreq base ima yitable organiqeivent and treating the solution

with an acid, in accordance with conventional procedures for preparing acid addition salts

from basic compounds.

The compositions of the present invention may be formulated in a conventional
10 manner using one or more pharmaceutically acceptable carriers. Thus, the active
compounds of the invention may be formulated for oral, buccal, intranasal, parenteral
(e.g., intravenous, intramuscular or subcutaneous) transdermal or rectal administration or

in a form suitable for administration by inhalation or insufflation.

For oral administration, the pharmaceutical compositions may take the form of, for
15 example, tablets or capsules prepared by conventional means with pharmaceutically
acceptable excipients such as binding agents (e.g. pregelatinised maize starch,
polyvinylpyrrolidone or hydroxypropylmethylcellulose); fillers (e.g. lactose,
microcrystalline cellulose or calcium phosphate); lubricants (e.g. magnesium stearate, talc
or silica); disintegrants (e.g. potato starch or sodium starch glycollate); or wetting agents
20 (e.g sodium lauryl sulfate). The tablets may be coated by methods well known in the art.
Liquid preparations for oral administration may take the form of, for example, solutions,
syrups or suspensions, or they may be presented as a dry product for constitution with
water or other suitable vehicle before use. Such liquid preparations may be prepared by
conventional means with pharmaceutically acceptable additives such as suspending agents
25 (e.g sorbitol syrup, methyl cellulose or hydrogenated edible fats); emulsifying agents (e.g.
lecithin or acacia); non-aqueous vehicles (e.g. almond oil, oily esters or ethyl alcohol);

and preservatives (e.g. methyl or propyl p-hydroxybenzoates or sorbic acid).

For buccal administration the composition may take the form of tablets or lozenges

formulated in conventional manner.

30 The active compounds of the invention may be formulated for parenteral
administration by injection, including using conventional catheterization techniques or
infusion. Formulations for injection may be presented in unit dosage form e.g. in

ampoules or in multi-dose containers, with an added preservative. The compositions may
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tabl ets or capsul eés prepared by conventional means th pharmaceutically
pressurized aerosol, the dosage unit may be determined by providing a valve to deliver a
15 metered amount. The pressurized container or nebulizer may contain a solution or
suspension of the active compound. Capsules and cartridges (made, for example, from
gelatin) for use in an inhaler or insufflator may be formulated containing a powder mix of

a compound of the invention and a suitable powder base such as lactose or starch.

A proposed dose of the active compounds of the invention for oral, parenteral or
20 buccal administration to the average adult human for the treatment of the conditions
referred to above (e.g., obesity) is 0.1 to 500 mg of the active ingredient per unit dose

which could be administered, for example, 1 to 4 times per day.

The invention will now be described in detail with reference to the following
25 examples. It will be appreciated that the invention is described by way of example only
and modification of detail may be made without departing from the scope of the

invention.

Assay Procedures
30

1. Binding to serotonin receptors
The binding of compounds of formula (I) to serotonin receptors was determined in
vitro by standard methods. The preparations were investigated in accordance with the

assays given hereinafter.
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suppository bases such as cocoa butter or other glycerides. For intranasal

adm ni stration Qr m,ni stration.by inhalatio t.h act [of0)

the invention aflee %ﬁé@ﬁﬁ%ﬁfﬁﬁgda’é% g?ee‘t?nipr?uflﬁé’f aBP %‘Séb)‘?‘g&rgﬂcﬁ?l
suspension froma 10 punp spray container that is squeezed or punped by
the patient or ,aasbleap aer osol spray

20
Compound Method (a) Method (b) Method (c)
K; (2C) K; (2B) Ki (2A)
Example 7 8.1nM 136.9 nM 229.0nM
Example 9 16.5 nM 270.8 nM 212.1 nM
Example 20 5.1 nM 108.0 nM 177.8 nM

Preferred compounds of formula I as described above have Ki (2C) values below

10000 nM; especially preferred compounds have Ki (2C) values below 1000 nM,

25 particularly preferred compounds have Ki (2C) values below 100 nM. Most preferred
compounds have Ki (2C) values below 30nM.

2. Functional activity
The functional activity of compounds of formula (I) was assayed using a

30  Fluorimetric Imaging Plate reader (FLIPR). CHO cells expressing the human 5-HT,c or



presentation froma pressurized container or a nebulizer, with the use of a
suitable propellant, e.g. dichlorodifluoronethane, trichlorofl uoronethane,
di chl or otworeafot44es oet hane, carbon di oxi de or ot her suitablPeTg®s3/0d489 t he
case of a pressurized aerosol, the dosagf2 unit may be determ ned by
providing a valve to deliver a 15 netere anmount . The pressurized contai ner

Or ebUL T2 o RS SR 3o by 0L O 8 bnd BHERERK A bR AGLENE G RAUNT

Capsul es and car userin an

i nhal er or ¢mtwfday hefore testingte gi\(erarmhﬁuett nardlgieni 'ﬁ@e cellpwiackethemilye loideda
conmpound of e he f.ose or
starch. A p‘?’ltélgglse cgfégﬂﬂ sgn@*t%% ‘#% égﬁgon@éﬁggéogﬁe%%%&%@] ‘}egﬁl’?n *%or al ,
parenteral fitomaRd bdﬁﬁ@dheﬂﬂﬂhﬂe&ttbﬁl 6lane@f | beubMmallagassapbhifer{HaaRs fOr t he
treatment of the condjtions referred to above ‘%/rﬁﬂg[ﬁ’ obeS|ty |s 0.1to
500 ng of tbPranged salisofyipns@ntairing &P miyiHepgoard 2 r@B%ﬂeﬂldBe @ifiusi st er ed,
for exanpl & i i in
detail with d#%?lggdeﬁcstg %@Qtﬁ?ﬁﬁggﬁuﬁé{g@ gzﬁyegtg#r% t¥"’o{' ?Q[ %%#86%&3‘%%@3% ed
that the i nE/IEIHR|96nveilsaladedunng)ﬁulorbgcenwnedsumm# eTImwhyasummukmmderE takahiaon of

detail may pe nad it hout It fro scope._of 0

hosay Pr ovebrFaneralshd Ut maRRRIn BUGkehdsRETibn i BRRuted otragt T ERigeSfher
conpounds  ofrul@AdtibA) 4dd cdlpared it %&e@ﬁ&ﬁ@b&mcwsy dehR anne(ileﬁﬁed ¥ tro by
standard net hods. The preparations were investigated in accordance with the

assays dPveHOforte whightitwas eypressydys apescentzee Fpangdadative efficagy e (a) : For

t he bindin SE6R di ol abel ed
with [3H] - gre%#ntsgrﬁ%ﬁeasﬁ%gﬂiy of getghe;n? ggg%@éﬁf@g; ng‘ﬁ?vrélgeelgtEer in a
CHO cell line was determ ned according to the procedure of D. Hoyer, G
Engel and H O B kman, European J. Pharnmacol ., 1985, 118, 13-23. Method
(b): For the binding to the 5-HT2B receptor the 5-HT2B receptors were

radi ol abel ed with [3H]-5-HT. The affinity of the conpounds for human 5-HT2B

receptors
h5-HT2C h5-HT2A
Compound | EGCso Rel. Eff. ECs Rel. Eff.
[nM] (%] [nM] (%]
Example 7 19.2 99.4 342.8 21.6
Example 9 85.4 91.4 643.6 29.6
Example 20 7.6 93.3 11.1 12.0

15

The compounds of formula (I) have activity at the h5-HT2c receptor in the range of
10,000 to 0.01 nM.
Preferred compounds of formula I as described above have activity at the h5-HT2c
20 receptor below 10000nM; especially preferred compounds below 1000nM, particularly
preferred compounds below 100nM. Most preferred compounds have activity at the h5-
HT?2c receptor below 30nM.

25 3. Regulation of feeding behaviour
The in vivo activity of compounds of formula (1) was assessed for their ability to

regulate feeding behaviour by recording food consumption in food deprived animals.



in a CHO cell line was determ ned according to the procedure of K Schmuck,
C. Ulmer, 10 P. Engels and H Lubbert, FEBS Lett., 1994, 342, 85-90.

Met hod ( cwoO 0Boe44the bi nding to the 5-HT2A receptor the 5- FCZAPI&QEPE OF S
were radiolabeled with [1251]-DA. The g%ginity of the compounds for

5- HT2A receptors ina CHOcell line was determ ned according to the

procedure of D. g Jbéﬁéﬂﬁfaﬂf%d %av%acless tr]r @?C%%%O Ngweﬁéﬁig(l de n%ﬁ@@d for

3482-90. The thus term ne activit els

shown in TaBthe When th¢y were tmn@onpdﬁmhlsl\ﬂ@hmde,(thy amunwf fend takemederycday Ki

20) K, (2B nM Exanple 9 16.5 nM
(270)8 nM(Zl)Zlmllfn%&%@ 2 Fd&amaﬁe ;ess@m}wg%%égteﬁﬁ/?%é?%%gdn Pr efer?gd conmpounds

of formula | asTaéest ﬁhqo?édhta@éﬁ@ SBec ricegteCpgamsty tsddsedagsfooddorbe, f\gnimals
especi al Ly %ﬁfﬁf ned a ?gg%@ﬂ&aﬁf‘@tﬁe&%?%&}kﬁiaﬂ ﬁogfehqw(ﬁ-&@%as@ I\40)(e52\§1th a

particularly pre erred conpounds’ have ues be

preferred gudpoiheifoorand apaper@)s Rladed bslowethewagdinar to collegianyi sq;d]age afchodl ty
The functio aved 30
Flor ot r | Soperet (Bekhek) Blec RS HRENEsiRlod ARG HIqA WECHBRAREE dipTor 20
5- HT2C or W\t Oly¢ @M&ﬁ@@@ﬂtﬁ%ﬁ@@%w, ramzemmtcb'thﬂizhome@egﬁ oEachyeat evas
counted and

before test Vﬁiéﬂ%&gefopé &g%ga%?f&leﬁ?&n nélllt gﬂg?ﬁg%ﬂﬁéﬁﬁe& @5%?%9%9%59%%15

| oaded Mi t Bh féed zmakﬂ sessiore Wes récordedy eElthér warigusrdoses jof te@bcqsopwr@dowehmlas

removed usi pgg %Hgm @?&Péﬁaééﬂ&gs%s&ba gﬁg&e €2h 9BYE ifftak@sakiohOA slé?x‘iezé&ﬁ

L/well of assa sal't solution contal
Hepes and ZSibunMrpn@wmckucl?dm'ﬁheemen(Cdl ssolved in 50 L of the assay
buffer) was added at a rate of 70 L/sec to each well of the FLIPR 96 well

plate duringqf A HQrL.eSGaRECRE 3L RTSRALSure] Nas TREE YSIRRALS) M5bErIAEE s @lent

Neumann-Keuls. * P < 0.05 compared to Saline-treated rats.

15 The minimum effective dose (m.e.d.) is defined as the lowest dose which produces a
statistically significant reduction in food intake. The minimum effective doses for selected

particularly preferred compounds of formula I are 30 mg/kg p.o. and below.



1 sec intervals and the maxi num fl uorescent signal was neasured (approx

10- 15 secs after drug addition) and conpared with the response produced by
10. t M 5- HVO(ode®b44med as 10 100% to which it was expressedPa3/ERopardsent age
response (relative efficacy). Dose resp_ogf_e curves were constructed using
G aphpad Prism (G aph Software Inc.). Table 2 h5-HT2C h5-HT2A Conpound
EC50 Rel. Eff. ECS0 Rel. Eff. [nM [%,]N S[% Exanple 7 19.2 99.4 342.8
21.6 Exanple 9 85.4 91.4 643.6 29.6 20 7.6 93.3 11.1 12.0 15 The
conpounds of formula (1) have activity at the h5-HT2c receptor in the range
of 10,000 to 0.01 nM Preferred conpounds of fornula | as described above
have activity at the h5-HT2c 20 receptor bel ow 10000nM especially
preferred conpounds bel ow 1000nM partExamplely preferred conpounds bel ow
100nM Mbst preferred conpounds have activity at the h5- HT2c receptor

bel ow 30nM 25 @R)-Remidratd-pitii-12854dkdtanbeRay ufsltrilRefhrehbHgdAschiotidey Of
conpounds of fornmula (1) was assessed for their ability to regulate

f eedi ng Behavi oW alyluties of 018 @Y 130 oD ARF6NEH 610N -imbthyd 4 -dedio e Bl- 284, 5RI S.
WD 03/ 064423, P EPOB{ 00459 -43 Rats. were E?Eai naﬁ to hav%\]’ﬁpcess to food
for 2h per HiaratiugreRet-ane gueP mbisri-Owl pethyl ether, Odfl gl dHatnolidithium i ned
under this glahfsiuhehydrite wvagRaddd £id the adpbrdieiiweyiRdaYedtdtrefl@tfor Mt dnldee6ledh
food i ntake session was copsistent day after day. To test the ability of

Y,..
the 5-HT2c FUHOORt EMPsEbResT ke reactipnmadus was pauredinia20 ml saturstadaqueoyser e

used in a CpomssiaH 8bdiiintadtratElStioveigd AlRGed bekiddidaYitd\pesPplus TH! Mhtdh@as s
boxes with a g on.the floor and aéﬁ_gper was. pl aced_ bel ow t he, cage, fl oor

ri ] ]
to col | &t Qﬁgﬂcge&qupvrafg@?s with gl acgtats, dhiecombpred arggnic phases wrerwashed with
prewei ghed BARWriedbvéranshneaamiuiaRihaditered TREtAEE p2bduct was purified by

chromatography over silica gel (0.032 — 0.063 mm) with dichloromethane : methanol (49 :

1) as eluant. The colourless oil (81%) was dissolved in ethyl acetate and 0.6 ml of a 2M

hydrochloric acid solution in ethyl acetate was added. The resulting suspension was stirred
15 at 0 deg C for 15 min and filtered; the filter-cake was washed with ethyl acetate and dried

under high vacuum.

ISP-MS: m/e = 222.2 ([M+H"])
Elemental analysis: C;1H;3Cl:N3 (258.152)
calc C 5137 H 531 N 1535 Cl 2590

20 found: C 51.10 H 513 N 1540 Cl 25.81

#) Calculated with 1 mole C11H13CL N3 and 0.18 mole C,HgO,

Intermediates

a) (R)-1-(2-tert-Butoxycarbonylamino-1-methyl-ethyl)-6-chloro-1H-
25 pyrrolo[2,3-b] pyridine-2-carboxylic acid ethyl ester

A solution of 3.0 g (13.3 mmol) 6-chloro-1H-pyrrolo[2,3-b]pyridine-2-carboxylic
acid ethyl ester in 70 ml N,N-dimethylformamide was cooled to 0 deg C and 1.58 g (14.0
mmol) potassium tert-butoxide was added. After 30 min, 3.49 g (14.7 mmol) (S)-5-
methyl-2,2-dioxo-[1,2,3]oxathiazolidine-3-carboxylic acid tert-butyl ester was added in



At the end of the food intake session, rats returned to their honme cage.
Each rat was weighed before the start of the experinent and the anount of
food conswowdoédei ng this 10 2h food intake session was r eCompesiooss t her
various doses of test conpound or Vehicle,;was admnistered orally 60 mn
before the 2h food intake session. A posifll ve control Sibutram ne was

i ncl uded i 1 . i ! . sures was
used fol | BQ%%%‘%@?%%%@‘“%@E@%%&WQ HE S shORRERNBE ARGRULEE 100
to Saline-t paire@intod08 mlig%rapuennnditricracisk The tayens woseepgratesl ahd)the squietis ned

t he | j : LSLI 1 gmnif] t ction in
25 e | onesiaecHbled SLaliRas AL T Ly OB, (LA LG
preferred combedfely tihes withrwiater, onge witBbrimg/akg therowera e ovenmaghesiony 064423

PCT/ EP03/.00 ] .

(R 6 onPor ;A B GRe s AR UaSiohovsd g = zofary saporeor e resdue wa

hydr ochl or i perifiediy Zasheothnomatogophp ogergilica gd (8HB2 )- 0.063 mm) withln-hexane : ethyl y
R) - 6- chl or 9-.4- hyh- 3, 4-di hydr o- - ' - f] uor.enl-one in 20

Lot topatyl et ek s U BBt the Brodde BEETAMARERHORNG, | e vas

added and the suspension was heated to reflux for 1 h and cooled to room

tenper at ur eispI8: fyPREBOB (Mg was poured into 20 nl saturated aqueous
pot assi um sodiumtartrate solution and filtered over dicalite speed plus.

The filtrate was 1o extracted four tines with ethyl acetate. The conbi ned
organi ¢ phases were washed with brine, dried over nmagnesi um sul fate and
filtered. The crude product was purified by chromatography over silica gel
(0.032 -100. 063 nk) (R)-6hChlioedranetiwl hadthydroeHa4a)5- k- fludgendlsogd uant . The
colourless oil (81% was dissolved in ethyl acetate and 0.6 m of a 2M
hydr ochl ori ¢ acAdolatbniof 6:70igr{126 Inythola(:m-a{(E-tm-sblmotg}e?ir_.bloﬁﬂenﬁx&slulrhéthg—

nd. fi

FUspens!on ) UGS B 2 S e BB Bocuur
| SP- MB: il edichla@fin@hihditrdoo)editb @rdep CadndeadTahy®i35: m6l) 1ifl36cb20dtic 8% etdb?2)
calc #): C a5d]d'e§ e e m‘riar%' 'ﬁlielc%bﬁl?g ‘t%lth %VSaé rgegnoved and after 1 h the volatile components
15 were removed on a rotary evaporator. The residue was dissolved in 40 ml methanol and
9.70 g (70.2 mmol) potassium carbonate was added. After stirring for 2.5 h the reaction
mixture was diluted with water and ethyl acetate and the phases were separated. The
aqueous phase was extracted three times with ethyl acetate. The combined organic layers
were washed with brine, dried over magnesium sulfate and filtered. After evaporation, the
20 residue was taken up in 50 ml tert-butyl methyl ether upon which the product started to
precipitate. The solid was collected by filtration, washed with 20 ml of tert-butyl methyl
ether and dried under high vacuum to afford the product as a pale yellow powder. The
concentrated mother liquors were purified by flash chromatography over silica gel (0.032 —
0.063 mm) with ethyl acetate as eluant to yield another batch of product (86.6 % total).

25 EI-MS: m/e =235.2 ((M+H"])

Example 2
(4R,9aR)-6-Chloro-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
hydrochloride

30 A solution of 0.50 g (1.54 mmol) (4R,9aR)-6-chloro-4-methyl-3,4,9,9a-tetrahydro-

1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester in 5 ml dichloromethane was



20 found: C 51.10 H5.13 N 15.40 A 25.81 Calculated with 1 nole
Cl1H13C12N3 and 0. 18 nole C4H802 Internediates a)

(R - 1- (2-wermsoBuedXycar bonyl am no-| - net hyl - et hyl ) - 6- chl or ®CITHP0260459
pyrrol o[ 2, 3-b] pyri di ne- 2- car boxyl i c aci d_? hyl ester A solution of 3.0 g
(13.3 mmol ) 6-chloro-I H pyrrol o] 2, 3-b] pyrrdi ne-2-carboxylic acid ethyl

ester in 70 i ﬁrggla-' ol Cand 1. (14.0
nmol ) pot asgzlg%l}%&\lfdgbr géé;%%gélk%géms ac d}e{){g&'% ’g?9§%&ﬁﬁ%nt?ﬁ%9wc§m(afﬁ %hgm)l )
(S)-5- net hydelinghath wroreiovad 3hdaftrHi taatabonh tamparature tloxydlatile acinglonents weret y|
ester was a [ P03/ 00459 - e.portion., The

cool i ng bat gggvvgvsed;bélvrf%\?g%/ygg%%g%? gg&i%%?@%ﬁ ar?é%@%ﬁl;&h%%artggr\?@gy oﬁeéur ed
into 100 ni silic®geh(UeRts 0063 mine) with dichibhemkthyre smathaeolsapananied ahdo.1 e
aqueous ph tract ed tQr i Kt h, ethyl - acetate,. The,c ijaed
organic 6haglzl§n¥\mg§%%\?/%%#ee§dffe&r}ra ?etg?'%esm%vf mv\%fnéF?hy%%cegatt%\na?%trﬁa??%@% t hen
were dried olefadiymebbchivsic sid falution it dtieyl atéthter Afteranh theareadiingnispevision
removed on ry. r at d_the.resi,due wa rified

flash-chr on&aégbgrﬁﬁ’fﬁg@ggpsﬁ igv(?garglee# u? * Yacb‘.nﬁ%g aﬁid %etpﬁo‘%‘i/%é&ane :

et hyl acet atleu(&s cfystalsh6h.5%): 1) as eluant to afford the product as a
yellow oil (98.0%. ISP-Ms: me = 382.3 ([MH+] ) 10 b) (R
-6-Chloro-4-nethyl-3,4-dih dro+-2H-2,4a, 5-triaza-fluoren- 1 -one A solution
of 6.70 g (EFMS:mels224R) ((M=H3) t ert - but oxycar bonyl ani no- 1- et hyl -
ethyl)-6-chloro-I H pyrrol o[ 2, 3-b] pyri di ne-2-carboxylic acid ethyl ester in

80 nl  diocchERnosmed haslgsinas,; FoQadk. Mol @66g91)C and 27 m (0.35 nol)
trifluoroacetic acid were added over 4 min. The cooling bath was renoved

and after 1 khhe v ile conmp 15 removed on a rotary
evapor at or . “Fhre’ rgs&d%}e \géé}l s&gﬁgéﬁ incﬂgé'i‘? met hanol and 9.70 g (70.2
nmol ) pot assi um car bonate was added. After stirring for 2.5 h the reaction

m xt ure was faindut €d408T h Wab82 adisea7hyl Gicx8t¥t e and t he phases were
separated. The aqueous phase was extracted three tines with ethyl acetate.

The conbi ned! | GdtbS whth)&hsle CYEI ECIR W1ghndbi £t IBGH Gty M
sulfate and filtered. After eevapglr at ?Qﬁq)thgggo rdggﬁjﬁecgﬂxgss@%g&en up%?{r?ySO

m tert-butyl nmethyl ether upon which the product started to

15 Intermediates

a) (R)-6-Chloro-4-methyl-3,4-dihydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid
tert-butyl ester

To a solution of 1.94 g (8.75 mol) (R)-6-chloro-4-methyl-1,2,3,4-tetrahydro-2,4a,5-
triaza-fluorene in 20 ml dichloromethane was added successively 2.3 g (10.5 mmol) di tert-
20 butyl dicarbonate and 53.5 mg (0.44 mmol) N,N-dimethylaminopyridine. After 3 h the
solvent was removed on a rotary evaporator and the residue was purified by
chromatography over silica gel (0.032 — 0.063 mm) with n-hexane : ethyl acetate (7 : 1) as
eluant to afford the desired compound as a yellow oil (97.6%).

ISP-MS: m/e = 322.3 ([M+H"])
25

b) (4R,9aR)-6-Chloro-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5- triaza-fluorene-2-
carboxylic acid tert-butyl ester

To a solution 0f 0.65 g (2.0 mmol) (R)-6-chloro-4-methyl-3,4-dihydro-1H-2,4a,5-
triaza-fluorene-2-carboxylic acid tert-butyl ester in 10 ml acetic acid was added 0.64 g



precipitate. The solid was collected by filtration, washed wwth 20 m of
tert-butyl nethyl ether and dried under high vacuumto afford the product
as a pal evgpeBbemepowder. The concentrated not her |i quorspragmPopunssd i ed by
fl ash chronmat ography over silica gel (0.0 - 0.063 mm with ethyl acetate
as eluant to yield another batch of produc¢t (86.6 %total). 25 EI-M5: nme =

235. 2 M . . . )
(4R Saf - 6. oyt B cyapo borohydids, Afir 3  he peacion mixtu was Royred e e,
hydr ochl or i 80 aguequs sddimmaartwhate Sutipn(abdeatracted jwice with ethyl acetate. The
4R, 9aR) - 6- - 4- . -1 qt. - .
Lo, aa o r A s Tk Wagd fuh e, GHEONS igpesium spifute, lergd and
di chl or onetédvaprrateds TMO €8i816 644 BGri RETY ERI3MAMEHPhy-o#6r gliml geh(060326- W@E$ C and

d wi 72 g 232 7 moh), Lo £l tic.acid Th i
bt h wase 1 g 2o BesinEZ ety st PEEHY s Mo BHBRFBie b B Cmab Bg afBrent <

were renpvetbwlessoil G5F94). evapor at or and the resi due was purified by
chromat ography over silica gel (0.032 - 0.063 nm wth dichl oronethane :
met hanol : ammonia (9: 1 : O.él as 5 eluant. The so-obtained free base was
di ssol ved i§PMpimiah24.3cdd4tel)and treated with 0.85 m of a 2M

hydrochl oric acid solution in ethyl acetate. After 1 h the resulting
suspension was filtered; the filter-cake was dried under high vacuumto
afford the product as colourless crystals (55.5%. EI-M5: me = 224.2
([MrH+] ) lo Elenental analysis: Cl1HlgGhife $1C1 (266. 731) calc #): C 49.67
H5 83 N15.31 C 28.16 found: C 49.87 H5.82 N 15.27 d 28.36 Cal cul ated
with 1 nole CL1H14CIN3 (HC!') 1.18 and 0.088 nole C4H802 and 3.59% water 15
Internmedoates a)) (4R,9aS)-6-Chloro-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene; _

(R) - 6-Chl oro- 4- et %; o %Eigie hydro-|1 H 2, 4a, 5-tri aza-fl uorene- 2-carboxylic
acid tert-butyl ester To a solution of 1.94 g (8.75 nol)

Gy or oot pand Bk ldrioh & o 814,89 EARANNSY- £ty Sy hERIES A QHPIE A 2ha3Y

triaza-fluoren-1-one (Example 1, intermediate b) in 30 ml methanol was added 0.62 g

(25.5 mmol) magnesium turnings. After a few minutes gas production began.

15 Temperature was kept at ambient temperature with a cooling bath. After 2.5 h the reaction
mixture was poured into a mixture of 60 ml 1N hydrochloric acid, ice and 90 ml buffer pH
7 and was extracted twice with ethyl acetate. The organic phases were washed with brine,
dried over magnesium sulfate and filtered. After evaporation of the solvent the remaining
light brown oil (350 mg) was dissolved in 20 ml tert-butyl methyl ether, 0.25 g (6.60

20 mmol). To the solution was added lithium aluminium hydride and the reaction mixture
was heated to reflux for 1 h. The oil bath was removed and the mixture was cooled to room
temperature. The suspension was poured into 7 ml saturated aqueous potassium sodium
tartrate solution and filtered over dicalite speed plus. The filtrate was extracted twice with
ethyl acetate. The combined organic phases were washed with brine, dried over

25 magnesium sulfate and filtered. The crude product was purified by column
chromatography over silica gel (0.032 — 0.063 mm) with dichloromethane : methanol (49 :
1) as eluant. The colourless oil (28 mg) was dissolved in 2 ml ethyl acetate and 0.1 ml of a
2M hydrochloric acid solution in ethyl acetate was added. The resulting suspension was
stirred at 0 deg C for 45 min and filtered. The filter-cake was washed with ethyl acetate

30 and dried under high vacuum to afford the desired compound as a colourless powder (2.1
%).

ISP-MS: m/e = 224.1 ([M+H"])



20 butyl dicarbonate and 53.5 ng (0.44 mmol) N, N-di net hyl am nopyri di ne.
After 3 h the solvent was renoved on a rotary evaporator and the residue
was puri fwedslys42xhr omat ogr aphy over silica gel (0.032 - @COGPoZOMSN th

n- hexane : ethyl acetate (7: 1) as el uapgggo afford the desired conpound
as a yellowoil (97.6%. ISP-M5: me = 322.3 ([MtH+] ) 25 b)

(4R, 9aR) - 6- Chl or o- 4-net hyl - 3, 4, 9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene- 2-
carboxylic acid tert-butyl ester To a solution of 0.65 g (2.0 mmol)

(R) - 6-chl oro-4-nmnet hyl - 3, 4-di hydro-1 H 2E§&téé4t riaza-fl uorene-2-carboxylic
acid tert-butyl ester in 10 ml acetic acid was added 0.64 g WD 03/ 064423
PCT/ EPO3/ 00459 -47 (10.1 mmol) sodi um cyano borohydride. After 3 h the

reaction ni xtur eRMEBroMel Lehetiila,2, 3 0% asHy8RI 3,488 rd#A-AasRABHArs@ldideon and
extracted twce with ethyl acetate. The "organic |ayers were washed with

brine, dried OVQ“hislaEBﬂip@&hﬂlWaSpi'efpafceﬂ,infahilbgft@(ixaﬂ%le pﬁaﬂqm@t@sroﬂ&q-rh@&?ﬂue
was purifieg by. ccgr%tograph% %\égr sjlica gel (0.032 - 0.063 5 nmm wth

n- hexane > t‘%@‘hy Qetdtetagotriagg-tuoren-1roRe (o afford the desired conpound as
a colourless oil (65.7%. ISP-M5: me = 324.3 ([MH+] ) Exanple 3 10 a)
(4R, 9a9) - 6- Cighoyetod-drpdtaly (451498).3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uorene;
hydrochl oride To a solution of 1.0 g (4.27 mol)

(R) - 6-chl oro-4-net hyl - 3, 4-di hydro-2H 2, 4a, 5- triaza-fluoren-1-one (Exanple
1, internmedI$R-dDbin/er 266.2r(IM+H Hanol was added 0.62 g (25.5 mmol)

magnesi um turnings. After a few m nutes gas production began. 15
Tenperature was kept at anbient tenperature with a cooling bath. After 2.5
h the reaction mxture was poured into a m xture of 60 mM 1N hydrochloric
acid, ice and 90 m buffer pH 7 and paspfyisacted twice with ethyl

acetate. The organic phases were washed wth brine, dried over magnesi um
sulfate and filtered. After evaporation of the solvent the remaining |ight
?g 02/8 0i {o (350 BEPyrY&ls[2H-bESirideck-1,0-Bérbdxytiesdid PLbstburptesiet 2 248 bstel0. 25 ¢

To a solution of 80.9 g (0.43 mol) 1H-pyrrolo[2,3-b]pyridine-2-carboxylic acid ethyl
ester in 1800 ml acetonitrile was added 111.4 g (0.51 mol) di-tert-butyl dicarbonate
followed by 2.60 g (0.02 mol) 4-dimethylaminopyridine. After 1 h the solvent was removed
on a rotary evaporator and the residue was purified by flash column chromatography over

15  silica gel (0.032 - 0.063 mm) with n-hexane : ethyl acetate (9 : 1) as eluant to afford the
product as a yellow oil (96.6%).

ISP-MS: m/e = 291.2 ([M+H"})

b) 7-Oxy-pyrrolo[2,3-b]pyridine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl
20 ester

To a solution of 88.7 g (0.31 mol) pyrrolo[2,3-b]pyridine-1,2-dicarboxylic acid 1-
tert-butyl ester 2-ethyl ester in 1600 ml dichloromethane was added 150.5 g (0.61 mol) 3-
chloroperoxybenzoic acid. After 7 h another 150.5 g (0.61 mol) 3-chloroperoxybenzoic
acid was added. After 24 h the reaction mixture was poured into 960 ml saturated aqueous
25 potassium carbonate solution. Water and dichloromethane (1750 ml, 1: 1) were added,
after 5 min the aqueous phase was separated and extracted three times each with 900 ml
dichloromethane. The combined organic phases were washed with 1000 ml water and 1000
ml brine, dried over magnesium sulfate and filtered. The solvent was removed on a rotary

evaporator until a white suspension had formed. A 150 ml portion of tert-butyl methyl



20 mmol ). To the solution was added |ithium alum nium hydride and the
reaction mxture was heated to reflux for 1 h. The oil bath was renoved
and t he mvetoanetems cooled to room tenperature. The susp@aIiEPn3/ES9 pour ed
into 7 m saturated aqueous potassium sodjym tartrate sol ution and
filtered over dicalite speed plus. The fi%trate was extracted twice with

ethyl acet affer JA}%@@&%&&Q sQ!pQﬁElbﬁ AR BRER dVEREAING SRS WHY WishBd Wi, 70dh1 ed
over 25 magnesium sul fate and |tered. The crude f&;oduct vvas purified by

col um  chr Grabwyrapihyl qsb@ranéudrleéalr@ét high vegmm tqufipgd thgdesirpd product asa

di chl or orretnﬁﬂ@sohdr(gglg%jol (49: 1) as eluant. The colourless oil (28 nm)
was dissolved in 2 ethyl acetate and 0.1 ml of a 2M hydrochloric acid
solution in ethyl acet ate was added. The resulting suspension was stirred
at 0 deg C EpMsélﬁ,/g]:rgoaac{[M]j tered. The filter-cake was washed with ethyl
acetate 30 and dried under high vacuumto afford the desired conpound as a
colourless powder (2.1 %. ISP-M5: me = 224.1 ([ M-H+] ) WO 03/ 064423
PCT/ EP0300459 - 48 Exanpl e 4

(R) -6-Bronp-4-nethyl -1, 2, 3, 4-tetrahydro-2, 4a, 5-tri aza-fl uorene;

hydrochl ori de Tt $-Bamopmdoleta 3 frlppadiee Lihdisadkionglic acisl Erextrpue] estériZom
(R) - 6- br ono- 4- met hyhgy Bt 4- di hydro-2H-2, 4a, 5-triaza-fluoren- 1 -one. Light
yel l ow crystal s (45. I/Q | SP-M5: nfe = 266.2 ([ MtH+] ) Internediates 10

a) Pyrrolo[2,3-b} Qléﬁég%ﬁ&: o 3.6 g@@b@@fﬁbi)lﬁoﬁﬁpﬁréb{zssibjwld&e -e3t8earBogliay !

ester To a solution

1H pyr r ol of Zid1pyshuitdiester %ﬁgw estsryin |t@1uaraﬁ verepfded simaltaneously selytions of 20.5

t tni |
ol | owed® 'byﬁ%“%% éqﬁk‘éﬂo’%%%a%%"?r‘é‘%%%%ﬁ‘“"é‘?ﬁ%""‘%g? RN

sol vent was boemiserin# 2} pl salugnrrarent hantien aeadditianaliboutdle fraction ed by
flash col u”Hx eé[?%rr J{’% @Otfﬂﬂaié?_% hé&ﬂ sggilurr{ &TQ&?&te s@ut@&?aﬁ&e‘ﬁh&%s

n- hexane : s eldant to af product as _ a
yel | ow oi | (vgr& sgp@ratedSﬂnq\&uemtsep}mnggs extrag |q41]ce)/v1th 500 ml ethyl acetate and the

combined organic layers washed twice with 600 ml saturated sodium carbonate solution

15 and brine. After filtration and removal of the solvent the residue was purified by
chromatography over silica gel (0.032 — 0.063 mm) with n-hexane : ethyl acetate (24 : 1
then 19 : 1) as eluant to afford the product as a colourless solid (50.9%).

ISP-MS: m/e = 371.1 ([M+H"])

20 d) 6-Bromo-1H-pyrrolo[2,3-b]pyridine-2-carboxylic acid ethyl ester

The solution of 18.4 g (0.05 mol) 6-bromo-pyrrolo[2,3-b]pyridine-1,2-dicarboxylic
acid 1-tert-butyl ester 2-ethyl ester in 165 ml dichloromethane was cooled to 0 deg C and
then 38.0 ml trifluoroacetic acid was added within 5 min. The cooling bath was removed
and after 2 h at room temperature the reaction mixture was poured into 500 ml saturated

25 aqueous sodium bicarbonate solution. The organic layer was extracted three times with
150 ml dichloromethane. The combined organic phases were washed with 200 ml brine,
dried over magnesium sulfate and filtered. The solvent was evaporated and the residue was
dried under high vacuum to afford 12.0 g (95.5%) of the desired product as a colourless
solid.

30 ISP-MS: m/e =269.2 ((M+H"))



b) 7-Oxy-pyrrol o[ 2,3-b]pyridine-1,2-dicarboxylic acid 1-tert-butyl ester
2-ethyl 20 ester To a solution of 88.7 g (0.31 nol)

pyrrol o[ 2we-mjopiaes di ne- 1, 2- di car boxylic acid 1- tert-butylpcagires/o@set hyl
ester in 1600 m dichl oronet hane was addeg 150.5 g (0.61 nol) 3-

chl or oper oxybenzoi c acid. After 7 h anoth P-150.5 g (0.61 nol)

3-chl or oper oxybenzoic acid was added. After 24 h the reaction m xture was
poured into 960 m saturated aqueous 25 potassium carbonate solution. Water
and di chl oronet hane (1750 m, 1 : 1) were added, after 5 mn the aqueous
phase was separated and extracted three tines each with 900 m

di chl oronet hane. The conbi ned organi ¢ phases were washed with 1000 m water
and 1000 n br ieh&R)-éBremooky B terabulesywnbanylamine- lamgthyl-ethel) eld-pyireladBvent

was renoved habaL r til a white suspension had fornmed. A
150 portibgﬁ)lomfl tert %ﬁﬁz‘f&%{eﬁ&es 03/ 064423 PCT/ EP03/ 00459 - 49 et her

was added and the suspension was filtered. The filter-cake was washed w th
70 m  t et t - but yihisemBaund es prepareddniaaslogniedixapipiml . iatetmediats adfioor & t he

desired pro@yst o -Byrbty3,8-b34idlné-22 ?o@xz" ; 1 3 ; &H.\/ﬂ, ide ©)
6- Br ono- pyrr ol og)z 3%%13% glb?lg}rlllﬁgé gi C(:aa_rb &gillﬁl%@ggllrgééi_%oz%@m éﬁty %t)g%u grg 2-
ethyl ester and (3)-5ung ﬂs%,%ﬁlloé;p-[édgﬁogatb@zcdg%lwcyrboxyhc acid tert-butyl ester.
7-oxy-pyrrol o[ 2, 3-b] pyridi ne-1, 2-di carboxylic acid 1-tert-butyl ester

2- et hyl estqreubwghgi(lggg%)mere added sinul taneously solutions of 20.5 10 ni
(15.8 g, 0.098 nol) hexanet hyl disilazane in 420 m toluene and 29.4 n
(45.3 g, 0.24 nol) benzoyl bromde in 420 m toluene over 1 h. After an
addi tional HSPHMS:he/e=ca5t3 (N(+HT] Xt ure was poured into 400 nml 10% aqueous
sodi um car bonat e solution and the phases were separated. The aqueous phase
was extract ed twice with 500 mMl ethyl acetate and the conbined organic

| ayers washed twice with 600 m saturated sodi um carbonate solution 15 and
brine. After filtration and renoval of the solvent the residue was purified
by chromat ography over silica gel (0.032 - 0.063 nm with n-hexane : ethyl
acetate (24: 1 then 19: 1) as eluant to afford the product as a col ourl ess

solid (50.9%. ¢ (R)-6-Bromo-4-methyl-3,4-dihydro-2H-2,4a,5-triaza-fluoren-1-one

This compound was prepared in analogy to Example 1, intermediate b) from (R)-6-
bromo-1-(2-tert-butoxycarbonylamino-1-methyl-ethyl)- 1H-pyrrolo[2,3-b]pyridine-2-
15 carboxylic acid ethyl ester.

Colourless solid (73.6%).

ISP-MS: m/e = 282.0 ([M+H"])

20 Example 5

(4R,9aR)-6-Bromo-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
hydrochloride

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-bromo-4-
methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester.

25  Light brown solid (37.1%).

ISP-MS: 268.2 ((M+H])



| SP-M5: mle = 371.1 ([ MrH+] ) 20 d)

6- Brono- | H pyrrol o 2, 3-b] pyri di ne-2-carboxylic acid ethyl ester The

sol uti on wb 0386423 (0. 05 nol) PCT/EP03/00459

6- brono- pyrrol of 2, 3-b] pyri di ne-1, 2-di carbgxylic acid 1-tert-butyl ester
2-ethyl ester in 165 m dichl oronmet hane was cooled to 0 deg C and then
38.0 m tri fglegghggggg Ss: a@ﬁ’HY%Cﬁ@"é%ﬁdl@)h' n 5 mn. The cooling bath was
renoved and after roomtenperature the reaction m xture was poured
into 500 m saturat ed 25 aqueous sodi um bi carbonate sol ution. The organic

|l ayer was efdlf-act &d 48B7edlt4-HesNIF Eolln$4 diBsh&Gtdmet hane. The conbi ned

organi ¢ phases were washed with 200 ml brine, dried over nagnesium sul fate

and filteregundfle eohyent HVa9sevapolasc angyt By s&sd due was dried under
hi gh vacuumto afford 12.0 g (95.5% of the desired product as a colourless

solid. 30 | &P MtH+] ) WO 03/ 064423 PCT/ EP03/ 00459 -50 e)
(R) - 6- Br ono- a@?t%ﬂtﬁgéﬁc{&‘ﬁ}%% bonyl am no- | -nethyl-ethyl)-1H pyrrolo

[ 2,3- Db]pyridine-2-carboxylic acid ethyl ester 5 This conpound was prepared
in analogy to Exanple 1, internediate a) from 6-

brono-1 H pyrrol o] 2, 3-b] pyri di ne-2-carboxylic acid ethyl ester, potassium
tert-butoxide and (S)-5-nethyl-2, 2- dimsimediatds 2, 3]

oxat hi azol i di ne 3-carboxylic acid tert-butyl ester. Yellow gum (93.2%.

| SP-M5: nle = M«ilﬂ—g ) difiRro-

- 6- Br ono- 4- et hyI % ‘h‘r%egljl—yl?%%cg gﬁrf) r]i%zza‘lafsl g(‘)arzgrg-uoiene & caﬂf‘%xyhc acid
conmpound \I\ﬂgrﬁ)b@tﬁlﬁs@@ in anal ogy to Exanple 1, internediate b) from (R)-6-
brono- 1- (2 -tert-butoxycarbonylam no- | -methyl-ethyl) -1H pyrrolo

[2,3-b] pyridi nm% cé,&psaﬁ@%ybf(fa&ama%% toeéa&plez%eﬂuéalsé§> £8H R)-6-

(73.6% . |SP-
(4R, 9aR)106- qumrézmﬁtéth:’ 4ttepra ydrogi«gaaS ﬁrea@arfymrenez 44du5ethvlamm)pm@nene
and di tert-butyl dicarbonate.

Light yellow foam (97.3%).

ISP-MS: m/e = 366.1 ((M+H™))

15 b) (4R,9aR)-6-Bromo-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 2, intermediate b) from (R)-6-
bromo-4-methyl-3,4-dihydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester

and sodium cyano borohydride.

20 Colourless solid (82.5%).

ISP-MS: m/e = 370.3 ([M+H"))

Example 6

(4R,9aS)-6-Bromo-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
25 hydrochloride



hydr ochl ori de This conmpound was prepared in analogy to Exanple 2 from

(4R, 9aR) - 6- br ono- 4-

met hyl - 3, wo3@es4®t r ahydro-|1 H 2, 4a, 5-tri aza- f | uor ene- 2- carlcapos/co4aci d
tert-butyl ester. 25 Light brown solid _(%. 199. I1SP-Ms: 268.2 ([MHHY] ) WO
03/ 064423 PCT/ EPO3/ 00459 -51 Elenental artfal ysis: CL1H15Br CIN3(304. 619)

calc.: C 43.37 : . 64 6.23 ) 3,28 H4 98 N
13. 45C1 11. 67 B*F“%ég%@%@%%%%%&w %‘h‘ﬁ;{ﬁ”é?&%&%P%%g‘ﬁﬁ?%ngﬁ@a?'ﬁf"e@‘%)
( R) - 6- Br onomgthybBi#y9,98 etratijdrpelitd-2|dak52tribas-HubrenaRacdrboylie neid 2erc-bubyd estéi.
acid tert-butyl ester This conpound was prepared in anal ogy to Exanple 2,

i nt er nedi at . 10
br ono- 4- et ﬁ?@lil%%sgl,léﬁg%%éhydr 0-2,4a,5-triaza-fl uorene,

4- (di met hyl arrilpé) pyridine and di tert-butyl dicarbonate. Light yellow foam
(97.3% . | KP-MS: mig¢ & 22036BMtH )MrH+] ) 15 b)
(4R, 9aR) - 6- Brono- 4- net hyl - 3, 4, 9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uor ene- 2-

car boxyl ic id rt-butyl e i ound was prepared in analogy to
Eeanpl o 3. Etepilanane bCaFbmchy: @of8)

br ono- 4- net hyl - 3, 4-di hydro-| H 2, 4a, 5-tri aza-fl uorene-2-carboxylic acid
tert-butyl eddBr Caasbsodi Bmicyaxa s ohgldri.se. BO2&0epourl ess solid
(82.5%9. ISP-M5: me = 370.3 ([ M-H+] ) Exanple 6 (4R, 9aS)

O Bromo- 4- BEhAY| chuda? %88 NRAEY O G fifsp g Ay T uorener 25

hydr ochl ori
#) Calculated with 1 mole C11H15BrCIN3and 0.0154 mole CsH4and 0.07% water

10 Intermediate

(4R,9aS)-6-Bromo-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 2, intermediate b) from (R)-6-
bromo-4-methyl-3,4-dihydro-1H-2,4a,5- triaza-fluorene-2-carboxylic acid tert-butyl ester
15 and sodium cyano borohydride.

Colourless solid (6.2%).

ISP-MS: m/e = 370.3 ([M+H"])

Example 7

20 (R)-4,6-Dimethyl-1,2,3,4-tetrahydro-2,4a,5-triaza-fluorene; hydrochloride

This compound was prepared in analogy to Example 2 from (R)-4,6-dimethyl-3,4-
dihydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester.

Light yellow solid (57.0%).

ISP-MS: m/e = 204.2 ([M+H"])

25



WO 03/ 064423 PCT/ EP03/ 00459 -52 This conmpound was prepared in analogy to
Exanple 2 from (4R, 9aS) - 6- br ono- 4-

nmet hyl - 3, Wpd30ewstet r ahydro-|1 H 2, 4a, 5-tri aza- f | uor ene- 2- caroopPos/e48ci d
tert-butyl ester. Colourless sol i d (77. 8{%_. | SP-MS: mle = 270.2 ([ MrH+] )
5 El enental anal ysis: CL1H15Br CIN3 (304.619) calc.#): C 43.55 H5.01 N
13.73 d 11.59 Br 26.12 found: C 43. ﬁ]telé @gg N 13.57 O 11.57 Br 25.87
"YCalculated with 1 nole C11H15Br C N3 54 nole C6H14 and 0. 07% wat er
10 Internediate (4R, 9aS)-6-Brono-4-nethyl-3,4,9,9a-tetrahydro-

I H2,4a, 5-tri azeak)u smﬁ;aﬁfyiis 4C&h Y1H9243a35 ehid8 ! fhudReters.- c%%%l a!emeﬁomound
was prepar eﬁ p@anal ogy to Exanple 2, i nt er nedi at e b) from

br ono- 4- et 5. di hydro-| H 2, 4a, 5- trlaza fl uor ene- 2- carboxyllc acid
0,
rer -Nguty,;eeitg os pianer o) ¢ B S Aneo ORI nRR A L 85 amot k40 2%

(R) - 4, 6- B nela@y-fludrede-3-drb&yliahoid &&t%u@y@eﬁeﬂ ('Bxﬁrh@iefﬂ UeRR&liate ¥ fiin0o®hhpPr 2 de
rom

Thi s conmpound was prepared in ana o] to
(R) - 4, 6- di néimgjhoxgethaneivasadided 6 é,uml} teaggmftrlpbcr@rhldacgpbmemﬂydmm aci d

8 A Sy o s 67 L

(R) - 4, 6- Di nefi M tgmethiiboeyeirine sdtdoniin BHF meagadded nod ¢heredultiag saspyhdion wad d

tert- butylp &34 reflux for 5 h. The reaction mixture was cooled to room temperature, poured

10 into 20 ml 1M aqueous sodium hydroxide solution and extracted three times with ethyl
acetate. The combined organic layers were washed with brine, dried over magnesium
sulfate, filtered and evaporated. The residue was purified by flash column chromatography
on silica gel (0.032 - 0.063 mm) with ethyl acetate : n-hexane (1 : 1) as eluant to yield the
desired product as a yellow solid (71.1%).

15 ISP-MS: m/e = 302.3 ([M+H"])

Example 8
(4R,9aR)-4,6-Dimethyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene; hydrochloride

This compound was prepared in analogy to Example 2 from (4R,9aR)-4,6-dimethyl-
20 3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester.

Light yellow solid (75.9%).

ISP-MS: m/e = 204.2 ([M+H"])

Intermediate

25 (4R,9aR)-4,6-Dimethyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic
acid tert-butyl ester

To a solution of 19.5 g (0.053 mol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-
tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 5,
intermediate b) in 800 ml 1,2-dimethoxyethane was added 12.2 g (0.01 mol)



To a solution of 0.20 g (0.55 mmol)

(R) - 6- brono- 4-net hyl -3, 4-di hydro-1H 2,4a,5- 5 triaza-fluorene-2-carboxylic
acid tertwbuBgéssester (Exanple 5, internediate a) in 10 niPCI/EP03/00459

di met hoxyet hane was added 63 ng (55 p. rml% ) :
tetraki s(triphenyl phosphi ne) pal | adium A %er 30 mn, 5nmM saturated

aqueous sodi c nat;e. SOk ut | or A 09 . . a1 M.
trimethyl bof %‘)%Z{ng%fﬁlf’%%sﬂ n aé\‘@%é@%a etgie 3‘?153"3%?%%%%}%? ?Od;lfar% 516% A%i on
was heat ed roemtahperaturarWateh (400hal ) r 6z8cg (0clié moh) sediemrasbaraod ad 138 g (b1

tenperature ure into 20 mh ;1M eous.. sodi hydroxi sl utien and
ext Pacted + MALHTHEBol R Fits Pl drATHERUS PRI N AR, FRlbRIT 107
washed wi t hstirredfor 3dr umder oefhux. g segiension sab paured ifto| 108 apheamscsodizapor at ed.

The resi due,wa urified by fl.ash L u chr h on. silica,qgel
(0085 ¢ S selton i e Rl driete SP g VAN APy EnEpteaf 1951 1 o ¢
t he desi r ecvapwashedtwitisbrne; dried wwerahagheidrh. sibfyte, fllferédSidiapotaeed-TRORZsdue

([ MrH+] ) Exanpl .8 e . )

(4R 9aR) - 4, S bPHLF PY hrgmatopraphy.on silicags) 0,033 —0,063 pip) with-y-Pegps eyl

hydr ochl ori deetat¥id s1)cnrhanntb affosd phieq@atpaindnas atighogllowveilEsasi)e 2 from

(4R 9aR) - 4, 6-di et hyl - 20

3,4,9,9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene-2-carboxylic acid tert-butyl
ester. Li ghiSE-M9:onfesoiOdcd (F5tHY). 1SP-MS: mle = 204.2 ([ MtH+] )

I nternediate 25

(4R, 9aR) ;#, 6-Di et hyl -3, 4,9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene-2-carbo
xylic acid tert-butyl ester To a solution of 19.5 g (0.053 nol)

(4R, 9aR) - 6- br ono- 4- net hyl - 3, 4, 9, 9a- Examble 9

tetrahydro-1H 2, 4a, 5-tri aza-fl uorene-2-car %oxyl ic acid tert-butyl ester
(Exanple 5, internmediate b) in 800 m 1, 2-di methoxyethane was added 12.2 ¢
(0.01 nol) WO 03416428 FasA /e tHyP023N,9,95hexahydro-2,4a,5-triaza-fluorene;
tetrakis(t riﬁhghentﬁlggigosphi ne) pal | adi um(0) and the suspension was stirred for
30 min at droc Erature. Water (400 ml), 16.8 g (0.16 mol) sodi um

carbonate and 13,3 0.1 mol ) tri.met hyl boroxin re nd, i;h
reaction m xtur i%‘%“ﬁ’é’é‘f‘gav ¥y rgfpélfﬁdl}? ag?ti\égy tgotlfs)xra ze)f{%f) %&%(’j%%&%r'&?gf‘?ux.
The suspensinthyledsd, pOateehhydt w 1 HO2E g bHeanashwoehied2rcarboxylic acid tert-butyl ester.

Off-white solid (94.5%).

ISP-MS: m/e = 218.3 ([M+H"])

Intermediate

20 (4R,9aR)-6-Ethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

To a solution of 0.70 g (1.90 mmol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-
tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 5,
intermediate b) in 14 ml N,N-dimethylformamide was added 73.0 mg [1,1'-

25 bis(diphenyphosphino)ferrocene]-dichloropalladium(II) and after 15 min, 4.8 ml of a 1M
triethylborane solution in THF and 0.79 g (5.70 mmol) potassium carbonate were added.
After 4 h another 2.4 ml triethylborane solution was added and the reaction mixture
stirred overnight at 65 deg C. The mixture was cooled to room temperature and the
suspension was poured into water and extracted twice with ethyl acetate. The combined

30 organic phases were washed with brine, dried over magnesium sulfate, filtered and



5 bicarbonate solution and ethyl acetate and the phases were separated. The
organic |layer was washed with brine, dried over magnesi um sul f at e,
filtered wod3swaporated. The residue was purified by chrecatregs/epbhy on
silica gel (0.032 - 0.063 nmm w th n-hexa, . ethyl acetate (4: 1) as
eluant to afford the corrpound as a light Vellow oil (52.6%. ISP-M5: me =

Car Sard - b papbiacd ThY BRI Brouce yas pygified by column chromategraphy on sifitagdl o
hydr ochl ori @é)??h'l %Oéimpﬁmﬁl MSbwlepaJhﬂctther a:ﬁéllexrgsc (1 04 Eascalqpdne t@yitldahe

(4R, 9aR) 6- gﬁolaYll:t'a% %
nmet hyl - 9a-tet réﬁuélessqﬂsgsq 5-triaza-fluorene-2-carboxylic acid
tert- butyI ester. Of-white solid (94.5%. ISP-M5: me = 218.3 ([ MtHt] )

| nt er nedi at gp-1f8: m/e-3184(gM+H+
(4R, 9aR) - 6- Et hyl - 4- et hyl 4,9, 9a-tetrahydro-1H 2, 4a, 5-tri aza-fl uor ene- 2-

carboxyllc acid tert-butyl ester To a solution of 0 70 g (1.90 mmol)

(4R, 9aR) 6- br ono- 4- net hyl - 3, 4, 9, 9a-

tetrahydro-1H 2, 4a,5-triaza-fl uorene-2-carboxylic acid tert-butyl ester
(Exanpl e 5, i nt er medi at e b) in 14 nl ExaitNpid ¥0et hyl f or mam de was added 73.0
mg [ 1,1 25 bis(di phenyphosphi no)ferrocene]-dichloropalladiun(ll) and

after 15 mn, 4R gup) QJMQ%,M_G_ r U | T

(5.70 mmol ) pot aSSI um carB att;elﬁ&gogﬂtgﬂ 13??4?3% efrléxgﬁﬁa%nzd%%e?ﬁ% gﬂ urﬁs_%eIgé
triethyl bor BiEodderids on was added and the reaction nixture stirred
overnight at 65 deg C. The m xture was cooled to roomtenperature and the

ilﬁspen% on \CAi/asO'plquem poiidw r@lﬁar@d‘ﬂi ﬁiﬁldg?&b%fl?]ﬁ] ecaeermghR@ghyh xﬁ&ﬁsrlase

e conbi ne ases Wi ri ne ried. ove ium
sul fate,fi¥ iﬂgﬁo %ﬁgl %\68 37N é@? Epgéflemggoreng-g @\‘}l%fﬁﬁf ‘&?Cééte“rg

crude produssterwas purified by colum chronmat ography on silica gel (0.032 -
0.063 mm) with tert-butyl nmethyl ether : n- hexane (1 : 4) as eluant to

yield the Béﬂ%ﬁ%m%lié‘(%‘?d%}!” ess oil (89.5%.

ISP-MS: m/e = 258.2 ([M+H"])

15 Intermediate

(4R,9aR)-4-Methyl-6-trifluoromethyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-

fluorene-2-carboxylic acid tert-butyl ester

To a solution of 0.8 g (2.17 mmol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-

1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 5, intermediate b) in

20 12 ml 1-methyl-2-pyrrolidone, 2.36 g (17.4 mmol) sodium trifluoroacetate was added .
After a solution had formed, 1.65 g (8.7 mmol) copper iodide was added and the reaction
mixture was heated to 180 deg C for 2 h. The mixture was cooled to room temperature,
ethyl acetate and water were added and the suspension was filtered through a bed of
dicalite speed plus. The phases were separated, the aqueous layer was washed with ethyl

25 acetate and the combined organic phases were washed with brine, dried over magnesium
sulfate, filtered and evaporated. The residue was purified by chromatography over silica gel
(0.032 — 0.063 mm) with tert-butyl methyl ether : n-hexane (1 : 5) as eluant to afford the

desired compound as a colourless oil (27.7%).

ISP-MS: m/e = 358.3 ([M+H"])



| SP-M5: W = 318.4 ([M+H+] ) 5 Exanple 10 (4R, 9aR)

-4-Methyl -6-trifluoronethyl-1,2,3,4,9, 9a- hexahydro-2,4a,5-triaza-fl uorene;
hydr ochl owode/0d4aes conmpound was prepared in anal ogy to ExagplEPoRodssom
(4R, 9aR) - 4- net hyl - 6- 10

trifluoronethyl-3,4,9,9a-tetrahydro-1 H 2,'4?3,'5-tri aza-fl uorene-2-carboxylic
acid tert-butyl ester. Light brown solid (73.0%9. |ISP-Ms. W = 258.2

([ MFH+] ) 15 Internedi ate

(4R, 9aR) - 4- Met hyl - 6-tri fl uoronet hyl - 3, etrahydro- 1H 2, 4a,5-tri aza-
fl uorene-2-carboxylic acid tert-butyl fxatpt®y] a solution of 0.8 g (2.17
nmmol ) (4R, 9aR) - 6- br ono- 4- net hyl - 3, 4, 9, 9a-t et r ahydr o-

1H-2,4a,5-triaz "Mﬁ,bh@)r-@ﬂ%‘cﬁ)‘pﬁ;éﬁ}‘l@xﬂeﬂ&l-Q}Ziﬂ,@,%-béﬁ%f&lo-@,ﬁ&,gftriﬁﬁxﬁm}kﬁe;5’

i nt er medi at?ﬂa) h@é{éo 1Z m 1-‘met hyl -2-pyrrolidone; 2.36 g (17.4 mol)

sodi um tri f INYBYY: te was added. After a solution had forned, 1.65 g (8.7
nmol ) copper iodide was added and the reaction mxture was heated to 180

deg C fors2 h. Tis somgicund wpremdedin dnalogp enEtapipier dioh€4R,9eR1hg! acet ate
and water wer d n nsi.qn S, kiLttered,through bed. of
ical' e spoedoRonite anite BUEREaN AR 1R5 s WA R phoatt S
washed wi t h tetfbyryl 28eracet at e and t he combi ned organi ¢ phases were washed
with brine, dried over magnesium sulfate, filtered and evaporated. The
resi due was Lightibrownisalid (68:08mat ogr aphy over silica gel (0.032 - 0.063 m)
with tert-butyl nmethyl ether : n-hexane (1 : 5) as eluant to afford the
desired compound as a colourless oil (27.7%. |SP-MS: W = 358.3 ([ MrH+] )
WO 03/ 06442é51?>&1$=m@37%ﬁ§’4%éMt%d)Exanpl e 11

(4R, 9aR) - 6- Cycl opr opyl - 4- net hyl -

1, 2, 3, 4, & 9a- hexahydr o- 2, 4a, 5-tri aza-fl uorene; hydrochl oride

Intermediate

(4R,9aR)-6-Cyclopropyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

A suspension of 150.0 mg (1.23 mmol) 9-borabicyclo[3.3.1]nonane and 47 ul (0.62

15 mmol) propargyl bromide in 1 ml tetrahydrofuran was heated to reflux for 2 h. The
mixture was cooled to room temperature then 0.61 ml (1.83 mmol) of a degassed 3M
sodium hydroxide solution was added and after 1 h a mixture of 0.20 g (0.54 mmol)
(4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic
acid tert-butyl ester (Example 5, intermediate b) and 19.0 mg

20 tetrakis(triphenylphosphine)palladium in 1 ml tetrahydrofuran was added. The mixture
was heated to reflux for 16 h then cooled to room temperature and poured into water and
ethyl acetate; the phases were separated. The aqueous phase was extracted three times with
ethyl acetate and the combined organic layers were washed with 1M aqueous sodium
hydroxide solution and brine, dried over magnesium sulfate, filtered and evaporated. The

25 residue was purified by chromatography on silica gel (0.032 — 0.063 mm) with n-hexane as
eluant to afford the desired product as a colourless oil (35.2%).

ISP-MS: m/e = 330.4 ([M+H"])



5 This conmpound was prepared in analogy to Exanple 2 from (4R 9aR) - 6-

cycl opropyl -4-net hyl -3, 4,9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene- 2- car box
ylic aci dvotoenésbut yl ester. Light brown solid (62.0%. PEPHEVER/0W@EE =
230.3 ([MtH+] ) 10 Internediate (4R 9a_§)7_

-6- Cycl opropyl -4-nethyl -3,4,9,9a-tetrahydro-1 H 2,4a,5-triaza-fl uorene- 2-

carboxylic acid tert-butyl ester A su e of 150.0 ng (1.23 mmol)
9- bor abi cycl o[ 3. 3. 1] nonane and 47 | (g.gggi%g nmol ) propargyl bromde in 1

m tetrahydrofuran was heated to reflux for 2 h. The mxture was cooled to
room t enper at ur(gR,t9aR§13Q46N4em;r1-ﬁ,Ze;%,méﬁahparoaz,dgs&ﬁaﬁdﬂéMenS@ﬁ?-laleeglic

hydr oxi de soWn vvatshﬁ ddgfj %gd after 1 h'a nmixture of 0.20 g (0.54 mol)
(4R, 9aR) - 6-% 5568 3T°—C %148 9a-t et rahydro- 1

H 2, 4a,5-triaza-fl uorene-2-carboxylic acid tert-butyl ester (Exanple 5,

i nt er medi at e b)ThincbmSouhdwas3Repared imkinalogy tpBeamyplpRof e (AR)RR)6a@- um in 1

m tetrahy . €: L%t UL.e ) ed to reflux for 16 h
t hen coo?egeﬁl?%xv%%g%x\ﬁz‘nn%ggg%?% é?igbggﬁ?%@yﬁ?ﬂ%ﬁe\f\g’%}%’g'télﬁ@'ﬁg?rﬁwjzéc et at e;
t he phases daoxykeasad terebutyligsteraqueous phase was extracted three tines with
et hyl acetate and the conbined organic |ayers were washed with 1M aqueous
sodi um hydriolpyeokd(ef3%h and brine, dried over magnesiumsul fate, filtered
and evaporated. The 25 residue was purified by chromatography on silica

gel (0.032 -_0.063 with n-hexane as eluant to afford the desired
product as IéP-g\égda/rer%@%{lMtféﬁ. 299 . ISP-Ms: mle = 330.4 ([MtH+] ) WO

03/ 064423 PCT/ EP03/ 00459 -57 Exanple 12 (4R 9aR)- 3-

(4-Methyl -1, 2,3, 4,9, 9a- hexahydro- 2, 4a, 5-triaza-fluoren-6-yl) -acrylic acid
et hyl ester; hydrochloride This conpound was prepared in anal ogy to Exanpl e

2 from (eR 9aR)-6-(2- 5 Intermediate
et hoxycar bonyl -vi nyl ) -4-net hyl -3, 4,9, 9a-tetrahydro-1H 2,4a,5-triaza-fl uoren

e-2- (4R,9aR)-6-(2-Ethoxycarbonyl-vinyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-

triaza-fluorene-2-carboxylic acid tert-butyl ester

To a solution of 1.0 g (2.71 mmol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-
1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 5, intermediate b)

15 and 0.36 ml (3.25 mmol) ethyl acrylate in 30 ml toluene were added 0.67 g (8.15 mmol)
sodium acetate, 82.6 mg (0.27 mmol) tri(o-tolyl)phosphine and 0.04 mg (0.1 mmol)
allylpalladium chloride dimer. The reaction mixture was heated under reflux for 20 h, then
poured into saturated aqueous sodium bicarbonate solution and extracted with ethyl
acetate. The organic phase was washed with 10% aqueous citric acid solution and brine,

20 dried over magnesium sulfate, filtered and evaporated. The crude product was purified by
column chromatography on silica gel (0.032 — 0.063 mm) with n-hexane : ethyl acetate (9 :
1) as eluant to afford the desired compound as a yellow solid (91.2%).

ISP-MS: m/e = 388.3 ([M+H"])

25 Example 13

(4R,9aR)-6-(3-Methoxy-propyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluorene



carboxylic acid tert-butyl ester. Yellow solid (66.5%. ISP-M5: me = 288.3
([ MtH+] ) 10 Internediate (4R 9aR) -6-

( 2- Et hoxywarisoeaak3 vi nyl ) - 4- net hyl - 3, 4, 9, 9a-t et rahydr o- 1 HPEZTAP)H00459
triaza-fluorene-2-carboxylic acid tert- but | ester To a solution of 1.0 g
(2.71 mml) (4R 9aR) - 6- br ono- 4- net hyl - , 9a- tetrahydro-

it of medi at e by 1 SRFRRERSIANG 0'5493% Annlt froat LR L of vene
wer e added @nadhoxy-pi®pgh-4methyl-3giaitatabpdrat H- 283 Setriuga-flQoEhePradrboxylic

tri(o-tolyl | nd 0.04 ng (0.1 mml) allylpalladiumchloride
di mer. The }aggg@?@n m%ﬂre was heated under reflux for 20 h, then poured

i nto saturated aqueous sodi um bi carbonate solution and extracted with ethyl
acet ate. Théight jrawrophks®ohas washed with 10% aqueous citric acid sol ution
and brine, 20 dried over magnesiumsulfate, filtered and evaporated. The
crude product was purified b ¢Ql um chromat ography on silica gel (0.032 -
0. 063 mm)3 M%%Mﬁnyﬁan%&%&l\iﬂ{ Hcetate (90 1) as eluant to afford the
desired conpound as a yellow solid (91.2%. ISP-M5: me = 388.3 ([ MtH+] )
25 Exanple 13 (4R 9aR) -6-

(3- Met hoxy-propyl)-4-nmethyl -1, 2, 3, 4,9, 9a- hexahydro- 2, 4a, 5-tri aza- fl uorene
WO 03/ 064423 PCT/ EP03/ 00459 -58 Thi s lgenpediagt was prepared in anal ogy to
Exanple 2 from (4R, 9aR) - 6- ( 3-

met hoxy- propyl ) - 4+ <3, 4, a-tetra tri ne- 2-ca
rboxylic acid té& Pama%)' éé’t’%f W&{Ppmg téyw_glég%ag%ahy 19~ ég klzé’“?m e =
262.3 ([ MrH+] ) | ntejapBduedene-2adarboxylic acid tert-butyl ester

(4R, 9aR) - 6-( 3- Hydr oxy-propyl)-4-nethyl -3, 4,9, 9a-tetrahydro- | H 2, 4a, 5-

triaza-f 1 dor eneTo a soful%f?))r(lyclf hs. B(I:rllgd(oté%rr%fn% t(ylkﬁgﬁs-%[(Z-ethoxycarbonyl-vinyl)-4-
methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza- fluorene-2-carboxylic acid tert-butyl ester
(Example 12, intermediate) in 10 ml diethyl ether were added 50.0 mg (1.32 mmol)
lithium aluminium hydride. After 2 h the reaction mixture was poured into saturated
aqueous potassium sodium tartrate solution and ethyl acetate then filtered through a short

15 pad of dicalite speed plus. The aqueous phase was extracted four times with ethyl acetate

and the combined organic layers were washed with brine, dried over magnesium sulfate,
filtered and evaporated. The residue was purified by chromatography on silica gel (0.032 —
0.063 mm) with ethyl acetate : n-hexane as eluant to afford the compound as a colourless
solid (50.5%).

20 ISP-MS: m/e = 348.6 ((M+H"))

b) (4R,%9aR)-6-(3-Methoxy-propyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-

triaza-fluorene-2-carboxylic acid tert-butyl ester

A solution of 160.0 mg (0.46 mmol) (4R,9aR)-6-(3-hydroxy-propyl)-4-methyl-

25 3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester in 4 ml
tetrahydrofuran was cooled to 0 deg C and treated with 24.0 mg (0.51 mmol, 60%
dispersion in mineral oil) sodium hydride. After 30 min 32 pl (0.51 mmol) methyl iodide
was added and the cooling bath was removed. After 6 h another 0.64 pl (1.02 mmol)
methyl iodide was added and the reaction was stirred overnight. The reaction mixture was

30 poured into water and was extracted three times with ethyl acetate. The combined organic



10 To a solution of 245.0 ng (0.63 nmol)

(4R, 9aR) - 6- ( 2- et hoxycar bonyl - vinyl ) -4- . .

nmet hyl - 3, WO®30axeet r ahydro- |1 H 2, 4a, 5-tri aza- f | uor ene- 2- carbompPbhs/e4aci d
tert-butyl ester (Exanple 12, internediale) in 10 m diethyl ether were
added 50.0 ng (1.32 mmol ) [ithium alum num hydride. After 2 h the
reaction m A RS b . q;ﬁg& 23S I

tartrate 501? e'trlf‘g% anélpet fﬁbggée’?étégtoﬁf%;ﬁ%eﬁ%re %hﬁlgugﬁ%i%&:ﬁ?g:};%dﬁgd of
di cal i te spewtarplevaporatpe Thguestdns yaspael Y ebrormategsapltyoen siti¢ et hyl
acetate arglodsindQAH dffl 0LOR7h hedBNeS AR QuNRIOEHM hB dBlitedContilouRl Over
magnesi um su? at e, I terec} and evapor at ed. e residue was purifried by
chr onat ogr agstacolemrieisiaildd39e4). (0. 032 - 0.063 nm) with ethyl acetate :

n- hexane as eluant to afford the conpound as a colourless solid (50.5%.
20 ISP-M5: me = 348.6 ([ MrH+ b)

(4R 9aR) 56-I@§=M@tfﬁ&<’y3@~‘£)[§y}4)"}'ﬂ3)ﬂet hyl -3, 4,9, 9a-tetrahydro- | H2,4a,5-
triaza-fluorene-2-carboxylic acid tert-butyl ester A solution of 160.0 ng
(0.46 mml) (4R 9aR)-6-(3-hydroxy-propyl)-4-nethyl- 25 _
3,4,9,9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene-2-carboxylic acid tert-butyl
ester in 4 m tetrahydrofuran was cogBkafiple@40 deg C and treated with 24.0
ng (0.51 nmol, 60% dispersion in mineral oil) sodium hydride. After 30 nmin
32 1 (0.51 nmol) nethyl iodide was added and the cooling bath was renoved.
Aiter 6 h anot HéR,9RB4-Methil-D2,3:%93-hexubydrpt 2, dattdezavihsoranie 6 dtarroohitt e
reaction d%éh%c(rﬁﬁ overnight. The reaction mxture was 30 poured into

wat er and s extracted three times with ethyl acetate. The conbi ned

organi ¢ WD 03/ 064423 PCT/ EP03/ 00459 -59 |ayers were washed with brine,
dried oVer magnitt eamBeanndaras preparechinamalogy teBrrsrirle 2 drosal (4h9aRi-¢-sramoy4-
evapor at or -ma_t!ﬂ?l-5,Q59!961t@tr¥mr<§111H-ﬁ,u@,g-tﬂyzacﬂ'ﬁ&ﬁﬁé—Q&&ﬁﬂﬂyli@ibié tert-BatyD&ker( 0. 032
- 0.063 mm with ethyl acetate : n-hexane (1 : 4) as eluant to afford the
desired conpghtidllowasold @@l308) |1 ess oil (73.9%. 5 ISP-Ms: me = 362.4

([ MtH+] ) Exanple 14

(4R, 9aR) - 4- Met hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uorene-6-carbonitr
ile; hydrdShiMS:ime=215.4 ((M+H"])

15 Intermediate

(4R,9aR)-6-Cyano-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

To a solution of 0.20 g (0.54 mmol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-
tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 5,

20 intermediate b) in 5 ml dioxane were added 195.0 mg (2.17 mmol) copper(I) cyanide, 22.5
mg (22 pmol) tris(dibenzylideneacetone)dipalladium(0), 48.2 mg (87 umol) 1,1'-
bis(diphenylphosphino)ferrocene and 0.13 g (0.81 mmol) tetraethylammonium cyanide
and the suspension was heated to reflux and stirred for 1.5 h. The mixture was cooled to
room temperature, filtered and the filtrate was washed successively with aqueous saturated

25 sodium bicarbonate solution, aqueous 10% citric acid solution, brine, dried over
magnesium sulfate, filtered and evaporated. The residue was immediately purified by flash
column chromatography on silica gel (0.032 — 0.063 mm) to afford the desired compound

as a colourless foam (98.4%).

ISP-MS: m/e = 315.3 ([M+H"])



10 This compound was prepared in analogy to Exanple 2 from

(4R, 9aR) - 6- cyano- 4-

nmet hyl - 3, Wpd3Pewset r ahydr o- 1H 2, 4a, 5-tri aza- f | uor ene- 2- cara®PO3/c048Ci d
tert-butyl ester. Light yellowsolid (62.3%. ISP-M5: me = 215.4 ([ MrH+]

) 15 Internediate (4R 9aR)-6-Cyano-4-nethyl -3, 4,9, 9a-tetrahydro-

| H 2, 4a, 5-triaza-fl uorene-2- carboxylic acid tert-butyl ester To a sol ution
of 0.20 g (0.54 nmml) (4R, 9aR)-6- brono-4-nethyl -3, 4,9, 9a-

tetrahydro- 1H 2, 4a, 5-tri aza-f | uor ene- Exarapled®yl ic acid tert-butyl ester
(Exanmple 5, 20 internediate b) in 5 m dioxane were added 195.0 ng (2.17
mol ) copper (| X4BYalR}-6eCyckprepylmgthoxpmetnyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-

tris(di benztmli'adm@ﬁ@th?@ﬁ))cgjopﬁu adium(0), 48.2 ng (87.tnmol) 1,1'-
bi s(di phenyl phosphi no)ferrocene and 0.13 g (0.81 nmol) tetraethyl ammoni um

cyanide and the suspension was heated o reflux and stirred for 1.5 h. The
m'yxt ure was cogﬁ’éﬁc‘%“gpoqn@dﬁﬁst%%?ﬁﬁﬁ“éf,ow e E@f’%ﬂeégﬁmﬁ R P4R)r6-at e was
washed sucegdspioplinethdtyntathit ot fedsd-34ed, edtetRhidrdi LHN2iagRrbendluereel it i on,
aqueous 10%gGitric a 'dt §O| t&on, brine, dried over magnesium sulfate,
filtered afd ™ ev4 °oarcé‘ﬂ§8.‘ §9%e"t%si due was i mediately purified by flash
col um chromat ography on silica gel (0.032 - 0.063 mm) to afford the
desi red corpghtydlovasrystalsdBd6)ess foam (98.4% . ISP-M5: me = 315.3 ([ MrH+]
) WD 03/064423 PCT/ EP03/ 00459 -60 Exanple 15
(4R 9aR) - 61§y MORhRRY I, NAxymE hy! - 4-met hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-
triaza-fluorene; hydrochloride Thi s conmpound was prepared in analogy to
Exanple 2 from (4R, 9aR) - 6-
cycl opr &byl met hoxymet hyl - 4- et hyl - 3, 4, 9, 9a-t et r ahydro- 1
H 2, 4a,5-triaza-fl uorene-2- carboxylic acid tert-butyl ester. Light yellow
crystals (89.6%. |SP-Ms: We = 274. 4Anfefrvbdidfes) 10

a) (4R,9aR)-4-Methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2,6-

dicarboxylic acid 2-tert-butyl ester 6-methyl ester

To a solution of 6.0 g (16.3 mmol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-

15 1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 5, intermediate b) in
60 ml methanol were added 0.57 g (0.8 mmol) and 3.4 ml (2.5 g, 24.4 mmol) triethylamine
and the reaction mixture was stirred at 80 deg C for 24 h under a carbon monoxide
atmosphere of 40 bar. The suspension was cooled to room temperature, poured into a
mixture of water, ethyl acetate and brine and was extracted with further portions of ethyl

20 acetate. The combined organic layers were separated, dried over magnesium sulfate and
filtered. The residue was purified by chromatography on silica gel (0.032 — 0.063 mm) to
afford the product as a light yellow foam (74.4%).

ISP-MS: m/e = 348.5 ([M+H"])

25 b) (4R,%aR)-6-Hydroxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-

fluorene-2-carboxylic acid tert-butyl ester

A solution of 4.2 g (12.1 mmol) (4R,9aR)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-
triaza-fluorene-2,6-dicarboxylic acid 2-tert-butyl ester 6-methyl ester in 100 ml
tetrahydrofuran was cooled to 0 deg C and treated dropwise with 48.4 ml

30 diisobutylaluminium hydride (48.4 mmol; 1M solution in THF). The cooling bath was



Internedi ates a)

(4R, 9aR) - 4- Met hyl - 3, 4, 9, 9a-tetrahydro-1 H 2, 4a,5-tri aza-fl uorene- 2, 6-

di car boxyWwowm3meides 2-tert-butyl ester 6-nethyl ester To a eoirmpodenssf 6.0 g
(16.3 mml) (4R 9aR)-6-brono-4-nethyl -3, 4,0, 9a-tetrahydro- 15

1H 2, 4a, 5-triaza-fl uorene-2-carboxylic acrd tert-butyl ester (Exanple 5,

i nter nedi at gpfidvellAnd GRer™ h ABLBARIn i tﬁsqggfégc@omaﬁlfegcﬁeerL 16pd 3-4 m

(2.5 9, 24.4 mol) triethyl am ne he reaction xture was stirred at
80 deg C f ofqueRUADPQAssEHN sOdBMaTirate salntiereand etbyseetate wis added The tprephase
suspensi on WasnteN Sitkrk BURS, ' ] er,
et hyl acet a%@g and bri rﬁe&g{égﬁ%ﬂvai ext r(ﬂ;%:a%igeggp\fm%{lggﬁ ﬁltg(rat%%?{@lxyﬁg{egtﬂ {é‘t‘ﬁ@’fl
20 acet at e. acptade anshiiepEgrnis phase way dnjed evenmragnesiya salfasel After ifiltdatiopeand

magnesi um sul.batSi fddd j i1 r ng?phy
on sili c? gel_afp(ao. 8%39 p ééldgggﬁ ﬁ?r"}lr-ﬂt?gd E}gﬁgﬁgtoﬁﬁ%hglré%(ﬂ%? legb.a(l)g i gWye ow
f oam (74. 40ithiethyl agstatepseeluang a@afford|the- desjredl ppasiusy as a light yellow foam (67.3%).

(4R, 9aR) - 6- Hydr oxynet hyl - 4- net hyl - 3, 4, 9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-

fluorene-2-carboxylic acid terf-butyl ester A solution of 4.2 g (12.1 mmol)
(4R 9aR) - 4- ﬁ@t’%F Inge ﬁ,—”é&-ég[bﬂék@hydr o-1 H 2, 4a, 5-
triaza-fluorene-2,6-dicarboxylic acid 2-tert-butyl ester 6-nethyl ester in
100 M tetrahydrofuran was cooled to O deg C and treated dropwi se with
48.4 m 30 diisobutylalum nium hydride (48.4 mmol; 1M solution in THF). The

cool i ng bat h wasc)MMR34RB44231dpeipyHethoRAAeByl-4-biethylBd @ da anealgfit@1HL h at
roomtenperature the reactign was quenched w,th 10%  aqueous potassium
sodi um ﬁgrt rate sopmﬁai’%ﬁméﬁ'glungT "éa(fg?’fﬁlé a%ger&%&gfggst%e t wo- phase system
was filtered through a bed of dicalite speed plus; the filtrate was
extracted with €bhygblutianef &g (ANd nirhel) 4R Q4R c6hipdsxyinathytini methopven,9,9a-

purt T ed by tnPidiar o skt Bhp s o E 858 irk Bih e 5 30T
acetate as éimumintlfarmaafidowab ddded 0.48igr(¢H4 pimol)cddiasm kydrideg A frared0i i ¢. ol
(67.3%. |

(IR Sa - 6. 3 @ smebitRBigerb D Shickaiape wes addedndithe reagtion wes stireedy

2, 4a, 5- tisi afoa3fH. The exetidn adxthrewds pouaed iHitd 80% abudods seditiy bicarbonate solution
and ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate,
filtered and evaporated. The residue was purified by chromatography on silica gel (0.032 -
0.063 mm) with a gradient of ethyl acetate : n-hexane (1 : 1 to 100 : 0) as eluant to afford
the compound as a light yellow oil (67.1%).

20 ISP-MS: m/e = 374.5 ((M+H"))

Example 16

(4R,9aR)-6-(2-Methoxy-ethoxymethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-

triaza-fluorene

25 This compound was prepared in analogy to Example 2 from (4R,9aR)-6-(2-
methoxy-ethoxymethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester.

EI-MS: m/e = 278.3 ([M+H"])



To a solution of 1.2 g (37.6 nmol)

(4R, 9aR) - 6- hydr oxynet hyl - 4- met hyl - 3, 4, 9, 9a-

t et rahydrwobBlo@444a, 5-t ri aza- f | uor ene- 2- carboxylic aci d tercTmPoybodester in
30 M N, N dinethylformam de was added O. %f g (41.4 mml) sodi um hydri de.
After 30 mn 0.72 M (1.01 g, 75.2 mol ) “{brononet hyl ) cycl opropane was
added and the reaction was stirred 15£for 31@ The reaction m xture was
poured into 10% aqueous sodi um bicarb ution and ethyl acetate. The
organi c | ayer was washed with brine, dried over magnesi um sul fate,

filtered and ev@&iBdaR])ed(2-Vethaxysithlorymeslsyl pdméthgdeB, 59,9 hrewatgidogn Bpiga,6n

SI lica gel Wit i.ent of ethyl acetate : n-hexane
: 1to 1881293§0ren9 ﬁaé?lmlﬁaﬁlfi?%r?g%ﬁﬁ% corrpound as a light yellow oil
(67 1%9. 20 ISP-Ms: me = 374.5 ([ MtH+] ) Exanple 16 (4R 9aR) -6-

(2- Met hoxy- et hbkiy rempeound wds prepiet] il a2l Ggyao Ex8mplechbahtetimedidtes), from

EL:?aSaR; l goggp‘faﬁ% H;Hr8xﬁgémﬂu£%ew 3§82 'ie%rah'yﬁroqml ? 9&’ 5 ttnaza- u rene g from

met hoxy- et heatholitypdill tert-atyhgéter3 seti®@mdrydtide nmdh 9-chrombokth?] shathyt dthéraza- f | uor en
e- 2- carboxylic acid tert-butyl ester. EI-Ms: me = 278.3 ([ MtH+] ) WO

03/ 064423 / ) 62 | nter nedi ate (4R 9aR)-6-
(2- Met hoxy e Eggsgreggﬁgq nmet hyl - 3, 4, 9, 9a-t et rahydr o- 1H 2, 4a, 5-
triaza-fluorene-2-carboxylic acid tert-butyl ester This conpound was

prepared i nlg@npgjsqueig7ggg[rng+jL)5 internediate c), from5
(4R, 9aR) - 6- hydr oxynet hyl net hyl - 3, 4, 9, 9a-t et r ahydr o-

1H 2, 4a, 5-triaza-fluorene-2- carboxylic acid tert-butyl ester, sodium
hydri de and 2-bronvethyl methyl ether. Colourless oil (33.8%. ISP-Ms: nie

= 378.5 ([ MrH+] ) 10 Exanple 17 (4R 932

- 6- Met hoxynet hyl -4-nethyl -1,2,3,4,9,9 ro-2,4a,5-triaza-fl uorene

Thi s conmpound was prepared in analogy to Exanple 2 from (4R, 9aR) - 6-
(4R,9aR)-6-Methoxymethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-
methoxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid
tert-butyl ester.

15 Light yellow oil (95.3%).

ISP-MS: m/e = 234.4 ([M+H"))

Intermediate

(4R,9aR)-6-Methoxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
20 fluorene-2-carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 15 intermediate c), from
(4R,9aR)-6-hydroxymethyl-4-methyl-3,4,9,9a-tetrahydro- 1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester and methyl iodide.

Light yellow oil (75.8%).

25 ISP-MS: m/e = 334.4 ([M+H"))



met hoxynet hyl - 4-net hyl -3, 4, 9, 9a-tetrahydro- 1H 2, 4a, 5-tri aza-fl uorene-2-carb
oxylic acid tert-butyl ester. 15 Light yellowoil (95.3%. ISP-M5: me =
234. 4 ([ MvotbB/og44dnt er nedi at e PCT/EP03/00459

(4R, 9aR) - 6- Met hoxynet hyl - 4-net hyl -3, 4,9, 9as tetrahydro-1 H- 2, 4a, 5-triaza- 20
fl uorene-2-carboxylic acid tert-butyl ester This conpound was prepared in
anal ogy to Exanple 15 internediate c), P18

(4R, 9aR) - 6- hydr oxynet hyl - 4- net hyl - 3, 4,79, 9a-tetrahydro-1

H 2, 4a,5-triaza-fluorene-2- carboxylic acid tert-butyl ester and nethyl

i odi de. Light ygi L@M&h%l-1(,5,5,4?9°@a-h&§h9c§5’4'\ﬁ;5-fﬁa@a-ﬂu%%eflm(c{rh/&hbﬂda1:1/3@5
03/ 064423 PCT/ EPO3/ 00459 -63 Exanpl € 18 (R)-4- Met hyl -

1,2, 3, 4,9, 9a- hexal¥8ipodnd ¥aSpiepheddn Eﬁﬂwﬁvaaﬁamwpﬁbﬂnqmqemléhifl-é,is ghi s
conmpound was pge arﬁg in anal o% to Exanple 2 from 395)6;4- nmet hyl - 3, 4, 3, 9a-

t et r ahydr o- by - Bli2dasd, Hiazpdlyprsne- e boplis prif derkbugyl eger - but yI ester. 5
Colourless solid (51.7%. EI-M5: nme = 189.2 QM) El enental anal ysis:
Cl1H14C1NS. é ‘éS 01%2%1% %3% calc.: C54.57 H6.85 N 17.36 C 21.23

found*: € 5¥O@8riEpsEoRd{N-1%)41 O 21.38 10 #) Calculated with 0.48% water
Internedi ates a)

(R) - 1- ( 2- t eEF-MSunug w@P 20y ami no- | - met hyl - et hyl ) - 1H-pyrrol o 2, 3- b] pyri di ne
- 2-carboxylic acid ethyl ester 15 This conmpound was prepared in analogy to

Exanpl e 1 i BleflenBUamdIRia) CiHOIN 45MCT @42130)3- b] pyri di ne- 2- car boxyl i c
acid ethyl ester, potassiumtert-Dbutoxide and (S)-5- nethyl-2, 2-di oxo- [

1,2,3] oxathiazolidine-3-carboxylic acid tert-butyl ester.
calc. C 5457 H 6.85 "N 17.36 Cl 21.23

found*: C 5463 H 661 N 17.41 Cl 21.38

10 * Calculated with 0.48% water

Intermediates

a) (R)-1-(2-tert-Butoxycarbonylamino-1-methyl-ethyl)-1H-pyrrolo[2,3-b]pyridine-
2-carboxylic acid ethyl ester

15 This compound was prepared in analogy to Example 1 intermediate a), from 1H-
pyrrolo[2,3-b]pyridine-2-carboxylic acid ethyl ester, potassium tert-butoxide and (S)-5-
methyl-2,2-dioxo-[1,2,3] oxathiazolidine-3-carboxylic acid tert-butyl ester.

Yellow oil (100 %).

ISP-MS: m/e = 348.4 ([M+H"))
20

b) (R)-4-Methyl-3,4-dihydro-2H-2,4a,5-triaza-fluoren-1-one

This compound was prepared in analogy to Example 1 intermediate b), from (R)-1-
(2-tert-butoxycarbonylamino-1-methyl-ethyl)- 1H-pyrrolo[2,3-b]pyridine-2-carboxylic
acid ethyl ester.

25 Colourless solid (70.2%).



Yellow oil (100 %. ISP-Ms: W = 348.4 ([MtH+] ) 20 b) (R

- 4- Met hyl - 3, 4-di hydr o-2H 2, 4a, 5-triaza-fluoren- 1 -one This conpound was
prepar ed wp oaioed40y)y to Exanple 1 internediate b), from ( RPCIAEP03/00459
(2-tert-butoxycarbonyl am no- | -methyl-ethyl)-1 Hpyrrolo [2,3-b]

pyri di ne-2-carboxylic acid ethyl ester. Col ourless solid (70.2%. WO

03/ 064423 Sﬁrﬁ,ﬁg&gé _09???'(% 4- El-Ms: me = 201.1 ([M )

(R -4-Meth dro-2,4a,5-triaza-fluorene This conpound was
prepared in analogy to Exanple 1 from (R)-4-nmethyl-3,4- 5

di hydro-2H 2, 4a,5-triaza-fluoren- | -one. Pale yellow oil (79% . | SP-NS:
me = 188.3 ([MtHt] ) d)

(R) - 4- Met hyl - 3, @) di-Meetiyd-1| 245, 2-tdeahydid-D @4 3=tk labPI@HRNE- car boxylic acid
tert-butyl 10 ester This corrpound was prepared in anal ogy to Exanple 2

t di at
ot hy 11, 2, 3. 4, Tt PRI i premsred imanalom o Faprmpled S (B A PERV R by di ne
and di tértdihbiroyZHdvl@&hmmaﬂeore}iel-Ioow oil (96.1%. 15 EI-M5: me = 287.3

QM)
(R - 4 th hyp éﬁoa'o?la(7§ &hrahydro-1H 2, 4a, 5-triaza-fl uorene-2-carboxylic
acid tert-but ester T I's conpound was prepared in analogy to Exanple 2

|nterrred|at from(R)-4- 20

met hyl - @Ph@éf%@‘ﬂléﬁ-ﬂg}%’fﬁrpaza-fl uor ene- 2-carboxylic acid tert-butyl
ester and sodi um cyano borohydride. Light brown oil (83.4%. [ISP-M5 nie
= 290.3 ([ MtH+] )

d) (R)-4-Methyl-3,4-dihydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl
10 ester

This compound was prepared in analogy to Example 2 intermediate a), from (R)-4-
methyl-1,2,3,4-tetrahydro-2,4a,5-triaza-fluorene, 4-(dimethylamino)pyridine and di tert-
butyl dicarbonate.

Yellow oil (96.1%).

15 EI-MS: m/e =287.3 ([M])

e) (R)-4-Methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid
tert-butyl ester

This compound was prepared in analogy to Example 2 intermediate b), from (R)-4-
20 methyl-3,4-dihydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester and
sodium cyano borohydride.

Light brown oil (83.4%).

ISP-MS: m/e = 290.3 ((M+H"])

25 Example 19

(4R,9aR)-4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-ylamine



25 Exanple 19 (4R 9aR) -4- Met hyl -

1,2,3,4,9, 9a- hexahydro- 2, 4a, 5-triaza-fl uoren-6-yl am ne WD 03/ 064423

PCT/ EPO3/W0430644265 Thi s conpound was prepared in anal ogy pco/EBezaogabe 2 from
(4R, 9aR) - 6- am no- 4- -65-

met hyl - 3, 4, 9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene- 2-car boxylic acid

tert-butyl estatis coffpdund VR Préphleditdanaloly MExdMfe 7 ot (4R, §dRYdhindo-4>

| nt er medi at es a% . o
(4R, 9aR) - 6 748BYzh$ 8P a1 tetayvdrenttind a.3-triegarfu orgnes2 Gahoxylic acihiedt-butyhester 4a, 5-

triaza-fluorene-2-carboxylic acid tert-butyl ester A m xture consisting of
0.20 g (0. WhieRhan (743992aR) - 6- br ono- 4-net hyl - 3,4, 9,9a- 10 tetrahydro- 1

H 2, 4a, 5-triaza-fl uorene-2-carboxylic acid tert-butyl ester, 91 p1(0.54
mol ) benzophenone imne, 73.0 ng (0.76 mol ) sodiumtert-butoxide, 5.6 ng
(0. 01 nmol EI-MS$:irfifect ez f{M-dlghpacet one) di pal | adi um chl or of or m conpl ex and
10.1 nmg (0.02 mol) R (+)-2,2"-bis(di phenyl phosphi no)-1, 1' - bi napht hal ene
in 3 mM toluene was stirred at reflux for 1 h. The reaction m xture was
cooled to roomtenperature, poured into 10% aqueous 15 sodi um bi carbonat e
solution and extracted twice with ethyl acetate. The conbined organic

| ayers were washed with brine, dri edﬁi(rtwe}%%‘mﬁa%%esi umsul fate, filtered and
evaporated. The residue was purified by chromatography on silica gel (0.032
- 0.063 mm)  wiel HR9aRxafRenzhydryldengcmiat b 4{rBethil) 3,49, %}Homaliydro 15E-2,44,8- t he

product as € 9 9 2 P-M5: me = 469.3 ([ MH+J ) b)
(4R, 9aR) - 6@#%&3&%@%&%@%% tgftfégft#la tf(rjr o-1H2,4a,5-triaza-fl uorene-2-
carboxylic acid tert-butyl ester To a solution of 0.23 g (0.49 mmol)

(4R, 9aR) - 6- ( beAZnKiaRe| oSt ng0fi0Rd)g @-Sdanimpl)-(4RHaR)-6-bromo-4-methyl-3,4,9,9a-

3,4,9,9a-tetrahydro-l H 2 4a 5-triaza-fl uorene-2-carboxylic acid tert-hutyl
ester | Zf%raﬁyéfroﬁ&-lhg%ao '"U\%Zta.' ue?(ﬁ?fbedz'ﬁ?‘rg@ ‘C(a‘fl.zdzfeﬁi"hﬂt)y(l eéﬁ?ﬁ(?ﬁl%ﬂq?%?’ﬁ‘&ﬁé and
104 ny (0. Béndophbnode’imifg 7B adhy (0. T metta) odalm abhhRid!S BERSION Maslsti rred
for 1 h at 6(2 %eg ? The cocsl ed. ..

tris(diberizylideneacetone)dipalladium chloroform complex and 10.1 mg (0.02 mmol) R-

(+)-2,2-bis(diphenylphosphino)-1,1’-binaphthalene in 3 ml toluene was stirred at reflux

for 1 h. The reaction mixture was cooled to room temperature, poured into 10% aqueous

15  sodium bicarbonate solution and extracted twice with ethyl acetate. The combined

organic layers were washed with brine, dried over magnesium sulfate, filtered and

evaporated. The residue was purified by chromatography on silica gel (0.032 — 0.063 mm)

with n-hexane : ethyl acetate (2 : 1) as eluant to afford the product as a yellow foam

(94.3%).

20 ISP-MS: m/e = 469.3 ((M+H"))

b) (4R,9aR)-6-Amino-4-methyl-3,4,9,9a-tetrahydro- 1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

To a solution of 0.23 g (0.49 mmol) (4R,9aR)-6-(benzhydrylidene-amino)-4-methyl-
25 3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester in 2.5 ml
methanol were added 0.46 g (7.4 mmol) ammonium formate and 104 mg (0.05 mmol) 5%
palladium on charcoal and the suspension was stirred for 1 h at 60 deg C. The cooled
reaction mixture was filtered through a short bed of dicalite speed plus, extracted with

10% aqueous sodium bicarbonate, brine, dried over magnesium sulfate, filtered and



reaction mxture was filtered through a short bed of dicalite speed plus,
extracted wwth 10% aqueous sodi um bi carbonate, brine, dried over magnesi um
sul fate, Wwolwmsads and WO 03/ 064423 PCT/ EPO3/ 00459 -66 eva@0arEPO®0045The

resi due was purified by chromatography on silica gel (0.032 - 0.063 mm to
yield the product as a colourless oil (58§§m©. | SP-M5: mfe = 305.3 ([ MitHH]

) 5 Exanpl e_ 20 . . -

(R) - 6- Chl or 2RO Fhe Reyidus wes purificdby chrgmatoesanhy s silicagsl(%433 510068, mm)

hydr ochl or i teyieldtisoprotictras @fcoldut&ss @il((88.9% ) mol )

(R -6-chl oro-9-fornyl -4-nmet hyl -3, 4-di hydro-1 H
2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester in 5 ni
dichIoronetﬁﬁdﬂsmmﬁeEé@iédﬂﬂmHﬁﬁdeg C. Trifluoroacetic acid (5.0 ml) and,
after 5 mn, 0.68 mM (4.30 mmol) 10 triethyl silane were added. The
cooling bath was renoved and after 7 h at room tenperature the solution
was poured into saturated aqueous sodi um bi carbonate solution and was
extracted four tinmes with dichloronet gahgpleblpe conbi ned organic layers were
washed with brine, dried over magnesi um s ate, filtered and evapor at ed.
The residue was purified by chromatography on silica gel (0.032 - 0.063

mm wi th di chl oR)reChivre-4,9-dbnetRfl N3O U-tetr VRO 23 a(A B1azd-fluBrehk; RRIrS&hliGHte:

The resulting oil was dissolved in 5 mM ethyl acetate and treated dropw se

with 0.22 m ofAsoldtiod bf tigslp 6@ simal) GO-6-chloksHi formiyng-2hdthiyl-3,£ddyat e 1HT he
suspensi on

s.fi.ltered; the filter-cake was washe th ethyl acetate and

dried u nderxﬁ%’ﬁﬁnva&fﬁﬂﬂ#’i%gﬁf SRR R T e A Bl BEaB e
(69.4% . | Sidobdd:tollideg <. T3iBudrdabdvitktid (5.0201)RnaEd: 3l miy) 0l68 $h1F4.36EZAH8IH C12N3
(272.179 Calgl.'1 L 52. 9515@%. 6 N &5'44 ad 26.05 fau d*%i' C 53.20 H5.71 N
15. 19 10 25TiY! EIaPE yiext et the golBsBath s removediandadar 4hat room
(R) - 6- Chl ortempefatiir@lthe sbliRsriwaspbutedlinky sht@ratelqdedids sodium BarbohbRIs6Reiog -
carboxylic acid tert-bghyl ester W$H83/064423 CT/EP03/80459_

and was extracted four times with dichloromethane. The combined organic layers were

washed with brine, dried over magnesium sulfate, filtered and evaporated. The residue was

purified by chromatography on silica gel (0.032 — 0.063 mm) with dichloromethane :

15 methanol : ammonia (49 : 1: 0.1) as eluant. The resulting oil was dissolved in 5 ml ethyl
acetate and treated dropwise with 0.22 ml of a 2.1M hydrochloric acid solution in ethyl
acetate. The suspension was filtered; the filter-cake was washed with ethyl acetate and

dried under high vacuum to afford the compound as a colourless solid (69.4%).

ISP-MS: m/e = 236.2 ([M+H"])

20 Elemental analysis: Cj5H;5CI;N;(272.179)
calc.: C5295 HS55 N 15.44 Cl 26.05
found”: C 53.20 H 571 N 1519 Cl 25.82

#) Calculated with 0.46% water

25 Intermediate

(R)-6-Chloro-9-formyl-4-methyl-3,4-dihydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester



-67 N,N-Di nethylformam de (10 m) was cooled to 1 deg C and treated
dropwise with 5.1 m (56.0 nmmol) phosphorus oxychloride. After the

addi ti on wbeswenper at ure was again cooled to 1 deg C andpaTg®hsiodsen of 1.0
g (3.11 mmol) (R -6-chloro-4-nethyl -3, 4- 7h_ydro-

1H 2, 4a, 5-tri aza-fl uorene-2-carboxylic aci'd tert-butyl ester (Exanple 2,

internediate a)y Nquml:?ltym)rrfi\Llﬁkdg'( WW\M& PRALE¢ d %9%& a%GQQQtedHQ?P&QthHg

bath was renoved an roomte erature the reaction mxture
was pour ed 5 hmd (360 mrmléah@wgwyxsddq)mn Alﬁnecénebddmoe thotempenrturawhswgain

extracted teaﬁatyl@ ntdhas%tll%“ ecgqeziv@{aeu,lnl%l @g:% gﬁgro -RIHAhYS érggﬁ,%were

washed wit h wat er an r| ne nagnesi at e, and
evapor at ed. lmﬁéaﬁegladmélumerﬂzcarboybc beid ¢ért-butyd cgcra(ﬁhymph ZSmtcmdgm a)i@. 032

;jegl I‘Ogg %gr%pwc?lul Na?lrguﬂ?/ T ow @%g’ﬁ? ?c%gelaei‘gpgq Eég %@V}/ﬁg%eﬁog%gar{? aﬁemaﬁd t he

Exarrpl e 21 aisoom temperature the reaction mixture was poured into saturated aqueous sodium

(4R, 9aR) - 64 g%yrla%gfaén&@%xwasla&aaeé ﬂﬁre?@k%ﬁmg{yga&tﬁ@ Thelcbhibhial | uor ene

Thi s conpoun repare n anal o
(4R, 9aR) - 6.olgmypbasys were washed with water and brine, drled over magnesium sulfate, filtered

4- et hyl - i id
Cort-but yi “Adtysibrhl TRYEHALL Wa ity oo b BT s e B PG bY) £ oBS ' |
20 | nt ekdrediz) evith(ethylaa@yted nBaexayd dx3) 4s etearttytb yi#dithe desiredepmplopdd es a

| H 2, 4a, 5- f - carboxylic acid tert-butyl ester To a solution
of 3.0 g (éfrqg‘;%ar‘:’@%ﬂﬁ?QaR) 6- br ono- 4- net hyl -3, 4, 9, 9a-t et rahydro- 25
1H 2, 4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Exanple 5,

i nter medi agpksid/e 39508 ((Mplyene was added 0.20 g (0.29 mol)

(S)-(-)-2,2 bls(dle p- tol§/ phosghl no)-1,1' - binaphthyl and 0.12 g (0.12
nmol ) di - anadl umtris(di benzyli deneacet one) chloroform conplex. After 30
mn, 1.OmM (1.06 g, 9.80 nmol) benzyl al cohol and 0.70 g (16.0 mmol)

sodi um hydri de (55 - 65%dispersion in oil) were added and the reaction

mxture was 30 stirred for 3.5 h at 7@xslfgle@1 After cooling to room
tenperature, the reaction m xture was

15 (4R,9aR)-6-Benzyloxy-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-benzyloxy-
4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester.

Colourless oil (93.7%).

ISP-MS: m/e = 296.4 ((M+H"])
20

Intermediate

(4R,9aR)-6-Benzyloxy-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

To a solution of 3.0 g (8.15 mmol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-
25 1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 5, intermediate b) in
30 ml toluene was added 0.20 g (0.29 mmol) (S)-(-)-2,2'-bis(di-p-tolylphosphino)-1,1'-
binaphthyl and 0.12 g (0.12 mmol) di-palladium-tris(dibenzylideneacetone)chloroform
complex. After 30 min, 1.0 ml (1.06 g, 9.80 mmol) benzylalcohol and 0.70 g (16.0 mmol)
sodium hydride (55 - 65% dispersion in oil) were added and the reaction mixture was

30 stirred for 3.5 h at 70 deg C. After cooling to room temperature, the reaction mixture was



WO 03/ 064423 PCT/ EP0O3/ 00459 -68 poured onto 10% aqueous sodi um car bonat e
solution and extracted three tinmes with ethyl acetate. The conbi ned

or gani c pwavsmcues e washed with brine, dried over magnesi ®aI/EPos/b@se and
filtered. After evaporation of the volatilge conponents, the residue was
chromat ographed on silica gel (0.032 - 0.063 M) with ethyl acetate :

n-hexane (1 Oué% gg)zl%fe Lc&@e%hs sc;{cﬁ\!ukloc\ﬁ'b%'ngte(sgl%tlgx{‘)and eﬁ? a&@d tlﬂjee tlmes?’wﬁh éthyl

M H+
EER 9a]R) ) 6- maﬁ@%yemmbmylloraa@c phasesoyegewhshed it rirge, daied overi magnesiloor ene

Thi s Corrpouﬂﬂfa’l@a%dﬂﬂﬁpé’t‘f Rtel BvaPBABHYS HR vVElAEY Bnporleh@Tthe residue was
(4R, 9aR) 6 t hoxy- 4-

met hyl - rgalatoegfarpéﬁglepéﬂmszl (9933= 0,063 0} vith etiybacetata: pdieyanedlad) ¢
tert-butyl a&irﬁr Colourless solid (95.4%. I1SP-M5: me = 220.4 ([ MtH+] )
15 Internedi ates a)

(4R, 9aR) - 6- Hltbwoodlyc62:-:096X. hyl - 3, 4, 9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene-2
- carboxylic acid tert-butyl ester To a solution of 3.90 g (9.86 nmol)

(4R, 9aR) - 6- benzyl oxy-4-net hyl - 3, 4, 9, 9a-t et rahydro- 20

1H 2, 4a, 5- t ISPaM§- rthB@@é(WﬂrHrb)oxyl ic acid tert-butyl ester (Exanple 21,
|nterrred| ate) in 30 m nethanol : ethyl acetate (1 : 1 v/v) 0.20 g 10%
pal | adi um on charcoal was added and the reaction was hydrogenated at

at nospheric pressure for 2 h. After filtration over dicalite speed plus
the filtrate was evaporated and the rgsi due was chromat ographed on silica
gel (0.032 - 0.063 mm wth ethyl ac e22n_hexane (1 : 1) as eluant to
afford the desired 25 conmpound as a colourless foam(82.0%9. ISP-Ms: me =
306. 4 ([wWHH+]) (@R,9aR)-6- Methoxy—4 methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene

(4R, 9aR) - 6- Met hoxy-4-net hyl -3, 4,9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene-2

- carboxylic acgds E&Bbo@ﬁg XILS fr%lgfred Mn%({gg%l ﬁ%ﬁnﬁ@fﬁﬁg? ﬁglalﬁg&methoxy%-

methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester.
Colourless solid (95.4%).
ISP-MS: m/e = 220.4 ((M+H"))

15

Intermediates

a) (4R,9aR)-6-Hydroxy-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

To a solution of 3.90 g (9.86 mmol) (4R,9aR)-6-benzyloxy-4-methyl-3,4,9,9a-tetrahydro-
20 1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 21, intermediate) in
30 ml methanol : ethyl acetate (1 : 1 v/v) 0.20 g 10% palladium on charcoal was added and
the reaction was hydrogenated at atmospheric pressure for 2 h. After filtration over dicalite
speed plus the filtrate was evaporated and the residue was chromatographed on silica gel
(0.032 — 0.063 mm) with ethyl acetate : n-hexane (1 : 1) as eluant to afford the desired
25 compound as a colourless foam (82.0%).

ISP-MS: m/e = 306.4 ([M+H"])

b) (4R,9aR)-6-Methoxy-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester



-69 To a solution of 0.25 g (0.82 nmol)

(4R, 9aR) - 6- hydr oxy- 4- net hyl - 3, 4, 9, 9a-

t et r ahydrwobBlo4dn, 5-tri aza- f | uor ene- 2- carboxylic aci d teprPCTHROyO0485Bter in
2 M N N dinethylforman de, 40 ng (0.90 mmwl) sodium hydride (55 - 65%

di spersion in oil) was added. After 30 m'™n, 0.10 m (0.23 g, 1.64 nmol)

nmet hyl 1 odi de td. XL : red onto

wat er and ext rﬁ%ﬁﬂgﬁ‘?’égﬁ?%gﬁﬁtﬁ‘b‘gz %ﬁ’ﬁggedt_g ergk%'%é% &5‘?{32%19% ayers

ver e washedeFadEOWH-R-4ner etaza-finarenp srebanitic ord eerttbrdesserdn 2malgiabi um

sul fate. AfdigletylfbirhahidN4@ A1} (@%%@D's_@c{ﬁpﬁf h#d'?i?le%% Vg;fz% & rsgfnqqlbﬂ‘} v&ét@rs]

inyl acer Adaed Hinalane D10 13524 o ef mapel) megpviibristinrasaddd hebohaby

I]-S;’- :I\),/S4 gﬂ geatti&ﬂ(inid;tt(r[e Mpr4]3u1)eth)mdSrpzb_ &]{ laﬁd e)(tfuate?gﬁﬁ)_lge @rgﬁéhﬁ&yﬁgm\?étgw Trqltlaepar o
- B-triaza- ohLene . i ]

in anal ogy cﬁgﬂﬁéga%r?é% égV?sglﬁ?m,e S’éﬁ)w%gré{}ﬁ8§§lp g anc were &qpcpovfr magnespu_m

met hyl - 3, 4, s9lfatg- Afserfdtrgemandievaporat®ntof thesalveh e pnedirt was pgxﬁdd lzy[czmnﬂr]l )

tert-butyl | b _ 9 RerV: = :

20 | ntor e SO Eg 3R s gANO00E 7 CREPRIM) yl FegBacelfe P (13

1H 2, 4a, 5- t%48-a- f | uor ene-2- carboxylic acid tert-butyl ester This conpound

was prepared in analogy to Exanple 22 internediate b), from

(4R, 9aRye 6-Cylcurdesy o {83%Y. - 3, 4, 9, 9a-t et rahydro-1 H 2, 4a, 5-triaza-fl uorene-2

-carboxylic 25 acid tert-butyl ester, sodium hydri d)e and e} B%IM%om de.

Col our | ess @pl,£.64, 69 L, SR VBi+ 1 e = 334.3 ([ MitH+ WO 03

ooT! Eros; odRoMs s %%l%gMgfl éLﬂR, 9aR) - 2-

(4-Methyl -1, 2, 3, 4,9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uoren- 6-yl oxy) -

Example 23

(4R,9aR)-6-Ethoxy-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene

15 This compound was prepared in analogy to Example 2 from (4R,9aR)-6-ethoxy-4-
methyl-3,4,9,9a-tetrahydro- 1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester.

Light yellow oil (87.8%).

ISP-MS: m/e = 234.4 ((M+H])

20 Intermediate

(4R,9aR)-6-Ethoxy-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 22 intermediate b), from
(4R,92R)-6-hydroxy-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5- triaza-fluorene-2-carboxylic
25  acid tert-butyl ester, sodium hydride and ethyl bromide.

Colourless oil (64.6%).

ISP-MS: m/e = 334.3 ([M+H"])



et hanol This conpound was prepared in analogy to Exanple 2 from

(4R, 9aR) - 6- ( 2- hydroxy- 5

et hoxy) - 4womaBlgd428, 4, 9, 9a-t et rahydro-1 H 2, 4a, 5-tri aza- f | ueCarsPoRemay boxyl i ¢
acid tert- butyl ester. Light brown soli d70(84 199. ISP-Ms: me = 250.3

([ MrH+] ) 10 Internediate (4R 9aR)-6-

(2- Hydr oxy- et hoxy) - 4- met hyl - 3, 4, 9, 9a- th-%g@lgégro- | H 2, 4a, 5-tri aza-

fl uorene-2-carboxylic acid tert-butyl hi s conpound was prepared in
anal ogy to Exanple 22 internediate b),

(4R, 9aR) - 6- hydr dRyaR)3eldtyipthyl-1,28,49% é@*a@mém%m pitrazasflwpreniGaylaxt uor ene- 2
-carboxyl i cethddplaci d tert-butyl ester, sodium hydride and 2-bronoet hanol .
Colourless oil (48.9%. ISP-Ms: me = 350.5 (] I\/HrH+] ) Exanple 25 20

(4R, 9aR) - 6- ( 2- hox - et hex tr| aza
- fluorene This %&%F%ﬁ# Hﬁﬂqa#g&h%ﬁ plfg Z%{g @'%'r(gﬁ\yg

(4R, 9aR) 5 6-dtRexyneit tmaﬂyl—é,ﬂl?cﬁayt)etrdhmhbm{—z&aé @La%ﬂumteneclﬁydmbexyhc acid tert-

1H 2, 4a, 5- tlgdﬁl .f | uorene-2-carboxylic acid tert-butyl ester. 25 Light
brown oi | Ze% | SP-M5: nmle = 264.3 ([ MrH+] ) WD 03/ 064423

PCT/ EPO3/ 00459 -71 Internedi ate (4R 9aR)-6-(2- Met hoxy- et hoxy)

- 4- et hy| - 3igt @rgﬂnﬁ@lﬁéﬁ‘hﬂﬂ@ - 1H 2, 4a,5-triaza- fluorene-2-carboxylic acid
tert-butyl ester This conpound was prepared in anal ogy to Exanple 22

i nt er medi atBPIYS: /oM 25064R92aR) ) 6- hydr oxy- 4- net hyl - 3, 4, 9, 9a-t et rahydr o-
1H 2, 4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester, sodium
hydri de and 2-bronoet hyl nethyl ether.

10 . Intermediate

(4R,9aR)-6-(2-Hydroxy-ethoxy)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 22 intermediate b), from
(4R,9aR)-6-hydroxy-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic
15 acid tert-butyl ester, sodium hydride and 2-bromoethanol.

Colourless oil (48.9%).

ISP-MS: m/e = 350.5 ((M+H"])

Example 25

20 (4R,9aR)-6-(2-Methoxy-ethoxy)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluorene

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-(2-
methoxy-ethoxy)-4-methyl-3,4,9,9a-tetrahydro- 1H-2,4a,5-triaza-fluorene-2-carboxylic
acid tert-butyl ester.

25  Light brown oil (97.3%).

ISP-MS: m/e = 264.3 ([M+H"])



Colourless oil (72.3%. ISP-M5: me = 364.3 ([MH+] ) 10 Exanple 26

(4R, 9aR) - 6- Cycl obut yl met hoxynet hyl - 4-net hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-
triaza-flwomeneIhi s conpound was prepared in anal ogy to BXampheo@s4 rom
(4R 9aR) - 6- cycl obutyl met hoxymet hyl - 4-nmethyl - 3, 4,9, 9a-tetrahydro-1

H 2, 4a,5-triaza-fluorene-2- 15 carboxylic acid tert-butyl ester. Yellow oil
(78.8% . ISP-Ms: me = 288.3 ([ MtH+] )ntlg_,#q.l Ayedi ate 20

(4R, 9aR) - 6- Cycl obut yl et hoxynet hyl - , 4,9, 9a-tetrahydro- 1H 2, 4a, 5-

triaza-fluorene-2-c 0 aci te t-buty| ester This conpound was
prepared in anal %ﬁé @ZM?@'PO@W i ér‘r’ﬁ‘ﬁéwlat”’é O tetralyydro-1H-2,4a,5-triaza-
(4R, 9aR) - 6- fayatenegraiborbticdadidtedtybutyl &id, 9a-t et r ahydr o-

1H 2, 4a, 5-triaza-fluorene-2- carboxylic acid tert-butyl ester, sodium

hydrl de and (b h cl obut ane. 2 W Qi 16. | SP- MS:
rydri de and (D BERREhI RO 2R o 2ol KBl AR 35 o, S 1
- 6- Et hox;rme& aRz} -Oreydroky-4-12etByld3,9,9%a - theatgidyohl bl- 2,44,5; tHata- flagrané-Rerarteneglic
This COMPOURSY ARG AR ABdlun BJR; 80 d RbRAGRAA rethfi Aler.

(4R 9aR) 6 et hoxynet hy

met hyl - Oa-tetr ro-1H 2,4a,5-triaza-fl uorene-2-carboxylic acid
tert- butyl %‘PéFleSSQﬂ?@I 6?8\; oil (93.6%. ISP-MS: We = 248.3 ([ MrH+] )
Internmediate (4R, 9aR)-6-Et hoxynet hyl -4-net hyl -3, 4,9, 9a-tetrahydro-1

H 2, 4a, 5- t riSR26Sf mieos 3%a:3 (IM+H'¢pr boxylic acid tert-butyl ester This
conpound was prepared in analogy to Exanple 15 internediate c), from

10 Example 26

(4R,9aR)-6-Cyclobutylmethoxymethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-
triaza-fluorene

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-
cyclobutylmethoxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
15 carboxylic acid tert-butyl ester.

Yellow oil (78.8%).

ISP-MS: m/e = 288.3 ((M+H"])

Intermediate

20 (4R,9aR)-6-Cyclobutylmethoxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-
triaza-fluorene-2-carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 15 intermediate c¢), from
(4R,9aR)-6-hydroxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester, sodium hydride and (bromomethyl)cyclobutane.

25  Light yellow oil (16.2%).

ISP-MS: m/e = 388.4 ((M+H"])



(4R, 9aR) - 6- hydr oxynet hyl - 4- net hyl - 3, 4, 9, 9a-tetrahydro-1H 2, 4a, 5-tri aza-fl uo
rene-2- carboxylic acid tert-butyl ester, sodium hydride and ethyl brom de.
Li ght yelwow3mb442§69. 6% . 15 I SP-M5: me = 348.5 ([ MtH+] PCEAPOpbh@ESL3

(4R, 9aR) - 6- Cycl ohexyl nmet hoxynet hyl - 4- et hy&-l 2,3,4,9, 9a- hexahydro- 2, 4a, 5-
triaza-fluorene 20 This conpound was prepared in anal ogy to Exanple 2 from
(4R 9aR) - 6- mple 27

cycl ohexyl net hoxymet hyl - 4- met hyl - ahydro 1H 2, 4a, 5-triaza-fl uor
ene- 2- car boxyl | c acid tert-butyl ester Yel | il (45.59%9. ISP-Ms: nie =
316.3 ([ MrH+] ) (4BBaRirS-dEthapmetinl- W@ﬂebﬁéd&% heX?l}Ycirﬁr%%%ﬂna%aeﬂuqmw 9aR)
- 6- Cycl ohexyl nmet hoxynet hyl - 4-net hyl - 3, 4,9, 9a-tetrahydro- | H 2, 4a, 5-
triaza-fl UOFI‘hlb&:oﬁtpbahH%y Iptépaﬁﬁl i ahﬂbgy tuﬁmlmpﬂaez ﬁme(mRs9aR()4mahaﬂymahyl 4-

(4R 54R - 6- b ebRoTr ARt H Ao SeB Bt arb bl i dsrtebyrh s 11 o

rene-2- carboxylic acid tert-butyl ester sodi um hydri de and
( br omonetshy Yeldgw bd §2%6%¢. Li ght yellow oil (19.0%. |ISP-Ms: mie = 416. 4
([MrHt] ) 10 Exanple 29 (4R, 9aR)-2-

(4- Met hyl - 11¢b 4t n¥e 220X AN AION 2, 42, 5-triaza-fluoren-6-yl methoxy) -
et hanol This conpound was prepar ed in analogy to Exanple 2 from

(4R, 9aR) - 6- ( 2- hydr oxy-
et hoxynet hyl ) - 4-nmet hyl - 3, 4, 9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene-2-carb
oxylic acid 15 tert-butyl ester. Light yellow oil (82.8%.

Intermediate

(4R,9aR)-6-Ethoxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-
10  2-carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 15 intermediate c), from
(4R,9aR)-6-hydroxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester, sodium hydride and ethyl bromide.

Light yellow oil (69.6%).

15 ISP-MS: m/e = 348.5 ([M+H"])

Example 28

(4R,9aR)-6-Cyclohexylmethoxymethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-

triaza-fluorene

20 This compound was prepared in analogy to Example 2 from (4R,9aR)-6-
cyclohexylmethoxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester.

Yellow oil (45.5%).
ISP-MS: m/e = 316.3 ((M+H"])

25



I|SP-M5: nmfe = 264.2 ([MtH+] ) Internediates 20 a)

(4R, 9aR) - 4- Met hyl - 6-[ 2- (t et r ahydr o- pyran- 2-yl oxy) - et hoxynet hyl] -3, 4,9, 9a-
t et rahydrwodbBloc4d231a, 5-tri aza-fl uorene- 2-carboxylic acid tecrApoud/gl4sest er
Thi s conpound was prepared in anal ogy to }%xarrpl e 15 internediate c), from
(4R, 9aR) - 6- hydr oxynet hyl - 4- met hyl - 3, 4, 9, 9a-t et r ahydr o-

| H 2, 4a, 5-tri aza-fl uorene-2- carboxylyjg ert-butyl ester, sodium
hydri de and 2- (2 br onoet hoxy)tetrahydrntre%gf‘—gaf% pyran. Light yellow oil

(30.3%9. |ISP-MS rrh ([ MEHE] WO 03/ 064423 PCT/ EPO3/ Q0459 -74 b)
(4R 9aR) - 6- ( 2- k%r% 5%@%&?&8@%@%@%@@}'&3& %fa-terehydigdih2.4a,5-
| K2, 4a, 5- triazfdorehelQr Qsoxdtic adi@ @y bhfyl aéd tert-butyl ester To the
sol ution of 0.16 g (0.36 mol) (4R 9aR)-4-nethyl -6-[2-(tetrahydro-pyran-2-

5 yl oxy) - et hox thyl]-3 9,9-te
2, Za, 5y% ri aza- ﬁlﬁso?c}@éﬂé@ﬂi-dé‘gﬁ%ﬁ%rf‘i “’d{agogy 8?‘%‘“88{%}? interapdiats ok 1AM et hanol
was addesl ((4RIERy6¢lydraxymmashyl- %m&ﬂﬁl%&;%mﬂtabydm-ﬂ-l -2, triakh flmor&@-2¥ n,
the sol vent,,
chr omat ogr ap ééneéﬂs?éll’F‘éil G‘&’PTS&? g&éﬁ‘%‘%@%@w@ Bfto }‘%%‘8’1 )%2 lg}‘rll%?re "hane :
met hanol : 1 : 0.1) as eluant to afford the desired conpound
as a |ight lyértws@%ml(l%o"(o?l 6% . ISP-M5: me = 364.2 ([MrH+] ) Exanple 30
(4R, 9aR) - (4-Methyl-1, 2,3, 4,9, 9a- hexahydro-2, 4a, 5-triaza-fl uoren-6-yl)
- met hanol I$E-M&irﬁ/ec:9m41rqg\4ms‘]pr epared in analogy to Exanple 2 from
4R, 9aR) - 6-
gydroxy?ret hyl -4-nmet hyl -3, 4,9, 9a-tetrahydro-| H 2, 4a, 5-tri aza-fl uorene-2-carb
oxylic acid tert-butyl ester (Exanple 15, internediate b). Wite solid
(25.6% ISP-I\/S me = 220.4 ([ M-H+] )E 201 ’9

LXample 22

(4R,9aR)-2-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-ylmethoxy)-
ethanol

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-(2-hydroxy-
ethoxymethyl)-4-methyl-3,4,9,9a- tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid
15 tert-butyl ester.

Light yellow oil (82.8%).

ISP-MS: m/e = 264.2 ((M+H"])

Intermediates

20 a) (4R,9aR)-4-Methyl-6-[2-(tetrahydro-pyran-2-yloxy)-ethoxymethyl]-3,4,9,9a-
tetrahydro-1H- 2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 15 intermediate c¢), from
(4R,9aR)-6-hydroxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester, sodium hydride and 2-(2-bromoethoxy)tetrahydro-2H-

25 pyran.

Light yellow oil (30.3%).

ISP-MS: m/e = 448.5 ([M+H"])



Exanpl e 31

(4R, 9aR) - 6- 1 sobutyl -4-net hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza-f | uor ene;
hydr ochl owobde/od4aes conpound was prepared in anal ogy to ExacplEroRodssom

(4R 9aR) - 6-i sobutyl -4- 25

met hyl - 3, 4,9, 9a-tetrahydro-1 H 2, 4a, 5-tri aZA7f | uor ene- 2- car boxylic acid
tert-butyl ester. Colourless solid (62.5%. ISP-M5: nfe = 246.4 ([ MtH+] )
WO 03/ 064423 PCT/ EPO3/ 00459 -75 Internediate

(4R, 9aR) - 6- I sobut yl - 4- et hyl - 3, 4, 9, 9a-t et r ahydr o-

1H 2, 4a, 5-tri azab-)1(41&8?%)(1@-(%-H)Cii@’ﬁbkt?PﬂGn%thlﬂ"itIé?‘ihé’b@bflaﬁ’l»9aet§treh}'df9-lé'l -2dadt i on

of 2.0 g (5.tfigzaRdrknd-4RaFB i Sadd REOb Gy &ERY! - 3, 4, 9, 9a-tetrahydro- 5
1H 2, 4a, 5-triaza-fl uorene-2-carboxylic acid tert- butyI ester (Exanple 5,

Lot rakis(tri pherk Brsaphivnel 616 e isomalb LGRS Peftole- Boeramiuspaanr
(16.3 mm3 ) ylaxy)-ediouyykthlyl] ,40 90tétidMyded-UHE 0/da,5rtriaza- ﬂemneﬂ-m)@dd@dd and
e react on iy LE s AFakal-Eldiet b d o A SRt °

sol ution i n asidndftemi) mimshesilvent wasirentoyed emetrotary a/gaomtdreaandehe residee waef | ux.
After 5 ht Qﬁrorﬁﬁ@%‘a REU YR SiieR Woﬁ”t@ﬂ@%ﬂﬂ%ﬂyacﬁg%di%%éirﬁéfhgﬁ%

solution and extract hr ee I mes Wt acetate e Co

or gani ¢ | ay éPynoga %Sﬁéa ape Pﬁn%Plaﬁ@fd@FﬂéﬂreéxﬁémPOHﬁéﬁ%% vellow ale,
filteredi@and7egapor ated. The residue was chromat ographed on silica gel
(0.032 - 0.063 mr) vm'th ethyl acetate : n-hexane (1 : 3) as eluant to
afford the s alight browm oil (76.2%. ISP-Ms: me =
346.4 ([ M ?ﬁ)M ég‘ggm?ﬁ% BaR)- 6. Di 1 uor omet hyl - 4- met hyl -

1, 2,3,4,9, 9a- hexahydro 2,4a,5-triaza-fluorene 20 This conmpound was

pr epar ed in anal ogy to Exarrpl e 2 from (4R 9aR)-6

di fl uoronet hyl -4-nmet hyl -3, 4,9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uor ene- 2-
carboxylic acid tert-butyl ester. Example 30

(4R,9aR)-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-methanol

15 This compound was prepared in analogy to Example 2 from (4R,9aR)-6-
hydroxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid
tert-butyl ester (Example 15, intermediate b).

White solid (25.6%).
ISP-MS: m/e = 220.4 ([M+H"))
20

Example 31

(4R,9aR)-6-Isobutyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
hydrochloride

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-isobutyl-4-
25 methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester.

Colourless solid (62.5%).

ISP-MS: m/e = 246.4 ((M+H*])



Light brown oil (98.0%. |ISP-M5: me = 240.4 ([MH+] ) 25 Internedi ates
a)

(4R, 9aR) -womemeask3 4- net hyl - 3, 4, 9, 9a-t et rahydr o-| H 2, 4a, 5- PCir&Pa3/bd4sor ene- 2-
carboxylic acid tert-butyl ester A solutign of 2.0 g (5.43 mvl)

(4R, 9aR) - 6- brono- 4-net hyl - 3, 4, 9, 9a-tetrahydro 30

1H-2, 4a, 5-triaza-fl uorene-2-car boxyl i g@alediater t - butyl ester (Exanple 5,
internediate b) in WD 03/ 064423 PCT/ EPO37/ 00459 -76 15 ml tetrahydrofuran

by Lot b e (AR SRR rTas 4 Fret b ar S s setrahy oy o dg A eeeiontoe . 63 g

8. 15 nmol ) cathddylid 468d teyl-batyhaeerde was added dropwi se. After 2.5 h the
reaction m'xture was poured onto 10% aqueous citric acid solution and

dth . .
wor & veshed i ti0 bETRisH 8¢ €h s BRRUTH R ookl Bl Aty PRAYSCct LS.
evapor at &d. |HRdadetsiadurfugrene guearborstic bgldftetr&bhtxk RstedExawpplesh yntgtrm@ilatc bhingel
(0.032 - 0.9963 mlﬁ%ﬁlbxf&m oafsegt@tfg mnﬁi)h@&ﬁaatﬁgheny%oe%&)gi Ak

afford the desired conmpound ellow oil (40
([MEHH] ) Y% ag)i . After 20 min, 163 (16.3 mmol) triisobutyl umlnlum(lM solutxon in n-

(4R, 9aR) - 6-Haxine) a0 BB diydmd4h&Bdabiidn hixtuft W& He@teﬂ&fmﬂéf eeflukifcr, 6beh. Affef | aza-flu

- 2- box d tert-but | ut i f 83.0 0.10 g,
0. 63 ol ) PORRIATRARSEIEE SEPIEF ARHa | s iRt A P e 0. 20 g
(0. 63 mmuol )so(ﬂﬁpgaﬂ)hﬁaﬁdwladdedm‘td’l&ﬂe-r&ctlol@ agmn hedtednpderaeflwsS After 5 h the
1h 2, 4a, 5- tlfeé‘?ﬁg nv&asbégﬁ? ‘ilgi;] %)qcl{éﬁﬁé s%dﬁﬁ# ﬂg&%ﬁde%[u\f one%tdeegctrgéécfﬂx'ré/ ed in 3

m d| chloro € reac
t enper at ur dithexwith ghyl aceu\fet Ehe gombized prganiplayanewersaiashehwith bripedried oyer o

wat er and %&g&ﬁhﬁpklﬂﬂafeemtéﬂe&%ﬁd W ?Plraﬁéedm*g? Irisgcﬁioe\;%a% chi'n%}g%tg h&%i? fﬁgfh:”i c

I h
filtered arkd O eor%@crn ﬂl’%‘g]’ deegatfas- h@é@%%rﬁ&ﬁﬁ%@?@ﬁ@@@% dsgired | j ca

gel (0. Q@82 contpdind abulighd Browatdily76.a%9t ate : n-hexane (1 : 2) as eluant to
afford the

ISP-MS: m/e = 346.4 ((M+H"])

Example 32

(4R,9aR)-6-Difluoromethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene

20 This compound was prepared in analogy to Example 2 from (4R,9aR)-6-
difluoromethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2- carboxylic acid
tert-butyl ester.

Light brown oil (98.0%).
ISP-MS: m/e = 240.4 ([M+H"])
25
Intermediates

a) (4R,9aR)-6-Formyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

A solution of 2.0 g (5.43 mmol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-
30 1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 5, intermediate b) in



desired conpound as a light brow oil (28.1%. ISP-M5: me = 340.3 ([ MrH+]
) Exanple 33 25

(4R, 9aR) -woHRBwewesret hyl - 4-met hyl - 1, 2, 3, 4, 9, 9a- hexahydr o- 2 p¢a/FPos/ot48za- f | uor
ene This conpound was prepared in anal ogysto Exanple 2 from (4R 9aR) - 6-

fl uor onet hyl - 4- net hyl - 3, 4, 9, 9a- tetrahydro H 2, 4a,5-tri aza-fl uorene-2-carbo

)2<32/|2|§ ?ﬂvﬁm ﬁgkiﬁ%‘%’g 5@%& £ ﬁg% EPO???%%%% nd(tg%tﬁ@]g? %go ?’g% Y mafbl ez

(4R 9aR) - 6- b1 $ Mus tqimeBP@m@n@aAft@ﬁOanw 60 ml (0.63 g, 8.15 mmol)

é;#g |4a((5) t1 [f JRZAde £8mid-vead hB@ed/dro w@s@l,d&éreerhmétMctmtrﬂmlﬁemk pbu&a of

, Iamn hur, trifluoride in
i ohi or omet Aathot et striq e sah e et ssfroretabiet i e bl e T 0. 20
g (0. 63 smmeémbined organic layers were washed with brine, dried over magnesium sulfate, filtered
(4R 9aR) - 6- (2 h I  4a, 5-
triaza-fl uorge% a%og%r g%y?%(sgygec% P%l Fggtp thhr?m%to%%ﬁhﬁpqrnasﬂ{cgggr(bﬁg
i nt er nedi at 6.063 mm) @tMethyhaqetﬂt@rrohexarmanﬁla 3Nmel@obtq aftprd shedesined eampawnd and
the reactiopg i%mgﬁ&h@@r 199.h at room tenperature. The sol ution was
extracted w th’10% aqueous sodi um bi carbonate sol ution, 10 washed with
brine, dried over magnesiu fate, filtered and evaporated. The residue
was chronaﬁ?g}\’gpﬁéla—oﬂgssi(?wg{éél (0.032 - 0.063 M) with ethyl acetate :
n-hexane (1 : 2) as eluant to afford the desired conpound as a col ourl ess
oil (51.06%. ISP-M5: me = 322.4 ([I\/H—it] ) 15 Exanple 34 (4R, 9aR) -1-
(4-Methyl -1, 2,3,4,9, 9a- hexahydro-2,4a, 5-triaza-fluoren- 6-yl) -ethanone

;I_QIRS gg%rp guggg’i’?? Igré:" Eﬁ'ﬁ@&oh{ét}ﬁ'ﬂ%l r99t¥1y1t 8 4,62@%@ r?hy%ré 8™, 4a,5-triaza-fluorene-

met hyl - 3, 4, - @dlqwmm‘@éhrbbm#@teta 5-triaza-fl uorene-2-carboxylic acid
tert-butyl ester. Yellowoil (93.9%. 20 ISP-Ms. nfe = 232.2 ([ MtH+] )

To a solution of 83.0 ul (0.10 g, 0.63 mmol) diethylaminosulphur trifluoride in 3 ml

dichlorormethane 0.20 g (0.63 mmol) (4R,9aR)-6-formyl-4-methyl-3,4,9,9a-tetrahydro-

15 1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester dissolved in 3 ml
dichloromethane was added and the reaction was stirred at room temperature for 5.5 h.
After 1 h at reflux the reaction was poured onto water and extracted three times with ethyl
acetate. The combined organic layers were washed with water and brine, dried over
magnesium sulfate, filtered and evaporated. The residue was flash-chromatographed on

20  silica gel (0.032 — 0.063 mm) with ethyl acetate : n-hexane (1 : 2) as eluant to afford the
desired compound as a light brown oil (28.1%).

ISP-MS: m/e = 340.3 ([M+H"))

Example 33
25 (4R,9aR)-6-Fluoromethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-
fluoromethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid
tert-butyl ester.

Colourless oil (88.6%).

30 ISP-MS: m/e =222.3 ([M+H"])



Internediate (4R 9aR) -6-Acetyl-4-nethyl-3,4,9,9a-tetrahydro- |

H 2,4a,5-triaza-fluorene-2- carboxylic acid tert-butyl ester 25 Procedure
1. The sowotosoessad 0.50 g (1.0 nmol) PCT/EP03/00459

(4R, 9aR) - 6- br onp- 4- net hyl - 3, 4, 9, 9a-t et r ahy4r o-

1H 2, 4a, 5-triaza-fl uorene-2-carboxylic acid tert-butyl ester (Exanple 5,
intermediate b) in 20 m diethyl ethgl, .c0oled to -100 deg C and
treated dropwise with 1.0 m (1.5 mo 064423 PCT/ EPO3/ 00459 -78
tert-butyllithi 5 M solution in n-pentane). After 30 min, 0.14 m NN
di et hyl acet ani E‘g{’éﬁ]%?'%%@boraﬁé%ﬁ@q@ééﬁ,%ﬂaﬁ@%%&&H@»ﬁmé—tn@zasfhwrm-- 75
deg C. AfteR-cadfdxplidacid teet-bagicdstepn Was quenched with 10% aqueous anmoni um
chloride solution and extracted twice with ethyl acetate. The conbi ned

ic | : it h bring, 5 dri. . I.fate,
1 Poorcd and evASBEGURZRSZO N 110k U3 ol diE SR osh e FitiRatieh 26 i ca
gel (0.032 dichlopgaethape was dookdiy - 7&degt Gard treatedeiithaselytibn df)0.20s3 (0gd3uant .
Yel | il £55 B M5 = Mt _ > T
sol utt on of “TRN LIRS W dofy sthdiimeh MebEin- £ Qo TR IS T,
2, 4a, 5-t ri aFRzriiyeredse- sarbeibie 2Gif ftert-huvl ester (Expipplel 15 ntermedintebrping 8B,

i nt er medi at gjkhloZ@ifethaBe. The césltfgbat WadHemoted ardltRd A4 stired fﬁ@]} h Hﬂ%&f‘n ‘
argon. The m xture V\@gag at 15 roomt%\O erature for 24 hours. Further
d

irred fo
M102 (299 ni§fRREEY 03‘1‘1%0’1 s sxirpeted 2ithl0% equeppgtpdivm bicaghgnate sphgtion,
m xt ur e 1@swéshed evithcbrirte; dtighover Galhéstirh sulfiael, filtbeahinigevapdiatedHPEd Rsidap ¢at he

filtrate wa | T esi du s;purified by col

chr omat ogr ap I§R?%%8§h%?§gﬁg{%§%§w‘8%% ﬁ@ ®6éggpg%eth\(é%yl?ﬁe.mﬂ: 5’3?5%1‘1%(?( ggysrrg)

of the puri¢lhent toafforsd the desited compounprot edoedessod 631d7%Y to t he procedure
described for Exanple 56 to 20 afford

(4R 9aR) - 1-1sp- Mt Ay = 3224 3M+BrPa- hexahydro- 2, 4a, 5-triaza-fluoren-6-yl)-eth
anone

15 Example 34

(4R,9aR)-1-(4-Methyl- 1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-ethanone

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-acetyl-4-
methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester.

Yellow oil (93.9%).

20 ISP-MS: m/e =232.2 ((M+H"))

Intermediate

(4R,9aR)-6-Acetyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester

25

Procedure 1:

The solution of 0.50 g (1.0 mmol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-
1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 5, intermediate b) in
20 ml diethyl ether was cooled to -100 deg C and treated dropwise with 1.0 ml (1.5 mmol)



di-trifluoroacetate (37 ng) as a yellow oil: HPLC [Xterra; 20/50; 235 nnj
98.7% 1.11 nmin; M5 (ES) 231.0 (M#). Exanple 35 25

(4R, 9aR) -wo(0dnbdehyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-t ri azaPOTNEPO®M489 y| ) - pro
pan-|- one

(4R, 9aR) 1- (4-Methyl -1, 2, 3, 4, 9, 9a- hexahy‘d?f‘o'z 4a, 5- triaza fluoren-6-yl)-pro

ga?i hy;:Ir gneﬁ%%@ﬁlhuoqmoﬁgmﬁl(l rg)can\l@ S\ A246 of min20'14 ml N,N-

t et r ahydr o-dirkethydaetanmide wanaddedand e @aﬁmbemybnamramad risedito bIf ¢dg @ SAfeer
190 3 th
b oduct. as 0 9Ep “géw“’%f‘ 1 PEOFRANR A R hRER: %%“%‘ﬁi’%%l"é”?et@“?%“ e e

(ES) 245.0 f()q‘;nqﬂ)e e ovithos vl 2cetateT) epmortoneber saniv deyess avse washsd Witk m) 1-
( 4- Vet hyk - 1drded3ovér thaBAedn@xativste Oil@redoand- etza;bcara@df”rmreﬁau@wyé flashut an- |- one

(4R 9aR) - 1-Hometogiarhed pnsilica geld0 082 7 91008 mympwith e8] peetpse: phgrfpBn (5 )i - put
an-1- one dludnti f| uoroacetate (35 ng) was made from

6- (1- hydr oxy- butyl) 4- rrethyl 3,4,9, 9a-

t et r ahydr o-¢hf. g, j,aza- fluorene-2-carboxylic acid tert-butyl ester
(142 ng) accor ng to procedure 2 described in Exanple 34 to afford the
product as a yellow oil: HPLC [Xterra; 50/80; 220 nm 99.3% 1.08 mn; M
(ES) 259. 0 [ORMS: mie=pBRassIM+B71Y 4R 9aR)- 2, 2, 2- Tri f | uor o-

| -(4-methyl -1, 2, 3, 4,9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uoren- 6-yl)-ethanone
Thi s coriﬁound was prepared in analogy to Exanple 2 from

(4R 9aR) - 4- net hyl - 6- 15

trifluoroacetyl-3,4,9, 9a-tetrahydro-IH 2, 4a, 3 triaza-fluorene-2-carboxylic
acid tert-butyl ester. Yellow solid MISP—W me = 304.3 ([ MtNa+]

) 20 Intermedi a_I.c()a a solution of (4R,9aR)-6-(1-hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-
2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 38, intermediate) (229
mg) in CH,Cl, (4 ml) was added MnO; (598 mg) under argon. The mixture was stirred at

15 room temperature for 24 hours. Further MnO, (299 mg) was added and the mixture was

stirred for 2 days. The mixture was filtered through a Celite® pad, washing with CH,Cl,
and the filtrate was concentrated in vacuo. The residue was purified by column
chromatography [SiO,; isohexane — ethyl acetate (4:1)]. A portion (15 mg) of the purified
intermediate was deprotected according to the procedure described for Example 56 to

20 afford (4R,9aR)-1-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-ethanone
di-trifluoroacetate (37 mg) as a yellow oil: HPLC [Xterra; 20/50; 235 nm] 98.7%, 1.11
min; MS (ES) 231.0 (MH").

Example 35

25 (4R,9aR)-1-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-propan-1-

one

(4R,9aR)-1-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-propan-1-
one di-trifluoroacetate (40 mg) was made from 6-(1-hydroxy-propyl)-4-methyl-3,4,9,9a-
tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (190 mg)

30 according to procedure 2 described in Example 34 to afford the product as a yellow oil:
HPLC [Xterra; 20/50; 220 nm] 98.0%, 2.46 min; MS (ES) 245.0 (MH™).



(4R, 9aR) - 4- Met hyl -6-tri fl uoroacetyl -3, 4,9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl
uorene- 2-carboxylic acid tert-butyl ester To a solution of 0.30 g (0.86
nmol ) (4Ryv@aRpe#23ret hyl - 3, 4, 9, 9a-t et rahydro- | H PCT/EP03/00459
2,4a,5-triaza-fl uorene-2, 6-di carboxylic gg.%gl 2-tert-butyl ester 6-nethyl
ester (Exanple 15, 25 internediate a) in toluene 0.16 m (0.15 g,
1.08 mmol ) (trifluoronethyl)trinmethylsilane was added. The sol uti on was
cooled to -75 deg C and 22 | (0.022 mmol) tetrabutylammonium fluoride (1M
in tetrahydrofuran) was added. The ¢ i th was renoved and after 2 h
at roomterrperature the reaction was %—Jﬁ—r}d@%%%o 1M hydrochl oric acid and
extracted with eth acet ate. The conbined organic |ayers were 30 washed

with brine, dri 8RR fidhabylui.2400athexalyidre2sdash-tringadinesen 6tybdbutand -
resi due was M0 03/ 064423 PCT/ EPO3/ 00459 -80 flash-chromat ographed on
silica gel (0.032 - 0.063 mm with ethyl acetate : n-hexane (1 : 2).as

eluant to affor? t he desired conyound as a light yellowoil (23.7%.
Exanpl e 4R,9aR)-1-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)- butan-1-

(4R 9aR) - 1- RS- {rffhidrbdrétare(33 r&g)%gn%@;e%@f@@x@rtgrd?oﬁ%&yﬁ)u x%%alyi Buqy 9‘41 6-yl
)- et hanol Th| ig n])ound was prepared in anal ogy t anple 2 from (4R, 9aR)
-6- (1 - ydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert butyl ester (142 mg)

hydr oxy- et h%cbrdﬁn?ﬁs ﬁbﬂcé@ux@ Q%egc'i‘be@hf ﬂ&‘&tﬂ@&l & gffcﬂ'ﬁ e fsfdd%%taasf g}éf_?(:i\g Bﬁz‘mz‘ec"i‘r

boxylic acid __ter ester. Li ig brown oil g
234.3 (MrH+H Hl.ﬁ&[@(ﬁ@ﬁgﬂ, &9 220 nm] 993%, 08 min; MS (ES) 25 O(M ).

(4R, 9aR) - 6- (1- (RS) - Hydr oxy- et hyl ) - 4- met hyl - 3, 4, 9, 9a-t et r ahydr o-

| H 2, 4a, 5 triaza- 15 fluorene-2- carboxyllc acid tert-butyl ester A solution
of 6.0 g (16 3 mol) (4R 9aR) - 6-brono- 4- net hyl - 3, 4, 9, 9a-t et r ahydr o-

1H 2, 4a, 5-triaza-fl uorene-2-carboxylic acid tert-butyl ester in 250 m

di et hyI ether was cooled to -100 deg ERaampik 37 eated with 11.9 m (17.9
mmol) tert-butyllithium (1.5 Min n- pentane). After 15 min, 1.0 m (0.79

g, 179 mol) aeatalideiyderifin80dad:and.i e 2oL RaCk) A 995 sLLLL lolRr 40

mn at the sarreterrp ratiure er war
6-yl)-ethanone

This compound was prepared in analogy to Example 2 from (4R,9aR )-4-methyl-6-
15 trifluoroacetyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl
ester.

Yellow solid (40.7%).

ISP-MS: m/e = 304.3 ([M+Na*])

20 Intermediate

(4R,9aR)-4-Methyl-6-trifluoroacetyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-
2-carboxylic acid tert-butyl ester

To a solution of 0.30 g (0.86 mmol) (4R,9aR)-4-methyl-3,4,9,9a-tetrahydro-1H-
2,4a,5-triaza-fluorene-2,6-dicarboxylic acid 2-tert-butyl ester 6-methyl ester (Example 15,
25  intermediate a) in 5 ml toluene 0.16 ml (0.15 g, 1.08 mmol)
(trifluoromethyl)trimethylsilane was added.The solution was cooled to -75 deg C and 22 ul
(0.022 mmol) tetrabutylammonium fluoride (1M in tetrahydrofuran) was added. The
cooling bath was removed and after 2 h at room temperature the reaction was poured onto
IM hydrochloric acid and extracted with ethyl acetate. The combined organic layers were

30 washed with brine, dried over magnesium sulfate, filtered and evaporated. The residue was



reaction m xture was poured onto 10% aqueous ammoni um chl ori de sol uti on and
extracted three tines with ethyl acetate. The conbi ned organic | ayers were
washed wiwb o3loed4me, dried over magnesi um sul fate, filtereecamposvaporat ed.
The residue was chromat ographed on silicg gel (0.032 - 0.063 nm with
ethyl acetate : n-hexane (2 : 3) as 25 eluant to afford a first batch of

d. T l
conmpoun éﬁ%g%g,tqgﬂécp%ﬂm&gé;k@b 39 6lodd afh 'vﬂﬂ?ethﬁl%g@teggﬂgﬁ/& AN

chr omat og cond bat ch of _conmpo

Li ght br owDas Fluapigp agiord the desipeshicompaound.as a light Xaowm@27%®. PCT/ EPO3/ 00459
-81 Exanples 39 and 40

(4R, 9aR) - 6- (1- (R) - Hydr oxy-et hyl ) -4-net hyl - 3, 4, 9, 9a-tetrahydro-1H 2, 4a, 5-tri
aza- fluorene and 5 (4R 9aR) -6- (1 - (S) - Hydroxy- ethyl)

-4-nmet hyl - 3, 4,9, 9a-tetrahydro- 1H 2,4 tfl RZa- fluorene A solution of
3.09 g (9.27 mml) (4R 9aR)-6-(1-(RS)*- -ethyl) -4-methyl -
3,4,9,9a-tetrahydro-1H2,4a, 5-triaza-fl uorene-2-carboxylic acid tert-butyl
ester (Exanpl e (4R®aRB 1-(RS)dhrdethalb3.3i4P, ZBhenahpirond ¢ itiazaaforaes-dhol ed t o
0 deg C andhifpted with 8.8 m (12.7 g, 0.11 nol) trifluoroacetic acid.
The cooling bath was renoved and the vol ati | e conponents were renoved on a

rotary evaporatqQr.. The resi due was_ chro hed .o i 032 -
0.063 mm) with dHEIATBPHI WasRIepargdin, 3 géﬁ%ﬁﬁ‘i‘*&‘{(]%?4é9 ﬁog% (e

remai ni ng diydravysetbyl3omnesl-Ba,90ctetrahpdret IHga Srdiazaflub aned - anbieolis agddi um
15 bi car bor{atteD Iu[tl on and extracted until all product was extracted from
t he aqueous f) Tt “The conbi ned organic | ayers were washed with brine,
dried over magnesium sulfate, filtered and evaporated. The renai ning |ight
br own oilp vhghmowmﬂdéf‘é%ﬁed on a Chiral pak-AD colum with 7% et hanol /

n- heptane yielding the two diastereoners, the R diastereoner being eluted

first. ISP-MS: m/e = 234.3 (M+H")

Intermediate

(4R,9aR)-6-(1-(RS)-Hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
15 fluorene-2-carboxylic acid tert-butyl ester

A solution of 6.0 g (16.3 mmol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-
1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester in 250 ml diethyl ether was
cooled to -100 deg C and treated with 11.9 ml (17.9 mmol) tert-butyllithium (1.5 M in n-
pentane). After 15 min, 1.0 ml (0.79 g, 17.9 mmol) acetaldehyde was added and the

20 reaction was stirred for 40 min at the same temperature. After warming to -75 deg C the
reaction mixture was poured onto 10% aqueous ammonium chloride solution and
extracted three times with ethyl acetate. The combined organic layers were washed with
brine, dried over magnesium sulfate, filtered and evaporated. The residue was
chromatographed on silica gel (0.032 — 0.063 mm) with ethyl acetate : n-hexane (2: 3) as

25 eluant to afford a first batch of compound. The remaining product-containing fractions

were pooled and chromatographed again to yield a second batch of compound (56.9%
total).

Light brown oil.
ISP-MS: m/e = 334.3 (M+H")

30



20 Exanple 39: (4R 9aR) -6- (1 - (R -Hydroxy- ethyl) -4-

nmet hyl -3, 4,9, 9a-tetrahydro- 1 H 2,4a,5- triaza-fluorene Light brown solid
(36.5% . wbhSBweME23 M e = 234.2 (MH+) 25 Exanpl e 40: PCT/EP03/00459

(4R, 9aR) - 6- (1- (S) - Hydr oxy- et hyl ) - 4- met hyl B?’ 4,9, 9a-tetrahydro-1 H 2, 4a, 5-
triaza-fluorene Light brown oil (38.4%. ®fSP-Ms: nmle = 234.2 (M+H+) WO

03/ 064423 PCT/ EP03/ 00459 - 82 Exanple 4%, -6- (1- (R -Methoxy-
ethyl) -4-nethyl- 1,2,3,4,9,9a- hexa%ﬂ?‘%%— A&, 5-triaza- fluorene 5 This
conmpound was prefared in anal ogy to Exanple 2 from (4R 9aR)-6-(1-(R)-

net hoxy- et hyl ) (4R,9aR)-6-(1-(R)-Hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-

- 4- et hyl - 3foRnda-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene-2-carboxylic acid
tert-butyl ester. Light yellowoil (87.8%. ISP-Ms: me = 248.2 (MtH+) 10
I nt er medi at esy a)

(4R 9aR) - 6- 19 (R) - Hydr oxy- et hyl ) - 4- met hyl - 3, 4, 9, 9a- t et r ahydro- | H 2, 4a, 5-
triaza-fluorene-2-carboxylic acid tert-butyl ester To a solution of 0.68 g
(2.91 mmd ) (4R(GRRIR)Es-(1(HRlytycoy extyrl ed-mydthyl B,4180hyétratydro-1H-2,4a,5-triaza-
3,4,9, 9a-tefgpghydro-1H 2, 4a, 5-triaza-fl uorene (Exanple 39) in 5 ni

di chl oronet hane were added 0.70 g (0.32 mml) di-tert-butyl di carbonate and
17.8 nmg (0.15 mol ) 4- (dinmethylam no)pyridine. After 1 h the solvent was
evaporated and the resi due was chronat ographed on silica gel (0.032 -
0.063 mm with ethyl acetate : n-heptane (1 : 2) as eluant.

A solution of 3.09 g (9.27 mmol) (4R,9aR)-6-(1-(RS)-hydroxy-ethyl)-4-methyl-

3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (Example

10 38, intermediate) in 33 ml dichloromethane was cooled to 0 deg C and treated with 8.8 ml
(12.7 g, 0.11 mol) trifluoroacetic acid. The cooling bath was removed and the volatile
components were removed on a rotary evaporator. The residue was chromatographed on
silica gel (0.032 — 0.063 mm) with dichloromethane : methanol : ammonia (19:1:0.1).
The remaining oil was dissolved in dichloromethane and saturated aqueous sodium

15  bicarbonate solution and extracted until all product was extracted from the aqueous phase.
The combined organic layers were washed with brine, dried over magnesium sulfate,
filtered and evaporated. The remaining light brown oil was chromatographed on a
Chiralpak-AD column with 7% ethanol / n-heptane yielding the two diastereomers, the R-
diastereomer being eluted first.

20
Example 39: (4R,9aR)-6-( 1-(Rj-Hydroxy-ethyl)-4—methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-
triaza-fluorene
Light brown solid (36.5%).
ISP-MS: m/e = 234.2 (M+H")
25

Example 40: (4R,9aR)-6-(1-(S)-Hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-
triaza-fluorene

Light brown oil (38.4%).

ISP-MS: m/e = 234.2 (M+H")



20 Col ourless foam (77.7%. |1SP-M5: me = 334.3 (MtH+) b) (4R 9aR) -6- (1
- (R - Methoxy- ethyl) -4-nethyl- 3,4,9,9a-tetrahydro- 1 H 2, 4a, 5-
triaza-flworoenex2s carboxylic acid tert-butyl ester 25 To @&c3mpos/imse of 0. 75
g (2.25 mol) (4R 9aR)-6-(1-(R)-hydroxy-e @yl) 4- et hyl -
3 4,9,9a-tetrahydro-1 H 2, 4a,5-tri aza- quorene 2-carboxylic acid tert-butyl
ester in5mM N Ndi methylformamde was added 0.12 g (2.70 mmol ) sodi um
hydride (55 - 65% dispersion in oil). After 30 min, 0.28 m (0.64 g, 4.50
mol ) met hyl iodide was added and the reaction mxture was stirred at 50
deg C for 2 h. After cooling to room t@-ﬂrre t he WD 03/ 064423
PCT/ EPO3/ 00459 -83 reaction m xture was poured onto 10% aqueous anmoni um
chloride sol uti GIR,%R)-6-Ex{RBMetitbxlyheteg)-dimehyll 23,469, 0/ hexabgdrat B4a,Tlidaza-
conbi ned orﬁanr c layers were washed with brine, dried over magnesium
sul fat e, @ and evaporated. The residue was chromatographed on
silica gel (0.032 - 0.063 mm with ethyl acetate : n-heptane (1 : 2) as 5
el uant. ‘5e| | ow This co®poand was prpaed mﬁeal&g)ewa":mn(pm}&pnﬂﬂ&ﬁaRé-M@ -[R)-

( 4R 9aR) - E}iéoghﬁ) -2 I\xﬁétﬂﬁxy 2,9%h h:Wrahydflo 18ES QY‘S “triaza- ﬂuorene-2 carbox?rhc acid

,2,3,4,9, 9a 0-2 triaza- fluorene This conpound was ptepared
|n anal ogy test-butyhestes- 2 from (4R, 9aR) - 6 (1-(9S)-
met hoxy- et hyl ) - 4- et hyl - 3, 4, 9, 9a-t et rahydro- 1H 2, 4a, 5-tri aza-fl uor ene- 2- car
boxyl i c aci Hight pellowlnil (87.8e6)t er 15 Light yellow oil (94.2%. |ISP-Ms: me =
248.2 (MrH+) Inter rredr ates
(4R, 9aR) - 6- 4-met hyl -3, 4,9, 9a-tetrahydro- 1H 2, 4a, 5-tri
aza- 20 fl ugsr})e@ car qgéy(ﬁ\& %:I d tert-butyl ester This conpound was

prepared in anal ogy to Exanple 41 internmediate a), from
10

Intermediates

a) (4R,9aR)-6-(1-(R)-Hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-

triaza-fluorene-2-carboxylic acid tert-butyl ester

To a solution of 0.68 g (2.91 mmol) (4R,9aR)-6-(1-(R)-hydroxy-ethyl)-4-methyl-

15 3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene (Example 39) in 5 ml dichloromethane were
added 0.70 g (0.32 mmol) di-tert-butyldicarbonate and 17.8 mg (0.15 mmol) 4-
(dimethylamino)pyridine. After 1 h the solvent was evaporated and the residue was
chromatographed on silica gel (0.032 — 0.063 mm) with ethyl acetate : n-heptane (1 : 2) as

eluant.
20 Colourless foam (77.7%).

ISP-MS: m/e = 334.3 (M+H")

b) (4R,9aR)-6-(1-(R)-Methoxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-
triaza-fluorene-2-carboxylic acid tert-butyl ester

25 To a solution of 0.75 g (2.25 mmol) (4R,9aR)-6-(1-(R)-hydroxy-ethyl)-4-methyl-
3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester in 5 ml
N,N-dimethylformamide was added 0.12 g (2.70 mmol) sodium hydride (55 - 65%
dispersion in oil). After 30 min, 0.28 ml (0.64 g, 4.50 mmol) methyl iodide was added and
the reaction mixture was stirred at 50 deg C for 2 h. After cooling to room temperature the



(4R, 9aR) - 6- (1-(S)- hydroxy-ethyl)-4-methyl -3, 4,9, 9a-tetrahydro-1

H 2,4a,5-triaza-fluorene (Exanple 40), di-tert-butyldicarbonate and

4- (di et hybanearpyri di ne. Col ourl ess foam (94.4% . 25 | SPENEPIMm@se= 334. 3
(MtH+) Alternatively, this conpound was o%lal ned in the follow ng way: WO
03/ 064423 PCT/ EP03/ 00459 -84 To a stirred solution of

R) - Me- CBS- I dded
E)oa e d ﬁﬁ&@ﬁﬂﬂ?&%&q{'#;}gﬁzﬁ%ﬁf lé‘%‘ﬂgﬂf&g aWBﬂ@l&hgcelg_&E?{ sfb(l)utfgn) anfftS adde
sol ution Wa@(t@geﬁ,tb@e ﬁ]@}es ayithiatky] agqiatq. The combined organic layers were washed with

6-acetyl - 4- Eﬁ‘ﬁ@ﬁheg oéergn%'ehﬁﬁxrsﬁtﬁﬂr fhdrkd end'@aporated. The re51due yas
triaza-fl uor,ene-2-carb

butyl ester (Exanple
i nt er nedi atQIBTafoﬁ%}’ P SHICSgél-(&'O% ?éoﬁ? i with gihxtpcatatii- 9@"‘69%?1 ‘45 afi ns.
A sol utien elamtstirred at OC for 3 hours, quenched with nethanol and
partitioned between aqueous anmmoni um chl ori de and EtOAc. The phases were
separat ed apg &1 &9 g;,a/gr,'_rc | ayer was washed with brine, dried (MSO4) and
concentrated I1n va he residue was purified by col um chromat ography
[ Si 02; |sohexane - eth aceta;e (1:1)] to afford 6- ((1 S) - 1 -hydroxy-
ethyl) - (4RP 3y4§
nmet hyl - 3, 4, 9, 9a- tetrahydro IH-2 4a, 5-triaza-fl uorene-2-carboxylic acid
tert-butyl ester (185 ng) as a colourless oil: '"H NVR (400 MHz, CDC13):
7.16 (1H, d, j 7 Hz), 6.35 (1H d J 7 Hz), 4.37-4.31 (1H, br s),
4.31-4.19 (1H, br s), 4.09-3.95 (1H 3,95-3.85 (1H, m, 3.13-2.94 (2H,
M, 2.79-2.55 (1H, br s), 2.54 (1H, dMnd 16 Hz), 1.48 (9H, s), 1.44
(3H, d, j 6.5 Hz) and 1.24 (3H, d, j 6.5 HZ); M5 (ES) 334.3 (M#). 15 b)
(4R, 9aR)106- ( 1- (@&W%@y@étM%hpmeﬂwameﬂwb,lQ,%Q;Bemewwdrm}QJMSQtriéaa-S- tri
aza- fluorefgsrégearboxylic acid tert-butyl ester This conpound was prepared
in anal ogy to Exanple 41 internedi ate b), from(4R 9aR) -6 (1- (S
- hydroxy-ethyl)_-4-nmethyl- 3,4,9,9a-tetrahydro- a,5-triaza-
f | uor ene- 2-car bBb(‘?F‘P‘BP‘é‘&‘quWi‘SeWFP% {n anadqgyito E’\"@PP]G\K/%?IP (‘é%@a&b& -(14( §>]3 I\/S

ne = 348. 4metHokh-ktHyladrphethyd-3,4,9,9a-tetrahydro- 1H-2,4a,5-triaza-fluorene-2-carboxylic acid
tert-butyl ester.

15 Light yellow oil (94.2%).

ISP-MS: m/e = 248.2 (M+H")

Intermediates

a) (4R,9aR)-6-(1-(S)-Hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
20 fluorene-2-carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 41 intermediate a), from
(4R,9aR)-6-(1-(S)-hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene
(Example 40), di-tert-butyldicarbonate and 4-(dimethylamino)pyridine.

Colourless foam (94.4%).

25 ISP-MS: m/e = 334.3 (M+H")

Alternatively, this compound was obtained in the following way:



25
(4R, 9aR)-6- (1- (R) - Et hoxy-ethyl)-4-nmethyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri a
za- fl uorwoa3Mbi4e3 conpound was prepared in anal ogy to ExamglreEras/besem
(4R 9aR) -6-(1-(R) - 84 _
et hoxy-et hyl ) - 4- rrethyl 3,4,9, 9a- tetrahydr(§ I'H- 2, 4a, 5-tri aza- quorene 2-carb
[ id. tert ) d ] Io to Exanple 4
O oS3 A RS b L0t TETPLS, Sh rar
(MrH+) WO Oaﬂb)ﬁdsﬂﬁﬁleﬁ’%fdﬂ?ﬁﬂfxﬁﬂmlﬁde&W(Emmm'FHFXa&E cQZaxR)&eEin(tfogen A
R I
2(421 ?/ 'f r?gzagﬂ)ﬁ%g%{é}(%ﬂeé?ﬁg Il)'mf)’ﬁ‘gg %%11 Z_Eﬁéé@g é‘g&%‘%ﬁa&ﬂx’g II't'Ioz ‘B(%rrpl e 2
f rom (4R, 9aRjazadluotene-2 Fﬂboxylmidipﬁfhlyylmtehbﬂo;anmlh% )mtermedlate b) (255 mg) in
- 4-met hyls 3T‘§{19(2933rnt)evpa{sfahﬁéﬁ &)ro Widd ovér /f?mghst Rls El?(l@lofll“l’ﬁg ﬁﬂ'gd 20°63HP9 ﬁ%ﬂn‘s,

acid tert-butyl ester, pre are I n analogy to nt er nedr a
and b). Li gHEnche i Wty ragth ar(fé@ndwmtmeqiémwsn aqw@u&amrgum \vilarideErdnpl e 45

(4R 9aR) - 6EtQAc.-TH hasesEﬁé?@Ké{mrﬁ&chM{c) therEbii XGSI was washed with brlne, dried
npou was

fl
o epat o4 | n(4ASPEGH cenmquex%%'a%foimhea%?éws@up%ee%y cOithn chromatography
et hoxy- et hy| SlOQ,—lmitehgﬂe- -Betlylcatet (@11) latoyadiood 5#6{{5)41&}1&5&1’&)&}'-@&@})1‘- (4R@aRNa- 2- car b
I dn t 0
P er ﬁeﬁf"'at ety 3543%5%?*“9%%?50 R e S e (s
( MirH+) E}@é@g)eam@o ourless oil: H NMR (400 MHz, CDC13) 7.16 (1H,d,] 7 Hz), 6.35 (1H, d,
(4R, 9aR) - 6 ﬁﬁz?)zrﬁt@ BORIIRPY SYEL S10X Y 9 @1 11Ybos) 41685 8% | 11k; £1) 3. 95-9 89 gxphydr o

- 2,4a, 5- trlazaflu
a 3.13- 94(2H mrs 2.79-2.55 (1H, br s), 2.54 (1H, dd, ] 6 and 16 Hz), 1.48 (9H, s), 1.44

(3H, d, ] 6.5 Hz) and 1.24 (3H, d, ] 6.5 HZ); MS (ES) 334.3 (MH").
15

b) (4R,9aR)-6-(1-(S)-Methoxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 41 intermediate b),
from(4R,9aR)-6-(1-(S)-hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
20 fluorene-2-carboxylic acid tert-butyl ester.

Yellow oil (88.7%).

ISP-MS: m/e = 348.4 (M+H")

Example 43

25 (4R,9aR)-6-(1-(R)-Ethoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluorene

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-(1-(R)-
ethoxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid
tert-butyl ester, prepared in analogy to Example 41, intermediates a) and b).

30 Light yellow oil (86.1%).

ISP-MS: m/e = 262.2 (M+H")



Thi s conmpound was prepared in analogy to Exanple 2 from (4R 9aR)-6-(1-(S)-
25 cycl opropyl net hoxy- ethyl) -4-nmethyl- 3,4,9, 9a-tetrahydro-

1H 2, 4a, SwornB/aaa2f | uor ene- 2- carboxylic acid tert-butyl estCempopompared in
anal ogy to Exanple 41, internedi ates a) Ng}’d b). Light yellow oil (89.9%.
WD 03/ 064423 PCT/ EPO3/ 00459 - 86 |SP-M5- nle = 288.2 (M-Ht+) Exanpl es 47
and 48 (4R 9aR)-3,3,3-Trifluoro- |

-(4-methyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uoren- 5
6-yl)-(R)-propan-1-ol and (4R 9aR)-3,3,3-Trifluoro- |

-(4-nethyl -1, 2, 3, 4,9, 9a- hexahydr o- 2, 4&x&mpleiddza-f | uoren- 6-yl)-(S)-propan-
| -ol These conpounds were prepared in analogy to Exanples 39 and 40 from

(4R 9aR)- 10 4R,9aR)-6-(1-(R)-Cyclopropylmethoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-

4- et hyl - 6-Zé£R?$ -3,3 3-trifluoro-I-hydroxy-propyl)-3, 4,9, 9a’tetrahydro-| H 2
 4a, 5-tri aZate P 1uigRdiereng o boxylic acid tert-butyl ester and subsequent
separation of the diastereoners. Exanple 47:

(4R, 9aR) 53, 3, 3-This tdrupound wisiprepirhy in- dnakg té ELarfiple Refrah V4R, 0aR)-6-41 BR} | aza-
11 or en- & VRl B BRRR o L. A}, . U8 1 G-l ST @ =

302.1 ([ M

(4R, 9aR) - 3, @r®xyli¢ ddiditerbutyl dsterepiepired irarglagygo Exampleatlyutarnrdittess) and aza-
fl uoren-6-yt;))-(8)-propan- | -01 20 Colourless solid (36.4%. |ISP-Ms. nie =
302.1 ([MtH¥] ) Internmediate (4R 9aR)-4-Methyl-6- ((RS)-3,3,3-trifluoro- |
- hydr oxy- prapyl ) -3, 4,9, 9a-tetrahydro- 25

1H 2, 4a, 5-t lg]ézyél-l?‘P’lﬁ?gr(aﬁ)lé%;- carboxylic acid tert-butyl ester This conpound
was prepared in analogy to Exanple 38 internediate, from

(4R, 9aR)ie 6-ISPaviB: r/aret28812-(B14HY), 9a- t et r ahydr o-

1H 2, 4a, 5-triaza-fl uorene-2-carboxylic

Example 45

(4R,9aR)-6-(1-(S)-Ethoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene

15 This compound was prepared in analogy to Example 2 from (4R,9aR)-6-(1-(S)-
ethoxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro- 1H-2,4a,5- triaza-fluorene-2-carboxylic acid
tert-butyl ester, prepared in analogy to Example 41, intermediates a) and b).

Colourless oil (96.1%).
ISP-MS: m/e = 262.2 (M+H")
20

Example 46

(4R,9aR)-6-(1-(S)-Cyclopropylmethoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-
2,4a,5-triaza-fluorene

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-(1-(S)-
25 cyclopropylmethoxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester, prepared in analogy to Example 41, intermediates a) and
b).

Light yellow oil (89.9%).



WO 03/ 064423 PCT/ EP0O3/00459 -87 acid tert-butyl ester (Exanple 5,
internmediate b), tert-butyllithiumand 3,3,3- trifluoropropanal. Light
brown oi IwWO30/068¢3 |SP-MS: nme = 402.4 ([MH+] ) 5 Exanpicexpd@omsd 50
(4R, 9aR) - (R -

(4-Methyl -1, 2,3, 4,9, 9a- hexahydr o- 2, 4a, 5-189aza- f1 uor en- 6- yl) -thiazol -

2-yl - nmet han d 10 +

(4)I$, 9aR) - ( s@’(@sn}é’{%"y|2§§-?é%ﬂi,)9, 9a- hexahydro- 2, 4a, 5-tri aza-fluoren-6-yl)-t
hi azol - 2-yl - nmet hanol These conpounds were prepared in anal ogy to Exanples
39 and 40 from (4R, 9aR) -

6- ((RS) - hydr oxy-thi azol - 2-yl - et hyl ) - 4- et hyl - 3, 4, 9, 9a-t et r ahydr o-

| H-2, 4a, 5-triaza- fluorene-2-car boxpthinplaardnd gt - butyl ester and

subsequent separation of the diastereoners. Exanpl e 49:

(4R, 9aR) - (R) - (4-, Nkt hyl, - 3, 4,9 - hexahydro- 2, 4a, 5:tri aza-fl uyorep-6-yl)-

Ut azol s 2oy - e RaABl S RpSIa bATBaRTy boodwy 9o habidperT i g hioser

([ MEH+] 3 @61 ERMppdEan50-ol

(4R, 9aR) - (S)-(4-Methyl -1, 2, 3, 4,9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uoren-6-yl) -

t hi azol - 2-yl -yret hanol Light yellow foam (41.9%. |ISP-M5: me = 303.2

([ MEHH] ) WD 03/ 064423 PCT/ EP03/ 00459 -88 Internedi ate

(4R,9aR)-3,3,3-Trifluoro-1-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-

6-yD)-(S)-propan-1-ol

These compounds were prepared in analogy to Examples 39 and 40 from (4R,9aR)-
10  4-methyl-6-((RS)-3,3,3-trifluoro- 1-hydroxy-propyl)-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester and subsequent separation of the diastereomers.

Example 47: (4R,9aR)-3,3,3-Trifluoro-1-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-yl)-(R)-propan-1-ol

15 Light brown solid (50.9%).

ISP-MS: m/e = 302.1 ([M+H"])

Example 48: (4R,9aR)-3,3,3-Trifluoro-1-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-yl)-(S)-propan-1-ol

20 Colourless solid (36.4%).

ISP-MS: m/e = 302.1 ((M+H"])

Intermediate

(4R,9aR)-4-Methyl-6-((RS)-3,3,3-trifluoro-1-hydroxy-propyl)-3,4,9,9a-tetrahydro-
25 1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 38 intermediate, from
(4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic



(4R, 9aR) -6- ((RS) -Hydroxy-thiazol-2-yl-nmethyl) -4-nethyl-
3,4,9,9a-tetrahydro-1 H 2,4a,5-triaza-fluorene-2-carboxylic acid

tert - but Wwoespen23Thi s conpound was prepared in anal ogy toPEXaPpd/en438
internediate, from5 -87-

(4R, 9aR) - 6- brono- 4-net hyl - 3, 4,9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza-fl uorene-2-c¢
arboxylic R @rl ity 3tk YExa2551€5, inferRedhe b"_)i_lteftfﬂlﬁ?lﬂﬁﬂhﬂlta%d@,i?)-

tert-butyllithiumand 2- thiazol ecarboxal dehyde. Col ourl ess foam (82.3%.
| SP- V5. Ve tEIBEIOPIOPAMRk ] ) 10 Exanple 51 (4R 9aR)- 2-

(4-Methyl -1, 2,3, 4,9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uoren-6-yl)-propan-2- ol
Thi s conpourightimswpro{80.6%)i n anal ogy to Exanple 2 from

(4R, 9aR) - 6- (1- hydroxy- 15 1-nethyl -ethyl) -4-nethyl-

3,4,9, %a-t gpahixdrpsL I;%-Ogéfl(g\,%};gm aza-fluorene-2-carboxylic acid tert-butyl

ester. Light yeF] OW Oi | SP-MS: We = 248.3 ([MrH+] ) 20
Internediate (4R 9aR)-6- (1 -Hydroxy- 1 -nethyl- ethyl) -4- nethyl-
3,4,9,9atetrahydro- 1 H2,4a,5- triaza-fluorene-2-carboxylic acid
tert-butyl ester A solution of 0.30 g (0.81 mmwol)

(4R, 9aR) - 6- br ono- 4- et hyl - 3, 4, 9, 9a-Rxahiphfiydand 50

1H 2, 4a, 5-triaza-fl uorene-2-carboxylic acid tert-butyl ester in 5 mn

t et rahydr of ur an t 0,278 fec ith 0 .98
mmol ) n-but yl | i‘t%?gfﬁ‘ﬁ?‘ig?’8?‘%§H¥liﬁ%3ﬁg§i’%'%xﬁq‘e§d§§‘e 4a?%r§ag?%}‘]erﬁ'?n%8‘g}?a{z§9( 71
my, 1.22 mby)metdenohe was added. After 30 nmin, the reaction was quenched
w th 10% aqueous anmoni um chloride and extracted with ethyl acetate. The

organi ¢ | aygg was washed with brine, dried over nmagnesium sul fate and
filtered. The solvent was renoved on a rotary evaporator and the residue

et o LR A R S RS 0

2-yl-methanol

These compounds were prepared in analogy to Examples 39 and 40 from (4R,9aR)-
6-((RS)-hydroxy-thiazol-2-yl-methyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester and subsequent separation of the diastereomers.

15

Example 49: (4R,9aR)-(R)-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-
thiazol-2-yl-methanol

Light yellow foam (29.6%).
ISP-MS: m/e = 303.2 ([M+H"])
20

Example 50: (4R,9aR)-(S)-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-
thiazol-2-yl-methanol

Light yellow foam (41.9%).
ISP-MS: m/e = 303.2 ((M+H"])

25



eluant to afford the conpound as a light yellow foam (24.4% . ISP-Ms: me =
348.5 ([MrH+] ) 5 Exanple 52 (4R 9aR)-3-Methyl -2- (RS)-

(4- met hyl wb,03/084443 9, 9a- hexahydr o- 2, 4a, 5-tri aza-fl uoren- 6PEIT)EPOsIO@ERI 2- Ol

Thi s conmpound was prepared in analogy to Example 2 from (4R 9aR)-6-(1-(RS)-
hydr oxy- 1, 2-di et hyl - propyl ) - 4- net hyl - 3, 4797 9a-t et r ahydr o- 1H 2, 4a, 5-tri aza-

fluorene-2- 10 carboxylic acid tert-butyl ester. Light yellow oil (79.5%.
|SP-MS: me = 276.2 ([ MrH+] ) |nterne§?—%¥—’%%

(4R, 9aR)-6-(1-(R;§%é3/droxy 2-di met hyl - propyl ) -4-net hyl - 3, 4, 9, 9a-t et rahydr
0- 1H 2, 4a,5-trf )rﬁjtﬁPébréiyzlr@arrﬁmzpl Zwlmthlyli-éfmeﬂhuk $444, 9%t tetrafhire- 1H-

conpound wag 4pkapR L AubRnaNH gg)yq; 0 b nternedi ate, from
(4R 9aR) - 6- br ono- 4- malfl yn 3% a ?‘E‘F%‘Pﬁ’@? ésiélfl-z 4a, 5- trlaza fl uorene-2-c

arboxylic aci d ert but est er npl.e 5, inter msdl ate

n-butyl Iithium & ’d cqmpgys IwasszfBaflS %ﬁ%ﬁ%%gy to Expmpla 3e‘5§§tf‘émed(a@9 fromy
| SP-MB: 151 e(4R,%H)- @b(dm&%ethyfamaaeﬁaayc% 164-R 49 3RY raa-Wabha% - drboxylic

RS) - (4- et ro

1£I uz)r(en 6- yf‘%ldterrf)été ! Wﬁﬁ%o’é J%ﬁbg%k%éﬁﬁéﬁggluqu_hl s conpound
was prepar eﬂmmleamézbb@#ehydeExarrpl e 2 from (4R 9aR) -6- (1 - (RS) - hydroxy-
2-methoxy- 1 - methyl-ethyl) -4-methyl-3,4,9, 9a-tetrahydro- 1

H 2, 4a, 5- trC@mrlegslfgﬁﬁQg@3%)car boxylic acid tert-butyl ester. Light yellow
oil (84.6%. 5 me = 278.2 ([MrHt] )

ISP-MS: m/e = 403.4 ((M+H"])

10

Example 51

(4R,9aR)-2-(4-Methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-propan-2-
ol

This compound was prepared in analogy to Example 2 from (4R,9aR)-6-(1-hydroxy-
15 1-methyl-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid
tert-butyl ester.

Light yellow oil (73.5%).

ISP-MS: m/e = 248.3 ((M+H'])

20 Intermediate

(4R,9aR)-6-(1-Hydroxy- 1-methyl-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-
triaza-fluorene-2-carboxylic acid tert-butyl ester

A solution of 0.30 g (0.81 mmol) (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-
1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester in 5 ml tetrahydrofuran was
25 cooled to -78 deg C and treated with 0.61 ml (0.98 mmol) n-butyllithium solution (1.6 M
in n-hexane). After 30 min, 80 uL (71 mg, 1.22 mmol) acetone was added. After 30 min,
the reaction was quenched with 10% aqueous ammonium chloride and extracted with
ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate and

filtered. The solvent was removed on a rotary evaporator and the residue was



Internediate (4R 9aR)-6-(1-(RS)-Hydroxy-2-nethoxy- |

-nmet hyl -et hyl ) - 4-net hyl - 3, 4, 9, 9a-

t et r ahydrwobblo@4dn, 5-t ri aza- f | uor ene- 2- carboxyli ¢ aci d terCTHROyb0485t er 10
Thi s conpound was prepared i n anal ogy tqglgxarrpl e 51, internediate, from .
(4R, 9aR) - 6- br ono- 4- net hyl - 3, 4, 9, 9a-t et r ahy/dr o-

1H 2, 4a, 5-t g ] - [ ' e l e 5,
It or modt at B G OBt ke B B 000 aé-?ﬂ%ﬁ*ﬁéﬂ%%%l%%%& Sebpai (5D &
(46.5% . 1%lyagptavforgythe eorgp@ing asaNight YellpwHramile4%). (4R, 9aR) - 5- Chl or o- 2-
(RS) - (4-nethyl-1,2,3,4,9, 9a- hexahydro-2, 4a, 5-tri aza-fl uoren-

6-yl ) - pent agp M 9ImRzQ BagS (gqqrppgnd was prepared in analogy to Exanple 2
from (4R, 9aR)-6-(4-chloro- 1- (RS)-hydroxy-

| - met hyl - butyl)-4-nethyl-3,4,9,9a-tetrahydro- | H2,4a,5-triaza-fl uorene-
2-carboxylic acid tert-butyl ester. Colourless oil (77.8%. |ISP-Ms: me =
310.2 ([MrHE] ) 25 WO 03/064423 PCT/ EP03/ 00459 -91 Internedi ate

(4R 9aR)5 6- (4- Chl oro- | - (RS)-hydr oxy- ExampleyP- but yl ) - 4- net hyl - 3, 4, 9, 9a-
tetrahydro-1H 2, 4a,5-triaza-fl uorene-2-carboxylic acid tert-butyl ester A

sol ution of 0.39rG kN3N ﬂi&gpk RS)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fl ;
(4R, 9aR) - 6- brorqm-’zl?%r}% hyl - ,4-?(9,)98- (et Pahyaro-" b o ronyaro=s %>-triaza-fuioren

1H 2, 4a, 5- OrylicPytan- ene-2-carboxylic acid tert-butyl ester in 20 ni
di ethyl ether was cooled to -100 deg C and treated dropwi se with 65 |

(0.97 mmol ) t erMhidxdnypdurddwasPréparéd inMnaldigyitd Bxarhple D-HRAN{£R)9R)-A(1-€RES i n,

0.12 g (0.11.m 3 5-6hl org-2-.p anon d .th

t enper at ur iny%og(‘y éﬁ%%\%%%ﬁolp X@' '8’6817% 3 (fg&g§ac{ég"ﬁgyc};f\1‘l)\?@?’%a‘%?%gmz?&]b‘ﬂﬁqneﬁ
mn, th# r eaboxplic avdtequbutyhestbrwi t h 10% aqueous anmmoni um chl ori de sol ution
and 10 extracted with ethyl acetate. The organic layer was washed wth
brine, dri¢gidVefiow oil (79.5%).

ISP-MS: m/e = 276.2 ((M+H"])

Intermediate

15 (4R,9aR)-6-(1-(RS)-Hydroxy-1,2-dimethyl-propyl)-4-methyl-3,4,9,9a-tetrahydro-
1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester

This compound was prepared in analogy to Example 51 intermediate, from
(4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic
acid tert-butyl ester (Example 5, intermediate b), n-butyllithium and 3-methyl-2-

20 butanone.
Colourless oil (39.8%).

ISP-MS: m/e = 374.5 ((M+H"))

Example 53

25

(4R,9aR)-1-Methoxy-2-(RS)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-yl)-propan-2-ol



magnesi um sul fate and filtered. The solvent was renoved on a rotary
evaporator and the residue was chromatographed on silica gel (0.032 -

0. 063 mmwwaileabhyl acetate : n- hexane (1 : 2) as el uantcr@Eras/bmasd t he
conmpound as a colourless oil (50.9%. ISP-d\/B me = 410.4 ([M+H+] ) 15
Exanpl e 55 (4R 9aR)4 Met hyl - 6- (2-

(RS) - net hyl -t et drofuran 2-

2,4a,5-triaza-f Eorengow‘ﬂdg’ %B?%%‘Z?dé“ 3\%@6%}?8 &?‘é’&?efzﬁgéﬂ‘a@gg"ﬂé (f—}xMTe 2
from (4R, 9aRydraxyrdtmgthogy-1apethyl-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-

(2-met hyl -tghg{gﬁygr&rg gaé@@rf_g ¥ dsted; 4, 9, 9a- tetrahydro-1 H 2, 4a, 5-tri aza-
fluorene-2- car oxy |c tert Butyl ester Col ourl ess oil (94 19 .

| SP-MS: nle = 274 wHﬂ 25 Internedi ate

(4R 9aR) - 4- WPFIXHHOB"(‘ SA&f8ly1 - t et r ahydr o- furan- (RS)-2-yl )-3, 4, 9, 9a-t et r ahyd
ro- 1H 2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester To a

sol ution 50f ISP-R13: g/é 8. . tMHYH 4R, 9aR) - 6- (4- chl oro-1 - (RS) - hydr oxy- 1 -

met hyl - butyl ) -4-nmethyl -3, 4,9, 9a-tetrahydro-1H 2, 4a, 5-triaza-fl uorene-2-carb
oxylic acid 30 tert-butyl ester (Exanple 49, internmediate) in 2.0 nl

N, N- di et hyl f or mam de was added WO 03/ 064423 PCT/ EPO3/ 00459 -92 25.5 ny
(0.59 mmol ) sodium hydride (55 - 65%dispersion in oil). After 1 h the

reaction mxture was poured onto 10‘Vc1_réqm}|§£annom um chl ori de sol ution
and extracted with ethyl acetate. The organic |ayer was washed with brine,

dried over magnes euR)ss!f-aRS- H?di-oxidzlrh@th@ﬁy lTrh@thWéthgll)M -MReyl-sa/ed on a

I I
(0. 035 0" Gohirp Tlobded i BBrelf 2 Crfoniana A e B el Lant to

afford the conpound as a colourless oil (78.5%. | SP-MS: W = 347.5 ([ MrH+]
Exanpl ® 56 10This compound was prepared in analogy to Example 51, 1ntermedlate, from

)
(4R, 9aR) - 6- (f53r) J6-5L 1059 bthyl 3 4 b IRy dbo A2 2 20 3 PR BUBRKE e et iR L !

aza-
acid tert-butyl ester (Example 5, intermediate b), n-butyllithium and methoxy-2-
propanone.

Colourless oil (46.5%).

15 ISP-MS: m/e = 378.4 ((M+H"])

Example 54

(4R,9aR)-5-Chloro-2-(RS)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-
6-yl)-pentan-2-ol

20 This compound was prepared in analogy to Example 2 from (4R,9aR)-6-(4-chloro-
1-(RS)-hydroxy-1-methyl-butyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5- triaza-fluorene-
2-carboxylic acid tert-butyl ester.

Colourless oil (77.8%).
ISP-MS: m/e = 310.2 ([M+H"])

25



fluorene; di-trifluoroacetate To a stirred sol ution of

(4R, 9aR) - 6- ( 1- hydroxy-et hyl ) -4-net hyl -3, 4,9, 9a-t et rahydr o-

1H 2, 4a, Swonsmaad2f | uor ene- 2-carboxylic acid tert-butyl estrer/EPoR00as) in

CH2C12 (3 ml) at OC under argon was addef DAST (73 |). The solution was
stirred for 1 hour and 15 partitioned between CH2Cl2 and aqueous NaHCGCS.

The phases were separated, the organigsmpashed with brine, dried (MySO4)
and concentrated in vacuo The residue was purified by colum

chr omat ogr aphy i 02: exane §1yl acet (4:1 The ur|f|ed
product was di ég%’l%gﬁls (4-Chioter- (B@ g‘?’ T0X¥rd - ‘F‘F&thb‘ﬁ'@a‘%éﬁﬂk}’ 124%%%1 m) was
added. The tetsailydto-0H-as,5! teibta- ﬂ@oxsehametaasomyn@mlaeaweﬁ@l et for 1 hour and
concentrated in vacuo to 20 afford

boa {1 uorene. &ttt S Ea0E Ay m‘x‘rzc@ﬁ&%%ﬂé R Rt i
50/ 80; 235 I, 49>§%flaZ@ﬂVQTWT2“CWJ(YES)iC 35t{bu(>ﬂ/|e5t9r mlzﬁtrelrdrahylaatber@as

4R, 9aR
(R0, ko ey St sty R A Ry

sol ution oM R“Q‘élﬁ) ngRept qxrb?ﬁ‘}‘l 0312 @.13 gk 8t9§éll*f§1él]r)(§ ¢hlpre- % pemfanone
triaza-fl uarenaded, ear tbﬁ?p)éi‘dt@rea@ds(illbﬁéd tolXike b - BSAQIC hrkek 2R a0 aadltio'ﬂ'hpfsrmd' ate

b 2 T ded but II th 2.72 2.5 M
D) (2.9) L il b oo yend B AR, UL Sl 020
acet al dehy dstré@ediwith ethyl FedEaté. 2The grgambslayadasdvadhabwitls brindhiriedeiveit i on was

S e oGk e O ire AThOV el Gl e o AHhard SUBBERL R G0 Y

and stlrreérl or a furt e reac i on wWas
03/ 064423 PeSTHuEPYs/hoorsatograpBed gn sibiga gel (9B u/06H mun) wsh@tml adeyate o ut ed

with ethyl h@ﬁ.ﬁieqqezmolel&mtaamhse&%@&&ﬂasa&Jr@ufe@ {#o0ger € washed

successively with water and brine, dried and concentrated in

vacuo. The ue, va i by col umm chrorrat ography [ Si 02; isohexane
byl | actEses g By
(4R, 9aR) - 6 (1- hydroxy ethyl)-4-methyl-3,4,9,9a 5

tetrahywo-| H 2, 4a, 5-triaza-fl uorene- 2-car boxylic acid tert-butyl ester
(742 ng) as a yellowoil: 1H NWR (400 MHz, CDC13) 7.16 (1H, d, j 7 Hz),

6.35 (1H, d, | 7 Hz), 4.37-4.31 (1H, 4.31-4.19 (iH, br s),
4.09-3.95 (1H, n), 3.95-3.85 (1H, ). ERimiss (2H 1),

(4R,9aR)4-Methyl-6-(2-(RS)-methyl-tetrahydro-furan-2-yl)-1,2,3,4,9,9a-hexahydro-
2,4a,5-triaza-fluorene

This compound was prepared in analogy to Example 2 from (4R,9aR)-4-methyl-6-
20 (2-methyl-tetrahydro-furan-(RS)-2-yl)-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester.

Colourless oil (94.1%).

ISP-MS: m/e = 274.2 ([M+H"])

25 Intermediate

(4R,9aR)-4-Methyl-6-(2-methyl-tetrahydro-furan-(RS)-2-yl)-3,4,9,9a-tetrahydro-
1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester

To a solution of 0.20 g (0.49 mmol) (4R,9aR)-6-(4-chloro-1-(RS)-hydroxy-1-
methyl-butyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid
30 tert-butyl ester (Example 49, intermediate) in 2.0 ml N,N-dimethylformamide was added



2.79-2.55 (1H, br s), 2.54 (1H, dd, j 6 and 16 Hz), 1.48 (9H, s), 1.44 (3H,
d j 6.5 Hz), 1.25 (1.5H, R epiner, d, j 6.5 Hz) and 1.24 (1.5H, S epiner,
d, | 6.5 Ww@é)o30é823 ES) 334.3 io (MH). Exanple 57 PCT/EP03/00459

(4R, 9aR) - 6- ((RS) - 1- Fl uor o- propyl ) - 4- net hy& -1, 2,3,4,9, 9a- hexahydro-2, 4a, 5-tr
| aza- fluorene 15 )

o 220 o S a0 SB35 eboo icpesbich i ol ARAAW B0l 51

(4R, 9aR) - 6- (nixthsedvasppupsdogntd J10%-ageedns andndni@pdeloride solution and extracted with
t et rahydr o- %}t‘ﬁ‘ifl?a’cé]tgtesrdlfnj r e&éﬁcfliﬂg&g &Eg%ﬁl%%g' &1&106\@ Be%ﬂ'}i §E§c‘i (52

mg) using t roce escrii anpl e 56 to att pro uct as a

col our | ess Bit¢red.fhecolvsatarasgemoype) @03 rGtany evpRoraopend Qlelrwﬁvﬁwasvs (ES) 250.3

(M) . 2@ |£Hr8frﬁ‘&%'r @d oﬁ@ﬁic@%@ 0@32 0063 mm) with ethyl acetate : n-hexane (1 : 3) as
9ate &ro/])H-Z 4a, 5-tri aza-

(1- Hydr oxy-

{1 uor ene- -84 rﬁd&ﬁff?rér@ %‘“P@F‘Edb‘iﬁ‘;ﬂmé‘ B9

(4R, 9aR) - 6- (1- Hydr oxy- propyl ) -4-nmet hyl -3, 4,9, 9a-tetrahydro-1 H 2, 4a, 5-tri aza
- 1 uor ene- I5PeliShmte/+ i 3780 M+HET]) - but yl ester (465 ng) was nade from

(4R, 9aR) - 6- brono-4- nethyl -1, 2, 3, 4,9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uorene
(Exanple 5, internediate b) (1 g), wusing propional dehyde (390 I) in place
of acetal dehyde, according to the procedure described in Exanple 56,
intermediate, to afford the product as a pale yellow solid (465 30 ng): 1H
NVR (400 MHz, CDCL3) 7 15 (lH d j 75&91&6_633 (1H, d, j 7 Hz), 4.47 (1H,
t, | 55Hz)442 S:, (le br s 4.02-3.92 (2H,
n, 3. 92L03 83 ((#R,%By- 6s§R -3- P_Ill.l‘)@ ghyl 2Hnethyl 1,2,3¢19,92-Bexahydio-Bha.§ytriaz: 52

(1H, dd, ﬁu&gge’ggstmom;cegﬁel 72 (1H, m), 1.72-1.56 (1H m, 1.48 (9H,

s),1.24 ( 15H epinmer 1, d, 7Hz)123(15H eplrrer2dj7V\D
03/ 064423 PCT/ EP03/ 00459 -94 @é 0. 95 5H, epi mer ' and
0.94 (1.5H, epi hepstrred solption ef (4R)%aR\8 Qlég)drg%e yl)(wyhybﬁés?p?aeteyahﬁdro-

ggg_ 9aR) - 6- {14, 5t ZH HRT L Y A rb by TRILM terk- bty efteP(92anSEat #19(Zmae 5- tri

0°C under argon was added DAST (73 ul). The solution was stirred for 1 hour and

15 partitioned between CH,Cl; and aqueous NaHCO;. The phases were separated, the
organics washed with brine, dried (MgSO;) and concentrated in vacuo. The residue was
purified by column chromatography [SiO,; isohexane - ethyl acetate (4:1)]. The purified
product was dissolved in CH,Cl, (1 ml) and trifluoroacetic acid (1 ml) was added. The
solution was left to stand at room temperature for 1 hour and concentrated in vacuo to

20 afford (4R,9aR)-6-((RS)-1-fluoro-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluorene di-trifluoroacetate (50 mg) as a yellow oil: HPLC [Xterra; 50/80; 235 nm] 97%,
0.71 min; MS (ES) 235.0 (MH™).

Intermediate

25 (4R,9aR)-6-(1-hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester
To a stirred solution of (4R,9aR)-6-bromo-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-
triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 5, intermediate b) (2 g) in THF
(24 ml) at -78°C was added n-butyllithium (2.72 ml, 2.5 M in hexanes) dropwise. The
30 solution was stirred at -78°C for 45 mins and acetaldehyde (604 ul) in THF (2 ml) was
added dropwise. The solution was stirred for a further 2 hours, allowed to warm to room

temperature slowly and stirred for a further 4.5 hours. The reaction was quenched with



fl uorene

(4R, 9aR) - 6- ((RS) - 1- Fl uoro-butyl ) -4-net hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri
aza- fluoweme/éei423rifl uoroacetate (47 ng) was made from PCT/EP03/00459

6- (i - hydroxy-butyl)-4-nmet hyl -

3,4,9,9a-tetrahydro-1 H 2, 4a, 5-tri aza- quorene 2-carboxylic acid tert-butyl

ter 54 r
S ford s he%%*g%‘ﬁéﬁﬁﬁﬂ“ ofdag (20 A AR gfif%df??ai%shﬁéﬂﬁ%%%ﬁ%téd"
98. 6% 1. 60l heiorganies wersyvasted, sgcc(emme)ly Mthmtqmu brige, dried (MgSO,) and

(4R 9aR) - 6'&;1&!?5(1‘1'&&1)% VQHIJ ll",)ngf‘esg@kh%&ls tp%rqieg bZ@olE.\ﬁEf glpégl %&Jﬂh@ (St | aza-

15 fl uorene-2-carboxylic aci

(1- Hydr oxy-isaheyane --ethykeedtate (32X to affard %IRN%@ hydrpyy? ethatl) A-tethgyt-854,9,9a-

fl 2- |

(AR SR 6. Fr s 1He2 B bl Bighh o g- GRS O TERPRIRIB BEPR s e

(Exanpl e 5,yellow éﬂhﬂbeM%E/@P MHZgG}DCbOnglﬁgﬁlHud9r7efﬂd)eﬁ95élf(14f$7 7|I‘;,Il)l f3phadde of
tald h nGgot 2

termedi e PEOCIILAGS (S BPgPe 80U Gt g’f)dfaﬁé'sgqsorﬂ‘ﬁﬁ%gﬁ%?x T R

(400 MHz, GDOt3§5 11HbreLR.541H, dd, Feand B H2), 1 #8I(9H, s)j 1.24 £BH, d, 4 6562), 485 ( 1H,

, 4.40-4 ) ( 3

D a5 86 (%%H(?}%p ‘?ér’a T63 }%ggag’d]%ﬁ é?)H %fp%erzéﬁg"a%%ﬁ 3452@3) B3 (1H,
dd, j 61QandML1"6)Hz) 177158(2H m, 1.48 (9H, s), 1.48-1.39 (2H m,
1.24 (1.5H, epimer 1, d, j 7 Hz), 1.23 (1.5H, epiner 2, d, j 25 7 Hz), 0.94
(1.5H, epiner 1, t, j 7.5 Hz) and 0.93 (1.5H, epiner 2, t, j 7.5 Hz); M
(ES) 362.1 (MH#). Exanple 59 30 (4R, 9aR)-6- Et hyl sul f anyl - 4- net hyl -

1, 2, 3,4,9, 9a- hexahydro- 2-4a, 5-tri aza-fl uorene WD 03/ 064423 PCT/ EP03/ 00459

- 95 Example 57

(4R, 9aR) - 6- Et hyl sul fanyl - 4- et hyl - 3, 4, 9, 9a-tetrahydro- 1H 2, 4a, 5-tri aza-fl uo
rene- 2- car box L 1 (

under an ar nxgltig%lgfsﬁgr e9 ianitﬁrM pr@?}lﬁl urrgnm%i1 B I?/H)gnw eeég Jh%dz %é)%t%%

mol ) was a(ﬁ’@é@eand the m xture was stirred at -78 Cfor 5 mn

m xture;of (4R R 1 thyl- -
6. br om)l4 et h (?@% )-6- (g S) I- Fluoroa:ropyhfl nethy 12r3|4a92%1a ?Txah}lderrc])g A&a%érrl ngyl i c

acid tert- tﬂyltquneééﬁ mg)(vvexmérrérom 4&1?2@@6& hrcbrom) ptepyD) -4 mahBB,4%8%) in THE
(5 tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (52 mg) using the

procedure described in Example 56 to afford the product as a colourless oil: HPLC [Xterra;
20/50; 250 nm] 100%, 2.17 min; MS (ES) 250.3 (MH™).

20

Intermediate

(4R,9aR)-6-(1-Hydroxy-propyl)-4-methyl-3,4,9,9a-tetrahydro- 1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester

25 (4R,9aR)-6-(1-Hydroxy-propyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester (465 mg) was made from (4R,9aR)-6-bromo-4-
methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene (Example 5, intermediate b) (1 g),
using propionaldehyde (390 pl) in place of acetaldehyde, according to the procedure
described in Example 56, intermediate, to afford the product as a pale yellow solid (465

30 mg): '"H NMR (400 MHz, CDCls) 7.15 (1H, d,] 7 Hz), 6.33 (1H, d, ] 7 Hz), 4.47 (1H, t, ]
5.5 Hz), 4.42-4.30 (1H, br s), 4.29-4.14 (1H, br s), 4.02-3.92 (2H, m), 3.92-3.83 (1H, br s),
3.11-2.94 (2H, m), 2.81-2.58 (1H, br s), 2.52 (1H, dd, ] 6 and 16 Hz), 1.85-1.72 (1H, m),
1.72-1.56 (1H, m), 1.48 (9H, s),1.24 (1.5H, epimer 1, d, ] 7 Hz), 1.23 (1.5H, epimer 2, d,] 7



m.) was added dropw se, maintaining the tenperature below -70 C. The
resultant dark red solution was stirred at -78 C for 30 mn and et hyl

di sul fi dew003A08#4p3., 1.08 nmol) was added. The m xture wa®CItEPos/e@dsat -78 C
for 2 h and left to warmto roomtenperat je 10 over 2 h. Water (1 nlL) was
added and the m xture was poured ontoto an isolute HWN SPE cartridge and
eluted with 0. . t . p u ced
o esaur e and o s Par e a1 et At s PPt 2081 e By Y
HPLC (Prep(Mbl/a-Pak HR C18 6 m 60 A 30 nm x 300 mm col urm, UV detection at
254 nm nobil e phase 95: 5 nethanol : water and 10 nmol anmoni um acet at e,
gradient 50 15 nethanol to 100 %0 to 10 min then 100 % nethanol to 13 mn,
20 mL/mn) to afford the title conmpound (0.071 g, 53 %yield) as a pale
yellow oil: mz 350.14 (M+); HPLC (50 %to 80 %gradient [95:5 MeCH :
water, 10 mmol ammoni um acetate] 220 m%ﬁ@% 2.0 m/mn) 6.21 mn. 20
(4R, 9aR) - 6- Et hyl sul fanyl - 4-net hyl -1, 2, 3, 4,9, 9a- hexahydr o- 2-4a, 5-triaza-fl uo
rene A gi xture(4®9aR)-6-((RS)-1-Fluoro-butyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

(4R, 9aR) - 6- et hyl sul fanyl - 4- net hyl - 3, 4,9, 9a-tetrahydro-1 H 5 4a, 5-

triaza-fl uotf&M&M®- carboxylic acid tert-butyl ester (0.02 g, 0.057 mmmol),

DCM (2 nL) and (4]'2!;_%12()35-(@B)Mﬂﬂu&*@aﬂﬁﬁm)aﬂ-n{eﬂf?mlI2%§9@h@i&¥fﬁ%-2,aa,g~tri—££‘f -
e crude nateria

reaction m xture S.., evapor at ed under reduced pressure.

was di ssol vEUCLeRe é%rfﬂé’r%?a%atﬂﬁf (45 mg) yys made %ﬁt(bﬁldgmbzlqlbﬁ'@ﬁ@ﬂhnge

col um ('5003,a19)9a2t€ aNyalz 59 -Wiah B-thiE D ARGHené-2 Qarbbho/lic ATARM-Butylest®i(52RR) (2M
3 nL) was added._.and the el yant col]ected and _evaporated under reduced

pr essur %t 03%4PTHRgtq the Procefwres dessribestin ixample 36 topffordthgipsednct asa golopeess

yel I ow oi | : o HPIAS OX t3Era{ Ao, zsﬂﬂn@é.%%,%&%wz&gmﬁm(wh@ﬁi 5 MeCH .

water, 10 mmol anmoni um acetate] 220 nm XTE .O0OmM/mn) 1.23 mn. 30

Exanpl e 60

(4R, 9aR) - 6- Al | yl sul fanyl -4-net hyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2-4a, 5-triaza-fl uo
rene WO 03/064423 PCT/ EPO3/ 00459 -96

(4R 9aR) - 6- Al | yl sul fanyl - 4- et hyl - 3, 4lflerfdeediaré r ahydr o- 1H- 2, 4a, 5-tri aza-fl uo
rene-2- carboxylic acid tert-butyl ester This was prepared according to the

met hod describ ed(iR@a@f%'-ﬁyér%xy-%iu?}g)-er}lé/&ylgg,ig,bg—ite ?al}yaro-lH-ZAa,S-triaza-
15 fluorene-2-carboxylic acid tert-butyl ester
(4R,9aR)-6-(1-Hydroxy-butyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester (430 mg) was made from (4R,9aR)-6-bromo-4-
methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene (Example 5, intermediate b) (1 g),
using butyraldehyde (487 ul) in place of acetaldehyde, according to the procedure
20 described in Example 56, intermediate, to afford the product as an off-white solid (420
mg): 'H NMR (400 MHz, CDCl;) 7.14 (1H, d,] 7 Hz), 6.33 (1H, d, ] 7 Hz), 4.56-4.48 (1H,
m), 4.40-4.29 (1H, br s), 4.26-4.13 (1H, br s), 4.03-3.93 (2H, m), 3.93-3.86 (1H, br s),
3.11-2.92 (2H, m), 2.77-2.57 (1H, br s), 2.51 (1H, dd, ] 6 and 16 Hz), 1.77-1.58 (2H, m),
1.48 (9H, s), 1.48-1.39 (2H, m), 1.24 (1.5H, epimer 1, d, ] 7 Hz), 1.23 (1.5H, epimer 2, d, J
25 7 Hz),0.94 (1.5H, epimer 1, t,] 7.5 Hz) and 0.93 (1.5H, epimer 2, t, ] 7.5 Hz); MS (ES)
362.1 (MH™).

Example 59
30 (4R,92R)-6-Ethylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-fluorene



produce 0.0578 g (30 %yield) of the product as a pale yellowoil: mz
462. 16 (MH); 5 HPLC (50 %to 80 %gradient [95:5 MeCOH : water, 10 mmol
anmoni umwoaBasak3 220 nm XTERRA 2.0 m/mn) 6.45 mn. (4RCIAR)3/00459
-6-Allyl sul fanyl -4-nethyl -1, 2, 3, 4,9, 9a- hexahydro- 2, 4a, 5-tri aza-fl uorene
This was prepared according to the net hod>descri bed in Exanpl e 59 using
(4R 9aR)- 6- 19 .
al | yl sul f anyl - 44RepRye-Ehylsgfagyl-t-onethplsist-.ptetsalydres 1 2-43.3-triptasflwerene2ar b
oxylic aci cattxylibatid terebhflest@ produce 0.0 14 g of the product as a pale
yel l ow oil: 262.19 ; oHPLC (50 %to 80 %gradignt,.[.95:5 .
Sater 30 THIFCa IS e roelebtoin e Comsenn aserBRiRo I Ty iR Hehsors (Bt in 5
Exanpl e 61 He4hRa03 mIGoRrampl)sidsfaddyd arfd tetrhitture was stirred at —78 °C for 5 min. A
rene

1, 2, 3, 4,9, 9a: hexahy, -2-4a 5-triaza-f 1R 9 - .

5 Vet hyl 26 BP0 PR GAGT- Gbmpres-4amebyl A Pger A an A2 e S dsiaza llgrearia:

2- ;:ﬁr gogyl ic@_rtﬂﬁcznc_ dcd terbblhtyl %sge&t(ﬁxarfm’bs, M@i&nﬁgoﬁw@ﬁ_ )e(@l.zag; gmmmgl)tig THR(5 053
nme (6] escr e | a e .us) n ro 1.SU roauc .

T 9 s> Gk e died S50 tith, meiatoin ks P SrEpFratiTe priowinyh "6 The frsaliahansk pprc
( SOX??)E}?%A8 ge%/%&l[lﬁgﬁ Qb stir9&d & vB €&l for 3rh BT andléhyiraulfedeONBUAL, A mbR]) wa20
nm .

in) 6.94 mn. o
(4R 9aR) - 6-39% ylrg%mﬁ’gﬁgﬂ wap SHEER 9t =78 % 191 2 haangdeff 0 WRRPR FQIOPIy temperdtiEe o £ |
]9r ene( 4%&9%&&52 ‘2@&\/{1&6 a;gﬁﬂwmql ed F?&tﬂeﬁng@gegmfs B@dretd%%ﬁéﬂgtaﬂdsdhﬁtemm' e 59
rom , daR) - - e -0-pro anyl - o, 4, a-lretra ro-
1H 2, 4a, 5- tSrl%EaFfat-rndgaa% laied vk ehrhaceiate A8 mby g?‘? ﬁfslaflwa%%vee?rafeé WdsHuce
0.015 g of febfcelrpRelstte ai\ﬁ/gtﬁeé}@kl@nié@érla@Wa%lhriiﬁéHliy 126 sephasé MepiratiPHPLES0 %

to 80 %gradient [95:5 OH : water, 10 nmmol anmmoni um acetate] 220 nm
XTERRA 2.0 (Pr¢miNnya-PaloHR €186 30 633 831062596 meaTrERo8 LD0Odeectiongit 264 ampl e 62

(4R, 9aR) - 6- | sppr | sul £ anyl - 4. hyl - . .

112,34 o, ISR ARG PS: S Mbaadl TR0 el ampguiuaperae  gradient 5

6- | sopr apy| methtaclytb 180 fied toy10-Binthen 980 demettandt o-13Hhid, 2@/ min ))ao afford the
title compound (0.071 g, 53 % vield) as a pale yellow oil: m/z 350.14 (MH"); HPLC (50 % to
80 % gradient [95:5 MeOH : water, 10 mmol ammonium acetate] 220 nm XTERRA 2.0

ml/min) 6.21 min.

20 (4R,9aR)-6-Ethylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-fluorene
A mixture of (4R,9aR)-6-ethylsulfanyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-

triaza-fluorene-2-carboxylic acid tert-butyl ester (0.02 g, 0.057 mmol), DCM (2 mL) and
TFA (2 mL) was shaken at room temperature for 2 h. The reaction mixture was
evaporated under reduced pressure. The crude material was dissolved in methanol and

25 transferred onto a SCX-2 ion exchange column (500 mg) and washed with methanol (10
mL), ammonia in methanol (2M, 3 mL) was added and the eluant collected and
evaporated under reduced pressure to afford the title compound (0.014 g, 100 % yield) as a
pale yellow oil: m/z 250.25 (MH"); HPLC (50 % to 80 % gradient [95:5 MeOH : water, 10
mmol ammonium acetate] 220 nm XTERRA 2.0 ml/min) 1.23 min.

30
Example 60

(4R,9aR)-6-Allylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-fluorene



5 fluorene-2-carboxylic acid tert-butyl ester This was prepared accordi ng
to the nmethod described in Exanple 59 using isopropyl disulfide to produce
0. 051 g (WO Bwyides d) of the product as a pale yell ow oil: POTZEPSE0434

(MH); NWR SH (400 MHz, CDC13) 1.25 (3H, g 17.0 Hz), 1.36 (6H, d, | 65
Hz), 1.48 (9H, s), 2.55 (1H, dd, 1165a%|60Hz) 302311(4H ,

(4R, 9aR) 6. | sopn ey RETPrATN T foyk-Riada 350, R farde bdants tr%za&ugree% %iza.

fl uorene Thc:erbuaélcyac@rtantémr)dcesxer d| ng to the method described in Exanple 59
using (4R 9

6- i sopr opy! su fwzf%?repfr %Cﬁ?/rduﬁg tg the B, §t}}°gtdre§ﬂ§}>§%n Exampls 29 usipg ally) digalfide oo
2- car boxyl i prodace QL0528 ¢ (306 yieldsdf ¢hie pmdptt@du@@le@emdwwgnaf%ﬂhe( YJuct as a

sl o, Y6 Lov 4 o 830105 ML, (400 M KD e 2P

2. 69- 3. 15 (EHERRA2.Gimdenih) 635@dik, m, 4.46-4.50 (2H, rr) 5.31 (1H, br s),
6.40 (1H, d, j 7.5 Hz) and 7.04 (1H, d, j 7.0 Hz). 20 Exanple 63

(4R, 9aR) - 6- (1- (RS) - Met hoxy- propyl )-4-nethyl -1, 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5-
triaza-fluorene To a solution of

(4R, 9aR) - 6- ( 1- hydr oxy- propyl ) -4-net hyl -3, 4,9, 9a-tetrahydro-1 H 25
2,4a,5-triaza- f(M%é—ﬂd&mlmw-imethﬁi1;!2,6,@1;9t9abhm<yhychret2e4fa,5( &Qazacqlpo'r&neDl\/F (1

ehpor at ar o pis W28 Bripsfed Lo Bl Adthod NGB ELBE S 1GKERARD 00T |

was shakleg iltylsudfanylr4- hemhﬂﬂ&,%%-setralﬁ%o Iﬁb@thxi&tr:aas—ﬂpardénetz -anboxtienviden

CH2C12 ar a an ani c

CHECL2 a0 ARLERPeE A Shrod e BRRR RS SaRERRY RUE TRl e o8 1B G

HPLC (Prep N®LE-(BAR6 HRBICHSrédiomtdo5: AM&)B‘hrmteSDIderlngd: m%ﬁ?ﬂﬁ E:gi néltmg : Zt

254 nm m)b§g RRFhazs(?nﬁ,‘Sr?m)iéget .hanol : water an .
ano

, gradient "5'0 to 10 min then 100 % methanol to 13 nin,
20 nmL/mn). The purified product was deprotected according to the
procedure described for WO 03/064423 PCT/ EPO3/ 00459 -98

15 Example 61
(4R,9aR)-6-Propylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-fluorene

(4R,9aR)- 4-Methyl-6-propylsulfanyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-
2-carboxylic acid tert-butyl ester
This was prepared according to the method described in Example 59 using propyl
20 disulfide to produce 0.053 g (27 % yield) of the product as a pale yellow oil: m/z 364.24
(MH™); HPLC (50 % to 80 % gradient [95:5 MeOH : water, 10 mmol ammonium acetate]
220 nm XTERRA 2.0 ml/min) 6.94 min.

(4R,9aR)-6-Propylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene
25 This was prepared according to the method described in Example 59 from (4R,9aR)-
4-methyl-6-propylsulfanyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic
acid tert-butyl ester to produce 0.015 g of the product as a pale yellow oil: m/z 264.24
(MH™); HPLC (50 % to 80 % gradient [95:5 MeOH : water, 10 mmol ammonium acetate]
220 nm XTERRA 2.0 ml/min) 2.02 min.

30



Exanmple 56 to afford

(4R, 9aR) - 6- (1- (RS) - net hoxy- propyl ) -4-nethyl -1, 2, 3, 4, 9, 9a-

hexahydr ov@,0da64623 ri aza-fl uorene di-trifl uoroacetate as aPCOIRPU3/HESS Oi |
(53 mg): HPLC [Xterra; 50/80; 255 nni 1Q@% O0.74 min; M5 (ES) 262.1 (MH).
5 Exanpl e 64

(4R, 9aR) - 6- (1- (RS) - Cycl opr opyl net hoxy i?e{rHQIX ch-4-nmethyl -1, 2,3, 4,9, 9a- hexahyd
r o- 2,4a,5-tria}z uaorene (4R gFi

(1- (RS) - Cycl Opr6§3?9 “OrlsaBropylsany érmﬁémyhzi‘lé’% hexghydrordedabytiezs-

2,4a, 5-tri ghmrédeuorene di-trifluoroacetate (32 ng) was nmade from

6- (1- hydr oxy-propyl)-4- 10

met hyl -3,4,9,9 aza-fluoreng- 2- 0X IlcaC|d
tert-butyl estgrh%g?{%%’op rL??Y %? thﬁé?’ﬁ@t%ﬁegﬁﬁ%cﬁ?gzi? Ft)“a?% pl ace
of nethy} ifbirene;2-sebordicragid tert-butd epﬂeocedur es described in Exanple 63 to
afford the product as a colourless oil. HPLC [Xterra; 50/80; 255 nm 100%

1.44 mn; M (G%) »3932 e(r%'@corcﬂfg@( @P:hé??@édescnbed in Exarrﬁale 59 usangols%erBYS r

4R, 9aR) - 6- RS) - NEY 9, 9a- llexah
|( aza- f |) uor‘{éﬂ’éé de to produce 051 g ( ¥6 % yield) of %e product as a pale yellow oil: m/z 364.31

(4R 9aR) - 6- (MH()RSMNB%UWONHW@DMsﬂi 283N 4,572 132)41%6Q6Hh@mﬁ&p121849}15 tr
b 3yt PR G G LS SR SR BES, o2 TP ark 3R, L4 b OB, m), 636 (11,7

3, 4,9, 938 t 10 Hayahd?. DIﬁLH dl,d75>lﬂz)l aza-fluorene-2-carboxylic acid tert-butyl
ester (54 ng), according to the procedure described in Exanple 63 to
afford the product as a colourless oil: HPLC [Xterra; 50/80; 255 nnj
99.8% 1.05 mn; M5 (ES) 276.0 (MH). Exanple 66 25

(4R, 9aR) - 6- (1- ( RS) -[ERBGRY-SHWprbpy daARHW ek 13,949, Ao REUAY Y 0 2 4305~ L T

aza- fluorene
(4R 9aR) - 6-flubr¢rRS) - Et ho) cy- butyl ) - 4- met hyl - 1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-t r

- fl f
'63? i‘ hyd lrJ 8; ene l}iﬂ)ﬁ 5§4}§IJ ngﬂ%&’ ?&%I'cﬁﬁfto( i n@?locwaéscfm&?m Ex3fple 59 using (4R,9aR)-

3,4,9,08t tsahWV ulfmyi}%taetbylt?r,&,aﬁa =tetrahydeord H22 da.5p0igd- flaorzue-3-adraxyhat yi
ester (54 ' de,
accordi ng {Eg)dt %ur é%glelésegfrj?%%&( %‘8@%&%@?@%&&3@? O%J@&dj- 99 in
Exanpl e 63 (M—Ié)ﬁ NCMRI 8{.1 OOV HALCDCR S 1.37 Y3 W 700 Hz), HBRCoX8,gr7@Hz 52581 H255
0
nnj - 99. 8% dd, ] 16.0 and 5.5 Hz), 2.69-3.15 (5H, m), 4.06-4.13 (1H, m), 4.46-4.50 (2H, m), 5.31 (1H,
brs), 6.40 (1H, d, ] 7.5 Hz) and 7.04 (1H, d, ] 7.0 Hz).

20

Example 63

(4R,9aR)-6-(1-(RS)-Methoxy-propyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-
triaza-fluorene

To a solution of (4R,9aR)-6-(1-hydroxy-propyl)-4-methyl-3,4,9,9a-tetrahydro-1H-

25  2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (52 mg) in DMF (1 ml) was added
NaH (12 mg) under argon. The mixture was shaken at room temperature for 25 minutes,
methyl iodide (19 pl) was added and the mixture was shaken for a further 24 hours. The
mixture was partitioned between CH,Cl; and aqueous NH,Cl, the phases were separated
and the dried organic layer was concentrated in vacuo. The residue was purified by

30 preparatory HPLC (Prep Nova-Pak HR C18 6 um 60 A 30 mm x 300 mm column, UV
detection at 254 nm, mobile phase 95 : 5 methanol : water and 10 mmol ammonium
acetate , gradient 50 methanol to 100 % 0 to 10 min then 100 % methanol to 13 min, 20
mL/min). The purified product was deprotected according to the procedure described for



1.46 min; M5 (ES) 290.3 (MH). Exanple 67 5

(4R, 9aR) - 6- (1- (RS) - Cycl opr opyl met hoxy- butyl)-4-nethyl -1, 2, 3, 4, 9, 9a- hexahydr
0- 2, 4a, 5Sworosag#e23 | uorene (4R, 9aR) -6- (1- (RS) -Cycl opr eoyiepes/bzy - but yl )
-4-methyl -1, 2, 3, 4,9, 9a- hexahydro- 2, 4a, Sé%l aza-fl uorene
di-trifluoroacetate (53 ng) was made fror (1 hydr oxy- but yl ) - 4-

Cort 2 buryl Bt Stk s £31 Sl bRARmBb A Be B8 ma ot e) )
pl ace of rrehdxyhydrgdl 45 -trizzaoffutireny dldrlﬂutbl@amt@eedm@wd@@ mlﬁéﬂmgh }B&;Erpl e 63

to afford t rra, 50/80; 255 nnj
99, 6% 2. Zgbﬁfrﬁé%w 2§§nﬁal“1@d)%udi b £ §sin; "Mé (Edjlglsgs (Elv?SftI‘E~)4R 0aR)

-1 sopropyl - carbam c aci d 4- et hyI 1 2 3 4, 9 9a- hexahydro- 2-4a, 5-tri aza-
fl uorene-6-yl net hyl ester (4R, 9aR) -

6- | sopropyl car banoyl oxynet hyl - 4- et hyl - 3, 4, 9, 9a-tetrahydro-1 H

2,4a, 5-tei aza-fl uorene-2-carboxylic a@xampkrd4- butyl ester A solution of
(4R, 9aR) - 6- hydr oxynet hyl - 4- net hyl - 3, 4, 9, 9a-tetrahydro- 1H 2, 4a, 5- 20

triaza-fluoren

internediate b (%0%&%%% %@ é’ﬁmggi ?E)g}r%%P(an%n\(}\géﬁgg%sé '
(2.2 mol /g%AEO ﬂ@a@ ﬂ@r%e nmml ). The m xture was shaken at room
tenperature for 5 mn, isopropyl |socyanate (17 AL, 0.15 nmmol) was added,

the mxture Was(meﬁamfg gl'— 14@ S fn%thtoﬁy%?@;ky@ -1QhetRei-112 3'259'9aTEéx§ﬁfﬁrBe
(4.7 mmol /g

5 §q and %{,g{%%v ddeg ?%X fhe rea t| on
25 i xture 1%1? @‘borsﬂ% letr OF%ﬁtFEeé a5 Badg (I-pydroxzprepnid-

m xture lwaSmfelhlyI-ﬁJgﬁﬂjia—&ﬁdhgm ]SRD-IZI,LH Mﬁhﬁﬂumtehb-m%é)&h%&ld terbbutyl kdterat e
was evapor a nd .t he erude .pr t se arative
TeLC o o 1B S plyh Fr TRf R Rlef RomiBR Ao I e AR IBAHR Sl RS, ot
254 nm nobthe @rcpmdsrﬁs describedizt Eocamapple 63 tostfford &ratprbductm lcolmmmiessiollnHRLE! at e,
gradi ent 50 )&g&?f or gﬁseﬁglq 1?{9% 194&19“;?1?6@8??'3(&4}?)30 met hanol to 13 min,

20 rrL/mn) trtle conpoun %yield) as a pale
yellow oil: mz 405.29 (M+); NVR SH (400 MHz, CDC13) 1.15 (6H, d, 16.5
Hz), 1.24 (3H, d, 16.5 Hz), 1.47 (9H, s) 2.50-2.60 (2H, n), 3.0-3.1 (2H,
m, 3.8-3.9 (1H, mM, 3.9-4.1 WO 03/064423 PCT/ EP03/ 00459

15 Example 65

(4R,9aR)-6-(1-(RS)-Methoxy-butyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene

(4R,9aR)-6-(1-(RS)-Methoxy-butyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluorene di-trifluoroacetate (69 mg) was made from 6-(1-hydroxy-butyl)-4-methyl-
20  3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (54 mg),
according to the procedure described in Example 63 to afford the product as a colourless
oil: HPLC [Xterra; 50/80; 255 nm] 99.8%, 1.05 min; MS (ES) 276.0 (MH™).

Example 66

25 (4R,9aR)-6-(1-(RS)-Ethoxy-butyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene

(4R,9aR)-6-(1-(RS)-Ethoxy-butyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluorene di-trifluoroacetate (41 mg) was made from 6-(1-hydroxy-butyl)-4-methyl-
3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (54 mg),

30 using ethyl iodide (21 pl) in place of methyl iodide, according to the procedures described



-100 (2H, m, 4.5-4.6 (2H, m, 4.7-4.8 (1H, br s), 5.04 (2H, s), 6.50 (1H,
d, 17.0 Hz) and 7.18 (1H,d,J7.0Hz). (4R 9aR)-1sopropyl-carbamc acid

4- met hyl -Wp2386429, 9a- hexahydr o- 2-4a, 5-triaza- 5 fl uoreneP6TiHPnzedIyd est er
This was prepared according to the net hod99descr| bed i n Exanpl e 59 using
(4R 9aR) -

-1 sopropyl a Lriaza
P tor ene. B iaaB R PRARER Phe o BRI jelolh 1 LA AR SBed 933 n 5T 5 bk
product as h%m%MéKEW%ﬁMMHr%z 305 33 (MHt); NVR SH (400 MHz, CDCL3)
1.15 (6H, d, 16.5 Hz), 1.33 (3H, d, 17.0 1o Hz), 2.46 (1H, dd, j 16.0 and
6.5 Hz), 2.62 (1H, t, 111.5 Hz), 2.84 (1H, d, 112.0 Hz), 2.95- 3.01 (2H,
m, 3.05 (1H, dd, 112.0 and 3.5 Hz), 3.79-3.88 (1H m, 3.95-4.02 (1H m,
4.35- 4.39 (1H, m, 4.59 (1H, br s), é%tﬁg s), 6.44 (1H, d, j 7.0 Hz)
and 7.11 (1H, d, j 7.0 Hz) (note NH ed). 15 Exanple 69 (4R 9aR)
-tert-Butyl - carbamc acid 4-nmethyl -1, 2, 3, 4,9, 9a- hexahydro- 2, 4a, 5-tri aza-

f 1 uor en- 8-yl met(#9aB36e(1-(RS)- Cyclopropylmethoxy—butyl) 4-methyl-1,2,3,4,9,9a-hexahydro-

(4R, 9aR) - 6-1 & s yBubWRERAMOY| oxynet hyl - 4-net hyl - 3, 4, 9, 9a-t et r ahydr o-

| H 2, 4a, 5- triaza-fluorene-2-carboxylic acid tert- butyI ester 20 This was

re ared accor di tho described in Exanple 68 using tert-butyl
Psogyanat eto p(fig%ﬁgg 60P clopsoRypetepHy- bBFYl)rﬁ'énﬁhb‘dh%t-” 4s%59aghexghydrge| | ow

oi |32 Eﬂgz 41428 tridZ¥HigoreN\RR- t&ﬂubﬁﬁ@etﬁﬂ# E:@ané xrﬂad@ﬁ‘oﬁ?’ﬁ(l% diox? Hatyty-u.
1 H s

3.99-4.05 ( ﬁhylrrélz 9( I%“{‘%melg%)‘*aﬁzf“@% F‘é‘ﬂfqéjz Caég‘whf i‘ﬂs te’&bﬁ}y" S z)
and 7. 170 ( 1(54 mp), qlsui'g ¢ clapropy2methiRyroadrje (2004} Buslyde-of andihyliicdide iadcording to
4- et hyl -1, ge BrdtedudUliiafivy E}?anﬁ%lél@?’ o deidr83Re pladdBY 8 chydrl&t&g ikl

This was pre acco usi ng
(4R, 9aR) - [Xterra; 50/80 255 nm] 99.6%, 2.29 min; MS (ES) 316.4 (MH" )

6-tert-butyl carbanoyl oxynet hyl - 4- net hyl - 3, 4, 9, 9a-tetrahydro-1 H 2, 4a, 5-tri az
a-fluorene- 30 2-carboxylic acid tert-butyl ester to produce 0.003 g of the
product as a pale yellowoil: mz 319.32 (M#); NVR SH (400 MHz, CDC13)
3.31 (3H, d, j 7.0 Hz), 3.32 (9H, s), ExarfllSle%%H

15 (4R,9aR)-Isopropyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-
fluorene-6-ylmethylester

(4R,9aR)- 6-Isopropylcarbamoyloxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-
2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester

A solution of (4R,9aR)-6-hydroxymethyl-4-methyl-3,4,9,9a-tetrahydro- 1H-2,4a,5-

20 triaza-fluorene-2-carboxylic acid tert-butyl ester (Example 15, intermediate b) (0.01g, 0.03
mmol) and DCM (1 mL) was added to PS-BEMP (2.2 mmol/g, 0.03 g, 0.06 mmol). The
mixture was shaken at room temperature for 5 min, isopropyl isocyanate (17 uL, 0.15
mmol) was added, the mixture was heated at 40 °C and left to shake for 24 h. PS-
Trisamine (4.7 mmol/g, 0.06 g, 0.3 mmol) and DCM (1 mL) were added and the reaction

25 mixture was left to shake at room temperature for 4 h. The reaction mixture was filtered
and the solid washed with DCM (3 mL). The filtrate was evaporated and the crude product
purified by reverse phase preparative HPLC (Prep Nova-Pak HR C18 6 um 60 A 30 mm x
300 mm column, UV detection at 254 nm, mobile phase 95 : 5 methanol : water and 10
mmol ammonium acetate , gradient 50 methanol to 100 % 0 to 10 min then 100 %

30 methanol to 13 min, 20 mL/min) to afford the title compound (0.053 g, 44 % yield) as a
pale yellow oil: m/z 405.29 (MH™); NMR &y (400 MHz, CDCls) 1.15 (6H, d, ] 6.5 Hz), 1.24
(3H, d, J 6.5 Hz), 1.47 (9H, 5) 2.50-2.60 (2H, m), 3.0-3.1 (2H, m), 3.8-3.9 (1H, m), 3.9-4.1



WD 03/ 064423 PCT/ EPO3/ 00459 - 101 dd, 116. 0and6.0Hz), 2. 61

(1H,t,112. 0Hz), 2. 80(1H,d, J12. 0Hz),2.94(1H, M, 3.01 (1H, dd, j 11.5 and 3.5
Hz), 3.9I1wW8.0986442H, n), 4.34-4.36 (2H, n), 4.74 (1H, br sPCTAPIN0046PLH, S),
6.41 (iH d, 17.0 Hz) and 7.1 (1H d, 17.@,Hz). 5 Exanple 70

Cycl ohexyl -carbam c aci d

4- hyl -1, 9 I
(4R, 9aR) zgﬁgﬁoﬁéx@? ol P A8 B BE B g i) TEH P8
al

2,4a, 5-tri 2- carboxylic aC|d tert- butyI ester 10 This was
prepared according to the nmethod described in Exanple 68 using

cycl ohexyl i socyanate to produce O. 0058 g (44 %yield) of the product as a
pale yellowoil: mz 445.28 (M+); NVR 8H (400 MHz, CDCl13) 1.08 (6H,

d, 16. ,

2 60 (2, TR ﬁ,ﬁa%%mézaiﬁo&f@ﬂ Fppndatihad Pt 1o
(2H, s), 56.#®rendH- ydinet.tﬂle@tem) 7.24 (1H, d, j 0 Hz) and 8.25 (1H, 15 br
s). Cycl ohexyl -carbam c acid

4-nethyl -1, 2, 3, hi@widp ﬁh»@&&d&ﬁaﬂ%ﬁquhaaaeicm@a ﬁnﬁﬁmpakwhhxg(ﬁ@w)

Th d t

T B e o Y b PR S e

(1)I+0(2)33a 5]c tzt tﬂb@xylfdakiﬁh@ft%t&yl&?feb&% ﬂddﬁcﬁﬁl()@ii3tg&fﬂthbpfqduc€é‘staq5’a§d}&11&ﬁf@ﬂuC?400

o] a

iz, - obcis) " B pIA P e RR B8 oo Mifly CBEE) 115 o, db s ek o T
1.66-1. 12 (Ht—l, 24 (14, 8d,-J16P6anddd-H Hz), 2.62.(4H, ¢, TH]. S(le)ll&l O ] 150 $lzH2).95- 2. 60
1H, t, | 1 : 7

a1 o0 128 G SN GadeR A B Sl i gD o

(1H, m, 4. 43@9 lmmbﬁ%(lH hrg)84€Q(-2H,§y 6@ QI d, ]70Hz)an 7.11(1H, d,J 7.0 Hz)

(1H,d,J7.0 A JiibhEved) 7. OHz) Exanple 71 (4R 9aR)- Ethyl-carbam c acid

4- et hyI -1, 2, 3,4,9, 9a- hexahydro- 2, 4a, 5-tri aza- 30 fluoren-6-yl net hyl ester
VO 03/ 064423 PCT/ EP03/ 00459

15 Example 69

(4R,9aR)-tert-Butyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-ylmethyl ester

(4R,9aR)-6-tert-Butylcarbamoyloxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2 4a,5-

triaza-fluorene-2-carboxylic acid tert-butyl ester

20 This was prepared according to the method described in Example 68 using tert-butyl
isocyanate to produce 0.0061 g (49 % yield) of the product as a pale yellow oil: m/z 419.28
(MH"); NMR & (400 MHz, CDCl3) 1.24 (3H, d, ] 7.0 Hz), 1.32 (9H, s), 1.47 (9H, 5), 2.52-
2.57 (4H, m), 3.01-3.08 (2H, m), 3.99-4.05 (2H, m), 4.50 (1H, br s), 4.98 (2H, s), 6.47 (1H,
d,J7.0Hz)and 7.17 (1H, d, ] 7.0 Hz).

25

(4R,9aR)-tert-Butyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-ylmethyl ester

This was prepared according to the method described in Example 59 using (4R,%9aR)-

6-tert-butylcarbamoyloxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5- triaza-fluorene-

30 2-carboxylic acid tert-butyl ester to produce 0.003 g of the product as a pale yellow oil: m/z
319.32 (MH"); NMR 8y (400 MHz, CDCl3) 3.31 (3H, d, ] 7.0 Hz), 3.32 (9H, 5), 2.45 (1H,



- 102 (4R 9aR)-

6- Et hyl car banoyl oxynet hyl - 4- net hyl - 3, 4, 9, 9a-tetrahydro-1| H 2, 4a, 5-
triaza-flworoenex2s carboxylic acid tert-butyl ester Ethyl Psompanetdsd (22 ni,
0.31 nmmol) was added to a m xture of DMAR;0.008 g, 0.063 mmol)

(4R, 9aR) - 6- hydr oxynet hyl - 4- net hyl - 3, 4, 9, 91a tetrahydro-1 H 2, 4a,5-tri aza-

(00255 o, BALPEY ﬁ“c 6 g8 A (R M2 0% 80 BB R qzjﬂsﬁé?a?bg K?%E&%e%bm
The reacti on(n Redds é11.0a8d 35dd1)e 8- 9430 8@k s, ‘hﬁ*ﬂ@é (& m)ad- @E(\Afbkgcsb\ﬁe%er

m crowave ferHlH, edanaHes e |aga71 ;qtgr OBg).cool ed to room tenperature,
DCM (2 nmL) and AP-trlsam ne m "(‘1 187 25)g 0. 63 mmol ) were added,

the reaction vessel was seal ed and heat ed at 130 Cin a 10 CEM Di scoverer'
m crowave for 5 mn. The reaction mxture was filtered and the solid
washed with DCM (4 nL) the filtrate was evaporated and the crude product
purifiedsby reverse phase preparati veExdRpl 70Prep Nova- Pak HR C18 6 m 60 A
30 nmx 300 nm colum, W det ectl on at 254 nm nobile phase 95 :

g(eghagollo: mmﬁt tehgn x%p% rret ano %éﬂ%q%i %b%a-k%ﬂ%d?&‘tz?‘ t 0 a??ﬂgl‘ Y ﬁeloo

title corrpo&ih’éF’(’ﬂ.eEFSB g, 22 %yield) as a pale yellowoil: nmfz 391.28
(M+); HPLC (50 %to 80 %gradient [95:5 MeOH : water, 10 nmmol ammoni um

acetate] 255 nn(mmsz:ﬁwnemmaraoﬁ heth 1919nPé¢hyMa Qod}etrahiyiiyy-rgar bam c
acid 4-nmeth riaza- 20 fluoren-6-yl nethyl

ester This %é% ?léﬁiaﬁg‘gfeggggeg??%ﬁf?)C“?Ffét'h’éttyhfc’)s&erdescr| bed in Exanpl e 59

usi ng (4R, 9aR) -
6- et hyl cHr banoy Tbisyvas phgparefl- aveondyng t8 tHe Mewmdidesaribied dm Exdrnpl2, 68ausingt ri aza-f | u

o a pal e yéf&owk%l?ﬁ%r?““% @“%%%&iff‘ﬁﬁe“’% %ﬁﬁd&%ﬁ%ﬁfﬁ Jﬂ@ﬁﬁﬁgg“?
MeCH : wat ef?/z 4P 38 MHAABYR Gen(40) MEls; @DEIs) 298 (AHh SRR Y, 10233 Haidn) 7
mn, 98.3 ‘%Hz Bxaeled/27.6 42) %a@(gmaﬁaxb(mrmrs @361@(@1{ m) 3.84-4.0 (2H, m),

4 methyl -1, aeg@mﬁggﬁg b 1265 74P taeﬁgﬁa%hlsa%m?’g

triaza-filsuobesle- 2-carboxylic acid tert-butyl ester

Cyclohexyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-
ylmethyl ester

This was prepared according to the method described in Example 59 using (4R,9aR)-
20  6-cyclohexylcarbamoyloxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester to produce 0.0039g of the product as a pale
yellow oil: m/z 345.31 (MH™); NMR 8y (400 MHz, CDCls) 1.1-1.21 (6H, m), 1.31 (3H, d, J
7.0 Hz), 1.56-1.61 (4H, m), 1.66-1.72 (2H, m), 1.91-1.96 (4H, m), 2.45 (1H, dd, ] 16.0 and
6.5 Hz), 2.60 (1H, t, ] 11.0 Hz), 2.78 (1H, d, ] 12.5 Hz), 2.93-2.97 (1H, m), 3.01 (1H, dd, J
25 12.0 and 3.5 Hz), 3.49-3.54 (1H, m), 3.91-3.98 (1H, m), 4.31-4.37 (1H, m), 4.68 (1H, br s),
4.98 (2H, s), 6.42 (1H, d, ] 7.0 Hz) and 7.10 (1H, d, ] 7.0 Hz).

Example 71

(4R,9aR)- Ethyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
30 fluoren-6-ylmethyl ester



This was prepared according to the nethod described in Exanple 71 using
phenyl i socyanate to afford 0.0106g (38 % yield) of the product as a pale
yel | ow 0iWwO 080&44Y¥D 03/ 064423 PCT/ EP03/ 00459 - 103 439. 2@CrCNH#}/9045PLC ( 50
%to 80 %gradient [95:5 MeOH : water, 10 | amoni um acetate] 255 nm
XTERRA 2.0 m/min) 5.76 mn, 82 % (4R 9 “- Phenyl -carbam c acid

4-met hyl -1, 2, 3, 4, - dro-2.4a. 5-1riaza- fluoren-6-yl ester
Thing vals pr epar @g‘ %ﬁb&%@&g r%al{lﬁ)élmﬁg{lﬁ%g-%gg&y?—ééﬁ?g?egggxéogﬁg%&,%&ng
(4R 9aR) - triaza-fluorene-2-carboxylic acid tert-butyl ester
4-met hyl - 6- phenyl car bamoyl oxynet hyl -3, 4, 9, 9a- t et r ahydro- 1H 2, 4a, 5-tri aza-f|
roduct as g par IV Sodehsle [ LYY inghl) fas ARNLS A S AENAIN) JoBe
5 radient [ 9@9@3 Wﬁﬁb !.4 16-hy °WF£¥WM£@%9§é@f e10-2552.4a-STRRRA
2.0 m / nisn) fldordme-pidarbokPlicadd teEtXBﬂ?l est&ﬁéEgAﬁpl@aﬁ)inﬁméaﬁbre%r(b@ﬁg{?o.@@ d 15
(2R oaR) - 6. Bl ed PRGN Qi ¢ b Dol Rl Bl sghanvesdl vana <.
tri aza-f | uoseeled ad beatbdatyl40CCaniadCEM Misdoutrgt ™ asitmwavafe 18asinp Mhp a¢aetion

di t o t | | I i zv] jssReyanate to
D oduce. 0. oQBeIEAER BORARE S Rt bbb BRNCR s ) B 0 o RERANG 1 POSHRLR
453.08 ( |\/H+9-,25q &3 ewlhwers addedthe reastionvepssbws skelabiand heated at 130 °Gumb
anmroni uny ZQE@FBIS@d@}erﬂﬁﬁicﬂ&lmlEEanngn.ngé {égtﬁﬁnhxﬁid@grerz@d}ﬁlt%%dﬁn;d’;tgé &Rd9aR) -
Fh ot en. 6 bR I bl ik il sishPeRomie AR the crise prodit PROREd by
de; cri bled i nv&xa;:sh}iwp&t@amisﬂvi giP(Lf];(,P?:&;RNZV%Pzék {-Ig{ (t31r8 6humr6(§)_A 30 mm x 300 mm
oo ooy RIBE, QYT a5 F moPnennse % S BB Masenaad 106 Brbauce
0.0023g of ammopiugtactatasgradisat 50 yettanal toi 100 %) 20 13560 SE:n(1081% meHRANG] (G50 %
g('(I)'ESR(F)\’A%ZIgBa% 1/%%, %)b %%/%Oiﬁfntgr?fﬁég’ﬂ%eetg/tge cé%pm (0BBBMI4Y yi&&f&saatpe"ale )%ﬁgwryﬁ]

- m/z391.28 (MH"); HPLC (50 % to 80 % gradient [95:5 MeOH : water, 10 mmol

ammonium acetate] 255 nm XTERRA 2.0 ml/min) 2.98 min, 99 %.

(4R,9aR)- Ethyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
20 fluoren-6-ylmethyl ester

This was prepared according to the method described in Example 59 using (4R,9aR)-
6-ethylcarbamoyloxymethyl-4-methyl-3,4,9,9a-tetrahydro- 1 H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester to produce 0.0011g of the product as a pale yellow oil: m/z
291.28 (MH"); HPLC (50 % to 80 % gradient [95:5 MeOH : water, 10 mmol ammonium

25 acetate] 255 nm XTERRA 2.0 ml/min) 0.55 min, 98.3 %.

Example 72

(4R,9aR)- Phenyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-ylmethyl ester

30 (4R,9aR)-4-Methyl-6-phenylcarbamoyloxymethyl-3,4,9,9a-tetrahydro-1H-2,4a,5-
triaza-fluorene-2-carboxylic acid tert-butyl ester

This was prepared according to the method described in Example 71 using
phenylisocyanate to afford 0.0106g (38 % yield) of the product as a pale yellow oil: m/z



WD 03/ 064423 PCT/ EPO3/ 00459 -104 Exanple 74 (4R 9aR)- Allyl-carbamc acid
4-met hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza- fluoren-6-yl nethyl ester
(4R, 9aR) -w6-oabésbar banoyl oxynet hyl - 4-net hyl - 3, 4, 9, 9a- t et pailE#oIod4sd 2, 4a, 5-
5 triaza-fluorene-2-carboxylic acid tert- B?Ityl ester This was prepared
according to the nethod described in Exarrp e 71 using allylisocyanate to

produce 0.0 e il .

403. 04 (MH) Egé@&@é (}%E)L@ @%&P M@ %ﬁ%g%@ﬁ&%t& %d fr?’\,%"?ﬁh’n’%ﬁ‘am
ammoni um  agEtaieleds PeEXHRRRARMRm /zmo) W¢mlm)82%51 mn, 98 % 10 (4R 9aR)-
Al'lyl -carbamc aC|d 4-met hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tri aza-
fluoren-6-yl methyl ester This was prepared according to t he nmet hod
described in Exanple 59 using (4R 9aR)-

6-al |yl car barmy

H 2, 4a, 5-tri aza ‘ﬁ%ﬁ ﬁ%enfﬁi%gﬁlgyco%%‘% ?‘?;e“éﬁ 1&’%’%‘?9\4%&&/}?}%&2&35{Hmﬁ?oduce
0. 00129 6f floerepréogmethyhester pal e yellow oil: mz 303.09 (M+); HPLC (50 %
to 80 % gradient [95 5 MeCH : water, 10 nmmol anmonium acetate] 255 nm
XTERRA 2.0 nl /i : 9 mc
aci d 1- (RS)- ( 4- rret hyf Egpg?eﬂ ac&gdég‘{% tl?;:ﬂg@l)@dgs%nggd (n‘ﬁ&a%?ﬁ} 5&(18)5&'(3@93@)
triaza-f| uotdrethylyq-p qswkp arré?/ W@W&-”é@ﬂ ?ﬁrieaﬁhxéro 1H-2,4a,5-triaza-fluorene-2-

(4R 9aR) - 6- éalbdsmieeeqataf BRI bstér taRr Mdce@ 025 Sxhé prddaby s Lpdlévellow oil: m/z

2,4a,5-tria n | este 52 in THE (1
m) was add bf@iﬁ%@pﬁ,&’&%? i %ﬁ Shi emégéﬁi&ﬁ 1pgfers Qﬂ(fﬂ%"lnmmmum

et hyl i saoy anatate 255 nadNEHRAAQ.Q indynilh) hBX min,O9dwken for 18 hours. The

m xture was partitioned between CH2C12 and aqueous anmoni um chl oride, the
phases were separated and the organics were concentrated in vacuo. The
residue was purified by preparatory HPLC (Prep Nova-Pak HR C18 6.tm 60 A
30 mMmm x 300 mm col umm, WV detection at 254 nm nobile phase 95 : 5 net hanol
. water and 10 mmol amoni um acet ateE,?@@BEcZﬁent 50 nethanol to 100 %0 to
10 mn then 100 %

(4R,9aR)-Benzyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-ylmethyl ester

15 (4R,9aR)-6-Benzylcarbamoyloxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-
triaza-fluorene-2-carboxylic acid tert-butyl ester

This was prepared according to the method described in Example 71 using
benzylisocyanate to produce 0.008g (29 % yield) of the product as a pale yellow oil: m/z
453.08 (MH™); HPLC (50 % to 80 % gradient [95:5 MeOH : water, 10 mmol ammonium

20 acetate] 255 nm XTERRA 2.0 ml/min) 5.28 min, 98.7 %.

(4R,9aR)- Benzyl-carbamic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-ylmethyl ester

This was prepared according to the method described in Example 59 using (4R,9aR)-
25  6-benzylcarbamoyloxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-
carboxylic acid tert-butyl ester to produce 0.0023g of the product as a pale yellow oil: m/z
353.30 (MH"); HPLC (50 % to 80 % gradient [95:5 MeOH : water, 10 mmol ammonium
acetate] 255 nm XTERRA 2.0 ml/min) 1.10 min, 99.8 %.
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30 nethanol to 13 min, 20 ni/mn). The purified product was deprotected
according to the nethod described for Exanple 56 to afford

(4R, 9aR) -wDhglesas bam ¢ acid 1-(RS)-(4- PCT/EP03/00459

met hyl -1, 2, 3, 4, 9, 9a- hexahydro- 2, 4a, 5-tr i_gﬁg;f | uoren-6-yl)-propyl ester
di-trifluoroacetate WO 03/064423 PCT/ EPO 0459 105 (59 ng) as a
colourless oil: HPLC [Xterra; 50/80; %‘;&gliOO% 0.78 mn; M5 (ES) 319.2
(MH+) Exanple 76 5 (4R, 9aR)-Ethyl-carbam ¢ acid

1-(RS)-(4-nethy) -1, 2.3, 4,9, 9a- hexahydro-2, 4a,5- trjaza-fluoren-6-yl)-butyl
es§ er) (ElR, 9aR) Y@Bﬁ?ﬁ)'&g,’yﬂ)ﬁﬁ‘i mg&i)a(%d yl—methyl-1,2,3,4,9,§a-11exagy<£ro-2,4a,5-tr1az%-) y
1- (RS) - (4- nfhidiyh-shlRethylester9a- hexahydr o- 2, 4a, 5- triaza-fluoren-6-yl)-butyl
ester di-trifluoroacetate (50 ng) was nade from 6-(1-hydroxy-

butyl)-4-nmethyl - 3.4n9 Sanlel kahydr o-1 H: 2, 48, 511 -flugrane-2-carpboxylic
acid tert 1o buq4giga}£t62rgn¥l§§f ﬁﬁ%?log%gﬁhﬁll %éﬁ?s%ylt 435%?5%&‘3‘&?? &és%??’ged I n

Exanpl e 75 triezaflhconede-2hmarboxybdadd taxt-batyt edterur | ess oi |l : HPLC [ Xterra; 50/ 80;
255 nmM 100% 1.09 min; M5 (ES) 333.3 (MH) Exanple 77 15

(4R 9aR) - Et hyl -pgg Qﬂs&@&pﬁ@& decording to the method described in Example 71 using
1-(S)-(4-methyl-1,2,3,4,9 9a-hexaﬁ dr00-2,4a,f5-tr| za- flugren-6-yl)-ethyl
ester (4R, 1SqeyyEre topradupe0.0094g (37 % yield) of the product as a pale yellow oil: m/z

1- (S) - (4- med03yi4-(MIZ))ZHPLE, (S exsthnptiradientd85:5-MeDHZ avater) 100haid] emydomighhy |

ESE g - ?|4 ;;#‘fﬁ{#e?ffgggg)gf@%g%ﬁg@gﬁvﬁgxgnﬁggg%@ ?aggi C2]|0 fluoren-6-yl)

-ethyl ester di-trifluoroacetate (50 ng) was nmade from 6-(1S)-(1-hydroxy-
et hyl)- (4R, 9aR) - 4- et hyl - 3, 4, 9, 9a-t et rahydro- 1H 2, 4a, 5-tri aza-fl uor ene- 2-ca
rboxylic acid tert-butyl ester (40 ng) according to the procedure

described in /iR : t . L +01.L,: HPLC
[Xterra; 20 55?(( QIZTQER?] rﬁ@ yggal%f&;mﬁg%%H%n%m§lﬁ/%§’?é8%aﬁ3gzﬁg&£%h%§§ élgézllgxarrpl e 78

( 4R 9aR) - Prijisren-gximstavkestesi o
1-(S)-(4-nethyl -1, 2, 3, 4,9, 9a- hexahydr o- 2, 4a, 5-
This was prepared according to the method described in Example 59 using (4R,9aR)-

6-allylcarbamoyloxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-

15 carboxylic acid tert-butyl ester to produce 0.0012g of the product as a pale yellow oil: m/z
303.09 (MH™); HPLC (50 % to 80 % gradient [95:5 MeOH : water, 10 mmol ammonium
acetate] 255 nm XTERRA 2.0 ml/min) 0.60 min, 96.3 %.

Example 75

20 (4R,9aR)-Ethyl-carbamic acid 1-(RS)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-
triaza-fluoren-6-yl)-propyl ester

To a solution of (4R,9aR)-6-(1-hydroxy-propyl)-4-methyl-3,4,9,9a-tetrahydro-1H-
2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester (52 mg) in THF (1 ml) was added
NaH (12 mg). The mixture was shaken for 5 mins, ethylisocyanate was added and the

25 mixture shaken for 18 hours. The mixture was partitioned between CH,Cl; and aqueous
ammonium chloride, the phases were separated and the organics were concentrated in
vacuo. The residue was purified by preparatory HPLC (Prep Nova-Pak HR C18 6 um 60 A
30 mm x 300 mm column, UV detection at 254 nm, mobile phase 95 : 5 methanol : water
and 10 mmol ammonium acetate , gradient 50 methanol to 100 % O to 10 min then 100 %

30 methanol to 13 min, 20 mL/min). The purified product was deprotected according to the
method described for Example 56 to afford (4R,9aR)-ethyl-carbamic acid 1-(RS)-(4-
methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-yl)-propyl ester di-trifluoroacetate



triaza-fluoren-6-yl)-ethyl ester di-trifluoroacetate

(4R, 9aR) - Propyl - carbam ¢ acid

1- (S) - (4-wetobyé4413 2, 3, 4, 9, 9a- hexahydr o- 2, 4a, 5- 30 PCT/EP03/00459
triaza-fluoren-6-yl)-ethyl ester d|-tr|fll?8roacetate (55 ng) was nmade from

6- ((1S)-1 WO 03/ 064423 PCT/ EP03/ 00459
hydr oxy- et hydo)m& AR 28 Rhridss pDPlLCG[)&erga, g?ﬁsfiﬂx\f}jfdbv/&'&?”&é §VI§ bl uor

ene-2- carb xﬂ%c acid tert-butyl ester%?r ng), using propgqlsogigég?e (22
0) in place et hyl i socyanate, according to the procedure described in
Exanple 75 to afford the product as a colourless oil. HPLC [Xterra; 20/50;
250 nm 99.9% 3.45 min; M5 (ES) 318.0 (MH#). 5 Exanple 79

(4R, 9aR) - | sopr opyl -carbam c acid

1-(S)-(4-nethyl-1,2,3,4,9, 9a- hexahydr%xam 1%7%- triaza-fluoren-6-yl)-ethyl

ester di-trifluor oacet at e (4R 9aR) -1 sopro‘By'I—-'car bam' c acid
1-(S)-(4-nmethyl -1, 2,3, 4,9, 9a- hexahydro- 2, 4a, 5
triaza- f Puor en- @RyaR) Eihicathomie a@ﬂlt(ﬂs’ﬁ-l %nm@b)de]bla@éﬁ(%@qughydmﬁ 4mte from

6-(1S)-(1- Hwds gﬁgf&t@yll))bu@ﬁlgstgpl?) 4-met hyl -3, 4,9, 9a-tetrahydro-1
H 2, 4a, 5-triaza-fl uorene-2-" carboxylic acid tert butyI ester (40 nmg), using

| 4 | | hyl d h
br ocedut e deser RN Uk eAERaRy 590 4 RS o Rl T oA e b Lo b 55
0i | . HPLC [ tfaea-flapreA0d-Pl);budyd astandi- ﬂ:ﬂm%oaﬁeti% (60 Rig) MES (rﬁa)e fr3)1:8641(ﬂyﬁh'6xy- 15
DB . o, o e lpard, DB S el £ BleRe s (bR acid et
4- Vet hyl106- bwqus@rn(@ﬁ mg acm@ng@mmmymwde)sc@ed 1@,E9anpkt7r5abyﬁfordm 20

2,4a,5-tria I b i r
G o o naBR &dﬁ%ﬂf@ #gﬁl%yae%@ FgPP%g [?(g?fdaﬁo/grﬁoi_ss%]yiog% gft{9rrﬁa§”M‘§ 53943

fl uorene- 2- bbxyllc acid tert-butyl ester (0.02 g, 0.063 mmol) and DCM (1
m.) was cooled to O C and carbonyl diim dazole (0.010 g, 0.063 mml) was
added, the m xture was stirred at O C for 2 h and stirred at room
tenperature for 3 h. A mxture of pyrrolidine 25 (10 nL, 0.13 mml) and DCM
(1 m) was added and the reaction m'xtEure pas seal ed and

Xampie

15 (4R,9aR)-Ethyl-carbamic acid 1-(S)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-yl)-ethyl ester

(4R,9aR)-Ethyl-carbamic acid 1-(S)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluoren-6-yl)-ethyl ester di-trifluoroacetate

(4R,9aR)-Ethyl-carbamic acid 1-(S)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

20  fluoren-6-yl)-ethyl ester di-trifluoroacetate (50 mg) was made from 6-(1S)-(1-hydroxy-
ethyl)-(4R,9aR)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-fluorene-2-carboxylic acid
tert-butyl ester (40 mg) according to the procedure described in Example 75 to afford the
product as a colourless oil: HPLC [Xterra; 20/50; 250 nm] 99.5%, 1.90 min; MS (ES) 304.0
(MH").

25

Example 78

(4R,9aR)-Propyl-carbamic acid 1-(S)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-
triaza-fluoren-6-yl)-ethyl ester di-trifluoroacetate

(4R,9aR)-Propyl-carbamic acid 1-(S)-(4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-
30 triaza-fluoren-6-yl)-ethyl ester di-trifluoroacetate (55 mg) was made from 6-((1S)-1-



shaken at 60 C for 48 h. The reaction m xture was cool ed and water (2 nL)
added, the m xture was shaken at roomtenperature for 1 h then filtered

t hrough awBTBRlef4e3t. The filtrate was evaporated and thepPcrmpes/pueduct
purified by reverse phase preparative Hng:6 (Prep Nova-Pak HR C18 6 m 60 A
30 nm Xx 300 nmcol um, UV detection at 2 nm 30 nobile phase 95: 5

t hanol | to 100
et hanol  ARhh-aRsl I SIEL AR $ERREREH S P 805, tﬁgzaﬂ@#f’@ﬁ@%onpﬁund
(0.16 g, 6lcaghoxyks apjd test-butphgster 40 ma wsing PfﬁP‘leSM}’PDGtF (@M )in plape of (50 % to
80 WO 03/ 0%@0&@1&%&%@%&8 thep Zduréuggc@%@m Et 1579/&£hford )ﬁroduéto

SR e%ﬁ%&ﬂﬁﬁpﬂ 4307307 260 nrn] 95580 3 45 ZRn B3 (ESYs 130 bMEr*).

4-met hyl -1, 2, 3, 4, 9, 9a- hexahydro-2,4a,5- 5 triaza-fluoren-6-yl nethyl ester
Thi s wassprepar ed according to the met hod described in Exanple 59 using
(4R, 9aR) - 4-net hyl - 6-(pyrro| i di ne-

| - car bonyl oxynet hyl ) -3, 4,9, 9a-tetrahyg % l {74 4a, 5-triaza-

fl uor ene- 2-carboxylic aC| d tert-butyl 0 produce 0.0018g of the
product as a pal e eI low oil: mz 317.21 HPLC (50 %to 80 %
gradient [95:5 WRGRR)-Isnarenyl- cahanic pid1L- @)Tifbﬁ?‘ﬁlmlal@?e% 40)-hexshydroRMaR=A 2. 0

m/mn) 0. 78iapd-AuorkAls- et}ﬁxedmlcﬁ-tﬁﬂu%%c&a@) Pi per azi ne 1, 4-di carboxylic
acid benzyl ester 4-ne 4,9, 9a-

B por 221 ne- 1. 4. Bt@rakﬁis%prS/ %awéw“ﬁ ISk ERShpa AR AR e

met hyl - 19 2, t3iada- ﬂu&ankfeydahﬂﬁ:] estét, darifludraaaatatef( b81o1ge wad maenfriony 6-(EHt@r Thi s
E?Eef’éif’ﬁée‘%d%@"%ﬂtg?%% St hiIoRe ?%ﬁ%’@% TR t@i%ﬂ*”?fzﬁ% yiel d)
of the produchoxlic acig tarebyty] ¢s¢m(4@mg) ¥8ing 15«3803 Pisprpanyte izpublwbce/@fo 80 %

ar ?(rjr: ﬁ;lt 6[ 83 y‘ilswa%te, H84:3n ZgFgaQJn cea&e@@;@wem Efrﬁﬁﬁlwii t@afordthe’giadiRe 2. 0

oSt or - et it cousless of. BREES (Xm0 255 ) BOR; sa%m»[;@%%‘%mﬁﬂf}e””'

ester This was prepared according to the nethod described in Exanple 59
usi ng (4R 9aR) -

Example 80

(4R,9aR)- Pyrrolidine-1-carboxylic acid 4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-

triaza-fluoren-6-ylmethyl ester

(4R,9aR)- 4-Methyl-6-(pyrrolidine-1-carbonyloxymethyl)-3,4,9,9a-tetrahydro-1H-
20 2,4a,5-triaza-fluorene-2-carboxylic acid tert-butyl ester

A mixture of 6-hydroxymethyl-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester (0.02 g, 0.063 mmol) and DCM (1 mL) was
cooled to 0 °C and carbonyl diimidazole (0.010 g, 0.063 mmol) was added, the mixture was
stirred at 0 °C for 2 h and stirred at room temperature for 3 h. A mixture of pyrrolidine

25 (10 mL, 0.13 mmol) and DCM (1 mL) was added and the reaction mixture was sealed and
shaken at 60 °C for 48 h. The reaction mixture was cooled and water (2 mL) added, the
mixture was shaken at room temperature for 1 h then filtered through a PTFE frit. The
filtrate was evaporated and the crude product purified by reverse phase preparative HPLC
(Prep Nova-Pak HR C18 6 um 60 A 30 mm x 300 mm column, UV detection at 254 nm,

30 mobile phase 95: 5 methanol : water and 10 mmol ammonium acetate , gradient 50
methanol to 100 % 0 to 10 min then 100 % methanol to 13 min) to afford the title
compound (0.16 g, 61 % yield) as a pale yellow oil: m/z 417.07 (MH"); HPLC (50 % to 80



25 pi perazine- 1,4-dicarboxylic acid benzyl ester
2-tert-butoxycarbonyl-4-nethyl-1, 2, 3,4,9, 9a-

hexahydr owd,0dm¢&23 ri aza-fl uoren-6-yl met hyl ester to produeeT®POOHBES ( 31%
yield) of the product as a pale yeIIOM/p“#g mz 466.26 (MH); HPLC (50 %
to 80 %gradient [95:5 MeOH : water, 10 )l anmoni um acet ate] 255 nm

XTERRA 2.0 nj [y 9 . 0 06 | E 4, - 108
EXANPLE. A TabEcint S MEOH - fred ag el ol S S e S R Rt o e
in a conventlimit) 4-20mineP9-3%gr edi ent s Per tablet Conpound of fornula

10.0 - 100.0 ng Lactose 125.0 ng Muaize starch 75.0 ng Talc 4.0 ny
Magnesi um stearate 1.0 ng 5 EXAMPLE B Capsul es containing the foll ow ng

i ngredi ents can be manufactured in a conventional nmanner: |ngredients Per

T Tal ¢ 5.0 ny CERARRLEVEOgerh CibPie b PR L h Ve R Rt Paeng

conposi t isontri@erthorent6eflmediyhester | 3.0 ny Gelatine 150.0 ny Phenol 4.7 ny

This was prepared according to the method described in Example 59 using (4R,9aR)-
4-methyl-6-(pyrrolidine- 1-carbonyloxymethyl)-3,4,9,9a-tetrahydro-1H-2,4a,5-triaza-
fluorene-2-carboxylic acid tert-butyl ester to produce 0.0018g of the product as a pale
yellow oil: m/z317.21 (MH™); HPLC (50 % to 80 % gradient [95:5 MeOH : water, 10

10 mmol ammonium acetate] 255 nm XTERRA 2.0 ml/min) 0.76 min, 100 %.

Example 81

(4R,9aR)- Piperazine-1,4-dicarboxylic acid benzyl ester 4-methyl-1,2,3,4,9,9a-
hexahydro-2,4a,5-triaza-fluoren-6-ylmethyl ester

15 (4R,9aR)- Piperazine-1,4-dicarboxylic acid benzyl ester 2-tert-butoxycarbonyl-4-
methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluoren-6-ylmethyl ester

This was prepared according to the method described in Example 80 using piperazine-1-
carboxylic acid benzyl ester to produce 0.0143g (40 % yield) of the product as a pale yellow
oil: m/z 566.30 (MH"); HPLC (50 % to 80 % gradient [95:5 MeOH : water, 10 mmol

20 ammonium acetate] 255 nm XTERRA 2.0 m}/min) 6.03 min, 99.6 %.

(4R,%9aR)- Piperazine-1,4-dicarboxylic acid benzyl ester 4-methyl-1,2,3,4,9,9a-
hexahydro-2,4a,5-triaza-fluoren-6-ylmethyl ester

This was prepared according to the method described in Example 59 using (4R,9aR)-
25 piperazine-1,4-dicarboxylic acid benzyl ester 2-tert-butoxycarbonyl-4-methyl-1,2,3,4,9,9a-
hexahydro-2,4a,5-triaza-fluoren-6-ylmethyl ester to produce 0.0035g (31% yield) of the
product as a pale yellow oil: m/z 466.26 (MH™); HPLC (50 % to 80 % gradient [95:5
MeOH : water, 10 mmol ammonium acetate] 255 nm XTERRA 2.0 ml/min) 1.93 min, 95.6
%.
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Water for injection solutions ad 1.0
CLAIM5S 1. A conmpound of fornmula (I):
i s hydr og@n,o3hedsopen, al kyl,

cycl oal kyl ,

m WO 03/ 064423 PCT/ EPO3/ 00459
R RNNNRI R3 (1)
al kenyl ,

al koxy, al koxyal kyl, aryl al koxy, hydroxyqbgyl, cyano,

cycl oal kyl al koxyal kyl ,
hal oal kyl , hydr oxyal koxy,
hal oal kyl car bonyl ,
al kyl or al koxy;
or al kyl; A i slabdets ¢ontpining th
cycl oal kyl al kyl.. Rb i s hydrogen or al
oxygen atom and t he

tetrahydrofuranyl; R is hal oal kyl,

al koxyal koxyal kyl,

aryl al koxyal kyl , am no,

-109
5 wherein R
al koxycachmpgs/edskeny| ,

al kyl car bonyl ,

alkoxyalkoxg ', yal koxyal kyl ,

al kyl-s-, 10 aIkeﬁ%%ggg?—éi or A2; R2 is hydrogen,

R3 is al kyl, hydroxyal kyl
5&1&

or al koxyal kyl ;
kyl; or

al koxval kvl or _thiazolyl:

I's WD 03/ 064423 PCT/ EPO3/ 0045khgrediérls Per tablet
Compound of formula I 10.0 - 100.0 mg
Lactose 125.0 mg
Maize starch 75.0 mg
Talc 4.0 mg
Magnesium stearate 1.0mg

EXAMPLE B

Capsules containing the following ingredients can be manufactured in a

conventional manner:

Ingredients Per capsule

Compound of formula I 25.0 mg
Lactose 150.0 mg
Maize starch 20.0 mg

Talc 5.0 mg

EXAMPLE C
10 Injection solutions can have the following composition:

Compound of formula I 3.0 mg
Gelatine 150.0 mg
Phenol 4.7 mg
Water for injection solutions ad 1.0 ml

R4 is hydrogen
wing ingradieméscandlelydnufaspetedan k gbnentional
Ra and Rb together with the
carbon atomto which they are attached form
al kyl |

20 A2



Re R O~ RINYR ORdis alkyl, cycloalkyl, aryl, aral kyl or alkenyl;
Re is hydrogen or alkyl; or Rd and Re together with the nitrogen atomto
whi ch t hwooane2d t ached form pyrrolidinyl or benzyl oxycarPbompbpogsr azi nyl ;
5 Rf is hydrogen or alkyl; R9 is hydrog§699r al kyl; and their
pharmaceutically acceptable salts, solvates and esters. 2. A conpound

according to claim1, wherein R is hygh hal ogen, al kyl, cycl oal kyl,
al kenyl , al koxycar bonyl al kenyl , alkoxy oxyalkyl aryl al koxy, 10

hydr oxyal kyl , cyano, cycloalkylalkoxyalkyl, alkoxyalkoxyalkyl,

aryl al koxyal kyl, am no or hal oal kyl. 3. A conpound according to claim1l or

2, wherein R2 is hydrogen. 4. A conpound according to claim1l or 2,
wherein R2 is et hyA copodhEQMBAHAE (Bccording to any one of clainms 1 to 4,
wherein R3 is nethyl. g . A conpound according to any one of clains 1 to
5, wherein R4 is hydrogen. 7. A conpound ac@prding to any one of clainms 1
to 6, wherein R is hydrogen, hal ogen, cycl oal kyl

al koxycar bonyl al kenyl , al koxyal kyl , cyal cl oal kyl al koxyal kyl ,

al koxyal koxyal kyl , am no or hal oal kyl @pQund according to claim7,
wherein R is hydrogen, chloro, bgowo 0 etpyl trifluoronethyl,
cycl opropyl, ethoxycarbonyl et heny!?, né*hoxyBLEEy yano

cycl opropyl met hoxynet hyl , met hoxyet hoxynet nethoxyd@thyl or primary
am no. 9. A conpound according to any one claims 1 to 8 wherein R is
fluoronet hyl, difluoronethyl, hydroxy-ethyl, nethoxyethyl, ethoxyethyl, 25
cycl opr opyl met hoxy-gidpul, or allyl-S-. WO 03/064423 PCT/ EPO3/ 00459

R’ is hydrogen, halogen, alkyl, cycloalkyl, alkenyl, alkoxycarbonylalkenyl,

alkoxy, alkoxyalkyl, arylalkoxy, hydroxyalkyl, cyano, cycloalkylalkoxyalkyl,

alkoxyalkoxyalkyl, arylalkoxyalkyl, amino, haloalkyl, hydroxyalkoxy,

alkoxyalkoxy, hydroxyalkoxyalkyl, alkylcarbonyl, haloalkylcarbonyl, alkyl-S-,
10 alkenyl-S-, Al or A%

R’ is hydrogen, alkyl or alkoxy;

R’ is alkyl, hydroxyalkyl or alkoxyalkyl;

R* is hydrogen or alkyl;
Alis
Ra
I
0O
Rb_{__
RC

15 ;
R® is hydrogen, alkyl, cycloalkyl or cycloalkylalkyl;

R® is hydrogen or alkyl; or R® and R together with the oxygen atom and the
carbon atom to which they are attached form tetrahydrofuranyl;

RC is haloalkyl, alkyl, alkoxyalkyl or thiazolyl;

20 A?is



-111 10. A conpound according to any one of clains 1 to 9, wherein the
conpound is of fornmula (la) R2 (la) R NNNRaR3 and RL to R4 are
defined awoim/ed4asns 1 to 9. 5 11. A conpound accordi ng t @cCargposmasof
claims 1 to 10, wherein the compound is of . formula (Ib) R2 (Ib) R NN
NRa R3 and RL to R4 are defined as in ¢f&ins 1 to 9. 12. A conmpound
according to any one of clains 1 to 11 selected from 10

(4R, 9aR) - 6-chl or o- 4-net hyl - 1, 2, 3, 4, 9 Qae hexahydr o- 2, 4a, 5-tri aza-fl uor ene;
(4R 9aR)-6-brorm-4-rrethyI 1, 2, 3,4, b hex -2,4a,5-triaza-fl uorene;

(R -4,6-dinethyl-1,2,3,4 tetrahydr aza- quorene

(4R, 9aR) -4, 6-di nret hyl -1, 2, 3, 4, 9, 9a- hex Wgro R 4a, 5-tri aza-f| uor ene;

(4R, 9aR) - 6-ethyl -4-nethyl - 1, 2, 3, 4,9, 9a- @exahydro 2,4a,5-triaza-fl uorene;
15 (4R 9aR) - 4- net hyl - 6- trlfluororrethyl

1, 2, 3, 4,9, 9a- hexahydy o- 2, 4a, 5-tri aza- fl uorene;

(4R 9aR) 6- cycl oprolﬁ)ylba]k}’hexdfgalﬂwl ”_ar)ﬂ,,@alkylg)rgﬁcemﬂxahydro 2,4a,5-triaza-
fluorene; WO 03/064423 PCT/ EPO3/ 00459 - 112

(4R, 92aR) - 6- cycl opr oyl H?&rBQéW&FEJlm-' orRITRERY koghtifer Wifh e ARz ORR AL O3vhich

2,4a,5-triaza-fl uorene
(4R, 9aR) - 6- met hoxy metthgy are attechestiform pyolidinylaw beaxddnydabopylpipetazimyliaz a-

5 Ris hydrogen or alkyl;
R& is hydrogen or alkyl;
and their pharmaceutically acceptable salts, solvates and esters.

2. A compound according to claim 1, wherein R’ is hydrogen, halogen, alkyl,
cycloalkyl, alkenyl, alkoxycarbonylalkenyl, alkoxy, alkoxyalkyl, arylalkoxy,

10 hydroxyalkyl, cyano, cycloalkylalkoxyalkyl, alkoxyalkoxyalkyl, arylalkoxyalkyl,
amino or haloalkyl.

3. A compound according to claim 1 or 2, wherein R” is hydrogen.
4. A compound according to claim 1 or 2, wherein R? is methyl.
5. A compound according to any one of claims 1 to 4, wherein R® is methyl.
15 6. A compound according to any one of claims 1 to 5, wherein R* is hydrogen.

7. A compound according to any one of claims 1 to 6, wherein R' is hydrogen,
halogen, alkyl, cycloalkyl, alkoxycarbonylalkenyl, alkoxyalkyl, cyano,
cycloalkylalkoxyalkyl, alkoxyalkoxyalkyl, amino or haloalkyl.

8. A compound according to claim 7, wherein R' is hydrogen, chloro, bromo,
20 methyl, ethyl, trifluoromethyl, cyclopropyl, ethoxycarbonylethenyl,
methoxypropyl, cyano, cyclopropylmethoxymethyl, methoxyethoxymethyl,
methoxymethyl or primary amino.

9. A compound according to any one of claims 1 to 8, wherein R’ is
fluoromethyl, difluoromethyl, hydroxy-ethyl, methoxyethyl, ethoxyethyl,
25 cyclopropylmethoxy-ethyl or allyl-S-.



| uorene; 5 (R) -6-chloro-4, 9-di net hyl -

, 3,4-tetrahydro-2,4a,5-triaza-fl uorene;

, 9aR) -wWoaBhba4e3 onet hyl - 4-met hyl - 1, 2, 3, 4, 9, 9a- hexahydr oPR2TARIHoM4EY aza-
rene; (4R, 9aR)-6-fluoronethyl-4-methylr._

,2,3,4,9, 9a- hexahydro- 2, 4a, 5-triaza- fluorene; 10

4R 9aR) - 6- (1- ( Sy Ny o bthiaidlg TR 3¢ A nsPed S WHRAA R Dbt s>
riaza-fluorene; (4R 9a )-6-%1-

S) - net hoxy- et hyl ) -ffeamg(la) 2 3 4, 9, 9a- hexahydro-2, 4a, 5- triaza-fl uorene;
4R, 9aR)-6- (1 - (S) -ethoxy- ethyl) -4-nethyl-
1,2,3,4,9, 9a- hexahydro-2,4a,5- 15 triaza-fl uorene;

(4R, 9aR) - 6- (1-(S)-cycl opr opyl net hoxy-ethyl)-4-nmethyl -1, 2, 3, 4,9, 9a-
hexahydro- 2, 4a, 5-tri aza-fl uoren 4R, 9aR)

-6-al lyl sul fanyl -4-nethyl -1, 2, 34, 9, hydr o- 2-4a, 5-triaza- fluorene.
20 13. A process for the prgﬂ ti i/ a onpqund aqta)yrding to any one of
claimse 1 to 12 conprising aﬁLL?Mrﬁg reactions: a) reduction of
a conpound according to formula Bin g to obtain a conpound of fornula
Ib R R RNORa R NNR R3 NRIMB Ib W 03/064423 PCT/ EP03/ 00459 -113
wherein RI to R3 are defined as in clains 1 to 12, R4 neans hydrogen and Ra

means al kyl; b) re%H?ﬁ?QQR@%m&&?HQP&Q%cﬁ%ﬁ?ﬁQ$99 to formula Din order to
a l

f
1,2
(4R
flu
1,2
(4R
t
(
(

obtain a conpound o or mu
5 11. A compound according to any one of claims 1 to 10, wherein the compound is
of formula (Ib)
72
X
T (Io)
=
R >N~ "N N—R?
R&>‘_d/

and R' to R* are defined as in claims 1 to 9.

12. A compound according to any one of claims 1 to 11 selected from:

10 (4R,9aR)-6-chloro-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5- triaza-fluorene;
(4R,9aR)-6-bromo-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
(R)-4,6-dimethyl-1,2,3,4-tetrahydro-2,4a,5-triaza-fluorene;
(4R,9aR)-4,6-dimethyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;
(4R,9aR)-6-ethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-fluorene;

15 (4R,92aR)-4-methyl-6-trifluoromethyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluorene;

(4R,9aR)-6-cyclopropyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-
fluorene;



RRR2 R NNNHR NNR R395DIb wierein R to R3 are defined as in
clains 1 to 12 and, wherein R4 is hydrogen; c¢) reduction of conpounds
accordi ngwoasfennsil a |b in order to obtain a conpound of PCarEPos/endba R2 R2
I R N~NNRAR NNNR 3/ R3/} Ibla;j9 wherein Rl to R4 are defined as
inclaiml to 12; d) reduction of a conpound according to formula Kin

order to obtain a (%gfgggy_%%ygf?g;cg,g[m&ﬁ%{ygngﬁ%ﬂ&_lm\eﬂg,lj1,2,34,fh§a:}{\é-x§1}ﬂrl)\l N NR

R R3 Kla wherein ] fine s inclaim1lto 17; 15 €) cl eavage
of the protective griaptiaafuerens; conpound according to formula Ic in
order to obtain a conmpound of formula Id WD 03/064423 PCT/ EP03/ 00459 -114
R 2 R2Z RL N N N p(,(4R9alN)-¥-hthoxdn &4871-4-hfethyd-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;
5 (R)-6-chloro-4,9-dimethyl-1,2,3,4-tetrahydro-2,4a,5-triaza-fluorene;

(4R,9aR)-6-difluoromethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;

(4R,9aR)-6-fluoromethyl-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-triaza-

fluorene;

10 (4R,9aR)-6-(1-(S)-hydroxy-ethyl)-4-methyl-3,4,9,9a-tetrahydro-1H-2,4a,5-

triaza-fluorene;

(4R,9aR)-6-(1-(S)-methoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-

triaza-fluorene;

(4R,9aR)-6-(1-(S)-ethoxy-ethyl)-4-methyl-1,2,3,4,9,9a-hexahydro-2,4a,5-

15 triaza-fluorene;

(4R,9aR)-6-(1-(S)-cyclopropylmethoxy-ethyl)-4-methyl-1,2,3,4,9,9a-
hexahydro-2,4a,5-triaza-fluorene; and

(4R,9aR)-6-allylsulfanyl-4-methyl-1,2,3,4,9,9a-hexahydro-2-4a,5-triaza-

fluorene.

20 13. A process for the preparation of a compound according to any one of claims 1

to 12 comprising one of the following reactions:

a) reduction of a compound according to formula B in order to obtain a

compound of formula Ib

2 2

R R
(0]
1 ~ ORa — 1 o N

R N : N—R*

RG

B Ib



wherein R to R3 are defined as in claim1l to 12. 14. A conpound in
accordance with any one of clains 1 to 12 for use as therapeutically
active swwetanedss 5 15. A conpound in accordance with anyComeozdo4sd ai ns 1
to 12 for the production of nedicanents for the prophylaxis and therapy of
i1l nesses which are caused by disorders associated with the 5-HT2
receptors. 16. A p ] C LiQh. h§i | Npa
nccor dance wth  angrana oo Ktare eRal T ERTR 1 2 nASHIBET shd R
carrier. 10 17. Themeaws abyba conmpound in accordance with any one of clainms
1 to 12 for the production of nedicanents for the treatnent and

prophyl axi s of eati)gedéltRarafebmpdiddoPhesiding to¥SrmdIR® st def tobbeaamround in
accordance with any one o%éﬁlainﬁ ﬁéto 12 for the production of

medi canents for t heoPROAPGlformulgitinet es el 1itus, Type | 15 diabetes,

Type Il diabetes, diabetes secondajy to pancreatic di sease, di abetes
related to steroid use, Type LIl diabetes, hyperglycaem a, Rfi abetic
conplications and insulin regidrance,’ 19. The use of und in
accordance with any one of_.oha 119 12forthe g{ # n\of ,

medi canents for the treatnent of |1 diabetes. 30 2. e it of a

compound i n accordance with any whe of clains 1 to 12 for ghe production
of nedi canments for the treatnment and prophyl axis of disorders of the
central pervous system cardi ovascul ar di sorders, gastroilhtesti nal

di sorders, diabetes insipidus and sl eep apnoea. 21. The use according to

claim 20, wherein LAgrhFOrIR? ar leﬁh@&a%@ﬁﬁa’s 1R61Y BHE, wirereifl XS 1HPdPE den;

sel ected from depression, atypical depression, bipolar disorders,” anxiety
di sorders, obsessive-c ul si.ve di sorders,.. soci.al phgbjas .or pani.c WO

03/ 064423 PCT/ EP03/ 060 ton pf sorapay acgqrding taif%fa?‘gﬁf%l,n s g O%é‘%\aunct i on,
psychoses, schi zophiogipoandif fsratulela and ot her conditions associated with
cephalic pain or other pain, raised intracranial pressure, epilepsy,

personal ity disorders, age-relatgd behavi oural R?
B B
1 — 4 —_— P
R N N N—R R1 N N N—R4
R? R
Ib la
10 wherein R! to R? are defined as in claim 1 to 12;

d) reduction of a compound according to formula K in order to obtain a
compound of formula Ia

R? R?
(¢ D
RN N N-R —_— 1 | Z N 4
R N N—~R
R3 R3>_‘-/
K la

wherein R! to R* are defined as in claim 1 to 12;

15 e) cleavage of the protective group (PG) of a compound according to formula
Ic in order to obtain a compound of formula Id



di sorders, behavioural disorders associated with denmentia, organic nental 5
di sorders, nental disorders in childhood, aggressivity, age-rel ated nenory
di sor der swoahnenex fati gue syndrome, drug and al cohol addipctrirp3/odasd i m a,
anor exi a nervosa, prenenstrual tension,_iifyna, stroke, neurodegenerative
di seases, encephalitis and neningitis. 22.° A conpound in accordance with
any one of clains 1 to 12, when ,10 manufactured according to claim 13. 23.

A nmethod for the treatnent and ophyl axi s of disorders of the £entral

nervous system cardi ova i sorders, gastrointestin ders,

di abetes insipidus, and G ea, which netQod conplli ses admii stering
an effective amount oR' npéund Nrpgccor dance w t hRany f ciNdns 1
to 12. 15 24. A method accordin claim 23, wherein the disor s of the

central nervous systemare s@&ect ed from depression, atypicamadepression,
bi pol ar disorders, anxiety disorders, obsessive-conpul sive disorders,
soci al phobias or panic states, sleep disorders, sexual dysfunction,
psychoses, schizophrenia, migr&ine and other conditions associated wth
cephalic pain or other pain, raised 20 intracranial pressure, epilepsy,
personal ity di sor devlerein®® to Bf ateeldfibehanin olairall todR2sor ders, behavi our al

di sorders associated with denentia, organic nental disorders, nenta

di sorders in childdhooenpagy iesscoridayce vatheanyedmetof dlaimnbto/12 fhirsiee aer s,
chronic fatigue SyQﬂﬂ%Eﬁni dVQi@QQM%EﬁQQPI addiction, bulima, anorexia
nervosa, prenenstruaf ension, T T aums, St roke, neur odegenerative 25

di seases, encephalitis and neningitis. 25. A nethod for the treatnent and
prophyl axi s of dat iAgonpeundierasceadanesiyath any, onewtiickeimsrk td blifas shepiodestion

adm ni stering an ef LV i i i one
of clai s 1 fo 12 SaiedcsueRRPinetrofyt BRAI WleloBy oARRBIEANGS: Hd oy

di sorders sel ect ed Hyrdisordg® asgsocibeetl egthtbe bi listecdptpws. | di abet es, Type 1|

di abet es, di abetes secondary to pancreatic disease, diabetes related to
steroid use, Ty I i I i hﬁﬁﬁﬁf' J i-:ans and
insulin resist aﬂ?é,A\k}ﬁ%gﬁgﬁehﬁloﬁnb%%%%Cs@ggd%anélyst erl rcliéngagmg %rgcgt“:ng{;
amount of a conpourmhyione af demakalntoel 2 and a therapeutically inert carrier.

10 17. The use of a compound in accordance with any one of claims 1 to 12 for the
production of medicaments for the treatment and prophylaxis of eating
disorders and obesity.

18. The use of a compound in accordance with any one of claims 1 to 12 for the
production of medicaments for the treatment of diabetes mellitus, Type I
15 diabetes, Type II diabetes, diabetes secondary to pancreatic disease, diabetes
related to steroid use, Type III diabetes, hyperglycaemia, diabetic

complications and insulin resistance.

19. The use of a compound in accordance with any one of claims 1 to 12 for the

production of medicaments for the treatment of Type II diabetes.

20 20. The use of a compound in accordance with any one of claims 1 to 12 for the
production of medicaments for the treatment and prophylaxis of disorders of
the central nervous system, cardiovascular disorders, gastrointestinal

disorders, diabetes insipidus and sleep apnoea.

21. The use according to claim 20, wherein the disorders of the central nervous
25 system are selected from depression, atypical depression, bipolar disorders,

anxiety disorders, obsessive-compulsive disorders, social phobias or panic



with any one of clains 1 to 12. WD 03/064423 PCT/ EP0O3/ 00459 - 116 27. A
nmet hod according to claim26 for the treatnent and prophylaxis of Type 1|1
di abet es.wO®3/0é4net hod of treatnment of obesity in a humanpcm/arexeh4sf such
treatment which conprises adm nistratiof;50 the human a therapeutically
effective amount of a 5 conpound according to any one of clains 1 to 12
and a therapeuti Cals'@ffs?élé@pcais&aeéwﬁsl Efuctidd) pHRhbR] Rhiz8phreRR: mig @itne

met hod according to claim28, wherein thhe |lipase.inhibitor 1s orlistat.

30. The et hod accpﬁ“&i%@ertcﬁnéﬁ‘&inﬁé”?@t& d“?‘gcei’gﬁwtﬁi‘é“ 8y ?r'g‘F’E Bﬁ%d&‘s‘?gsepar ate
or sequential adminirséradial Pressuié) epilepsy,fRrionalitgididrdaspgestelard bekiavidigal o
any one of clains 1,.to

12 .in t.h t di t f h
treatnent and pr eveﬂfqrgﬂs’o&eﬁﬁﬂﬁw gggu egscasgéf? tg%w%aﬁgnﬂegggﬁ)gﬁar?‘g%‘éﬁng
treatmens with a |idissdersnhentiak disorddd.in tThiddhood, aggreassivioyypgerneatad owmmtirpg t o

any one of clains 1;. ' he .. r f | & fan: Lhe
treatment and pr evéir%%o?g%rg’oéfh %'lslg %t%ggg%%%n%[ ﬁugag?#gggﬁgq%?lggé@gls@QType W
di abet es, di abet es anorexirdRsTyoRopismrastanalitensiin rauma, okserasodegeraralive o

steroid use, Type IdileaslsaRbSMlitBNRE HhAGM a, di abetic conplications and
insulin resistance in a patient who is al'so receiving treatnent with a

1 1o 12 in the 28 rARMBRYH © BroRsgvEAREho™ hatme o A2OHam and
preventiion of Type mhnufaitaledtaesondingtoptdimel3t who i s al so receiving
treatment with a lipase inhibitor. 34. The use according to clainms 31, 32
and 33, wherein f;he, || Lahibltor i ' eut i cal
conposition acco%di%gd etﬂﬁos dﬁﬁoé?%t?%&@g%%dﬁbhﬁ%@% ?lfe&(iéoardggg)f-t Zc;eg%gut ically
ef fective ampunt ofnexvduspusem; eaniliovassilar dgordereggshraintastiogt disendersodipbeies i on
according to clai mggni el skepAPnbddd@hfth hithbdLérAprites a@dihistefhg an

effective amount of a compound in accordance with any one of claims 1 to 12.

15 24. A method according to claim 23, wherein the disorders of the central nervous
system are selected from depression, atypical depression, bipolar disorders,
anxiety disorders, obsessive-compulsive disorders, social phobias or panic
states, sleep disorders, sexual dysfunction, psychoses, schizophrenia, migraine
and other conditions associated with cephalic pain or other pain, raised

20 intracranial pressure, epilepsy, personality disorders, age-related behavioural
disorders, behavioural disorders associated with dementia, organic mental
disorders, mental disorders in childhood, aggressivity, age-related memory
disorders, chronic fatigue syndrome, drug and alcohol addiction, bulimia,
anorexia nervosa, premenstrual tension, trauma, stroke, neurodegenerative

25 diseases, encephalitis and meningitis.

25. A method for the treatment and prophylaxis of eating disorders and obesity,
which method comprises administering an effective amount of a compound in

accordance with any one of claims 1 to 12.

26. A method for the treatment and prophylaxis of disorders selected from
30 diabetes mellitus, Type I diabetes, Type II diabetes, diabetes secondary to
pancreatic disease, diabetes related to steroid use, Type III diabetes,
hyperglycaemia, diabetic complications and insulin resistance, which method
comprises administering an effective amount of a compound in accordance
with any one of claims 1 to 12.



37. The invention as herei nbefore descri bed.
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37.
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A method according to claim 26 for the treatment and prophylaxis of Type II
diabetes.

A method of treatment of obesity in a human in need of such treatment which
comprises administration to the human a therapeutically effective amount of a
compound according to any one of claims 1 to 12 and a therapeutically

effective amount of a lipase inhibitor.

The method according to claim 28, wherein the lipase inhibitor is orlistat.

The method according to claims 28 and 29 for the simultaneous, separate or

sequential administration.

The use of a compound according to any one of claims 1 to 12 in the
manufacture of a medicament for the treatment and prevention of obesity in a

patient who is also receiving treatment with a lipase inhibitor.

The use of a compound according to any one of claims 1 to 12 in the
manufacture of a medicament for the treatment and prevention of diabetes
mellitus, Type I diabetes, Type II diabetes, diabetes secondary to pancreatic
disease, diabetes related to steroid use, Type III diabetes, hyperglycaemia,
diabetic complications and insulin resistance in a patient who is also receiving

treatment with a lipase inhibitor.

The use of a compound according to any one of claims 1 to 12 in the
manufacture of a medicament for the treatment and prevention of Type II

diabetes in a patient who is also receiving treatment with a lipase inhibitor.

The use according to claims 31, 32 and 33, wherein the lipase inhibitor is

orlistat.

The pharmaceutical composition according to claim 16 comprising further a

therapeutically effective amount of a lipase inhibitor.

The pharmaceutical composition according to claim 35, wherein the lipase

inhibitor is orlistat.

The invention as hereinbefore described.



