TETRACYCLI %SEVATl VES;: PROCESS; OF PREPARATI ON AND USE Thi's i nvert 2% ¢/
rekates: t o BEILY es oﬂhtetracycl 'C. derivatives, to processes for ; P
prepar at i on, pharnaceutlcal conpbsi-tins containing them and therr use as
therapeutic .agents..  In particular.~the invention relates to tetracyclic
derivatives which are potent and sekective inhibitors of cyclic guanosine
3,5 - nnnophosphate specific phosphodlesterase (cGwP speci fic PDE) having
utility in a variety of therapeutic areqas where such inhibition is thought
to be beneficial, including the treatnent of cardiovascul ar di sorders.

Thus, according to a first, aspect, the present |nvent|on provi des  conpounds
of forrmla(l ETRA YELIC DERWATIV PREBARA AND USE |

which: R err] represents hydrogen, halogen or Cl 6 al kyl; Rl represents
hydrogen Clerr]alkyl, Clerr] alkenyl|, (%err] al kyn hal Ky,
C[ err] cycl oal Kyis, lnte@tmq celatasatoca series, phietiacyclc geélgtﬁqsa?%ro sses or
gfgﬁg fﬁ;y'r fﬁr?gfr; e:eg%véu rXpHethiaeaatica éﬁhﬁ@élﬂ@ﬁ@bbﬁta&mgtthem; ahdthehcuséi ¢
5 as therapeutlc agents. In particular, the invention relates to tetracyclic
derivatives which are potent and selective inhibitors of cyclic guanosine 3',5'-
monophosphate specific phosphodiesterase (cGMP specific PDE) having utility
" in a variety of therapeutic areas where such inhibition is thought to be
_ beneficial, including the treatment of cardiovascular disorders.
10 Thus, according t_g_g.ﬁsst aspect, the-present invention provides compounds
© offomula(l) |

)

and salts and solvates (e.g. hydrates) thereof, in which:
RO represents hydrogen, halogen or C4_g alkyl; -
15 R1 represents hydrogen, Cq.galkyl, Cz¢ alkenyl, C2¢ alkynyl, haloC1 _ealkyl
- Ca-geycloalkyl, C3.geycloalkylC4-zalkyl, arylC1.3alkyl or heteroarylC4.3alkyl,
R2 represents an optionally substituted monocyclic aromatic ring selected
from benzene, thiophene, furan and pyridine or an optionally substituted bicyclic

ring attached to the rest of the molecule via one of the benzene

20 ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring
which may be saturated or partially or fully unsaturated and comprises carbon
atoms and optionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen; and -

| R® represents hydrogen or C4 alkyl, or R' and R® together represent a 3- or

25 4- membered alkyl or alkenyl chain.

There is further prowded by the present invention a subgroup of compounds
of formula- (I) the subgroup comprising compounds of formula (la)
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from ber;zen@zsée{lophene furan and pyridine or an-optionally substituted

. bicyclie ring : attached to the rest of the nolecule via one of

the benzene.ring carbon atonms and wherein the fused ring Ais a 5- or

6- renbered ring which may be saturated or partially or fully unsaturated

and, ﬁ&@édtﬁ&%e@:ﬁl{dpm&dat(bms and optionally one or two heteroatons sel ected

from and nitrogen; and Rlerr] represents hydrogen or ([err]
al kyl HMEMHE together represent @ 3- or 4- nenbered al kyl or al kenyl
chai n. her provided by the present invention a subgroup of

conpounds of forrrul a (1), the subgroup conpri g4 ng conpounds of forrmula (Il a)

2 [err] and salts and sol vates; th?reof, I n whi ch:
S N-R .

—C I 1L T o

and salts and solvates _(e.g. hydrates) thereof, in which:
RO represents hydrogen, halogen or C1.6 alkyl; -
R1 represents hydrogen, C1-galkyl, haloC1_galkyl, | Ca-gcycloalkyl,
5 C3_3cyCIoélkyIC1 -3alkyl, éryIC1 -3alkyl or heteroarylC4._zalkyl; and
R2 represents an optionally substituted monocyclic aromatic ring selected
from benzene, thiophene, furan and pyridine or.an optionally substituted bicyclic

ring : : attached to the rest of the molecule via one of the benzene

ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring

10 which may be saturated or partially or fully unsaturated and comprises carbon
atoms and optionally one or two heteroatoms selected from oxygen sulphur and
mtrogen

Within R1 above, the term “aryl" as part of an aryIC1 -3alkyl group means
phenyl'or phenyl substituted by one or more (e.g. 1, 2 or 3) substituents

15 _selected from halogen, Cq.galkyl, C{.galkoxy and methylenedioxy. The term
"heteroaryl" as part of a heteroarylC4.3alkyl group. means thienyl, furyl or pyridyl
each optionally substituted by one or more (e.g. 1, 2 or 3) substituents selected
from halogen, C4.g alkyl and Cq.galkoxy. The term "C3_gcycloalkyl" as a group

~ or part of a C3_gcycloalkylC4.galkyl group means a monocyclic ring comprising

20 three to eight carbon atoms. Examples of suitable cycloalkyl rings include the
C3-gcycloalkyl rings cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

Within R2 above, optional benzene ring substituents are selected from one or
more (e.g. 1, 2 or 3) atoms or groups comprising halogen, hydroxy, C1-galkyl,
C1-galkoxy, -COR", haloC4galkyl, haloC4.galkoxy, cyano, nitro and NRaRP,

25 - where R2 and RP are each hydrogen or C1-galkyl, or R2 may also represent
C2.7alkanoyl or Cq.galkyisulphonyl. Optional substituents for the remaining
ring systems are selected from one or more (e.g. 1, 2 or 3) atoms or groups
comprising halogen, Cq.galkyl, C4_galkoxy and arylCi.salkyl as defined above.




Rlerr] repr hydrogen hal ogen or Cferr] al kyl err] represents
hydr ogen, C?ﬁﬁq:gl kyl, haloderr]alkyl, d er]r] cycl>/oal ngr ! p
C[err_]_c_ch_eaJ—k—)Ll—G[—eee]—a+ kyl, aryl C[err] al kyl or heteroaryl C[err] al kyl ; and
R2 represents ti ona | 'y substituted nonocyclic aromatic ring selected

f r oy ‘F? ne furan and pyridine or an optionally substituted

bi cyc attached to the rest of the nolecule.via one of the
benze atonms and wherein tBe fused ring Ais a 5- or

6- rrerrbered rrng whrch may be saturated or partially or fully unsaturated
and conprises carbon atons d optionally one or two heteroatoms sel ected
from oxygen, sul phur and Hg Wthin RL above, the term"aryl" as part
of an aryl C[err]al kyl gro henyl or phenyl substituted by one or .
more (e.g. The2bieychd ringdst S smiaygtfer éxamplealregmsent:[mph]mmge., a

%te;!):lrly(rog' %r}?ﬁﬂgt " S On’é%ns%zﬁ%lefhﬁr &eﬂ%@%@ztﬁ%pafgé{; [ onal |y

substi t ut ed bbnzmdamlenorqul(ldl@, linddleyr bpnzolbmphan'@nt ors eb@ﬁl@fﬂrﬂﬁ oner
hal ogen, e@xk and Cferr]al koxy. The term"C[err]cycloalkyl" as a

group (CH,),
7 : .
Y ~ (where nis aninteger 1 or 2 and X and Y may each represent
5§  CHpO, S or NH).
in the above definitions, the term "alkyl" as a group or part of a group means
" a straight chain or, where available, a branched chain alkyl moiety. For
example, it may represent a Cq_4alkyl function as represented by methyl, ethyl,
n-propyl, i-propyl, n-butyl, s-butyl and t-butyl. The term ‘alkenyl’ as used herein
10° includes straight-chained and branched alkeny! groups, such as vinyl and allyl
groups. The term ‘alkynyl as used herein includes straight-chained and
branched alkynyl groups, suitably acetylene. The term "halogen™ herein means
afluorine, chilorine, bromine or iodine atom. The term "haloC4_galkyl" means an
-alkyl group as defined above comprising one to six carbon atoms substituted at
15 one or more carbon atoms by one or more (e.g. 1, 2 or 3) halogen atoms.
Similarly, a haloC4.galkoxy grdup is a haloCq.galkyl group as defined above
" linked to the R2 benzene ring via an oxygen atom. Examples of haloC4 -6alkyl
groups include - triflucromethyl and 2,2,2-trifluoroethyl. An example of a
haloC4.galkoxy group is triﬂuorométhbxy. The term "Co.-7alkanoyl" means a
20 C1-galkylcarbonyl group where the C.galkyl portion is as defined above. An
example of a suitable Co_7alkanoyl group is the Coalkanoyl group acetyl.
It will be appreciated that when RO is a halogen atom or a Cq.galkyl group
this substituent may be sited at any available position on the phenyl portion of '
the tetracyclic ring. However, a particular site of attachment is the ring 10-
25  position. '
' The compounds of formula (I) may contain two or more asymmetric centres
and thus can exist as enantiomers or diastereoisomers. In particular, in formula
(I) above two ring chiral centres are denoted with asterisks. It is to be
: understood that the invention includes both mixtures and separate individual
30 isomers of the compounds of formula (1).
| The compounds of formula () may also exist in tautomeric forms and the
invention includes both mixtures and separate individual tautomers thereof.



or part of a (Jerr]cycloalkyl (ferr]alkyl group neans a nonocyclic ring
conpri snng 4P8BEWVt 0 ei ght carbon atons. Exanpl es of suitable cycl oal kyl
ri ngsq—nekude—fher‘C[’eTTTcycl oal kyl rings cyclopropyl, cyclobutyl,

cyclo e tyl ageenﬁg gahexyl. Wthin R2 above, opti onal benzene ring

subst ected fromone or nore (e.g. 1, 2 or 3) atons or groups
conpri E“ hydroxy, Cerr]alkyl, ([err]al koxy, -CO32R b,
hal oC[ oCferr]al koxy, cyano,  nitro and NRlerr] Rb, where R err]

and Rb are each hydrogen or (C[err]al kyl 4 or Rlerr] may al so represent
Cferr]al kanoyl or (err]alkyl sul phonyl. Optional substi tuents for the

rena
or glrglugg EBWJ‘%&% (E)‘g‘e’%'w %féeerﬂfﬁiﬁ |f§f}g[ er r“i&mﬁo ﬁe% kyI
as defined sootain a basicricenbiecaka iacid adgitiosn saltsformed r ent
ng;‘f ggi( :gglagéeﬂ%bﬁ geids! Exdindles indlde the hydrschibride, I’Cyd?ébmlmméoelﬁlphate
_ “or bisulphate, phosphate or hydrogen phosphate, acetate, benzoate, succinate,
5 fumarate, maleate, lactate, citrate, tartrate, gluconate, methanesulphonate,
benzenesulphonate and p-toluenesulphonate salts. Compounds of the formula
(1) can also provide pharmaceutically acoeptable metal salts, in particular alkali
metal salts, with bases. Examples include the sodium and potassium salts.

A pa'rticular group of compounds of the invention are those compounds of

10 - formula (I) in which RO is hydrogen or halogen (e.g. fluorine), especially
hydrogen. :

Another particular group of oompounds of the invention are those compounds
of formula ([) in which R1 represents hydrogen, Cq-4alkyl, haloC4._4alkyl,,
Ca.gcycloalkyl, Ca.geycloalkylimethyl, pyridylCq_zalkyl, furylC4_3alkyl or

16 | optionally substituted benzyl. Within this particular group of compounds,
exémples of Cq.4alkyl groups are methyl, ethyl, n-propyl, i-propyl and n-butyl.
Examples of Ca.gcycloalkylmethyl groups are cyclopropylmethyl and
cyciohexylmethyl. Examples of optionally substituted, benzyl groups include
benzyl and halobenzyl (e.g. fluorobenzyl).

20 . A further particular group of compounds of the invention are - those
compounds of formula (I) in which R? represents an optionally substituted
benzene, thiophene, furan, pyn;gine or naphthalene ring or an optionally

~

. '/(CHz).. :
substituted bicyclic ring Y (where nis 1or2and X and Y are
, each CHp or 0). Within this. particular group of compounds, examples of
25 subst:tuted benzene groups are benzene substituted by one of halogen (e.g.
chlorlne) “hydroxy, Cq.3alkyl (e.g. methyl, ethy! or i-propyl), C4.3alkoxy (e.g.
methoxy or ethoxy), -CO,R®, halomethyl (e.g. triflucromethyl), halomethoxy (e.g.
tnﬂyoromethoxy) cyano, nitro or NRaRD where R and RP are each hydrogen
_ or methy! or R@ is acetyl; or benzene substituted by dihalo (e.g. dichloro) or by
30 C4.3alkoxy (e.g. methoxy) and one of halogen (e.g. chlorine) and hydroxy. An
example of a substituted thiophene ring is a halo (e.g. bromo) substituent

thiophene ring.



benzi m daZOﬁ gur noline, indole, benzothiophene or benzofuran or
[err] (wher $?’¢' an integer 1 or 2 and X and Y may each represent CH2, O

S or NH. Thmthe—above-definitions, the'term"alkyl" as a group or part of
a grmﬁlsﬂee{\ﬁ"ﬁ@%en Uﬁregll ght chain or, where available, a branched chain alkyl

nDre It may represent a CJerr]al kyl function as represented
miﬂ n- propyl, i-propyl, n-butyl, s-butyl and t-butyl. The

ter used herein incl udes gtrarght chai ned and branched -

al kenyl groups such as vinyl and allylYgroups. The term"'al kynyl' as used

herei n includes straight-chained and branched al kynyl groups, suitably

acet.yl ene.- ThA stidlfarthécparticalar igeoup of compounds bf formuta | ard thoseewhéreimRie

above. compr ISP REe I IOHESERA S AT é%sﬁH;’*éqetﬂéﬁB@?%Eeﬁ%%émgﬁﬁép%ﬁrrﬁféﬁﬁﬁr o
atons by one Arprefered grgup1of compognds pfothen inkention arertherdiy isamers of
hal o(f err] a{m ?Férfg éénﬁd'bvﬁﬁhﬁfardlﬂ kyl group as defined above |inked

to the R2 benzene via an’oxygen at'omgExanpl es of hal o([err]al kyl

groups include trifluoronethy] and 2 ‘u\fl uoroet hyl. An exanple of a |
i \) R . .
R® Il 3 :
' : N R :
| Et:nji: \n)— - (ib)

H o)

(4]
),

“and mixtures thereof with their cis optical enantiomers, including racemic
mixtures, and salts and solvates (e.g. hydrates) of these compounds in whrch
RO is hydrogen or halogen (e.g. fluorine), especrally hydrogen and R1 R and R®
| are as defined previously.
10 The single isomers represented by formula (Ib), i.e. the 6R 12aR isomers,
_are particularly preferred.
~ Within the above definitions R1 may preferably represent Cq4alkyl (e.g.
methyl, ethyl, i-propyl and n-buiyl), C3-gcycloalkyl (e.g. cyclopentyl) or
C3-gcycloalkylimethyl (e.g. cyclopropyimethyl).

15 R2 may pr_eferably represent a substituted benzene ring such as benzene
substituted by C4_galkoxy (e.g. methoxy) or by C{_3alkoxy (e.g. methoxy) and
halogen (e.g. chlorine), - particularly 4-methoxyphenyl or 3-chloro-4-
methoxyphenyl, or R2 may preferably represent 3,4-methylenedioxyphenyl. |

It is to be understood that the present invention covers all appropriate

20 combinations of particular and preferred groupings hereinabove.

Particular individual compounds of the invention include: -
Cis-2,3,6;7,12,12a-hexahydro-2-(4—pyridylmethyl)-6¥(3.4~ .
methylenedioxyphenyl)-pyrazino[2', 1° : 6,1]pyrido[3,4-bjindole-1,4-dione;

: Cis—2,-3,6,7,12,12a-hexahydro-6—(2.3-dihydrobenzo[b]furan-S-yl)—Z-methyl—, :

25 pyrazino[2',1:6,1]pyrido{3,4-blindole -1,4-dione; '
Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl)-2-methyl-
pyrazino[2',1':6, 1]pyrido[3,4-blindole -1,4-dione;

- Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4-methylphenyl)-
_pyrazino[2',1':6,1]pyrido[3,4-blindole -1,4-dione;

30 (6R_,12aR)-2,3,6,7,12,12a-Hexahydro-2-isopropyl-6-(3,4- '

S methylenedioxyphenyl)-pyrazino[2', 1:6,1]pyrido[3,4-b]indole -1,4-dione;



hal oC| er.r] alfg@ge\group is trifluoronethoxy. The term"C2 7al kanoyl" neans a
( err]alkyl carbonyl group where the (Jerr]alkyl portion is as defined
above An exanple of a suitable C[err]al kanoyl group is the C2al kanoyl
(fhis ShwettHak Beeh R d be appreciated that when Rlerr] is a hal ogen atom or
m "ﬁ this substituent nmay be sited at any avail abl e position
on t

on of the tetracyclic ring. However, a particular site-
of attac e ring 10- position. éThe conpounds of formla (1) may
contain tvvo or nore asymmetric centres and thus can eX| st as enantioners or

centros. ar o B TAARID0R ot 18- Hexd nthOrmi-cyg%ee[r;M ‘“‘Sdrl hat CI‘L;ea' h
i nvention i mnétthMeldmadyphenanazim[sttﬁaﬂ do uaeu%n‘e or the
fautoner o (SRIZANER BT 1% 2 %ﬁx@ﬁ%@%ﬁgﬁy@% ahghu)"
i ndi vi dual Pyrazine241t6.4]pyido[3,4-bjindole -1,4-dione;
5 (6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(3-chloro-4-methoxyphenyl)-2-methyl-
pyrazino[2',1":6,1]pyrido[3,4-bjindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-(3, 4—methylened|oxyphenyl)-
pyrazino[2',1':6,1]pyrido[3, 4—b]|ndole-1 4-dione;
- (6R, 12aR)-2,3,6,7,12 123-Hexahydro-6—(3 4-methylened|oxyphenyl)- :
10 pyrazinof2', 1': 6,1] pyrido [3,4-b] indole-1,4-dione;
(5aR, 12R, 14aS)-1,2,3,5,6,11,12,14a-Octahydro-12-(3,4-
methylenedioxyphenyl)-pyrrolo[1",2" : 4',5'lpyrazinof2',1’ : 6, 1]pyndo[3 4-
bjindole-5-1,4-dione;
and physiologically acceptable salts and solvates (e.g. hydrates) thereof.
- 15 A specific compound of the invention is:
(6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3, 4~methylened|oxyphenyl)-
pyrazino[2',1':6,1]pyrido[3,4-bJindole -1,4-dione;
and physiologically acceptable salts and solvates (e.g. hydrates) thereof.
. ‘It has been shown that compounds of the present invention are potent and
20 selective inhibitors of cGMP specific PDE. Thus, compounds of formula (1) are
of interest for use in therapy, specifically for the treatment of a variety of -
conditions where inhibition of cGMP specific PDE is thought to be beneficial. _
As a consequence of the selective PDE V inhibition. exhibited by compounds
of the present invention, cGMP levels are elevated, which in turn can give rise
25 to beneficial anti-platelet, anti-neutrophil, anti-vasospastic, vasodilatory,
natriuretic and diuretic activities as well as potentiation of the effects of
endothelium-derived relaxing factor (EDRF), nitrovasodilators, atrial natriuretic
factor (ANF), brain natriuretic peptide (BNP), C-type natriuretic peptide (CNP)
and endothelium-dependent relaxmg agents such as bradykinin, acetyicholine
30 and 5-HT1 The compounds of formula (i) therefore have utility in the treatment
of a number of disorders, mcludlng stable, unstable and variant (Prinzmetal)
angina, hypertension, pulmonary hypertension, congestive heart failure, renal
failure, atherosclerosis, conditions of reduced blood vessel patency (e.g. post-
percutaneous transluminal coronary angioplasty), peripheral vascular disease,
35 vascular disorders such as Raynaud's disease, inflammatory diseases, stroke,



4 The phar nqﬁggé'vcal | y acceptable salts of the conpounds of forrmula (I)
whi:ch contain a basic centre are acid addition salts fornmed with

phar Ut y acceptabl e aci ds. Exanpl es i nclude the hydrochl ori de,
hydr[%lggg 1 5lE BechRepilad € o1 bi sul phat e, - phosphate or . hydrogen phosphate,
acet g succinate;, fumarate, maleate, lactate, citrate,

tart rHM &m , et hanesul phonat e, benzenesul phonat e and

p-t ol salts. Compounds of7the fornmula (1) can al so provide.

pharmaceutical ly acceptabl-e netal salts, in particular alkali nmetal salts,

w th bases. Exanples include the sodium and potassiumsalts. A particular
group of coRfRNGkis, oehroRic iasime; letgic asibma, calligrsis dbinilis,  glanepma and; n
whirch R err Hiseas8y deharattetisedabyd disorde® dfl gat imetilityetgci airfitably dbasin.

Anot her particul ar .group of conmpounds of the invention are those conpounds
of fornmula ?Y'? rPH‘%i ch Rl represents hydrogen, ([err]alkyl,

hal oC[ err] al kitl will Coer apprediataedk that Geferehces | hetdiny| teet trgatment extend to
pyri dyl d er pliniaxis By Weil A€ trbhithént'of Ystablished conditions.

it will also be appreciated that ‘a compound of formula (1),’ or a physiologically
acceptable salt or solvate thereof can be administered as the raw compound, or

- as a pharmaceutical composition containing either entity.
There is thus provided as a further aspect of the invention a compound of
10 formula (I) for use in the treatment of stable, unstable and variant (Prinzmetal)
angina, hypertension, pulmonary hypertension, chronic obstructive pulmonary
disease, congestive heart failuré, renal failure, atherosclerosis, conditions of
reduced blood vessel patency, (e.g. post-PTCA), peripheral vascular disease,
vascular disorders such as Raynaud's disease, inflammatory diseases, stroke,
15 bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma or
diseases characterised by disorders of gut motility (e.g. 1BS). |

According to another aspect of the invention, there is provided the use of a
compound of formula (I) for the manufacture of a medicament for the treatment
of stable, unstable and variant (Prinzmetal) angina, hypertension, puimonary

20 _hypertension, chronic obstructive pulmonary disease, congestive heart failure, -
renal failure, atherosclerosis, conditions of reduced blood vessel patency, (e.g.
post-PTCA), peripheral vascular disease, vascular disorders such as Raynaud's
disease, inflammatory diseases, stroke, bronchitis, chronic asthma, allergic
asthma, allergic rhinitis, glaucoma or diseases characterised by disorders of gut

25. motility (e.g. IBS).

In a further aspect, the invention provides a method of treating stable,
unstable and variant '(Prinzmetal)' angina, hypertension, pulmonary
hypertension, chronic obstruct_i've pulmonary disease, congestive heart failure,

_ renal failure, atherosclerosis, conditions of reduced blood vessel patehcy, (e.g.

30 post-PTCA), peripheral vascular disease, vascular disorders such as Raynaud's
disease, inflammatory diseases, stroke, bronchitis, chronic asthma, allergic
.asthma, allergic rhinitis, glaucoma or diseases characterised by disorders of gut
motiliiy {e.g. IBS)in a human or non-human animal body which comprises
administering to said body a therapeutically effective amount of a compound

35 with formula (1). |



opt ional |y tuted benzyl. Wthin this particular group of conpounds, -
exanpl es off%%&w] al kyl groups are nethyl, ethyl, n-propyl, i-propyl and -
n- butyl. Exanples of (Jerr]cycl oal kyl net hyl groups are cycl opropyl net hyl

and qyigbnﬂaﬁwbaﬁuda heed EX@npl es of optionally substituted, benzyl groups

I ncl ud al obenzyl (e.g. fluorobenzyl). A furt her particular -
group ﬁmm !Ilf the invention are those conmpounds of fornmula (I) in
whi ch an optionally substgtuted benzene, thiophene, furan,
pyri di ne or naphthalene ring or an optionally substituted bicyclic ring

[err] (where nis 1 or 2 and X and Y are each CH2 or 0).. Wthin this _
particul ar greQMPEHNGS e dhe daverdicanmay e administered hydamye suitablegroubesforr e -

benzenrene tsﬁtaam Pl Sial Biseca, %?Jﬁ;ﬁﬂehrrt( 95@ i, Hasal Rﬁg&@i‘& pgg%,ﬁ%#w
(g&]er r1R @’H‘u‘a'ﬂél o‘H&'FH?ﬁolégyg ntr é?llltﬁneﬁ%omdmm @rgnary)’
trifl uoronmdmmratmnarmrallﬁdmﬂlsﬂﬁtlbﬁ[l@géhéihﬁ preféfie Rlerr] and Rb are

i haPo (e 5. TAAMRINrafon, foaheh, "pZﬁ'"sS%éﬁécwe"ér RevHBgStc HRatment of e ogen
(e.g. chl ordiserdensddetifiedk \abote, oral dosages of a compound of formula (l) will
generally be in the range of from 0.5-800mg daily for an average adult patient
(70kg). Thus for a typical adult patient, individual tablets or capsules contain
from 0.2-400mg of active compound, in a suitable pharmaceutically acceptable
10 vehicle or Carrier, for administration in single or multiple doses, once or several
times per day. Dosages for infravenous, buccal or.sublingual administration will
typically be within the range of from 0.1-400 mg per single dose as required. In-
practice the physician will determine the actual dosing regimen which will be
_ most suitable for an individual patient and it will vary with the age, weight and
15 response of the particular patient. The above dosages are exemplary of the
éverage case but there can be individual instances in which higher or lower
dosage ranges may be merited, and such are within the scope of this invention.
For human use, a compound of the formula (I) can be administered alo_he, but
will generally be administered in admixture with a pharmaceutical carrier
20 selected with regard to the intended route of administration and standard
pharmaceuﬁcal - practice. For example, the i:ompo‘und may be administered
orally, buccally or sublingually, in the form of tablets oontaining excipients such
as stafch_ or lactose, or in 'capsules or ovules either alone or in admixture with
excipients, or in the form of elixirs' or suspensions containing flavouring or
25 colouring agents. Such liquid preparations may be prepared with
pharmaceutically . acceptable additives such as suspending agents (e.g.
methyicellulose, a semi-synthetic glyceride such as witepsol or mixtures of
- glycerides such as a mixture of apricot kernel oil and PEG-6 esters or mixtures
of PEG-8 and caprylic/capric glycerides). A compound may also be injected
30 parenterally, for example intravenously, intramuscularly, subcutaneously or
mtracoronanly For parenteral administration, the compound is best used in the
form of a sterile aqueous solution which may contain other substances, for
example salts, or monosaccharides such as mannitol or glucose, to make the
solution isotonic with blood. :




exanpl e of a_substituted thiophene ring is a halo (e.g. brorrb) substi t uent
thr%tr |1 further particul ar group of conpounds of formula
| are those . represents hydrogen or Rl and R3 together represent
a @srsaééogss@imq{e chain. A preferred group of conpounds of the invention
are ¥4 of formula (1) represented by fornula (lb) [err] and
L with their cis optical enantioners, including racemc
m xt ur ts and sol vates (e.g. dgydrates) of these conpounds in
which R err] i s hydrogen or halogen (e.g. fluorine), especially hydrogen
and Rl, R and R3 are as defined previously. The single isoners represented
by formula ( 'fhus, theeinviehtiof Brovidesin a dunther, aspeet papharmaceutical poaipositian
comprising a compound of the formula (1) together with a pharmaceutically
acceptable diluent or carrier therefor.
There is further provided by the present invention a process of preparing a
5 pharmaceutical composition comprising a compound of formula (i), which
process comprises mixing a compound of formula (I) together with a
pharmaceutically acceptable diluent or carrier therefor. o
A compound of formula () may also be ‘used in combination with other
therapeutic agents which may be useful in the treatment of the above-mentioned
10 disease states. The invention thus _p_rovides, in another aspect, a combination
of a compound of formula (1) together with another therapeutically active agent.
The combination referred to above may conveniently be presented for use in
the form of a pharmaceutical formulation and thus pharmaceutical compositions
comprising a combination as defined above together with a pharmaceutically
15 acceptable diluent or carrier comprise a further aspect of the invention.
The individual components of such a combination may also be administered
either sequentially or simultaneously in separate pharmaceutical formulations.
- Appropriate doses of known therapeutic agents for use in combination with a
compound of formula () will be readlly appreciated by those skilled in the art.
20 - Compounds of formula (I) may be prepared by any suitable method known in
the art or by the following processes which form part of the present invention. In
the methods below R®, R and R2 are as defi ned in formula (I) above unless
otherwise indicated. '
Thus, a process (A) for prepanng a compound of formula () wherein R®
25 represents hydrogen comprises treating a compound of formula (in "
: 0 .

(in which Alk represents Cq._galkyl, e.g. methyl or ethyl and Hal is a halogen
atom, e.g. chlorine) with a primary amine R1 NH> in a suitable solvent such as
an alcohol (e.g. methanol or ethanol) or a mixture of solvents, oonvenrently ata
30 temperature of from 20°C to reflux (e.g. at about 50°C).
| A compound of formula () may conveniently be prepared by treating a
compound of formula (Ill) '



Within the definitions Rl may preferably represent C[err]al kyl (e.

: 9.
met hyl ,* eth propyl and n-butyl), derr]cycloal kyl (e.g. cyclopentyl)
or errJc (e.g. cyclopropylmethyl). Rlerr] my preferably

I epr egediber ﬁasslybs i tuted benzene ring such as benzene substituted by Cl
3al ko ) dr by C1 3al koxy (e.g. nethoxy) and hal ogen (e.g.
chl or u,ﬂm arly 4-nmethoxyphenyl or 3-chloro-4- nethoxyphenyl,
or R rably represent 3, 4qget hyl enedi oxyphenyl. It is to be
understood that the present invention covers all appropriate conbinations
of particular and preferred groupings herginabove. Particular individual
conpounds of the invention include: Cs-2§3,6,7, 12,1

2a- hexahydr o- 2- (4- pyri dyI b!m{enedl oxyphenyl) - pyrazi no[ 2",
1': 6,1 ]pyrido[ 3, 4- b]R*rete s-2,3,6,7, 12, )

2a- hexahydr o-6- ( 2, 3- dlhydro; 3 yl)-2-nmethyl - pyrazino[2',
1':6,1 Jpyrido[3,4-b]indole -1, m-dloe;052367121

2a- hexahydr o- 6- (5- brono-2-thi enyl) 2Bethyl - pyrazino[2', 1':6,1

I pyri do[ 3. Ayfth aiibScet)l hdlidd @)§: chioroacetyl chioride) in a suitable solvent such as
- a halogenated hydrocarbon (e.g. trichloromethane or dichioromethane), or an
ether (e.g. tetrahydrofuran), preferably in the presence of a base such as an
5 organic amine (e.g. a trialkylamine such as triethylamine) or an alkali metal
carbonate or bicarbonate (e.g. NaHCO3). The reaction may conveniently be
effected at a temperature of from -20°C to +20°C (e.g. at about Q9C).
A compound of formula (|) may also be prepared from a compound of formula
() in a two-step procedure via a compound of formula (ll) isolated without
10 purification. '
Compounds of formula (I) may be prepared as individual enantlomers in two
steps from the approprlate enantiomer. of formula (lll) or as mixtures (e g.
racemates) of either pairs of cis or trans isomers from the correspondong
mixtures of either pairs of cis or trans isomers of formula (1H).
15 Individual enantiomers of the oompounds of the invention may be prepared
from racemates by resolution using methods known in the art for the separatron
of racemic mixtures into their constituent enantiomers, for example using HPLC
(high performance liquid chromatography) on a chiral column such as Hypersil
naphthylurea. :
20 ‘A compound of formula (III) may conveniently be prepared from a tryptophan
alkyl ester of formula (IV) o

Ro_‘@:_]/\y)‘\om | -
N NH,

H .
(where Alk is as previously 'deﬁned) or a salt thereof (e.g. the hydrochloride salt)
according to either of the following procedures (a) and (b). Procedure (b) is only
25 . suatable for preparing cis isomers of formula (lll) and may be particularly
suitable for preparing individual cis enantiomers of formula (lit) from D- or L-
tryptophan alkyl esters as appropriate. : |

G
5-



ds-2,3,6,
pyra2|no[2
12,1

qgégéy.Za hexahydr o- 2- but yl - 6-'(4- net hyl phenyl ) -
1 ]pyr|d0[3 4-b]lindole -1 ,4-dione; (6R 1 2aR)-2,3,6,7,

ropyl - 6- (3, 4- nethylenedloxyphenyl) pyra2|no[2

pentyl 6- (3 4- nethylenedioxyphenyl)-pyrazino[2',

1 GHQSQMWRﬁl aPagl Ndol e -1 , 4-di one; 6 (6R 1 2aR)-2,3,6,7, 12,1

e NRAIER

]indole -1 ,4-dione; (6R 1 2aR)-2,3,6,7, 12,1

]pyr|d0[34b]|ndole- 4-dione; " (6R, 1 2aR)-2,3,6,7, 12,1
2a- Fbxahydro - (3- chl or 0- 4- nethoxyphenyl) 2- met hyl - pyra2|no[2 17:6,1

] pyridol 3,

12, 12a- Hexah

10

/Prgcedyre {)- 1, 4- di one; (6R 12aR)-2, 3,6, 7,

suitable solvent such as a halogenated hydrocarbon (e.g. dtchloromethane) or
an aromatic hydrocarbon (e.g. toluene) in the presence of an acid such as
trifluoroacetic acid. The reaction may conveniently be carried out at a
temperature of from -200C to refiux to provide a compound of formula (lll) in one
step. The reaction may also be carried out in a solvent such as an aromatic
hydrocarbon (e.g. benzene or toluene) under reflux, optionally usmg a Dean-
Stark apparatus to trap the water produced.

The reaction provides a mixture of cis and trans isomers which may be either

| :
Loyt dol 5. 4 “&g&li g éaé agﬁ&ét-épéﬁélﬁv cyanitionbeivesh) compoahdef fimula:
and an a ehy e?{fCHO The reaction may conveniently be effectedina

propylnethyl 6- (4-ﬁqthoxyphenyl)- pyrazino[2', 1':6,1

6,1

~ individual enantiomers or racemates of pairs of cis or trans isomers depending.

15

20

upon whether racemic or enantiomerically pure tryptophan alkyl ester was used
as the starting material. Individual cis or trans enantiomers may conveniently be
separated from -mixtures thereof by fractional crystallisation or by

‘chromatography (e.g. flash column chromatography) using appropriate solvents

and eluents. Similarly, pairs of cis and trans isomers may be separated by
chromatography_ (e.g. flash column chromatography) using appropriate eluents.

An optically pure trans isomer may also be converted to an optically pure cis '

‘isomer using suitable epimerisation procedures. One such procedure

comprises treating the trans isomer or a mixture (e.g. 1 : 1 mixture) of cis and

~ trans isomers with methanolic or aqueous hydrogen chloride at a temperature of

from 0°C to the refluxing temperature of the solution. The mixture may then be

- subjected to chromatography (e.g. flash column chromatography) to separate

25

30

the resulting diastereoisomers, or in the procedure utilising aqueous hydrogen
chioride the desired cis isomer precipitates out as the hydrochloride salt which
may then be isolated by filtration. |

Procedure (b)

This comprises a four-step procedure from a compound of formula (IV) or a
salt thereof {e.g. the hydrochloride salt). The procedure is particularly suitable
for preparing a 1R, 3R isomer of formula (lll) from a D-tryptophan alky! ester of
formula (IV) or a salt thereof (e.g. the hydrochloride salt). Thus, a first step (i)

. comprises treating a compound of formula (IV) with an acid halide R2COHal

35

. (where Hal is as previously defined) in the presence of a base, e.g. an organic



(6R, 12aR)- s 7, 12, 12a- Hexahydr o- 6- ( 3, 4- met hyl enedi oxyphenyl ) -

pyra2|no[2 1] pyrldo [ 3,4-Db] indole-1,4-dione; (5aR, 12R

14as) - Cbtahydro 12- (3 4-

nethylﬂmﬂmagﬁ%gﬂ yrrolo[l : , 5" ]pyrazino[2',1': 6,1

] pyrido -11 4- dlone and physiologtcally acceptable salts
and soI drates) thereof. A specific conmpound of the invention
I's: , 7, 12,1

2a- hexahydro 2- nethyl 6- (3, 4- net hyl enedi oxyphenyl )- pyrazino[2', 1':6,1

] pyrido[ 3, 4-b]i ndol e -1, 4-dione; and physiologically acceptable salts and
sol vat es ( ebaﬁe $I§Qh as adrialikylanaipe. (fortemlgé lamme) RatPrevidef.eerepeund he
present iny potent and sel ective inhibitors of cGwW specific PDE.
Thus, conpoun rmula (1) are of intgrest for use in therapy,

speC|f|caIIy f or the treatme .of ‘condi tions where inhibition

of cGW specific PDE is thg# Oilkal . As a consequence of the
sel ective PDE V inhi biRTO ounds of the pgWgsent invention,
cGW levels are el evated, ﬁﬁgl ve rise _
a _
The reaction may be conveniently carried out in a suitable solvent such as a
5 halogenated hydrocarbon (e.g. dichloromethane) or an ether (e.g.

tetrahydrofuran) and at a temperature of from -20°C fo +40°C.

Step (ii). comprises freating a compound of formula (V) with an agent to
convert the amide group to a thioamide group. Suitable sulfuratmg agents are
- well-known in the art. Thus, for example, the reaction may convemently be
10 effected by treating (V) with Lawesson's reagent. This reaction may
conveniently be carried out in a suitable solvent such as'_ an ether (e.g.
dimethoxyetha‘ne) or an aromatic hydrocarbon (e.g. toluene) at an elevated

temperature such as from 400C to 80°C to provide a compound of formula (V1)

o
R ] OAlk .
] NHCSR | )
15 Step (iii) comprises treating a compound of formula (VI) with a suitable agent

to provide a compound of formula (VII)

(where Hal is a halogen atom, e.g. iodine). The reaction may conveniently be
effected by treating (VI) with an alkylating agent such as a methyl halide (é.g.
20 methyl iodide) or an acylating agent such as an acetyl halide (e.g. acetyl
chidride) in a suitable solvent such as a halogenated hydrocarbon (e.g.
dichlorométhane) at an elevated temperature (e.g. under reflux).
In step (iv) the resulting iminium halide of formula (VIl) may be treated with a
reducing agent such as boron hydride, e.g. sodium borohydride, to provide the
25 .desire_d'combound of formula (lll). The reduction may conveniently be effected -



to benefi Ci@%ﬁ,&i -platelet, anti-neutrophil, anti-vasospastic,
vasadi | at or'Y, riuretic and diuretic activities as well as potentiation.

of mml i um derived rel axi ng factor (EDRF),
ni t e Has BebrReplacedt F jal natriuretic factor (ANF), brain natriuretic

pept mﬂﬂ pe natriuretic peptide (CNP) and endot hel i um dependent
rela ch as bradykinin, acetylcholine and 5-HT1. The conpounds
of “fornula™| refore have utility kg the treatnment of a nunber of
di sorders, including stable, unstable and variant (Prinzmetal) angina,

hypert ensi on, pul nonary hypertension, congestive heart fajilure, renal
failure, atateadow tamperaturepmg.twﬁm te range of -1089Q 909G, ipaacsiitable g
post - perc@mt&?ra@@* Hi¥ohdl ég_rmaﬂ{ahamgi opl asty), peripheral .vascul ar
d! sease, vascular disorders suc&y Ralynaug.' s dj.sease, infl torv._ .

di seases, stronareis furthey; provided ,ﬁlenﬁ’&?PB eRlan aprogess &gﬂg’?rﬂ#ﬁ@‘amg
~al lergic rhj gohpoundl of fetiiula(l), wherein R' and R® together represent a 3- or 4-

5 membered alky! or alkenyl chain, which process (B) comprises cyclisation of a

compound of formula (V1il)

(v

wherein Alk représents Ci.ealkyl and R and R® together represent a 3- or 4-

10 membered chain both as hereinbefore described. The cyclisation is suitably
carried out in an organic solvent or solvents, such as an alcoholic solvent (e.g.
methanol) and optionally an ether solvent such as tetrahydrofuran, and in the
presence of a reducing agent, aptly a palladium catalyst, such as palladium on

carbon. _
15 | Conveniently a compound of formula (ViHi) is prepared by reaction of a

compound of formula (lil) as hereinbefore described with a compound of formula

- (1X)
R4
A
_ N-R' ol
Hal—'ﬁRs

o}
20 '
wherein Hal represents a halogen atom as hereinbefore described, R' and R®
together represent a 3- or 4-membered chain as hereinbefore described and R
represents a protecting group, suitably a benzyloxycarbonyl group or the like.
Typically the reaction is carried out in a chlorinated organic solvent, such as
25 . dichloromethane, and a tertiary amine, such as triethylamine or the like.
According to a further aspect of the present invention, there is provided a
* process (C) for preparing a compound of formula (1) wherein R® represents C..
salkyl, which process comprises cyclisation of a compound of formula (X)



di-seases chagmpagheri sed by di sorders of gut notility (e.g. irritable bowel
syndrorme). It wll be appreciated that references herein to treatnent

_ext eﬁd—lﬂ—pﬁ)ﬁwﬁag wel | as treat nent: of establi shed conditions. It
will_also be appreciated that 'a conpound of fornula (1), or a

physf. IﬁaB Regl&epPt apl e salt or solvate thereof can be administered as
t he r r as a pharnmaceutical conposition contai.ning either
entlt us provided as a fuf4her aspect of the invention a
conpound of for (I').for use in the treatnment of stable, unstable and
vari ant (Prlnznetal) angi na, hypertension, pul nonary hypertension,'chronic
obstructive pul nonary di sease, congestive heart failure, renal failure,

at heroscl erosis, conditions of reduced bl oodj vessel pat ency, (e.dg.

post - PTCA), peripheral vascul ¥CHbAk di sorders such as
Raynaud''s di sease, infl agsmtid stroke, bronchhtis, chronic

asthma, allergic asthma, all. R ti N gLRUCcoNa or iseases
characterised by disorders of nﬂ .g. IBS). According to anot her
aspect of the invention, there is provi g&d tde

use of a

wherein Alk represents Cisalkyl as hereinbefore described and R® represents
5 'Cz.salkyl, substituted at C; by a halogen atom, the halogen atom being as
hereinbefore described. Suitably the cyclisation is achieved by reflux for many
hours, such as 22 to 26 hours, in the presence of an ether solvent, such as
tetrahydrofuran, and a suitable amine as hereinafter described in the
accompanying examples. '
10 Aptly a compound of formula (X) can be prepared from a compound of
formula (lll) by suitable acylation techniques, such as reaction with a
Csecarboxylic acid, substituted at C, by a halogen atom in a halogenated
organic solvent, such as dichloromethane. _ '

Compounds. of formula (I) may be converted to other compounds of formula
15 {1). Thus, for example, when R2 is a substituted benzene ring it may be
necessary or desirable to prepare the suitably substituted compound of formula
(l) subsequent to process (A), (B) or (C) as above. Examples of appropriate
interconversions include nitro to amino or aralkyloxy to hydroxy by suitable
reducing means (e.g. using a reducing agent such as SnClo or a palladium
20 - catalyst, such as paIIadlum-on-carbon) or amino o substituted amino such as
-acylamino or sulphonylamino using standard acylating or sulphonylating
conditions. In the case where R? represents a substituted bicyclic system,
suitable interconversion can involve removal of a substituent, such as by
treatment with a palladium catalyst (e.g. palladium-on-carbon) whereby, for

25 example, a benzyl substituent may be removed from a suitable bicyclic system.
" The phammaceutically acceptable acid addition salts of the compounds of
formula (I) which contain a basic centre may be prepared in a conventional
manner. For example, a solution of the free base may be treated with a suitable
acid, either neat or in a suitable solution, and the resulting salt isolated either by
30  filtration or by evaporation under vacuum of the reaction solvent.
Pharmaceutically acceptable base addition salts may be obtained in an



conpound of 44wyl @ (1) for the manufacture of -a. nedi cament for the
treat nent o? stabl e, unstable and variant (Prinznetal) angl na,
hypertensi on, pul nonary- hypertensi on, chronic obstructive pul nonary

di sm§§heet¢ﬁmﬁke edrt failure, renal fai l.ure, atherosclerosis,

ed bl ood vessel patency, (e.g. post-PTCA), peripheral

condi

vasc wm g& ascul ar disorders such as Raynaud's di sease, .

[ an seases stroke, bronchitfiss, cthronic asthma, allergic asthng,
allergic rhinitis, glaucona or di seases characterlsed by di sorders of gut

motility (e. | BS In"a further aspe I nvention rovides a et hod
of treati nga'g?@ﬂpﬁ r@aRner.by: treating § $0 f'-!il‘?[' ol ar¢ompexnd P? fargulal) with a

hyper t ensi osuitabie | basear Both/ wéseﬂssam mayhbeMofmed V' intsrcutvertadrusivgy ion-
di sease, conﬁﬁstlve hea{et %wgure renal failure, atherosclerosis,

condi tions 89 Ssel pat ency, (e.g. post-PTCA), perlpheral
vascul ar di seeompomdsmialtheiuamrdmrsmaycbealsolatgdandassmlam avith solvent

nE1 gt of sholb RSB cramior BRI dvepor@ltPal dn B3biiaid Shijepl o 2o b

aIIerglc rhin orma or di Seases errse I'sorders of gut

motility (e. gThussgcqomlagrtgreawrmer Aspeet afthe dnventiono we Pravideha pragessstor
preparing a compound of formula (I) or a salt or solvate (e.g. hydrate) thereof
which comprises process (A), (B) or (C) as hereinbefore descrlbed followed by
i) an interconversion step; and/or either
10 ii)  salt formation; or
iiii) solvate (e.g. hydrate) formation.
There is further provided by the present invention compounds of formulae (il),
(VIil), (X) and further compounds of formulae (il), (V), (Vl) and (VIl), with the
exception for compounds (fif), (V), (VI) and (VIl) wherein R° is hydrogen, R? is
15 phenyl and Ak is methyl.
The synthesis of the compounds of the invention and of the mtermedlates for
use therein are illustrated by the following, non-limiting Examples. In the
Examples section hereinafter the following abbreviations are used:

20 'DMSO (dimethylsulphoxide), MeOH (methanol), EtOH (ethapol), DMF
(dimethylformamide), EtOAc (ethyl acetate) and THF (tetrahydrofuran).

Intermediates 1 and 2

Methy! 1,23 4-tetrahydro-1-{3.4-methylenedioxyphenyl)-8H-pyrido[3.4-

25 blindole-3-carboxylate, cis and trans isomers
- To a stirred solution of raoemic_ tryptophan methyl ester (13- g) and piperonal

(9.7 g) in anhydrous. CHoClo (300 mL) cooled at 0°C was added dropwise
trifluoroacetic acid (9 mL) and the solution was allowed to react at ambient
temperature. After 4 days, the yellow solution was diluted with CHoClo (100

30 mL), washed with a saturated aqueous solution of NaHCO3, then with water and

' driéd over NapSO4. The organic layer was evaporated to dryness under

reduced pressure and the residue was purified by flash chromatography eluting
with CHoClo/MeOH (99/1) to give first Intermediate 1, the cis isomer (6.5 g) m.p.
: 90-93°C followed by Intermediate 2, the trans isomer (6.4 g) m.p. : 170°C.

35 - :



adninisterH;% leaid body a therapeutically effective anpunt of a conpound
wi'th fornul 6#5. 8 Conpounds of the invention may be Replaced
any suitable route, for exanple by oral, buccal, sub-lingu H
vagi nal, nasal, topical or parenteral (including intraveno

i ntramuscul ar, subcutaneous and intracoronary) adm nistration. O al
admnistration is generally preferred. For admnistration to man in the.
curative or prophylactic treatnent of yge disorders identified above, ora
dosages of a conpound of fornmula (I) will generally be in the range of from
0. 5- 800Ny daily for an avera&: adult patient (70kg). Thus for a typical

adul t pat i dhe follewing eempouads wese obtained in a simiat maNNer om 0. 2400ny of -
active conpound, in a suitable pharnmaceutically acceptable vehicle or
carrier, fqr adninistratufn in single or nultiple doses, once or several

ntermediates 3 and 4
Methyl 1.2.3 4-tetrahvdro-1-(4-methoxyphenyl)-9H-pyridol3.4-blindole-3-
5  carboxylate, cis and frans isomers | -
' The same method but starting from racemic tryptophan. methyl ester and 4-
methoxybenzaldehyde gave Intermediate 3, the cis isomer as white crystals

m.p.. 142°C and Intermediate 4, the trans isomer as white crystals m.p.: 209-

- 210°C. :
10 | |
' intermediate 5 o : ‘ :
Methyi 1,2,3,4-tetrah1dro_-1;(S-methoggheny 1)-9H-pyrido[3.4-blindole-3-
carboxylate, cis isomer _ ' '
The saiine method but starting from racemic tryptophan methyl ester and 3-

15 methoxybenzaldehyde gave the fitle compound as white crystals m.p. : 146°C.

Intermediates 6 and 7

Methyl 1.2,3 4-tetrahvdro-1-{4-ethoxypheny!)-9H-pyrido[3.4-blindole-3-

20 ‘carboxvlate, cis and trans isomers '
The same method but starting from racemic tryptophan methyl ester and 4-
ethoxybenzaldehyde gave Intermediate 6, -the cis isomer as white crystals m.p. :
180°C and Intermediate 7, the trans isomer as white crystals m.p. : 196-1 98°C.

25 intermediates 8 and 9

Methyi 1.2,3 4-tetrahydro-1-(2, 3-dihydrobenzo[blfuran-5-y})-9H-pyridol3.4-

blindole-3-carboxylate, cis and trans isomers
The same method but starting from racemic tryptophan methyl ester and-2,3-

dihydrobenzo[b}furan-5- carboxaldehyde gave Intermediate 8, the cis isomer as
30 white crystals m.p. : 106-109°C and Intermediate 9, the trans isomer as white
- crystals m.p. : 219-222°C. ' ' '

Intermediates 10 and 11
Methyl 1.2.3.4-tetrahydro-1-(3 4-ethylenedioxyphenyl)-8H-pyrido[3.4-blindole-3-

35 carboxvlate,_cis and trans isomers



times per dﬁy33 sages for intravenous, buccal or sublingual adm nistration
witl typicalTy within the range of from 0. 1-400 ny pemhis Sheel Has Beea Repiseed
required. In practice the physician will deternm ne the act

regi men which will be nost suitable for an individual pati I
vary with the age, weight and response of the particular patient. e above
dosages are exenplary of the average case but there can be individual

i nstances in which higher or |ower dosage ranges may be nerited, and such
are within the scope of this invention. For human use, a conpound of the
formula (1)_can be adm ni stered alone, but will generall k‘]ybe adni ni st er ed

i n adni xt ur Bheisemeametbedihud starding feem rasemic tryplophan; Methyd @ster and ¢ h4-

i nt enf'ed {ﬁbﬁ&d&ioﬁﬁlsd léa?ﬁ%ﬁldaﬁydﬁ‘éaﬁé Jfitbie diﬂlérﬂ!}%élt ¢Iti§ahoméa<§|ts! white lFf)r
exanpl e, e conpound | ni Ster éd Qr — puccal | y. or_sublingyal |y,
T Pe  or nREBAN < ADAr G e intemediate. 04, (e K, ivomeT| 5 WELS o)
i n capsul escrystaty ml.ps: 207-209°@ one or in adm xture with excipients, or in

the foorm of elixirs or suspensions containing flavouring or colouring

agenft's. Such liquid preparations may be prepared with pharmaceutically
accept abl e ipieimediate 2ich as suspending agents (e.g. '

Methyl 1.2.3 4-tetrahydro-1-(2-chlorophenyl)-9H-pyrido[3 4-blindole-3-
carboxylate, mixture of cis and trans isomers _

The same method but starting from racemic tryptophan methyl ester and 2-
10 chlorobenzaldehyde gave the title compound as white crystals m.p. : 154°C.

Intermediates 13 and 14 ' .

Methvl 1.2,3.4-tetrahydro-1-(4-chloropheny!)-9H-pyrido[3.4-blindoie-3-

carboxylate. cis and trans isomers
16 The same method but starting from racemic tryptophan methyl ester and 4-

chlorobenzaldehyde gave Intermediate 13, the cis isomer as white crystals m.p.
: 208-209°C and Intermediate 14, the trans isomer as white crystals m.p. : 108-
109°C.

20

carboxylate, cis and trans isomers
- The same method but starting from. racemic tryptophan methyl ester and 3,4-
dichlorobenzaldehyde gave Intermediate 15, the cis isomer as a white solid 1H
25 NMR (CDCI3) 8 (ppm) : 7.8-7 (m, 8H, H aromatic) ; 5.15 (brs, 1H, H-1) ; 3.9-3.8 |
{(dd, 1H, H-3) 3.7 (s, 3H, CO2CHg) ; 3.2 - 3.1 (ddd, 1H, H-4) 2.9 (m, 1H, H4) ;
2.4 (brs, 1H, NH) and Intermediate 16, the trans isomer as a white solid mp. :

204°C.

30 Intermediate 17

Methyi 1,23 4-tetrahvdro-1-(1,2,34-tetrahydro-6-naphthvl)-H-pyrido[3.4-

b]indole-3-_carboylate, cis isomer _ .
The same method but starting from racemic tryptophan methyl ester and 1,2,3,4-

tetrahydronaphthyl-6- carboxaldehyde gave the title compound as a white solid
35 1H NMR (CDClI3) & (ppm) : 7.7-7(m, 8H, H aromatic) ; 5.2 (s, 1H, H-1) ; 4.0 (dd,



met hyl cel | u Q§1§C a sem -synthetic glyceride such as wit ol x ures of
gl ycerides suc Xs a mxture of apricot kernel oil and lace
m xtures of PEG 8 and caprylic/capric glycerides). A co

i njected parenterally, for exanple intravenously, intra

subcut aneously or intracoronarily. For parenteral adm nistration, the
conpound is best used in the formof a sterile aqueous sol ution V\/ni ch may
contain other substances, for exanple sgdts, or nonosaccharides such as

manni tol or glucose, to nmake the solution isotonic with bl ood. 9 Thus,
t he |nvent|on rovides in a further aspect a pharnaceutical c)rrgosi'tion
conprising & b8 (sf 3HNEQ2GHa) 23.21(m, tidh di4d; 3/ (m, tHpHeA)ist €m, 4.l y

gfggg'ﬁl?b! ﬁvg#gﬁﬂt 1q;)(rs(c)?|e.gsm.| (t;n?A?;(r)lr ngTgere is further provided by the
Intermediates 18 and 19 _
5 Methy! 1.2 3.4-tetrahydro-1-(2-naphth l-'9H rido[3.4-blindole-3-carboxylate
- cis and trans isomers :
The same method but starting from racemlc tryptophan methyl ester and 2-
naphthaldehyde gave Intermediate 18, the cis isomer as a white solid 1H NMR .
(CDCI3)5(ppm) 8-6.9 (m, 12H, H aromatic) ; 5.4 (s, 1H, H- 1) 3.95 (dd, 1H, H-
10 3); 3.7 (s, 3H, CO2CHg) 3.2 (ddd, 1H, H-4) ; 3 (m, 1H, H-4) ; 2.5 (brs, 1H, NH) |
and Intermediate 19, the trans isomer as a white solid (0.6 g) m.p. : 119°C.

Intermediates 20 and 21 -
Methyl 1,2,3,4-tetrah1dro—1 (2-th|enyl)-9H-gyrido[3,4.-b]indole-3-c_arboy late, cis
15 and trans isomers ~

The same method but starting from racemic tryptophan methyl ester and 2-
thiophenecarboxaldehyde gave Intermediate 20, the cis isomer as a pale yellow
solid m.p. : 134-137°C and Intermediate 21, the trans isomer as white crystals

m.p. :169°C.
20 , _
Intermediates 22 and 23 : | S
Ethvl 1,23 4-tetrahydro-1-(3-thienyl)-OH-pyrido[3.4-blindole-3-carboxylate, cis
and trans isomers | ' ' '
The same method but starting from racemic tryptophan ethyl ester and 3-
25 - thiophenecarboxaldehyde gave Intermediate 22, the cis isomer as white crystals
m.p. : 130°C and Intermediate 23, the trans isomer as white crystals m.p. 182-
184°C.
Intermediates 24 and 25

30 Methyl 1.2 3.4-tetrahydro-1-(5-bromo-2-thienyl)-9H-pyrido[3.4-blindole-3-
- carf:o)_cylate, cis and trans isomers
The same method but starting from racemic tryptophan methyl ester and 5-
bromo-2-thiophenecarboxaldehyde gave Intermediate 24, the cis isomer as a
cream solid m.p.: 130°C and It_'\terrnediate 25, the trans isomer as a cream solid
35 m.p. : 205°C. - '



phar maceut i1233C\nposi ti on conprising a conpound of formula (1), which
process' conprises mxing a conpound of formula (1) together with a
pharmaceutical ly accept abl e diluent or carrier therefor. A conpound of

for mhisahet as dbe used in conbination with other therapeutic agents
whi ch in the treatnment of the above-nentioned di sease states.
The | provi des, in another aspect, a conbination of a conpound
of fornu a toget her with anot her tﬂu@rapeut ically active agent. The
conbi nati on ref erred to above may conveniently be presented for use in the
form of a pharmaceuti cal fornulation and thus pharnmaceutical conpositions,
conprising a conbination as_defined above together with a pharmaceutically
accept abl e lotermediates 26 and2¢ conpri se a further aspect of the invention,
The i ndi vi (igthy 9208 4st8irahe inglE-gi st er ed

ei t her seque pharnmaceutl Ca

formul at i orSEBAEEA Rnown t herapeutic agents for use in

f(ﬁﬂbﬁna'f( | ?)r'l'he same nmmmcﬁtaﬂmgmb]gw ragemid tryptophaadinkethydmsterc éanuetl- by

0se SKi r e n

Ui teble nﬁﬁ@&%h@&ﬁﬁ%#@%%ﬂ@ﬂﬁd@ gav8' [Htdriheddidte™, e RIs"RAnGSH 8Y £
cream solid m.p.: 200°C and intermediate 27, the trans isomer as a cream solid
m.p. : 120°C. |

10 - Intermediate 28
Methvl 12,3 4-tetrahydro-1-(3-furyl)-9H-pyrido]3.4-blindole-3-carboxylate
mixture of cis and frans isomers o _
The same method but starting from racemic tryptophan methy! ester and 3-
furaldehyde gave the title compound as a yellow solid m.p. : 130°C.

15 '
lntermedlates 29and 30

carboxylate, cis and trans isomers .
The same method but starting from racemic tryptophan ethyl ester and 5-

20 methylfurfural gave Intermediate 29, the cis isomer as a-oily compound 1H NMR

(CDCl3) & (ppm) : 7.7 (brs, 1H, NH.indole); 7.5 (d, 1H, H aromatic); 7.25-6.9 (m,

3H, H aromatic); 6.15 (d, 1H, H aromatic); 5.85 (m, 1H, H aromatic); 5.25 (brs,

1H, H-1); 4.2 (q, 2H, CO2CH2CHg); 3.8 (dd, 1H, H-3); 3.2 - 2.8 (m, 2H, H4); 2.2

(s, 3H, CHg); 1.25 (t, 3H, CO2CH2CHg) and Intermedlate 30, the trans isomer
25 as a cream solid m.p. : 152°C '

Intermediates 31 and 32
Ethyl 1.2.3 4-tetrahydro-1-(4-methyiphenyl)-9H-pyrido[3.4-blindole-3-
carboxylate, cis and trans isomers :

30 The same method but starting from racemic tryptophan ethyl ester and p--
tolualdehyde gave Intermediate 31, the cis isomer as white crystals m.p. : 148°C
and Intermediate 32, the trans isomer as white crystals m.p. : 180°C.

intermediates 33 and 34



the art, or 1? foll ow ng processes which formpart of The present
invention. Tn the nethods below Rlerr], RL and R2 are as qlﬁgsﬂgaqlhggeeﬁﬁ
(1) above unl ess otherw se indicated. Thus, a process (A) f
conmpound of forrmula (I) wherein R3 represents hydrogen co ]"
conpound of, forrmula (I1) [err] (in which Alk represents C[ \
met hyl or ethyl and Hal is a halogen atom e.g. chlorine) with a prlrrary
amine RL NH2 in a suitable solvent suchpas an al cohol (e.g. nethanol or
ethanol) or a m xture of solvents, conveni ently at a tenperature of from
20[err]Ctoref{ux la (I1) may
10

carboylate, cis and trans isomers _
The same method but starting from racemic tryptophan methyl ester and m-
tolualdehyde gave Intermediate 33, the cis isomer as white crystals 1H NMR

5 (CDClg) 8(ppm) : 7.6-7 (m, SH, H aromatic); 5.2 (brs, 1H, H-1) ; 4-3.9 (dd, 1H, H-
3) 3.8 (s, 3H, CO2CHg3) ; 3.2 - 3.1 (ddd, 1H, H-4) 3 (m, 1H, H-4) ; 2.35 (s, 3H,
CH3) ; 1.7 (brs, 1H, NH) and Intermediate 34, the trans isomer as a white solid
m.p. : 175°C.

10 . Intermediates 35 and 36

Methyl 1.2.3.4-tetrahydro-1- (4-tnﬂuoromethy|ghenyl)-9H-gyrido[3,4—b]indole-3-
carboxvlate, cis and trans isomers :
The same method but starting from racemic tryptophan methyl ester and 4-
trifluoromethylbenzaldehyde gave Intermediate 35, the cis isomer as pale yellow

15 crystals m.p. : 190°C and Intermedsate 36, the trans isomer as pale yellow
crystals m.p. : 203°C.

Intermediates 37 and 38 : .
Ethvl 1.2.3 4-tetrahydro-1-(4-cyanophenyt)-9H- ridof3.4-b indole.—3-

20 ‘carboxylate, cis and trans isomers | |
The same method but starting from racemic tryptophan. ethyl ester and 4-
cyanobenzaldehyde gave Intermediate 37, the cis isomer as white crystals m.p.
: 200°C and Intermediate 38, the trans isomer as white crystals m.p. : 156°C.

25 intermediate 39

Methy! 1.2,3 4-tetrahydro-1 j4—h¥dr0)_(yghenyl 1-9H;Q¥rid0|3,4-b|ihdole-3-

carboxylate, cis isomer
The same method but starting from racemic tryptophan ethyl ester and 4-

hydroxybenzaldehyde gave the title compound as pale yellow crystals THNMR

30 (DMSO) 8(ppm) : 10.3 (s, 1H, NH-indole) 9.4 (s, 1H, OH) ; 7.8 - 7.5 (m, 8H, H
aromatlc) 5.1 (brs, 1H, H-1) ; 3.9 (m, 1H, H-3) ; 3.75 (s 3H, C020H3) 3.1 (m,
1H, H4); 28(m 1H, H4).

Intermediate 40



[err] with 1123@¢vacetyl halide (e.g. chloroacetyl chloride) in a suitable
sol vent: such as a hal ogenated hydrocarbon (e.g. tri chlmrsslmtllmmeenare laced
di chl oronet hane), or an ether (e.g. tetrahydrofuran),

presence of a base such as an organic amne (e.g. a tr|
triethylam ne) or an alkali metal carbonate or bicarbonate
NaHCO err]). The reaction may conveniently be effected at a terrperature of
from-20[err]Cto +20[err]C (e.g. at al@ut O[err]C). A conpound of formula
(1) may also be prepared froma conmpound of forrrula (I11) in a two-step
procedure via. a oo f J |49at|on
Conmpounds O =roF+ =TS Iin two

st eps fromr of formJIa (III) or as mixtures (e.qg.
racenat es) pho Ui bbb’ stk froi #8SerhROIDPhEAME(Hy ERfdicaRneNg

m xt ures of er palrs rans 1 somer f
| ndi vi dual bwm&wmnaldemlaye&ew lgw %?"men%d

fromg acemat 50.qugresol ution using met hods: knovvn in the art for t he
separation

has'

Intermediate 41
. Methyl 1.2.3 4-tetrahydro-1- 4-hydro -3-metho heny!)-9H-pyrido{3.4-
b]mdole-3-carbo>_cylate, cis isomer
10 The same method but starting from racemic tryptophan methyl ester and 4-

hydroxy-—3-methoxybenzaldehyde gave the title compound as a cream solid m.p.
: 195°C.

Intermediate 42

15 Methyl 1.2.3 4-tetrahydro-1- (4—eth1|ghenyl)—9H-gyrido|3,4-b]indo|e—3-
carboxylate, cis and trans isomers
The same method but starting from racemic tryptophan methyl ester and 4-
ethylbenzaldehyde gave the cis and trans isomer of the title compound. -
Cis isomer : white solid TH NMR (CDCl3) 8(ppm) : 7.65-7.1 (m, 9H, H aromatic);
20 . 5.25 (brs, 1H, H-1) ; 4(dd, 1H, H-3) ; 3.9 (s, 3H, CO2CHg) ; 3.4 (ddd, 1H, H-4) ;
3.1 (m, 1H, H4) ; 2.7 (q, 2H, CH>CH3) 1.4 (t, 3H, Cchﬂ_3).'
Trans isomer : white solid m.p. : 187°C.

Intermediates 43 and 44 _ ‘ :
25 Methyl 1.2,3 4-tetrahydro-1-(4-isopropviphenyl)-9H-pyrido[3 4-blindole-3-
carboxylate, cis and trans isomers
The same method but starting from racemic tryptophan ethyl ester and 4-
isopropylbenzaldehyde gave Intermediate 43, the cis isomer as a white sofid 1H
NMR (DMSO) 3(ppm) : 10.15 (s, 1H, NH indole) ; 7.3-6.7 (m, 8H, H aromatic) ; 5 -
30 ~ (brs, 1H, H-1) ; 3.6 (m, 1H, H-3) ; 3.5 (s, 3H, CO2CHg) ; 2. 95-2.5 (m, 3H, H4 +
CH=(Me)o) 2.4 (brs, 1H, NH) ; 1(d, 6H, 2xCH3) and Intermediate 44, the trans
isomer as a white solid m.p. : 189°C. :

Intermediates 45 and 46



of ‘racem c 'g? es into their constituent enantioners, for exanple using
HPLC (hi gh pertormance |iquid chromatography) on a chrrakmﬁqmuﬂnmsmehi md
Hypersi| napht hylurea. A conpound of fornmula (111) may con

prepared froma tryptophan al kyl ester of formula (1V) [er

as previously defined) or a salt thereof (e.g. the hydroch

according to ei ther of the foLIomﬁng procedures (a) and (b). Procedure (b)
is only suitable for preparing cis |503§gs of formula (I1l) and may be
particularly suitable for preparing individual cis enantionmers of formula
(rrr) frombD or L- tr¥ pt ophan al kyl esters as appropriate. 11 Procedure:

(a) Ethvi 1.2 3,4-tetrahydro-1-(4-nifrophenvl)-9H-pyridof3.4-blindole-3-carboxvlate,

cis and trans isomers
The same method but starting from racemic tryptophan ethyl ester and 4-
- nitrobenzaldehyde gave Intermediate 45, the cis isomer as yellow crystals m.p.
5 : 168°C and Intermediate 46, the trans isomer as yellow crystals m.p. : 195°C.

Intermediate 47

Ethyl 1,2 3 4-tetrahydro-1- (4-d|methylam|noghenyl)-9H;gwido[3,4-b]indole—3—

carboxylate, mixture of cis and trans isomers
10 The same method but starting from racemic tryptophan ethyl ester and 4-

dlmethylamrnobenzaldehyde gave the_title compound as white crystals m.p.
170°C. :

Intermediates 48 and 49 . : ' '
16 Ethvl 1.2,3 4-tetrahvdro-1-(3-pyridyl)-9H-pyrido[3.4-blindole-3-carboxylate, cis
and trans isomers : _ | | |
The same method but starting from racemic tryptophan ethyl ester and 3-
pyridinecarboxaldehyde gave Intermediate 48, the cis isomer as pale yeliow
. crystals m.p. : 230-232°C and Intermediate 49, the trans isomer as white
20 _crystals m.p. : 210-214°C.

Intermediates 50 and 51 - |
Methyl 1.2.3.4 tetrahydro-6-fluoro-1 -(3.4-methylenedioxyphenyl)-8H-pyrido[3.4-
blindole-3-carboxylate, cis and trans isomers -

25 The same method but starting from racemic 5-fluoro-tryptophan methyl ester
and piperonal gave Intermediate 50, the cis isomer as a cream solid m.p. :60°C
and [ntermediate 51, the trans isomer as a cream solid m.p. : 213°C.

Intermediates 52 and 53

30 Methyl 1.2 3 4-tetrahydro-6-fluoro-1 (Metho&ghenyl)-9H-gm‘do[3,4-b]indole-
3-carbo>_<ylate, cis and trans isomers . | '
The same method but starting from racemic S-fluoro-tryptophan methyl ester

and 4-methoxybenzaldehyde gave Intermediate 52, the cis isomer as a solid 1H
NMR (CDCI3) & (ppm) : 7.4-6.8 (m, 8H, H aromatic) ; 5.15 (brs, 1H, H-1) ; 3.9



Thi s conpriﬁgiﬁg%Pictet-SpengIer cyclisation between a conpound of fornula
(1V) and an rr] CHO. The reaction nay conveniently be effected
in asuitabl e sol vent such as a hal ogenat ed hydrocarbon (e. g.
dlch&gggﬁauhﬁa laceh ar omati c hydrocarbon (e.g. toluene) in the presence
of an rifluoroacetic acid. The reaction may conveniently be
carri erature of from-20[err]Cto reflux to provide a
conpou ornu a (I'l'l) in one step. oghe reaction may also be carried out
in a solvent such as an aromatic hydrocarbon (e.g. benzene or tol uene)
under reflux, optlonalléKu5|n a Dean- Stark-apparatus to trap the water

produced. Tidd, Akhd#3) 3.8 (83 EQpGliiz) 1182219 (mMs2Hn Hi-4) and Intepmediatet§3; h

may be eithpg id r.yygyecr acemat es. of pairs of cis or trans

| somers dependi ng upon r racemc Of enanti onmeri cally pure tryptophan
al kyl ester was used as the starting material. Individual cis or trans
enantioners]nmmgrgﬁﬁd gsbe separated from m'xtures t her eof by

fractd onal gk tj g 9 b chromt oqr aph Ias Iu

chr offat ogr 2pHy .*J' 1 s L ﬂk Sty leqe -—93‘5 I" U2 s of -

ci s and tr chlindole3ecarboxryla ane arrwrfadldby
18,3R)-methyi 1.2.3 4-tetrahvdro-1-(3.4-methylenedioxyphenyl)-9H-pyrido[3.4-
blindole-3-carboxylate trans isomer
 To a stirred solution of D-tryptophan methy! ester (11 g) and piperonal (7.9 g) in
10 anhydrous CH20I2 (400 mL) cooled at 0°C was added dropwise trifluoroacetic
acid (7.7 mL) and the solution was allowed to react at ambient temperature.
After 4 days, the yellow solution was diluted with CH2Clo (200 mL) and washed
with a saturated aqueous solution of NaHC03, then with water (3x200 mL) and
dried over Na>S04. The organic layer was evaporated under reduced pressure
15 and the residue was purified by flash chromatography eluting with
dichloromethane/ethyl acetate (97/3) to give first Intermediate 54, the cis isomer
(6.5 g) m.p. : 154°C followed by Intermedaate 55, the trans isomer (8.4 g) m.p. :
188°C.

20 _The following compounds were obtained in a similar manner :

Intermediate 56

(1S, 38) Methyl-1 ,2,3,4-tetrahydro-1;(3,4-methylenedlomghenylEQH-erido[SA- -

blindole-3-carboxylate, cis isomer and
25 1R, 3S) methyl-1.2.3 4-tetrahydro-1-(3.4-methylenedio hen /1)-9H-pyrido[3.4-

blindole-3-carboxylate, trans isomer
The same method but starting from L-tryptophan methyl ester and plperonal
gave the cis and trans isomers of the title compound.
Cis isomer : white crystals m.p. : 154°C.
30 Traps isomer : white crystals m.p. : 187-189°C.

' " Intermediates 57 and 58 _ :
1R.3R)-Methyl 1.2.3.4-tetrahydro-1-(4-methoxyphenvi)-9H-pyrido[3.4-blindole- -

S-carboxylate. cis isomer and



chr omat ograog%%év . flash .col um chromat ogr aphy) using appropriate
ally

el uents pure trans isonmer may also be convm.;gﬂettmsmngiaced

optically pure cis isomer using suitable epinerisation pr
~such procedure conprises treating the trans isomer or -a m

m xture) of cis and trans isomers wi'th nethanolic or aque

chloride at a tenperature of fromO[err]C to the refluxing terrperature of
the solution. The mi xture nmay then be Sé&)j ected to chronatography (e.qg.
flash col uim chromat ography) to separate the resulting diastereoi soners, or
in the procedure utilising aqueous hydrogen chloride the desired ci's isoner
preci pitat aR)-msethiskel B\3iddetrabydroet ide[3.4-dlindele-by

filtration.gR )‘s'gutﬁe,corrprr ses a four step procedure froma
conmpound of—-%%%'%m er eof é . the hydrochl oride salt).
The proceduflei samer tmethog |tguts§taraogefrpm r@fﬂi@ﬂ?@ﬂ amethyl 3gstefo apd (ﬁ'
formula (11 rlnbtﬁd@meﬁzaldehyaé Giveniméimddiate 87, e o Bonfer( &Y)witite @nsta

{reati ng & BpoaioF G ﬁﬂh&immﬂmehaﬂ@%w@r e

222°C.

Intermediates 59 and 60 _

(1R, 3R)-Methyl 1.2.3 4-tetrahydro-1 -(3-chioro-4-methoxyphenyl)-9H-pyrido[3.4-
10 blindole-3-carboxylate, cis isomer and :

(1S, 3R)-methyl 1,2.3 4-tetrahydro-1-(3-chloro-4-methoxyphenyl) 9H-pyrido[3.4-

blindole-3-carboxylate, trans isomer

The same method, but starting from D-tryptophan methyl ester and 3-chloro-4-

methoxybenzaldehyde gave Intermediate 59, the cis isomer isolated as the
16 hydrochloride salt as white crystals m.p. : 200°C and Intermediate 60, the trans

isomer as white crystals m.p. : 164°C. ' |

Intermediates 61 and 62 |
1R, 3R)-Methvl 1,2.3 4-tetrahydro-1-(2 3-dihydrobenzofblfuran-5-yl)-9H-
20 _pyrido[3.4-b indole-3-carboxylate, cis isomer and '

pyridof3.4-blindole-3-carboxylate, trans isomer
The same method but starting from D-tryptophan methyl ester and 2,3-

dihydrobenzo[b]furan-5-carboxaldehyde gave Intermediate 61, the cis isomer as

25 white crystals m.p. : 282°C and Intermediate 62 the trans isomer as white
crystals m.p. : 204°C.

Iniermedrates 63 and 64

" (1R.3R)-Methyl 1.2.3 4-tetrahydro-1 (5-|ndanyl)—9Hm’dol§,-4—b]indole—3—
30 carboleate cis isomer and : ,
1S 3R -methyl 1,2.3 4-tetrahydro-1-(5-indanyl)-9H rido 3 4-blindole-3-
carboxylate trans isomer
The same method but starting from D-tryptophan methyl ester and indan-5-
carboxaldehyde gave Intermediate 63, the cis isomer as white crystals m.p. :
35 130-131°C and Intermediate 64, the trans isomer as white crystals m.p.: 196°C




(where Hal #233gvpreviously defi ned) in the presence of—=& uaoc, g—an
or gani c* 12 base such as a trial kylam ne (for exanpl e.n{l )
provi de a corrpound of formula (V) [err] The reaction nmay ﬁ_‘i le

e of

carried out in a suitable solvent such as a halogenated

di chl oronet hane) or an ether (e.g. tetrahydrofuran) and

from-20[err]C to +40[err]C. Step (ii) conprises treating a corrpound of
formula (V) with an agent to convert tH2b anide group to a thioamide group.
Suitable sulfurating agents are well-known in the art. Thus, for exanple,:
the reaction may conveniently be effected by treating (V) with Lawesson's
reagent. This reaction may conveniently be carried out in a suitable

sol vent sucintegmediate 68r (e. g.

Ethyl 1.2,3 4-tetrahydro-1-(4-triflucromethoxyphenyl)-9H-pyrido[3 4-blindole-3- '

carboxylate, cis and trans isomers |
5 The same method but starting from racemic tryptophan ethyl ester and 4-
' trifluoromethoxybenzaldehyde gave cis and trans isomers of the 1 tle compound.

Cis isomer : white crystals m.p. : 88°C.

Trans isomer : white crystals m.p. : 152°C.

10 Intermediate 66

carboxylate, cis and trans isomers .
The same method but starting from racemic tryptophan methyl ester and 5-

: ‘methyl-2-thiophenecarboxaldehyde gave the cis and trans isomers of the itle
15 . compound.
Cis isomer : oily compound 1H NMR (CDCI3) & (ppm): 8 4 (brs, 1H, NH-indole);
7.7 - 6.6 (m, 6H, H aromatic); 5.5 (brs, 1H, H-1); 3.9 (dd, 1H, H-3); 3.85 (s, 3H,
CO2CH3g); 3.3 - 2.9 (m, 2H, H-4); 2.5 (s, 3H, CH3).
Trans isomer : white crystals m.p. : 194°C.

'Intermediates 67 and 68

(1S.3R)-Methyl 1.2 .3 4-tetrahydro-1- (S,Methylenedlomheﬁyl)-9H-gyrido{3,4—

blindole-3-carboxviate and _ |
1R 3R)-methvl 1,2 3.4-tetrahydro-1-(3.4-methylenedioxyphenyl)-9H-pvrido[3.4-

25 blindole-3-carboxylate
To a stirred solution of D-tryptophan methyl ester (obtamed by treatlng the
corresponding hydrochloride salt in water with saturated aqueous NaHCO3
solution and extraction with CH2Clo) (25.7g) and piperonal (1 9.4g) in anhydrous
dichloromethane (700mi) cooled to 0°C was added dropwise frifluoroacetic acid

30 ~ (18.1ml) and the solution was allowed to react at 4°C. After 5 days, the yellow
solltion was diluted with dichloromethane (500ml). The organic layer was
washed with a saturated aqueous solution of NaHCO3, then with water (3 x
500ml) until the pH was neutral and dried over NapoSO4. The organic layer was
evaporated under reduced _presshre to a volume of about 500ml. The trans-

35 isomer, which crystallised, was filtered and the filtrate was reduced to 200ml.



di met hoxyet $28@QVor an aromati c hydrocarbon (e.g. toluene) at an el evated
tenperature such as from4Q0[err]C to 80[err]C to provi ders Spedy AR Hveh Riplaced
formula (VI) [err] Step (iii) conprises treating a conpou V1)
with a suitable agent to provide a conpound of fornula (lejmmlmﬂjllau/m[e
Hal is a halogen atom e.g. iodine). The reaction may conv

effected by treating (VI) with an al kyl ating agent such as a nethyl halide

(e.g. nethyl iodide) or an acylating a@nt such as an acetyl halide (e.g.
acetyl chloride) in a suitable solvent such as a hal ogenat ed hydrocar bon

.g. dichl "y : . ) |
Step (i vy +ARSHEE HHEbnr AR, CoriBoliter' GRBIREH T itbotbfiS % shaecitpiner,
a reduci ng wgamom!megio igiver then {18 ,3R), isemer, Intermediater 67, as iwhite crystalsvi de
the desi red(ﬁ%@gund of forrrul_a (I'l'l). The reduction may conveniently be

effected mp: 1088°C
5 [} 20 = +32.4° (c = 1.08, CHC). |
The filtrate containing mainly the cis-isomer was reduced to 100mi and isopropyl
ether (200ml) was added. Upon cooling, the (1R,3R) isomer, Intermediate 68
crystallised as a white solid (17.4g).
10  mp:154-155°C

20° .o N
[o]. = +24.4° (c = 1.03, CHCI,).

Intermediate 69

156 (1R.3R)-Methyl 1,2,34-tetrahvdro-1 -(3,4—r_nethylenediomheny: 1)-8H-pyrido[3.4-

blindole-3-carboxylate
Method A

Intermediate 67 (5.0g) was dissolved in methanol (150mi). Hydrogen chloride

was bubbled into the solution for several minutes at 0°C and the resulting yellow
20 solution was refluxed for 24 hours. The solvent was removed under reduced

pressure and the residue was basified with a saturated aqueous solution: of

-NaHCOg3 and extracted with dichloromethane. - The organic layer was washed

with water, dried over NapSO4 and purified by flash chromatography eluting
_ ~ with dichloromethane/methanol (99/1) to give the title compound (2.3g)
25 corresponding to an authentic sample of Intermediate 68.

Method B . : :
intermediate 67 (25g) was heated in 1N hydrochloric acid (78.5ml) and water
(400ml) at 60°C for 36 hours. From the initial pale yellow solution, a white solid
30 _precipitated. The mixture was then allowed to cool to 0°C and the solid filtered.
The solid was then washed with diisopropyl ether (3 x 200mi) and dried to give

the hydrochloride sait of the title compound (20g) as a white solid. -
mp (dec.) : 209 -212°C .

35  Method C



13 at alo ' rature, e.g. within the range of -100[err]Cto O[err]C, in
a s% as an al cohol . (e.g. nethanol). The]re i s fLrter
provi ded by the i nvention a process (B) for preparing a conpound of
for ﬂhk%e tII—)asB&\QQE By Rlerr] and R3 together represent a 3- or 4- nenbered
al kyl vl n, which process (B) conprises cyclisation of a
corrpc} (VI I1) [err] wherein Alk represents (CJerr]al kyl and
Rl err an oget her represent ag3- or 4- nenbered chain both as
herelnbefO{e descrlbed The cyclisation is SU|tany carried out in an
organi ¢ solvent or solvents, such as an al coholic sqlven hanol
and . opt i ondA Ny ‘bmidureef thel Gis anddrans issmess P&ﬂiﬁ raediatas éﬁ%ﬂd%ﬁ {%was :
g:}eigpggn‘)f %ﬁé@ﬂfiﬂ%&%&?%nc%@fdﬂ@ﬁ ?rnpééddilf}atéﬂ\sﬁsw at§0°Csfoe 72chvoyrs] 1Adi um
reacti on ofSimilar work-up as descr lg]m Method Euat%\;e b lel tr'les hﬁ&l%%ﬂfoer%ebklt of
the title compound (1.7g) as a white solid.
5
Intermediate 70
(R)-N®(3 4-Methvlenedioxyphenvicarbonvi)-tryptophan methyl ester
To a suspension of D-tryptophan methyl -ester hydrochloride (10.2g) in
anhydrous CHoClo (150ml) cooled at 0°C was added dropwise triethylamine - -
10 (12.3ml). To the resuiting solution solid piperonyloyl chioride (8.1 6g) was added
o po_nibnwise at the same-temperature, and the mixture was stired at room
temperature for 2 h. The mixture was washed successively with water, 0.5N
hydrochloric acid, water, a saturated aqueous solution of NaHCO3 and again
with water. After drying over NapSO4 and evaporation of the solvent under
15 reduced presure, the resulting oil on frituration from hot cyclohexane afforded
the title compound as a white solid (14.7g).
mp : 123-124°C

20° o '
el =-844 (c = 1.04, CHCI).

20 :
. Intermediate 71
(3 4-Meth lenedioxyphenvithiocarbonyl)-tryptophan methyl ester
A mixdure of Intermediate 70 (14g) and Lawessons reagent (9.289) in
~ dimethoxyethane (280ml) was heated at 60°C under N2 for 16 hours with
25 'stlmng The reaction mixture was evaporated to dryness and the resulting oil
| was dissolved in ethyl acetate, then washed successively with an aqueous
saturated solution of NaHCO3 and water and dried over Na2804 The oily
residue obtained after evaporation under reduced pressure gave, on trituration
. from cyclohexane, a yellow powder which was filtered and washed with cooled
30 methanol to afford the title compound (9.74g).
mp, 129-130°C
(0320 - 186.8° (c = 1.14, CHCIy).

35 Intermediate 72



compound of fagapya (111) as here| nbefore descri bed with This@RPQUnd of

formula (1 X) [err] wherein Hal represents a hal ogen atom f laced
described, R err] and R err] together represent a 3- or 4% as
“herei nbefore described and R err] represents a protecting | y a

benzyl oxycarbonyl group or the like. Typically the reaction is carried out
in a chlorinated organic sol vent, such as dichloronethane, and a tertiar

y

amine, such as triethylamne or the |ik28 According to a further aspect of -
i nvention, there is prow ded a process (C) for preparl ng a
kyl .

t he present
conmpound of

conprises cycr

10

15

20

25

b lndole-3-carbo late .

A solution of Intermediate 71 (9g) and methyl iodide (10ml) in anhydrous
dichloromethane (200ml) was heated at reflux under an argon atmosphere with
protection from light. After 24 hours,' the solvent was removed under reduced
pressure to give an orange oil which on trituration from hexane gave a solid
which was washed with ether and used without further purification in the next
step. - This compound (13.11g) was dissolved in methanol (250ml) and the

solution was cooled to -78°C. NaBH4 (0.89g) was then-added by portions and . |

the mixture was stirred at the same temperature for 1 hour. The reaction was

reduced pressure. The residue was dissolved in CHaClp, washed with water
and then with brine ‘and dried over Na»S0O4. After evaporation of the solvent,
the orange oil gave on trituration from a hot mixture of diethyl etherlcyclohexane
an orange powder which was recrystallised from diethyl etherlpentane to afford
the title compound as a pale yellow SOlld (5 159) correspondmg to an authentnc
sample of Intermediate 68.

Intermediate 73

9H-gmdo|3,4—b]|ndole-3-carboylate-
Method A

To a stirred solution of Intermediate 72 (9.7g) and NaHCOg3 (2.79g) in
anhydrous CHCI3 (200ml) was added dropwise chloroacetyl chloride (5.3ml) at
0°C under No. The resulting mixture was stirred for 1 hour at the same
temperature and diluted with CHCl3 (100ml). Water (100ml) was then added
dropwise with stirring to the mixture, followed by a saturated aqueous solution of
NaHCO3. The organic layer was washed with water until neutrality and dried

" over NapSOy4. After evaporation of the solvent under reduced pressure, the oily
compound obtained was crystalhsed from ether to give the title compound as a

30

35

pale yellow solid (9.95g).

mp : 233°C

[l = - 125.4° (c=1.17, CHCLy).

Method B

‘quenched by addition of acetone (10ml) and the solvent was removed under

| (1R.3R)-Methvl 1.2 3 4-tetrahvdro-2-chloroacetyl-(3.4-methylenedioxyphenyl)-.



wherei n Al k1Qggcwsents d err]al kyl aé her ei nbef ore descri bed and R err]

represents (Jerr]alkyl, substituted at Cerr] by a hal ogen t een Replaced
hal ogen -at om bei ng as her ei nbef ore descri bed. Suit abl y the eiﬂ
[

achi eved by reflux for many hours, .such as 22 to 26 hours,

of an ether solvent, such as tetrahydrofuran, and a suitable am ne as
herei nafter described in the acconpanyi ng exanples. Aptly a conpound of
formula (X) can be prepared froma conp2@nd of formula (II1) by suitable
acyl ation techni ques, such as reaction with a C[err]carboxylic acid,

Subst £ e ol PR T B0 e PPV E SRRy Sl 72"
(l; ggrz)glrjn Qdf. (r)](16 1(?g)mhel tgemylarnm ,(7md) lnaaahyﬂr re:.lsﬁldgCIrQ(ZQDml) 2 95Ci underdN2.
substi t ut ed%rrp%g ¥”g$ ay?t ?°C;|E’flt;>ge§(?j i s roce?s QﬁJ'ozm(zC)
as above. EX3@@mMBs eeﬁqmﬂn wasewashed wﬂw&eo Gmbi adsatyrated aguegHs o

g r eﬁ[SLEXLoggl%%nWﬂ%dy $300rﬁ|§‘ﬁha Britit @0DIniyE After (dRyifig over NaF80g & Ng
g evaporatlon un der reduced pressure, the resulting solid was washed with ether

(300ml) to give the title compound as a pale yellow solid (18.3g).

Intermediate 74 _
10 Methyl 1.2.3 4-tetrahydro-6-meth |-1-(3 4-methylenedioxyphenyl)-9H-pyrido[3,4-
blindole-3-carboxylate, cis and trans isomers:
The cis and trans isomers of the title compound were prepared using the
- method described in Intermediate 1 but starting from racemic 5-methyl-
tryptophan methyl ester and piperonal. -
16 Cis isomer : yellow solid m.p. : 85°C.
- Trans isomer : yellow solid m.p. : 185°C..

Intermediates 75 and 76

(1R, 3R)-Methyl 1,2 3 4-tetrahvdro-1 17-(4-methyl-3,4-dihydro-2H-
20 benzo[1.4]oxazinyl))-9H-pyrido[3.4-blindole-3-carboxylate, cis isomer and (18,
"~ 3R):-Methyl 1.2 3 4-tetrahydro-1-(7-(4-methyl-3 4-dihvdro-2H-

benzo[1.4loxazinv1))-9H-pyridof3.4-blindole-3-carboxyiate, trans isomer
The same method, as described for intermediates 54 and 55, but starting from

D-tryptophan methyl ester and 4-methyl-3,4-dihydro-2H-benzo[1,4Joxazine-7-
25 carboxaldehyde gave Intermediate 75 the cis isomer as an oily compound 1H
~ 'NMR (CDCl3) 6 (ppm) : 7.6-7.1 (m, 5H) ; 6.9-6.6 (m, 3H) ; 5.156 (brs, 1H) ; 4.3 (t,
2H); 4 (dd, 1H) ; 3.8 (s, 3H); 3.3 (t, 2H) ; 3.3-2.95 (m, 2H) ; 2.9 (s, 3H); 1.6 (br s)
and intermediate 76, the trans isomer as white crystals m.p. : 119-121°C. .

30 Intermediate 77

carboxylate, mixture of (1R, 3R) and (1S, 3R) isomers
The same method, as described for intermediates 54 and 55, but startmg from -

- D-tryptophan methyl ‘ester and N-benzylmdohne—5-carboxaldehyde gave
35 intermediate 77 as an oily compound



catal yst;

as acylamn
condi ti ons.
suitable in

rzg pal | adi um on-carbon), or amno to subﬁlgg gt m no su
3 ?%gﬁlphonylan1no usi ng standard acyl ati ng

In the case where R2 represents a substltute
terconversion can involve renoval of a SUbStI

treatment with a palladiumcatalyst (e.g. palladi umon-car bon) V\/nereby,

exanpl e, a
system The

benzyl substituent may be renoved froma suitable bicyclic
pharmaceutically acceptabl eq@cid addition salts of the

ch

for

conpounds of formula (1) which contain a basic centre may be prepared.in a
conventional manner. For exanple, a solution of the free base may be

treated wt
the resulti
vacuum of t

salts may bél

5

10

15

20

25

30

h a suitable acid, either neat or in a suitable solution, and
{ther by filtration or by evaporation under
W&eﬁﬁéa a!téé)Jré G Pharmaceutically acceptabl e base additio
- hyin 4te dro-1-(4-carbomethoxypheny!)-9H-pyrido[3.4-
blindole-3-carboxvlate, cis isomer and (1S, 3R)-methyl 1.2,3.4-tetrahydro-1-(4-
carbomethoxyphenyl)-9H-pyrido[3.4-blindole-3-carboxylate, trans isomer

The same method, as described forintermediateé 54 and 55, but starting from
D-tryptophan methyl ester and methyl 4-formylbenzoate gave Intermediate 78,
the cis isomer as white crystals m.p. : 157-160°C and Intermediate 79, the trans
isomer as pale yellow crystals m.p. : 124-126°C.

Intermediate 80
1R. 3R)-Methvyi 1.2 3 4-tetrahydro-2-[2-(benzyloxycarbonyl)-R-prolyil-1 34-

methylenedioyghenyl)-9H-g\mdo[3,4-b]cndole-3-carboylat

n

A solution of N-(benzyloxycarbonyl)-D-proline acid chioride (0.64 g, 2.4 mmol) in_

anhydrous dichloromethane (10 mL) was added dropwise to a stirred solution of
intermediate 54 (0.7 g, 2 mmol) and triethylamine (0.33 mlL, 2.4 mmol) in
dichloromethane (15 mL) at - 10°C. The mixture was stirred for 2hat-10°C
after which it was diluted with d:chloromethane (50 mL), washed with
hydrochloric acid (1N), water, a saturated solution of NaHCO3, a saturated NaCl
solution and dried over Na,SO,. Evaporation of the solvent and recrystallisation
of the crude product from methanol gave the title oomgound as pale yellow
crystals (0.75 g) m.p. : 268-270°C.

Intermediate 81

1R, 3R)-Methyl 1.2 3 4-tetrahydro-2-{2-(benzyloxycarbonyl rolyl]-1-(3.4-
methy!enedum(ghenyl)—9H-p_yr|do[3,4—b]|ndole-3-carboglate
A solution of N-(benzyloxycarbony!)-L-proline acid chloride (086¢g,32 mmol) in
anhydrous dichloromethane (10 mL) was added dropwise to a stirred solution of
intermediate 54 (0.91 g, 2.6 mmol) and triethylamine (0.44 mL, 3.2 mmol) in
dichloromethane (20 mL) at - 10°C. The mixture was stirred for 2 hours at - 10°C

after which it was diluted with dichloromethane (60 mL), washed with |

hydrochloric acid (1N), water , a saturated solution of NaHCO3, a saturated
NaCi solution and dried over Na;SO4 Evaporation of the solvent and



anal ogous by treating a solution of a conpound of formula (I) with a .
Sui tgmﬁ_pm}_h_i_y-pes of salt may be formed or interconverted using
i on- exchange re5| n techni ques. Conpounds of the invention may be isol ated
in ams)SheatH eglacedh| vent nol ecul es by crystallisation fromor

propriate solvent. Thus, according to a further aspect

evapor

of th m provide a process for preparing a corrpound of formul a
(1) or a'salt or solvate (e.g. hydrate}qthereof which conprises process
(A), (B) or (C as hereinbefore described followed by i) an

I nterconversion step; and/or either i1i)- salt formatlon or iii) solvate
(e.g. hydr aeeyystailisatiororof thereride fprodict: fronovinethariolfwater gaveethe _title

[ t WK th ds of
| vent 1o ceufiBiig o el SNAPEldi (O i, ¥ RRBGE U (1T compotinds o
(reey, (v, (M) and (V1) wherein Rlerr] is hydrogen, R2 is phenyl and Al k

is methyl. The synthesis of the conpounds of the invention and of the

e A hibdiate 82

(1R, 3R)-Methyl 1.2.3 4-tetrahydro-2-(2-chloropropionyl)-1-(3.4-
methvienedioxypheny!)-9H-pyrido[3 4-blindole-3-carboxylate

To a solution of (S)-(-)-2-chloropropionic acid (87 pl, 1 mmol) in anhydrous
10 = dichloromethane (15 mL), was added dicyclohexylcarbodiimide (0.23 g,
- 1.1 mmol). Intermediate 54 (0,35 g, 1 mmol) was then added and the mixture
was stirred at room temperature for 20 hours. The formed precipitate of
dicyclohexylurea was removed by filtration, the filtrate was evaporated in vacuo
and . the crude product was purified by flash chromatography eluting with
16 toluenel/ethyl acetate : 95/5. The oily compound obtained was then crystallised
from ether/hexane fo give the title compound as pale yellow crystals (0.31 g)

m.p. : 125-127°C.

intermediate 83 : _ '
20 {1R, 3R)-Methvl 1,23 4-tetrahydro-2-(2-chloropropionyl)-1-(3.4-
methylenedioxyphenvl)-9H-pyridol3.4-blindole-3-carboxylate
To a solution of (R)-(+)-2-chloropropionic acid (191 pl, 2.2 mmol) in anhydrous
dichloromethane (30 mL), was added dicyclohexylcarbodiimide (0.45 g,
2.2. mol). intermediate 54 (0,7 g, 2 mmol) was then added and the mixture was
25 stimed at room temperature for 20 hours. The formed precipitate of
dicyclohexylurea was removed by filtration, the filtrate was evaporated in vacuo
and the crude product was purified by flash chromatography eluting with
toluene/ethyl acetate : 95/5. The oily compound obtained was then crystallised
_ from -ether/hexane to glve the title compound as pale yellow crystals (0.74 g)
30 m.p. : 126-128°C.

Intermediates 84 and 85 o :

1R, 3R)-Methyi 1.2 3 4-tetrahydro-1-(3.4-dibenzyloxyphenyi}-9H-pyrido{3.4-

blindole-3-carboxylate cis isomer and (1S, 3R)-methyl 1,2.3 4-tetrahydro-1«(3.4-
35 -dibenzyloxyphenyl)-9H-pyrido [3,4-blindole-3-carboxylate trans isomer



use therei 12383€V | | ustrated by the foll ow ng, non-1imitin I Inthej
Exanpl es section hereinafter the foll owm ng abbreviations aced _
(di net hyl sul phoxi de), MeOH (nethanol), EtOH (ethanol), |

(di net hyl f ormani de), Et OAc (ethyl acetate) and THF (tetrah

Intermediates 1 and 2 Methyl 1.2..

3. 4-tetrahydro-1- (3. 4- net hyl enedi oxyphggyl ) - 9H pyrido[ 3, 4-

b] i ndol e- 3-car boxyl ate, cis and trans oners To a stirred sol ution: of
racem c tryptophan nmethyl ester (13 g) and piperonal (9.7 g) in anhydrous

CH2d 2 (30GHg garhie %@tﬂoﬁtas%%eaqgﬁmt&'r%&% 84 bhY @yﬂﬂcﬁéh ﬂ 4I§ 9 m)

and the solutio to rea at anpl ent tenﬁerature days,

the yel | owt/PtoR r]T Vhﬁﬁtﬂ@%qmp@?@ nzaidel V%SQQ’G Wtﬁﬁnﬂd'ate _

ilgtzggit eghwmmﬁﬁ?gfet%aﬁowuh@ﬂri NN#RI @BS ﬁm?il‘ 7661~ Y38 (m, e
u u

O TSRS RS R ; K7 (PR b B 58 5 T 48 AP a8

CH ebr] O [ ¢dd] 1THpOR.7 (8/3H) 132328e(ni|2hl) 2,3 orrs; ditl)t and intetmediate BSpthe

(6.5 9 Op Rrard Y &8'drPUfif cSihipbting " RANR BDC1S) 8 Tobhf7%-7 AIMEH)S 6le9)

' (m 3H) ;5.2 (brs, 1H) ; 5.1 (s, 2H) ; 5(s 2H) ; 3.8 (t, 1H) ; 365 (s, 3H) ;
33—3(m 2H) 2.25 (brs, 1H).

10 intermediate 86
(6R, 1gaR)-2,3,6,7,12,12a-Hexahydro—6—(3,4-d|ben_z¥lomhenyl)-2-meth¥ l-
azinof2', 1’ ; 6.11pyrido[3.4-blindole-1,4-dione
The same two step procedure but starting from intermediate 84 and
methylamine gave, after recrystallisation from dichloromethane/ether, the title

15 compound as white crystals m.p. : 158-160°C, [a]20p = + 11.7° (¢ = 1.23 ;
CHCl3). '
Intermediate 87 - L

20 Methv! 1,2,3 4-tetrahvdro-1-(5-{2-methvlisoindolinyl))-9H-pyridof3.4-blindole-3-

‘carboxylate, mixture of (1R.3R) and (1S.3R) isomers
The same method, as described for intermediates 54 and 55, but starting from

D-tryptophan methyl ester and N-methyllsomdolme-5-carboxaldehyde -gave
intermediate 87 as an oily compound..
25 _ _
Example 1
is-2,3,6.7.12 12a-hexahydro-2-meth 1-6-(3.4-methylenedioxyphenyl)-
pyrazinof2'.1':6 1]pyridof3.4-blindole -1.4-dione - '
a) To a stirred solution of intermediate 1 (2 g) and NaHCO3 (0.6 g) in anhydrous
30 CHCl3 (40 mL) was added dropwise chioroacetyl chloride (1.1 mL) at 0°C.
The resulting mixture was stirred for 1 hour at the same temperature and
diluted with CHCi3. Water (20 mL) was then added dropwise with stirring to
the mixture, followed by a saturated solution of NaHCO3. The organic layer
was washed with water until neutrality and dried over NaxSOg4. After
35 evaporation -of the solvent under reduced pressure, cis-methyl 1.2.3.4-



16 The fol | corrpounds were obtained in a simlar manrer~—tnternediates
3 and 4 I\/bt1%‘9PW

1.2.3.4- tetrahvdro 1- (4- met hoxyphenyl ) - 9H pyri do[ 3, 4- bl i ng' Has Been R
carboxylate. cis and trans isoners The sane nethod but sta 'm m,ﬁ
racem c tryptophan nmethyl ester and 4- net hoxybenzal dehyde

Internmediate 3, the cis isoner as white crystals mp.: 142C and
Intermediate 4, the trans isoner as w@3e crystals mp.: 209- 210[err]C.
I nternediate 5 Met hyl _
1.2.3.4- tetr?hvro 1- (3
car boxyl at'e, SIS £3 : M1 X -OH~pYridQl3:4
t rypt ophan nplihsbles3-ca é-was obtamed as an oul whlch was crystalllsed from

ether (2 g, m.p. : 21 5-218°C) and was used without further purification in the
next step. -

-'rret hox ph '

b) To a stirred suspension of the chloroacetyl intermediate (0.34 g) in MeOH
© (20 mL) was added at ambient temperature a solution of methylamine (33% in
EtOH) (0.37 mL) and the resulting mixture was heated at 50°C under N> for
14 hours. The solvent was removed under reduced pressure and the residue
10 was dissolved in CH2Clo (50 mL). After washing with water (3x30 mL), drying
over NapS04 and evapdrating to dryness, the residue was purified by flash
* chromatography eluting with CHoClo/MeOH (99/1) and recrystallised from
MeOH to give the title compound as white-crystals (0.19 g) m.p. : 253-255°C.

15 Analysis for CooH1gN304:
Calculated:C,67.86;H,4.92;N,10.79,
Found:C,67.53;H,4.99;N,10.62%.

The following compounds were obtained in a similar manner :
- 20 -
is-2, 3. 8. 7. 12, 12a-hexahydro-2-butyi-10-fluoro-6-(4-methoxyphenyi)-
pyrazino[2', 1’ ; 6.1]pyrido [3,4-blindole-1.4-dione .
The same two step procedure but starting from butylamine and intermediate 52
25  gave, after recrystallisation from ethanol, the {itle comgound as white crystals
m.p..: 182°C.
Analysis for CogHogFN303 (0 1 H20)
Calculated : C, 68.67 ; H, 6.04 ; N, 9.61;
Found: C,68.38; H, 6.11 ; N, 9.53%.
"~ 30 |
- Example 3 |
Trans-2.3.6,7.12 12a-héxah d_ro-2-meth 1-6-(3.4-methylenedioxyphenyl)-
pyrazino[2'.1:6.1]pyridof3,4-blindole -1,4-dione



met hoxyben @@%gt\éde gave the title conmpound as white crystals mp.: 146C
| nt er nedi at Met hyl ThszheetHasBeenR laced
1.2.3. 4-tetrahvdro-1- (4- et hoxvphenyl) - 9H pyri do[ 3. 4-b] i ndoI
carboxylate. cis and trans isoners The sane nethod but start

racem c tryptophan nmethyl ester and 4- et hoxybenzal dehyde gave I nternedi ate
6, the cis isoner as white crystals mp.<« 1 80C and Internediate 7, the '
trans isomer as white crystals mp.: 1 1 98C. Intermediates 8 and 9

Met hyl 1.2.3.4-tetrahvdro-1-(2.3-di hydrobenzo[ b] furan-5-yl)-9H pyri do[ 3. 4-
bl i ndol e-3-carboxylate. cis and trans isoners The same nmethod but Starting
f r om r acenlhe samedwosstepprogedurethut starting, feom adnéthyilaniine zndintermediate 2

gggbggg'cdg%‘tﬁm oo (BBl e, b SR Loipolhl 4 HHES| Gyl ™

9-222C. | ntePredP4t308°C0 and 11 Methyl 1.2.3.4- tetrahydro 1
-(3.4-et hylm,gmﬁwl@'ng‘pyrl do[ 3. 4-b] i ndol e- 3- -
5 Calculated: C,67.86;H,4.92;N,10.79;

Found:C,67.98;H,4.98;N,10.73%.

Example 4
Cis-2.3.6.7.12,12a-hexahydro-6-(3.4-methylenedioxyphenyl)-

10 pyrazino[2'.1:6.11pyrido[3.4-blindole -1.4-dione | |
The same two step procedure but starting from ammonia and intermediate 1
gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 283-285°C. ' |
Analysis for C21H417N304;

16 - Calculated: C,67.19;H,4.56;N,11.19;

_ Found:C,67.04;H,4.49;N,11.10%.
Example 5 : _ _
Cis-2.3.6.7.12.12a-hexahydro-10-fluoro-6-{4-methoxyphenyl)-2-(2.2.2-

20 trifluoroethvl)-pyrazino[2'.1' : 6.1]pvrido [3.4-blindole-1,4-dione
The same two step procedure but starting from 2,2,2-trifluoroethylamine and
intermediate 52 gave, after recrystallisation from ethanol/diisopropy! ether, the
title compound as white crystals m.p. : 190°C.

Analysis for Co3H4gF4N303: '

25 Calculated : C, 59.87 ; H,4.15; N, 9.11;
Found : C, 59.81; H, 4.18; N, 9.21%.

Example 6
CIS-2 3 6 12.12 —hexah dro-10-ﬂuoro-2-meth | 34-meth lenedioxyphenyl)-
30

The same two step procedure but startmg from methylamine and intermediate -
50 gave, after recrystallisation from ethanol, the title comgound as white crystals
m.p. : 292°C.
- Analysis for CooH48FN304.
35 Calculated : C, 64.86 ; H, 4.45 ; N, 10.31;



car boxyl at e q‘]vand trans isoners 17 The sane net hod but starting
opha

racem c try n methyl ester and 1, 4- benzodi oxan- 6 c H
Internmediate 10, the cis isoner as white crystals mp.
Internediate 11, the trans isoner as white crystals mp

I nternediate 12 Met hyl

1.2.3.4-tetrahydro-1-(2-chlorophenyl)-9H pyri do[ 3. 4- b] i ndol e- 3-

carboxyl ate. mxture of cis and trans ggomers The same nethod but starting
fromracenic tryptophan nethyl ester and 2- chl orobenzal dehyde gave the

title conpound as white crystals 154C. Internedi ates 13 and 14 Methyl
1. 2. 3. 4- t ethroungyy ©, 64.66.; dﬂl%ﬁ@p%rﬂﬂpm%l—l- pyri do[ 3, 4- bl i ndol e- 3-

Example 7
6R, 12a8)-2.3.6.7.12 12a-hexahydro-2-methyl-6-(3.4-methylenedioxyphenvi)-
5 : Zinof2'.1' : 6.1 ido[3.4-blindole-1.4-dione

The same two step procedure but starting from methylamine and the trans
isomer of intermediate 56 gave, after recrystallisation from toluene, the fitle
compound as white crystals m.p. :287-289°C. '
Analysis for CooH1gN304 (0.25 toluene):

10 Calculated : C, 69.16 ; H, 5.13 ; N, 10.19;
Found:C,69.09; H, 5.14; N, 10.19%.
20°

[o]p =-293.4° (C=1.28; CHCl,).

15 | Example 8

(6S, 12aR)-2,3,6,7,12,12a—hexahydro-2-meth1|-6:(3,4—meth1lenedio_xyghenxl)-
razino {2', 1' : 6.11pyridof3.4-bjindole-1.4-dione

‘The same two step procedure but starting from methylamine and intermediate

55 gave, after recrystallisation from toluene, the title compound as white crystals
20 ‘m.p. : 287°C.

Analysis for CooH1gN304 (0.3 toluene):

Calculated : C, 69.41 ; H, 5.17 ; N, 10.08;

Found: C, 69.56 ; H,5.24 ; N, 10.08%.

200 .
25 falp =+ 297.9° (C=1.21, CHCI3).
Example 9 .
Cis-2,3.6. 7,12 12a-hexah dro-2-{2-(2-pyridvi)-ethyi} 6(3.4-
methylenedioxyphenyl inof2'. 1'-6.1 _'do 3.4-blindole-1.4-dione
30 The same two step procedure but starting from 2-(2-pyridyl)ethylamine and

intermediate 1 gave, after recrystallisation from 2-propanol, the title compound
as white crystals m.p. : 218-222°C.
Analysis for CogHo4N404: e
Calculated : C, 69.99; H, 5.03 ; N, 11.66;
35 Found:C,69.92; H, 5.16; N, 11.48%.



carboxyl at ,1288€Vand trans isomers The same nethod but st%fssﬁggtﬁgsgggnm ;aced
racem c tryptophan methyl ester and 4- chlorobenzal dehyde g
13, the cis isoner as white crystals mp. 208 209[err] C and
14, the trans isomer as white crystals mp.: 108- 109[err]

15 and 16 Met hyl :

1.2.3.4-tetrahvdro-1-(3. 4-di chl orophenyl ) -9H pyri do[ 3. 4-b] i ndol e- 3-
~carboxylate: cis and-trans isomers The 8@ne method but starting from

. racem c tryptophan nethyl ester and 3, 4- dichlorobenzai dehyde gave _
Internediate 15, the cis isonmer as a white sol :_|d |%I_ng\INR gcg)CI [grrs]%d-gerrli_|

- : 7.8-7(m 8H Haromatic); 5.15 (brs, 1 ; - \
I(-II-L)S;T)S?(SMerr]CH[eH]) ; 32- 3.1 (ddd, 1H, H4) 2.9 (m. 1H,

- H4); 24(@@,2351 Kb Ridl/ _éa§|sorrer as a white
solid mp. ' d34_bdt¢|atra4rl\édrol(l
"2 3 4-t et r 18I0 W : o indole-1.4-dione
5 The same two step procedure but startmg from 2-pyr|dylmethylamme and -

intermediate 1 gave, after rectystalhsatlon from DMF/water, the ,t_atle_oomp_q_tm_
as cream crystals m.p : 285-286°C. |
Analysis for Co7H2oN404 (0.4 Ho0):
Calculated : C, 68.46 ; H,4.85 ; N, 11.83;
10 Found: C,68.58; H, 4.88; N, 11.90%.

Example 11
Cls-2,3,6,7,12,12a-hexah1dro-2—(3_-mdylmethyl 1-6-(3,4-

15 " The same two step procedure but starting from 3-pyridylmethylamine and
intermediate 1 gave, after recrystallisation from CHoClo/MeOH, the title
compound as cream crystals m.p. : 292-293°C.

Analysis : Co7H2oN404:
: - Calculated : C, 69.52 ; H, 4.75; N, 12.01;
20 Found: C, 69.27 ; H, 4.74 ; N, 11.37%.

Example 12

Cis-2,3.6.7.12,12a-hexahydro-2-{ 4-pyridyimethyl)-6-(3.4-
methylenedioxyphenvl)-pyrazino[2', 1' : 6.1Ipyrido[3.4-blindole-1.4-dione

25 The same two step procedure but startmg from 4-pyridylmethylamine and
intermediate 1 gave, after recrystallisation from MeOH the title compound as
pale yellow crystals m.p. : 273-274°C. '

Analysis for Co7H22N404 (1.8 H20): |
"Calculated : C, 65.00 ; H, 5.17 ; N, 11.23;

30 Found: C, 65.11; H, 4.85; N, 11.07%.

Example 13 ._
Cis—2,3,6,7,12,12a-hexahydro-2-ethyl£-(3,4-methylenedib>_qghenyl)-
pyrazino[2',1':6. 1]pyrido[3.4-blindole -1.4-dione



b] i ndol e- 3- Cf; oxyl ate. cis isomer The same nethod but st from

racemc tryp

nmet hyl ester and 1, 2, 3, 4- tetrahydrona BeenR

car boxal dehyde gave the title conpound as a white solid 1H

[err]. (ppm

7.7-7(m 8H, Haromatic); 5.2 (s, 1H H1); : ”lm

H3); 3.8 (s, 3H, CJerr]CHerr]); 3.2 (m 1H H4); 30(m 1H, H4);
(m 4H, CHerr]Ar); 1.7 (s, 4H CHerr]CHerr]Ar). Internedi ates 18 and 19

Met hyl

1.2.3.4-tetrahvdro- 1- (2-nat ht hyl ) - 9H pyr3}7do[ 3. 4- bl i ndol e- 3- car boxyl at e.
and trans isoners The sane nethod but starting fromracem c tryptophan-
met hyl est erThendame twip stepaprisegire bat starting framdiethylaffine tand intermiektiater 1 as

a . white soli

(s, 1H H 1)&@5@{?

10

15

20

25

30

272-274°C
Analys:s for Co3H24N304-

- Calculated: C,68.47;H,5.25;N,10.42;

Found:C,68.52;H,5.35;N,10.53%.

Example 14

'Cls-2,3,6,7,12,12a-hexah!dro-2;(2,2,2-tr|ﬂuoroethyl)—6—(3,4—

methvlenedioxyphenyl)-pyrazino[2',1':6, 1]pyrido[3.4-blindole -1 ,4-dson

The same two step procedure but starting from 2,2,2-triflucroethylamine and
intermediate 1 gave, after recrystallisation from EtOH, the title_compound as
white crystals m.p. : 303°C. '

Analysis for CogH1gF3N304:

Calculated: C,60.40;H,3.97;N,9.19;

Found:C,60.43;H,4.15;N,9.16%.

Examgle 15

. By azino[2',1' .6,1]9_ yridof3.4-blindole -1.4-dione

The same two step procedure but starting from propylamine and intermediate 1
gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 270-271°C.

Analysis for Co4H23N304:

Calculated: C,69.05;H,5.55;N,10.07;

Found:C,69.22;H,5.50;N,9.80%.

Example 16

Cis-2.36.7.12, 12a—hexa'h¥dro-2-isogrogyl-6_-_(3,4-methyle’nediogghenyl )-
mznno{?ﬂ :6.1]pyrido[3.4-blindole -1.4-dione

_The same two step procedure but starting from isopropylamine and intermediate

35

1 gave, after recrystallisation from methanol, the tfitle compound as white
crystals m.p. : 248-250°C.

Analysis for Co4H23N304:

Calculated: C,69.05;H,5.55;N,10.07;

ced

cis
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1.2.3. 4-tetrahvdro- 1- (2-thienyl)-9H pyrido[ 3. 4-b] i ndol e-
and trans isoners The sane nethod but starting fromracem c tryptophan

met hyl ester and 2- thiophenecarboxal dehyde gave Internediate 20, the cis
i somer as a pale yellow solid mp.: 1343437C and Internediate 21, the trans
i somer as white crystals mp. :169C Internediates 22 and 23 Ethyl ° ,
1.2,3.4-tetrahvdro- 1- 3 t hi en é 9H- pyri do[ 3. 4- bl i ndol e- 3-car boxyl ate. cis -

and trans i £oupd:C.88 Sﬁxﬁ/ﬂu 21%t starting fromracem c tryptophan

ethyl ester and 3- t hi ophenecar boxal dehyde gave Internmedi ate 22, the cis

| somer as te tals mp. : 130C and Internediate 23, thetrans I somer
as white cr p. :182- 184C. - - _

Cis-2.3.6.7,12.12a-hexahydro-2-cyclopropyl-6-(3.4-methylenedioxyphenyl)-

5  pyrazino[2'.1' 6,1]p_yr|do[3,4-b]|ndole -1.4-dione _
The same two step procedure but starting from cyclopropylamme and
intermediate 1 gave, after recrystalhsatlon from methanol, the title oomggun as
white crystals m.p. : 290-292°C.

Analysis for CogH2{N304:
10 Calculated: C,69.39;H,5.10;N,10.11;
Found:C,69.11;H,5.20;N,9.94%.

37(S,H%§g ylerr]CH[err]) 3.2 (ddd, 1H, H4); 3 (m_ . 1H H4) ; 2.5
(brs 1H, N 9 Internmediate 19, the trans isoner as a R
g) mp.: 119[err]C Internediates 20 and 21 Mt hyl u u

3 I | | A

Example 18
' Cis—2,3,6,7,12,12a-hexahzdro-2—bx_&l-6§3,4-meth1’ Ienedioyghenyl)—

15 pyrazinof2'.1':6, 1]pyrido[3.4-blindole -1.4-dione -
. The same two step procedure but starting from butylamine and intermediate 1

- gave, after recrystallisation from methanoliwater, the title comgound as white
crystals m.p. : 241-243°C.
Analysis for CogHogN304:
20 Calculated: C,69.59;H,5.84;N,9.74;
'Found:C,69.77;H,5.82;N,9.81%.

Example 19 |
Trans-2.3.6.7.12.12a-hexahydro-2-butyl-6-{3,4-methylenedioxyphenyl)-
25 pyrazino[2'.1:6.1]pyrido[3.4-blindole -1.4-dione _ |

. The same two step procedure but starting from butylamine and intermediate 2
gave, after recrystallisation from toluene the fitle compound as white crystals
m.p. : 243°C.
: Analysis for CogHo5N304:
30 Calculated: C,69.59;H,5.84;N,9.74;
| Found:C,69.80;H,5.78;N,9.52%.

'Example 20
Cis-2.3.6.7,12.12a-hexahydro-2-cyclopropvimethyl-6-(3.4-

35 " methylenedioxyphenyl)-pyrazinof2',1':6,1Ipyrido{3.4-blindole -1.4-dione



| nt-er medi atmslyvand 25 Met hyl
1.2. 3. 4-t et rahvdr o- 1- ( 5- br onp- 2- t hi envl ) - 9H—pyr|do[3 4- ’g{lssmkmes&enRe laced

carboxylate. cis and trans isonmers The sane net hod but st

racem c tryptophan methyl ester and 5- bronp-2-thi ophene gave'
Internediate 24, the cis isoner as a creamsolid mp. err

Internmediate 25, the trans isoner as a creamsolid m p 205[err]C

| ntermedi ates 26 and 27 Methyl 1.2.3.438trahvdro-1
- (4-brono-2-thienyl))-9H pyrido[ 3. 4-b]i ndol e-3- carboxylate. cis and trans

and - br onBiS-SHTE WS s8t @ oxaF’B*EE%H‘ rs?%"&'é@ Cﬁé@“@@%&%ﬂ‘hs.ﬁéﬁﬁm
as a cr eam iptermediate. 1 gawcaﬂmcre mwnetha@ol,rtaﬂ it
cream sol i duhite crystals m.p. : 217-218°C.
Analysis for CosHa3N304:
5 Calculated: C,69.92;H,5.40;,N,9.78;
Found:C,70.02;H,5.47;N,9.84%.

Example 21 _
Cis-2,3.6.7.12.12a-hexahydro-2-cyclopentyl-6-(3.4-methylenedioxyphenyl)-

10 pyrazino[2'.1':6.11pyrido[3.4-blindole -1.4-dione
The same two step procedure but starting from cyclopentylamine and
intermediate 1 gave, after recrystallisation from acetone, the title compound as
white crystals m.p. : 270°C. | |
‘Analysis for CogHosN304:

16 Calculated: C,70.41;H,5.68;N,9.47,
Found:C,70.58;H,5.63;N,9.38%.

Example 22 :
Cis-2.3.6.7.12.12a-hexahydro-2-cyclohexyl-6-(3.4-methylenedioxyphenyi)-

20 pyrazino[2'.1':6.1lpyridof3.4-blindole -1.4-dione
The same two step procedure but starting from cyclohexylamine and
intermediate 1 gave, after recrystallisation from methanoliwater, the fitle
compound as white crystals m.p. : 268-269°C.
Analysis for Co7Ho7N304: |
25 Calculated: C,70.88;H,5.95;N,9.18;
- Found:C,70.82;H,5.89;N,9.21 %.

Example 23 _
. Cis-2.3.6.7.12.12a-hexahydro-2-benzyl-6-(3 4-meth {enedioxyphen I -

30 pyrazino[2'.1' 6,1]gyr|do|3,4-b||ndole -1 ,4-d|one
The same two step procedure but starting from benzylamine and intermediate 1 -
gave, after recrystalllsatcon from dichloromethane/hexane, the title compound
as white crystals m.p. : 285-287°C.
Analysis for CogHo3N304(1 H20):

35 Calculated: C,69.55;H,5.21;N,8.69;



mp. 120[ery i}‘]‘sc' ynternedi ate 28 Met hyl
1.2.3.4-tetranvdro-1-(3-furyl)-9H pyrido[ 3. 4-b] i ndol e- 3&_ﬁar 0 te. ) '
m xture of cis and trans isoners The sane nethod but st cl%c,
tryptophan nmethyl ester and 3- fural dehyde gave the title

yel low solid mp.: 130[err]C. Internediates 29 and 30 Eth '

1.2, 3, 4-tetrahvdro-1-(5-nethyl-2-furvl)-9H pyrido[ 3, 4-b] i ndol e- 3-
carboxylate. cis and trans isomers Thegpame nethod but starting from
racem c trypt ophan et hyI ester and 5- nmethylfurfural gave Internediate 29,
the cis isomer as ound 1H ‘NVR (CDA 3) [err] (ppm.: 7.7 (brs, 1H,
NH i ndol e) ; w@@«ﬁ%ﬂg nﬁrﬁaﬁﬁ%) 7.25-6.9 (m 3H, Haromatic); 6.15 (d,
1H, H aromatic); 5.85 (m 1H, H aromatic); 5.25 (brs, 1H H1); 4.2 (g, 2H,

CR2CH2CH3) ; .3. 8 1H, H3); 3.2 -2.8 (m 2H, H4); 2.2 (s, 3H CH3);
1.25 (t, 3HeX ) and Internmediate 30, the trans isoner as a cream
solid mp.:C ¥ 112 12a-hexahydro-2-(4-fluorobenzyl)-6-(3 4-meth ienedioxyphenyl)-

5  pyrazinof2'.1:6.1]pyrido[3,4-blindole -1 4-dione :
- The same two step procedure but starting from 4-fluorobenzylamine and

intermediate 1 gave, after recrystallisation from acetone, the title compound as
white crystals m.p. : 281-283°C. -
Analysis for CogHo2FN304:

10 Calculated: 06956H459F393N869
Found:C69.54;H,4.58;F,3.82;N,8.63%.

Example 25 _
Cis-2.3.6.7.12, 12a-hexahydro-6-{4-methoxyphenyl)-2-methyi-

15  pyrazino[2'.16.1lpyrido[3.4-blindole -1,4-dione
The same two step procedure but starting from methylamine and intermediate 3
gave, after recrystallisation from 2-pfopandl, the title compound as white
crystals m.p. : 257-263°C. |

_ Analysis for CooHo4N303:
20 Calculated: C,70.38;H,5.64;N,11.19; -
- Found:C,70.11;H,5.55,N,11.15%. '

Exam le 26
Trans-2,.3.6.7,12 12a-hexah dro-6-{4-methoxyphenyl)-2-methyi-

25 pyrazino[2'.1':6.1]pyrido[3.4-blindole -1.4-dione
The same two step procedure but starting from methylamine and intermediate 4
gave, after recrystallisation from diisopropyl ether, the title compound as white
crystals m.p. : 225-228°C. :
Analysis for CooH24N303:

30 Calculated: C,70.38;H,5.64;N,11.19;
Found:C,70.34;H,5.77;N,11.19%.

Example 27 |
Cis-2,3.6.7,12,12a-hexahydro-2-ethyl-6-(4-methoxyphenyl)-

35 pyrazino[2'.1';6. 11pyrido[3.4-blindole -1.4-dione



I nt er medi at ?é §%Vand 32 Et hyl
1.2.3. 4-tetr % ro-1-(4- et hyl phenyl ) - 9H—pyr|do[3 4- bl ﬂﬁﬂgﬂle@r}ﬁsgml{glaced

carboxylate. cis and trans isoners The sane method but s
racem c tryptophan ethyl ester and p- tol ual dehyde gave IEEV'MH“I&H

the cis isoner as white crystals m p.: 148C and I nternmedi , rans
I soner as white crystals mp.: 180C - Internediates 33 and 34 20 Met hyl
1.2.3.4-tetrahydro-1 -(3- met hvl phenvl ) -QH pyri dor 3. 4- bl i ndol e- 3-

carboxylate. cis and trans isoners The sane nethod but starting from
racem c tryptophan neth ester and m tol ual dehyde gave Internediate 33,

the cis isokbe samefwe ¥QP peocadyre iputiatartioodrom ethylamipeand intermediate 3H, H
aromatic); ' gave,(dfter redrystaliftsation: from3mittialsbl, theHitld compound as white crystals
' m.p. : 245-255°C.
Analysis for CogHo3N303:
5 Calculated: C,70.93;H,5.95;N,10.79;
Found:C,70.74;H,6.06;N,10.87%.

Examgle 28‘
Cls-2 36.7.12 12a-he hyd etho! hen 1)-2 2 2 2—

10

The same two step procedure but starting from 2,2,2-trifluoroethylamine and
intermediate 3 gave, after recrystallisation from ethanol , the title compound as
white crystals m.p. : 232°C.
Analysis for CogHogF3N303:
- 15 Calculated: C,62.30;H,4.55;N,9.48;
- Found:C,62.08;H,4.66;N,9.54%.

~ Example 29 . :
is-2.3.6.7.12.12a-hexahydro-2-butyl-6-(4-methoxyphenvl)-

20 pyrazinof2'.1'.6.11pyridol3,4-blindole -1.4-dione
The same two step procedure but starting from butylamme and intermediate 3
gave, after recrystallisation from methanol,the itle oommund as white crystals
m.p. : 167°C. '

- Analysis for CogHa7N303(0.5H20):
25 Calculated: C,70.40;H,6.62;N,9.85;
- Found:C,70.25;H,6.60;N,9.83%.

Example 30 N |
Trans-2.3.6.7.12.12a-hexahydro-2-butyl-6-(4-methoxypheny l);

- 30 gyrazmo[Z'ﬂ :6.1Jpyrido[3.4-blindole -1.4-dione
: | ' The same two step procedure but starting from butylamine and mtermedlate 4

gave, after recrystallisation from methanol, the fitle compound as white crystals
m.p. : 212-214°C.
Analysis for CogHo7N303:

35 Calculated: C,71.92;H,6.52;N,10.06;



3)' 3.8 (s, err]CHerr]); 3.2 - 3.1 (ddd, 1 H, H-4)—3—6m—1—H—4+43———
2.35 (s, 3&%&1 1.7 (brs, 1H, NH) and Internedi ate 34 s I soner
as a white solid mp.: 175[err]C. Internediates 35 and 360 i3 Baon Replaced
1.2.3.4-tetrahydro-1- (4 trifluoromethyl phenvl)-9H Pyrido[ 3 mmml
carboxylate. cis and trans isoners The sane nethod but sta

racemic tryptophan met hyl ester and 4- trfluoronethyl benzal dehyde gave
Internmedi ate 35, the cis isoner as paI yell ow crystals mp.: 190[err]C and
I nternediate 36, the trans isomer as pa?e yel | ow crystal S mp.: 2030.

I nt er nedi ates 37 and 38 Et hyl

1. 2. 3. 4- t etFaundiC1181;H,8.,665N10:08%) - OH pyri do[ 3. 4- bl i ndol e- 3- carboxyl at e.
cis and trans isonmers The sanme nmethod but starting fromracem c tryptophan
et hyl ester and 4- cyanobenzal dehyde gave Internediate 37, the cis isoner
as white crExample 3% p. 200C and Internediate 38, the.trans isomer as white

crystal s mgjs.2 3557 q017e-hexahydro-6-(4-methoxyphenvl)-2-cyclopropyimethyi-
5 pyrazino[2'.1':6, 1]lpyrido[3.4-blindole -1,4-dione ' '

The same two step procedure but starting from cyclopropylmethylamine and
intermediate 3 gave, after recrystallisation from methanol, the title compound as-
white crystals m.p. : 180-185°C.

Analysis for C25H25N303 (0.5H20):

10 Calculated: C,70.74;H,6.17;N,9.90;
Found:C, 70.91; H, 6.16 ; N, 9.80%. -

Example 32 .
- Cis-236,7.1 2.12a-hexahydro-2-benzyl-6-(4-methoxyphenyl)- -
15 py razino[2',1':6,11pyrido[3.4-blindole -1.4-dione
. The same two step procedure but starting from benzylamine and intermediate 3
gave, after recrystallisation from acetone, the title co:ﬁg'ound -as white crystals
m.p. : 275-279°C. | |
~ Analysis for CogHosN303:
20 Calculated: C,74.48;H,5.58;N,9.31;
' Found:C,74.53;H,5.60;N,9.20%.

Example 33 '
Cis-2.3.6.7.12.1 2a-hexahydro-6-(3-methoxyphenyl)-2-methyi-
25 pyrazino[2',1':6.1]pyrido[3.4-blindole -1.4-dione
" The same two step procedure but starting from methylamine and intermediate 5
gave, after recrystallisation from methanol, the t t|e comgound as white crystals
m.p. : 267-269°C.
Analysis for C2o2H21N303:
30 Calculated: C,70.38;H,5.64;N,11.19;
| Fourid:C,70.32;H,5.59;N,1 1.25%.

Example 34

_ Cis-2,3,6.7.12.12a-hexahydro-6-{4-ethoxyphenyl)-2-methyl-
35 . ino[2',1":6,11pyrido[3.4-blindole -1.4-dione .



. \K_‘
| nt er medi at t hyl, This S
1.2.3.4:t etf% vd\rlyg- 1- (4- hydr oxyphenyl ) - 9H pyri do[ 3. 4- b] it Has Been Replaced
carboxyl ate. cis isonmer The sanme nmethod but starting ferﬁHm ”,Um
tryptophan ethyl ester and 4- hydroxybenzal dehyde gave ound
as pale yellow crystals 1H NVR (DVMBO [err](ppm: 10.3 (s, 1H NHindole)
9.4 (s, 1H, OH); 7.8 - 7.5.(m 8H Haromatic); 5.1 (brs, 1H, H1); 3.9 (m
1H, H3); 3.75 (s, 3H CJerr]CHerr])43 1 (m 1H H4); 2.8 (m 1H H4). -
I nt er redi ate 40 Met hyl
+1.2. 3. 4-tetrahvdro- 1-(3-hydroxy-4- met hoxyphenyl) - 9H-pyri do[ 3. 4- 3

bl i ndol e- 3-Hk® 58ME twa-stepi procedurer but-dadingSromtmethylamninetand intermediate 6

(RECT) 1 &g e TRt 10 i o Bt i e
- Analysis for Co3H23N303: '
5 Calculated: C,70.93.H,5.95;N,10.79;
- Found:C,71.23;H,5.95;N,10.63%.

Example 35

Cis-2.3.6.7.12,12a-hexahydro-6-(4-ethoxyphenyl )-2-c¥clbgmg¥|methxl-

10 pyrazino[2',1':6. 1]pyrido[3,4-blindole -1 ,4-dione _ .
The same two step procedure but starting from cyclopropylmethylamine and

intermediate 6 gave, after recrystallisation from 2-propanol, the title compound
as white crystals m.p. : 160-162°C. ' : .
Analysis for CogHo7N303:

15 Calculated: C,72.71;H,6.34;N,9.78; .
Found:C,72.28;H,6.39;N,9.71%.

Example 36 : o '
Cis-236.7.12.1 28-hexahydro—6_-_(2,3—dihydrobenzo[bli_‘uran-S-yl1—2—methyl--. .
20 - pyrazinof2'.1:6.1]pyrido[3.4-blindole -1.4-dione _

: ‘The same two step procedure but starting from methylamine and intermediate 8
gave, after recrystallisation from methanol, the titie compound as white crystals
m.p. : 292-294°C. - _
Analysis for CogH2{N303:

25 Calculated: C,71.30;H,5.46;N,10.85;

Found:C,71.15;H,5.56;N,10.84%. |

Example 37 '
Cis-2.3.6.7,.12.12a-hexahy dro-6;(2,3—dihydrobenzo[b]:uran-5-1l1-2-

30 clopropylmethyl-pyrazinol2'.16.1Ipyrido[3,4-blindole -1.4-dione
The same two step procedure but starting from cyclopropylmethylamine and
intermediate 8 gave, after recrystallisation from methanol, the titie compound as
white crystals m.p. : 165-166°C.
Analysis for CogHasN303:

35 Calculated: C,73.05;H,5.89;N,9.83;



140- 148¢.
1.2.3. 4~ tet
bl i ndol e- 3-

carboxylate. cis isomer The sane nethod but st

?%%\g/(gvdl'ate 41 Met hyl |
0- 1- (4- hydr oxy- 3- met hoxvphenvl ) - 9H- pyri thasBeen

racem ¢ tryptophan nethyl ester and 4- hydroxy- 3-net hoxyb

IEpIaced
the title conpound as a creamsolid mp. 195C. Internediate 42
1.2,3.4-tetrahvdro-1-(4-ethyl phenvl)-9H pyridor 3. 4-bl i ndol e- 3- car boxyl at e.
cis and trans isonmers The same net hod
met hyl ester and 4- ethyl benzal dehyde gave the cis and trans isoner of the
title conpound. Cis isonmer: white solid 1H NWR (CDCO 3) [err] (ppm: " 7.65-7.

(m 9H H aFownd:C:73.08;H.6.9MN9.81%. H 1) ; 4(dd, 1H H3); 3.9 (s, 3H,
CRCH3) ; 3.4 (ddd, 1H, H4); 3.1 (m 1H H4); 2.7 (q, 2H CH2CH3) 1.4 (t,

3H, CH2CH3),

10

Trans_isonmer: white solid mp.: 187[err]C.
mple 38

Cis-2.36.7.12 12a-hexah d 3,4-ethylenedioxyphenyl)-2-methyl-
pyrazinof2'.1'.:6. 11pyridof3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and -

intermediate 10 gave, after recrystallisation from acetone, the title compound as
white crystals m.p. : 303-305°C.

Analysis for Co3gH21N304:

Calculated: C,68.47;H,5.25:N,10.42;

‘Found:C,68.35;H,5.31;N,10.27%. .

Example 39

16

Cls-2,3,6,7,12,12a-hexahydro-6-_-(3,4-eth1!ened|omhenyl)—2ﬂclogrog¥lmethyl-
pyrazino[2',1'6,1]pyrido]3.4-blindole -1.4-dione - B

 The same two step procedure but starting from cyclopropyimethylamine and

20

intermediate 10 gave, after recrystallisation from dichioromethane/ether, the title

compound as white crystals m.p. : 268-290°C.
Analysis for CogHosN304: '

_Calculated: C,70.41;H,5.68;N,9.47;

- Found:C,70.15;H,5.62;N,9.30%.

25

30

35

Example 40

is-2 3,6.7,12, 12a-hexahvdro-2-butyl-6-(2-chlorophenyl
pyrazinof2',1':6,11pyrido[3,4-blindole -1,4-dione
The same two stép procedure but starting from butylamine and intermediate 12
gave, after recrystallisation from methanoliwater, the title oommund as white
crystals m.p. : 146°C. . L
Analysis for Co4H24CIN302(0.75 H20):
Calculated: C,66.20;H,5.90;N,9.65;
Found:C,66.15;H,5.95;N,9.69%.

Example 41
Cis-2.3.6.7.12 12a-hexahydro-6-(4-chlorophenyi)-2-methyl-

pyrazino2', 1';6, 1lpyrido[3.4-blindole -1.4-dione

starting fromracenc tryptophan

1



| nt er medi- at g %13: nd 44 Methyl 1.2.

3.4 tetrahv - -‘?4 I sopropyl phenyl ) -9H pyri do[ 3. 4- bl i ndol e- 31‘111385&%5

cis and trans isonmers The sanme nmethod but starting from racem

ethyl ester and 4- isopropyl benzal dehyde gave Interrredl ate 43 fi’iﬁ
i somer as a white solid 1H' NVR (DMBO [err](ppm.: 10.15 (s, 1

indole) ; 7.3-6.7 (m 8H Haromatic); 5 (brs, 1H H1l) ; 36(m 1H H 3)

; 3.5 (s, 3H CO2CH3) ; 2.95-2.5 (m 3HzeH 4 + CH-(Me)Z) 2.4 (brs, 1 H -
NH); 1 (d, 6H, 2xCH3) and I nternedi ateﬂﬁ the trans isoner ‘as a whlte
solid mp.: 1 89C Internedi ates 45 and 46 22 Et hyl

1. 2. 3. 4-t et ridtey dsame- (twani stepph pngdgdudet huti dsthRting birontl o vetRylamine x @t €.

cis and traRgelelRits 13 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : 274°C. :
‘Analysis for C21H4gCIN302 (0.25 H>0):
5 Calculated: C,65.63;H,4.85;N,10.93;
-Found:C,65.39;H,4.84;N,10.85%.

xample 42

Cns-2,3,6,7,12,12a-hexah1dro-2-butyl_—6_—(4—chloroghenyl)—
10 | pyrazinof2'.1' 6,1]gmdo[3,4-b]|ndole ~1,4-dione

The same two step procedure but starting from butylamme and intermediate 13
gave, after recrystallisation from ethanol/water, the fitle compound as white
crystals m.p. : 164-166°C. |
Analysis for Co4H24CIN3O2:

15 Calculated: C,68.32;H,5.73;C1,8.40;N,8.96;
Found06848H5640|837N999%

Example 43
_ is-2.3.6,7,12,12a-hexahydro-6-(3 4-dichlorophenyl)-2-methyi- -
20 ‘pyrazinof2',16,11pyrido[3.4-blindole -1.4-dione
: The same two step procedure but starting from methylamine and
intermediate 15 gave, after recrystallisation from ethanol/DMF, the title
compound as white crystals m.p. : >260°C. |
~ Analysis for Co4H{7CiaN302 (0.5 Ho0): -
25 Calculated: C,59.39;H,4.29;N,9.93;

Found:C,59.32,H,4.16;N,9.99%.

30 b mdole -1,4-dione
The same two step procedure but starting from butylamme and cls-methyl

1,2,3,4-tetrahydro-1-phenyl-9H-pyrido[3, 4-b]|ndole-3-carboxylate1 gave, after
recrystallisation from methanol/water, the title compound as white crystals m.p. :
243-245°C.

35 Analysis for Co4Ho5N302:



.ni trobenzal . 1Y gave Internedi ate 45, the cis isoner Hhtﬂ%eﬁk e%l S
mp. 168[err]C and Internedi ate 46, the trans isoner as

mp.: 195/ err]C. Internediate 47 Ethyl m,
1.2.3.4-tetrahvdro- 1- (4-di net hyl am nophenyl ) - 9H pyri do[ 3. 4

carboxylate. m xture of cis and trans isomers The sane net hod but starting -
fromracem c tryptophan ethyl ester an - di met hyl am nobenzal dehyde gave
the title conpound as white crystals mp. 170[err]C. Internediates 48 and
49 Et hyl

1.2.3.4-tet CalmﬂhtediC(B&SS;IHG)ﬂO)NQBMrI do[ 3, 4- bl i ndol e- 3 carboxyl ate. cis
and trans i ut starting fromracenc tryptophan
et hyl esterﬁgﬁa§;€%ﬁﬂ@%ﬁgwgg dehyd ave Internmediate 48, the cis
i somer as pal @@eremseLghié.I@rgthemMS%Z{S%mSM)errredl ate 49, the
trans isomer as white crystals mp.: 210-214[err]C
5 Exam le 45 :
Cis-2,3.6.7.12.1 2a-hexahydro-2-benzyli—ghenyl-gyrazino[2', 1'.6.11pyrido}3.4-
' blindole -1.4-dione -

The same two step procedure but starting from benzylamine and cis-methyl-

1.2,3 4—tetrahydro-1-phenyI-QH-pyrido[3 4-bjindole-3-carboxylate gave, after
10 recrystamsatmn from methanol, the title compound as white crystals m.p.: 193—

195°C.

Analysis for Co7H23N302:

Calculated: C,76.94;H,5.50;N,9.97;

Found:C,77.23;H,5.54;N,9.97%.

The same rrealgﬁggbut starting from racem c tryptophan e}’%yl ester an

16

' Example 46 | | T
Trans-2,3,6,‘7,12,12a—hexahydro—2—bem!—6—ghenylﬂrazinO[Z',1':6,1]gyrido[3,4-
blindole -1.4-dione -
The same two step procedure but starting from benzylamlne and -cis-methyl-

20 1,2,3,4-tetrahydro-1-phenyl-9H-pyrido[3,4-bjindole-3-carboxylate - gave,. after
recrystallisation from methanol, the title comgound as white crystals mp. :

284°C.
Analysis for Co7H23N302:
Calculated: C,76.94;H,5.50;N,9.97;
25 Found:C,76.88;H,5.45;N,9.89%.

Example 47 _
Cis-2.3.6.7.12.12a-hexahydro-2-methyl-6-(1.2, 3.4-tetrahydro-6-naphthyl)-
pyrazino[2',1.6.11pyrido[3.4-blindole -1.4-dione

30 The same - two step proceduré but starting from methylamine and

~intermediate 17 gave, after recrystallisation from methanol, the title compound

as white crystals m.p. : >260°C.
Analysis for CogHosN302:
Calculated: C,75.16;H,6.31;N,10.52;

35 Found:C,74.93;H,6.43;N,10.63%.



Intérnedi-atf\@?'gg(and 51 Methyl 1.2.3.4 tetrahydro 6-fluoro-1
(3. 4- et hy oxvphenyl ) - 9H pyri do[ 3. 4- bl i ndol e- 3- M

trans isonmers The sanme nethod but starting fromracem (I‘h@SlfeLtliﬂgB kypt ophan
met hyl ester and pi peronal gave Internedi ate 50, the ci geam
solid mp. :60[err]C and Internediate 51, the trans 'SOWH ﬂ solid
mp.: 213[err]C Internedi ates 52 and 53 Met hyl

1.2.3.4-tetrahvdro-6-fl uoro-1-(4-net hogyphenyl ) - 9H pyri do[ 3. 4- bl i ndol e-
3-carboxylate, cis and trans isoners The sane nethod but starting from
racem c 5-fluoro-tryptophan nethyl ester and 4-methoxybenzal dehyde'gave'
Internmediate 52, the cis isoner as a solid 1H NVMR (CDd 3) [err] (ppm
7468(mE)giln Igégomatlc) 515(brs 1H H1); 3.9 23

Cis-2.3.6.7.12.12a-hexahydro-2-isopropyl-6-{1 ,2,3,4-tetrahydro-6-'nagnthyl )-
pyrazino[2'.1':6,1]pyrido[3.4-blindole -1.4-dione -

§  The same two step procedure but starting from isopropylamine and intermediate
17 gave, after recrystallisation from the title compound as' off-white crystals.
m.p. : 244-246°C. :
Analysis for C27H29N302 (0.25H50):
Calculated: C,75.06;H,6.88,N,9.73;

10 Found:C,75.00;H,6.83:N,9.69%.
Examgle 49 - o o
Cis-2,3,6,7,1'2,12a-hexahydrp-2-cyclogrogylmethyl-6-(1,'2,3,4~tetraﬁydro—6- :
naphthvl))- zinof2'.1':6.1 ido[3.4-blindole -1 4-dione - -~ -
15 The same two step procedure but starting from cyclopropyimethylamine and

intermediate 17 gave, after recrystallisation from ethanolpentane, the title
compound as white crystals m.p. : 125°C.
Analysis for CogHogN302 (0.25 Ho0):
Calculated: C,75.73;H,6.70;N,9.46;
20 Found:C,75.45;H,6.86;N,9.14%.

Example 50
Cis-2,3.6.7.12.12a-hexahvydro-2-methyl-6-(2-naphthyl )-

_ pyrazino[2' 1':6, 1lpyrido[3.4-blindole -1,4-dione
25 . The same two step procedure but starting from methylamine and

intermediate 18 gave, after recrystallisation from dichloromethane/methanol, the
title compound as white crystals m.p. : >260°C. |
Analysis for Co5H21N302 (0.25H20):
Calculated: C,75.08;H,5.42;N,10.51;
30 Found:C,75.35;H,5.42;N, 10.49%.

Example 51 .
Cis-2.3.6,7.12.12a-hexahydro-2-butvl-6~{2-thienvl)-pyrazino[2', 1':6, 11pyrido{3.4-

blindole -1.4-dione



(dd 1H, 3H, CO2CHR); 32-2.9(m OH, H-4 am
é‘%ﬂéfmar a )

the tr s asolidmp.: 197[err]C Inter rredl'ﬂ:iscsﬁeeﬁ
(1R 3R) Met hyl ' el

1. 2. 3, 4-t et rahvdro- 1- ( 3. 4- net hyl enedi oxvphenyl ) - 9H pyri do[ I"l’ ”’IH””’T"
bl i ndol e- 3-carboxyl ate. cis isonmer and (1S. 3R)-net hyl

1.2.3. 4-t'etrahvdro-1- (3. 4- et hyl enedi oxyohenvl ) - 9H pyri do[ 3. 4-

b] i ndol e- 3-carboxyl ate trans isomer Togg stirred sol uti on of D-tryptophan
nethyl ester (11 g) and piperonal (7.9 g) in anhydrous CH2Cl 2 (400 ni)
cooled at O[err]C was added dropwi se trifluoroacetic acid (7.7 nL) and the

so: :.It i on }Am'neisamadwwslepqnocedureebdilstattlngefrm’mmtulﬁmmﬁfafﬂ inte ater 202
yel | ow so [ h a
Sat ur at ed %4@03\:@20 Sisfealioly ot Shanbl. 1 tite, cooGluna 2y wifiE Gystld |
dried over ﬂ\J@ZS -he organi c | ayer was evaporated under reduced pressure

Sndhf he regighi fﬂéé? ogsflash chromat ography eluting with
. dichlLoronet hane to give first Internediate 54, the cis
i somBr (6. £§ (ﬁ?‘?&l ﬁ(ﬁeﬁéﬁi}a »Intermedi ate 55, the trans isoner

(8.4 g) m [Found:C,67.39;H,5.88;N,10.77%.

. Example 52
Cis-2,3,6,7,12,12a-hexahydro-6:(5-bromo-2-thienyl);2-meth1|—
10 pyrazino[2'.1';6,11pyrido[3.4-blindole -1.4-dione
The same two step procedure but starting from methylamine and
intermediate 24 gave, after recrystalllsatlon from ethanol, the title comgound as
a cream powder m.p. : 258°C.
Analysis for C1gH41gBrN302S:
15 Calculated: C,53.03;H,3.75;N,9.76,
| Found:C,53.01;H,3.78;N,9.69%.

- Example 53

Cls-2,3,6,7, 12.1 2a-hexahydro-e-(4-bromo-2-thtenyl }-2-methyl-

The. same two step procedure but starting from methylamlne and
intermediate 26 gave, after recrystallisation from ethanol, the titie compound as
white crystals mp. : 292°C.

Analysis for C1gH1gBrN302S (0.25H20):

25 Calculated: C,52.48;H,3.82;N,9.66; '

Found:C,52.46;H,3.81;N,9.60%.

Example 54 - o
Cis-2.36.7.12.1 2a-hexahydg&5—bromo-2—thienyl)-Zﬂclogrop_ylmethyl-

30 - mazmo[Z‘,f 6,1]pyrido[3.4-blindole-1.4-dione
The same two step procedure but starting from cyclopropylmethylamme and

intermediate 24 gave, after recrystallisation from ethanol, the title compound as
white crystals m.p. : 190°C. '
Analysis for CooHogBrN302S:

35 Calculated: C,56.18;H,4.29;N,8.93;



188C. The f@%g: ng conpounds were obtained’in a si m | ar nner
| nt er medi at (1 S. 3S) Methyl-1.2.3.4-tetrahvdro- lsSh""tﬂa-‘?Been

- (3. 4- et hyl enedi oxyphenyl ) - 9H pyri do[ 3. 4- bl i ndol e- 3 carb M,H

isomer and- (1 R 3S) nethyl-1 .2.3.4-tetrahvdro-1

- (3. 4- net hyl enedi oxvphenvl ) -9H- pyri do[ 3. 4- Dblindol e-3-car boxyl ate. trans

i somer The sanme nethod but starting from L-tryptophan nethyl ester and

pi peronal gave the 'ci s and trans isone of the title conpound. O S isoner:
white crystals mp.: 154[err]C. Trans i1somer: white crystals mp.

187-189C. Internediates 57 and- 58 (1R 3R) - Met hyl
1. 2. 3. 4- t etfoaimglC 55197, H,4 281Ny Byd%enVI ) - OH- pyr| do[ 3. 4- bl i ndal e-

3-car boxyl ate. cis isoner and
Example 55 -
Cis-2.3.6.7.12,12a-hexahydro-6-(5-bromo-2-thienyl)-2-cyclopentyl-

5 pyrazinof2'.1' 6,]}gyndo[3,4-b]mdole -1.4-dione
‘The same two step procedure but starting from cyclopentylamlne and

intermediate 24 gave, after. recrystallisation from ethanol, the title compound as
white crystals m.p. : 252°C.
. Analysis for CogH22BrN305S:
10 Calculated: C,57.03;H,4.58;N,8.67;
Found:C,56.87;H,4.66;N,8.68%.

Example 56
Cis-2.3.6.7.12,12a-hexahydro-2-methyi-6~(5-methyl-2-thienyl)-
15 pyrazino[2',1':6.11pyrido[3.4-blindole -1.4-dione |
| The same two step procedure but starting from methylamine and the cis isomer
-of intermediate 66 gave, after recrystalhsatlon from ethanol, the title compound
-as white crystals m.p. : 282°C. '
Analysis for CogH1gN302S (0:25H20):
20 Calculated: C,64.93;H,5.31;N,11.36;,
Found:C,64.84;H,5.28;N,10.81%.

Example 57
Cis-2.3.6.7.12.12a-hexahydro-2-methyl-6-(3-thienyl)-

25. pyrazino[2'.1':6.1 Ipyridof3.4-blindole -1.4-dione
The same two step procedure but starting from methylamine and

intermediate 22 gave, after recrystallisation from acetone, the title comgound as
white crystals m.p. : 290-295°C.
_ Analysis for C1gH17N302S:
30 Calgulated: C,64.94;H,4.88;N,11.96;
Found: C, 64.81 ; H,4.95 ; N,11.68%.

- Example 58 . :
Cis-2.3.6.7,12,12a-hexahy dro-2-b vl-6-(3-thieny! inof2'.1':6.1lpyrido[3.4-

- 35 blindole -1,4-dione



—_—
24-(1S. 3R)

1.2.3.4: tetﬂaﬁﬁé\lo 1- (4- met hoxyphenyl ) - 9H-pyri do[ 3. 4- b] i Has Been Replaced
3-carboxylate. trans isonmer The sane nmethod but starting I : an

met hyl ester and 4- nethoxybenzal dehyde gave Internedi at e

| somer as white crystals mp.: 124-125C and Internediate 58, trans

as white crystals mp. 219- 222[err]C Internmediates 59 and 60 (1R
3R) - Met hyl 1.2.3.4-tetrahvdro-1-(3-chl - 4- et hoxvphenyl ) - 9H- pyri-dof[ 3. 4-
bl i ndol e- 3- carboxyl ate. cis isonmer and S. 3R -nmethyl 1
.2.3.4-tetrahvdro-1 -(3- chI oro 4- et hoxyphenyl) 9H- pyri do[ 3. 4-

t[)>|'It pdo!{g ﬁaﬁﬁénet t“e'gt er hl oro 4 benzadla(;%nég.gémeadé 22
nt e e ar B8, aHerSeEnG! alﬁ%%an frem %@@ngf ,}, e Soppalad WY Brotals (o
crystal S mm.p. :2288=239%.| nternedi ate 60, the trans
_ ' Analysis for CooHo3N302S:
5 Calculated: C,67.15;H,5.89;N,10.68;S,8.15; -
' Found:C,67.42;H,5.76,N,10.57;S,8.01%.

Example 59 _ _
Cis-2.3,6.7.12,12a-hexahvdro-2-methyl-6-(3-furyl ino[2'.1':6 1Jpyrido[3.4-

10 blindole -1.4-dione .
The same two step procedure but starting from methylamine'and the cis isomer
of intermediate 28 gave, after recrystallisation from ether, the fitle compound as
a white solid m.p. : 250°C.
~ Analysis for C4 9H1 7N303 (0. 5H20)
15 Calculated: C,66.27;H,5.27;N,12.20;
Found:C,66.33;H,5.48,N,12.02%.

Example 60 |
Cis-2.3.6.7.12.12a-hexahydro-2-methyl-6-{5-methyl-2-furyl)-
20  pyrazinof2',1':6,1]pyrido]3.4-blindole -1,4-dione ' .

The same two step procedure but starting from methylamlne and -
intermediate 29 gave, after recrystallisation from ethanol, the title compound as
a cream powder m.p. : 303°C.
Analysis for CogH1gN303 (0.25H20):

25 Calculated: C,67.88;H,5.55;N,11.87;
Found:C,67.90;H,5.50;N,11.98%.

Example 61
Cis-2.3.6.7.12,12a-hexahydro-2-methyl-6-(4-methylphenvl)-

30 gyrazino[2‘,1':6,1]gyrido@,4—b]indole_ -1.4-dione .
The same {wo step procedure but starting from méthyjamine and

intermediate 31 gave, after recrystallisation from ethanol, the title compound as
white crystals m.p. :>260°C.
Analysis for Coo2Ho1N302 (0.25 H20):

35 Calculated: C,72.61;H,5.95;N,11.55;



| somer as %Wrystal S mp.: 164C. Internediates 61 and 62 (1R 3R)-Met hyl
1.2.3,4-tet 0- 1- (2. 3-di hydrobenzo[ b] furan-5-yl ) - 9H
pyri-gdef-3-4-hlindol e- 3-carboxyl ate. cis isomer ‘and (1S, 3R)-net hyl

1, 2. 4 tetrahvdro 1- (5- (2. 3-di hvdrobenzo[ b] furan))-9H

pyri mhcea carboxyl ate, trans isomer The sane nethod but

start pt ophan net hyl. ester and 2, 3-

di hyd n 5- car boxal dehyde gqve Internediate 61, the cis isomner
as white crystals mp 282C and Internedi.ate 62, the trans isoner as white
crystals mp.: 204C | ntermedi ates 63 and 64 (1R 3R) - Met hyl -

1.2.3. 4- tetFm.hndiCoZ2.733'l,GJQﬁan1)5% pvridof 3. 4-bl i ndol e-3- carboxyl ate cis
_isomer and (1S. 3R) - et hyl

1.2.3.4-tetrahvdro-1-(5-indanyl) - 9H—pyr|do[3 4-b] i ndol e-3- carboxyl ate
trans i sonsExample®2e net hod but starti ng from D-tryptophan net hyI ester

and i ndan- gis-2 3 6,7.12.12a-hexahydro-2-isopropyl-6-(4-methylphenyl)-
5 razinoj2'.1':6.11pyridol3.4-blindole -1.4-dione S
The same two step procedure but starting from isopropylamine and intermediate
31 gave, after recrystallisation from the title compound as white crystals m.p. :
170°C. -
| Analysis for Co4Ho5N302 (0.5H20):
10 Calculated: C,72.70;H,6.61;N,10.60;
Found:C,73.06;H,6.43;N,9.66%.

'Example 63
Cis-2.3.6.7.12.12a-hexah dro-2-b |-6-(4-methvi hen_ 1)-

16 pyrazino[2'.1':6.1]pyrido[3.4-blindole -1,4-dione
The same two step procedure but starting from butylamine and intermediate 31
gave, after recrystallisation from methanol, the title oommund as wh:te crystals
" m.p.: 194°C.
Analysis for CogHo7N302 (0.5H20):
- 20 Calculated: C,73.15;H,6.87;N,10.24;
Found:C,73.01;H,6.84.N,10.26%.

Example 64
25 Cis-2.3,6.7.12.12a-hexahydro-2-cyclopropylmethyi-6-(4-methyiphenyl)-

pyrazino[2'.1':6.11pyrido[3,4-blindole -1.4-dione _
The same two step procedure but starting from cyclopropyimethylamine and

intermediate 31 gave, after recrystallisation from methanoliwater, the ftitle
compound as white crystals m.p. : 194°C.
30 ~  Analysis for CosH25N302 (1.1H20):
Calculated: C,71.61;H,6.54;N,10.02;
Found:C,71.42.H,6.07;N,9.95%.

Example 65



car boxal dehﬁgg aave Internediate 63, the cis isomer as white crystals mp.
130- 131C and4$3%¥r nedi at e 64, the trans isonmer as white crystals mp.: -
196C—25 1t nternedi ate 65 Ethyl

1.2. SmA shé&l fiR Y K pihcel 4- trifluoronmet hoxvphenvl)-9H pyri dor 3. 4- bl i ndol e- 3-
car box ﬂflﬂ% N trans isoners The sane nethod but starting from

racem hyl ester and 4- trifluoromethoxybenzal dehyde gave cis
andtr the title conpoun Cis isonmer: white crystals mp.:
88[err]C. Trans isonmer: white crystals p.: 152[err]C. Internedi ate 66

Met hyl 1.2.3.4-tetrahvdro-1-(5-nethyl-2-thienvl)-9H pyrido [3.4-blindol e- 3-

car boxyl at eCissR8,8.72. 12ahexahyanos2-methyl-6-(3-methylphenyl)-
pyrazino[2',1':6.1]pyrido[3.4-blindole -1.4-dione
The same two step procedure but starting from methylamine and
intermediate 33 gave, after recrystalhsatlon from ethanol , the title compound as

5 white crystals m.p. : >260°C.

Analysis for CooH21N302:
Calculated: C,73.52;H,5.89:N,11.69;
Found:C,73.60;H,5.97;N,11.66%.

10 Example 66
Cis-236.7.12.1 2a-hexahydro-2-butyl-6—(4-tnﬂuoromethxlghenyl )-
pyrazino[2',1':6.1]pyrido[3.4-blindole -1.4-dione

" The same two step procedure but starting from butylamine and intermediate 35
: ‘gave, after recrystallisation from methanol/water, the title_compound as white
16 - crystals m.p.: 155°C.
Analysis for CosH24F3N302 (0.5H20):
Calculated: C,64.65;H,5.43;N,9.05;
Found:C,64.78,H,5.40;N,9.01%.

20 Example 67
Cis-2,‘3,6,7,12,1'2a-hexahydro-z-methylﬁ;(A-triﬂuorome_.-thomheny! )=
pyrazino[2'.1:6, 1]pyrido[3.4-blindole -1,4-dione |
The same two step procedure but starting from methylamine and the cis isomer
of intermediate 65 gave, after recrystallisation from methanol, the title compound
25 as white crystals m.p. : 174-180°C. '
Analysis for CooH1gF3N303 (0.5H20):
Calculated: C,60.27;H,4.37;N,9.58;
Found:C;60.24;H,4.28;N,9.50%.

30 Example 68
Cis-2,3,6,7,12,12a-hexahxdro-z-methyl-s-m-h!drom henyl)-

pyrazino[2',1':6. 1lpyrido3.4-blindole -1.4-dione :
The same two step procedure but starting from methylamine and

intermediate 39 gave, after recrystallisation from methanol, the titie compound
35 as yellow crystals m.p. :179-180°C.



The sane Hn( ZUt starting fromracenc tryptophan nethyl ester and 5-
nmet hyl--2-t h1<op al dehyde gave the cis and trans isoners of the

titl econpound. Cis isoner: oily conmpound 1H NVR (CDCl [err]) [err] (ppm:
8. 4 (ffisSheet His Hebik e); 7.7 - 6.6 (m 6H Haromatic); 5.5 (brs, 1H,

H1); 3); 3.85 (s; 3H C2CH3); 3.3 - 2.9 (m 2H, H4); 2.5
(s, 3H, soner: white crystals mp.: 194[err]C I nt er medi at es
67 and 3Ry -Methyl 1,2.3.4-tetraggdro-1

- (3. 4- net hyl enedi oxvphenyl ) - 9H pyri do[ 3. 4- bl i ndol e- 3-car boxyl ate and
(1R 3R)-nethyl 1.2.3.4-tetrahvdro-1 :

- (3. 4- et h)AmlysisdQWQquygNsQ:;(m)ﬁﬁHzﬂl?, 4- blindol e-3-carboxylate To a
stirred solpg é&i (E)Bgrwg@ quEtdayl ester (obtained by treating the
rochl

corr espondi ng or i de salt 'inwater with saturated aqueous NaHCO err]
sol ution arﬁp dﬂﬁg%) (25.79) and piperonal (19.4g) in
anhydr ous di chl ororret hane (700m ) cooled to Of err] C was added. dr opwi se

trlfluoroaCEtlc a%éj

|s-2,3,6,7,12,12a-hexahydro-6—(3-hvdroxv-4~metho henyl)-2-methyl-

pyrazinof2',1':6,11pyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from methylamine and

'intermediate 40 gave, after recrystallisation from ethanol, the title compound as
10 white crystals m.p. :320°C.

Analysis for CooH21N304(0.25H20):

Calculated: C,66.74;H,5.47;N,10.61;

Found:C,66.72;H,5.46;N,10.53%.

15 Example 70 o
- Cis-236.7 12,12a-hexahvd 4-hydroxy-3-methoxyphenvi)-2-methyi-
pyrazino[2',1:6,1]pyridof3 4-blindole -1.4-dione
The same two step procedure but starting from methylamine and
. intermediate 41 ‘gave, after recrystallisation from dichloromethane/ethanol, the
20 title compound as yellow crystals m.p. 264-265°C |
Analysis for CooHa1N304:
Calculated: C,67.51;H,5.41;N,10.74;
Found:C,67.05;H,5.41;N,10.62%.

25 Example 71 - . '
Cis-2.3.6.7.12 12a-hexah dro-2-butyl-6 anophenvl)-

pyrazinof2'.1' 6,1]ngdo[3,4-b]mdole -1.4-dione

The same two step procedure but starting from butylamine and intermediate 37

gave, after recrystallisation from methanol/water, the title_ compound as white
30 crystals m.p. : 246°C. :

Analysns for 025H24N402 (1H20):

Calculated: C,69.75;H,6.09;N,13.01;

Found:C,69.50;H,5.96;N,12.86%.

35 Example 72



(18.1m ) and the sol ution was al l oned to react at 4[err] C. After 5 days,

t he yeIIOM/gaﬁgyion was diluted with dichloronethane (500m ). The organic
| ayer was washed with a saturated aqueous sol ution of NaHCO3, then with
vvaterTlisCshafetE&(B&r)mﬁ, the pH was neutral and dried over Na2SO4. The

or gani por at ed under reduced pressure to a volune of about
500mi mer, which crystallised, was filtered and the filtrate
was re 26 Anot her frggtion of the trans-isomer
crystallised. The fractions of trans-iSbmer were conbined to give the

(1S, 3R) - |soner Intermedi ate 67. as mhlte crystals (11.4g). np: 188C
[[err]][er i&t {-e contalnlng mai nly
~the cis-is

The same two step procedure but startmg from |sopropylamme and the cis

isomer of intermediate 42 gave, after recrystallisation from n-pentane, the title
" *5 . compound as white crystals m.p. : 130°C.

Analysis for CogHo7N302 (0.5H20):

Calculated: C,73.15;H,6.87;N,10.24;

Found:C,73.39;H,7.08;N,9.81%.

10 Example 73
) -Cis-2,3,6,7,12,1 2a-hexah¥dro§;(4—ethylghenyl)-Zﬂclogrogﬂmethyl

The same lwo step procedure but starting from cyclopropylmethylamme and the

cis isomer of intermediate 42 gave, after recrystallisation from ethanol, the title
15 compound as white crystals m.p. : 160°C.

Analysis for CogHo7N30O2:

Calculated: C,75.52;H,6.58;N,10.16;

Found:C,75.54;H,6.62;N,10.08%.

20 .Example 74
Cis-2.3.6,7.12. 12a-hexah dro-6 4—|so ropyiphen l-'2;-meth -

pyrazino[2',1':6. 1]pyrido[3.4-blindole -1.4-dione
The same two step procedure but starting from methy!amine and
intermediate 43 gave after recrystallisation from ethanol, the title comgound as
25 white crystals m.p. : 244°C.
" Analysis for CoqHo5N302:
Calculated: C,74.39;H,6.50;N,10.84;
Found:C,74.27;H,6.53;N,11.05%.

30  Example75
Cis-2,3,6.7,12.12a-hexahydro-2-butyl-6-{4-nitrophenyl)-

pyrazinof[2'.1' 6,1]gmdo[3,4-b]|ndole -1,4-dione

The same two step procedure but starting from butylamine and intermediate 45

gave, after recrystallisation from methanol, the { tle compound as white crystals
35 m.p.: 182°C.



et her (200r1?d,232§§?i added. Upon cooling, the (1R 3R) isoner, Internediate 68.
crystallise g white solid (17.49). np: 154-155[err]C [[err]][err] =+

24. 4A[err] {e—=303—CHC[err]). Internediate 69 (1R 3R)-Methy

1.2.3.4- tetra drﬁ s 3- 4- et hyl enedi oxyphenvl ) - 9H pyri do[ 3. 4- '
bllndﬁm ? e Method A Internediate 67 (5.0g) was dissolved in
nethan rogen chl ori de was bubbled into the solution for
severa err]C and the resggtlng yel | ow sol uti on was .refl uxed
for 24 hours The sol vent was renoved Under reduced pressure and the

resi due was basified with a saturated aqueous solution of NaHCO err] and
extracted vinalysis fon GpglipgNaOg (OR26Hz0Opani c | ayer was washed with water,

dried over gﬁ?ﬁbda ?ﬁg sh chromat ography eluting with
di chl-or onet hane/ net h f@sslg" W?)ég?(/e the title conpound (2.3Q)
cor r espondi r@‘ﬂ%c&f’ H‘é e of Internedi ate 68.

5 Example 76 o _
Cis-2,3.6.7,12, 12a-hexahydro-6-(4-dimethylaminophenyl)-2-methyl-
razino[2',1"6.1]pyrido[3 4-blindole -1.4-dione ,
The same two step procedure but starting from methylamine and the cis isomer
of intermediate 47 gave after recrystallisation from methanol the fitle compound
10 as white crystals m.p. : 266°C.
Analysis for Co3Ho4N402:
Calculated: C,71.11;H,6.23;N,14.42;
‘Found:C, 71.19; H, 6.24 ; N, 14.34%.

15 Examgle 77
C|s-2,3,6,7,12,12a-hexahydro—2—methyl-6—(3-gyndyl)—

pyrazinof2',1.6.11pyrido]3.4-blindole -1.4-dione
The same ‘two . step procedure -but starting from methylamirie and

intermediate 48 gave after recrystallisation from chloroform the title compound
20 as white crystals m.p. : 312°C.
“Analysis for CooH1gN402:
Calculated: C,69.35;H,5.24;N,16.17;
Found:C,69.08;H,5.20;N,16.19%.

25  Example 78
6R 12aR -2 3 6.7 12 12a—Hexah dro-2-meth 1-6-(3.4-methylenedioxyphenyi)-

a)Toa stirred solution of intermediate 54 (0.5'g)_ and NaHCO3 (0.14 g) in -
, anhydrous CHCI3 (20 mL) was added dropwise chloroacetyl chloride (0.27
30 @L') at 0°C. The resulting mixture was stirred for 1 hour at the same
temperature and diluted with CHCI3 (20 mL). Water (10 mL) was then added
dropwise with stirring to the mixture, followed by a saturated solution of
NaHCOg3. The organic layer was washed with water until neutrality and dried
over Na2804.'After evaporation of the solvent under reduced pressure,

35 {6R.12aR)-methy! 12,3 4-tetrahydro-2-chloroacetyl-1-(3.4-



Met hod B Interrredl ate 67 (25g) was heated in 1 N hydrochloric acid (78.5mn)
and wat'er ( at 60C for 36 hours. Fromthe initial pale yellow .

" solution, a vvhlte solid precipitated. The m xture was then allowed to cool

to 0C emelsﬁebmaggg BReflickd €red. The solid was then washed with diisopropyl

et her ( muﬂ Hl dried to give the hydrochloride salt of the title

conpounc ite solid. np (dec.): 209 - 212C Method C 27 A 1:1
m xture trans isomers 0%6' nt er medi ates 54 and 55 (2g) was
heated in 1 N hydrochloric acid (6.8m )y and water (15m ) at 50C for 72
hours. A simlar work-up as described in Method B above gave the

hydr ochl or i demethiylersididtyphiinil)OH-ps ndgle-3:earbosyidte wel dbstained as
an oil which was crystalllsed from ether to give a solid (0.38 g, m.p. : 233°C)
which was used without further purification in the next step.

5 b) To a stirred suspénéion of the chloroacetyl intermediate (0.37 g) in MeOH
(20 mL) was added at room temperature a solution of methylamine (33% in
. EtOH) (0.4 mL) and the resuiting mixture was heated at 50°C under N2 for
16 hours. The solvent was removed under reduced pressure and the residue
was dissolved in CH2Clo (50 mL). After washing with water (3x20 mL), drying
10 over NapS0O4 and evaporating to dryness, the residue was purified by flash
" chromatography eluting with CHoClo/MeOH (99/1) and recrystallised from 2-
propanol to give the title eomgound as white crystals (0.22 g) m.p. : 302-

303°C.

15 _ Analysis for CooH1gN304:
| Calculated:C,67.86;H,4.92;N,10.79;
Found:C,67.77;H,4.92;N,10.74%.
. 200 :
fa]p =+71.0° (C=1.00; CHCI3').
20 . : .
The following compounds were obtained in a similar manner:

Example 79
(6R,123R)-2,3,6,7,1g,12a-Hexah¥dro-2-|sogromgl-6-(3,4-

25

' The same two step procedure but startmg from |sopropylamme and intermediate
- 54 gave, after recrystallisation from methanol, the title compound as white
crystals m.p. : 280-293°C.
. Analysis for Co4Ho3N304:
30 Calgulated: C,69.05;H,5.55;N,10.07;
Found:C,69.06;H,5.49;N,10.12%.
20° _ |
[a]D- = +52.6° (C=1.14; CHCIS)._

35 Example 80



| nt-er medi ate 70 (R - N[err] (3. 4-Met hyl enedi oxvphenvl carbonyl y-trvpt ophan -
met hyI ‘est et23@CM suspensi on of D-tryptophan methyl ester hydrochloride
- CH24 2 (150m ) cooled at O[err] C was added. dropw se

L‘ﬁ 12 3n1) To the resulting solution solid piperonyl oyl :
s added portionwi se at the sane tenperature, and the
l red ‘at roomtenperature for 2 h. The m xture was washed

su h water, 0.5N hydrochI%gi c acid, water, a saturated aqueous
sol ution of NaHCJ err] and again with ter. After drying over
Na[err] SO err] and evaporation of the solvent under reduced presure, the

resul ting qgR ¢ R-2t7t1 éf e Hr& -&;u.’ ativietiedioxyphel he
| (_:oeround as"a W m' 8 1T, 100 0 T 2q < ==84.4 (c
= 1.04, CHEMELHD] dYAQC in e ione
(R -Nerr] ‘lfﬁ‘a 4aiviet thd mw&h%ruutt Statiry ﬁaﬁvb\)tyldru‘ﬁhcﬁi’idimtéﬁﬁémhteeﬂ er A
m xture of anvtee "R ALRstShisdtich from tt%luen %Qaﬁer o gls cgomgoxﬁ"?d as white |
5 crystals m.p. : 209-210°C.
Analysis for CogHosN304:
Calculated: C,69.59;H,5.84;N,9.74;
Found:C,69.70;H,5.93;N,9.74%.
| 20° | |
10 falp =+50.2° (C=0.53; CHCl,).

Example 81
GR 12aR 2367 12 12a-Hexah dro-2-|sobut -6-(3.4-methvlenedioxyphenyl)-

15 The same two step procedure but starting from isobutylamine and intermediate
54 gave, after recrystallisation from methanol, the title comgound as white
crystals m.p. : 227-228°C.

Analysis for CosHosN304:
Calculated: C,69.59;H,5.84;N,9.74;

20 -Found:C,69.52;H,5.87;N,9.74%.

20°
[“]D = +45° (C=1.04; CHCIs).

-+ - Example 82

25 (6R.12aR)-2,3.6.7.12.12a-Hexahydro-2-cyclopentyl-6-(3.4-
methvlenedioxypheny!)-pyrazinof2'.1:6.1]pyridof3.4-blindole -1.4-dione
The same two step procedure but starting from cyclopentylamine and
intermediate 54 gave, after recrystallisation from ether, the title compound as
white crystals m.p. : 237-239°C.

30 Analysis for CogHosN3O4:

' ‘Calculated: C,70.41;H,5.68;N,9.47;
Found:C,70.13.H,5.67.N,9.42%.

- 20°
35 [o]p = +36.6° (C=0.98; CHCL,).



di et hoxyet% 280rﬁ) was heated at 60[err] C under N2 for 16 hours with
stirrring @¥ction nixture was evaporated to dryness and the resulting

- oil wasdissolvedin—ethyl acetate, -then washed successively with an

aqueous sat urated saol u ion of NaHCO3 and water and dried over Na2SO4. The

oily 18 ¢Gf ter evaporation under reduced pressure gave, on
tritur ﬂ ohexane, a yell ow powder which was filtered and washed
with c to afford the'titlsg conmpound (9.74g). np:

129- 130[err]C [[err]][err] = -186.8[err| (c = 1.14, CHO[err]).

I nternediate 72 28 (1R 3R -Methyl 1.2.3.4-tetrahvdro-1
- (3. 4- et hyl enedi oxvphenyl )- 9H pyri do[ 3. 4 blindol e- 3-car boxyl ate

Example 83
6R,12aR)-2.3,6.7.12, 12a-Hexahydro-6-(3 4-methylenedioxyphenyl)-2-
clohexvimethyl-pyrazino[2'.1":6.11pyrido[3,4-blindole -1,4-dione
5 The same two step procedure but starting from cyclohexyimethylamine and the
cis isomer of intermediate 56 gave, after recrystallisation from 2-propanol the
_ litle compound as white crystals m.p. : 209°C. '
Analysis for CogHogN304:
Calculated: C,71.32;H,6.20;N,8.91;
10 Found:C,71.30;H,6.29;N,8.74%.
20°
[c_L]D = +40.0° (C=0.99; CHCIa).

| Example 84 ' | |
15 ' (6R,12a‘R)-”2,3,6,7,12,12a—'Hexari¥dro-g-cyclogrop_zlmethyl-ejtt-methomhenxl)—
razino[2'.1':6. 11pyrido[3.4-blindole -1,4-dione

The same ftwo step procedure but starting from cyclopropylmethylamine and
intermediate 57 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : 204-205°C.

20 Analysis for Cos5Ho5N303(0.5H20):

' Calculated: C,70.74;H,6.17;N,9.90;

Found:C,70.98;H,6.09:N,9.92%.

200 ) ’ .

[o]p =+54.1° (C=1.03; CHCl,).

25 -
Example 85 ' .
6R.12aR)-2.3.6.7.12.12a-Hexahydro-2-butyl-6-(4-methoxyphenyl)- -
pyrazino[2',1%:6.1]pyrido[3 4-blindole -1,4-dione
The same two step procedure but starting from buylamine and intermediate 57

30 gave, after recrystallisation from 2-propanol, “the title compound as white
crystals m.p. : 183-184°C.
Analysis for CosHo7N303(0.5H20):

~ Calculated: C,70.40;H,6.62;N,9.85;

Found:C,70.55;H,6.64;N,9.92%.

35



A sol ution ﬁf Ir{%errredi ate 71 (99) and nethyl iodide (10m) in anhydrous
di chl oronet 200m ) was heated at reflux under an argon atnosphere with
protection fromlight. After 24 hours, the solvent was renoved under
reduced pressure to gi ve an orange oil which on trituration from hexane .

e @hishest flayBren Re; hed with ether and used wi thout further
'M ext step This conpound (13.11 g) was di ssolved in

.pUI’I fi
met hanam“ﬁg'm& t he sol uti on was ggol ed to -78[err]C. NaBH4 (0.999)

was then ad y portions and the m xtlre was stirred at the sane
. tenperature for 1 hour. The reaction was quenched by addition of acetone
(10m ) and th20%ol vent was renoved under reduced pressure. The residue was

di ssol ved ifg] ﬂ;ng\(@&hegh \BHoLyater and then with brine and dried over
Na2SO4. Afte evapor ati on of t he %0l vent, the orange oil gave on .

trituration froma hot m xture of diet hyI et her/ cycl ohexane an orange
powder whi @R.aWes rgacrystalllsed from di et hyl ether/pentane to afford the
.1 I n
cl%)et -6 40 eto

title conpdl 0% 2 , hen

razino 2' 1 6 1lpyrido 3 4-b mdole -1 4-dione

The same two step procedure but starting from cyclopentylamine and

intermediate 57 gave, after recrystallisation from ether, the title compound as

white crystals m.p. : 210-211°C.

10 ~  Analysis for CogHo7N303:

Calculated: C,72.71;H,6.34;N,9. 78

Found:C,72.53;H,6.39;N,9.53%.
20° | t

[a]D = 4+29.8° (C=1.07; CHC|3).

aut henti c

2 D3 el | oy solid ( coare

15 _
Example 87
{6R 1 2aR)-2,3,6,7,12,12a-Hexahydro-6-(3-ch|oro-4-metho>_<mhenyl)—2—

_ The same two step procedure but startmg from cyclopropylmethylamme and
20 mtermedcate 59 gave, after recrystallisation from methanol, the title compound
- as white crystals m.p. : 218-219°C.
Analysis for CogHo4CIN3O3 (0.25 H20):
Calculated: C,66.08;H,5.43;N,9.25 ; Cl, 7.80;
Found: C, 66.11 ; H, 5.33 ; N, 9.03 ; CI, 7.74%.
25 20°
fddp = = +49.4° (C=1.03; CHC|3)

Example 88

(6R.12aR)-2.3.6.7.12,12a-Hexahydro-2-cyclopentyl-6-(3-chioro-4-
30 ~ methoxyphenyl)-pyrazino[2',1':6.1]pyrido[3,4-blindole -1.4-dicne

The same two step procedure but starting from cyclopentylamine and
intermediate 59 gave, after recrystallisation from methanol, the fitle_compound
as white crystals m.p. : 260-262°C.
Analysis for CogHogCIN3O3:

35 Calculated: C,67.31;H,5.65;Cl,7.64;N,9.06;



(1:R 3R)- ?nmgé
2 3 4- ‘tetr! &‘?‘6 2-chl or oacet vl - (3. 4- met hyl enedi oxyphenyl ) -
pyridof 3—4-btindote=3- carboxyl ate Method A To.a stirred sol ution of
. Int er ﬁas7B%en( IZ%%' and NaHCO8 (2.79g) in anhydrous CHCl [err] (200m)
oroacetyl chloride (5.3m) at O[err] C under N2. The
result s stirred for 1 hour at the sanme tenperature and
dilute r] (100nm ). water g@0oOn) was then added dropwi se with
stirring to the m xture, followed by a saturated aqueous sol ution of
NaHCO3. The organic |layer was washed with water until neutrality and dried
over Na2SOFould:666:98;b;,587,CB8.06;N,.904%! vent under reduced pressure, the
oi |y conpound obtained was crystallised fromether to give the title
conpound as a 8a| e yellow solid (9.959). np: 233C [[err]][err] =
-125.4[err](c28°1.17, CcHO[err]). Method B
[or.]D = +27.6° (C=1.05; CHCI3).

5
Example 89 -
6R,12aR)-2,.3.6.7,12 12a-Hexah dro-6-(3-chloro-4-methoxyphenyl)-2-methyl-
pyrazino[2',1':6.11pyrido[3.4-blindole -1.4-dione
The same two step procedure but starting from methylamine and
10 intermediate 59 gave, after recrystalhsatron from methanol, the ttle compound
" as white crystals m.p. : 283-284°C.
Analysis for Coo2H2gCIN3O3:

Calculated: C,64.47;H,4.92;Cl1,8.65;N,10.25;
Found:C,64.49;H,4.92.C18.33.N,10.02%.

15 20° -
o]y = +61.3° (C=1.00; CHCly).

Example 90 . _
, 6R.12aR)-2.3.6.7.12,12a-Hexahydro-2-isopropyl-6-(3-chloro-4-methoxyphenyl)-
20 pyrazino[2'1' 6,1]91ndo[3,4—b]mdole -1.4-dione -
The same two step procedure but starting from isopropylamirie and mtermedrate
59 gave, after recrystalhsatlon from methanol, the title compound as white
crystals m.p. : 302-304°C.
Analysis for CogH24CIN3O3:
25 Calculated: C,65.83;H,5.52;N,9.60;
Found:C,65.83;H,5.57.N,9.73%.
- 20°
[cr.]D = +39.8° (C=0.95; CHCI3).

30 Example 91
(6§,12-aR)-2,3,6,7,12,12a-He'xahyd&(‘ 2.3-d|hydrobenzo[b]1gran-5-¥l)-2-
methyl;mgazino[Z',1':6,1]gmdo[3,4—b]|ndole -1,4-dione
The same two step procedure ~but starting from methylamine and
intermediate 61 gave, after recrystallisation from dichloromethane/methanol, the
35 titie compound as white crystals m.p. : 288-291°C.



29 "Chl oroacetyl chloride (4m) was added dropwi de to a sol ut

| nt'er nedi at 82 QCY16 1g) and triethylamne (7m) in anhydrous
at O[err]C.under N2. The solution was stirred at O[err]C for I
then diluted with CHerr]C[err] (300m). The solution was wa

water (200m ), a saturated aqueous solution of NaHCO3 (300m ) and brine
(400m ). After drying over Na2SO4 and evaporati on under reduced pressure,
the resulting solid was washed with ethgr (300m) to give the title

conpound as a pale yellow solid (1 8.30)". Internediate 74 Met hyl
1.2. 3. 4-tetrahvdro- 6- net hyI - (3. 4-met hyl enedi oxyphenyl) - 9H pyri do[ 3. 4-
bl i ndol e- 3- popa }syfoa trans i soners The cis and trans isoners of

bt star fﬁ"&#ﬁs&“@ﬂﬂé@i’% 4%3##@ rypt ophan nethyl ester and

pi peronal . Found:C,71.27;H,5.49;N,10.96%.

5 20°
[a]p =+65.6°(C=0.4 CHCI3).

Examglé 92 _
6R,12aR)-2,3.6.7.12,12a-Hexahydro-6-(2, 3-dihydrobenzo[blfuran-5-vl)-2-
10 methylcyclopropyl inof2'.1':6. 1lpyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylcyclopropylamine and -
intermediate 61 gave, after recrystallisation from methanol, the title oomgound'
as white crystals m.p. : 242-244°C. ‘
Analysis for CogHogN303:
15 Calculated: C,73.05;H,5.89;N,9.83;
' Found:C,72.90;H,5.93;N,9.98%.
20°

[a]D = +55.4° (C=0.99; CHCIs).

20 .Example 93 .
| (6R,123R)—2,3,6,7,12,12a—Hexahydm-6;(5-indan¥I)-2—meth¥|-
pyrazino[2',1':6, 1]pyrido[3.4-blindole -1.4-dione :
The same two step procedure but starting from methylamme and
intermediate 63 gave, after recrystallisation from methanol the title comgound
25 as white crystals m.p. : 262°C : '
Analysis for Co4H23N302:
Calculated: C,74.78;H,6.01;N,10.90;
Found:C,74.65;H,5.90;N,10.67%.
' 20° .
30 [o]p = +68.6° (C=0.98; CHCI,).

Example 94
(6R,12aR)-2,3,6,7,12,12a-Hexah¥dro-6-(5-|ndanyl)-Zﬂclogrogylmethyl-
pyrazino[2'.1':6.11lpyridol3 4-blindole -1.4-dione



Cis isoner: vellow solid mp.: 85[err]C. Trans isoner: I

185[err] C 1#35&'\49d| ates 75 and 76 (1 R 3R)- Met hyl yeh‘ s s Bdmrﬁ faced
1.2.3.4-tetrahvdro- 1- (7-(4-net hyl - 3. 4-di hvdr o- 2H |I‘I|Ulllulllul| "
benzor[ 1. 4] oxazi nyl ))-9H pyri do[ 3. 4- b] i ndol e- 3- car boxy!l at e nd
(1S. 3R -Methyl 1.2.3.4-tetrahvdro-1-(7-(4-nethyl-3.4-di hydro-2H

benzo[ 1. 4] oxazi nyl))-9H pyri do[ 3. 4- bl i ndol e- 3-car boxyl ate. trans isoner The
sanme nethod, as described for internedigtes 54 and 55, but starting from
D-trypt ophan nethyl ester and 4-nethyl -3, 4-di hydr o- 2H benzo[ 1, 4] oxazi ne- 7-
car boxal dehyde gave Internediate 75 the cis isonmer as an oily conpound 1H

NMVR (CDCl 3) Thersamé [two) step7pfocediire ibut tarting. flof 6y¢ioprapyimethyldminer and 1H)

(s, 3ny; 1 Blemiectste: o davp, Anke derysidlisafnd fom rockhend, the il Enodli, - ¢

m p. : 119- 12a$ whitecrystalsanedild68C77 Met hyl
1. 2. 3 4-tet gfsqml 25ﬂ§ nyI )) - 9H pyridor 3. 4- bl i ndol e- 3-
car boxyl ate xture It H 64 S. 3R) isoners .

Calculated
Found:C, 75.25 1 H, 6.51 ;) N, 9.75%.

. 20°
_ [“]D = +57.9° (C=1.00; CHCI3).
- 10 :
Example 95
6R,12aR)-2.3.6.7.12.12a-Hexahydro-2-methyi-6-(3.4-methylenedioxyphenyl)-
zino[2'.1":6.1]pyrido[3.4-blindole-1,4-dione
To a stirred suspension of Intermediate 73 (12. 5g) in MeOH (400ml) was added
15  at room temperature a solution of methylamine (33% in EtOH) (13.7ml) and the
resulting mixture was heated at 50°C under N2 for 14 hours. The solvent was
removed under reduced pressure and the residue was dissolved in CH2Clo (1).
After washing with water (3 x 500ml), drying over NasSO4 and evaporatlng to
dryness, the white solid obtained was recrystallised from 2-propanol to give the
20 title-.compound as white needles (7.5g). , _ "
mp : 298-300°C. : :
20° |
[oc]D =+71 3° (c=0.55, CHCI3)
Elemental analysns (C2oH19N304) calculated: C, 67.86; H, 4. 92 N 10 79,
25 found: C, 67.79; H, 4.95; N, 10.61%.

Example 96 . |
Cis-2.36,7.12 12a-hexah dro-2 10-dnmeth -6-(3.4-methylenedioxyphenvl)-

. razino[2',1° ; 6.1]pyrido[3.4-blindole-1 4-dione

30 The same two step procedure as used to prepare Example 1, but starting from
methylamme and the cis isomer of Intermediate 74, gave after recrystallisation
from ethanol, the fitle compound as white crystals m.p. : 275°C.
Analysis for Co3H21N304 ( 0.4H20):
Calculated : C, 67.27 ; H, 5.35; N, 10.23;

35 Found: C,67.36; H, 5.21; N, 10.31%.



The sane nethod, as descri bed for internediates 54 and 55, but startl ng
from Dtryﬂ?@ﬁ% met hyl ester and N-benzyl I ndol i ne-5-car bopsd

intermediate 77 as an oily conpound. 30 Internediates 78
3R)-Methyl 1,2.3.4-tetrahvdro-1 -(4-carbonet hoxvphenyl ) 9H- pimmmmﬁm ||H

bl i ndol e- 3-carboxyl ate, cis isoner. and (1 S. 3R)-
.2.3.4-tetrahvdro-1 -(4-

car bomet hoxyphenyl ) - 9H pyri do[ 3, 4- bl i né | e- 3- car boxyl at e. trans isoner The

sanme nethod, as described for internmediates 54 and 55, but starting from

%trypt ophan. nethyl ester and nethyl 4-fornyl benzoate gave Internedi ate

80

- 10

the cis isoner as white crystals mp.: 157-160C and Internedi ate 79,

15

25

30

35

The same two step procedure as used to prepare Example 78, but startlng from
veratrylamine and intermediate 54 gave, after recrystallisation from methanol,
the title compound as white crystais m.p. : 224-226°C.
Analysis for C3gH27N306: :
Calculated : C,68.56 ; H,5.18 ; N,8.00;
Found : C,68.80; H,5.11 ; N,8.06%.

20°

o]y =+ 43.9° (C = 1.02; CHCls).

Example 98 .

Cls-2,3,6,7,12,12a-hexahydro-6_-_(4-ammoghenyl)-2-bu_ty!

pyrazinof2'.1* 6,1]g¥r|do[3,4-b]mdole-1 4-dione

To a solution of Example 75 (1.5 g) in methanol (100 mbL) was added
SnCl2.H20 (3.06) and the resulting mixture was heated at reflux for 8 hours.
The mixture was cooled to ambient temperature, poured into ice and was

.adjusted to pH5 with 1N NaOH. The methanol was evaporated off and the_.

residue was basified to pH11 with 1N NaOH and extracted with EtOAc (2 x 150
mL). After drying over NapS04 and evaporation of EtOAc, the resulting yellow
powder was puriﬁed by radial chromatography eluting with CH2Cl2 to give the
title compound as a white powde'r (550 mg) m.p. : 192°C.

Analysis for Co4HogN402 (1.3 H20):

Calculated : C,67.68 ; H,6.77 ; N, 13.15;

* Found: C67.74; H, 6.68 ; N, 13.02%.

Example 99

Cis-2.3,6.7,12 12a-hexahydro-6-(4-acetamidophenyl)-2-butyl-
pyrazino[2',1':6,11pyridof3.4-blindole-1.4-dione

To a solution of Example 98 (0.2 g) in THF (15 mL) was added triethylamine (76
pL) and acetyl chloride (39 pL) and the resulting solution was stirred at room
temperature for 2 hours. After evaporation of THF, the resulting residue was
taken up in CHoCly (100 mL), washed with water (2 x 50 mL) and dried over

dplaced

the trans iégﬁsle@ pal e yellow crystals mp.: 124-126[err]C. Internediate
(6R,12aR)-2,3,6,7,12,1Za-Hexahygro-ZjS,MlmethOMn_le)ﬁ3,4—



(1R 3R)-
1,2, 3.4 tet 0- 2- [ 2- (benzvl oxvcar bonvl ) - R- p yl]-1-(3, 4-'[‘hlsSheetHasBeenRe laced
- et hyI enedi oxyphenvl ) -9H pyri do[ 3..4- b] i ndol e- 3 car boxvl ate A s

N-(benzyl oxycarbonyl )-D-proline acid chloride (0.64 g, 2.4 nmo

anhydrous di chl oronet hane (10 nl) was added dropwi se to a stir sol ut |on

of internediate 54 (0.7 g, 2 mmol) and triethylamne (0.33 nL, 2.4 mmol) in
di chl oronet hane (15 nL) at - 10C. The igxture was stirred for 2 h at - 10C
after which it was diluted with dichl or'onmet hane (50 nlL), washed with
hydrochloric acid (1 N), water, a saturated solution of NaHCO3, a saturated

NaCl. sol utiNag ?8 03 Afterdevaiss ratiod SIC CIP,0ted Iré@ulﬂﬁ t dulids wagerdcrystallised

recrystalli

conpound as n?ﬁ’“@ ﬁ§@g%§wg§ h@%%"k%@e Mh@%’& "81

1R 3R)- thz46°c

- 1.2.3, 4- tetmg F%’:{z%v oxycarbonvl) S-prolvl]-1-(3.4-
env

met hyI enedi 0X 3 4-bl i ndol e- 3-carboxyl ate A sol ution of

N- (bénzyl 0xG8 !ataw P,loaﬁmhl, &cNi12800ri de (0.86 g, 3.2 mol) in
anhydr ous dFG&'\d”mbsnﬂ ©l88 N, 12&B9pdded dropwise to a stirred sol ution

of

Examgle 100 . _
Cis-2.3.6.7.12.12a-hexahydro-2-butyl-6-(4-methylsulfonamidophenyi)-

10 pyrazino[2'.1":6.11pvridol3.4-blindole-1.4-dione | |
To a solution of Exampl_e_ 98 (0.2 g) in THF (5 mL) was added triethylamine (228
pL) and methanesulfonyl chloride (126 pL) and the solution was heated at reflux
for 6 hours. After evaporation of THF, the residue was taken up in. CHoClp,
washed with water and dried over NapSO4. After evaporation of CHoClo, the

16 residue was purified by radial chromatography eluting with CH2CI21MeOH
(95/5) to give the title compound as a brown powder.(30. mg) m. p 188°C.

Analysis for CogHogN404S (0. 75 H20):
Calculated : C,60.77 ; H,6.02 ; N,11.34;
Found : C,60.61; H, 6.02 ; N,10.82%.
20 '

Example 101 o ' . _
6R. 12aR)-2.3.6.7,12,12a-Hexahvd 3.4-methvienedioxyphenyl)-

gyrazmo|2', 1': 6.1] pyrido [3.4-b] indole-1 ,-4-diohe
: The same two step procedure but starting from ammonia and intermediate 54
25 gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 285-290°C.
Analysis for Co4Hq7N304:
Calculated: C,67.19;H, 456 N, 11.19;
Found: C,67.30;H,4.66;N, 11.11 %.
30 [0]20°p = + 88° (c = 0.48 ; pyridine).

Example 102

(6R, 12aR)-2.3.6.7.12.1 2a-Hexahxdfo-6;(3,4-methylenediogghenyl)’-232—
ropynyl)-pyrazino [2' 1' 6.1 ido [3.4-b] indole-1,4-dione



i nt-ermediate 54 (0.91 g, 2.6 mmol) and triethylamne (0744 mL, 3.2 rfrml) n

di ¢hl oromett233€V 20 nlL) at - 10C. The mixture was stirre ﬁééﬁii
10C after which it was diluted with dichl oronethane (60 i g{ww {
hydrochloric acid (1 N), water , a saturated solution of

saturated NaCl solution and dried over Na2SO4. Evaporatio
and 31 recrystallisation of the crude product from net hanol/vvater gave

the title conpound as pal e yell ow crys%gl s (0.8 g0 mp.: 115-120C.
Internediate 82 (1 R 3R)-Methyl 1 B

. 2. 3. 4-tetrahvdro-2-(2-chl oropropionyl)-1 -(3.4-
et hyl enedl&e(v)eaﬁ B)Yb siép Procetitire biit Blartie frenﬁpmbgywhﬁ@aﬂ@ umeﬁﬂéui&at@n of

ERERpnp ety 5&@ P&ﬁ% by o O s et
crystals m.p. : 271°C.
_ Analysis for Co4H1gN304 :
5 Calculated: C,69.72;H,4.63; N, 10.16,
Found: C,69.95;H,4.66;N, 10.06 %.
o2y = + 51.7° {(c = 0.49 ; CHCly).

Example 103 _
10 (6R, 12aR)-2,3,6,7,12,12a-Hexahydro-2j3,4—methy|endnoybenzy_l)-6-(3,4-

The same two step procedure but startlng from piperonylamine and intermediate

54 gave, after recrystallisation from methanol, the title compound as white

crystals m.p. : 204-206°C. '
15 - Analysis for CogHo3N30g :

Calculated: C,68.36;H,4.55;N,8.25;

Found: C,68.25;H,4.49;N, 8.41.

[0]20°p = + 43° (c = 1.01 ; CHCl3).

20 ‘Example 104 :

{6R. 12aR)-2.3.6. 7,12,122-Hexah3@ro—2;(3,-4—dimethm_cy' phenethyl)-6-(3.4-

~ methylenedioxyphenyt ', 1': 6.1] pyrido [3.4-b] indole-1.4-dione

The same two "step procedure but starting from 3,4-dimethoxyphenethylamine

and intermediate 54 gave, after recrystallisation from dichloromethanéle’ther; the
25 title compound as white crystals m.p. : 265-266°C.

~ Analysis for CgqHagN30g :

Calculated: C,69.00;H,542;N,7.79;

Found: C,68.68;H,535;N,7.78%.

[o]2°p = +38.3° (¢ = 1.12 ; CHCly).
30 .

Example 105 |

6R, 12aR)-2.3.6.7.12,12a-Hexahydro-2-furfuryl-6-(3 4-methylenedioxyphenyl)-

pyrazino [2', 1': 6.1] pyrido [3.4-b] indole-1.4-dione



1.2 mol). Hg%§¢§3dlate 54 (0,35 g, 1 nmol) was then added and the n1xture
was stirred om tenperature for 20 hours. The forned

- di cycl ohexylurea was renoved by filtration, ‘the filtrate .

vacuo and the crude product was purified by flash chromato

with toluene/ethyl acetate: 95/5. The oily conpound obtai ned was t
crystallised from et her/ hexane to give the title conpound as pale yellow
crystals (0.31 g) mp.: 125-127C. Interggdiate 83 (1 R 3R)- Mt hyl
1.2.3.4-tetrahvdro-2-(2-chloropropionyl)-1 -(3.4-

met hyl enedi oxyphenvl ) - 9H pyri do[ 3. 4-b] i ndol e- 3-car boxyl ate To a sol'ution of
(R) - (+) - 2- clihersgme pworstep procedure bytestaiting ffom furiurylamine:ahddntermediate

di chl or onet Ran quél) hﬁiﬁ Okt d i, g 2.
nol). Inter grrgdg \fe? éBe%&aﬂ%%%Brro‘l §r6 was é#'g 8ot 6&'&1? Sr \évh\ﬁtgs
stirred at Fo/StAle aPet 1ana for 20 hours. The formed precipitate of -

di cycl ohexyhhaggmc & gzé%gy filtration, the filtrate was evaporated in

. .\\I/Ma;:lﬁ and tEalculaLieg pro HpHrésf 'ﬁd % flash chronmat ography el uti ng
‘Found: C,68.16;H,4.63;N,9.15%. |

[a]20°y = +58.1° (c = 1.2 ; CHCI3)

Example 106

10 ' {6R, 12aR)-2,3,6,7,12,12a-Hexah1dro-6;(3,4-methylenedio>_(yghenyl)-252-
' thienyimethyl)-pyrazino [2', 1° : 6.1] pyrido [3.4-b] indole-1,4-dione

The same two step procedure but starting from 2-thiophenemethylamine and
intermediate 54 gave, after recrystallisation from methanol/water, the title
compound as white crystals m.p. : 155-157°C.
15 | Analysis for 025H21N304S : '
Calculated: C,66.23;H,4.49;N,891;85,6.8;
Found: C,66.13;H,4.54;N,9.12;S,6.78 %.
[o]20°p = +70.4° (¢ =1.03 ; CHCI3).

20 Example 107

2.1:6.1 ido 34-b indole-1 4-d|on

The same two step procedure but starting from methylamine and intermediate

57 gave, after recrystallisation from methanol, the title compound as white

25 crystals m.p. : 285-288°C. |

Analysis for CopHpqN3O3 : |

Calculated: C,70.38;H,564;N, 11.19;

Found: - C,70.31;H,569;N, 11.29 %.

[0]J20°p = + 59° (c = 1.19 ; CHCl3).
30 ' .
' Example 108 .
'(6R,_128R)-2.3.6.7.12.12a-Hexahydro-2-ethvl-6-(4-methoxyphen razino [2'
1': 6,11 pyrido {3 4-b] indole-1,4-dione : |



t okuene/ et hyl acetate: 95/5 The oily conpound obtai ned wa”fﬁ_’//—-
crystal1i setRIIGWh et her/ hexane to give the title conpound ag, aced

l
crystals (0.74 g) mp.: 126-128[err]C. Internedi ates 84 and
3R)-Methyl 1.2.° 3.4- tetrahvdro-1- - (3, 4-di benzvl oxyphenyl ) - 9H$B| M
bl i ndol e-3-carboxylate cis isoner and (1S. 3R)-nethyl 1 .2.3

- (3. 4- di benzyl oxyphenyl)-9H pyrido [ 3. 4-blindol e--3-car boxyl ate trans
i soner 32 The same net hod as descri for internedi ates 54 and 55 but

starting fromD tryptophan nethyl est and 3, 4-di benzyl oxybenzal dehyde
gave internedi ate 84, the cis isomer as an oily conpound 1 H NVR (Cbad 3)

E_)ez [)]r ( gp”) ‘THe %ameﬁt\of]lﬁ3 5 5ured§u18§taﬁm| frobn eth?la?ﬁnésandzh’&emfadiaibsﬂ 2H) ;
3 (br s, |_&a\@ %@g@p Crys ngpef"gg ol, 3Ehe t(tlse com! gdund as whlte( gr]ystzakg
m.p. : 277°C.
Analysis for 023H23N303
5 Calculated: C,70.93;H,5.95; N 10.79,
Found: C,70.90;H,5.96;N, 10.54 %.
[a]29°p = + 62° (c = 1.28 ; CHCl3).

Example 109
10 6R, 12aR)-2.3 6 7.12.12a-hexah d 7-(4-meth I-3 4—d|h dro-2H-

~The same two step. procedure but startmg from intermediate 75 and
methylamine gave, after recrystallisation from ethanol, the title compound as
~ white crystals m.p. : 285-288°C.
15 Analysis for Cz4H24N403 (0.5 HzO) .
Calculated: C,67.75;H,5.92; N, 13.17;
Found: C,68.02;H,6.00;N, 13.18 %.
[0]2%°p = + 71.7° (c = 1, pyridine).

20 .Example 110

pyrazinof2', 1' 6.11pyrido[3.4-blindole-1 ,4—d|on : :
The same two step procedure but starting from intermediate 77 and

methylamine gave, after recrystallisation from dichloromethane/methanol, the
25 title compound as white crystals m.p. : 223-225°C.

Analysis for 030H28N402 .

Calculated: C,75.61;H,592;N, 11.76;

Found: C,752;H,578;N, 11.67 %.

[0]20°p = +20.4° (c = 0.5, CHCl3).

6.1]pyrido[3.4-blindole-1.4-dione
A solution of Example 110 (1.05 g , 2.2 mmol) in methanol (100 mL) was

35 hydrogenated in the presence of 10 % Pd-C (100 mg) for 48 hours at room



trans i somer as an oily compound 1HNMR (CDd 3) [err] (ppﬁh; n1 15 ;
6.9- 6.7 (nf233GV 5.2 (br s, 1H); 5.1 (s, 2H); 5 (s, 2H); laced
3.65 (s, 3H); 3.3-3 (m 2H) ; 2.25 (br s, 1 H). Internedi

12aR)-2.3.6.7. 12.12a- Hexahvdr o- 6- (3.4- dlbenzvloxvphenvl)

pyrazino[2'. 1': 6.1 Jpyrido[3.4-blindole-1 .4-dione The sanme two step
procedure but starting frominternedi ate 84 and'nethylanine gave, after
recrystallisation fromdichl oronethane/gther, the title conpound as white
crystals mp. 158-160C, [[err]][err] = 11.7[err] (c = 1.23 CHO [err]).

I nternediate 87 Methyl 1.2

3.4-tet rahViérnﬁpéraﬁ.ﬁe( Aft&??é]ﬁbwbél%f'lﬁ@ okt ﬂ%’b@%hﬂ%§ e%abbféiéahﬁ‘ TUo
car boxyl at e inxtureo M 9&? rs T% @rgf‘y {%' |§‘
described f& 1§8¥eARERSI éYﬂF ringd omaiag v BllpEawit
et hyl est edichiovotethedrie/mettanul ol 96/4: Ehwsbndaitﬂamdewasvacrmallusedlfmm 87
as an oily 8%?Bﬂlgthanelmethanol to give the title compound (300 mg) as white crystals
- 5 m.p. : 240°C.
Analysis for Co3HooN405 (0.5 Hy0) :
Calculated: C,69.86;H,5.86; N, 14.17 ;
“Found: C,70.13;H,5.77; N, 14.06 %.
[aJ2%p = + 55.9° (¢ = 1.18 ; pyridine).
10 :

Example 112

Ci s-2,3,6,7,12,12a-hexahydro-6;(4-ethylghenyl)—2—meth1|:pyrazino[2',1' :
6.1 ido[3.4-blindole-1,4-dione

The same two step procedure but starting from methylamine and the cis isomer.
16 of intermediate 42 gave, after recrystallisation from methanol, the fitle compound

as white crystals m.p. : 254°C.

Analysis for C23Ha3N302 (0.25 H;0) :

Calculated: C,73.09;H,6.27; N, 11.12;

Found: C,73.03;H,6.18;N, 11.36 %.
20 : '
Example 113

(6R, 12aR)-2.36.7.12.1 2a-Hexah1drg§_d 4-carbomethoxyphenyl)-2-methyl-
zino[2'.1’ : 6.1Ipyrido[3.4-blindole-1.4-dione '

. The same two step procedure but starting from intermediate 78 (cis isomer) and
25 methylamine gave, after recrystaliisation from methanol, the title compound as
white crystals m.p. : 308-312°C. -
Analysis for C23H21 N304 .
Calculated: C,68.47;H,5.25;N,10.42;
Found: C,68.76;H,5.18;N,1035%.
30 [o]20°p = + 97.7° (¢ = 1, pyridine).

Example 114
(5aR, 12R, 14aR)-1 2.3.5a.6.1 1 ,12,14a-0ctahydro-1 2-(3.4-

35 blindole-5-1.4-dione



"Exanple-1
G 5-2. 3. 6. 1283CWa- hexahvdr o- 2- net. hyI 6- (3. 4- met hyl enedi 0X4RRGAY s Been Replaced

pyrazino[2'. 1':6.1]pyrido[3.4-blindol'e -1 .4-dione a) To a
sol ution of intermediate 1 (2 g) and NaHCO3 (0.6 g) in anhyHlmlHlmﬁ"m II]
(40 nmL) was added dropwi se chloroacetyl chloride (1.1 nL) a .

resulting mixture was stirred for 1 hour at the sane tenperature and
diluted with CHC [err]. Water (20 m_)ﬁs t hen added dropwi se with stirring
to the m xture, followed by a saturat sol ution .of NaHCO3. The organic

| ayer was washed with water until neutrality and dried over Na[err]SQerr].
Af ter evaporation of the sol vent under reduced pressure, cis-nethyl

L5 e o Salion e igh 4 1695621 2 mmo do & mixtues 19 pethepol T

obt ai ned ag8GMOanL) was: hydagenatetd tﬁ lth@ preserwse of 10 % Pd-C (75 mg) for 48
hours at 40°C. After removal of the catalyst, the solvent was evaporated in

5 vacuo to leave a residue, which was purified by flash chromatography eluting
with dlchloromethanelmethanol : 98/2. The white solid obtained was
recrystallised from methanol to give the. title compound (180 mg) as white
crystals m.p. : 284-287°C.
Analysis for Cz4H21 N304
10 . Calculated: C,69.39;H,5.10; N, 10.14;

Found: C,6947;H,5.11;N,9.97 %.
{o]20°p = + 21.7° (c = 0.64, CHCly).

' Example 115
15 (5aR. 12R. 1gas }-1.2.3.5.6.11.12, 14a-0ctah¥dro-1 2-(3.4-

blindole-5-1.4-dione

A solution of intermediate ‘81 (0.8 g, 1.37 mmol) in methanol (40 mL) was
20 hydrogenated in the presence of 10 % Pd-C (100 mg) for 5 h at 45°C. After
~ removol of the catalyst the solvent was evaporated in vacuo to leave a residue,
which was buriﬁed by flash chromatography  eluting with
dichloromethane/methanol : 98/2. The solid obtained was recrystallised from
. methanol to give the title commun (300 mg) as white crystals m.p. : 302-
25 304°C.
Analysis for Co4Ho¢N3Oy4 :
Calculated: C,69.39;H,5.10; N, 10.11;
Found: C,69.35;H,5.11;N, 10.10 %.
[a]20° = + 106.8° (¢ = 1.08, CHCl3).
30 . |
. Exampie 116

(3R, 6R, 12aR];'2,3,6,7,12,12a-hexah1dro-2,3-dimeth¥l§_-(3,4-
methylenedioxyphenyl)- zino[2'.1' : 6,1]pyrido[3,4-blindole-1,4-dione

To a stirred solution of intermediate 82 (0.15 g, 0.34 mmol) in THF (15 mL) was
‘36 added at room temperature a sofution of methylamine (33 % in EtOH) (0.32 mL)



. . /

ether (2 g, n1§. : 215-218C) and was used without further purification in
t he next sté-%:.‘} G)/ To a stirred suspension of the chl oroacﬁlyighebtn{aemm Wﬁ“
at

(0.34 g) in MeOH (20 nmL) was added at ambi ent terrperature
met hylam ne (33%in EtOH) (0.37 nL) and the resulting m'xt
re uced

50[err] C under N2 for 14 hours. The solvent was renoved un

pressure and the residue was dissolved in CH2CI2 (50 nl). After washi ng
with water (3x30 nlL), drying over Na2 and evaporating to dryness, th
resi due was purified by flash chromato raphy eluting with CH2Cl 2/ MeCH
(99/1) and recrystallised fromMOH to give the title corrpound as white

crystals (0afd the resultirdpSollftion. wasdheated dtoreflik2ti@ei3tly: for 24 hours. The

Fol Low ng. cNBBNF Wes iaffe¥sendit sédyodd Btticd Znéﬁngfésnﬁﬁg%%?d%%é?ve@ﬁ 3

6. 7. 12. 1CHJICix {25 ml)- Aftenwashing with svate(2 x-20emh)dryinggver-Na;SO,4 and

evaporating to dryness, the crude product was purified by flash chromatography
5 eluting with dichloromethane/methanol : 99/1. The white solid obtained was
recrystallised from methanol to give the title compound as white crystals (80 mg)
m.p. : 219-220°C.
Analysis for CogHa1N3O4 :
Calculated: C,68.47;H,5.25;N, 10.42;
10 Found: C,68.39; H, 5.21; N, 10.42%.

[0]29°p = + 89.6° (c =1 ; CHCI3).

e -

' Example 117

(3S. 6R, 12aR)-2.3.6.7.1 2,12a-hexahydro—2,S-dlmethyl-s-(3,4-
15 _meth lenedioxyphenyi ino[2'.1' : 6,1]pyrido[3.4-blindole-1,4-dione

To a stirred solution of intermediate 83 (0.3 g, 0.68 mmol) in THF (30 mL) was
added at room température a solution of methylamine (33 % in EtOH) (0.68 mL)
and the resuliing solution was treated at reflux under N, for 6 days. The solvent
was removed under reduced pressure and the residue was dissolved in CH,Cl,
20 . (50'mL). After washing with water (2,26 mlL), drying over Na;SO4 and
evaporating to dryness, the crude product was purified by flash chromatography:
eluting with dichloromethane/methanol : 99/1. The oily residue obtained was
_crystallised from methanol to giVe the title compound as white crystals (40 mg)
m.p. : 307-309°C.
25 Analysis for C23H21 N304 .
Calculated: C,68.47;H,5.25;N, 1042;
Found: C,68.35; H, 5.33; N, 10.42%.
[0]20°p = +65.2° (¢ = 1.15 ; CHCl3).

30 Example 118 . :
6R, 12aR)-2,3.6.7,12.12a-Hexahyd 3 4-dihydroxyphen -_2-meth {-

razino[2', 1': 6.1]pyrido[3.4-blindole-1.4-dione
A solution of intermediate 86 (0.75 g ; 1.34 mmol) in a mixture of ethanol/THF
_ (70/_30 mL) was hydrogenated in the presence of 10 % Pd-C (75 mg) for 24 h at
35 room temperature. After removal of the catalyst, the solvent was evaporated in



pyrazine[2'. 1': 1] pyrido [3.4-blindol e-1.4-dione The sane two step
procedure m2333V1t I ng fron1buty|anine and internmedi ate 52 gave, after
reCFyS[aIIIdeIUH fro hanol, the title conpound as white crystals mp.

182[ er rjpfe. f Cerr]Herr]FNerr]derr] (0.1 Herr]O:

Cal cul at 6.04; N, 9. 61; Found: C, 68.38 H 6.11 ; N,
9. 53% -2 3.6.7.

12. 12a- h hyl - 6- ( 3. 4- net hy| enedi oxvphenyl ) - '

pyrazino[2' .1 6 1]pyr|do[3 4- bllndole731 4-di one 34 The same two step
procedure but startlng from met hyl am ne and I nternmedi ate 2 gave, after

recrystal | b feadld Wit Solid Whidh We (GRJAAIISABA fbih! Rettianl b ive
the title compound (0.35 g) as white crystals m.p. : 224-226°C.
Analysis for Cz1H1gN3O4 :
Calculated: C,66.83;H,5.07;N, 11.13; -
5 Found: C,66.58;H,5.01;N, 11.04%.
[0]20°p = + 58.4° (c = 1.04 ; pyridine).

Example 119 : |
(6R, 123R [—2,3,6,7,12, 1 2a-Hexahydro-2-meth¥Iﬁ 5(2-

10

The same two steps procedure but starting from intermediate 87 and
methylamine gave a crude oil which was purified by fiash chromatography -
eluting with dichloromethane/methanolftriethylamine : 92/8/0.1 %. The solid
obtained was recrystallized from isopropanol/propyl ether/water to give the title -
16 compound (20 mg) as off-white crystals m. p.: 236°C.

Analysis for Cz4H24N402 (2.68 HzO)

Calculated: C,64.23;H,6.59;N, 1248;

Found: C,64.21;H,6.43;N,12.02%.

fo °°D =+61.1° (c = 0.5 ; CH30H).

20
' Examgle 120 :
Compounds of formula (1) have been mcluded in pharmacy formulatlons and
details of such formulations are given below.
25 TABLETS FOR ORAL ADMINISTRATION .

A. Direct Compression

1. | mgltablet
« | Active ingredient ' 50.0
Crospovidone USNF | 8.0
Magnesium Stearate Ph Eur 1.0
Anhydrous Lactose B , 141.0




mp:: 301- 39§gscpnal ysis for errJHerr]N err]derr]: .Calcul ated: C, 67.86;
H, 4.92; N, 10.'"#9Y~Found: C, 67. 98; H, 4. 98; N, 10. 73% Exanple 4.

Cs-2.3.6:712: - - 6- (3. 4- net hyl enedi oxvphenvl) -

pyrazi no[ 'isgﬁeét@hsliégxﬁ' 1o[ 3. 4-bli ndol e - 1. 4-di one The sane two step

procedure Oom ammoni a and internediate 1 gave, after
recrystall iI E Hﬁﬂv
. 283-285C, i

thanol, the title conpound as white crystals mp.
Cerr]Herr] N[-Fér] Jerr]: Calculated: C 67.19;
H,4.56; N, 11. 19; Found: C,67.04;H,4.49; N, T 1.10% Exanpole 5
Cis-2.3.6.7.12. 12a- hexahydro-1 O-fl uoro- 6- (4- met hoxvphenyl)-2-(2. 2.-2-
trifluoroethyl) - Fheaactiv itigradienbwaksieveth ahd. blebded adthethe excigieotss The
resultant mix was compressed into tablets. :

2. L mg/tablet

Active ingredient _ 50.0
Colloidal Silicon Dioxide 0.5
Crospovidone _ 8.0
Sodium Lauryl Sulphate 1.0
Magnesium Stearate Ph Eur ' 1.0
Microcrystalline Cellulose USNF - 139.5

5 ' The active ingredient was sieved and blended with the excipients. The

resuitant mix was compressed into tablets.

B. WET GRANULATION

| ' mg/tablet

| Active ingredient - 50.0
Polyvinyl pyrollidone | . 150.0
Polyethylene glycol 50.0
Polysorbate 80 10.0

| Magnesium Stearate Ph Eur . 25
Croscarmellose Sodium . 25.0
“Colloidal Silicon Dioxide 25

| Microcrystalline Cellulose USNF 210.0

10 : . .
“The polyvinyl pyrollidone, polyethylene glycol and polysorbate 80 were
dissolved in water. The resultant solution was used to granulate the
active ingredient. After drying the granules were screened, then
. extruded at elevated temperatures and pressures. The extrudate was’
15 milled andfor screened then was blended with the microcrystalline
cellulose, - cfoscarmellose_ sodium, colloidal silicon , dioxide and

magnesium stearate. The resultant mix was compressed into tablets.



The sane two step procedure but starting from2,2,2-trifluoroethylam ne and
I nt er medi at1833@ ave, after recrystallisation fromethanol/diisopropyl

et her,—thet+t+te—conpound as white crystals mp.: 190C. Anal ysis for
C23H19F4N303 I 2d: C, 59.87; H 4.15; N, 9.11; Found: C, 59.81 ; H
4.18;. e 6 Cis-2.3.6.7. 12.1

2a- hexa - 2- et hyl - 6- (3. 4- net hyl enedi oxyphenvl ) -

pyra2|n

|do[3 4- bllndole% 4-di one The same two step
: procedure but startr ng from et hyl am ng and internedi ate 50 gave, after
recrystallisation fromethanol, the title conpound as white crystals m

iQi%er rN] Cloegzil; yois for Cferr]Herr] FN[err]Q err] dal cul Sl‘hgﬂabfet 64.86f H,
| Active ingredient _ . 50.0
Polysorbate 80 - o 3.0
Lactose Ph Eur | . 1780
StarchBP | 45.0
Pregelatinised Maize Starch BP 22.5
Magnesium Stearate BP __15

The active ingredient was sieved and blended with the lactose, starch
and pregelatinised maize starch. The polysorbate 80 was dissolved in
purified water. Suitable volumes of the polysorbate 80 solution were
5 | added and the powde_rs were granulated. After drying, the granules were
screened and blended with the magnesium stearate. The granules were
then compressed into tablets. : |

Tablets of other strengths may be prepared by altenng the ratio of active
10 ingredient to the: other excipients.

~ EILM COATED TABLETS

The afore'menﬁoned tablet formu-lla_tio'ns were film coated.

15 : : _
' Coating 8uspensmn ' % wiw
Opadry whitef 1 132
Purified water Ph Eur _ to 100.0*
* The water did not appear ih the -ﬁnél prodhct. The maximum theoretical weight
of solids applied during coating was 20mg/tablet.
20 t Opadry white is a proprietary material obtainable from Colorcon Limited, UK

w_hich contains hydroxypropyl methyloellulose, titanium dioxide and triacetin.

The tablets were film coated using the coatrng suspensron in conventional film
coating equipment.
25 :



35.Found: C;& 64.66; H, 4.60; N, 10.21% Exanple 7 (6R 12aS)-2.3.6.7.
12./12a- hexaﬁ2336\/2 met hyl - 6- ( 3. 4- net hyl enedi oxyphenyl ) - pvrazino[ 2' 1:

6. 1] pyrido[ 3. 4-bl i ndol e- 1. 4-di one The sane two step procedure but starting -
from net hyl anine and the trans i somer of internediate 56 gave, after
ecrysta]'lismbmHarBe&fmﬁz&eal uene, the title conpound as white crystals mp.

.1 287- 289 for CJerr]Herr]Nerr]derr] (0.25 tol uene):
Cal cul at e 5.13; N, 10. 197 Found: C, 69.09; H, 5.14; N,

10.19% [[err] |l err -293.4 (C=1.28; i [err]). Exanple 8 (6S. 1

2aR) - 2. 3 6.7: 12.1 2a-hexahvdro- 2- net hyl - 6- (3. 4- net hyl ened| oxyphenyl) -
pyrazino[ 2. cAPSLESPYri do[ 3. 4-blindole-1 .4-dione

1. | ' ' ____mglcapsule
Active ingredient : ' : - 560.0
Lactose | 148.5
Polyviny! pyrollidone’ 100.0
Magnesium Stearate 1.5

_ The active ingrédient was sieved and blended with the excipients. The mix was

5 filled into size No. 1 hard gelatin capsules using suitable equipment.
2, . | mg/capsule
Active ingredient : §0.0
| Microcrystalline Cellulose ' : 233.5
Sodium Lauryl Sulphate - 3.0
Crospowdone : 12.0
Magnesium Stearate : 15

‘The active ingredient was sieved and blended with the excipients. The mix was
' ﬂlled into size No. 1 hard gelatin capsules using suitable equipment. -

10
Other doses may be prepared by altenng the ratio of active ingredient to
exclplent, the fill weight and if necessary changmg the capsule size.
3. _ __mglicapsule
| Active ingredient S - 50.0
Labrafil M1944CS : ' . to 1.0 mi
15 The active ingredient was sieved and blended with the Labrafil. The suspension
was filled into soft gelatin capsules using appropriate equipment.
Example 121
Inhibitory effect on cGMP-PDE '
20 cGMP-PDE activity of compounds of the present invention was measured using

' aone-step assay adapted from Wells at al. (Wells, J. N., Baird, C. E., Wu, Y. J.



The sane two step procedure but starti ng from nmet hyl am ne anmd—nternediate
55- gave, aft283C0\ecrystallisation fromtoluene, the titlegQ d as Wmte
crystals mp. : 287C. Analysis for CJerr]Herr]Nerr]Jerr

Cal culated: C, 69.41 ; H, 5.17; N, 10.08; Found: C, 69.56;

10.08% [[err]][err] =+ 297.9[err] (C=1.21; CHCl [err]).

3. 6. 7. 12. 12a-hexahvdro-2-[2-(2- pyrldyl) ethyl]-6-(3. 4-

met hyl enedi oxvphenvl ) -pyrazino[2'. 1'-6.1 ]pyrido[3.4-blindole-1 .4-dione
The sanme two step procedure but startlﬁé from 2-(2-pyridyl)ethyl am ne and
intermedi ate 1 gave, after recrystallisation from2-propanol, the title

conpound a sfa ﬁ?!%z Ag@,'
C[ err]Herr r@ rri’&éé'r r] @CQ% at éééo @8 &%@61@7?\}) 'll'h%é'eagion
C. 69.92: umy .contaimed ,66;M  Tris-HCILpH 7.5, SmM Mg-acetate, 250ug/mi 5'-
‘Nucleotidase, 1mM EGTA and 0.15uM 8—[H°]-cGMP The enzyme used was a -
human recombinant PDE V (ICOS, Seattle USA).

Compounds of the invention were dassolved in DMSO fi nally present at 2% in
- the assay. The incubation time was 30 mlnutes dunng which the total substrate
conversion did not exceed 30%.

10 The [Cs values for the compounds examined were determined from
concentration-response curves using: typically concentrations ranging from
10nM to 10uM. Tests against other PDE enzymes using standard methodology
also showed that compounds of the invention are highly selective for the cGMP
specific PDE enzyme.
15 g
-cGMP level measurements
Rat aortic smooth muscle cells (RSMC) prepared according to Chamley et al. in
" Cell Tissue Res. 177, 503 - 522 (1977) were used between the 10th and 25th
passage at confluence in 24-well culture dishes. Culture media was aspirated
20 and replaced with PBS (0.5ml) containing the compound tested at the -
appropriate concentration. After 30 minutes at 37°C, particulates guanylate
cyclase was stimulated by addition of ANF (100nM) for 10 minutes. At the end
of incubation, the medium was withdrawn and two extractions were performed
by addition of 65% ethanol (0.25ml). The two ethanolic extracts were pooled -

25 and evaporated until dryness, using a Speed-vac system. c¢c-GMP was
measured after acetylation by scintillation proximity immunoassay
(AMERSHAM). '

The compounds according to the present invention were typically found to

30 exhibit an ICso value of less than 500nM, and an ECs, value of less than 5. In
vitro test data for representative oompounds of the mventlon is gnven in following
Table 1:

35



36.Exanple 10 Cs-2.3.6.7. 12,1 2a-hexahvdro 2- (2-pyridvimethy)—6-(3-4-
6.1 ]pyrido[3.4-bl

net hyl enedi b333R¥nv! ) - pyrazi no[ 2' . :
The sane two step procedure but starting from 2-pyridyl me

internmedi ate 1 gave, after recrystallisation from DI\/F/vvateE i
conpound as creamcrystals mp: 285-286[eirr]C. Analysis fo
Cerr]Herr]Nerr]Jerr] (0.4 H20):
Found: C, 68.58; H, 4.88; N, 11.90%

2a- hexahvdr o- 2- ( 3- pyri dvl net hyl ) - 6- ( 3.

i

Cal cul ated: C, 68.46; H, 4.85; N, 11 83;
le 11 Cs-2.3.6,7, 12.1
met hyl enedi oxvphenvl) - pyrazi no[ 2'

1': 6.1 Jpyrido[3.4-blindole-1 .4-dione
' Table 1 '

Example No.  {Cg NM ECgo uM

| 12 10 0.5

36 <10 0.5

52 20 0.8

63 30 0.35

79 <10 0.15

82 20 0.5

. 84 10 0.4

89 10 0.1

g5 2 0.2

101 - 10 0.3

115 <10 0.4

Example 122

4- dlone

5 -Antihvpertensive activity in rats
The hypotensive effects of compounds according to the invention as identified in

table 2 were studied in conscious spontaneously hypertensive rats (SHR). The_
~ éompounds were administered orally at a dose of 5Smg/kg in a mixture of 5%
DMF and 95% olive oil. Blood pressure was measured from a catheter inserted
10 in the carotid artery and recorded for 5 hours after administration. The results
are expressed as Area Under the Curve (AUC from O to 5 hours, mmHg.hour) of
the fall in blood pressure over time.

In Vivo Results

15 '
Example No. AUC PO (mmHg.h)
36 ' Q9
T 63 . 95
79 . : 171
82 | 111
84 | 77
89 -. 117




conpound as creamcrystals mp. : 292-293C. Anal yS| S:
CerrJHerr]Nerr]derr]: Calculated: C, 69.52; H 4.75
69.27; H 4.74; N, 11.37% Exanple 12 Cs-2. .3.6.7.12.1
2a- hexahvdro 2-(4-pyridvlinmethyl)-6-(3.4- net hyI enedi oxyphenvl ) - pyrazi no[ 2'.
1': 6.1 ]pyrido[3.4-blindole-1 .4-di orpy The sane two step procedure but
starting from 4-pyridyl net hylam ne and i nterrredl ate 1 gave, after

r ecr ystallisation f+om-MeOHd—the—t+te uuupuuuu TS E’ T yET crystar g
mp. :| 273-274C. ExmmpleNéor C27H22N4b4 (1.8 HAM @h(mmﬂsﬁ'- C 65 00;
H 5 47N 11.25; FOlg?-)d: C, 65.11 ; Hl 4.85; N, 11.094%s Exanple 13

101 _ . _ 136

The sane two # p procedure but starting from 3- pyrldyl t hyl am ne and
i nt er medi at4> ave, after recrystallisation from CH2C \]ﬁﬁﬂii‘ ﬂl‘:m]m‘ﬁd




Cis<2.3.6.7.12. 1 2a- hexahvdro- 2- et hyl - 6- (3. 4- et hyl enedi oxvphenyT)
pyr'azi no[ 2' 1233C¥. 1 ] pyrido[ 3. 4-blindole -1 .4-dione ShisidhBet B Boeh
step procedure but starting from et hyl ami ne and int er medi a
recrystallisation fromnethanol, the title conpound as whi i M‘M;’Hﬁﬁl
272-274C. Anal ysis for C23H21 N304 Cal cul ated: C, 68.47; H,
Found: C, 68. 52; H, 5. 35; N, 10. 53% Exarrpl e 14
Cis-2.3.6.7.12. 12a- hexahvdro-2-(2.2.2-trifluoroethyl)-6- (3 4-
met hyl enedi oxvphenyl ) - pyrazi no[ 2' . 1. g8 ] pyrido[3.4-b]indole -1 .4-dione
The sane two step procedure but startlng from2,2,2-trifluoroethyl amne and
- CLAIMS
1. A compound of formula (i)

0}

5 - and salts and solvates'thereof' in which:
RO represents hydrogen halogen or Cqg alkyl;
R1 represents hydrogen, Cq.galkyl, C.¢ alkenyl, Cos alkynyl haloCq.
ealkyl, Cga.gcycloalkyl, Ca3-gcycloalkylC4_3alkyl, aryIC1.3alkyl or
heteroarylC1_gzalkyl;

10 "~ R2 represents an optionally substituted monocyclic aromatic . ring
selected from benzene, thiophene, furan and pyridine or an optionally

substituted bicyclicring attached to the rest of the molecule

via one of the benzene ring carbon atoms and wherein the fused ring A is -
"a 5- or 6-membered -ring which may be saturated or partially or fully
15 ' unsaturated and comprises carbon atoms and optionally one or two -
" heteroatoms selected from oxygen, sulphur and nitrogén; and
'R® represents hydrogen or C,.s alkyl, or R and R® together represent a 3-
or 4- membered alkyl or alkenyl chain.

20 2. ‘A compound of formula (la)

and salts and solvates thereof, in which:
- RO represents hydrogen, halogen or C4.g alkyl;
R1 represents hydrogen, C1-galkyl, haloCq_galkyl, C3z.gcycloalkyl,
25 C3-gcycloalkylC4-3alkyl, arylCq._galky! or heteroarylC4_galkyl; and

\'.

N



o nt.ermédi ate 1 gave, after recrystallisation fromECOH the title corrpo
as'white cry233¢¥ mp. : 303[err]C. Analysis for C23H18F3N30‘Hassﬁad

C, 60.40; H 3.97;N,9.19; Found: C 60.43;H4.1 5;N,9.16% Exarrpl
Cis-2.3.6.7. 12.1 2a- hexahvdro-6- (3. 4- net hyl enedi oxvphenyl) - t’mm "I
Pyrazino[2'. 1':6.1 ]Jpyridor3.4-b]Jindole -1 .4-dione The sarre

procedure but starting from propyl am ne and |nterrred| ate 1 gave, after
recrystallisation fromnmethanol, the title conpound as white crystals mp.
: 270-271[err]C. Analysis for 024H23N3C7$ Cal cul ated: C, 69.05;H, 5. 55

N, 10. 07; Found: C, 69.22; H, 5. 50; N, 9. 80% Exarrple 16 Cis-2.3.6.7.

12. 12a- hexahvd 3 4 Ghe2a” o
A= Nexanvar oy RZ 'repPersen¥s an! opﬁonaliy Yaibetituted” 7 gr%/c;)chc aromatic ring

selected from benzene, thiophene, furan and pyridine or an optionally

substituted bicyclic ring : : attached to the rest of the molecule

via one of the benzene ring carbon atoms and wherein the fused ring A is

5 a 5- or 6-membered ring which may be saturated or partially or fully
unsaturated and comprises carbon atoms and optionally one or two
heteroatoms selected from oxygén, sulphur and nitrogen.

3. A compound according to Claim 1 or 2, wherein R° represents hydrogen.
10 ' : -
4, A compound according to any of Claims 1 to 3, wherein R1 represents
hydrogen, Ci4alkyl, haloCq_galkyl, C3-gcycloalkyt,
Ca.geycloalkylmethyl, pyridylC4.3alkyl, furylC4.3alkyl or optionally
substituted benzyl. ' | |
16 ' :
5. A compound according to any of Claims 1 to 3, wherein R' and R®
_togeiher represent a 3-membered alkyl chain. :

6. A compound according to any of Claims 1 to 4, wherein R® represents -
20 hydrogen.

7. A compound according to any of Claims 1 to 6, wherein R2 représents an
optionally substituted benzene, thiophene, furan, pyridine or naphthalene
X
~
S | (o),
ring or an optionally substituted bicyclicring Y where n is
25 1or2and Xand Y are each CHp or O. '

- [

8. A cis isomer of formula (l) represented by formula (Ib) h
0

..'\\]‘l\N_Rl M

N (Ib)

wo
w

i
",
o

C c L L] -1 %*



pvrazino[2'. 1':6.1 ]pyrido[3.4-blindole -1 .4-dione The-—Salth\/\D\StefQﬁﬁ\

pr ocedur e bu233cvrt| ng from i sopropyl am ne and I nternmedi gt e gave,

recrystallisation fromnmethanol, the title conmpound as h@t é‘stgal, LB

. 248-250C. Analysis for C24H23N304: Cal culated: C,69. 05 Miﬁi ed
- pyr

38 Found: C, 68.86;H,5.66; N, 1 0.21 % Exanple 17 C's-2. 3. 6.
12 12a- hexahvdr o- 2- cyclopropyl 6- (3. 4- net hyl enedi oxyphenyl)

:6. 1] pyrido[ 3. 4-blindole-1.4-dione The same two step procedure but
startlng fron1cyc|opropy|an1ne and i nt &thedi ate 1 gave, after
recrystal lisation frommethanol, the title compound as :

" and mixtures thereof with its cis optical enantiomer, including racemic
mixtures, and salts and sblvateg of these compounds in which RO is
hydrogen or halogen and R}, R” and R® are as defined in any preceding
claim.

9. Cis-2,3,6,7,12,12a-hexahydro-2-(4-pyridylmethy!)-6-(3,4-
methylenedioxyphenyl)-pyrazino[2', 1" : 6,1]pyrido[3,4-blindole-1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-6-(2,3-dihydrobenzo[b}furan-5-yl)-2-

. méthyl-pyrazino[2',.1’_:6,1]pyrido[3,4-b]indole -1,4-dione;

10 : Cis-2,3,6,7,12,12a-hexahydro-6¥(5-bromo-2-thienyl)-2-methyt-
pyrazino[2',1':6,1]pyrido[3,4-b}indole -1,4-dione; |
Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4-methylphenyl)-
pyrazino[2',16,1]pyrido[3,4-blindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-isopropyl-6-(3,4-

15 methylenedioxyphenyl)-pyrazino[2',1':6,1]pyrido[3,4-blindole -1,4-dione;
(6R,12aR)-2,3,6,7,12 123-Hexahydro-2-cyclopenty!-6-(3 4-
methylenedloxyphenyl)-pyrazmo[2' 16 1]pyndo[3 4-bjindole -1,4-dione;
~ (6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopropylmethyl-6-(4-
methoxyphenyl)-pyrazino[2',1':6,1]pyrido[3;4-bjindole -1,4-dione;

20 B (6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(3-chioro-4-methoxyphenyl)-2-
methyl-pyrazino[2',1':6,1}pyrido[3,4-b]indole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-(3,4-
methylenedioxyphenyl)-pyrazino2',1'.6,1]pyrido[3,4-bjindole-1,4-dione;
(6R, 12aR)-2,3,6,7,12,12a-Hexahydro-6-(3, 4-methylened|oxyphenyl)-

25 pyrazino[2', 1' : 6,1] pyrido [3,4-b] indole-1,4-dione;

(5aR, 12R, 14aS)-1,2,3,5,6,11,12,14a-Octahydro-12-(3,4-
methylenedioxyphenyl)-pyrrolo[1“,2" : 4',5'|pyrazino[2',1' : 6 1]pyr|do[3 4-
blindole-5-1,4-dione;

and physiologically accéptable salts and solvates thereof.

30 ¢

10. (6R,12aR)-2,3,6,7,12 12a—hexahydro-2-methyl-6—(3 4- _
methylenedioxyphenyl)-pyrazino[2',1'.6,1]pyrido[3,4-bjindole -1,4-dione;
and physiologically acceptable salts and solvates thereof.

% [ L M S *



whi.te crystals mp.: 290-292C. Analysis for (Jerr]H errifNerrigerri-
Calculated123,363139H510N10 11; Found: C,69.1 1; H, 5,204, H%sﬁér{

laced
Exanpl e 18
C-s-2.3.6.7,12, 12a- hexahvdr o- 2- but yl - 6- ( 3. 4- met hyl. enedl 0X mmul“ \Ulﬁ
pyrazino[2'. 1':6.1 Jpyrido[3.4-blindole -1.4-dione The s
procedure but starting frombutylam ne and internediate 1 gave, after :
recrystallisation from nmethanol/water, the title conpound as white crystals

mp. : 241-243[err]C. Analysis for CeBi]H err]Nerr]Oerr]: Calcul ated:
C 69.59;H,5.84;N,9.74; Found:C 69.77;H,5.82;N,9.81 % Exanple 19 -

:)_;?2; ﬁofzq17112%12ma hﬂupexa(%dr gd ﬁgl%ﬁ%yﬁ (gagngﬂm h‘?’d efgsalsg)ﬁ%]e%%a}ment
of stable, unstable and variant angina, hypertension, pulmonary
hypertension, chronic obstructive pulmonary disease, congestive heart '
failure, renal failure, atherosclerosis, conditions of reduced blood vessel

5 patency, peripheral vascular disease, vascular disorders inflammatory
| diseases, stroke, bronchitis, chronic asthma, allergic asthma, allergic
rhinitis, glaucoma or diseases characterised by disorders of gut motility.

_ 12. Use of a compound according fo any of Claims 1 to 10, for the

10 manufacture of a medicament for the treatment of stable, unstable and

| variant angina, hypertension, pulmor.iary hypertension, chronic

obstructive pulmonary disease, congestive heart failure, renal failure,

atherosclerosis, conditions of reduced blood vessel patency, peripheral

vascular . disease, vascular disorders, inflammatory diseases, stroke,

16 . bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma or
" diseases characterised by disorders of gut motility.

13. A method of treating stable, unstable and variant angina, hypertension,
pulmonary hypertension, chronic obstructive pulmonary disease,

20 ' congestive heart failure, renal failure, atherosclerosis, conditions of ..
' ~ reduced blood vessel patency, peripheral vascular disease, vascular
disorders, inﬂammaiory diseases, stroke, bronchitis, chronic asthma,
allergic asthma, allergic rhinitis, glaucoma or diseases characterised by
disorders of gut motility, in a human or non-human animal body, ‘which
25 : method comprises administering to said body a therapeutically effective

amount of a compound according to any of Claims 1 to 10.

14. A pharmaceutical composition comprising a oompound of the acodrding
to any of Claims 1 to 10, together with a pharmaceutically acceptable
30 « diluent or carrier therefor.

15. A process of preparing a pharmaceutical composition comprising a
compound according to any of Claims 1 to 10, which process comprises
mixing said compound together with a pharmaceutically acceptable

35 diluent or carrier therefor. |

* c LM § *




Thetsame. two step procedure but starting from butylan ne W
gave, afterqs ﬁégstal lisation fromtoluene, the title conpound as |
crystals mp. 43[err]C. Analysis for err]H err] N err] GhissSh t Has Been Rep

Cal cul ated: C, 69.59;H,5.84;N,9.74; Found: C, 69.80;H,5.78;N,09.

Cs-2.3.6.7,12, 12a- hexahvdr o- 2- cch opr opyl met hyl - 6- (3 4- ’Tﬁd
nmet hyl enedi oxyphenvl )-pyrazino[2'. 1':6. 1] pyri-do[3.4-b]indole -1.74%

39 The sanme two step procedure but starting from cycl opropyl net hyl am ne and
internediate 1 gave, after recrystalliggion fromnethanol, the title
compound as white crystals mp.: 217-218[err]C. ' :

16. A process of preparing a compound of formula (l), which process
comprises: '

5 _ a process (A) for preparing a compound of formula (I), wherein R® |
represents hydrogen which process (A) comprises treating a compound
of formula (Ii)

_in which Alk represents C1.5alkyl and Hal is a halogen atom, with a
10 primary amine RINHo; or

a process (B) for preparing a compound of formula (1), i_lvherein R' and R®
together represent a 3- .or 4-membered alkyl or atkenyl chain, which
process (B) comprises cyclisation of a compound of formula (VIil)

16 ' ' :

wherein Alk represents Csealkyl and R’ and R® together represent a 3- or
4-membered chain both as defined above; or

20 . _
a process (C) for preparing a compound of formula {I) wherein R®
represents. Ciqalkyl, which process (C) compnses cyclisation of a
compound of formula X) .

* ¢ L M § %



N

Anal,y5| s for err]Herr]Nferr]Jerr]: Calculated: C 69.9
Found: 'C, 701283CW, 5.47; N, 9.84% Exanple 21 Cis-2.3.6. 7

2a- hexahydr o- 2- cyclopentyl 6- (3. 4- nethylenedloxvphenyl) aQB%nRehqﬁ
1':6.1]pyrido[3.4-b]lindole -1 .4-dione The sane two step pr '
startl ng fromcycl opentylam ne and internedi ate 1 gave, aft

recrystallisation fromacetone, the title conpound as white crystals
270[ err]C. Analysis for C26H25N304: Calgul ated: C, 70.41;H,5.68; N, 9.47;
Found: C, 70.58; H, 5. 63; N, 9. 38% Exanpl e .

Cis-2.3.6.7.12. 12a- hexahydr o- 2- cycl ohexyl - 6(3 4- et hyl enedi oxvphenvl ) -

pyrazino[2'. 1':6.1 Jpyrido[3.4-blindole -1 04- di one. The sane-two step
procedur e but starti ng from cyckohexyl a

wherein Alk represents C1.salky| and R® repreSentg Casalkyl, substituted
at C, by a halogen atom; or '

5 . .
process (A), (B) or (C) as hereinbefore described followed by
i) an interconversion step; and/or either
) salt formation; or
10 : iii)  solvate formation.
5 47.  Compounds of formulae (1), (1), (V), (V1), (VII), (VIll) and (X), with the
exception for compbunds {n, (V); (V1) and (ViI) wherein R® is hydrogen,
R? is pheny! and Alk is methyl.
15
-

A O



intermediate 1 gave, after recrystall i sation from nethanol/water, the
title Conpol2BBCM white crystal s’ mp.: 268-269C. Analysis f or TigShee HM3Bh Replaced
Cal cul ated: C, 70.88;H,5.95;N, 9. 18; Found C, 70.82; H,5.89; N, 9. 21

23 Cis-2 3.6.7.12. 12a- hexahvdr o- 2- benzvl - 6- ( 3. 4- et hyl enedi oxy ﬂ nﬁ" "I
pyrazino[2'. 1':6 1 ]pyrido[3.4-blindole -1.4-dione The sane two

procedure but starting from benzylam ne and internediate 1 gave, after
recrystallisation from dichl oronet hane/ hexane, the title conpound as white
crystals mp. : 285-287C. Analysis for 8é[er'r] Herr]Nerr]Jerr](1 Herr]O:

Cal cul ated: C, 69.55;H,5.21; N, 8.69; '

ABSTRACT

TETRACYCLIC DERIVATIVES PROCESS OF PREPARATION AND USE

5 A compound of formula (l)

U]

and salts and solvates thereof, in which:
RO represents hydrogen, halogen or C1.g alky!; '
_ R1 represents hydrogen, C4.galkyl, C.salkenyl, Ca alkynyl, haloC4._galkyl, C3_
10 geycloalkyl, C3.geycloalkylC4_3alkyl, arylC4.3alkyl or heteroarylC1_zalkyl;
R2 represents an optionally substituted monocyclic aromatic ring selected from
- benzene, thiophene, furan and pyridine or an opttonalty substituted bicyclic ring

[ l A) o " o
' attached to the rest of the molecule via one of the benzene ring

carbon atoms and wherein the fused ring A is a 5- or 6-membered ring which
15 “may be saturated or partially or fully unsaturated and comprises carbon atoms . |
 and optionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen; and -

" R® represents hydrogen or C1salkyl, or R' and R® together represent a 3- or 4-
20 membered alkyl or alkenyl chain.

A compound of formula () is a potent and’selective inhibitor of cyclic guanosine
3', 5-monophosphate specific phosphodiesterase (cGMP specific PDE) having
a utility in a variety of therapeutic areas where such inhibition is beneficial,
25 including the treatment of cardiovascular disorders. |



40 Found: G, %@i@‘}@@%@ S%ET 8% Exanple 24 qioTRers A
Gi.s-2.3.6.7. 12} 12a- hexahydro 2} (4-fluorobenzyl) - 6- (3, 4- met hyl enedi oxyphenyl
)- pyrazino| 27 F¢EB 1997i dp[B. 4-blindol e - 1. 4-di one The sane two step
procedure but ptarting from Iuorobenzyl am ne and internediate 1 gave,
after recrysgaltT etone, the title conpound as white crystals
mp. : 281-283[err]C. Analysis|for CJerrfHerr]FNerr]Jerr]: Cal cul at ed:
C, 69.56; H 4.59;F, 3.93; N, 8.69; Found: C69. 54; H, 4. 58; F382 N, 8. 63% Exanpl e
25 Os 2.3.6.7.12. 12a- hexahvdro 6-(4- rrethxvh nyl . VA
.1 ':6.1] pvri dAEIRAG G| DERIVAT JOESS 3 i't;‘ ON Al : )
startlng from rrethyl anm ne and |nterrred| ate 3 gave after recrystalllsatlon

from 2-propano) hxst |rr]13e}1tlxct>rl1 ?el%(t)r??u%dsenes o) ttt‘aatrac:ychc derivatives, to processes for

their preparation, pharmaceutical compositions containing them, and their use
as therapeutic agents. In particular, the invention relates to tetracyclic
derivatives which are potent and selective inhibitors of cyclic guanosine 3',5'-
monophosphate specific phosphodiesterase (cGMP specific PDE) having utility
in a variety of therapeutic areas where such inhibition is thought to be
beneficial, including the treatment of cardiovascular disorders.

Thus, according to a first aspect, the present invention provides compounds
of formula (l)

NJ

U]

and salts and solvates (e.g. hydrates) thereof, in which:
RO represents hydrogen, halogen or Cq.g alkyl; )
R1 represents hydrogen, Cq.galkyl, C2 alkenyl, C»¢ alkynyl, haloC1.5aikyl,
- Ca.gcycloalkyl, Ca.gcycloalkylCq_3alkyl, arylC4.3alkyl or heteroarylC4-3alkyl;
R2 represents an optionally substituted monocyclic aromatic ring selected
from benzene, thiophene, furan and pyridine or an optionally substituted bicyclic

| ] ALY | o -
ring attached to the rest of the molecule via one of the benzene

' ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring
which may be saturated or partially or fully unsaturated and comprises carbon
atoms and optionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen; and

R® represents hydrogen or Cs. alkyl, or R' and R® together represent a 3- or
4- membered alkyl or alkenyl chain.

There is further provided by the present 1nventlon a subgroup of compounds
of formula (1), the subgroup comprising compounds of formula (la)

T EPLACEMENT SHEETS  §G
REPLACED SHEETS SG ¥ Description : paged ... to paged 2.
' D.Description :paged ........ to paged .......... ¥ ‘fﬂm(S) : paged A to paged AT,
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crystal s mfpese ;

Cal cul at ed:
~ Exanple 26

Pyrazi no[ 2']
. procedure but
~recrystallip
crystals mk

Cal cul at ed:

;is il lﬂj Analysis for CJerr]Herr]Nerr](err]:
< B ,{11.19; Found: C, 70. 11 ;H 5.55;N, 11.15%

;"

-anszgz 3 61?; 12a- hexahvdr o- 6- (4- net hoxvphenyl ) - 2- met hyl -
fE Pp 7‘dc 3. 4-blindole -1.4-dione The sanme two step
starting from et hylam ne and internedi ate 4 gave, after
atron fromdiisogropyl ether, the title conpound as whi te
225:228LerL.CJ Anal ysi s f @ Clerr]Herr]Nerr]Qerr]:

—

"G, 70.38;H,5.64; N, 11. 19; Found: C, 70.34; H, 5. 77; N, 1 1.1 9%

Exampl e 27 G S- 2 3.6.7.12.1 2a- hexahvdro 2- et hylo6 (4- met hoxvphenvl) -

Pyrazi no[ 2" .

(la)

and salts and solvates (e.g. hydrates) thereof, in which:

RO represents hydrogen, halogen or C4_g alky!;

R1 represents hydrogen, C4-galkyl, haloC4.galkyl, Cz-gcycloalkyl,
C3z-geycloalkylCq.3alkyl, arylC4.3alkyl or heteroarylC4_zalkyl; and

R2 represents an optionally substituted monocyclic aromatic ring selected
from benzene, thiophene, furan and pyridine or an optionally substituted bicyclic

I '
ring attached to the rest of the molecule via one of the benzene

ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring

" which may be saturated or partially or fully unsaturated and comprises carbon

atoms and optionally one or two heteroatoms selected from oxygen sulphur and
nitrogen.

Wwithin R1 above, the term "aryl" as part of an arle1_3alkyl group means
phenyl or phenyl substituted by one or more (e.g. 1, 2 or 3) substituents
selected from halogen, Cq.galkyl, C1_galkoxy and methylenedioxy. The term
“"heteroaryl" as part of a heteroarylC4_3alkyl group means thienyl, furyl or pyridyl
each.optionally substituted by one or more (e.g. 1, 2 or 3) substituents selected
from halogen, C1.g alkyl and C4.galkoxy. The term "C3z_gcycloalkyl" as a group
or part of a Cz-gcycloalkylC4_zalkyl group means a monocyclic ring comprising
three to eight carbon atoms. Examples of suitable cycloalkyl rings include the
C3-gcycloalkyl rings cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

Within R2 above, optional benzene ring substituents are selected from one or
more (e.g. 1, 2 or 3) atoms or groups comprising halogen, hydroxy, Cq_galkyl,
C4-galkoxy, -CO;R®, haloC4.galkyl, haloC4_galkoxy, cyano, nitro and NR2Rb,
where R@ and RD are each hydrogen or C4_galkyl, or R8 may also represent
Co.7alkanoyl or Cq-galkylsulphonyl. Optional substituents for the remaining
ring systems are selected from one or more (e.g. 1, 2 or 3) atoms or groups
comprising halogen, Cq_galkyl, C1_galkoxy and arylCssalkyl as defined above.



41 The same fwe -, pegeedufey but starting from ét.hyl am ne and

i nter nedi at e ;*_,: ie8HEEE ystal lisation fromnethanol, the title
conmpound as ¥ "t“e crysf‘a" ' pf : 245-255C. Analysis for C23H23N303:
Cal cul at ed: 9; Found: C, 70. 74; H, 6. 06; N, 10. 87% Exanpl e

1997; \{ 1p.
.28 G s-2. 3.6, 7 12§?fﬁ%exahv rp- (4- rrethoxyphenyl) 2-(2.2. 2-
trifluoroethyl . 6. ] pyrido[3.4-blindole -1 .4-dione The sane

two step prod¢edure but startin rom2,2,3%trifluoroethylamne and
i nt er nedi at e "3Tgave;—afrter-recrystallisation fromethanol, the title

compound as white crystals m . 232C. '
The bicyclic ring may, for example, represent naphthalene, a

heterocycle such as benzoxazole, . benzothiazole, benzisoxazole,
benzimidazole, quinoline, indole, benzothiophene or benzofuran or

<
e
Y

CHo, O, S or NH).

In the above definitions, the term "alkyl" as a group or part of a group means
a straight chain or, where available, a branched chain alkyl moiety. For
example, it may represent a Cq_4alkyl function as represented by methyl, ethyl,
n-propyl, i-propyl, n-butyl, s-butyl and t-butyl. The term ‘alkeny!’ as used herein
includes straight-chained and branched alkeny! groups, such as vinyl and allyl
groups. The term ‘alkyny!l’ as used herein .includes straight-chained and
branched alkynyl groups, suitably acetylene. The term "halogen” herein means
a fluorine, chlorine, bromine or iodine atom. The term "haloC4q_galkyl" means an
alkyl group as defined above comprising one to six carbon atoms substituted at
one or more carbon atoms by one or more (e.g. 1, 2 or 3) halogen atoms.
Similarly, a haloC4_galkoxy group is a haloC4._galkyl group as defined above
linked to the R2 benzene ring via an oxygen atom. Examples of haloCq_galkyl
groups include trifluoromethyl and 2,2,2-triflucroethyl. An example of a
haloC_galkoxy group is trifluoromethoxy. The term "Ca.7alkanoyl” means a
C4-galkyicarbonyl group where the Cq._galkyl portion is as defined above. An
example of a suitable Cy.7alkanoyl group is the Coalkanoy! group acetyl.

it will be appreciated that when RO is a halogen atom or a C4.galkyl group
this substituent may be sited at any available position on the phenyl portion of
the tetracyclic ring. However, a particular site of attachment is the ring 10-
position.

The compounds of formula (I) may contain two or more asymmetric centres
and thus can exist as enantiomers or diastereoisomers. In particular, in formula
() above two ring chiral centres are denoted with asterisks. It is to be
understood that the invention includes both mixtures and separate individual
isomers of the compounds of formula (). _

The compounds of formula (I) may also exist in tautomeric forms and the-
invention includes both mixtures and separate individual tautomers thereof.

7
6-
1
f

S

(where n is an integer 1 or 2 and X and Y may each represent



"
Anal ysis for

Found: C, 62. 08{jfB} ,; T ampi e 20 Gis-2 3.6, 7

12. 12a-hexahv,

Bt hoxvphenyl )- Pyrazino[2'. 1':6. 1

] pyrido[ 3. 4- b'| %75531997 |'n The sane two step procedure but starting

he | Tnternedi atp 3 gave, after recrystallisation from
§i the—conrpournd=a% phite crystals mp.: 157[err]C Analysis for

C[err]H[err]Nerr]qerr](O 5H20]: Cal cul aged: C, 70.40; H, 6. 62; N, 9. 85;

Found: C, 70. 25; s .
7.12. 12a- hexahvdro buty

“"Exanple 30 Trans-2.3.6
4- met hoxvphenyl ) - pyrazi no[ 2'

1':6. 1] pyri do[ 3T hephaﬁaapeutha(lw ancemtable salisraf thaccompeunisebiamuia () whlch
starting frongdithin anbasicaBéntrétsreNBeicebbdition salts formed with pharmaceutically

acceptable acids. Examples include the hydrochloride, hydrobromide, sulphate
or bisulphate, phosphate or hydrogen phosphate, acetate, benzoate, succinate,
fumarate, maleate, lactate, citrate, tarirate, gluconate, methanesulphonate,
benzenesdlphonate and p-toluenesuiphonate salts. Compounds of the formula
(I) can also provide pharmaceutically acceptable metal salts, in particular alkali
metal salts, with bases. Examples include the sodium and potassium salts.

A particular group of compounds of the invention are those compounds of
formula (1) in which RO is hydrogen or halogen (e.g. ﬂuonne) especually
hydrogen.

Another particular group of compounds of the invention are those compounds
of formula (l) in which R1 represents’ hydrogen, C4_4alkyl, haloCq_4alkyl,,
Ca.gcycloalkyl, C3z.gcycloalkylmethyl, pyridylCq_3alkyl, furylCq_3alkyl or
optionally substituted benzyl. Within this particular group of compounds,
examples of Cq.4alkyl groups are methyl, ethyl, n-propyl, i-propyl and n-butyl.
Examples of Cgz.gcycloalkylmethyl groups are cyclopropylmethyl and
cyclohexylmethyl. Examples of optionally substituted, benzyl groups include

- benzyl and halobenzyl (e.g. fluorobenzyl).

A further particular group of compounds of the invention are those
compounds of formula (1) in which R2? represents an optionally substituted
benzene, thiophene, furan, pyridine or naphthalene ring or an optionally

N
/(CH2),, o

substituted bicyclic ring Y (wherenis 1 or2and X and Y are
each CHo or O). Within this particular group of compounds, examples of
substituted benzene groups are benzene substituted by one of halogen (e.g.
chlorine), hydroxy, Cq.3alkyl (e.g. methyl, ethyl or i-propyl), Cq.3alkoxy (e.g.
methoxy or ethoxy), -CO,R", halomethyl (e.g. trifluoromethyl), halomethoxy (e.g.
trifluoromethoxy), cyano, nitro or NR2RP where R& and RP are each hydrogen
or methyl or R2 is acetyl; or benzene substituted by dihalo (e.g. dichloro) or by
C4-3alkoxy (e.g. methoxy) and one of halogen (e.g. chlorine) and hydroxy. An
example of a substituted thiophene ring is a halo (e.g. bromo) substituent
thiophene ring.



gave, after re..
crystals mp.: |Kg
"~ H, 6.52; N, 10. 06

st m methanol, the title conpound as white
y ..\ R
ﬁ Bk gn§§_§5 5 for C25H27N303: Cal cul ated: C, 71.92;

-'“"‘4"2 Tf“unu C V1] 81; H, 6. 55; N, 10. 03%  Exanpl e 31
+ Cs-2.3.6.7. 12 1%?a- - 6§ (¢- met hoxvphenvl ) - 2-cvcl opropyl et hyl -
pyrazi no[ 2" . L ¢ 1] pyr| do[ 44blindol e -1.4-dione The sane two step
procedure but ; —fo cl pr opyl net hyl ami ne and i nternedi ate 3 gave,

after recrystalllsatlon frommethanol, tiHg title conmpound as white crystals
m p.: 180-185C =mparysretoroerr]Herr]Nerr]Qerr] (0.5H20):

A still further particular group of compounds of formula | are those wherein R®
represents hydrogen or R' and R® together represent a 3-membered alkyl chain.

A preferred group of compounds of the invention are the cis isomers of
formula (1) represented by formula (Ib)

O
Ro_E ] || ' |‘“\U\N'Rl - o
N “\H— R (1b)

and mixtures thereof with their cis optical enantiomers, including racemic
mixtures, and salts and solvates (e.g. hydrates) of these compounds in wh:ch
RO is hydrogen or halogen (e.g. fluorine), especially hydrogen and R', R and R®
are as defined previously.

The single isomers represented by formula (Ib), i.e. the 6R, 12aR isomers,
are particularly preferred. |

Within the above definitions R1 may preferably represent Cq-4alkyl (e.g.
methyl, ethyl, i-propyl and n-butyl), Cgz.gcycloalkyl (e.g. cyclopentyl) or
C3a-gcycloalkylmethyl (e.g. cyclopropyimethyl). o

R2 may preferably represent a substituted benzene ring such as benzene
substituted by C4.gzalkoxy (e.g. methoxy) or by Cq.zalkoxy (e.g. methoxy) and
halogen (e.g. chlorine), particularly 4-methoxyphenyl or 3-chloro4-
methoxyphenyl, or RZ may preferably represent 3,4-methylenedioxyphenyl.

It is to be understood that the present invention covers all appropriate
combinations of particular and preferred groupings hereinabove.

Particular individual compounds of the invention include:
Cis-2,3,6,7,12,12a-hexahydro-2-(4-pyridylmethyl)-6-(3,4-

' methylenedioxyphenyl)-pyrazino[2' 1' : 6,1]pyrido[3,4-bjJindole-1,4-dione;

Cis-2,3,6,7,12, 12a-hexahydro-6-(2, 3-dvhydrobenzo[b]furan-S—yl)-2-methy|-
pyrazino[2',1':6,1]pyrido[3,4-bjindole -1,4-dione;
(_3:5-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-th|enyl)-2-methyl-
pyrazino[2',1':6,1]pyrido[3,4-b]indole -1 ,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4-methylphenyl)-
pyrazino[2',1':6,1]pyrido[3,4-bjindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-isopropy!-6-(3,4-
methylenedioxyphenyl)-pyrazino[2',1".:6, 1]pyrido[3,4-b]indole -1,4-dione;
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Cis-2.3.6.7.12. 12a- hexahvdr o- 6- ( 3- et hoxvphenvl ) - 2- net hyl - pyrazi no[ 2' _
L Py oE do BBk, 138 ons IS PR AR e B cedure pU
f rom net hanolmethyteriedioxyphemyl)-pytazinof!] 1.6, 1ipyritdof3s4-bjindole -1,4-dione;
(6R,12aR)-2,3,6,7,1 2,12a-Hexahydro-2-cyclopropyImethyl-6-(4-methoxyphenyl)- i
pyrazino[2',1'.6,1]pyrido[3,4-b]indole -1,4-dione;
(6R,12aR)-2,3,6,7,12, 12a-Hexahydro-6-(3-chloro-4-methoxyphenyl)-2-methyl-
pyrazino[2',1':6,1]pyrido[3,4-bjindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-(3,4-methylenedioxypheny!)-
pyrazino[2',1".6,1]pyrido}3,4-bjindole-1,4-dione;
(6R, 12aR})-2,3,6,7,12,12a-Hexahydro-6-(3,4-methylenedioxyphenyl)-
pyrazino[2', 1': 6,1] pyrido [3,4-b] indole-1,4-dione;
(5aR, 12R, 14a8)-1,2,3,5,6,11,12,14a-Octahydro-12-(3,4-
methylenedioxyphenyl)-pyrrolo[1",2" : 4',5'|pyrazino[2',1' : 6,1]pyrido[3,4-
blindole-5-1,4-dione;

and physiologically acceptable salts and solvates (e.g. hydrates) thereof.

A specific compound of the.invention is:
(6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-
pyrazino[2',1'.6,1]pyrido[3,4-bjindole -1,4-dione;
and physiologically acceptable salts and solvates (e.g. hydrates) thereof.

It has been shown that compounds of the present invention are potent and
selective inhibitors of cGMP specific PDE. Thus, compounds of formula (I) are
of interest. for use in therapy, specifically for the treatment of a variety of
conditions where inhibition of cGMP specific PDE is thought to be beneficial.

As a consequence of the selective PDE V inhibition exhibited by compounds
of the present invention, cGMP levels are elevated, which in tumn can give rise
to beneficial anti-platelet, anti-neutrophil, anti-vasospastic, vasodilatory,
natriuretic and diuretic activities as well as potentiation of the effects of
ehdothelium-derived relaxing factor (EDRF), nitrovasodilators, atrial natriuretic

factor (ANF), brain natriuretic peptide (BNP), C-type natriuretic peptide (CNP)
and endothelium-dependent relaxing agents such as bradykinin, acetyicholine
and 5-HT4. The compounds of formula (I) therefore have utility in the treatment
of a number of disorders, including stable, unstable and variant (Prinzmetal)
angina, hypértension,'pulmonary hypertension, congestive heart failure, renal
failure, atherosclerosis, conditions of reduced blood vessel patency (e.g. post-
_percutaneous transluminal coronary angioplasty), peripheral vascular disease,
vascular disorders such as Raynaud's disease, inflammatory diseases, stroke,
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bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma and
diseases characterised by disorders of gut mofility (e.g. irritable bowel
syndrome).

It will be appreciated that references herein to treatment extend to
prophylaxis as well as treatment of established conditions.

It will also be appreciated that ‘a compound of formula (1), or a physiologically
acceptable salt or solvate thereof can be administered as the raw compound, or
as a pharmaceutical composition containing either entity.

There is thus provided as a further aspect of the invention a compound of

‘formula (1) for use in the treatment of stable, unstable and variant (Prinzmetal)
angina, hypertension, pulmonary hypertension, chronic obstructive pulmonary

disease, congestive heart failure, renal failure, atherosclerosis, conditions of
reduced blood vesse! patency, (e.g. post-PTCA), peripheral vascular disease,
vascular disorders such as Raynaud's disease, inflammatory diseases, stroke,
bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma or
diseases characterised by disorders of gut motility (e.g. IBS).

According to another aspect of the invention, there is provided the use.of a
compound of formula (1) for the manufacture of a medicament for the treatment

" of stable, unstable and variant (Prinzmetal) angina, hypertension, pulmonary
" hypertension, chronic obstructive pulmonary disease, congestive heart failure,

renal failure, atherosclerosis, conditions of reduced blood vessel patency, (e.g.
post-PTCA), peripheral vascular disease, vascular disorders such as Raynaud's
disease, inflammatory diseases, stroke, bronchitis, chronic asthma, allergic
asthma, allergic rhinitis, glaucoma or diseases characterised by disorders of gut
motility (e.g. 1BS).

In a further aspect, the invention provides a method of treating stable,
unstable and variant (Prinzmetal) angina, hypertension, pulmonary
hypertension, chronic obstructive pulmonary disease, congestive heart failure,
renal failure, atherosclerosis, conditions of reduced blood vessel patency, (e.g.
posi—PTCA), peripheral vascular disease, vascular disorders such as Raynaud's
disease, inflammatory diseases, stroke, bronchitis, chronic asthma, allergic
asthma, allergic rhinitis, glaucoma or diseases characterised by disorders of gut
motility (e.g. IBS) in a human or non-human animal body which comprises

‘administering to said body a therapeutically effective amount _of a compound -

with formuta (1).
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' | '_ (including intravenous, intramuscular, subcutaneous and intracoronary)
administration. Oral administration is generally preferred.

For administration to man in the curative or prophylactic treatment of the
disorders identified above, oral dosages of a compound of formula (1) will
generally be in the range of from 0.5-800mg daily for an average adult patient
(70kg). Thus for a typical adult patient, individual tablets or capsules contain
from 0.2-400mg of active compound, in a suitable pharmaceutically acceptable
vehicle or carrier, for administration in single or multiple doses, once or several
times per day. Dosages for intravenous, buccal or sublingual administration will
typically be within the range of from 0.1-400 mg per single dose as required. In
practice the physician will determine the actual dosing regimen which will be
most suitable for an individual patient and it will vary with the age, weight and
response of the particular patient. The above dosages are exemplary of the
average case but there can be individual instances in which higher or lower
dosage ranges may be merited, and such are within the scope of this invention.

For human use, a compound of the formula (I) can be administered alone, but
will generally be administered in admixture with a pharmaceutical carrier
selected with regard to the intended route of administration and standard
pharmaceutical practice. For example, the compound may be administered
orally, buccally or sublingually, in the form of tablets containing excipients such
as starch or lactose, or in capsules or ovules either alone or in admixture with
excipients, or in the form of elixirs or suspensions containing’ flavouring or
colouring agents. Such liquid preparations may be prepared with
pharmaceutically acceptable additives such as suspending agents (e.g.
methylcellulose, a semi-synthetic glyceride such as witepsol or mixtures of
glycerides such as a mixture of apricot kernel oil and PEG-6 esters or mixtures
of PEG-8 and caprylic/capric glycerides). A compound may also be injected
parenterally, for example intravenously, intramuscularly, subcutaneously or
intracoronarily. For parenteral administration, the compound is best used in the
form of a sterile aqueous solution which may contain other substances, for
example salts, or monosaccharides such as mannitol or glucose, to make the

Exanple 35 Cis-2.3.6.7
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solution isotonic with blood.
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Thus, the'invention provndes ina further aspect a pharmaceutical composition
comprising a compound of the formula () together with a pharmaceutically
acceptable diluent or carrier therefor.

There is further provided by the present invention a process of preparing a
pharmaceutical composition comprising a compound of formula (l), which
process comprises mixing a compound of formula (I) together with a
pharmaceutically acceptable diluent or carrier therefor.

A compound of formula (I) may also be used in combination with other
therapeutic agents which may be useful in the treatment of the above-mentioned
disease states. The invention thus provides, in another aspect, a combination
of a compound of formula (1) together with another therapeutically active agent.

The combination referred to above may conveniently be presented for use in
the form of a pharmaceutical formulation and thus pharmaceutical compositions
comprising a combination as defined above together with a pharmaceutically
acceptable diluent or carrier comprise a further aspect of the invention.

The individual components of such a combination may also be administered
either sequentially or simultaneously in separate pharrhaceutical formulations.

Appropriate doses of known therapeutic agents for use in combination with a
compound of formula (1) will be readily appreciated by those skilled in the art.

Compounds of formula (l) may be prepared by any suitable method known in
the art or by the following processes which form part of the present invention. In

'~ the methods below R®, R1 and R2 are as defined in formula (I) above unless

otherwise indicated.
Thus, a process (A) for preparing a compound of formula (I) wherein R®
represents hydrogen comprises treating a compound of formula (I1)
- 0

an

(in which Alk represents Cq_galkyl, e.g. methyl or ethyl and Hal is a halogen
atom, e.g. chiorine) with a primary amine R1 NH2 in a suitable solvent such as
an alcohol (e.g. methanol or ethanol) or a mixture of solvents, conveniently at a
temperature of from 20°C to reflux (e.g. at about 50°C). _

A compound of formula (ll) may conveniently be prepared by treating a-
compound of formula (l11)
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with a haloacetyl halide {e.g. chloroacetyl chloride) in a suitable solvent such as
a halogenated hydrocarbon (e.g. trichloromethane or dichloromethane), or an
ether (e.g. tetrahydrofuran), preferably in the presence of a base such as an -
organic amine (e.g. a trialkylamine such as ftriethylamine) or an alkali metal
carbonate or bicarbonate (e.g. NaHCO3). The reaction may conveniently be
effected at a temperature of from -20°C to +20°C (e.g. at about O°C).

A compound of formula (I} may also be prepared from a compound of formula
() in a two-step procedure via a compound of formula (l) isolated without
purification.

Compounds of formula () may be prepared as individual enantiomers in two
steps from the appropriate enantiomer of formuia (lll) or as mixtures (e.g.
racemates) of either pairs of cis or trans isomers from the correspondong
mixtures of either pairs of cis or trans isomers of formula (Il1). -

individual enantiomers of the compounds of the invention may be prepared
from racemates by resolution using methods known in the art for the separation
of racemic mixtures into their constituent enantiomers, for example using HPLC
(high performance liquid chromatography) on a chiral column such as Hypersil
naphthylurea.

A compound of formula (l11) rhay conveniently be prepared from a tryptophan
alkyl ester of formula (IV)

. NH, av)

(where Alk is as previously defined) or a salt thereof (e.g. the hydrochloride salt)
according to either of the following procedures (a) and (b). Procedure (b) is only
suitable for preparing cis isomers of formula (lll) and may be particularly
suitable for preparing -individual cis enantiomers of formula (llf) from D- or L-
tryptophan alkyl esters as appropriate.
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H590N96'.,h, fr
Cs-2.3.6.7,12. 12a- hexahvdro - 6- (4-chl orophenyl) 2- met hyl -

pyrazino[2'.1':6.1] pyrido[3.4-blindole -1.4-dione
Procedure (a)

This comprises a Pictet-Spengler cyclisation between a compound of formula
(V) and an aldehyde R2CHO. The reaction may conveniently be effected in a
suitable solvent such as a halogenated hydrocarbon (e.g. dichloromethane) or
an aromatic hydrocarbon (e.g. toluene) in the presence of an acid such as
trifluoroacetic acid. The reaction may conveniently be carried out at a
temperature of from -20°C to reflux to provide a compound of formula (lll) in one
step. The reaction may also be carried out in a solvent such as an aromatic
hydrocarbon (e.g. benzene or toluene) under reflux, optionally using a Dean-
Stark apparatus to trap the water produced.

The reaction provides a mixture of cis and trans isomers which may be either
individual enantiomers or racemates of pairs of cis or trans isomers depending
‘upon whether racemic or enantiomerically pure tryptophan alkyl ester was used
as the starting material. Individual cis or trans enantiomers may conveniently be
separated from mixtures thereof by fractional crystallisation or by

' chromatography (e.g. flash column chromatography) using appropriate solvents
and eluents. Similarly, pairs of cis and trans isomers may be separated by
chromatography (e.g. flash column chromatography) using appropriate eluents.
An optically pure trans isomer may also be converted to an optically pure cis
isomer using suitable epirherisation procedures. One such procedure
comprises treating the trans isomer or a mixture (e.g. 1 : 1 mixture) of cis and
trans isomers with methanolic or aqueous hydrogen chloride at a temperature of
from 0CC to the refluxing temperature of the solution. The mixture may then be
Subjected to chromatography (e.g. flash column chromatography) to separate
the resulting diastereoisomers, or in the procedure utilising aqueous hydrogen
chloride the desired cis isomer precipitates out as the hydrochloride salt which
may then be isolated by filtration. '

Al." B 147; Found: C, 70. 15:H,5.62: N, 9. 30%. Exanvol e

Procedure (b)

This comprises a four-step procedure from a compound of formula (V)ora
salt thereof (e.g. the hydrochloride salt). The procedure is particularly suitable
for preparing a 1R, 3R isomer of formula (l11) from a D-tryptophan alkyl ester of
formula (IV) or a salt thereof (e.g. the hydrochloride salt). Thus, a first step (i)
comprises treating a compound of formula (IV) with an acid halide R2COHal
(where Hal is as previously defined) in the presence of a base, e.g. an organic
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The reaction may be conveniently carried out in a suitable solvent such as a
halogenated hydrocarbon (e.g. dichloromethane) or an ether (e.g.
tetrahydrofuran) and at a temperature of from -20°C to +40°C.

Step (ii) comprises treating a compound of formula (V) with an agent to
convert the amide group to a thioamide group. Suitable sulfurating agents are
well-known in the art. Thus, for example, the reaction may conveniently be
effected by treating (V) with Lawesson's reagent. This reaction may
conveniently be carried out in a suitable solvent such as an ether (e.g.
dimethoxyethane) or an aromatic hydrocarbon (e.g. toluene) at an elevated
temperature such as from 40°C to 80°C (t)o provide a compound of formula (V1)

(VD

Step (iii) comprises treating a compound of formula (V1) with a suitable agent
to provide a compound of formula (VII)

(where Hal is a halogen atom, e.g. iodine). The reaction may conveniently be
effected by treating (VI) with an alkylating agent such as a methyl halide (e.g.
methyl iodide) or an acylating agent such as an acetyl halide (e.g. acetyl
chloride) in a suitable solvent such as a halogenated hydrocarbon (e.g.
dichloromethane) at an elevated temperature (e.g. under refiux). .

in step (iv) the resulting iminium halide of formula (VII) may be treated with a
reducing agent such as boron hydride, e.g. sodium borohydride, to provide the
desired compound of formula (llf). The reduction may conveniently be effected
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wherein Alk represents Cysalkyl and R' and R® together represent a 3- or 4-
membered chain both as hereinbefore described. The cyclisation is -suitably
carried out in an organic solvent or solvents, such as an alcoholic solvent (e.g.

 methanol) and optionally an ether solvent such as tetrahydrofuran, and in the
presence of a reducing agent, aptly a palladium catalyst, such as palladium on
carbon. - '

Conveniently a compound of formula (VIil) is prepared by reactlon of a
compound of formula (lil) as hereinbefore described with a compound of formula
(1X)

4

AN
N-R'

Ix)
Hal—(\Rs

o

R

wherein Hal represents a halogen atom as hereinbefore described, R' and R®
together represent a 3- or 4-membered chain as hereinbefore described and R
represents a protecting group, suitably a benzyloxycarbonyl group or the like.
'Typically the reaction is carried out in a chlorinated organic solvent, such as
dichloromethane, and a ternary amine, such as triethylamine or the like.

According to a further aspect of the present invention, there.is prowded a
process (C) for preparing a compound of formula () wherein R® represents C;.
salkyl, which process comprises cyclisation of a compound of formula (X)
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wherein Alk represents Cisalkyl as hereinbefore described and R® représents
C.salkyl, substituted at C; by a halogen atom, the halogen atom being as
hereinbefore described. Suitably the cyclisation is achieved by reflux for many
hours, such as 22 to 26 hours, in the presence of an ether solvent, such as
tetrahydrofuran, and a suitable amine as hereinafter described in the
accompanying examples.

‘Aptly a compound of formula (X) can be prepared from a compound of
formula (lll) by suitable acylation techniques, such as reaction with a
Csecarboxylic acid, substituted at C, by a halogen atom in a halogenated
organic solvent, such as dichloromethane.

Compounds of formula (l) may be converted to other compounds of formula
(). Thus, for example, when R2 is a substituted benzene ring it may be
necessary or desirable to prepare the suitably substituted compound of formula
(1) subsequent to process (A), (B) or (C) as above. Examples of appropriate
interconversions include nitro to amino or aralkyloxy to hydroxy by suitable
reducing means (e.g. using a reducing agent such as SnCly or a palladium
catalyst, such as palladium-on-carbon), or amino to substituted amino such as
acylamino or sulphonylamino using standard acylating or suiphonylating
conditions. In the case where R? represents a substituted bicyclic system,
suitable interconversion can involve removal of a substituent, such as by
treatment with a palladium catalyst (e.g. palladium-on-carbon) whereby, for
example, a benzyl substituent may be removed from a suitable bicyclic system.

The pharmaceutically acceptable acid addition salts of the compounds of
formula (l) which contain a basic centre may be prepared in a conventional
manner. For example, a solution of the free base may be treated with a suitable .

“acid, either neat or in a suitable solution, and the resulting salt isolated either by

filtration or by evaporation under vacuum of the reaction solvent.
Pharmaceutically acceptable base addition salts may be obtained in an
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!H‘

(m)

cis-nethyl-} * : -

1,2,3,4-tettahydro-1- phenyl - pyrido[ 3, 4-b]i ndol e- 3-car boxyl ate gave,
“after recrystallisattomrfromnet hanol , tqéat itle conpound as white crystals

m p. 284[err]C. Analysis for 027H23N302 | cul ated: C, 76.94; H, 5. 50;

N, 9. 97; Found:C, 76.88; H,5.45;N,9.89% Exanple 47 Cis-2.3.6.7. 12.1
2a- hexahvdr o-analogdusl mantér Dy3tréating raabulitionbefhaptdmpolnd of formula (1) with a

: Pyrazi no[ 2 %ultgbﬂa] B¥§é d(ﬁd?th‘]tyBLé Qaqoga(?t mjay bg f8Htied or interconverted using ion-
; exchange resin techniques. '

Compounds of the invention may be isolated in association with solvent
molecules by crystallisation from or evaporation of an appropriate solvent.

Thus, according to a further aspect of the invention, we provide a process for
preparing a compound of formula () or a salt or solvate (e.g. hydrate) thereof '
which comprises process (A), (B) or (C) as hereinbefore described followed by

i) an interconversion step; and/or either

i) salt formation; or :

i)  solvate (e.g. hydrate) formation.

There is further provided by the present invention compounds of formuiae (lI),
(VIIY), (X) and further compounds of formulae (ill), (V), (V1) and (ViI), with the
exception for compounds (lll), (V), (VI) and (VII) wherein R° is hydrogen, R? is
phenyl and Alk is methyl.

The synthesis of the compounds of the invention and of the intermediates for

use therein are illustrated by the following, non-limiting Examples. In the
Examples section hereinafter the following abbreviations are used:

DMSO (dimethylsulphoxide), MeOH (methanol), EtOH (ethanol), DMF
(dimethylformamide), EtOAc (ethyl acetate) and THF (tetrahydrofuran).

intermediates 1 and 2

Methyl 1.2.3 4-tetrahydro-1-(3. 4-methvlened|oxyghenyl )-9H-pyridof3.4-
blindole-3-carboxylate, cis and trans isomers

To a stirred solution of racemic tryptophan methyl ester (13 g) and piperonal
(9.7 g) in anhydrous CH2Clp (300 mL) cooled at 0°C was added dropwise
trifluoroacetic acid (9 mL) and the solution was allowed to react at ambient
temperature. After 4 days, the yellow solution was diluted with CH2Cl> (100
mL), washed with a saturated aqueous solution of NaHCOg, then with water and
dried over NasSOg4. The organic layer was evaporated to dryness under
reduced pressure and the residue was purified by flash chromatography eluting
with CH>Clo/MeOH (99/1) to give first Intermediate 1, the. cis isomer (6.5 g) m.p.
: 90-93°C followed by Intermediate 2, the trans isomer (6.4 g) m.p. : 170°C.




gation fromnethanol, the title conpound as white

cr.ystal’s mjp. @ﬁ%ﬁ Anal ysis for CJerr]Herr]Nerr](Jerr]:
Cal cul ated:f ¢, 7851 ; N, 10.52; Found: C,74.93; H 6.43; N, 10.63%
47 Exanpl e j48=5 1

.1 2a- hexahvdro 2-isopropyl-6-(1
. 2.3, 4-tettahvdro- 6- naphthyl - pyrazino[2'. 1':6.1]pyrido[3.4-b]indole -1
. 4- di one The“sane—Fwo=step=pf ocedure but $6arting from i sopropyl am ne and
|nterned|ate 17 gave, after recrystallisation fromthe title compound as

off-white crystals mp. : 244-246C.
The following compounds were obtained in a similar manner :

intermediates 3 and 4

Methyl 1.2.3 4-tetrahvdro-1-(4-methoxyphenyl)-8H-pyridol3.4-blindole-3-
carboxylate. cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 4-
methoxybenzaldehyde gave Intermediate 3, the cis isomer as white crystals
m.p.: 142°C and Intermediate 4, the trans isomer as white crystals m.p.: 209-
210°C.

Intermediate 5 |
Methy! 1.2 3 4-tetrahydro-1-(3-methoxyphenv!)-9H-pyrido][3.4-blindole-3-

carboxvlate, cis isomer
- The same method but starting from racemic tryptophan methyl ester and 3-

methoxybenzaldehyde gave the title compound as white crystals m.p. : 146°C.

Intermediates 6 and 7

‘Methyl 1,2 3 4-tetrahydro-1-(4-ethoxyphenyl)-SH-pvrido[3.4-blindole-3-
carboxylate,' cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 4-
ethoxybenzaldehyde gave Intermediate 6, the cis isomer as white crystals m.p. :
180°C and Intermediate 7, the trans isomer as white crystals m.p. : 196-198°C.

Intermediates 8 and 9

Methyl 1,2.3 4-tetrahydro-1- (2,3-dihydrobenzo[b]furan-S-yl)'-QH-gy' rido[3.4-
blmdole-3—carbo_mlate, cis and trans isomers

The same method but starting from racemic tryptophan methy! ester and 2,3-
dinydrobenzo[blfuran-5- carboxaldehyde gave intermediate 8, the cis isomer as
white crystals m.p. : 106-109°C and Intermediate 9, the trans isomer as white
crystals m.p. : 219-222°C. '

Intermediates 10 and 11

Methy! 1,2.3 4-tetrahydro-1-(3.4-ethylenedioxyphenyl}-OH-pyrido[3,4-blindole-3-
carboxylate, cis and trans isomers




e

Anal ysis for C[err] et (0.25H20): Cal cul ated: C, 75.06;
H,6.88;N,9.73; Fou RHOLACE QEBET, 9. 69%  Exanple 49 Cis-2.3.6.7, 12,1
2a- hexahydr o- 2- cyclj Py :"’ | . 2.3.4-tetrahvdro- 6-

napht hvl ) - pyrazi no[f2’ % %&W [3 4-blindole -1 .4-dione The sane two
step procedure but §s rar J~5 opr opyl met hyl ami ne and intermedi ate 17
gave, after recrysgald | hanol / pentane, the title conpound as

white crystals mpf : 125C. Anal ysisffor err]H err]NferrJ]dJerr] (0.25
H20) : Cal cul at ed: ; 6=F8-=9] 46; Found: C, 75. 45; H, 6. 86; N, 9. 14%

Exanpl e 50 Gis-2.3. 6 7, 12. 12a hexahvdr o- 2- net hyl - 6- (2- napht hyl ) -
Pyrazi no[ 2' . 1Thé sty methba. but [Stanithgl fromlrabennionteyptophammethyb esterpand 1,4-

procedure b Utbéﬁﬂélé%%r%gfélmh%@ Yava"fhtermediate 10, the cis isomer as white
crystals m.p. : 104-106°C and Intermediate 11, the trans isomer as white
crystals m.p. : 207-209°C.

Intermediate 12

Methy! 1.2.3 4-tetrahydro-1-(2-chloropheny!)-SH-pyrido[3.4-blindole-3-

carboxylate, mixture of cis and trans isomers
- The same method but starting from racemic tryptophan methyl ester and 2-

chlorobenzaldehyde gave the title comg_ound as white crystals m.p. : 154°C.

Intermediates 13 and 14

Methyl 1.2.3.4-tetrahydro-1-(4-chloropheny!)-9H-pyrido[3.4-blindole-3-

carboxylate, cis and trans isomers
The same method but starting from racemic tryptophan methyl ester and 4-

chlorobenzaldehyde gave Intermediate 13, the cis isomer as white crystals m.p.
: 208-209°C and Intermediate 14, the trans isomer as white crystals m.p. : 108-
109°C. '-

Intermediates 15 and 16

Methyl 1.2.3 4-tetrahydro-1-(3,4-dichlorophenyl)-9H-pyrido[3.4-blindole-3-

carboxvlate, cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 3.,4-

dichlorobenzaldehyde gave Intermediate 15, the cis isomer as a white solid 1H

NMR (CDCI3) 6 (ppm) : 7.8-7 (m, 8H, H aromatic) ; 5.15 (brs, 1H, H-1) ; 3.9- 3.8
- (dd, 1H, H-3) 3.7 (s, 3H, CO2CHg) ; 3.2 - 3.1 (ddd, 1H, H-4) 2.9 (m, 1H, H-4) ;

2.4 (brs, 1H, NH) and Intermediate 16, the trans isomer as a white solid m.p. :

204°C.

Intermediate 17

Methy! 1.2 3 4-tetrahydro-1-(1,2,3.4-tetrahydro-6-naphthyl)-9H-pyrido(3.4-
b]ihdole-3@_boxvlate. cis isomer

The same method but starting from racemic tryptophan methyl ester and 1,2,3,4-
tetrahydronaphthyl-6- carboxaldehyde gave the title compound as a white solid
1H NMR (CDCI3) & (ppm) : 7.7-7(m, 8H, H aromatic) ; 5.2 (s, 1H, H-1) ; 4.0 (dd,




internediate 18 g m I'l'isation from
di_chl or onet hane/ ni eiirie conpound as white crystals mp.
>260C. Anal ysis fprfCZ5HZT N30Z"TD. 25H20): Cal cul ated: C, 75.08; H, 5. 42;
N, 10. 51; Found: C, 75 3521@@34’@9& 0§ 49% Exanple 51 G s-2,
3. 6, 7.12.12a- hexahvfro-2-butyl - 6-{ 2} t hi enyl ) - pyrazi no[ 2' .
1':6. 1] pyrido[ 3. 4} BFHRGOTE~T—2Z4 d§y one 48 The sane two step procedure
but starting frongtbutyl ami ne and inkernedgate 20 gave, after
recrystallisation fromertanof~—the titl e conpound as white crystals m p.
226[err]C. Analysis for err]J]Herr]Nerr]derr]S:

1H, H-3) ; 3.8 (s, 3H, CO2CH3) ; 3.2 (m, 1H, H-4) ; 3.0 (m, 1H, H-4) ; 2.7 (m, 4H,

CHboAr) ; 1.7 (s, 4H, CH2CH2Ar).

Intermediates 18 and 19

Methyl 1,2@,4-tetrahydro-1 2-na hthvl)-9H-pyrido[3.4-blindole-3-carboxylate
cis and trans isomers '

The same method but starting from racemic tryptophan methyl ester and 2-
naphthaldehyde gave Intermediate 18, the cis isomer as a white solid TH NMR
(CDCI3) & (ppm) : 8-6.9 (m, 12H, H aromatic) ; 5.4 (s, 1H, H-1) ; 3.95 (dd, 1H, H-
3); 3.7 (s, 3H, CO2CHg3) 3.2 (ddd, 1H, H-4) ; 3 (m, 1H, H-4) ; 2.5 (brs, 1H, NH)
and Intermediate 19, the trans isomer as a white solid (0.6 g) m.p. : 119°C.

Intermediates 20 and 21
. Methyl 1.2 3.4-tetrahydro-1-(2-thienvl)-9H-pyrido[3.4-blindole-3-carboxylate, cis
- and trans isomers . '
The same method but starting from racemic tryptophan methyl ester and 2- -
thiophenecarboxaldehyde gave [ntermediate 20, the cis isomer as a pale yellow
solid m.p. : 134-137°C and [ntermediate 21, the trans isomer as white crystals
m.p. :169°C. '

intermediates 22 and 23

Ethyl 1.2, 3.4-tetrahydro-1-(3-thienyl)-9H- gyrldo[3,4-b|mdole—3—carboglate, cis
and trans isomers

The same method but starting from racemic tryptophan ethyl ‘ester and 3-
thiophenecarboxaldehyde gave Intermediate 22, the cis isomer as white crystals
m.p. : 130°C and Intermediate 23, the trans isomer as white crystals m.p. :182-

184°C.

Intermediates 24 and 25

Methyl 1,2,3 4-tetrahydro-1-{5-bromo-2-thienvyl)-9H-pyrido[3.4-blindole-3-
carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 5-
bromo-2-thiophenecarboxaldehyde gave Intermediate 24, the cis isomer as a
cream solid m.p.: 130°C and Intermediate 25, the trans isomer as a cream solid

fn.p. : 205°C.




Cal cul ated: G, DR 168; Found: C 67.39;H,5.88;N,1 0. 77% Exanple
52 Cis-2.3. 6. NN 0-}6- ( 5- brono- 2-t hi envl ) - 2- net hyl -
pyrazino[2' .1 |: RYOAP, 4 i ndole -1 . 4-dione The sane two step

5t hr &Y= Uiff-et hyl am ne and i nternedi ate 24 gave,. after

procedure but bt

- recrystallisatfo he title conpound as a cream powder m p.
258C. Anal ysi s|f C[*érr]H[err BN err]Jerr]S: Calculated: C, 53.03;
H, 3. 75; N, 9. 76;\+Fetn , 3. 78; N, 9969% Exanple 53

O s-2.3.7.12. 12a- hexahydro 6- (4 bronD 2-thienyl)-2-nmethvl- pyrazino[2'.1
6. 1] pyrido[3.4-blindole -1 .4-dione The same two step procedure but
startlng fromnethyl am ne and internedi ate 26 gave, after recrystallisation

from et hanol 4t hEebistd£08 YHRBN as |
Methy! 1.2,3.4-tetrahydro-1 -(4-bromo-2-thieny!))-9H-pyrido[3.4-blindole-3-

carboxylate, cis and trans isomers
The same method but starting from racemic tryptophan methyl ester and 4-

bromo-2-thiophenecarboxaldehyde gave [ntermediate 26, the cis isomer as a
cream solid m.p.: 200°C and Intermediate 27, the trans isomer as a cream solid
m.p. : 120°C. ' '

Intermediate 28

Methy! 1.2.3 4-tetrahvdro-1-(3-furvl )-9H-gyr|do[3,4-b]|ndole—3—carboylate,

mixture of cis and trans isomers
The same method but starting from racemic tryptophan methyl ester and 3-
furaldehyde gave the title compound as a yellow solid m.p. : 130°C.

intermediates 29 and 30
Ethvi 1.2.3 4-tetrahydro-1-(5-methvyl-2-furyl)-9H-pyrido[3,4-bjindole-3-

~ carboxvlate, cis and trans isomers
The same method but starting from racemic tryptophan ethyl ester and 5-

methylfurfural gave Intermediate 29, the cis isomer as a oily compound 1H NMR
(CDCI3) 5 (ppm) : 7.7 (brs, 1H, NH indole); 7.5 (d, 1H, H aromatic), 7.25-6.9 (m,
3H, H aromatic); 6.15 (d, 1H, H aromatic); 5.85 (m, 1H, H aromatic); 5.25 (brs,

1H, H-1); 4.2 (q, 2H, CO2CH2CHg3); 3.8 (dd, 1H, H-3); 3.2 -2.8 (m, 2H, H-4); 2.2 .
(s, 3H, CHz); 1.25 (t, 3H, CO2CHZCH3) and Intermediate 30, thé trans isomer
as a cream solid m.p. : 152°C.

intermediates 31 and 32
Ethvl 1.2.3.4-tetrahydro-1-(4-methyiphenyl)-9H-pyridol3 4-blindole-3-

carboxylate, cis and trans isomers
The same method but starting from racemic tryptophan ethyl ester and p-
tolualdehyde gave Intermediate 31, the cis isomer as white crystals m.p. : 148°C |

and Intermediate 32, the trans isomer as white crystals m.p. : 180°C.

intermediates 33 and 34




white crystals
Cal j
Exarn
' Cis-2.3.6.7.13

(0. 25H20) :
"N, 9. 60%

Pyrazino[2'.

procedure but -

Msis for (Jerr]Herr]BrNerr]Qerr]S
,3.82; N, 9. 66; Found: C, 52.46; H, 3.81

0-d- (I15- br ono- 2-t hi enyl ) - 2- cycl opr opyl et hyl -
{1 6.71] pyrido[ 3:74- Hl i ndol e-1 . 4-dione The same two step
jopr opyl et hyI am ne and internedi ate 24

gave, after recrystalllsatlon fromethangQ the title conpound as white

crystals mp.

190C AnaIyS|s for CJerr]Herr]OBrNerr](Jerr]S: Calcul ated:

C, 56.18; H, 4. 29;

Methyl 1,2,3,4-tetrahydro-1 (3-methylghen¥l)-QH-gyrido[s,4-b]indole—3-

carboxylate. cis and trans isomers
The same method but starting from racemic tryptophan methyl ester and m-

tolualdehyde gave Intermediate 33, the cis isomer as white crystals 1H NMR

(CDClI3) 8(ppm) : 7.6-7 (m, SH, H aromatic); 5.2 (brs, 1H, H-1) ; 4-3.9 (dd, 1H, H-
3) 3.8 (s, 3H, CO2CH3) ; 3.2 - 3.1 (ddd, 1H, H-4) 3 (m, 1H, H-4) ; 2.35 (s, 3H,
CH3) ; 1.7 (brs, 1H, NH) and Intermediate '34, the trans isomer as a white solid
m.p. : 175°C. '

intermediates 35 and 36

Methy! 1,2,3,4-tetrahydro- -14-tnﬂuoromethylghenyl)-SH-_g\[ndo[3,4-b]mdole-3-

carboxylate, cis and trans isomers |
The same method but starting from racemic tryptophan methyl ester and 4-

trifluoromethylbenzaldehyde gave Intermediate 35, the cis isomer as pale yeliow
crystals m.p. : 190°C and |ntermediate 36, the trans isomer as pale yellow
crystals m.p. : 203°C.

Intermedlates 37 and 38

Ethyl 1.2.3 4-tetrahydro-1-(4-cvanophenyl)-8H-pyrido[3 4-blindole-3-
carboxylate, cis and trans isomers :

The same method but starting from racemic tryptophan ethyl ester and 4-
cyanobenzaldehyde gave Intermediate 37, the cis isomer as white crystals m.p.
: 200°C and Intermediate 38, the frans isomer as white crystals m.p. : 156°C.

Intermediate 39

Methyl 1.2.3.4-tetr. ahydro-‘l -(4-hvd royghenyl )—9H-gyndo[3,4-b||ndo|e-3-

carboxvylate, cis isomer
The same method but starting from racemic tryptophan ethy! ester and 4-

hydroxybenzaldehyde gave the title compound as pale yellow crystals TH NMR
(DMSOQ) 8(ppm) : 10.3 (s, 1H, NH-indole) 9.4 (s, 1H, OH) ; 7.8 - 7.5 (m, 8H, H
aromatic) ; 5.1 (brs, 1H, H-1) ; 3.9 (m, 1H, H-3) ; 3.75 (s, 3H, CO2CH3) 3.1 (m,
1H, H4) ; 2.8 (m, 1H, H-4).

intermediate 40




Found: C, 55. 92 HA—28== fixanple 55 Cs-2.3.6.7. 12.1

2a- hexahvdr o- \ _?__W |)-2-cycl opentyl -

pyrazino[2'.1}: .L pyrl o[ 3. i ndole -1".4-dione The sanme two step

procedure butfs ?971 cyc opentyl am ne and internediate 24 gave, _

after recrystgl |sa I on thanol, the title conpound as white crystals
pbBr N3C2S:  Cal cul at ed: C,57.03;H,4.58; N, 8. 67;

mp. : 252C. #n
Found: C, 56. 87} H, 4. 66 N, 8. 68% anpl e 562€is-2;3.6.7.12.1

2a- hexahvdr o- =B 5- yl - 2-thienyl)- pyra2|no[2 1':6.1 _
] pyridol[ 3. 4- bllndole -1 . 4-di one The same two step ] s‘{_artlng
2tivhhe At aRvVUlOn hrtho- VAroxy-a+Maioxye

from met hyl afé : ] '
recrystallis ,hgag_g%ﬂ% I cnstlbémb tl e compound as Whl te cryst als mp.

282[err] C
[ ! The same method but starting from racemic tryptophan methyl ester and 3-
hydroxy-4-methoxybenzaldehyde gave the title compound asa yellow solid m.p.
: 140-148°C.

~ Intermediate 41

Methy! 1.2.3.4-tetrahydro-1 -{4—h¥droy' -3-methoxyphenyl)-9H-pyrido[3.4-

blindole-3-carboxylate, cis isomer
The same method but starting from racemic tryptophan methyl ester and 4-

hydroxy-3-methoxybenzaldehyde gave the title compound as a cream solid m.p.
: 185°C.

intermediate 42

carboxylate, cis and trans isomers .
The same method but starting from racemic tryptophan methy! ester and 4-

ethylbenzaldehyde gave the cis and trans isomer of the title compound.

Cis isomer : white solid TH NMR (CDCl3) §(ppm) : 7.65-7.1 (m, 9H, H aromatic);
5.25 (brs, 1H, H-1) ; 4(dd, 1H, H-3) ; 3.9 (s, 3H, CO2CHg) ; 3.4 (ddd, 1H, H-4) ;
3.1 (m, 1H, H-4) ; 2.7 (q, 2H, CHoCH3) 1.4 (t, 3H, CH2CH3).

Trans isomer : white solid m.p. : 187°C.

Intermediates 43 and 44

carboxylate, cis and trans isomers
The same method but starting from racemic tryptophan ethyl ester and 4—

isopropylbenzaldehyde gave Intermediate 43, the cis isomer as a white solid 1H
NMR (DMSO) 8(ppm).: 10.15 (s, 1H, NH indole) ; 7.3-6.7 (m, 8H, H aromatic) ; 5
(brs, 1H, H-1) ; 3.6 (m, 1H, H-3) ; 3.5 (s, 3H, CO2CH3) ; 2.85-2.5 (m, 3H, H-4 +
CH-(Me)2) 2.4 (brs, 1H, NH) ; 1(d, 6H, 2xCH3) and Intermediate 44, the trans
isomer as a white solid m.p. : 189°C. : :

intermediates 45 and 46




e

Analysis for J EMENT SH E:][err]s (0. 25H20): Cal cul ated: C, 64.93;
H 5.31: N, 11. 36:| Foad-C64-84-H, 5. 28; N, 1 0.81% Exanpl e 57 G s-2.3.6. 7.

12. 1 2a- hexahydr o- 22@?5 1297( hi envl ) -

pyrazino[2' .1 :[6.]1] pyrI ndole -1 .4-dione The sane two step

procedure but [staFrFag=—from=tngt hyl ami ne and internedi ate 22 gave, after
recrystallisatijon from acetone, tthe title conpound as white crystals mp. :
290- 295[ err] C. Anmatysis—tor qcm]H[err]l\ﬁ{lrr]qerr]S Cal cul at ed: C, 64. 94;
H, 4.88; N, 11. 96; Found: C, 64.81 ; H 4.95; 11. 68% Exarrple58032367.

12. 12a- hexahvdr o- 2- but yl - 6- (3-thi enyl )-pyrazino[2'. 1" : 6.1 | pyrido(3. 4-
blindol e -1 4Ethybi 1-(4-nitrophenyl)-9H-pyrid 34-bind0e-3—carbo i

cis and frans isomers

~ The same method but startlng from racemic tryptophan ethyl ester and 4-
nitrobenzaldehyde gave Intermediate 45, the cis isomer as yellow crystals m.p.
: 168°C and Intermediate 46, the trans isomer as yellow crystals m.p. : 195°C.

Q) -|'
_—
—— (rl

ate

Intermediate 47 -

Ethyl 1.2 3 4-tetrahydro-1-(4-dimethylaminopheny!}-9H-pyrido[3 4-blindole-3-

carboxylate, mixture of cis and trans isomers
The same method but starting from racemic tryptophan ethyl ester and 4-

dlmethylamlnobenzaldehyde gave the_title compound as white crystals m.p.
170°C.

Intermediates 48 and 49

Ethyl 1.2.3

- and trans isomers
The same method but starting from racemic tryptophan ethyl ester and 3-
pyridinecarboxaldehyde gave Intermediate 48, the cis isomer as pale yellow
crystals m.p. : 230-232°C and Intermediate 49, the trans isomer as white
crystals m.p. : 210-214°C.

Intermediates 50 and 51

Methv! 1.2.3.4 tetrahydro-6-fluoro-1-(3, 4-methylened:o>_<yghenyl)—9H-gyndo[3,4—
blindole-3-carboxyiate, cis and trans isomers

The same method but starting from racemic 5-fluoro-tryptophan methyl ester
and piperonal gave Intermediate 50, the cis isomer as a cream solid m.p. :60°C
and Intermediate 51, the trans isomer as a cream solid m.p. : 213°C.

intermediates 52 and §3

Methyl 1.2, 3.4-tetrahydro-6-fluoro-1-(4-methoxyphenyl)-9H-pyrido[3.4-blindole-

3-carboxylate, cis and trans isomers
The same method but starting from racemic 5-fluoro-tryptophan methyl ester

and 4-methoxybenzaldehyde gave [ntermediate 52, the cis isomer as a solid 1H
NMR (CDCig) & (ppm) : 7.4-6.8 (m, 8H, H aromatic) ; 5.15 (brs, 1H, H-1) ; 3.9




—

p{ starting from butyl am ne and

internedi ate 22 @BEE al l.isation fromnmethanol, the title

corrpound as whitf & : P36-239[ err] C. Anal ysis for C22H23N302S:

Cal cul ated: C, 67 ; : 8: S, 8.15; Found: C,67.42;H,5.76; N, 10. 57;
S,8.01 % Exanpl ¢ : i

- Cs-2.3.6.7.12.1 fyl -6-(3-furyl)-pyrazino[2'.1

':6.1] pyrido[ 3. 44-—blindole- »—L ~4»d| pne The23ane two step procedure but

starting from rrethyl am ne and the cis isoner of internediate 28 gave after

5500 LA Bl b TR, e s

the trans isomer as a solid m.p. : 197°C.

50 The sane two .,':,; X0
()

Intermediates 54 and 55

- (IR .3R)-Methyl 1.2.3 4-tetrahydro-1- (3,4-methylened|o_xyghenyl)—9H-g¥rido[3,4-

blindole-3-carboxviate, cis isomer and

{1S.3R)-methy! 1.2,3 4-tetrahydro-1 (3,4—methylenedlomhenyl)-9H-gyndo[3,4-
blindole-3-carboxylate trans isomer

To a stirred solution of D-tryptophan methyl! ester (11 g) and piperonal (7.9 g} in
anhydrous CH2Cls (400 mL) cooled at 0°C was added dropwise trifluoroacetic
acid (7.7 mL) and the solution was allowed to react at ambient temperature.
After 4 days, the yellow solution was diluted with CHoClo (200 mL) and washed
with a saturated aqueous solution of NaHCOg, then with water (3x200 mL) and
dried over NapS04. The organic layer was evaporated under reduced pressure
and the residue was purified by flash chromatography eluting with
dichloromethane/ethy! acetate (97/3) to give first Intermediate 54, the cis isomer
(6.5 g) m.p. : 154°C followed by Intermediate 55, the trans isomer (8.4 g) m.p. :
188°C. '

The following compounds were obtained in a similar manner :

Intermediate 56
(1S, 3S) Methyl-1.2,3.4-tetrahydro-1-(3 4-methvlenedloxv9henvl) -9H-pvri oI3 4-

]mdole—3—carboxyl ate. cis isomer and-
(1R, 3S) methyl-1.2.3 4-tetrahydro-1-(3.4-me thylenednoxxghenvl)—g -pyrido[3.4-

blindole-3-carboxylate, trans isomer

The same method but starting from L-tryptophan methyl ester and piperonal
‘gave the cis and trans isomers of the title compound.

Cis isomer : white crystals m.p. : 154°C.

Trans isomer : white crystals m.p. : 187-189°C.

Intermediates 57 and 58
(1R.3R)-Methyl 1.2 3 4-tetrahydro-1-(4-methoxyphenyl)-9H-pyrido[3.4-blindole-
3-carboxylate, cis isomer and




2. 20; Found: C, 66. 33; H, 5. 48; N, 12. 02% Exanpl e
I 0- 2- nmet hyl - 6- (5- et hyl - 2-furvl)- Pyrazino[2'.
17':6.1 ]pyrl’| d: 1. 4-di one The sanme two step procedure but
starti ng frb 5137 and internmedi ate 29 gave, after
recrystalli iat iolff, the title conpound as a cream powder m p..:
303[err] C atysis—for-cferrjiH{err]Nerr]err] (0.25H20): Cal cul at ed:
C, 67.88; H, 5.155:N4—1-8%—Found: C, 67. 90; Hpj. 50; N, 1 1.98% Exanple 61
O s-2.3.6.7.17. 12a hexahvdr o- 2- net hyl - 6- (4- et hyl phenyl )- pyrazino[2'.1
:6. 1] pyrido[ 3. 4- bllndole -1 4 di one The sane two step proceduge, byt '
starting frofdS3Rivnathivha -tetiakwarotl i4-methopvphenyShi-DyEEDI3,{
from et hanol g.dBokjiblee R 35
The same method but starting from D-tryptophan methyl ester and 4-
methoxybenzaldehyde gave Intermediate 57, the cis isomer as white crystals
m.p. : 124-125°C and Intermediate 58, trans isomer as white crystals m.p. : 219-

222°C.

Cal cul at ed: [QESE
60 G s- 2. 3. G0

Intermediates 59 and 60

(1R, 3R)-Methyl 1.2.3 4-tet rahyc_iL_o-‘l -(3-chloro-4-methoxyphenyl )-9H-gyndo[3,4-
blindole-3-carboxvlate, cis isomer and

1S. 3R)-methy! 1.2.3 4-tetrahydro-1-(3-chloro-4-methoxyphenyl) SH-pyrido[3.4-
blindole-3-carboxylate, trans isomer
The same method, but starting from D-tryptophan methyl ester and 3-chloro-4-
methoxybenzaldehyde gave intermediate 59, the cis isomer isolated as the
hydrochloride salt as white crystals m.p. : 200°C and Intermediate 60, the trans
isomer as white crystals m.p. : 164°C.

Intermediates 61 and 62

(1R.3R)}-Methyl 1.2.3 4-tetrahydro-1-(2 -dlhvdrobenzo[b]furan-s-yl)-QH—
pyrido[3.4-blindole-3-carboxylate. cis isomer and

(1S.3R)-methvl 1,2,3.4-tetrahydro-1-(5-(2. 3-d1hvdrobenzolbljuran))—QH-
pyrido[3.4-blindole-3-carboxylate, trans isomer

The same method but starting from D-tryptophan methyl ester and 2,3-
dihydrobenzo|blfuran-5-carboxaldehyde gave Intermediate 61, the cis isomer as
white crystals m.p. : 282°C and Intermediate 62, the trans isomer as white
crystals m.p. : 204°C.

|ntermed|ates 63 and 64

(1R.3R)-Methyl 1.2.3.4-tetrahydro-1 -(5-|ndanvl) 9H-pvrido[3.4-blindole-3-
carboxylate cis isomer and

(1S.3R)-methy! 1.2.3 4-tetrahvdro-1-(5-indanyl)-9H-pyrido[3.4-blindole-3-
carboxylate trans isomer

The same method but starting from D-tryptophan methyl ester and indan-5-
carboxaldehyde gave Intermediate 63, the cis isomer as white crystals m.p. :
130-131°C and Intermediate 64, the trans isomer as white crystals m.p. : 196°C.




white cryst

(0. 25 H err {OF

H 5 96;N, 1
Cs-2.3.6.7.
1':6. 1] pyri
starting fr
recrystalli

E7iC. Analy5|s for C[err]H[err]N[err]qerr]
=3C,172. 61 ; H 5. 95/ N, 11. 55; 51 Found: C, 72. 73;

| 5o, |
Tlg zﬁmr - 4- 1 sopropyl - 6- (4 met hyl phenvl ) - Pyrazino[2'.
[

I3.-4=blindale 41 4. 4- di one The sane two step procedure but
nd I nternmedi ate 31 gave, after
J e conpoun s white crystals mp.: 170C.

m | sopropyl am ne

Anal ysi s for C[err]H[err]N[err]Qerr] (0.%H err]O: Calculated: C 72.70;

H, 6. 61; N, 10.

60;

Lriirmdl_ati.@é
Ethvl 1.2.3 4-tetrahydro-1-(4-trifluoromethoxyphenyi)-OH- g_\mdo[3,4-b||ndole—3-

carboxylate, cis and trans isomers
The same method but starting from racemic tryptophan ethyi ester and 4-

trifluoromethoxybenzaldehyde gave cis and trans isomers of the title compound.
Cis isomer : white crystals m.p. : 88°C.
Trans isomer : white crystals m.p. : 1562°C.

intermediate 66 .
Methyl 1.2,3 4-tetrahydro-1-(5-methvi-2-thienyl)-8H-pyrido [3.4-blindole-3-
carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan methy! ester and 5-
methyl-z-thiophenecarboxaldehyde gave the cis and trans isomers of the title

compound. :

Cis isomer : oily compound 1H NMR (CDCI3) & (ppm) : 8.4 (brs, 1H, NH-indole);
7.7 - 6.6.(m, 6H, H aromatic); 5.5 (brs, 1H, H-1); 3.9 (dd, 1H,” H-3); 3.85 (s, 3H,

. CO2CHg3); 3.3 -2.9 (m, 2H, H-4); 2.5 (s, 3H, CH3).

Trans isomer : white crystals m.p. : 194°C.

intermediates 67 and 68

{1S.3R)-Methyl 1.2.3.4-tetrahydro-1-(3, 4-methvlened:onghenyl)-9H-gmdo[3,4—
blindole-3-carboxylate and '

(1R 3R)-methyl 1.2.3 4-tetrahvdro-1-(3.4-methylenedioxypheny!)-9H-pyrido[3.4-
blindole-3-carboxviate :

To a stirred solution of D-tryptophan methy! ester (obtained by treating the
corresponding hydrochloride salt in water with saturated aqueous NaHCO3
solution and extraction with CH2Cl2) (25.7g) and piperonal (19.4g) in anhydrous
dichloromethane (700ml) cooled to 0°C was added dropwise trifluoroacetic acid
(18.1ml) and the solution was allowed to react at 4°C. After 5 days, the yellow
solution was diluted with dichloromethane (500ml). The organic layer was
washed with a saturated aqueous solution of NaHCO3, then with water (3 x
500ml) until the pH was neutral and dried over NaS04. The organic layer was
evaporated under reduced pressure to a volume of about 500ml. The trans-
isomer, which crystallised, was filtered and the filtrate was reduced to 200ml.




Found: .C, 73.0

- 2a- hexahvdr o- _
pyrazino[2'. 1% pl i ndol e - 1. 4-dione The sane two step

procedure bu yl am ne and i nternedi ate 31 gave, after -

“recrystallis _tlu from met ha , the title conpound as white crystals mp.
: 194C. Anal y cefr]NNerr]err] (0.5Herr]O: Calcul ated:

C, 73.15; H, 6. %, 5, 73.01 ;H 8684.N,1 0.26% Exanple 64

G s-2.3.6.7. 127 TZa-exanvdro-2- cycl opr opyl net hyl - 6- (4- met hyl phenvl ) -

|indgle -1.4-di

pyrazi no[ 2' . pyrido[ 3, 4-b ne The same.two step . _
procedure but AQPHT% f\F/ﬁFt'PPo?ﬁ éﬁqrﬁfﬁ &WF%FW@EF% hﬁ?? ﬁﬁ?@?'ﬂ%(ﬂ?éf%ss'fomer
gave, after r@erey copibinedito givé itien(18|IRN Eomier, dntertnedidtet6® as whitendnatals
white crystal my : 194[err]C _

a1,

mp 188°C

[a]D = +32.4° (c = 1.03, CHCI3)

The filtrate containing mainly the cis-isomer was reduced to 100mi and isopro_pyl

ether (200ml) was added. Upon cooling, the (1R,3R) isomer, Intermediate 68,

crystallised as a white solid (17.4g).

mp : 154-155°C

[033%= + 24.4° (c = 1.08, CHCIy).

5690 Exanple 63 Gis-2.3.6.7.12. 1
eyl phenyl ) -

Intermediate 69

(1R.3R)-Methy! 1.2 .3 4-tetrahydro-1-{3.4-methvienedioxypheny!)-9H-pyrido[3.4-

blindole-3-carboxylate
Method A

Intermediate 67 (5.0g) was dissolved in methanol (150ml). Hydrogen chlonde
was. bubbled into the solution for several minutes at 0°C and the resulting yellow
solution was refluxed for 24 hours. The solvent was removed under reduced
pressure and the residue was basified with a saturated aqueous solution of
NaHCO3 and extracted with dichloromethane. The organic layer was washed
with water, dried over NasSO4 and purified by flash chromatography eluting
with dichloromethane/methanol (99/1) to give the title compound (2.3g)
corresponding to an authentic sample of Intermediate 68.

Method B

Intermediate 67 (25g) was heated in 1N hydroéhloric acid (78.5ml) and water
(400ml) at 60°C for 36 hours. From the initial pale yellow soluﬁon, .a white solid
precipitated. The mixture was then allowed to cool to 0°C and the solid filtered.
The solid was then washed with diisopropy! ether (3 x 200ml) and dried to give
the hydrochloride salt of the title compound (20g) as a white solid.

mp (dec.) : 209 - 212°C

Method C



Las

Anal ysi s forj? .'"‘]qerr] (1.1 Herr]O: Calculated: C, 71.61,;
H, 6. 54; N, 10. p2j: H, 6. 07; N, 9. 95% Exanpl e 65 52
Ci's-2.3.6.7. g14 , d io 2- et hyI 6- ((3- net hyl phenyl ) - pyrazino[2'.
1':6.1] pyri g r,’3 4-Blindole {i1}. 4-dione The same two step procedure but
starti ng fion- Pre-tny+a+4i,.ne: 'nd I nternmedi ate 33 gave, after
recrystallisation fromethanol;, the title conpound as white crystals mp.

>260[ err] C. Anarysis for

rIH err]Ne@7 Oerr]: Calculated: C, 73.52;

H, 5.89,N,11. 69; Found: C, 73.60; H 5.97; N 11.66%

A 1 : 1 mixture of the cis and trans isomers of Intermediates 54 and 55 (29) was -
heated in 1N hydrochloric acid (6.8ml) and water (15ml) at 50°C for 72 hours. A
similar work-up as described in Method B above gave the hydrochloride salt of

the title compound (1.7g) as a white solid.

Intermediate 70

(R)-N@-(3 4-Methvienedioxyphenylicarbonyl)-tryptophan methyl ester

To a suspension of D-tryptophan methyl ester hydrochloride (10.2g) in

anhydrous CH»Clo (150ml) cooled at 0°C was added dropwise triethylamine

- (12.3ml). To the resulting solution solid piperonyloyl chloride (8.16g) was added

portionwise at the same temperature, and the mixture was stirred at room
temperature for 2 h. The mixture was washed successively with water, 0.5N
hydrochloric acid, water, a saturated aqueous solution of NaHCO3 and again
with water. After drying over NaxSO4 and evaporation of the solvent under
reduced presure, the resulting oil on trituration from hot cyclohexane afforded
the title compound as a white solid (14.7g).

mp : 123-124°C

20°_ o
[a]D =-84.4° (c = 1.04, CHCI,).

Intermediate 71

{R)-N&-(3.4-Methylenedioxyphenvyithiocarbony! )—tm' ptophan methyl ester

A mixture of Intermediate 70 (14g) and Lawesson's reagent (9.28g) in
dimethoxyethane (280ml) was heated at 60°C under N» for 16 hours with
stirring. The reaction mixture was evaporated to dryness and the resulting oil
was dissolved in ethyl acetate, then washed successively with an aqueous’
saturated solution of NaHCO3 and water and dried over NaS0O4. The oily
residue obtained after evaporation under reduced pressure ga\}e, on trituration
from cyclohexane, a yellow powder which was filtered and washed with cooled
methanol to afford the title compound (S.74g).

mp : 129-130°C

[0g 2% - 186.8° (¢ = 1.14, CHCIy).

Intermediate 72




Exanpl e 66 “;
" Cis-2.3.6.7.12. F
Pyrazino[2'. §'

but yl - 6-(4-trifluoronethyl phenvl) -

I pl i ndol e -1 .4-dione The sanme two step -
procedure but s ETll am ne and: i nternedi ate 35 gave, after
recrystal | i safji 8 water, the title conmpound as white crystals

"mp.: 155[errC. Analysis for Eﬁerr]H[err]F[err]N[err]CIerr] (0. 5H20):
Cal cul at ed: C, 5; Found 64.78;H,5.40; N, 9. 01 % Exanple
67 Cis-2.3.6.7. 12. 12a hexahvdro 2-net hyl -6- (4-trifl uoronethoxvphenyl) -

pyrazino[2'.1":6. 1] pvr|d0[3 4-bli ndole -1 4-dione The sanme two step
pr ocedure. but(1R3R}-Mejhvlr du2 Set-tatraiy af@i4tmethyiensdioxypheny! -9 o[
65 gave, afted"{ bbidatd on from met hanol, the title corrpound as vvhlte

crystals m —Lm ysis for %[ t]hH[err]F[err]N[err]Qerr]
(0.5H err] O) -A solution of Intermedlate 71 (9g) an iodide (10ml) in anhydrous

dichloromethane (200ml) was heated at reﬂux under an argon atmosphere with
protection from light. After 24 hours, the solvent was removed under reduced
pressure to give an orange oil which on trituration from hexane gave a solid
which was washed with ether and used without further purification in the next
step. This compound (13.11g) was dissolved in methanol (250ml) and the
solution was cooled to -78°C. NaBHy4 (0.99g) was then added by portions and
the mixture was stirred at the same temperature for 1 hour. The reaction was
quenched by addition of acetone (10ml) and the solvent was removed under
reduced pressure. The residue was dissolved in CHoClg, washed with water
and then with brine and dried over NaS04. After evaporation of the solvent,
the orange oil gave on trituration from a hot mixture of diethy! ether/cyclohexane
an orange powder which was recrystallised from diethyl ether/pentane to afford
the title compound as a pale yellow solid (5.15g) corresponding to an authentic
sample of Intermediate 68. .

~ Intermediate 73 , .
(1R.3R)}-Methyl 1 .2.3.4-tetrahy'dro-2-chIorog_g_etvl-( 3.4-methylenedioxyphenyi)-
9H-pyridof3.4-blindole-3-carboxylate
Method A
To a stired solution of Intermediate 72 (9.7g) and NaHCOg3 (2.79g) in
anhydrous CHCI3 (200ml) was added dropwise chloroacety! chloride (5.3ml) at
0°C under No. The resulting mixture was stirred for 1 hour at the same
iemperature and diluted with CHCI3 (100ml). Water (100ml) was then added
dropwise with stirring to the mixture, followed by a saturated aqueous solution of
NaHCO3. The organic layer was washed with water until neutrality and dried
over NapS0O4. After evaporation of the solvent under reduced pressure, the oily
compound obtained was crystallised from ether to give the title compound as a
pale yellow solid (9.95g). :
mp : 233°C .

[0 20= - 125.4° (¢ = 1.17, CHCI).

Method B



Cal cul at ed:

-58; Found: C, 60. 24; H, 4. 28; N, 9. 50% Exanpl e 68

G s-2.3.6.7. [TEEAGN -12- et hyl - 6= (4- hydr oxvphenyl ) - Pyrazino[ 2'.
1":6.1] pyrid 4 bI 1 ndoT 81 [|4-dione The same two step procedure but
starting frof rreta_lﬁﬁs nggand int er medi ate 39 gave, after recrystal | i sation
from met hanof, jthe title compofyind as yell ow crystals mp. :179-180[err]C.
53 Analysis for ferrrifer-Nerr]Jerr] (1. 25H20): Calculated C, 65.70;

H, 5. 64; N, 10 R4 , 5.45; N, 1@992% Exanpl e 69

Lound: C 65. 46;

Chloroacety! chloride (4ml) was added dropwide to a solution of Intermediate 72
(16.1g) and triethylamine (7ml) in anhydrous CH2Clo (200ml) at 0°C under Na.
The solution was stirred at 0°C for 30 minutes, then diluted with CH2Cl2
(300ml). The solution was washed with water (200ml), a saturated aqueous
solution of NaHCO3 (300ml) and brine (400ml). After drying over NapSO4 and
evaporation under reduced préssure, the resulting solid was washed with ether
(300ml) to give the title compound as a pale yellow solid (18.3g).

Intermediate 74

Methyl 1.2.3.4-tetrahydro-6-methyi-1-(3, 4-methvlenedlogghenyl)—9H-g¥r|do[3,4-
blindole-3-carboxylate, cis and trans isomers

The cis and trans isomers of the title compound were prepared using the
method described in Intermediate 1 but starting from racemic S5-methyl-
tryptophan methyl ester and piperonal.

Cis isomer : yellow solid m.p. : 85°C.

Trans isomer : yellow solid m.p. : 185°C.

intermediates 75 and 76
(1R. 3R)-Methvl 1.2.3, 4-tetrahvdro- ~(7-(4-methyl-3.4- lhydro-zH-

benzol1, 4]oxazinyl))-9H-pyrido[3.4-blindole-3-carboxylate, cis isomer and (1S,
3R)-M_ethyl 1,2.3.4-tetrahvdro-1-(7-(4-methyl-3.4-dihydro-2H-

benzo[1.4loxazinyl))-9H-pyrido[3 4-blindole-3-carboxylate, trans isomer

The same method, as described for intermediates 54 and 55, but starting from
D-tryptophan methyl ester and 4-methyl-3,4-dihydro-2H-benzo[1,4]oxazine-7-
carboxaldehyde gave Intermediate 75 the cis isomer as an oily compound 1H
NMR (CDCl3) & (ppm) : 7.6-7.1 (m, 5H) ; 6.9-6.6 (m, 3H) ; 5.15 (br s, 1H) ; 4.3 (¢
2H) ; 4 (dd, 1H); 3.8 (s, 3H), 3.3 (t, 2H) ; 3.3-2.95 (m, 2H) ; 2.9 (s, 3H); 1.6 (br s)
and intermediate 76, the trans isomer as white crystals m.p. : 119-121°C. |

I_l:!mgdl_ateJl
Methyl 1.2,3.4-tetrahydro-1 -(5-( N-benzvlmdolmvl))- H-gxrldo[3,4-b1mdole-3-

* carboxylate, mixture of (1R. 3R) and (1S, 3R) isomers

The same method, as described for intermediates 54 and 55, but starting from
D-tryptophan methyl ester and N-benzylindoline-5-carboxaldehyde gave
intermediate 77 as an ocily compound.
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.Pyrazino[2'.

procedure but s‘ar
recrystallisa i

bt hyl am ne and |ntermed| ate 40 gave, after
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%rom et ffano

: 320C. Anal ys} s'=fFor=C22H s‘l [ 0.25H20): Calculated: C,66.74; H,5.47; N,

10 61; Found:
2a- hexahvdr o-

£

.53% Exanple 70 Cis-2,3.6.7.12.1
6 9 oxyphenvl392 met hyl - Pyrazino[ 2' .

1':6.1] pyrido[3.4-blindole -1 .4-dione The same two step procedure but
startl ng from nmethylam ne and I nternmedi ate 41 gave, after
recrystallisation from dichloromethane/ ethanol, the title conpound as -
yel | ow cryst dhtermediate2 T8 ST9 Anal ysis for C22H21 N304: . Cal cul at ed:

C 67.51 ; H 5.

h 3'?& ]I\('iet#' 1,2.3.4-tetrahydro-1-(4-carbomethoxyphenyl)-9H-pyrido[3 4-

blindole-3-carboxylate, cis isomer and (1S, 3R)-methyl 1.2,3.4-tetrahydro-1 ~(4-
carbomethoxypheny!)-9H-pyrido[3.4-blindole-3-carboxylate, trans isomer

The same method, as described for intermediates 54 and 55, but starting from
D-tryptophan. methyl ester and methyl 4-formylbenzoate gave Intermediate 78,
the cis isomer as white crystals m.p. : 157-160°C and Intermediate 79, the trans
isomer as pale yellow crystals m.p. : 124-126°C.

Intermediate 80 |

(1R, 3R)-Methy! 1,2, 3.4-tetrahydro-2-[2-(benzyloxycarbony!)-R-prolyil-1-(3.4-
methylenedioxyphenyl)-9H-pyrido[3.4-blindole-3-carboxylate

A solution of N-(benzyloxycarbonyl)-D-proline acid chioride (0.64 g, 2.4 mmol) in
anhydrous dichloromethane (10 mL) was added dropwise to a stirred solution of
intermediate 54 (0.7 g, 2 mmol) and triethylamine (0.33 mL, 2.4 mmol) in
dichloromethane (15 mL) at - 10°C. The mixture was stirred for 2 h at - 10°C
after which it was diluted with dichloromethane (50 mL), washed with
hydrochloric acid (1N), water, a saturated solution of NaHCO3, a saturated NaCl
solution and dried over Na;S0O,4. Evaporation of the solvent and recrystallisation
of the crude product from methanol gave the title comgound as pale yellow
crystals (0.75 g) m.p. : 268-270°C.

Intermediate 81

(1R, 3R)-Methy! 1.2.3 4-tetrahydro-2-[2-(benzyloxycarbonyl)-S-proly{]-1-(3 4-
methylenedioxyphenyl)-SH-pyrido[3.4-blindole-3-carboxylate :

A solution of N-(benzyloxycarbonyl)-L-proline acid chloride (0.86 g, 3.2 mmol) in
anhydrous dichloromethane (10 mL) was added dropwise to a stirred solution of
intermediate 54 (0.91 g, 2.6 mmol) and triethylamine (0.44 mL, 3.2 mmol) in
dichloromethane (20 mL) at - 10°C. The mixture was stirred for 2 hours at - 10°C
after which it was diluted with dichloromethane (60 mL), washed with
hydrochloric acid (1N), water , a saturated solution of NaHCO,;, a saturated
NaCl solution and dried over Na,SO4 Evaporation of the solvent and




Found: C, 67}REBLA MENTISHE@‘&% Exanple 71 CGis-2 3,6.7.12. 1

2a- hexahv nophenyl ) -

pyr azi no[ 2 -blindole -1 .4-dione The sane two step
procedur e utyl am ne and internediate 37 gave, after -
recrystallyj: hainol /water, the title conpound as white crystals
mp. : 246 H24N402 (1 Herr]O: Calculated: C, 69.75;

H, 6. 09; N, 1 ;H,5.96; N, 13186% Exanple 72 54

G s-2. 3.6. 7 12 12a hexahvdro 6- (4-ethyl phenyl ) -2-i sopropyl -
recrystallisation of the crude product from methanol/water gave the title
compound as pale yellow crystals (0.8 g) m.p. : 115-120°C.

Intermediate 82 - o
(1R. 3R)-Methyl 1.2 3 4-tetrahydro-2-(2-chloropropionyl)-1-(3.4-
methvlenedioxyphenyl)-9H-pvridof3.4-blindole-3-carboxvlate

To a solution of (S)-(-)-2-chloropropionic acid (87 ul, 1 mmol) in anhydrous
dichloromethane (15 mlL), was added dicyclohexylcarbodiim'ide (0.23 g,
1.1 mmol). intermediate 54 (0,35 g, 1 mmol) was then added and the mixture
was stirred at room temperature for 20 hours. The formed precipitate of
dicyclohexylureé was removed by filtration, the filtrate was evaporated in vacuo
and the crude product was purified by flash chromatography eluting with
toluene/ethyl acetate : 85/5. The oily compound obtained was then crystallised
from ether/hexane to give the title compound as pale yellow crystals (0.31 g)
m.p. : 125-127°C.

" Intermediate 83

(1R, 3R)-Methyl 1 2,3,4-tetrahydro-2-(2~chlorogrog|onyl)-1 {3,4-
methylenedioxyphenvl)-9H-pyrido[3.4-blindole-3-carboxvlate

To a solution of (R)-(+)-2-chloropropionic acid (191 pl, 2.2 mmol) in anhydrous
dichloromethane (30 mL), was added dicyclohexylcarbodiimide (0.45 g,
2.2. mol). Intermediate 54 (0,7 g, 2 mmol) was then added and the mixture was
stired at room temperature for 20 hours. The formed precipitate of
dicyclohexylurea was removed by filtration, the filtrate was evaporated in vacuo
and the crude product was purified by flash chromatography eluting with
toluene/ethyl acetate : 95/5. The oily compound obtained was then crystallised
from ether/hexane to give the title compound as pale yellow crystals (0.74 g)
m.p. : 126-128°C.

Intermediates 84 and 85 84 and 85

(1R, 3R)-Methy! 1.2.3 4-tetrahydro-1-(3.4-dibenzyloxyphenv!)-OH-pyrido[3 4-

blindole-3-carboxylate cis isomer and (1S, 3R)-methyl 1.2, 3 4-tetrahydro-1-(3.4-
dibenzyloxyphenvl)-9H-pyrido [3,4-blindole-3-carboxylate trans isomer




pyrazi-no| Bt & =wg3. 4-blindol e -1.4-dione The same two step
pr.ocedur € WEN g’ i) | sopropyl am ne and the cis isoner of

i nternedijate '21‘2 jave, aftler] recrystal lisation fromn-pentane, the title
conpound fs Ear"@ﬁial s imp.: 130[err]C Analysis for

Cerr]H eyr N[err] Jerr] (G 5H[err] O: Calculated: C 73.1 5;H,6.87; N, 10. 24;
Found: C, y3=39—H-F-08-N-9.881 % Exanple 73

Cis-2.3.6L 7. 12 12a- hexahydrio- 6- (4- et hyl phgnyl ) - 2- cycl opr opyl net hyl -
pyrazino[ 2. T 6. I]pyri1 do[ 3. 4-bli ndol e -1 . 4-di one The same two step

procedure but starting from cycl oprop%/l met hyI am ne and the cis isoner of
i nt er nedi at e Be game, methoskas desgribed fordntarmediates S« and &5, buthstarting fom D-

Cal bl at ed: VPSR Tha3! Rty ?"9’6%3‘3‘.!‘35@%@92“%%"%% SgJpermediate
84, the cis isomer as an oily compound 1H NMR (CDCl3)’ 6(ppm) 7.5-6.95 (m,
16H) ; 6.85 (s, 1H) ; 6.75 (s, 2H) ; 5.1 (s, 2H) ; 5 (br s, 1H) ; 4.95 (d, 2H) 3.85
(dd, 1H) ; 3.7 (s, 3H) ; 3.2-2.8 (m, 2H) ; 2.3 (br s, 1H) and intermediate 85, the
trans isomer as an oily compound THNMR (CDCl3) 5 (ppm) 7.6-7 (m, 15H) ; 6.9-
6.7 (m, 3H) ; 6.2 (br s, 1H) ; 5.1 (s, 2H) ; 5 (s, 2H) ; 3.8 (t, 1H) ; 3.65 (s, 3H) ;
3.3-3(m, 2H) ; 2.25 (br s, 1H).

Intermediate 86
(6R, 12aR)—2,3,6,7,12,1Za-Hexahydro-G-{3,4-d|benzylo>_<yghenyl)-Z-methyl-
razino[2', 1' : 6.1]pyrido[3.4-bjindole-1.4-dione
. The same two step procedure but starting from mtermedlate 84 and
methylamine gave, after recrystallisation from dichloromethane/ether, the title
compound as white crystals m.p. : 158-160°C, [aJ20°p = + 11.7° (c = 1.23 ;
. CHCIy). '

Intermediate 87

Methvyl 1 .42_-,§.4-tetrah¥' dro-1 < 5—(2—methylisoingolinvl))-9H-gyrido[3,4—b]indole-3-
carboxylate, mixture of {1R.3R) and (1S.3R) isomers '

The same method, as described for intermediates 54 and 55, but starting from
D-tryptophan methyl ester and N-methy!lsomdoIlne-5-carboxaldehyde gave
intermediate 87 as an oily compound. ~

Exampie 1
Cis-2,3,6.7.12.12a-hexahydro-2-methyl-6-(3 4-methvienedioxyphenvl)-

pyrazino[2', 1':6,1ipyrido[3,4-blindole -1.4-dione

a) To a stirred solution of intermédiate 1 (2 g) and NaHCO3 (0.6 g) in anhydrous
CHCI3 (40 mL) was added dropwise chloroacetyl chioride (1.1 mL) at 0°C.
The resulting mixture was stirred for 1 hour at the same temperature and
diluted with CHCl3. Water (20 mL) was then added dropwise with stirring to
the mixture, followed by a saturated solution of NaHCOs. The organic layér
was washed with water until neutrality and dried over NapSOy4. After
evaporation of the solvent under reduced pressure, cis-methyl 1.2,3.4-




hatul

Example 74 ¢ 3 - hexahvdr o- 6- (4-i sopr opyl phenvl) - 2- net hyl -
py.r azi no[ 2' | § 8i4-bl i ndol e -1. 4-di one The sane two step
procedur e brn (Star it Rg—F+omd nkt hyl ami ne and i nternedi ate 43 gave, after
recrystalligafi Emam , the title conmpound as white crystals mp.
244 err] C. An |£ - TC24H25N32: Cal cul ated: C, 74.39; H, 6. 50; N, 10. 84;
Found: C, 74. 27; 954 Exanple 75 Cis-2.3.6.7. 12.1

2a- hexahvdr ¢- 2-1 butyl G- (4 ni tyophenyl)- 33

pyrazi no[ 2' .:X=—81{pyrraol3~4" bl i ndol e -1.4-dione The same two step

- procedure but starti [, .‘ er
- recrystal | i sat AN, P ; ‘ o
182[err] C ]mdole-s-carboglate was obtanned as an 0|l wh:ch was crystalllsed from

ether (2 g, m.p. : 215-218°C) and was used without further purification in the
next step. -

b) To a stirred suspension of the chloroacety! intermediate (0.34 g) in MeOH
(20 mL) was added at ambient temperature a solution of methylamine (33% in
EtOH) (0.37 mL) and the resulting mixture was heated at 50°C under No for
14 hours. The solvent was removed under reduced pressure and the residue
was dissolved in CH2Clo (50 mL). After washing with water (3x30 mL), drying
over NapS0O4 and evaporating to dryness, the residue was purified by flash
chromatography e'luting with CHoClo/MeOH (99/1) and recrystallised from
MeOH to give the_title compound as white crystals (0.19 g) m.p. : 253-255°C.

Analysis for CooH1gN304:
Calculated:C,67.86;H,4.92;N,10.79;
Found:C,67.53;H,4.99;N,10.62%.

The following compounds were obtained in a similar manner :

Example 2
Cis-2, 3, 6. 7, 12, 12a-hexahydro-2-buty|-10-fluoro-6-(4-methoxyphenyl)-
pyrazino[2', 1' : 6 ,1]pyrido [3.4-blindole-1.4-dione

The same two step procedure but starting from butylamine and intermediate 52
gave, after recrystallisation from ethanol, the title compound as white crystals
m.p. : 182°C.

Analysis for C25H2eFN303 (0.1 H20):

Calculated : C, 68.67 ; H, 6.04 ; N, 9.61;

Found: C, 68.38; H,6.11; N, 8.563%.

Example 3
Trans-2.3.6.7.12, 12a-hexahydro-2-methv!-6-(3 4-methylenedioxyphenyl)-

pyrazino[2' 1':6.1]pyrido[3,4-blindole -1.4-dione




55 Anal ysis f
C,.65.97; H, 5. 65;

.12 ﬁl’%gggy?gp é(é-di nmet hyl am nophenyl ) - 2- et hyl -
1'% 4. F “44blji ndol e -1 . 4-dione The sane two step

Cis-2.3.6.7
Pyrazi no[ 2'

L

T r%]__ﬂrr]o[e'rr] (0.25H err]O: Calcul at ed:
,. PP ¢ 65.92;H,5.62; N, 12. 96% Exanple 76

|_\

procedure but [stiarting—tretfet hyl anmine and the cis isoner of internediate

47 gave afte
crystals m p.
:H, 6.23; N, 14.

r frecrystallisationffromnethanol, the title conpound as white
[N X ¥ Y @— s voXoN ar C23H24842: Cal cul ated: C, 71.11
42; Found:C, 71.19; H, 6.24; N, 14.34% Exanple 77

The same two step procedure but starting from methylamine and intermediate 2 -

gave, after recrystallisation from toluene, the_title compound as white crystals
m.p. : 301-303°C.

Analysis for CooH4gN304:

Calculated: C,67.86;H,4.92;N,10.79;

Found:C,67.98;H,4.98;N,10.73%.

Example 4
Cis-2,3.6,7.12.12a-hexahydro-6-(3.4-meth lenedlo henyl)-

pyrazino[2',1':6.1]pyrido[3.4-blindole -1 .4-dione

The same two step procedure but starting from ammonia and intermediate 1
gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 283-285°C. '

Analysis for Co41H47N304:

Calculated: C,67.19;H,4.56;N,11.19;

Found:C,67.04;H,4.49;N,11.10%.

Example §
Cis-2.3.6.7,12.12a-hexahydro-10-fluoro-6-(4-methoxyphenyl)-2-(2.2,2-

trifluoroethyl)- :

The same two step procedure but starting from 2,2,2-trifluoroethylamine and
intermediate 52 gave, after recrystallisation from ethanol/diisopropy! ether, the
title compound as white crystals m.p. : 190°C.

Analysis for CosH1gF4N303:

Calculated : C, 59.87 : H, 4.15; N, S.11;

Found : C, 59.81 ; H, 4.18; N, 9.21%.

Example 6 |
Cis-2,3.6,7.12.12a-hexahydro-10-fluoro-2-methyl-6-(3 4-methylenedioxyphenyl)-

razino{2'.1' : 6,11pyridof3.4-blindole-1.4-dione
The same two step procedure but starting from methylamine and intermediate
50 gave, after recrystallisation from ethanol, the_title compound as white crystals -
m.p. : 292°C.
Analysis for CooH1gFN304:
Calculated : C, 64.86 ; H, 4.45 ; N, 10.31;



-

Cis-2. 3.6.7. 1fy2 ,Ek met hyl - 6-(3-pyridyl)- pyrazino[2'.

1':6. 1] pyrido] t; Ef 0l di one The sane two step procedure but
starting from EETHyTranine an nt er nedi ate 48 gave after
recrystallisatjop f iﬁﬁ&ﬂgﬁvpf rm the title conpound as white crystals
mp.: 312[err] L. AnaT sis for CJerr]Herr]Nerr]Jerr]: Calculated:

C, 69. 35; H, 5. 24§ NEIB—F7—Foume=C, 9. 08; H, 5. 20; N, 16. 19% Exanple 78 (6R 1.
2aR)-2. 3.6. 7 2.1 2a Hexahvdro- 2 met hyl 3% ( 3. 4- net hyl enedi oxvphenyl) -
pyra2|no[2 1" 5617 | ndol e -1.4-dione a) To a stirred sol ution

|nterrred| e 54 ﬁ:(B 14 g) in anhydrous CHC 3 (20 nlL)
vvas added drcft éhﬁ%ﬁg) J’it‘iciﬁ ot Qég/‘(o 27 mL) at OC. The resulting
m xt ure was stlrredfor 1 hour at the sane tenperature and diluted with '

CHCl 3 (20 niL V\atler (10 nL) was then added dropwi se W|th stirring to the
m xture, fol a saturated solution of

(6R, 1233)—2,3,6,7,12,12a-hexahydro—2-meth¥|-6-(3,4-methxlened|oyghenyl)—
" pyrazino[2'.1' : 6.1]pyrido[3 4-blindole-1,4-dione :

The same two step procedure but starting from methylamine and the trans
isomer of intermediate 56 gave, after recrystallisation from toluene, the title
compound as white crystals m.p. :287-289°C.
Analysis for CooH41gN304 (0.25 toluene):
- Calculated : C, 69.16 ; H, 5.13; N, 10.19;
Found: C,69.09:; H, 5.14 ; N, 10.19%.
20°
[a]D = -203.4° (C=1.28; CHCI3).

Example 8 i
(68, 12aR)-2.3.6,7.12.12a-hexahydro-2-methy|-6-(3.4-methylenedioxyphenvyi)-

razino [2', 1' : 6.1lpyrido[3.4-blindole-1.4-dione
The same two step procedure but starting from methylamlne and intermediate -
55 gave, after recrystallisation from toluene, the title comgound as white crystals
m.p. : 287°C.
Analysis for C22H1gN304 (0.3 toluene):
Calculated : C, 69.41 ; H, 5.17 ; N, 10.08;
Found: C, 69.56 ; H,5.24 ; N, 10.08%.

20° :
[a]D = +2097.9° (C=1.21; CHCl,).

Example 8
- Cis-2, 3, 6, 7, 12_12a-hexahydro-2-[2-(2-pyridyl}-ethy!]-6-(3.4-

methylenedioxyphenyl)-pyrazino[2' 1'-6. 1ipyrido[3.4-bjindole-1.4-dione _

The same two step_ procedure but starting from 2-(2-pyridyl)ethylamine and
intermediate 1 gave, after recrystallisation from 2-propanol, the title compound
‘as white crystals m.p. : 218-222°C.

Analysis for CogH24N404-

Calculated : C, 69.99 ; H, 5.03 ; N, 11.66;

Found: C, 69.92; H, 5.16 ; N, 11.48%.




p——

NaHCC8. The—arganic |ayer was washed W|th water until neutrality and dried
over Na2 jron of the sol vent under reduced pressure, (6R
1 2aR) - ne hvdr o- 2-chl oroacetyl -1 - (3. 4- 56

met hyl ene | ﬁ i do[ 3. 4- bl i ndol e- 3-car boxyl ate was obtai ned as
an oil &E@é{ |1 d fromether to give a solid (0.38 g, mp.:
2330) V\/m S used vmt D further purification in the next step. b) To a
stirred USp6l|5| onm-of-the | oroacetyl in@grnediate (0.37 g) in MeOH (20
m.) was e ‘ature a solution of nmethylamne (33%in EtOH

(0.4 nL) and the: resultlng m xture was heated at 50[err]C under N2 for 16
hours. The sol vent was renpved under reduced pressure and the residue was

di ssol ved in Ebaigie 9ol errl (50 ). After vvashl ng with water (3x20 ni),
d t tied by -
flr)a(!sﬂg Ve Nis238 15 RSt ro-%- - S|metﬁe1 e fue was purified by

The same two step procedure but starting from 2-pyridylmethylamine and
intermediate 1 gave, after- recrystalhsatlon from DMFlwater the title compound
as cream crystals m.p : 285-286°C.

Analysis for Co7H2oN404 (0.4 H20):

Calculated : C, 68.46 ; H,4.85 ; N, 11.83;

Found: C, 68.58 ; H, 4.88 ; N, 11.90%.

Example 11 N
Cis-2.3.6.7.12.12a-hexah dro-2- 3-pyridyimethy!}-6-(3 4-

methylenedio X

The same two step procedure but starting from 3-pyridyimethylamine and
intermediate 1 gave, after recrystallisation from CHoClo/MeOH, the title
compound as cream crystals m. p 292-293°C. '
Analysis : Co7H2oN404:

Calculated : C, 69.52 ; H, 4.75 ;| N, 12.01;

Found: C, 69.27 ; H, 4.74 ; N, 11.37%.

Example 12
Cis-2, 3,6,7, 12.1 2a-hexahydro-2-(4»gyrldylmethy)—s-( 3.4-

: rido[3.4-blindole-1,4-dione
The same two step procedure but starting from 4-pyridylmethylamine and
intermediate 1 gave, after recrystalhsatnon from MeOH, the title compound as
pale yellow crystals m.p. : 273-274°C.
Analysis for Co7H2oN404 (1.8 H20):
Calculated : C, 65.00; H, 5.17 ; N, 11.23;
Found: C, 65.11; H, 4.85; N, 11.07%.

Example 13
Cis-2.3.6.7.12.12a-hexahydro-2-ethv|-6-(3.4-methvlenedioxyphenyl)-
pyrazino[2',1':6, 11pyrido[3 4-blindole -1.4-dione



n—

chr omat ogp !

from 2-
302- 303LC.
H, 4.92; N

+71.0[erf] &£

A?Zﬁﬁiﬁ?ﬁd C

AR CHerr]C[err]/MeOH (99/1) and recrystallised
o ----c-»-—- .he title conpound as white crystals (0.22 g) mp.
err]H err]Nferr]derr]: Calcul ated: C, 67. 86;
67.77;H,4.92; N, 10.74% 20[err] [[err]][err] =

(C=1. 00 _CHC{efr]). The foIIovm ng conpounds were obta| ned in a

simlar Tan"ner Exarrple 79 (6R 1 2aR)-2.3.6.7. 12.1

2a- HexahWdro=2=t—soprepy=6- ( 3. 4- net hyl ergdi oxyphenvl ) - pyra2|no[2
1':6. 1] pyrido[3.4-blindole -1 .4-dione The same two step procedure but

startl ng fromi sopropKvIam ne and I nternedi ate 54 gave, after

recrystal | i sakhesameo

arsteppoacedure but istartingrfsomnethylarine: and iptermegiate l

290- 293C. . Andfey Ster reéryStdiisatiiOfom methanol, the title compound as white crystals

m.p. : 272-274°C.

Analysis for CoaHo1N304:
Calculated: C,68.47;H,5.25;N,10.42;
Found:C,68.52;H,5.35;N,10.53%.

Example 14
Cis-2,3.6.7.12, 12a-hexahydro—2—(2,2,2-tr1ﬂuoroethyl }-6-(3.4-

methylenedioxyphenvyl)-pyrazinol2'.1':6, 11pyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from 2,2,2-trifluoroethylamine and
intermediate 1 gave, after recrystallisation from EtOH, the title_compound as
white crystals m.p. : 303°C.

Analysis for Co3H1gF3N304:

Calculated: C,60.40;H,3.97;N,9.19;

Found:C,60.43;H,4.15;N,9.16%.

_ Example 15

Cis-2.3.6.7.12,12a-hexahydro-6-(3 4-methylenedioxyphenyl)-2-propyl-
pyrazino[2'.1':6,1 loyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from propylamine and intermediate 1
gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 270-271°C. :

Analysis for Co4Ho3N304:

Calculated: C,69.05;H,5.55;N,10.07;

Found:C,69.22;H,5.50;N,9.80%.

Example 16 .
Cis-2.3.6.7.12. 12a-hexahvdro-2-isopropyl-6-(3 4-methylenedioxyphenvl)-
pyrazino[2',.1":6. 1]pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from isopropylamine and intermediate
1 gave, after recrystallisation from methanol, the title compound as white
crystals m.p. : 248-250°C.

Analysis for Co4H23N304:

Calculated: C,69.05;H,5.55;N,10.07;



A

10. 07: Found: C, 69.06:H, 5.49:N. 1 0.12% 20

Cal cul at ed:

[[err]][err] Cl [err]). Exanple 80 (6R 1 2aR)- 2.
3.6.7.12.1 2§ - 6- (3. 4-net hyl enedi.oxyphenvl ) -
pyrazino[2'.% : |l indol e -1.4-dione The sanme two step

procedur e but arting fromputylam ne and internedi ate 54 gave, after
recrystallisgtion fromtol uene_ hexane, the title conpound as white crystals
mp. : 209-2% ar. Herr]HerrJNerr]derr]: Calcul at ed:
06959H584N974 Found06970H5 N, 9. 74%

Found:C,68.86;H,5.66;N,10.21%.

Example 17 _ :
Cis-2.3.6.7.12.12a-hexahydro-2-cyclopropyi-6-{3.4-methylenedioxyphenyi)-

pyrazino[2'.1':6.1]pyridof3.4-blindoie -1.4-dione
The same two step procedure but starting from cyclopropylamine and
intermediate 1 gave, after recrystallisation from methanol, the title compound as
white crystals m.p. : 290-292°C.
Analysis for Co4H21N304:
Calculated: C,69.39;H,5.10;N,10.11;

- Found:C,69.11;H,5.20;N,9.94%.

Example 18 _
Cis-2.3.6,7.12.12a-hexahydro-2-butyl-6-(3 4-methylenedioxypheny!

pyrazino[2'.1':6. 1]pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from butylamine and intermediate 1
gave, after recrystallisation from methanol/iwater, the title compound as white
crystals m.p. : 241-243°C.

Analysis for CosHogN304:
Calculated: C,69.59;H,5.84;N,9.74;

Found:C,69.77;H,5.82;N,9.81%.

Example 19
Trans-2,3,6,7,12,12a-hexah¥dro-2-bm"1-6-(3,4-meth¥lenediogghénm-
pyrazino[2'.1':6, 1]pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from butylamine and intermediate 2
gave, after recrystallisation from toluene, the title compound as white crystals
m.p. : 243°C.

Analysis for CosHo5N304:

Calculated: C,69.59;H,5.84;N,9.74;

Found:C,69.80;H,5.78;N,9.52%.

Example 20
Cis-2,3.6.7.12.12a-hexahydro-2-cyclopropylmethyl-6-(3.4-

" methvlenedioxyphenvl)-pyrazinof2'.1':6.11pvrido[3.4-blindole -1.4-dione




20[err] [[e
2aR)-2. 3.6
pyrazi no[ 2
procedure b
recrystalli

227-228C.

; qepperr] (C=0.53; CHC [err]). Exanple 81 (6R 1
T “rexgiyd?l o- 2- i sobutyl - 6- (3, 4- met hyl enedi oxvphenvl ) -
A WO[. - bl i ndol e -1.4-di one The sanme two step
it |
S ak|

ong i $obutyl am ne and i nternedi ate 54 gave, after
met hanpl, the title conpound as white crystals mp.
AnaIyS|s for qeri]H[err]N[er Jerr]: Calculated: C, 69.59;

H 5.84: N 9.

T4 —Fotnd-C.69..52:'H 5. 87; N, 9. Yo 20[err] [[err]][err] = +45

(C=1.04; CHO [err]). Exanple 82(6R 12aR)-2.3.6.7. 12.1

Za: vexahudr o SRRPRIb Wiof-drbodayre 8“1]%?“\”80{'9"11 HFioRIEpUmehyaqing =N

intermediate 1 gave, after recrystallisation from methanol, the title compound as
white crystals m.p. : 217-218°C.

Analysis for CogHo3N304:

Calculated: C,69.92;H,5.40;N,9.78;

Found:C,70.02;H,5.47;N,9.84%.

Example 21 .
Cis-2.3.6.7.12.12a-hexahvdro-2-cyclopentyl-6-(3. 4-methvienedioxyphenvl)-

pyrazino[2'.1':6.11pyrido[3 4-blindole -1.4-dione

The same two step procedure but starting from cyclopentylamine and
intermediate 1 gave, after recrystallisation from acetone, the title compound as
white crystals m.p. : 270°C.

Analysis for CogHogN304:

Calculated: C,70.41;H,5.68;N,9.47;

. Found:C,70.58;H,5.63;N,8.38%.

Example 22

Cis-2,3.6.7.12, 12a-hexahydro-2-cyclohexyl-6-(3.4-methvlenedioxyphenyl)-
pyrazinof2'.1':6. 1lpyrido[3 4-blindole -1,4-dione

The same two step procedure but starting from cyclohexylamine and
intermediate 1 gave, after recrystallisation from methanoliwater, the title

compound as white crystals m.p. : 268-269°C.

- Analysis for Co7H27N304:

Calculated: C,70.88;H,5.95:N,9.18;
Found:C,70.82;H,5.89;N,9.21%.

Example 23
Cis-2.3.6.7,12.12a-hexahydro-2-benzvi-6-(3.4-methvienedioxyphenvl)-

pyrazino[2' 1':6, 1]lpyrido[3 4-blindole -1.4-dione

The same two step procedure but starting from benzylamine and intermediate 1
gave, after recrystallisation from dichloromethane/hexane, the title_compound
as white crystals m.p. : 285-287°C.

Analysis for CogHo3N304(1 H20):

Calculated: C,69.55/H,5.21;N,8.69;




The sane two [k ‘_’;
i nt er nedi at e i S ava
conmpound as ¥

starti hg from cyc.I opent yl am ne and
‘rystalllsatlon fromether, the title
237-239C. Analysis for

err]Herr] Caic:léted C,70.41:H 5.68: N, 9. 47; Found: C, 70. 1
3.H 5.67. N, 9};48% ?orerr] Ilera]l][err] = +36. 6[err] (C=0.98; CHC [err]).
58 Exanpl e 8R (“GR‘“I’Z"R)‘- L6} 7.12.1

2a- Hexahvdr o=t

dif oxvphenyl )4Q- cycl ohexvl et hyl - pyrazi no[ 2

1':6. 1]pyr|do[3 4- bllndole'-l 4-di one The sanme two step procedure but
starting. f r onggych &GKEHTR 5Ib6;RE dgsnd the

Example 24
Cis-2.3.6.7.12.12a-hexahydro-2-(4-fluorobenzyl)-6-{3.4-methvienedioxyphenyl)-

pyrazinof2',1":6, 11pyrido[3.4-blindoie -1.4-dione

The same two step procedure but starting from 4-fluorobenzylamine and
intermediate 1 gave, after recrystallisation from acetone, the title comgound as

~ white crystals m. p.: 281-283°C.

Analysis for CogHooFN304:
Calculated: C,69.56;H,4.59;F,3.93;N,8.69;
Found:C69.54;H,4.58;F,3.82;N,8.63%.

Example 25

Cis-2.3.6.7.12, 12a-hexahydro-6-(4-methoxyphenyl)-2-methyl-
pyrazino[2'.1":6.1]pvrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and intermediate 3
gave, after recrystallisation from 2-propanol, the title compound as 'white
crystals m.p. : 257-263°C. '

Analysis for CooH21N303:

Calculated: C,70.38;H,5.64;N,11.19;

Found:C,70.11;H,5.55;N,11.15%.

Example 26 o .
Trans-2.3.6,7,12,12a-hexahvdro-6-(4-methoxyphenyl)-2-methy|-
pyrazino[2'.1':6.1lpyrido[3,4-blindole -1.4-dione

The same two step procedure but starting from methylamine and intermediate 4
gave, after recrystallisation from diisopropy! ether, the title compound as white
crystals m.p. : 225-228°C.

Analysis for CooH21N30a3:

Calculated: C,70.38;H,5.64;N,11.19;

Found:C,70.34;H,5.77;N,11.19%.

Example 27 .
Cis-2,3.6.7.12.12a-hexahydro-2-ethyi-6-(4-methoxyphenyl)-
pyrazinof2',1':6. 11pyrido[3.4-blindole -1.4-dione



Lamnil

53 gave, after recrystallisation from 2- propahol
efystals mp.:- 209[err]C. Analysis for

cis isoner
the title ¢

Cerr]Herr N}er . gul ated: C, 71.32;H 6.20;N,8.91; Found:C, 71
.30; H, 6.29; N B. l[gerr]]l[err] = +40.0 (C=0.99; CHC [err]).
Exarrpl e 84 [i6R 12aR) - 2. 3. 67§: |

12. 12a- Hex hvch'~0~2 -cyeropFepyji met hyl - 6- (4- met hoxyphenyl ) - Pyrazi no[ 2'.
1':6.1 ]pyr;,w[’2 4-bl i ndol e ! . 4-di one &the sanme two step procedure but

startl ng from cycl opropyT et hyl ami ne and i ntermedi ate 57 gave, after _
oSS oet o Tre el Bep ot %em%%%é?%%@aﬁ%ﬁn“éwﬁ% fadald &
Cal cuI ated: @avé). afteriiebrystallis&ticiOfrofro umetha@ndl) .thé titiecedifipblind @8%hite crystals
m.p. : 245-255°C.
Analysis for Co3H23N303:
- Calculated: C,70.93;H,5.95;N,10.79;
Found:C,70.74;H,6.06;N,10.87%.

Example 28
Cis-2.3.6.7.12.12a-hexahvdro-6-(4-methoxyphenyl}-2-(2.2.2-

triflucroethyl)pyrazino[2'.1':6.11pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from 2,2,2-frifluoroethylamine and
" intermediate 3 gave, after recrystallisation from ethanol , the title compound as

white crystals m.p. : 232°C.

Analysis for CogHogF3N303:

Calculated: C,62.30;H,4.55;N,9.48;

Found:C,62.08;H,4.66;N,9.54%.

Example 29
Cis-2,3.6.7. 12, 12a-hexahydro-2-butyl-6-(4-methoxyphenyl)-
- pyrazino[2'.1':6, 11pyrido[3.4-blindole -1.4-dione
The same two step procedure but starting from butylamine and intermediate 3
gave, after recrystallisation from methanol,the title compound as white crystals
m.p. : 157°C. |
Analysis for CogH27N303(0.5H20):
‘Calculated: C,70.40;H,6.62;N,9.85;
- Found:C,70.25;H,6.60;N,9.83%.

Example 30

Trans-2.3.6,7,12.12a-hexahydro-2-butyl-6-(4-methoxvphenyl)-

pyrazino[2',1':6, 11pyridof3 4-blindole -1.4-dione

The same two step procedure but starting from butylamine and intermediate 4
gave, after recrystallisation from methanol the title compound as white crystals .
m.p. : 212-214°C.

Analysis for CogHo7N303:

Calculated: C,71.92;H,6.52;N,10.06;



20[ err]
2aR) 2.3
1':6.1]p
startl ng
from 2-
Anal ysi s
H, 6. 62;

e

19,85 Found: C 70,

1 (C=1.03; CHCl [err]). Exanple 85 (6R, 1
, -k dr o- 2- butyl - 6- (4- met hoxyphenvl ) - pyrazino[2'.
r dgiﬁé&t;l i ndo -1. 4-di one The sanme two step procedure but
ffo and i ntermedi ate 57 gave,- after recrystallisation
panol , the t|t| conpound as white crystals mp.:- 183-184C.
fo‘G[ er‘r}H[Err“r‘] [err]derr](0.5H err]O: Calculated: C, 70.40;

LN Es S =

65; H, 6. 64; N, 9. 93% 59 20

Found:C,71.81;H,6.55;N,10.03%.

Example 31 _ :
Cis-2,3.,6.7.12,12a-hexahydro-6-(4-methoxyphenvi)-2-cyclopropvimethyi-
* pyrazino[2'.1':6.1]pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from cyclopropylmethylamine and
intermediate 3 gave, after recrystallisatiori from methanol, the title compound as
white crystals m.p. : 180-185°C.

Analysis for Co5Ha5N303 (0.5H20):

Calculated: C,70.74;H,6.17;N,2.90;

Found:C, 70.91 ; H, 6.16 ; N, 9.80%.

Example 32
' Cis—2,3,6,7,12,12a-hexahydro-2-ben_zyl-s-(4-methogghenyl)—
pyrazinof2'.1":6. 1]lpyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from benzylamine and intermediate 3
gave, after recrystallisation from acetone, the title compound as white crystals
m.p. . 275-279°C.

Analysis for CogHosN3043:

Calculated: C,74.48;H,5.58;N,9.31;

Found:C,74.53;H,5.60;N,9.20%.

Example 33
Cis-2.3.6.7.12, 12a-hexahydro-8-(3-methoxyphenvl)-2-methyi-
pyrazino(2'.1':6. 11pyrido[3.4-blindoie -1.4-dione

The same two step procedure but starting from methylamine and intermediate 5
gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 267-269°C.

Analysis for Co2H24N303:

Calculated: C,70.38;H,5.64;N,11.19;

Found:C,70.32;H,5.59;N,11.25%.

Example 34
Cis-2.3.6.7.12.12a-hexahydro-6-(4-sthoxyphenyl)-2-methvi-
pyrazino[2'.1';6. 1lpyrido[3.4-blindole -1,4-dione




E]C=1. 04, CHCl [err]). Exanple 86 (6R

[Lerr]] [ fREbETa 2
N A {dr o- 2- cycl opent yl - 6- (4- met hoxvphenyl ) -

12aR) -'2. 3§ PR 5{"
pyrazi no[f2'¥=-1"70. jon
procedur ¢ Hut 23 EEBI WY %o cycl opent yl am ne and i nternedi ate 57 gave,

after e*r _;sta‘]Tlsatlon f;r dm ether, the title conmpound as white crystals

m p. : ZlFééf-ew%yl s for C[err] Herr]Nerr](err]: Calculated:

C, 72.71; K 6.34; N, 9. 78; Found: C, 72. 53; H, 6439; N, 9. 53% 20[err] [[err]][err] =
+29. 8 (C—I“”"""CHCI“["é’FﬂT. Exanpl e 87 (6R 12aR)-2. 3. 6.

oy el opy opy | nEnRyATA FuS Stk Brocefi %ﬁphe“?‘aéf%mmmymm and integnediate 6.
sane two st epapé oaftsirecrysiallisation fmm fmethamt,lthpr titley tompbuhdraswhite crystals
' m.p. . 247-248°C.
Analysis for Co3H23N303:
°  Calculated: C,70.93.H,5.95;N,10.79;
Found:C,71.23;H,5.95;N,10.63%.

Example 35
- Cis-2.3.6.7.12.12a-hexahydro-6-(4-ethoxyphenyl )-2-cyclopropyimethyi-
pyrazino[2'.1':6. 11pvrido[3.4-blindole -1.4-dione

The same two step procedure but starting from cyclopropylmethylamine and
intermediate 6 gave, after recrystallisation from 2-propanol, the title compound
-as white crystals m.p. : 160-162°C.

Analysis for CogHo7N303:

Calculated; C,72.71;H,6.34;N,9.78;

Found:C,72.28;H,6.39;N,9.71%.

Example 36
" Cis-2.3.6.7.12.12a-hexahvdro-6-(2,3-dihydrobenzolblfuran-5-yl)-2-methyl-

pyrazinof2'.1':6,11pvrido[3 4-blindole -1.4-dione

The same two step procedure but starting from methylamine and intermediate 8
gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 292-294°C.

Analysis for Co3H21N30a3:

Calculated: C,71.30;H,5.46;N,10.85;

Found:C,71.15;H,5.56;N,10.84%.

Example 37
Cis-2.3.6,7,12.12a-hexah dro-6-(2,3-dihydrobenzolb furan-5- 1}-2-

cvclopropvimethyl-pyrazino[2'.1':6, 11pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from cyclopropylmethylamme and
intermediate 8 gave, after recrystallisation from methanol, the title compound as
white crystals m.p. : 165-166°C. '

Analysis for CogH25N303:

Calculated: C,73.05;H,5.89;N,9.83;




- “‘ recrystal lisation fromnethanol, the title
canpound gs g crysta p. : 218-219[err]C. Analysis for

Cerr]He r]L_ ﬁ r 0.25 Herr]O: Calculated: C, 66.08;H, 5.43;

N, 9. 25; C 80 Found .§66.11; H, 5.33; N, 9.03; d, 7.74% 20
[[err]][er] "08; CHC [err]). Exanple 88(6R 1 2aR)-2.3.6.7.
12.1 2a- cl ope tyI 6- (3-chl oro-4-

met hoxvphenyl ).- pyrazi no : 6. 1] pyri do[4a 4-bl i ndol e -1.4-di one The sane
two step procedure but startl ng from cycl opentyl am ne and internediate 59
gave, after recrystal | i satiaon from net hanol, the title conpound as white
crystals mp. Fourjds@ 233@?-@1 5]% &aﬁ?%l s for C26H26CI N303: Cal cul at ed:

C 67.31;H 5.65;Cl,7.64; N, 9. 06;

Example 38

Cis-2,3,6,7,12,12a-hexahy_dro-6-{3,4¥ethz. lenedioxyphenyl)-2-methyl-
pyrazino[2'.1':6.1]pyridof3 4-blindole -1.4-dione ‘

The same two step procedure but starting from methylamine and
intermediate 10 gave, after recrystallisation from acetone, the title compound as
white crystals m.p. : 303-305°C.

Analysis for CogH21N304:

Calculated: C,68.47;H,5.25:N,10.42;

Found:C,68.35;H,5.31;N,10.27%.

Example 39
Cis-2,3.6.7,12,12a-hexahydro-6-(3,4-ethylenedioxyphenyl)-2-cyclopropylmethyl-
pyrazinof2'.1":6.11pyrido[3 4-blindole -1,4-dione

The same two step procedure but starting from cyclopropylmethylamine and
intermediate 10 gave, after recrystallisation from dichloromethane/ether, the title
compound as white crystals m.p. : 288-290°C.

Analysis for CogHo5N304: |

Calculated: C,70.41;H,5.68;N,9.47;

Found:C,70.15;H,5.62;N,9.30%.

Example 40
Cis-2.3.6.7.12.12a-hexahy ro-2-butyl-6-(2-chloroghen¥l)-
razinof2'.1':6,1]pyridof3.4-bjindole -1.4-dione

The same two step procedure but Starting from butylamine and intermediate 12
gave, after recrystallisation from methanol/water, the title compound as white
crystals m.p. : 146°C.

Analysis for Co4H24CIN302(0.75 H20):

Calculated: C,66.20;H,5.90;N,9.65;

Found:C,66.15;H,5.95;N,9.69%.

Example 41
Cis-2,3.6.7.12.12a-hexahydro-6-(4-chlorophenyi)-2-methyl-
pyrazino[2'.1":6,11pvrido[3.4-blindole -1,4-dione '



81 06; N, 9. 04% 20 [[err.]][err] = +27.6[err]

60 Found: C

‘f¢:1y-r.n -‘

(C=1. 05; i3 Bk el 89 (6R 12aR) - 2.

3.6.7.12. 1pa hl or o- 4- met hoxvphenvl ) - 2- et hyl -

pyr azi no[ 2., . o[ B.#-b]indole -1 .4-dione The same two step

procedure pu Im et hyl am ne and internedi ate 59 gave, after

recrystall -satrtm“‘f“r“ﬁrﬁ"mﬁ, anol , the title conpound as white crystals mp.
283- 2840 (22H?0CI N303: Cgkcul ated: C,64.47;H, 4.92;Cl, 8. 65;

N, 10. 25: Found "C 64.49: H 4.92.0 8. 33.N,1°0.02% 20[err]

- The same two step procedure but starting from methylamine and
intermediate 13 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : 274°C. . .

Analysis for C21H4gCIN302 (0.25 H20):
Calculated: C,65.63;H,4.85;:N,10.93;
'Found:C,65.39;H,4.84;N,10.85%.

Example 42
Cis-2.3.6.7.12,12a-hexahydro-2-butvl-6-(4-chlorophenyl)-
- pyrazino[2' 1':6.11pyrido[3.4-bjindole -1.4-dicne

The same two step procedure but starting from butylamine and intermediate 13
~ gave, after recrystallisatioh from ethanol/water, the title_compound as white

crystals m.p. : 164-166°C.

Analysis for Co4Ho4CIN302:

Calculated: C,68.32;H,5.73;Cl,8.40;N,9.96;

Found:C,68.48;H,5.64;CI,8.37;N,9.99%.

Example 43
Cis-2.3,6.7.12, 12a-hexahydro-6-(3, 4-dxchlor@heryl)—2—methyl-

pyrazino[2' 1':6, 1Ipyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and
intermediate 15 gave, after recrystallisation from ethanol/DMF, the title
compound as white crystals m.p. : >260°C.

Analysis for C21H17CIoN302 (0.5 H20): -

Calculated: C,59.39;H,4.29;N,S.93;

Found:C,59.32;H,4.16;N,9.99%.

Example 44
Cis-2,3.6.7.12.12a-hexahvdro-2

blindole -1 4-dione

The same two step procedure but starting from butylamine and cis-methyl
' 1,2,3,4-tetrahydro-1-phenyl-9H-pyrido[3,4-bjindole-3-carboxylate! gave, after -
recrystallisation from methanol/water, the title compound as white crystals m.p. :
243-245°C.

Analysis for Co4H25N302:




_tc=1.00; CHO[err]). Exanple 90 (6R 1
uﬁl@ 2-1isopropyl - 6- (3-chl oro- 4- met hoxyphenyl ) -

=gty 4r bl i ndol e -1 .4-dione The sane two step

2aR) - 2. 3. , ,
pvrazi no[ 2' {™

procedure b ) ilsopropyl am ne and i nternedi ate 59 gave, after
recrystallifpafi |, the title compound as white crystals mp.:
302- 304C. [err]CIN[err](Jerr]: Calculated: C, 65.83;
H,5.52; N, 9. §0; Found C, 65 83

O, 557N9é§% 20 [[err]][err] = +39.8[err]

(C—O 95; |c|lll ":X—aﬂ-'p#:e:*l(GR 12a
3.6.7,12. 12a- - Hexahvdr o- 6- (2. 3-di hvdrobenzo[ b] f uran-5-yl) - 2-

et hyI yrazw{;@ated},cygsgﬂ-l;&smwﬂem blindole -1 .4-dione The sane two
step procedur':%u%'gcs,h%iwgsﬁrh?%rgé%yl am ne and ‘ -
1. D. Soerens et al., J. Org. Chem. 44, 535 - 545 (1979).

Example 45

 blindole -1.4-dione

The same two step procedure but starting from benzylamine and cis-methyl-
1,2,3,4-tetrahydro-1-phenyl-9H-pyrido[3,4-bjindole-3-carboxylate  gave, after
recrystallisation from methanol, the title compound as white crystals m.p. : 183-
195°C. '

Analysis for Co7H23N302:

Calculated: C,76.94;H,5.50;N,9.97;

Found:C,77.23;H,5.54;N,9.97%.

Example 46

blindole -1.4-dione

The same two step procedure but starting from benzylamine and cis-methyl-
1,2,3,4-tetrahydro-1-phenyl-9H-pyrido[3,4-bJindole-3-carboxylate gave, after...
recrystallisation from methanol, the title compound as white crystals m.p. :
284°C.

- Analysis for 027H23N302
Calculated: C,76.94;H,5.50;N,9.97;
Found:C,76.88;H,5.45;N,9.89%.

Example 47
Cls—2,3,6,7,12,12a-hexahydro—2-methvl-6—( 1,2 3 4-tetrahydro-6-naphthvl)-

pyrazinof2'.1' :6,11pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from méthylamine and
intermediate 17 gave, after recrystallisation from methanol, the titie compound
as white crystals m.p. : >260°C.

Analysis for CogHa5N302:

Calculated: C,75.16;H,6.31;N,10.52;

Found:C,74.93;H,6.43;N,10.63%.




i nternedi at e Gi—gave—a *1{** zacrystall i sation from .

di chl or onet ha 5 tl e conpound as white crystals mp.:
288-291C. "}71@@6 gﬁ%?; N303: Calculated: C, 71 .30;H,5.46; N,
10. 85; Found: : 10. 96% 20[err] [[err]][err] = +65.6[err]
(C=0.4; CHA [ ’rr!ﬂ) 6R 12aR) - 2. 3.

12. 12a- Hexahv " ~3=di-huddiol enzo[b]furan 5- yI) 2-

met hvl cycl opr pyra2| no[ 2' .1 6. 1] pyrigyo[ 3. 4-bl i ndol e -1. 4- di one The
sane two step = ting from net hyl cycl opropyl am ne and

intermedi ate 61 gave, after recrystallisation fromnethanol, the title
conmpound as white crystals mp. : 242-244C :

Example 48 .
Cis-2,3,6.7.12,12a-hexahydro-2-isopropyl-6-(1,2,3 4-tetrahvdro-6-naphthyl)-
pyrazino[2'.1":6,1]pyrido[3.4-blindole -1.4-dione
The same two step procedure but starting from isopropylamine and intermediate
17 gave, after recrystallisation from the title compound as off-white crystals
m.p. : 244-246°C.
Analysis for Co7H2gN302 (0.25H20):

. Calculated: C,75.06;H,6.88;N,9.73;
Found:C,75.00;H,6.83;N,9.69%.

Example 49 ' : o
Cis-2,3.6,7,12.1 2a-hexahydro-_-2—cyclogrog_ yimethyl-6-(1.2.3.4-tetrahydro-6-

naphthvi))-pyrazinof2'.1:6.1]pvrido{3.4-blindole -1,4-dione

The same two step procedure but starting from cyclopropylmethylamine and

intermediate 17 gave, after recrystallisation from ethanol/pentane, the title
- compound as white crystals m.p. : 125°C. |

Analysis for CogHogN302 (0.25 HoO):

Calculated: C,75.73;H,6.70;N,9.46;

Found:C,75.45;H,6.86;N,9.14%.

Example 50
Cis-2.3.6,7.12.1 2a—hexahydro-2-methyl—6-(2—naghthyl )-
pyrazino[2'.1':6.1]pvrido[3.4-blindole -1.4-dione -

The same two step procedure but starting from methylamine and
intermediate 18 gave, after recrystallisation from dichloromethane/methanol, the
title compound as white crystals m.p. : >260°C.

Analysis for CosH24N302 (0.25H20):

Calculated: C,75.08;H,5.42;N,10.51;

Found:C,75.35;H,5.42;N,10.49%.

Example 51
Cls-2,3,6,7,12,12a-hexahydro-2—butyl-6-(2—th|env|) pyrazino[2'.1' 6,1|gyrldo[3,4-

blindole -1.4-dicne




Anal ysi s foft SEerf]derr]: Calculated: C 73.05;H5.89;N,9.83;

Found: C, 72. 20[err] [[err]][err] = +55.4[err] (C=0.99;
CHC [err]). E%agi 3%R 1%aR) - 2. 3. 6. 7.

12. 12a- Hexa ;VF E% an&ll - 2-met hyl - '

pyr azi no[ 2' 6. 1] pyrido[ 3§ 44 bl i ndol e - 1. 4-di one The sane two step
procedure byt “starttng Trom ngt hyl am ne and internedi ate 63 gave, after

recrystalligation from pl, the titlk8 conpound as white crystals mp.
262[err]C. Analysis for C[err]H[err]N[err]Qerr] Cal cul ated: C, 74.78;

l(_| c?ooglggN éﬁqgr([f)w@( gqor;g C%wg s7tgp %?ocHeg’ure but star(')tln697t/ onguMa ”rJJ L uLte?mJé%?a'tg 20
gave, after recrystallisation from ethanol, the title compound as white crystals
m.p. : 226°C. '

Analysis for CooH23N302S:

Calculated: C,67.15;H,5.89;N,10.68;

Found:C,67.39;H,5.88;N,10.77%.

Example 52 -
Cis-2.3.6.7.12,12a-hexahydro-6-(5-bromo-2-thienvl)-2-methyl-
pyrazino[2',1':6, 1]pyrido[3.4-blindole -1.4-dione .

'The same two step procedure but starting from methylamine and
intermediate 24 gave, after recrystallisation from ethanol, the title compound as
a cream powder m.p. : 258°C.

Analysis for C1gH1gBrN3028:
Calculated: C,53.03;H,3.75;N,9.76;
Found:C,53.01;H,3.78;N,9.68%.

Example 53 -

Cis-2,3.6.7.12.12a-hexahydro-6-(4-bromo-2-thienyl)-2-methyl-

pyrazino[2',1':6. 1]pyrido[3,4-blindole -1.4-dione

The same two step procedure but starting from methylamine and
intermediate 26 gave, after recrystallisation from ethanol, the title compound as
white crystals mp. : 292°C.

Analysis for C4gH1gBrN302S (0.25H20):

Calculated: C,52.48;H,3.82;N,9.66;

Found:C,52.46;H,3.81;N,9.60%.

Example 54

Cis-2,3.6.7.12 12a-hexahydro-6-( 5-bromo-2-thienvl)-2-cyclopropylmethyl-
razino[2'.1':6.11pyrido[3.4-blindole-1.4-dione
The same two step procedure but starting from cyclopropylmethylamine and
intermediate 24 gave, after recrystallisation from ethanol, the title compound as
white crystals m.p. : 190°C.

Analysis for CooHooBrN302S:

Calculated: C,56.18;H,4.29;N,8.93;




Exanpl

: 3.6.7.12. 1
2a- Hex aREHLACBMENT BHERY| ) - 2- cycl opropyl methyl =
pyr azi 2B~ PyH dp[ 3. 4- bl i ndol e -1. 4-di one 62 The sane two step
proced§r ¢ zﬁmg ffom cycl opropyl met hyl am ne and internedi ate 63
gave, er=reet” | } sption fromnethanol, the title conpound as white
cryst alf s trp——is6lorrl Anal ysis for CJerr]Herr]Nerr]Qerr] (0.25H20):

Calcul fted: C 75.41 : H 16.45 N, 9.77; H@und:C, 75.25. H 6.51: N, 9.75%
20[ er r [ Fer e 7.9[err] (C=1.00; CHCl[err]). Exanmple 95
Found:C,55.92;H,4.28;N,8.74%. |
Example 55

Cis-2,3.6.7.12.12a-hexahydro-6-(5-bromo-2-thieny!)-2-cyclopentyl-
pyrazinol2',1':6. 11pyrido[3 4-blindole -1,4-dione

The same two step procedure but starting from cyclopentylamine and
intermediate 24 gave, after recrYstaIlisation from ethanol, the title compound as
white crystals m.p. : 252°C. '

Analysis for Co3H22BrN3028:

" Calculated: C,57.03;H,4.58;N,8.67;

Found:C,56.87;H,4.66;N,8.68%.

Example 56

Cis-2,3.6.7.12,12a-hexahydro-2-methv|-6-(5-methvl-2-thienyl)-
razino[2',1":6,11pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and the cis isomer

of intermediate 66 gave, after recrystallisation from ethanol, the title compound
as white crystals m.p. : 282°C.

" Analysis for CogH1gN302S (0.25H20):

Calculated: C,64.93;H,5.31;N,11.36;
Found:C,64.84;H,5.28;N,10.81%.

Example 57
Cis-2.3.6.7.12.12a-hexahydro-2-methvl-6-(3-thienyl)-

razino[2'.1':6,11pyrido[3.4-blindole -1.4-dione
The same two step procedure but starting from methylamine and
intermediate 22 gave, after recrystallisation from acetone, the title compound as
white crystals m.p. : 290-295°C. |
Analysis for C4gH{7N302S:
Calculated: C,64.94;H,4.88;N,11.96;
Found: C, 64.81 ; H,4.95; N,11.68%.

Example 58
Cis-2.3.6.7.12,12a-hexahydro-2-butyl-6-(3-thienvl)-pyrazino[2',1":6,11pyrido(3.4-

blindole -1.4-dione




2a- Hexahvdy: - net hyl enedi oxyphenyl ) -

pyrazi no[ '1"1' 6. ég |dc .4-blindole-1 .4-dione To a stirred suspension
n
0

(6R 12a %
[
50)

of Inter d in MeOH (400m) was added at roomtenperature a
sol ution firrethylam ne ( §O/|n EtOH) (13.7m) and the resulting m xture

was heat gf aF—50ferric unddr N2 for 14 hours. The sol vent was renoved under
reduced piessure and the residue was disgglved in CH2A 2 (1l). After
‘washing wthWwater (3 x 500m ), drying over Na2SO4 and evapor ati ng to
dryness, the white solid obtained was recrystallised from 2-pro anol .
_give the titiThecsamedwe siep mipceduredtsiartingipm hﬁtylazgm%eoﬁ dptefme ﬁfé’%]
[[err]][err] vé &ftedrd s‘taﬂlséﬁon%[rﬁéthhhol %éﬁﬁl&t @émggahd sswhite crystals
(C[err]H[errﬁ: 5%2%? calculated: C, 67. ; 10. 79; found:
C 67.79; H 61% Exanple 96 G s- 2 3 . 7.12. 12a- hexahvdro-2. 1

0-di et hyI - 6 Anlybistor G siHegNgOgShenyl ) -
Calculated: C,67.15;H,5.89;N,10.68;S,8.15;

Found:C,67.42;H,5.76;N,10.57;S,8.01%.

Example 59
Cis-2,3.6.7.12.12a-hexahydro-2-methyl-6-(3-furyl)-pyrazino[2'.1":6, 11pyrido(3.4-
blindole -1.4-dione

The same two step procedure but starting from methylamine and the cis isomer
of intermediate 28 gave, after recrystallisation from ether, the title compound as
a white solid m.p. : 250°C.

Analysis for C1gH47N303 (0.5H20):

Calculated: C,66.27;H,5.27;N,12.20;

Found:C,66.33;H,5.48;N,12.02%.

Example 60
Cis-2.3.6.7.12.12a-hexahydro-2-methyl-6-(5-methvi-2-furyl)-

pyrazino[2'.1":6, 11pvrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and
intermediate 29 gave, after recrystallisation from ethanol, the title compound as
a cream powder m.p. : 303°C.

Analysis for CogH41gN303 (0.25H20): ~

Calculated: C,67.88;H,5.55;N,11.87;

Found:C,67.90;H,5.50;N,11.98%.

Example 61
Cis-2.3.6.7.12,12a-hexahydro-2-methvl-6-(4-methylphenyl)-
razino[2!,1':6,11pyrido[3.4-blindole -1.4-dione

~ The same two step procedure but starting from methylamine and
intermediate 31 gave, after recrystallisation from ethanol, the title compound as
white crystals m.p. :>260°C.
Analysis for CooH24N302 (0.25 H0):
Calculated: C,72.61;H,5.95;N,11.55;




pyrazi no[ 2q—

procedure |

the cis ishnE

et hanol , t
Cerr]Herg] N
C, 67.36; F
12aR) - 2. 3.

gahat 4- bl i ndol e- 1. 4-di one The sane two step
Exanple 1, but starting from nethyl am ne and

g%@%n bs white crystals mp.: 275C. Analysis for
0)f ¥alculated: C, 67.27; H 5. 35; N 10. 23; Found:
—5——2&-'—-N——j:0::3:l

: 63 Exanpl e 97 (6R :
' 7.12. 12a- Hexahvdll o- 2- (3. 4- di riet hoxvbenzvl ) - 6- (3. 4-

met hyl enedmxvpneny#}*—py“r*azrno[ 2'.1: 6.1] pyrido[3.4-blindole-1 .4-dione -

The same two
fromveratryl'a
net hanol ,

BT SR 29%, Gave. after Tecrysiallisation from

Example 62 _ : |
Cis-2.3,6.7.12.12a-hexahydro-2-isopropyl-6-(4-methylphenyl)-

pyrazino[2'.1':6,1]pvrido[3.4-blindole -1.4-dione

The same two step procedure but starting from isopropylamine and intermediate
31 gave, after recrystallisation from the title compound as white crystals m.p. :
170°C.

Analysis for 024H25N302 (0.5H20):

Calculated: C,72.70;H,6.61;N,10.60;

Found:C,73.06;H,6.43;N,9.66%.

Example 63
Cis-2,3.6.7.12.12a-hexahydro-2-butyl-6-(4-methyipheny!)-
pyrazino[2'.1':6, 1lpyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from butylamine and intermediate 31
gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 194°C.

Analysis for Cog5H27N302 (0.5H20):

Calculated: C,73.15;H,6.87;N,10.24;

Found:C,73.01;H,6.84.N,10.26%.

Example 64 -
Cis-2.3.6.7.12.12a-hexahydro-2-cyclopropvimethyl-6-(4-methyiphenyl)-

pyrazinof2'.1:6.1lpyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from cyclopropylmethylamlne and
intermediate 31 gave, after recrystallisation ‘from methanol/water, the title
compound as white crystals m.p. : 194°C. '

Analysis for CogHosN302 (1.1H20):

Calculated: C,71.61;H,6.54;N,10.02;

Found:C,71.42.H,6.07;N,9.95%.

Example 65



the title ¢ TR s s T Irystals mp. 224-226C. Analysis for
Cerr]Herr % Ngi Hicul ated: ‘C 68.56; H,5.18; N, 8.00; Found:

C, 68.80; H,J5.[1 6% 3$2Q[err] [[err]][err] = + 43.9 (C = 1.02;
_CHCi[err]).?_Ek &l%ggégﬁ? {243.6.7.12. 1 ' (=
2a- hexahvdrio-f6- (4- am nophentylj) - 2- but yl - . Pyrazi no[ 2' .

1': 6. 1] pyrijdot-3-4=btirdor 6- 1 |. 4- di one To a sol ution of Exanple 75 (1.5 @)
in net hanolb(100 i) was d snd 2. H2C623. 06) and the resulting mxture
was heated at Tefl ux for 8 hours. The mxture was cool ed to anbi ent

t enper at ur e, Ir.eq 1IN NaOH. The
nmet hanol wasRr&ps “to pH11l with 1IN

NaCH and ext m 1 fB o) 4.>b il:mleri_ 4-d%|her dr yi ng over Na2SO4 and
e oay aotpeel 0, O S@ﬁz&%@%‘w Shu® U "ty ahe
lntermedlate 33 gave, after recrystallisation from ethanol , the title compound as
white crystals m.p. : >260°C.
Analysis for CooH2{N302.
Calculated: C,73.52;H,5.89;N,11.69;
Found:C,73.60;H,5.97;N,11.66%.

Example 66
Cis-2.3.6.7,12,12a-hexahydro-2-butyl-6-(4-trifluoromethviphenyl)-
' pyrazino[2',1":6,1]pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from butylamine and intermediate 35
gave, after recrystallisation from methanol/water, the title compound as white
crystals m.p. : 155°C.

Analysis for CogHo4F3N302 (0.5H20):

Calculated: C,64.65;H,5.43;N,8.05;

Found:C,64.78;H,5.40;N,9.01%.

Example 67
Cls-2,3,6,7,12,1Za-hexahydro-z-methvl-6-(4-tr|ﬂuoromethoxvphenvl)—

pyrazino[2'.1':6. 1lpvrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and the cis isomer
of intermediate 65 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : 174-180°C.

Analysis for CooH1gF3N303 (0.5H20):

Calculated: C,60.27;H,4.37;N,9.58;

Found:C,60.24;H,4.28;N,S.50%.

Example 68

Cis-2,3.6.7.12,12a-hexahvydro-2-methyi-6-(4-hvdroxyphenvyl)-
razino[2',1':6,1]pyrido[3,4-blindole -1,4-dione |

The same two step procedure but starting from methylamine and

intermediate 39 gave, after recrystallisation from methanol, the title compound

as yellow crystals m.p. :179-180°C.




powder (550 ng) mp.: 1 92[err]C. Analysis for

tle c
C24H26 N4 &4 ulated: C,67.68; H 6.77; N, 13.15; Found:
C 67.743% W % Exanple 99 . '
Cis-2.3%6 r o- 6- (4- acet am dophenvl ) - 2-butyl - pyrazino[2'.

. 7. 3 W8l
1':6.1] ;ylsi.do[B. 4-bli ndﬂ)l -1 .4-dione To a solution of Exanple 98 (0.2 @)
in THF {151y~ wasadded Jriethylamine (76 [err]L) and acetyl chloride (39
[err] L) Land- inglisolution was s¥3rred at roomtenperature for 2

hours: After evaporation of THF, the resulting residue was taken up in

CH2Cl 2 (100 51% %p%gtquéﬁr éﬁ @50 m.) and dried over 64 Na2SO4..

After evapor p I_gﬁ' 0 129 3 r'% 2 ng solid was recrystallised
Calculated: C,65.70;H,5.64;N,10.94, _ .
Found:C,65.46;H,5.45;N,10.92%.

Example 69
Cis-2.3.6.7.12.12a-hexahydro-6-(3-hydroxy-4-methoxyphenvl)-2-methyl-
pyrazino[2'.1':6,1]pyrido[3 4-blindole -1.4-dione

The same two step brocedure " but starting from methylamine and
intermediate 40 gave, after recrystallisation from ethanol, the fitle compound as
white crystals m.p. :320°C.

Analysis for CooHo4N304(0.25H20):

Calculated: C,66.74;H,5.47;N,10.61;

Found:C,66.72;H,5.46;N,10.53%.

Example 70 .
Cis-2.3.6.7.12.12a-hexahydro-6-(4-hydroxy-3-methoxyphenyl)-2-methvi-

razino[2',1':6.1]pyrido[3.4-blindole -1,4-dione .

The same two step procedure but starting from methylamine and
intermediate 41 gave, after recrystallisation from dichloromethane/ethanol, the
title compound as yellow crystals m.p. :264-265°C.

Analysis for CooH2q{N304:

Calculated: C,67.51;H,5.41;N,10.74;

Found:C,67.05;H,5.41;N,10.62%.

Example 71 _ .
Cis-2.3.6.7.12,12a-hexahydro-2-butyl|-6-(4-cvanophenvl)-

pyrazino[2',1':6, 11pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from butylamine and intermediate 37
gave, after recrystallisation from methanol/water, the title compound as white
crystals m.p. : 246°C. '

Analysis for CosHo4N402 (1H20):

Calculated: C,69.75;H,6.09;N,13.01;

Found:C,69.50;H,5.96;N,12.86%.

Example 72



from Me(Hq : fitle conpound as a cream powder (120 ng) m p.
246C. Anprigsiisudiny 03: Calculated: C 70.25; H 6.35; N, 12.60; Found:
C 69.85H 6.38 N 12.36% Exanple 100 .

Gs-2.3.p.. ﬂﬁiamza- r o- 2- but yl - 6- (4- net hyl sul f onani dophenyl ) -
pyrazmo‘{ZL 1':6.1] pyrikdd[ 3. 4-bl i ndol e-1 . 4-dione To a solution of Exanple
98 (0.2 g)‘-Tfr-‘f"Hi-* 2 s added trlethyl amne (228 [err]L) and

met hanesl fonyl chloride (§126 [err]L) anB4t he sol ution was heated at reflux
for 6 hours. After evapordtlon of THF, the resi due was taken up in

CHerr]d[er A After evaporation .
of CH2Ol 2, th& : h‘?‘.‘-’:'.. el utlgg with

CH2Q 2/ MeCH o9z dioRs a br own povvder (30 np)
galocul ;fgg:erzhgos%@%%%b%? q\ﬁﬁagy&'—'{:ﬁf @Mlﬁbrir%eﬁédﬁoﬁﬂaﬁﬁn@%d the cis ~
isomer of intermediate 42 gave, after recrystallisation from n-pentane, the fitle
compound as white crystals m.p. : 130°C.
Analysis for CosHa7N302 (0.5H20):
Calculated: C,73.15;H,6.87;N,10.24;
Found:C,73.39;H,7.08;N,9.81%.

Example 73 .
Cis-2.3.6.7.12.12a-hexahydro-6-(4-ethyiphenyl}-2-cyclopropyimethyl-

pyrazino[2'.1':6,1]pyrido[3.4-blindole -1.4-dione

~ The same two step procedure but starting from cyclopropylmethylamine and the
cis isomer of intermediate 42 gave, after recrystallisation from ethanol, the title
compound as white crystals m.p. : 160°C.
Analysis for CogHo7N302:
Calculated: C,75.52;H,6.58;N,10.16; -
Found:C,75.54;H,6.62;N,10.08%.

Example 74
Cis-2,36.7.12.1 2a-hexahydro-e-(4-|sogrogylQhenvl)-z-methvl-
pyrazino[2',1':6,11pvrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and
intermediate 43 gave, after recrystallisation from ethanol, the title compound as
white crystals m.p. : 244°C. :

Analysis for Co4Ho5N302:

Calculated: C,74.39;H,6.50;N,10.84;

Found:C,74.27;H,6.53;N,11.05%.

Example 75
Cis-2.3.6.7.12,12a-hexahydro-2-butvi-6-(4-nitrophenyl)-
gyra21no|2',1 :6,1]pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from butylamine and mtermedlate 45
gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 182°C.



Found: C, ¢

g qﬁﬁm 10.82% Exanple 101 (6R 1 2aR)-2.3.6.7.12.1

2a- Hexahvg@rog=s

[3.4-bl irddl

the title caén:
CerrlHerf I N

C 67.30;

B3 yliienedi oxyphenvl )- pyrazino[2'. 1': 6.1]Pyrido
@éggw $he same two step procedure but starting from
ellcrystals mp. : 285-290[err]C. Analysis for

gave, after recrystallisation from nethanol,
err]CIerr] Cal cul at ed: 567.19; H 4.56; N 11.19; Found:
F=F% [[err]][err = + 88[err] (c—048'

~pyridine). Exarrpl e 102 (6R
12aR) - 2. 3. 6. 7Ah2ly£i§afdﬁ£<2¢H214N404((925H2®hyl enedi oxyphenyl ) - 2- (2-
propynyl) - pyr 8zidifiated: C,85.97%H 565K, 1282} 3- 4- bl indol e- 1. 4-dione

Found:C,65.92;H,5.62;N,12.96%.

Example 76 |
Cis-2.3.6.7.12.12a-hexahydro-6-(4-dimethylaminophenyl)-2-methyi-
pyrazino[2'.1':6. 1]pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and the cis isomer
of intermediate 47 gave after recrystallisation from methanol, the title compound
as white crystals m.p. : 266°C.

Analysis for Co23H24N402:

" Calculated: C,71.11;H,6.23:N,14.42;

Found:C, 71.19; H, 6.24 ; N, 14.34%.

.Example 77
Cis-2,3.6.7.12,12a-hexahydro-2-methv!-6-(3-pyridyl)-

pvrazino[2'.1":6.11pyrido[3,4-blindole -1.4-dione

The same two step procedure -but starting from “methylamine and
intermediate 48 gave after recrystallisation from chloroform the title_ compound
as white crystals m.p. : 312°C.

Analysis for CogH18N402:

Calculated: C,69.35;H,5.24;N,16.17;

Found:C,69.08;H,5.20;N,16.19%.

Example 78
(6R.122R)-2.3.6.7.12.12a- -Hexahydro-2-methyl-6-(3.4-methylenedioxyphenyl)-

pyrazino[2'.1'.6 1lpyrido[3.4-blindole -1.4-dione
a) To a stirred solution of intermediate 54 (0.5 g) and NaHCO3 (0.14 g) in

anhydrous CHCI3 (20 mL) was added dropwise chloroacetyl chloride (0.27
mL) at 0°C. The resulting mixture was stirred for 1 hour at the same
temperature and diluted with CHCl3 (20 mL). Water (10 mL) was then added
dropwise with stirring to the mixture, followed by a saturated solution of
NaHCO3. The organic layer was washed with water until neutrality and dried
over NasS0y4. After evaporation of the solvent under reduced pressure,
(6R.12aR)-methy! 1.2,3 4-tetrahydro-2-chloroacetyl-1-(3,4-
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i nt er medi ct'emaaklf

AT

_.‘A 66,—N__10_06

conpound
derr] H[er
C, 69.95;
Exanpl e 1(

AEPhACH END S

re but starting from propargyl am ne and

|_|

recrystallisation fromacetone, the title
p.: 271[err]C. Analysis for '

3 ( 6"R

12aR)- 2. 3"

5% [[err]][err] =+ 51.7 (c = 0.49; CHO[err]).

a=Hexabvdr o- 2- (3. 4- net ﬁ?l endi oxvbenzvl) - 6- (3. 4-

nethylenedloxvphenil) pyrazino[2'. 1': 6. 1]pyr|do [3.4-bl indole-1.4-dione

The sane two st
i nt er nedi at e 54%"

obtqmed as

conpound as whi 88 cikWhichiwascrystallisesfronsether }QZQ'Vﬂﬁls?bﬂs(Oa@&Q, m. p. : 233°C)
Clerr] H err] N ewhidH watlused without further purification in the next step.

b) To a stirred suspension of the chloroacetyl intermediate (0.37 g) in MeOH

(20 mL) was added at room temperature a solution of methylamine (33% in
EtOH) (0.4 mL) and the resulting mixture was heated at 50°C under No for
16 hours. The solvent was removed under reduced pressure and the residue
was dissolved in CH2Clo (50 mL). After washing with water (3x20 mL), dfying
over NapSO4 and evaporating to dryness, the residue was purified by flash
chromatography eluting with CH2Cl>/MeOH (99/1) and recrystallised from 2-
propanol to give the title compound as white crystals (0.22 g) m.p. : 302-
303°C.

| cul at ed: C, 69.72; H 4.63; N, 10.16; Found:

Analysis for C2oH1gN304:
Calculated:C,67.86;H,4.92;N,10.79;
Found:C,67.77;H,4.92;N,10.74%.

20°

[y = +71.0° (C=1.00; CHCIS).

The following compounds were obtained in a similar manner:

Example 79
(6R.12aR)-2.3.6.7.12,12a-Hexahydro-2-isopropyl-6-(3.4- .
methylenedioxyphenvl)-pyrazinol2'.1':6,1ipyrido[3.4-blindole -1,4-dione

The same fwo step procedure but starting from isopropylamine and intermediate
54 gave, after recrystallisation from methanol, the title compound as white
crystals m.p. : 290-293°C. '

Analysis for Co4H23N304:

Calculated; C,69.05;H,5.55;N,10.07;

Found:C,69.06;H,5.45;N,10.12%.

20°

[c:t]D = +52.6° (C=1.14, CHCIS).

Example 80



5; N, 8.25; Found: C, 68.25; H 4.49; N,
N = 01l; CHCl[err]). Exanple 104 (6R
12aR) - 2. 3. §. a- Hexah (3. 4- di meét hoxyphenet hyl ) - 6- (3. 4-
met hyl enedifo ypﬂi@E i 1': 6.1] pyrido [3.4-b]
I ndol e-1.4-d| one The sarre t ep procedure but starting from
3, 4- di'net hcixyphenet hyl am fe and inter meg#ﬁt e 54 gave, after
recrystal | it or onet hane/ the title conpound as white
crystals mp. : 265- 266C Anal ysi s for C[err] H[err] N err] Qerr]
Cal cul at ed: :
% [[err] 1[
12aR) - 2. 3. 6. RYI& nyl ) -
pyrazi no [ 2'Thé sanfb Mo Bwp dﬂ)c[eauﬁe bht staiﬂhg‘fﬂorﬂ-bﬂtﬂamme and intermediate 54

gave, after recrystallisation from toluene/hexane, the title compound as white
“crystals m.p. : 209-210°C.
Analysis for CosHosN304:
Calculated: C,69.59;H,5.84;N,9.74;
Found:C,69.70;H,5.93;N,9.74%.
20° .
'[a]D =+50.2° (C=0.53; CHCI3).

Calculat.ed: ATayve] =
8.41. [[ernF AC S

1.
- 2-
[2
st

Example 81
6R.12aR)-2.3.6.7.12.12a-Hexahydro-2-isobutyl-6-(3 . 4-methylenedioxyphenvyl}-

pyrazino[2'.1':6,1]pyridof3 4-blindole -1,4-dione

The same two step procedure but starting from isobutylamine and intermediate
54 gave, after recrystallisation from methanol, the title compound as white
crystals m.p. : 227-228°C.

Analysis for CosHo5N304:

Calculated: C,69.59;H,5.84;N,9.74;

Found:C,69.52;H,5.87;N,9.74%.

20°
[a] = +45° (C=1.04; CHCly).

Example 82
(6R.12aR)-2.3.6.7.12, 12a-Hexahydro-z-cxclogentyl-s-(3,4- .
methvlenedioxyphenyl)-pyrazinof2',1':6. 1ipyrido[3.4-blindole -1,4-dione -

The same two step procedure but starting from cyclopentylamine and
intermediate 54 gave, after recrystallisation from ether, the title_ compound as
white crystals m.p. : 237-239°C. .

Analysis for CogH25N304:

Calculated: C,70.41;H,5.68;N,9.47;

Found:C,70.13.H,5.67.N,9.42%.

20°
[o.]D = +36.6° (C=0.98; CHCI3).



66 The sal e but starting fromfurfurylam ne and

i nternedi a ecrystallisation fromnethanol, the title
conmpound a p.: 219[err]C. Analysis for

Cerr]H erf cul at ed: C, 68.56; H, 4.65;. N, 9.23; Found:
C, 68. 16; > [[err]][err] =+ 58.1[err] (c = 1.2;

CHO.[err]) . . ;12aR) 2. 3.6, 75 2.1 :
2a- Hexahvdf o- 6- ( 3. 4- net hyl eredi oxvphenyl ) ¥2- (2- thienvl net hyl) - pyrazi no
[2'. 1': 6-ifpyrido [3.4-bt indol e-1.4-dione The same two step procedure
but starting from 2-thiophenenet hyl am ne and internedi ate 54 gave, after
recrystalli saE’ on frg@ nmet hanol /water, the title

Example 83

(6R,12aR}-2,3,6,7,12,12a-Hexah¥dro-6-(' 3.4-methylenedioxyphenyl)-2-
cyclohexyimethyi-pyrazino[2'.1".6. 11pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from cyclohexylmethylamine and the
cis isomer of intermediate 56 gave, after recrystallisation from 2-propanol the
title compound as white crystals m.p. : 209°C.
Analysis for CogHogN304:
Calculated: C,71.32;H,6.20;N,8.91;
Found:C,71.30;H,6.29;N,8.74%.
20°
[cc]D = +40.0° (C=0.99; CHCIS).

Example 84
6R.12aR)-2.3.6.7.12,12a-Hexahydro-2-cyclopropylmethyl-6-(4-methoxyphenvyl)-
pyrazino[2'.1':6, 11pyrido[3.4-blindole -1.4-dione -
The same two step procedure but starting from cyclopropylmethylamine and
intermediate 57 gave, after recrystallisation from methanol, the title_compound
as white crystals m.p. : 204-205°C.
Analysis for CogHo5N303(0.5H20):
Calculated: C,70.74;H,6.17;N,9.90;
Found:C,70.98;H,6.09;N,S.92%.

- 20° : '
[cc]D = +54.1° (C=1.03; CHCIS).

Example 85
(6R.12aR)-2.3.6.7.12,12a-Hexahydro-2-butyl-6-(4-methoxyphenv!)-
pyrazino[2'.1':6, 11pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from buylamine and mtermedlate 57
gave, after recrystallisation from 2-propanol the title _compound as white
crystals m.p. : 183-184°C. :
Analysis for 025H27N303(0.5_H20):
Calculated: C,70.40;H,6.62;N,9.85;

~ Found:C,70.55;H,6.64;N,9.92%.




155-1 57[err]C. Analysis for

cé)rrpound aql A@ M@@E@

p
Clerr]Herr &l cul at ed: C, 66.23; H 4.49; N, 8.91 ; S
6. 8; Found: .%4; N, 9.12; S, 6.78 % [[err]][err] = +
70.4[ err] ‘_ i1). Exanple 107 (6R
12aR)-2.3 . f 0- 6- (4- met hoxvphenyl ) - 2- net hyl - pyrazi no
[2".1": 6,1 | gdol e-1.4-di o The sanme two step procedure but
startlng fren;nexz,n-‘ re=seerd | nt ermedi ate 57 gave, after recrystallisation

from methanol, the t|tIe conpound as white crystals mp. : 285-288[err]C
Anal ysi s for C[W]H[err]N[err]CIerr] Cal cul at ed: C, 70.38; H, 5.64; N,

11.19; Found:F 104.‘354°(¢l,-_1@46@}-|@ y11.29 % [[err]][err] =+ 59 (c =
1.19; CHO [er Exanpl e 108

Example 86
B (6R,12aR)—2,3,6,7,12,12a-Hexahydro—2-cyclogentyl-s-(4-metho>_<19henyl1—
pyrazinof2'.1":6.1 ]gyrndo[3,4-b]mdole -1.4-dione

The same two step procedure but starting from cyclopentylamine and
intermediate 57 gave, after recrystallisation from ether, the title compound as
white crystals m.p. : 210-211°C.
Analysis for CogH27N303:
Calculated: C,72.71;H,6.34;N,9.78;
‘Found:C,72.53;H,6.39;N,9.53%.
- 20°
[a]D = +29.8° (C=1.07; CHCl3).

Example 87
(6R.12aR)-2,3.6.7.12,12a-Hexahydro-6-(3-chloro-4-methoxyphenyl)-2-
cvclopropyimethyl-pyrazino[2',1':6, 11pyrido[3.4-blindole -1.4-dione
The same two step procedure but starting from cyclopropylmethylamine and
intermediate 59 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : 218-219°C. ‘
Analysis for Co5H24CIN3 O3 (0.25 H20):
Calculated: C,66.08;H,5.43;N,9.25 ; Cl, 7.80;
Found: C, 66.11; H, 5.33; N, 8.03 ; Cl, 7.74%.
20°
[a]D = +49.4° (C=1.03; CHCI3).

Example 88
(6R.12aR)-2,3.6.7.12.1 2a-Hexahydro—2-cyclopentvl-6-{3-ch|oro-4-

methoxyphenyl}-pyrazino[2',1':6,1lpyrido[3,4-blindole -1.4-dione

The same two step procedure but starting from cyclopentylamine and
intermediate 59 gave, after recrystallisation from methanol, the title comgoun'd
as white crystals m.p. : 260-262°C.

Analysis for CogH2eCIN3O3:

Calculated: C,67.31;H,5.65;Cl,7.64;N,9.06;




(6R 12aR)-2' BBb A CENE BN T hvdr o- 2- et hyl - 6- (4- met hoxvphenyl ) - pyrazi no
[2'. 1': 6, ¥ - I"ddol e- 1. 4- di one 67 The sane two step
procedure byt fst efhyl am ne and internedi ate 57 gave, after
recrystalli gati ogz?rﬁnWh ngl, the title conmpound as white crystals mp.
277C. Anal ygi 4 93] Calculated: C, 70.93; H 5.95 N, 10.79;
Found: C, 70.90; H, 5.96; N, 110.54 % [[§6r]][err] =+ 52 (¢c = 1.28;

CHC [err]). iExampte—100---£6R !12aR) - 2.

3.6.7.12. 12a- hexahvdr o- 6- ( 7- (4- net hyl - 3. 4- di hvdr o- 2H .
benzo[ 1. 4] oxaFount)Q,68-98:45/67,01,8206;N)9.04%. : 6. 1] pyrido[ 3. 4-b] indole-1
. 4-di one

20° -
o]y = +27.6° (C=1.05; CHCl,).

Example 89
6R.12aR)-2.3.6.7.12,12a-Hexahydro-6-(3-chioro-4-methoxyphenvl)-2-methvi-
pyrazino[2'.1:6.1]pyridof3 4-blindole -1.4-dione
The same two step procedure but starting from methylamine and -
intermediate 59 gave, after recrystallisation from methanol, the t tle compound
as white crystals m.p. : 283-284°C.
Analysis for CooHogCIN3O3:
Calculated: C,64.47;H,4.92;C1,8.65;N,10.25;
Found:C,64.49;H,4.92.CI8.33.N,10.02%.
20° '
[a]D = +61.3° (C=1.00; CHCI3).

Example 90
(6R,128R)—2,3,6,7,12,12a-Hexahydro-Z-usogrogyl-G- (3-chloro-4-methoxyphenyi)-
gyrazmo[Z',1 :6,11pyrido[3.4-blindole -1.4-dione o

The same two step procedure but starting from isopropylamine and mtermedlate
59 gave, after recrystallisation from methanol, the title compound as white
crystals m.p. : 302-304°C.

Analysis for Co4H24CIN303:

Calculated: C,65.83;H,5.52;N,9.60;

Found:C,65.83;H,5.57.N,8.73%.

20° :
[a.]D = +39.8° (C=0.95; CHCl,).

Example 91
(6R.12aR)-2,.3.6.7.12.1 Za-Hexahzdro-S-(Z,3-d|h!drobenzo[b [furan-5-yl}-2-

methvl-pyrazinol[2'.1":6,11pyrido[3.4-blindole -1, 4-dione
The same two step procedure but starting from methylamine and
intermediate 61 gave, after recrystallisation from dichloromethane/methanol, the

title compound as white crystals m.p. : 288-291°C.



starting frominternediate 75 and
allisation fromethanol, the title conpound
B[err] C. Anal ysis for

Herr]O: Calcul at ed: C, 67.75; H, 5.92; N,
D: N, 13.18 % [[err]][err] = + 71.7[err] (c
R. 12aR) - 1367 12.1

|l inyl))-2Z-nmethyl- pyrazino[2'. 1': 61

] pvridol 3, 4- bI [ ndole 1 4 d| one The sane two. step procedure but starting

frominter ﬁ %émne gave, after recrystallisation from
di chl or onet ane/ npound as white crystals mp.:
223-225[ err 'c'-ﬂr%é; N*ﬁf@%] Nlerr]Jerr]: Calcul ated: C,
75.61 ; H ¥obRd:G\71127, Hm4mno 96%. 75.2; H, 5.78; N 11.67%

The sarme two’ﬁ
rrethyl am ne ¢ay
as white cry tc
Clerr]Herr]
13.17; Found: (
=1, pyridin )

20° |
o]y = +65.6° (C=0.4; CHCI3).

Example 82 o _ _
6R.12aR)-2.3.6.7.12.12a-Hexahvdro-6-(2 3-dihydrobenzolblfuran-5-yi)-2-
methvlicyclopropyi-pyrazinof2'.1':6. 1]pvrido[3.4-blindole -1 4-dione

The same two step procedure but starting from methylcyclopropylamine and
intermediate 61 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : 242-244°C.
Analysis for CogHosN303:
Calculated: C,73.05;H,5.89,N,9.83;
Found:C,72.90;H,5.93;N,9.98%.
20°
[aly = +55.4° (C=0.99; CHCL,).

Example 93
(6R,12aR)-2.3.6.7.12.1 2a-Hexahydro—6-(5-|ndanvl)- -methyl-
pyrazino[2',1':6.1]pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and
intermediate 63 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : 262°C.
Analysis for Co4H23N302:
Calculated: C,74.78;H,6.01;N,10.90;
Found:C,74.65;H,5.90;N,10.67%.
20°
[a]D = +68.6° (C=0.98,; CHCIS).

Example 94 ' . '
(6R.12aR)-2,3.6.7.12,12a-Hexahvdro-6-(5-indanyl)-2-cyclopropyimethyi-
pyrazino[2'.1':6.1]pyrido[3.4-blindole -1.4-dione




[[err]][err] 0.5, CHCI[err]). Exanpl e 111 (6R

12aR)-2. 3. 6. 7.} -6 (5-indolinvl)-2-nmethyl-pyrazino[2". 1':
6.1 ] pyrido[ 3.4-fbli ldilone A sol ution of Exanple 110 (1.05 g, 2.2
mol ) in nmet hgnagl ¥ %y 4 Hydrogenated in the presence of 10 % Pd- C

(100 nmg) for tenperature. After renoval of the

catal yst, the ;soTT/ent was evapo ated in vgsuo to | eave a residue which was
purified by flash—chromptegraphil el uti ng Wth dichl oronet hane/ net hanol :
96/ 4. The solid obtai ned was recryst allised from di chl or onet hane/ et hanol

to give the tTheesamepiwo dtdrspPoceduresbuhistarting yisoral syclopropyiméthylaminiey and
1‘12r 1$[ errlH efﬁt&%@élaeossrééve( Oaéer%%stgﬂgﬁﬁ%ﬁ?%% metﬁangp tﬁg |t|'e| cOmpound
as white crystals m.p. : 176°C.
Analysis for Co7H27N302 (0. 25H20)
Calculated: C,75.41 ; H, 6.45 ; N, 9.77;
Found:C, 75.25; H, 6.51 ; N, 9.75%.

20° : '.
[a]D = +57.9° (C=1.00; CHCI,).

Example 95
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-me hyl-6-(3.4-met hylenedloggyghenyl )-

pyrazinof2'.1'.6.1 ]gﬂnd0[3,4—b]mdo|e-1 4-dione
To a stirred suspension of Intermediate 73 (12.5g) in MeOH (400ml) was added

at room temperature a solution of methylamine (33% in EtOH) (13.7ml) and the
resulting mixture was heated at 50°C under No for 14 hours. The solvent was
removed under reduced pressure and the residue was dissolved in CHoClo (11).
After washing with water (3 x 500ml), drying over NaxSO4 and evaporating to
dryness, the white solid obtained was recrystallised from 2-propanol to give the
title compound as white needles (7.5g).
mp : 288-300°C. :

20°
lely = +71.3° (c O 55, CHCl,).
Elemental analysis (CooH{gN304) calculated: C, 67.86; H, 4.92; N, 10.79;

- found: C, 67.79; H, 4.95; N, 10.61%.

Example 96

Cis-2.36.7,12 12a-hexahydro—2 10-dimethyl-6-(3 4-methylenedioxyphenyl)-
razinol2'.1' : 6,1]pyrido[3.4-bjindole-1.4-dione

The same two step procedure as used to prepare Example 1, but startlng from
methylamine and the cis isomer of Intermediate 74, gave after recrystallisation
from ethanol, the title compound as white crystals m.p. : 275°C.

Analysis for Co3H21N304 ( 0.4H20):

Calculated : C, 67.27 ; H, 5.35; N, 10.23;

Found: C,667.36; H, 5.21; N, 10.31%.




L2t

Found: C, - 7§R K‘v ~ 4.06 % [[err]][err] = + 55.9[err] (c = 1.18;

pyridi ne). PrxEmpieelIdI ey 3.6.7.12.1

2a- hexahvdrg)* 5 - ﬁ é&yl henvly - 2- net hyl - pyrazino[2'.1": 6.1

] pyrido[ 3. 4:hli Al Z_— | gne The sanme two step procedure but starting
2l

E

from net hyl ne_and the cifis i somer of internmediate 42 gave, after :
recrystall ijkati . amol , the titlggaconpound as white crystals mp.

. 254[err] G= - JH23N302 (0. 25 H20): Cal cul at ed: C, 73.09; H,
6.27; N, 11.12; Found: C, 73.03; H 6.18; N, 11.36 % Exanple 113

(6R 12aR)-2,3.6.7.12.1 2a- Hexahvdr o- 6- (4- car bonet hoxyphenyl ) - 2- met hyl -
pyrazino[2'. 1g: eri do[ 3. 4-blindole-1 .4-dione The sanme two step
procedure but== g frominternediate 78 (cis isoner) and net hyl am ne
gave, after rf8h . : - iin) ‘ iZ17: '

yaenNAYOilo Ais

The same two step procedure as used to prepare Example 78, but starting from
veratrylamine and intermediate 54 gave, after recrystallisation from methanol,
the title compound as white crystals m.p. : 224-226°C.
Analysis for CzgH27N30g: |
-Calculated : C,68.56 ; H,5.18 ; N,8.00;
Found: C,68.80; H,5.11 ; N,8.06%.

20° .

loalp =+ 43.9° (C =1.02; CHCIS)..

Example S8 . _ ,

Cis-2,3.6.7.12.1 2a-hexgt1Ldr06-( 4-aminophenvl)-2-butyi-
pyrazinol2'.1':6.11pyrido[3.4-blindole-1.4-dione

To a solution of Example 75 (1.5 g) in methanol (100 mL) was added
SnCin.H20 (3.06) and the resulting mixture was heated at reflux for 8 hours.
The mixture was cooled to ambient temperature, poured into ice and was
adjusted to pH5 with 1N NaOH. The methanol was evaporated off and the_.
residue was basified to pH11 with 1N NaOH and extracted with EtOAc (2 x 150
mL). After drying over NapSO4 and evaporation of EtOAc, the resulting yellow
powder was purified by radial chromatography eluting with CH2Cl> to give the
title compound as a white powder (550 mg) m.p. : 192°C.

Analysis for Co4HogN402 (1.3 H20):

Calculated : C,67.68 ; H,6.77 ; N, 13.15;

Found : C,67.74 ; H, 6.68 ; N, 13.02%.

Example 99 .
Cis-2,3.6.7.12, 12a-hexahvydro-6-(4-acetamidophenyl)-2-butyl-
pyrazino[2',1:6.1]pyrido[3 4-blindole-1.4-dione

To a solution of Example 88 (0.2 g) in THF (15 mL) was added triethylamine (76
pL) and acetyl chloride (39 pL) and the resulting solution was stirred at room
temperature for 2 hours. After evaporation of THF, the resulting residue was
‘taken up in CH2Cly (100 mL), washed with water (2 x 50 mL) and dried over




aml ysis for C23H21 N304: Cal cul at ed: C,
68.76; H 5.18; N, 10.35 %

68.47; H, 5. 25; kLL’“JW 2ig
['[err]][err]: + 9v. fdigne) . Exanple 114 (5aR 12R 14aR)-1
2.3.5a.6,11.12. 14 e M- met hyl enedi oxvphenyl )-Pyrrolo[1 ".2

4' .5"] pyrazi no[ [’ P[B 4- blindole-5-1 .4-dione 69 A
sol ution of interpediare: éU»{Bw? ) in a mxture of rmet hanol / THF
(80/40 nL) was hyjrogenated in the' prese;@ of 10 % Pd-C (75 ng) for 48
hours at 40[err] C. -AFter-renoval of the catal yst, the solvent was

evaporated i f\a,50,4. After evaporation of CHaClp, the resulting solid was recrystallised
from MeOH/H20 to give the title compound as a cream powder (120 mg) m.p. :
246°C.
Analysis for CogHogN4O3:
Calcutated : C,70.25 ; H,6.35 ; N,12.60;
Found : C,69.85 ; H, 6.38 ; N,12.56%.

Example 1. 00

Cis-2,3.6.7.12,12a-hexahvdro-2-butyl-6-(4-methvisu lfonamidophenvl)-

pyrazino[2',1':6,1ipvrido[3 4-blindole-1.4-dione
To a solution of Example 98 (0.2 g) in THF (5 mL) was added triethylamine (228

pL) and methanesulfonyl chloride (126 pL) and the solution was heated at reflux
for 6 hours. After evaporation of THF, the residue was taken up in CH2Clo,
washed with water and dried over NapSO4. After evaporation of CHoClp, the
residue was purified by radial chromatography eluting with CH2Clo/MeOH
(95/5) to give the title compound as a brown powder (30 mg) m.p. : 188°C.
Analysis for C25H2gN404S (0.75 H20):

Calculated : C,60.77 ; H,6.02 ; N,11.34;

Found : C,60.61; H, 6.02 ; N,10.82%.

Example 101

(6R,_12aR)-2.3.6.7.12, 12a-Hexahvdro-6-(3.4-methylenedioxyphenvl)-
pyrazino[2'. 1' : 6,11 pyrido [3.4-b] indole-1.4-dione

The same two step procedure but starting from ammonia and lntermedlate 54
gave, after rec_rystalllsatlon from methanol, the title compound as white crystals
m.p. : 285-290°C.

Analysis for Cz1H17N3O4 :

Calculated: C,67.19;H, 4.56;N, 11.19;

Found: C,667.30;H,4.66;N, 11.11 %.

[a]20°p = + 88° (c = 0.48 ; pyridine).

Example 102 : '
(6R, 12aR)—2,3,6,7,12,12a—HeMro—6-{3 4—methvlened|oxvphenvl)- ~(2-

propynyl)-pyrazino [2', 1': 6,11 pvrido [3,4-b] indole-1.4-dione




e

was purified by flash chromat ography

“hiet hanol 98/ 2. The white solid obtained was
‘ tip give the title conmpound (180 ng) as white
crystals m pj: || 284 &PCH yeis for C24H21 N304: Cal cul at ed: C, 69.39;
H5.10; N, JiOL 5d1 47; H, 5.11; N, 9.97% [[err]][err] = + 21.7
(c = 0.64, gHCIferrT)™ rrﬁlé 115 (5aR ésR 14aS)-1.2.3.5. 6 11

12. 14a-Ccta pet hyl enedi oxvpRenvl ) -pyrrolo[1 ".2":

4' .5 ]pyrazino[2'. 1': 6 1]pyr|dor34 bl i ndol e-5-1 4d|oneAsqut|0n of

i ntermedi ate el md%' pg@mqq) d?ér Y@'ﬁn ﬁ@h@a@ ‘
t he presence 031 é%rﬁ/? gwo%t g Bu frgéflcgr g 'ﬁ%\%ﬂlag :
catal yst the 4 gave. \ﬁ&'@reRP&ﬂtﬁf allisation muécﬁpﬂe@a&bg_a_eesem ash white
was purifi egrystélg mipl agirqecchronat ogr aphy el uting W th

Analysis for Co4H1gN304 :

Calculated : C,69.72;H,463; N, 10.16;

Found: C,669.95;H,4.66;N, 10.06 %.

[0]20°p = + 51.7° (c = 0.49 ; CHCl3).

el .uting vmtht
recrystallls»dffr

Exampie 103

(6R, 12aR)-2.3.6.7.12 12a-Hexahydro-2-(3 4-methvlendioxybenzvl)-6-(3 4-
methvienedioxyphenvyl)-pyrazino[2', 1" : 6.1] pyrido [3.4-b] indole-1 4-dione

The same two step procedure but starting from piperonylamine and intermediate
54 gave, after recrystallisation from methanol, the title compound as white
crystals m.p. : 204-206°C.

Analysis for CogHp3N30g :

Calculated: C, 68.36; H, 4.55; N, B.25;

Found: C,68.25;H, 4.49;N, 8.41.

[a]2°°D =+43° (c=1.01; CHCl3).

Example 104

(6R, 12aR)-2.3,6.7.12 12a-Hexahydro-2-(3,4-dimethoxyphenethyl}-6-(3.4-
methylenedioxyphenyi)-pyrazino [2' 1': 6.1] pyrido [3,4-b] indole-1.4-dione

The same two Step procedure but starting from 3,4-dimethoxyphenethylamine
and intermediate 54 gave, after recrystallisation from dichloromethane/ether, the
title compound as white crystals m.p. : 265-266°C.

Analysis for C31HogN3Og :

Calculated : C,69.00;H,542;N,7.79;

Found: C,668.68;H,535;N,7.78%.

[]29°p = +38.3° (c = 1.12; CHCl3).

Example 105
(6R, 12aR)-2.3.6.7.12,12a-Hexahydro-2-furfuryl-6-(3, 4-methvlened|oxyphenvl)-

pyrazino [2', 1' : 6,1] pyrido [3.4-b] indole-1,4-dione




A

di chl or onet i FELA ARE

nmet hanol to
304C. Anal ys
5.10; N, 10.
106. 8[ err]

12aR)-2.3.6

The solid obtai ned was recryst'al lised from

ound (300 ng) as white crystals mp.: 302-
i g ]Nerr]Jerr]: Calcul ated: C, 69.39; H,
1 .35, H 5.11 ; N, 10:10% [[err]][err] = +
C na‘ eHe r er{] ). Exanple 116 (3R 6R ‘ '
7. 12 12a- hexahvdr -2 -6-(3. 4-

met hyl enedi G

To a stirred sol-uti on of

was added at
(0.32 nl)

. Found:

3- dlnetq¥
, 1 pyr|d0[3 4- bI|ndoIe 1 .4-dione
|nterned|ate 82 (0.15 g, 0.34 nmol) in THF (15 )

T96 SahRITBe6 3tep précediret binstaftinirom airngldmine’and iftefiiediate
gave, after recrystallisation from methanol, the_title comgound as white

crystals m.p. : 219°C.

Analysis for CogHo4N3O5 :

Calculated: C,68.56;H,4.65; N, 9.23;

Found: C,668.16;H,4.63;N, 9.15 %.

[¢]2%°p = +58.1° (c = 1.2 ; CHCly)

Example 106

(6R, 12aR)-2.3.6.7.12,12a-Hexahydro-6-(3.4-methylenedioxyphenyl}-2-(2-
thienvimethyl)-pyrazino [2'. 1' : 6.1 ido [3.4-b] indole-1.4-dione

The same two step procedure but starting from 2-thiophenemethylamine and
intermediate 54 gave, after recrystallisation from methanol/water, the _title
compound as white crystals m.p. : 155-157°C.

Analysis for CogH21N304S :

Calculated: C,66.23;H,4.49;N,891;8,6.8;

Found: C,66.13;H,4.54;N,9.12; S, 6.78 %.

[0]20°y = + 70.4° (c = 1.03 ; CHCI3).

Example 107

(6R, 12aR)-2,3.6.7.12.12a-Hexahydro-6- (4—methoxyghenyl)-2-methyl-gyraz:no
[2'._1': 6,11 pyrido [3.4-b] indole-1.4-dione

The same two step procedure but starting from methylamine and intermediate
57 gave, after recrystallisation from methanol, the title compound as white
crystals m.p. : 285-288°C.

Analysis for CooHpqN303 :

Calculated : C,70.38;H,564;N, 11.19;

C,70.31;H,569;N, 11.29 %.

=+ 59° (c=1.19 ; CHCl5).

[«]?%p

Example 108
(6R, 12aR)-2.3.6.7.12.1 2a—Hexahydro-z-ethyl—6-(4-methoxmhenvl)-plrazmo 2,
1' : 6.1] pyrido [3 4-b] indole-1.4-dione




mpeated at reflux under N2 for 24 hours The
: ed pressure and the residue was dissolved in

i'h water (2 x 20 nL), drying over Na2SO4

and the resul
sol vent was r
CH2Cl 2 (25 nlj. | ATTET vvasﬁl
and evaporati hgf t iEﬁﬁe 1897t
chromat ogr aphly Bl uting with
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crude product was purified by flash

| or omet hane/ net hanol : 99/1. The white solid
obt ai ned was } ecryst-ali-+sed- Ft met hanolg#o give the title conpound as
white crystal (80 ng) mp. : -220[err] Anal ysi s for

Cerr]Herr] N[ 'ér“r”]"'qerrj: Cal cul at ed: C 68 47; H, 5.25; N, 10.42; Found:
C, 68.39; H Thesams twd stdprdcedurd bt stdrting feom @tl(l)damine agHdntermediate 57

Exanple 117 ( 7 Xgdav.

ot hyl enedi oxdRE rjrggﬁ)staﬁhs%t@n f{p&?@éﬁﬂ}ﬁ &6 o@n@eéé‘%\}hlt% éﬁs@s
To a stirred m@-utd7 nCof internmediate 83 (0.3 g, O. 68 mmol) in THF (30 nl)
was added at Aﬁg%kqu%gﬂ%%@ssol ution of nethylamne (33 %in EtCOH)

(0.68 nt) - Calculated: C,70.93:H,5.95:N, 10.79:
Found: C,70.80:H,5.95:N,10.54 %.
[o]20°p = + 52° (c = 1.28 ; CHClj).

Exampie 109.
(6R, 12aR)—2,3,6,7,12,12a-hexah¥dro-6-(7-(4-methyl-3,4-d|hydro-2H-

benzo[1.4loxazinvl)}-2-methyl-pyrazino[2'.1' : rido[3.4-b mdole—1 4-dione
The same two step procedure but starting from intermediate 75 and
methylamine gave, after recrystallisation from ethanol, the title compound as
white crystals m.p. : 285-288°C.

Analysis for Co4Ho4N4O4 (0.5 Hy0) :

Calculated : C,67.75;H,5.92; N, 13.17 ;

Found: C,68.02:H,6.00;N, 13.18%.

[0]20°p = + 71.7° (c = 1, pyridine).

Example 110
(6R, 12aR)-2.3.6.7.12,12a-Hexahydro-6-(5-(N- benzvl|ndol|nvl))-2-methvl-

razino[2', 1' : 6.1]pyrido[3.4-blindole-1,4-dione
The same two step procedure but startmg from intermediate 77 and
methylamine gave, after recrystallisation from dlchloromethane/methanol the
title compound as white crystals m.p. : 223-225°C.
Analysis for C30H28N402 :
Calculated : C,7561;H,592;N, 11.76 ;
Found: C,75.2;H,5.78;N, 11.67 %.
[2]?0°p = + 20.4° (c = 0.5, CHCl3).

Example 111

(6R, 12aR)-2.3.6.7,12,12a-Hexahydro-6-(5-indolinyl)-2-methyl-pyrazino[2'.1' :
6.1]pyrido[3,4-blindole-1,4-dione

A solution of Example 110 (1.05 g , 2.2 mmol) in methanol (100 mL) was
hydrogenated in the presence of 10 % Pd-C (100 mg) for 48 hours at room
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and the re4RE bﬁ ig@g s treated at reflux under N2 for 6 days. The
sol vent wa$ [+ uced pressure and the residue was dissolved in

CH2Cl 2 (SO-W)m ng with water (2,25 nlL), drying over Na2SO4 and

evaporatin rude product was purified by flash
chr omat ogr @ap! IEI chl or onet hane/ net hanol : 99/1. The oily

resi due objfai ned was crystal I sed from nethanol to give the title conpound
as white clyStats—fAf—myp—m!p.: 307- 309[&8(]0 Anal ysi s for
C[err]H[err]N[err]Qerr] Cal cul at ed: C, 68.47; H 5.25; N, 10.42; Found:

C 68.35 H, té@%{?ﬁf_:s 1&1%?@9&@ rJI]tl]'aé Satdlyst, théSoReht was'evaporatédd Iretadlo

Exanple 118 (
2a- Hexahydr o-t8- leayve- ainesitusx whtieh was. punifiedyby flashaghrasmatography eluting with

6, 1] pyri dO[ 3 d}cﬁlbrdlﬁéilﬁn%hﬂe jaPiof -"o6/a! MHePSoRd ?ﬂhﬁféﬁaq}a%t ?eé’r?s@ls_é'él ﬁom
1. 34 mmol % m xt ur e anol’ / THF (' 70/ 30 6 ro&ena%q ?
presence Of ﬂjc }pmgf\aﬁglrﬁﬁtpapg togive t&g title comgoun (3 as white crystas

m.p. : 240°C.

Analysis for Cz3H22N402 (0.5 HzO) .

Calculated : C,69.86;H,586;N, 14.17 ;

Found: C,70.13;H,577;N, 14.06 %.

[a]20° = + 55.9° (c = 1.18 ; pyridine).

Example 112
Cis-2.3. 6,7,12,1Za-hexahydro-a-(4-ethylghenvl)-2-methvl -pyrazino[2'.1' :
~ 6.1]Ipyrido[3.4-blindole-1.4-dione
The same two step procedure but starting from: methylamine and the cis isomer
of intermediate 42 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : 254°C.
Analysis for 023H23N302 (0.25 H20) v
Calculated : C,73.09;H,6.27 ; N, 11.12;
Found: C,73.03;H,6.18; N, 11.36 %.

Example 113
BR. 12aR)-2.3.6.7.12.12a-Hexahydro-6-(4-carbomethoxyphenyl)-2-methyl-

pyrazino[2'.1' : 6. 11pyrido[3.4-blindole-1.4-dione

The same two step procedure but starting from intermediate 78 (cis isomer) and
methylamine gave, after recrystallisation from methanol, the title compound as
white crystals m.p. : 308-312°C.

Analysis for C23H21 N304 .

Calculated : C,68.47 ;H,5.25; N, 1042 ;

Found: C,668.76;H,5.18; N, 10.35 %.

[o]20° = + 97.7° (c = 1, pyridine).

Example 114

(5aR, 12R, 14aR)-1.2,3.5a6.11.12 14a—0ctahvdro-12—13 4-
methylenedioxyphenyl)-py: rroloﬂ " 2" . 4' S'lpyrazino[2'.1' : 6.1]pyrido[3.4-
blindole-5-1.4-dione




al of the catal yst, the solvent was evaporated
_ te solid which was recrystallisated from
| el compound (0.35 g) as white crystals mp.
e‘[r Herr]Nerr]derr]: Calculated: C, 66.83; H,
C _1pgi58;, H 5.01 ; N 11.04% [[err]][err] = +
). Exanple g9 (6R 1 2aR)-2. 3.6.7.12.1

I di
2a- Hexahvdro=Z=Trettryt=6=f - methylisoindolinvl))pyrazino[2' . 1':
6. 1] pyri do[ 3. 4-b]indole-1 .4-dione The sane two steps procedure but
starting frominternediate 87 and nethyl am ne gave a crude oil which was

purified by TAafutidH B teshadidte 80 (0.7 g, 1.2 mmol) in a mixture of methanol/THF
(80/40 mL) was hydrogenated in the presence of 10 % Pd-C (75 mg) for 48
hours at 40°C. After removal of the catalyst, the solvent was evaporated in
vacuo to leave a residue, which was purified by flash chromatography eluting
with dichloromethane/methanol : 98/2. The white solid obtained was
recrystallised from methanol to give the title compound (180 mg) as white
crystals m.p. : 284-287°C.

Analysis for Cz4H21 N304 :

Calculated : C,69.39;H,5.10; N, 10.11;

Found: C,69.47;H,5.11;N,9.97 %.

[a]29°p = + 21.7° (c = 0.64, CHCl3).

roomt enpe '—g@' 2 g"g i
R o220

" nmet hanol t . = .
224- 226C.

5.07; N,

58.4[err] lc =104 pyr

Example 115 | _
(5aR, 12R, 14aS)-1.2, 3.5.6,11,12,14a-Octahydro-12-(3.4-
methvlenedioxyphenyl)-pyrrolof1".2" : 4'.5'Ipyrazino[2'.1'

blindole-5-1.4-dione

A solution of intermediate 81 (0.8 g, 1.37 mmol) in methanol (40 mL) was

hydrogenated in the presence of 10 % Pd-C (100 mg) for 5 h at 45°C. After

removol of the catalyst the solvent was evaporated in vacuo to leave a residue,

which was purified by flash chromatography eluting  with
- dichloromethane/methanol : 98/2. The solid obtained was recrystallised from

methanol to give the title compound (300 mg) as white crystals m.p. : 302-

304°C.

Analysis for Co4HqN304 :

Calculated: C,69.39;H,5.10; N, 10.11; -

Found: C,69.35;H,5.11;N, 10.10 %.

[a]20°, = + 106.8° (c = 1.08, CHCIj).

Example 116
(3R, 6R, 12aR)}-2.3.6,7,12,12a-hexahydro-2, 3-dimethyl-6-(3.4-

To a stirred solution of intermediate 82 (0.15 g, 0.34 mmol) in THF (15 mL) was
added at rcom temperature a solution of methylamine (33 % in EtOH) (0.32 mL) -



eluting w
obt ai ned

title conp
Clerr]Her

12.48; Fou d
err] OH) . Exarrpl e

= 0.5; CH
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iLAB Mi’g@agg@ met hanol /triethyl amine: 92/8/0.1 % The solid
rom i sopropanol / propyl ether/water to give the

deg W pf §-white crystals mp. : 236C. Analysis for
N @? (R.p8 H20) Cal cul at ed: C, 64.23; H 6.59; N,

& .43; N, 12.02 % [[err]][err] =+ 61.1[err] (c
0 Corrpoundsngf formula (1) have been included

1
s
u
]

i n phar macy

oAt

“details of ch formul ati ons are given beI ow.

TABLETS FOR ORAL ADM NI STRATION A, Direct Conpression 1.
ny/ tabl et Acahd e¢hén@saitingnolution was heated at reflux under Ny 56r @4ChospnvThene

USNF
1.0

solvent was removed under redff’ced B’Pﬂ%ﬁé %Wd%%%arre%i&éa ufa';ucilssolved in

CH,Cl> (25 mL). After washing with water (2 x 20 mL), drying over Na;SO,4 and
evaporating to dryness, the crude product was purified by flash chromatography
eluting with dichloromethane/methanol : 99/1. The white solid obtained was
recrystallised from methanol to give the title compound as white crystals (80 mg)
m.p. : 219-220°C. |

Analysis for Co3H24N30Oy4 :

Calculated : C,68.47;H,5.25; N, 1042;

Found: C,68.39; H, 5.21; N, 10.42%.

[c]20°y = +89.6° (c = 1 ; CHCly).

Example 117
(38, 6R, 12aR)—2,3,6,7,12,12a—hexahydro-2 3-d|methyl-6-(3,4-

To a stirred solution of intermediate 83 (0.3 g, 0.68 mmol) in THF (30 mL) was
added at room temperature a solution of methylamine (33 % in EtOH) (0.68 mL)
and the resulting solution was treated at reflux under N, for 6 days. The solvent
was removed under reduced pressure and the residue was dissolved in CHZClz
(50 mL). After washing with water (2,25 mL), drying over Na,SO, and
evaporating to dryness, the crude product was purified by flash chromatography
eluting with dichloromethane/methanol : 99/1. The oily residue obtained was
crystallised from methanol to give the title compound as white crystals (40 mg)
m.p. : 307-309°C.

Analysis for C23H21 N304 .

Calculated : C,68.47;H,525; N, 1042 ;

Found: C,68.35; H, 5.33; N 10.42%.

[a]20°p = + 65.2° (c = 1.15 ; CHCly).

Example 118

(6R, 12aR)-2,3,6,7,12,12a-Hexahydro-s-(3,4—dihydroxvphenvl)-2_~me;_hvl-
razino[2', 1': 6.1]pyrido[3.4-b indole-1 4-dione

A solution of intermediate 86 (0.75 g ; 1.34 mmol) in a mixture of ethanol/THF
(70/30 mL) was hydrogenated in the presence of 10 % Pd-C (75 mg) for 24 h at
room temperature. After removal of the catalyst, the solvent was evaporated in




Anhydr ous i FHERT 141.0 72 The active

I ngr edi ent ended with the excipients. The resultant m x
was conprepse %@#et .} 2. _

ng/ tabl et [Ac ' 50. 0 Col | oi dal
Silicon Dipxide 0 5 Crospow done

8.0 Sodi um LatryTsulrphat 5 1.0 Magnesium Stearate
Ph Eur I —J 1.0 M croc7r1)/st aI line Cellul ose USNF

139.5 The active |ngred| ent was sieved and bl ended with the excipients. The

resul tant m&%é%stocig%eé%ﬂ%é Bbfid \WHILR Was recrystallisated from methanol to give

the title compound (0.35 g) as white crystals m.p. : 224-226°C.
Analysis for C21 Hq 9N304 . _

Calculated : C,66.83;H,5.07; N, 11.13;

Found: C,66.58;H,5.01;N, 11.04 %.

[o]20°p = + 58.4° (c = 1.04 ; pyridine).

Example 119
(6R.12aR)-2.3.6.7.12, 12a-Hexahydro-2-methyl-6—(5-(2—

methylisoindolinyl))pyrazinof2'.1' : rido[3.4-blindole-1.4-dione

The same two steps procedure but starting from intermediate 87 and
methylamine gave a crude oil which was purified by flash chromatography
eluting with dichloromethane/methanolftriethylamine : 92/8/0.1 %. The solid
obtained was recrystallized from isopropanol/propy! ether/water to give the title -
compound (20 mg) as off-white crystals m.p. : 236°C. '

Analysis for 024H24N402 (2.68 HzO)

Calculated : C,64.23;H,6.59; N, 12.48 ;

Found: C,64.21;H,6.43;N, 12.02 %.

[a]20°y = +61.1° (c = 0.5 ; CH30H).

‘Example 120 |
Compounds of formula (I) have been included in pharmacy formulations and

details of such formulations are given below.

TABLETS FOR ORAL ADMINISTRATION

A Direct Compression

1. mg/tablet
Active ingredient ' _ _ 50.0
Crospovidone USNF ' 8.0
Magnesium Stearate Ph Eur 1.0
Anhydrous Lactose . 141.0



_ ng/ t abl et
_ 50. 0 Pol yvi nyl pyrollidone
150. 0 Pol yetfhyTene col 50. 0 Pol ysorbate 80
10. 0 Magnesifurh __@ﬁ%ﬁ{ 2.5 Croscarnel | ose
Sodi um T B 25.0 Col | oidal Silicon Dioxide
2.5 M crocrgstalllne Le||u1es§ USNF 210. 0 The pol yvi nyl
pyrol I'i done{_pol yet hyl ene gl y€ol and pol'ysorbate 80 were dissolved in
wat er. The resultant 'solution was used to granul ate the active ingredient.
After drying theTie active ingrediertovas siaved and blended eithatheeexcipiants. The

was bl ended w t HeERLant oy EPRrbREEE e SRR, (PO Ch el | ose Sodi um |

!

E\ét i.'v\é\E;rngr . Sbftr ‘f‘ SH&ET

croscarnel |l ose sodium
colloidal silicon__dioxide and N

2. : mg/tablet

) Active ingredient ' 50.0
Colloidal Silicon Dioxide 0.5
Crospovidone | 8.0
Sodium Lauryl Sulphate 1.0
Magnesium Stearate Ph Eur 1.0
Microcrystalline Cellulose USNF 139.5

The active ingredient was sieved and blended with the excipients. The
resultant mix was compressed into tablets.

B. WET GRANULATION

1. mg/tablet
Active ingredient 50.0
Polyviny! pyrollidone 150.0
Polyethylene glycol 50.0
Polysorbate 80 10.0
Magnesium Stearate Ph Eur 2.5
Croscarmellose Sodium 25.0
Colloidal Silicon Dioxide - 25
Microcrystalline Cellulose USNF 210.0

The polyvinyl pyrollidone, polyethylene glycol and polysorbate 80 were
dissolved in water. The resultant solution was used to granulate the
active ingredient. After drying the granules were screened, then
extruded at elevated temperatures and pressures. The extrudate was
milled andfor screened then was blended with the microcrystalline
cellulose, croscarmellose sodium, colloidal silicon dioxide and
magnesium stearate. The resuitant mix was compressed into tablets.



magnesi um s REE_LGEMEN’&‘ SEEETtant m X was conpressed into.tablets. 73 2.
ng/tabl et Aptfveé I ngréedient , 50. 0 Pol ysorbate
80 27FEB %97 | 3.0 Lactose Ph Eur

178.0 Starch BP 45. 0 Pregel ati ni sed
Mai ze Starch BR 22.5 Magnesi um St earate BP

1.5 The actjve ingredient was|sieved anggbl ended with the |actose, starch

.and pregel atmni SEd-TrEFze—starch. The poI ysorbate 80 was d| ssolved in

purified water. pu-tabte—rolures—ef—the—potysortate—_8f—sotrutTomrwere addgd
and the powders Wére granul ated. After drying. ~the granules aoie
Active ingredieht _ _ 50.0
Polysorbate 80 - | 30
i Lactose Ph Eur . | 178.0
Starch BP 45.0
Pregelatinised Maize Starch BP 22.5
Magnesium Stearate BP _ 1.5

The active ingredient was sieved and blended with the lactose, starch
and pregelatinised maize starch. The polysorbate 80 was dissolved in
purified water.. Suitable volumes of the polysorbate 80 solution were
added and the powders were granulated. . After drying, the granules were
screened and blended with the magnesium stearate. The granules were
‘then compressed into tablets. :

Tablets of other strengths may be prepared by altering the ratio of active
ingredient to the other excipients.

FILM COATED TABLETS

The aforementioned tablet formulations' were film coated.

Coating Suspehsion : ' % wiw
| Opadry whitet ; 13.2
Purified water Ph Eur to 100.0*

* The water did not appear in the final product. The maximum theoretical weight
of solids applied during coating was 20m’gltablet.

t Opadry white is a proprietary material obtainable from Colorcon Limited, UK
which contains hydroxypropy! methylcellulose, titanium dioxide and triacetin.

The tablets were film coated using the coating suspension in conventional film
coating equipment.
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were filmcoated using the coating suspension in conventional filmcoating
. _mg/capsule
Active ingredient ~ 500
Lactose 148.5
Polyvinyl pyrollidone 100.0
Magnesium Stearate 1.5

The active ingredieht was sieved and blended with the excipiénts. The mix was
filled into size No. 1 hard gelatin capsules using suitable equipment.

2. mg/capsule
Active ingredient 50.0
Microcrystalline Cellulose - 233.5
Sodium Lauryl Sulphate 3.0
Crospovidone 12.0
Magnesium Stearate 1.5

The active ingredient was sieved and blended with the exbipients. . The mix was
filled into size No. 1 hard gelatin capsules using suitable equipment. D

Other doses n;nay be prepared by altering the ratio of active ingredient to
excipient, the fill weight and if necessary changing the capsule size.

3. mg/capsule
| Active ingredient 50.0
Labrafil M1944CS to 1.0 ml

The active ingredient was sieved and blended with the Labrafil. The suspension
was filled into soft gelatin capsules using appropriate equipment.

Example 121

Inhibitory effect on cGMP-PDE

cGMP-PDE activity of compounds of the present invention was measured using
a one-step assay adapted from Wells at al. (Wells, J. N., Baird, C. E., Wu, Y. J.



v _ TREY A o 5%:; JHEBET .
74 CAPSULES iﬁb M N g] ' ng/ capsul e .
50. 0 Lactose

Agtive ingrgditen ’] '
148. 5 Pol yvi,n;{ g;l%ﬁ? me ' 100. 0 Magnesi um
St ear at e ¢ 1.5 The active ingredi ent was
si eved and ended with the e‘ci pients. The mx was filled into size No. 1
hard gel ati & Ui tabl e equvdnent. 2. _
ng/ capsul e Active i ngredl ent 50.0 o

C . 233.5 ' a »
gﬂuf;ﬁ;{ gSt al | hcquaCre n'llauA O.f eG, Biochim. Biophys. dcggpqm,dgﬁg (18%5)‘.J e reaction
12.0 medium contained 50mM Tris-HCI,pH 7.5, 5mM Mg-acetate, 250ug/ml 5'-

Nucleotidase, 1mM EGTA and 0.15uM 8-[H’}-cGMP. The enzyme used was a
human recombinant PDE V (ICOS, Seattie USA).

Compounds of the invention were dissolved in DMSO finally present at 2% in
- the assay. The incubation time was 30 minutes during which the total substréte
conversion did not exceed 30%. '

The ICsp values for the compounds examined were determined from
concentration-response curves using typically concentrations ranging from
10nM to 10uM. Tests against other PDE enzymes using standard methodology
also showed that compounds of the invention are highly selective for the cGMP
specific PDE enzyme. '

-cGMP level measurements .

Rat aortic smooth muscle cells (RSMC) pre'pared according to Chamley et al. in
Cell Tissue Res. 177, 503 - 522 (1977) were used between the 10th and 25th
passage at confluence in 24-well culture dishes. Culture media was aspirated
and replaced with PBS (0.5ml) containing the compound tested at the
appropriate concentration. After 30 minutes at 37°C, particulates guanylate
cyclase was stimulated by addition of ANF (100nM) for 10 minutes. At the end
of incubation, the medium was withdrawn and two extractions were performed
by addition of 65% ethanol (0.25ml). The two ethanolic extracts were pooled
and evaporated until dryness, using a Speed-vac system. ©c-GMP was
measured after acetylation by scintillation proximity immunoassay
(AMERSHAM).

The compounds according to the present invention were typically found to
exhibit an ICso value of less than 500nM, and an ECs, value of less than 5. In
vitro test data for representative compounds of the invention is given in following
Table 1:
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I'nhibitory E pounds t presen
i nvention —Lp-em#eﬁgpﬂ S
(wells, J. 0.15

36 <10 0.5

52 20 0.8

63 30 0.35

79 <10 0.15

82 20 0.5

84 10 0.4

89 10 <0.1

95 2 0.2

101 10 0.3

115 <10 0.4

Example 122

-Antihypertensive activity in rats

The hypotensive effects of compounds according to the invention as identified in
table 2 were studied in'conscious spontaneously hypertensive rats (SHR). The.
compounds were administered orally at a dose of 5mg/kg in a mixture of 5%

DMF and 95% olive oil.

Blood pressure was measured from a catheter inserted

in the carotid artery and recorded for 5 hours after administration. The results
are expressed as Area Under the Curve (AUC from O to 5 hours, mmHg.hour) of

the fall in blood pressure over time.

In Vivo Results

Example No. AUC PO (mmHg.h)
36 ' 99
63 85
79 171
82 111
84 77
89 117
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., found to exhibit an I C[err] value of less than 500nM and an EC[err] val ue

of less thams. IAdér,ﬁr;&"{oegﬁfoﬁﬁg&(pr represent ative corrpounds of the -
: 0

invention is given in followng Tab

R 0]

and salts and solvates thereof, in which:

RO represents hydrogen, halogen or C4_g alkyl;

Rl represents hydrogen, C4_galkyl, C.s alkenyl, C.s alkynyl, haloCq.
galkyl, Cs3 gcycloalkyl, Cgz.gcycloalkylCq.3alkyl, arylCq_zalkyl or
heteroarylCq_zalkyl; .

R2 represents an optionally substituted monocyclic aromatic ring
selected from benzene, thiophene, furan and pyridine or an optionally

i ( )::A |
substituted bicyclic ring . attached to the rest of the molecule

via one of the benzene ring carbon atoms and wherein the fused ringAis
a 5- or 6-membered ring which may be saturated or partially or fully
unsaturated and comprises carbon atoms and optionally one or two
heteroatoms selected from oxygen, sulphur and nitrogen; and |

R® represents hydrogen or C, alkyl, or R and R® together represent a 3-
or 4- membered alkyl or alkenyl chain.

2. A compound of formula (la)

(la)

and salts and solvates thereof, in which:

RO represents hydrogen, halogen or C1._g alkyl,

R1 ‘represents hydrogen, Cq_galkyl, haloC4_galkyl, C3z.gcycloalkyl,
Ca.gcycloalkylC1.3alkyl, arylC4_zalkyl or heteroarylC1.3alkyl; and

\
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err]M 1p 10

[<10 ] 2FEEB W97 105 52 . :

0.8 63 _ ‘30 ' 0.35° 79
<10 = - 0} 15 82 . 20

0.5 84 10 79 0.4 89
10 <0.1 95 2

0.2 101 2 10 ) L 0.3 115 .,
<10 R< represents; &n,@ptianahhy substituted monocyclic aromatic ring

selected from benzene, thiophene, furan and pyridine or an optionally

substituted bicyclic ring attached to the rest of the molecule

via one of the benzene ring carbon atoms and wherein the fused ring Ais
a 5- or 6-membered ring which may be saturated or partially or fully
unsaturated and comprises carbon atoms and optionally one or two
heteroatoms selected from oxygen, sulphur and nitrogen.

e RIS e o i

[y
l—. s

3. A compound according to Claim 1 of 2, wherein R° represents hydrogen.

4, A compound according to any of Claims 1 to 3, wherein R represents
hydrogen, C1-4alkyl, haloC1_4alkyl, Ca-gcycloalkyl,
Caz-geycloalkyimethyl, pyridylCq_gzalkyl, furylCq.3alkyl or optionally
substituted benzyl.

5._ A compound according to any of Claims 1 to 3, wherein R' and R®
together represent a 3-membered alky! chain.

6. A compound according to any of Claims 1 to 4, wherein R3 represents
hydrogen.

7. A compound according to any of Claims 1 to 6, wherein R2 represents an
optionally substituted benzene, thiophene, furan, pyridine or naphthalene
N
_ Lery,
ring or an optionally substituted bicyclicring Y where n is
1 or2 and X and Y are each CH5 or O. ' |

8. A cis isomer of formula (I) represented by formula (Ib)

E : :: \\'u\
(Ib)

ThlS Sheet Has'Been Reﬂlaced

IIII T




-Antig_y' - .a,,- =3 ms l| n rgts Tpe gypotengi ve effect_mié\
23?12& 1)55 Spo taneo\lgsl th pgftlenglnve IrgtsI ?SL%) eTﬁeWg(r)ﬁumnﬂ Hﬂ"’g’l’””m

admi nis'e e(giﬁjﬁw B fose of 5mg/kg in a mxture of 5% DVFtand 95% *
olive ojl{-Blood-pressufel was neasured froma catheter inserted in the
caroti df; ar‘t—ery»am——l@{ﬂd d for 5 hour fter admnistration. The results
are expiiessed as Area Under the Curve (AUC fromO to 5 hours, nmHg. hour) of

the fall T BlI'o6d pressure over time. In Vivo Results Exanple No.

AUC PO (mmHg. h) gfd mixtures thereof with its cis optical enantid?¥er® Including racemic

95 79 17 b0

111 84 mixtures, and salts and solvat %@ese compounds in whlch ROis

117 hydrogen or halogen and R', R and R® are as defined in any preceding
] claim. |

9.  Cis-2,3,6,7,12,12a-hexahydro-2-(4-pyridylmethyl)-6-(3,4-
methylenedioxyphenyl)-pyrazino[2', 1' : 6,1]pyrido[3,4-b]indole-1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-6-(2,3-dihydrobenzo[b}furan-5-yl)-2-
methyl-pyrazino[2',1':6,1]pyrido[3,4-b]indole -1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl)-2-methyl-
pyrazino[2',1'.6, 1]pyrido[3,4-blindole -1,4-dione;

Cis-2,3,6,7,12 12a-hexahydro-2-butyl-S-(4-methylphenyl)-

pyrazmo[2' 1':6,1]pyrido[3,4-bjindole -1,4-dione;

(6R,1 2aR)-2,3,6,7,12,1 2a-Hexahydro-2-isopropyi-6-(3,4-.
methylenedioxyphenyl)-pyrazino[2',1":6,1]pyrido[3,4-bJindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopentyl-6-(3,4- -
methylenedioxyphenyl)-pyrazinof2',1':6,1]pyrido[3,4-bjindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,1 Za-Hexahydro-Z-cyclopropylmeth;il-s-(4-
methoxyphenyl)-pyrazino[2',1":6,1]pyrido[3,4-bjindole -1,4-dione;
(6R,12aR)-2,3,6,7,12, 1Za—Hexahydro-S-(3—chloro-4»methoxyphenyl)—2—
methyl-pyrazino[2',1':6,1]pyrido[3,4-bjindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2',1':6,1]pyrido[3,4-bJindole-1,4-dione;
(6R, 12aR)-2,3,6,7,12,12a-Hexahydro-6-(3,4-methylenedioxyphenyl)-
pyrazino[2', 1' : 6,1] pyrido [3,4-b] indole-1,4-dione;

(5aR, 12R, 14aS)-1,2,3,5,6,11,12,14a-Octahydro-12-(3,4-
methylenedioxyphenyl)-pyrrolo[1",2" : 4',5']pyra2ino[2',1' : 6,1)pyrido[3,4-
blindole-5-1,4-dione;

and physiologically acceptable salts and solvates thereof.

10.  (6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2',1'.6,1]pyrido[3,4-bJindole -1,4-dione;
and physiologically acceptable salts and solvates thereof.
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77 Exanpl ae—Ne- — AUC PO. (nmHg. hy 95

135 101 ACEMENT § “1‘ 136 [er

sol vat es tiAd] Do o Y 2 7 2 R[err] represents hydr og }“ﬂ g'lﬂ“ﬂﬁml mL‘rr]
al kyl; Rgrr irogen, Clerr]alkyl, Cerr ckemyl® (§ervr]

al kynyl , Hal mw aC[ferr] cycloal kyl, ([ err] cycl oal kyl ([ err] al kyI
aryl d err]jalllkyl—or—het-ergdr yl Clerr]al kyB1 Wnere aryl nmeans. phenyl or phenyl
substitutgg By one or mor e (e.g. 1, 2 or 3) -

11. A compound accordlng to any of Clalms 1 to 10, for use in the treatment
of stable, unstable and variant angina, hypertension, -pulmonary
hypertension, chronic obstructive pulmonary disease, congestive heart
failure, renal failure, atherosclerosis, conditions of reduced blood vessel
patency, peripheral vascular disease, vascular disorders inflammatory

. diseases, stroke, bronchitis, chronic asthma, allergic asthma, allergic .
rhinitis, glaucoma or diseases characterised by disorders of gut motility.

12. Use of a compound according to any of Claims 1 to 10, for the
manufacture of a medicament for the treatment of stable, unstable and
variant angina, hypertension, pulmonary hypertension, chronic
obstructive pulmonary disease, congestive heart failure, renal failure,
atherosclerosis, conditions of reduced blood vessel patency, peripheral.
vascular disease, vascular disorders, inflammatory diseases, stroke,
bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma or
diseases characterised by disorders'qf gut motility.

13. A method of treating stable, unstable and variant angina, hypertension,
pulmonary hypertension, chronic obstructive pulmonary disease,
congestive heart failure, renal failure, atherosclerosis, conditions of ..
reduced blood vessel patency, peripheral vascular disease, vascular
disorders, inflammatory diseases, stroke, bronchitis, chronic asthma,

~ allergic asthma, allergic rhinitis, glaucoma or diseases characterised by
disorders of gut motility, in @ human or non-human animal body, which
method comprises administering to said body a therapeutically effective
amount of a compound according to any of Claims 1 to 10.

14. A pharmaceutical composition comprising a compound of the according
to any of Claims 1 to 10, together with a pharmaceutically acceptable
diluent or carrier therefor.

15. A process of preparing a pharmaceutical composition comprising a
compound according to any of Claims 1 to 10, which process comprises
mixing said compound together with a pharmaceutically acceptable
diluent or carrier therefor. |

-—
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- A_._--.

substituents Vg giiiogen, Clerr]al kyl, (err]al koxy and

met hyl enedi ox-,-; Hote | eans thienyl, furyl or pyi
optional Iy substit zﬁ%? nore (e.g. 1 2 or 3) su “ﬂ“““iﬁ“""l'"”“l
selected fro h|£ err]jalkyl and Cferr] al koxy; R err]crepresertts*a
nonocyclic ar¢ LI eleét €d from benzene, opti onal |y substituted by
one or nore (4. Gns Or ups conprising hal ogen, hydroxy,
Cerr]al kyl, @ ooy Terr] R[e%ﬁp; hal oC[ err] al kyl ,

hal o] err]al koxy, cyano, nltro and NRlerr]Rerr], or R[err] represents an
optionally substituted thiophene, furan, pyr|d|ne or a bicyclic ring [err].
attached to the rest of the nolecul e via one of the benzepe ring carbon
atons and wHrei A PRRCESSs &l Prepgring @ £ompasinds ofe )-n&"W&? JNORESS be
saturated or pargomptige®r fully unsaturated and corrprl ses carbon atons and
optionally one or tw heteroatons sel ected from oxygen, sul phur and

ni trogen;” where optional substitution means one or nore (e.g. 1, 2 or 3;

atonms or groups @oprocess N(A)fdropeepariigera JoompdundCiofr formaila dily wherein R

kyl - Cor Rerr] Pe}ﬁ%%iﬁﬁﬁ?ﬁé@#ﬁﬁ%%k?%{s”kﬁf §8§1i>n§¥9 ilthePs rpbind

of formula (1)

a

in which Alk represents C4.galkyl and Hal is a halogen atom with a
primary amine R1NHo; or

a process (B) for preparing a compound of formula (1), wherein R' and R®

together represent a 3- or 4-membered alkyl or alkenyl chain, which
process (B) comprises cyclisation of a compound of formula (Vill)

(VD)

wherein Alk represents Ci.ealkyl and R' and R® together represent a 3- or
4-membered chain both as defined above; or

a process (C) for preparing a compound of formula (I) wherein R®

represents Cisalkyl, which process (C) comprises cyclisation of a
compound of formula (X)

ThIS S 1
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Lol

menmber eqHE EMEN@ISEEET chain; and R err] and R err] are each hydrogen or
Cl er r ] al Kp=—F—Hp-er+ y al so represent-Clerr] 7al kanoyl ﬂ“ﬂllﬂl"llulll "munl
C’[err]aklzwig72 A conpound of fornula (la) [err

solvates th ) |r? which: Rerr] represents hydrogen, haldgeh dr &e r]
al kyl ; L9 .Rlerr] repfFegents hydrogen, Cferr]al kyl, hal o([err]alkyl,

C err]cycl oal kyl , C[err] cycl oal kyl.(J err]al kyl aryC[err] al kyl or
_heteroa&yﬁf:e:::} atlkydmrer e aryl means ®denyl or phenyl substituted by one
or nore (e.g. 1, 2 or 3) substituents selected from hal ogen, C[err]alkyl,

C err] al koxy and met hyl enedi oxy, and heteroaiyl means thienyl, furyl or

pyridyl each optionally substituted by one off nore (e.g. 1, 2 or 3)
OAlk

x)

wherein Alk represents C.salkyl and R® represents C.salkyl, substituted
at C, by a halogen atom; or '

process (A), (B) or (C) as hereinbefore described followed by

i) an interconversion step; and/or either
i) salt formation; or
iii) solvate formation.

17. Compounds of formulae (lI), (1it), (V), (VI), (ViI), (VIII) and (X), with the
“exception for compounds (lil), (V), (V1) and (VIi) whereln R® is hydrogen,
R? is phenyl and Alk is methyl.

/—-—.
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éftjbstituents &MEMEN?CS{M‘OQGH, derr] aI‘kyI and C[erir] al koxy; Rferr]
Fepresents a npnocyclic aromatfic ring: 'set:ected from benzene, optionally
substi tuted Ey 0@%55&”‘99? (le.jg. 1, 2 or 3) atons or groups comprising

hal ogen, hydroky, Clerr]alkyl,f CJerr]lkoxy, -CJerr]Rerr],

hal o( err] al kyt—hatr | Koxy, cyano, nitro and NRaRb, “or R2 represents
an optional Ik _substituted thi gphene, furan, pyridine, or a bicyclic ring
[err] attached to the rest of~ the nol ecul®via one,qf the benzene ring
carbon atons and wherein the fused ring Ais a 5- or' 6- nmenbered ring which
may be saturated or partially or fU||yd§§§ﬁi§é£i6d and conprises carbon
atons and optionally one or two heterod®s cted from oxygen, sul phur
and nitrogen, where optional substitution nmeans one or nore (e.g. 1, 2 or

3) atonms or gro AV o > | -
as defi ned abov,Esr et ‘1’ et EE e T S e S e S e v
or Rlerr] may also represent (Jerr] al kanoyl or ([err]al kyl sul phonyl. 3.

A conpound ac %ﬁll ' r 2, wherein R represent.s hydrogen. 4.
Aor .ﬂ%r[d;oﬁr?;l‘n g'}alg‘?ai

A conpound acc I'ng m 1 to 3, gherein Rl represents
hydr ogen, '

M

and salts and solvates thereof, in which:

RO represents hydrogen, halogen or C4_g alkyl; _

R1 represents hydrogen, C4_galkyl, C.salkenyl, C.¢ alkynyl, haloC4._galkyl, C3.

geycloalkyl, C3_gcycloalkylC1_zalkyl, arylC4.3alkyl or heteroarylC4.3alkyl;

R2 represents an optionally substituted monocyclic aromatic ring selected from
- benzene, thiophene, furan and pyridine or an optionally substituted bicyclic ring

A

@ attached to the rest of the molecule via one of the benzene ring
carbon atoms and wherein theé fused ring A is a 5- or 6-membered ring which -
may be saturated or partially or fully unsaturated and comprises carbon atoms
and optionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen; and

R® represents hydrogen or C,.5 alkyl,-or R' and R® together represent a 3- or 4-
membered alkyl or alkenyl chain. '

A compound of formula (1) is a potent and selective inhibitor of cyclic guanosine
3', 5-monophosphate spef_':iﬁc_-.- phé"sphbdi'esterase (cGMP specific PDE) having
a utility in a variety of therapeutic areas where suchinhibition is beneficial,
including the treatment of cardiovascular disorders.



[err]al kyl

—hal-od-errlal kyl . C e_r'r].Cyc'I oal kyl, Clerr]cycl oal kyll'r_ne‘{‘?ﬁ/ﬁ"fJ ores
pyr.i dyil C er [RiBi Asiirhid 'rm E"r_r] al kyl or optionally substituted benzyl. 5.
A ‘tonpound }Lﬁﬁlu}gﬁgﬁ '}raf 1, wherein R err] and R err] together '
represent aj 3} m | k Ikchai n. 6. A conpound according to C aiml1,
wherein Rletr}| " hiydf ogen. 7. A conpound ac ﬂl m '
Cains 1 to]6i—wherel erf |i represents an optionally gm ﬂwﬂme"m’" |1e,
t hi ophene, turan, pyri-dine or} naphthal ene ring or an -opti®ondl |y stbstituted
bicyclic rifg—ferri=where-ris 1 or R and X and Y are each CH2 or 0. 8.

A'cis isomer of formula (1)

represented by formula .(Ib)

lerr] an

m xtures thereof with its cis optical

m Xt ures,
or hal ogen
1.

and salts and sol vates ofCkANME conpounds in whi

- 7alkanoy] or C1.galkylsulphonyl. :

enanti oner, i ncl udi

A compound of formula (I)

U]

R!

and salts and solvates thereof, in which:

RO represents hydrogen, halogen or Cj.¢g alkyl; '

R! represents hydrogen, Cj-galkyl, Co¢ alkenyl, C,.¢ alkynyl, haloCy.galkyl,
C3.geycloalkyl, C3.geycloalkylCy. 3alkyl, arylCy._3alkyl or heteroarylCji.3alkyl,
where aryl means phenyl or phenyl substituted by one or more (e.g. 1, 2 or 3)
substituents selected from halogen, C].galkyl, Cj.galkoxy and methylenedioxy,
and heteroaryl means thienyl, furyl or pyridyl each optionally substituted by one
or more (e.g. 1, 2 or 3) substituents selected from halogen, Cj.¢ alkyl and Cj.

alkoxy; o

1612 Tepresents & monocyclic aromatic ring selected from benzene, optionally
substituted by one or mare (e.g. 1, 2 or 3) atoms or groups comprising halogen,
hydroxy, C).galkyl, Cj.galkoxy, -CO,R’, baloCjgalkyl, haloCj.galkoxy,
cyano, nitro and NR&RD, or R2 represents an optionally substituted thiophene,

D
furan, pyridine, or a bicyelic ring ‘3 attached to the rest of the

molecule via one of the benzene ring carbon atoms and wherein the fused ring A
is a 5- or 6-membered ring which may be saturated or partially or fully
unsaturated and comprises carbon atoms and optionally one or two heteroatoms
selected from oxygen, sulphur and nitrogen; where optional substitution means
one or more (e.g. 1, 2 or 3) atoms or groups comprising halogen, Cj.galky], C1-
salkoxy and arlel.galkyl as defined above; 3

and R® together represent a 3- or 4-

R® represents hydrogen or C,_; alkyl, or R’
membered alkyl or alkenyl chain; and _
R2 and RP are cach hydrogen or Cj.galkyl, or R2 may also represent C2.

A compound of formula (Iz) |

i

and salts and solvates thereof, in which: ctiption ; paged
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and R1, R

g SE ed in any preced| ng claim 9. Cis-2,3,6,7,
12,12a* hex i izsiu met hyl ) - 6- ( 3, 4- met hyl enedi oxyphenyl ) -
pyrazino[ 2"} [T yi1dg

: p
12a- hexahydy o 6263&]’;1 i B9Fr gbdnzo[ b] f uran-5-yl ) - 2- net hyl -
1':6,1 | pyrh do[ 3, 4-b]i ndol § 41 , 4-di one; G s-2,3,6,7, 12, ] mn "j'lﬁ"""ll””m
] pyri do[ 3, t_)_llndole-14d|cne Cs-2,3,6,7, 12,
12a- hexahydri 0- 2- but yT - 6- (4-et hyl pheny2 )= pyr azi no[2 1': 6, 1
12aR) -2, 3,6, 7, 12 12a- Hexahydro 2- |soprdpyl 6- (3, 4- et hyI enedi oxyphenyl ) -
pyrazi no[ 2', 1’ RS, rkpiepenes kiirget, B} igatioh, dhalol uealkyinGs.gEidpaliylaR) - 2, 3,G. 7,
1':6, 1] pyri do[ Phehybbs pistayisubititdtedibyrome drabdre (e.g. 1, 2 or 3) substituents selected
12aR) -2, 3, 6, 7, 1#oi heldiesa0Y alky?, -C Lyalkony @/ ety leyibdiGicy 4 Hereydriicmpdns-
pyrazi no[ 2 1 ml
12, 12a- Hexahydreu sélected froftlialispen, PO £ g\ellkyl andie€} [pdikoxy;
R2 mpresentsamonowchcaromaucrmgsclemdﬁ'ombenme,opnomny
hydroxy, Cy-galkyl, C;_galkoxy, -CO-R", haloCj_galkyl, haloC;_galkoxy, cyano,
nitro and NRZRD, or R represents an optionally substituted thiophene, furan,
one of the benzene ring carbon atoms and wherein the fused ring A is 2 5- or 6-
membered ring which may be saturated or partially or fully unsaturated and
oxygen, sulphur and nitrogen, where optional substitution means one or more
(e.g. 1, 2 or 3) atoms or groups halogen, Cj.galkyl, C;.galkoxy and aryiC,.;alkyl
R‘andeareeachhydrogen orCl.salkyl, or R® may also represent Cj.
7alkanoyl or Cj_galkylsulphonyl.

[ 3, 4-b]indol e-1, 4-di one; Cis-2, 3 6,7, 12,
2a- hexahydr -‘GRW hilenyl ) - 2- met hyl.= pyrazi no[ 2", ,
] pyrido[ 3, 4-b]indol e -1, 4-dione; (6R
12,1 2a- Hexahydsaydbauwwwawwcww ot beptroaryiC jozaliofl wlieye jayylamess( 2' |
&dch vpitiosally sulistitited by obé bk mbre@.g.2, 2. 6.3,
substituted by one or more (e.g. 1, 2 or 3) atoms or groups comprising halogen,
o
pyridine, or a bicyclic ring attached 10 the rest of the molecule via
comprises carbon atoms and optionally one or two heteroatoms selected from
" as defined above; and
3. A compound accordmgtoClum lor2, whereinR‘represents hydrogen.

4. A compound according to any of Claims 1 to 3, wherein R] represents hydrogen,
Ci-4alkyl, haloCj.gqalkyl, C3.gcycloalkyl, C3.gcycloalkylmethyl, pyridyiCy.
3alkyl, furylCj.3alkyl or optionally substimted benzyl.

5. - A compound according to Claim 1, wherein R' and R® together represent 2 3-
membered alkyl cham _

6. A compound aocording to Claim 1, wherein R® represents hydrogen.

7. A compound according to any of Claims 1 to 6, whmRzrepresentsan
- optionally substituted benzene, th:ophcne furan, pyndxne or naphthalene ring or

- aw, |
an optionally substituted bicyclic ring wherenisl or2and X
and Y are each CHj or O. _

8. Acisisomerofformxﬂa(l)represente&byformnla(ib)
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4-b]indole - 1, 4- di one; (6M

" b/ tier et 13, 4- thylenedloxyphenyl) py,
1] pyri do[ 3, 4 b ne; (6R ”m, !Mfll”ﬂ!
12aR) - 2, 3, 6, 7,128 dr d- 6- (3, 4- net hyl enedi oxyphenyl) DYT AZi
6,1] pyrido f{ %4-b] indole- J -di one; - (5aR, 12
| 4aS) -1, 2, 3,|5, 6.1 "17"172; = tahydro 12- (3 4-
met hyl enedi %ﬁh?ﬂ”!l-“VerlO[ ; 5] pyrazino[2', 1

6, 1] pyri do[ 3, 4-

b]i ndol e-5-172 dlone and phyS|oIog|caIIy acceptable salts

and sol vates thereof. 10. (6R 12aR) . 3,6,7, 12, _
12a- hexahydr o- 2- net hyl - 6- ( 3, 4- net hyl enedi oxyphenyl ) pyrazino[2', 1':6,

1] pyrido[ 3, 4- b]

'solvates thereof 11. A CoBPQ
use in the treatment of @
pul monary hypertension, ch

heart failure,
vessel patency,

10,

11.

i ndol e -1, 4-di one; and phy@i ol ogi cal | y acceptable salts and
(gg torany of Clainms | to 10, for
ri ant angi na, hypertension,
nonary dpggase, congestive
condi ti ohs” of reduced bl ood

renal failure, ¢
peri pheral vascular R
and mixtures thereof with fts cis opncal enantiomer, mcludmsrmcmnmxres
and salts a.nd solvates of these compounds in which R° is hydrogen or halogcn :
and R', R® and R? are as defined in any preceding claim.

© Cis-2,3,6,7,12,12a- 0-2~(4-pyridylmethyl)-6-(3,4-methylenedioxyphenyl)-

pyrazino[2', 1': 6,1]pyrido[3,4-bJindole-1,4-dione;
Cis-2,3,6,7,12,12a-hexshydro-6-(2,3-dihydrobenzo{b)furan-5-yl)-2-methyl-
pyrazino[2',1':6,1]pyrido[3,4-b]indole -1,4-dione;

. Cis-2,3,6,7,12 IZa-hanhydro-s-(S-bromo-z-thtenyl)-Z-methyl-
pyrazino[2',1":6,1]pyrido[3,4-b)indole -1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4-methyiphenyl)-
pyrazino[2',1:6,1]pyrido[3,4-bjindole -1,4-dione;

.(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-isopropyl-6-(3,4-methylenedioxyphenyl)-
pyrazino[2',1"6,1]pyrido[3,4-b]indole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopentyl-6-(3,4-

~ methylenedioxyphenyl)-pyrazino[2',1':6,1]pyrido[3,4-bJindole -1 4-d10ne
(6R,122aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopropyimethyl-6-(4-methoxyphenyl)-
pyrazino[:Z',1':6,1]pyxido[3,4-b]indole -1,4-dione;
(6R.12aR)-2,3,6,7,12,12a-Hexahydro-6-(3-chloro-4-methoxyphenyl)-2-methyl-
pyrazino[2',1:6,1]pyrido[3,4-bJindole -1,4-dione; -
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-
pyrazino[2',16,1]pyrido[3,4-blindole-1,4-dione;

(6R, 12aR)}-2,3,6,7,12,12a-Hexahydro-6-(3,4-methylenedioxyphenyl)-pyrazino[2',
1': 6,1] pyrido [3,4-b] indole-1,4-dione; -

(52R, -~ 12R, 14a8)-1,2,3,5,6,11,12,14a-Octahydro-12-(3,4~
methylenedioxyphenyl)-pyrrolo[1%,2" : 4'5lpyrazinof2',1' : §6,1]}pyrido[3,4~
blindole-5-1,4-dione;

and physiologically acceptable salts and solvates thereof.

(6R,12aR)-2,3,6,7,12,12s-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-
pyrazino[2',1':6,1]pyrido[3,4-blindole -1,4-dione;
and physiologically acceptable salts and solvates thereof.

A compound according to any of Claims 1 to 10, for use in the treatment of
stable, unstable and variant angine, hypertension, pulmonary hypertension, chronic
obstructive pulmonary disease, congestive bheart failure, renal failure,
atherosclerosis, conditions of reduced blood vessel patency, peripheral vascular
disease, vascular disorders inflammatory diseases, stroke, bronchitis, chronic
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Ct & 4 diLo ders of gut notility. 13.
i ,%éﬁaﬂla?y”of . dains 1 to 10, for the nam,'mmﬂ”ﬂ'ﬂ’m
rt e 0of stabl e, unstable and var ant b
hypertensi onf pul monary hypertgnsion, chronic obstructive pul nobnary
di sease, congg AT ~ure, renal failure, atherosclerosis,
condi tions of reduced bl ood vessel patency, peripheral vascul ar di sease,
vascul ar di sorders, inflammtory di s€aSeS, stroke, bronchitis, chronic
asthma, allergic asthma, allergic rhinitis, glaucoma or diseases '
charact eri sed bysthinsoalibegic asthrg, mllergici fhinitis, gisicoma/omdiseases: characgenised by
conpositi on comnmdisoxiersjofagut emepilitynd of the according to any of Clainms 1 to
10, together with a pharmaceutically acceptable diluent or carrier. '
12.  Use of 2 compound according to any of Claims 1 to 10, for the.ma.nufacnne c..afa
medicament for the treatment of stable, unstable and variant angina, hypertension,
pulmonary hypertension, chronic obstructive pulmonary disease, congestive heart
failure, renal failure, atherosclerosis, conditions of reduced blood vessel patency,
peripheral vasculer disease, vascular disorders, inflammatory diseases, gn*n
bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma or diseases.
characterised by disorders of gut motility. .

13. A phmceuﬁcﬂ composition comprising a compound of the according to any_of
Claims 1 to 10, together with a pharmaceutically acceptable diluent or carner
therefor. ' S .

14, A.wmussofpnmuhgaiphum@uuﬁaﬂ:mnmmﬁﬁon:mnmﬁqmgatgqmpmn@
according to any of Claims 1 to lo,whichprocesscnmpnm.mmngsud
compound together with a pharmaceutically acceptable diluent or carier therefor.

15. AJHDmasofmmpadngacmnmmundofﬁnumﬂaﬂn.wmkanouusconnuﬁms

a;uoqus(Aoﬁmrpnnmﬂngatconummﬁdcfibnmﬂs(D,vﬂuwdmlf'ﬂwnuﬂns
hydrogen which process (A) comprises treating a compound of formula (I
. (o}

R° OAlk -
N CH, Hal :
N R |
H Rz o) )
~ in which Alk represents Cj_galkyl and Hal is 2 halogen atom, with a primary
" amine RINHj; or ' :

.a;noass(B)ibr;quﬁng:;conmoumiofﬁmnmh:cbtvﬂﬁqﬁnlﬁ and R®
uuyﬂuanneumzaB-or44n=mbamdaﬂwﬂmrdkunﬂchum.whuﬁ;uomus(B)
Foe comprises cyclisation of a compound of formula (VIII)

wherein Alk represents C.ealkyl and R’ and R® together represent & 3- or 4
membered chain both as defined above; or _ .

i



t heref or. ,‘w I*m ry; ‘ii': prepari ng a pharnmaceutical conposition

conpri si r .4....\...“. =5t fling to any of Cains 1 to 10, which process
conpri ses m i npobnd together wi th a pharmaceut

di luent o rigéiﬁtmgf pr} 15. A process of prepari ndl“ﬂmmimﬁuﬂmlmr
formula (- ),_M_Lg_h_pr_gge_s_s conprises: a process (A) for prepaéring & S
compound ¢f fornula (1), wherein R3 represents hydrogen whi ch process (A)
conpri sesh ' 1d of formula (I11) [err] in which AIkrepresents

A0t GO R-OHH
Clerr]alkyl and Hal is a halogen atom wth a prlrrary am ne RINH2; or a
process (B) for preparing a corrpound'of5 formula (1), wherein RL and R err]
together represent a 3- or 4-nenbered al kyl or alkenyl chain, which process
(B) conprises cyclisation of a conmpound of fornula (Vi) [err] wherein Al k

represents C er rg grolksss (@ﬁrwﬁ%ﬁmﬁhk‘%f&rﬂmﬁ@?ﬂhﬁﬁﬁ f¥préseni I per ed
chain bOt h as dehlkilhith &esﬂ(C)compnsescychmonofacompoundofformuh(X)

wherunAlkreprmsCHﬂkylandR’represmscz.,ﬂkyl, substmnedatC;bya
halogen atom; or

 process (A), (B) or (C) as hereinbefore described followed by
i)  an interconversion step; and/or either |
#) salt formation; or
iii)  solvate formation.

'16.  Compounds of formulae (), COX), CV), (VD, (VID, (VII) and OO
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82 a ':T-=”' |ng a conpound of forrrul a (I) wherein R3
represent: 2 Ivhi ch process (C) conprises cycl‘l Ummu
canpound}: CFB%W efr] wherein ALk represents Clerr m”
represean err ls bstituted at CJerr] by a hal ogen atom “or prbce’Ss

(A, (Bfo Injef ore described followed by i) = an
I nt ercon ersi ort step and/or either ii) - salt formatlon_; or iii) _
sol vat e formattom—F6———Conpounds of fornulae (I'1), (1), (V), (VI),
(M), (VI) and (X) [err] = -6 - '
(VD
0
where R® and R? areherembeforedeﬁnedasmcmm 1, R! and R? together
reprcsentaS-or&membuedalkylordkmylchun.R’npresemsCuﬂk}i
substituted at Cy by a halogen- atom, Alk represents Cj.galkyl and Hal is 2
halogen atom, with the exception of compounds (IIT), (V),(VI)and(VlI)wheran
R’ is hydrogen, R? is pheny! and Alk is methyl.
N




83. [err] where R and Rlerr] are hereinbefore defined as in O aiml, B2y 2>
R3 to etﬁeh;i ; E‘t -8-3-...0r._4: menber ed al kyl or al kenyl EMBNT SHEE |
represents. (e K ‘P HEGbSt i 4t ed Jat Cerr] by a hal ogen atom Al k

CL

repres l.fﬁ};;. 1K ~arf@ Mak<i.s. a hal ogen atom vvl‘th t he exception of
conpob Sr’] [k?{ (R\?ﬁ«i(lﬂt)r anged (WI I[) wherein Ris Fy Lf’ﬂ Rerr] Is =
phenyil i‘?‘?ﬂf}"w *’fsgzégd yh. to _,}( °d : ?8 eﬁﬁgi\[{’ SHEET

!
|_DATE OF RECEIPT. '”'W rd |
L A compound of formula (1)

- and salts and solvates thereof, in which:

RO represents hydrogen, halogen or C1_g alkyl; '

R! represents hydrogen, Ci-galkyl, C,¢ alkenyl, C, ¢ alkynyl, haloC/.galkyl,
C3.geycloalkyl, C3_gcycloalkylCj_3alkyl, arylCj_3alkyl or heteroarylCj_jalkyl,
where aryl means phenyl or phenyl substituted by one or more (e.g. 1, 2 or 3)
substituents selected from halogen, Ci_galkyl, Cj.galkoxy and methylenedioxy,
and heteroaryl means thienyl, furyl or pyridyl each optionally substituted by one
or more (e.g. 1, 2 or 3) substituents selected from halogen, C_g alkyl and C;.
saltkoxy;

R2 represents a monocyclic aromatic ring selected from benzene, optionally
substituted by one or more (e.g. 1, 2 or 3) atoms or groups comprising halogen,
hydroxy, Cj.galkyl, Cj_galkoxy, -CO,R’, haloCi_galkyl, haloCj_galkoxy,
cyano, nitro and NR2RP, or RZ represents an optionally substituted thiophene,

a®
attached to the rest of the

furan, pyridine, or a bicyclic ring
- molecule via one of the benzene ring carbon atoms and wherein the fused ring A

is a 5- or 6-membered ring which may be saturated or partially or fully

unsaturated and comprises carbon atoms and optionally one or two heteroatoms

selected from oxygen, sulphur and nitrogen; where optional substitution means

one or more (e.g. 1, 2 or 3) atoms or groups comprising halogen, Cj_galkyl, Cy.

galkoxy and arylC, ;alkyl as defined above;

R” represents hydrogen or C,; alkyl, or R' and R’ together represent a 3- or 4-

membered alky! or alkeny! chain; and

R2 and RD are each hydrogen or Cl.@lkyl or R2 may also represznt Co.
7alkanoyl or Cj_galkylsulphonyl.

2. A compound of formula (Ia)

(1a)

and.salts and solvates thereof, in which:

RO represents hydrogen, halogen or Cj_g alkyl;

A A
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R! represents hydrogen, Cy_galkyl, haloCy_galkyl, C3_gcycloalkyl, Cs.

gcycloalkylCy _3alkyl, arylCy_jalkyl or heteroarylCy_jalkyl, where aryl means
phenyl or phenyl substituted by one or more (e.g. 1, 2 or 3) substituents selected
from halogen, Cy_galkyl, Cy_galkoxy and methylenedioxy, and heteroaryl means
thienyl, furyl or pyridyl each optionally substituted by one or more (e.g. 1, 2 or 3)
“substituents selected from halogen, C1_g alkyl and C|_galkoxy;

R4 represents_a_monocyclic aromatic ring selected from benzene, optionally
substituted by one or more (e.g. 1, 2 or 3) atoms or groups comprising halogen,
hydroxy, Cy_galkyl, Cq_galkoxy, -CO;R”, haloCy.galkyl, haloCy_galkoxy, cyano,
nitro and NR3RD, or RZ represents an optionally substituted thiophene, furan,

pyridine, or a bicyclic ring attached to the rest of the molecule via

one of the benzene ring carbon atoms and wherein the fused ring A is a 5- or 6-
membered ring which may be saturated or partially or fully unsaturated and
comprises carbon atoms and optionally one or two heteroatoms selected from
oxygen, sulphur and nitrogen, where optional substitution means one or more
(e.g. 1, 2 or 3) atoms or groups halogen, Cj.galkyl, Cj-galkoxy and arylCyatkyl
as defined above; and

R2 and RP are each hydrogen or Cj.galkyl, or R? may also represent Ca.
7alkanoyl or Cj_galkylsulphonyl.

3. A compound according to Claim 1 or 2, wherein R® répresents hydrogen.

4, A compound according to any of Claims 1 to 3, wherein R! represents hydrogen,
Ci4alkyl, haloCj_4alkyl, C3_geycloalkyl, C3.gcycloalkylmethyl, pyridyliCj.
3alkyl, furylCj_3alkyl or optionally substituted benzyl.

S. A compound according to Claim 1, wherein R' and R* together represent a 3-
membered alkyl chain. :

6. A compound according to Claim 1, wherein R? represents hydrogen.

7. A compound according to any of Claims 1 to 6, wherein R? represents an
optionally substituted benzere, thiophene, furan, pyridine or naphthalene ring or

. X
(G, |

an optionally substituted bicyclic ring Y wherenis 1 or 2 and X
and Y are each CHjp or O.

8. A cis isomer of formula (I) represented by formula (Ib)

/
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and mixtures thereof with its cis optical enantiomer, including racemic mixtui‘es,
and salts and solvates of these compounds in which RC is hydrogen or halogen
and R!, R” and R? are as defined in any preceding claim.

9. Cis-2,3,6,7,12, 12a-hexahydro-2-(4-pyridylmethyl)-6-(3,4-methylenedioxyphenyl)-
pyrazino{2', 1' : 6,1]pyrido{3,4-blindole-1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-6-(2,3-dihydrobenzo{b]furan-5-yl)-2-methyl-
pyrazino[2',1':6,1]pyrido{3,4-b]indole -1,4-dione; '
Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl)-2-methyl-
pyrazino{2',1":6,1]pyrido[3,4-bJindole -1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4-methylphenyl)-
pyrazino{2',1':6,1]pyrido[3,4-blindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-isopropyl-6-(3,4-methylenedioxyphenyl)-
pyrazino(2',1":6,1]pyrido[3,4-blindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopentyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2',1':6,1]pyrido[3,4-bJindole -1,4-dione;
(6R,12aR)-2,3,6,7,12, 12a-Hexahydro-2-cyclopropylmethyl-6-(4-methoxyphenyl)-
pyrazino[2',1':6,1]pyrido[3,4-bJindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(3 -chloro-4-methoxyphenyl)-2-methyl-
pyrazino{2',1:6,1]pyrido{3,4-blindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyi-6-(3 ,4-methylenedioxyphenyl)-
pyrazino[2',1':6,1]pyrido{3,4-bJindole-1,4-dione;

-~ (6R, 12aR)-2,3,6,7,12,12a-Hexahydro—6—(3,4-methylenedioxyphenyl)—pyrazino[2',
1': 6,1] pyrido [3,4-b] indole-1,4-dione;
(52R, 12R, 14aS)-1,2,3,5,6,11,12, 14a-Octahydro-12-(3,4-
methylenedioxyphenyl)-pyrrolo{1",2" : 4'Spyrazino(2',1' : 6,1]pyridp(3.4-
blindole-5-1,4-dione;’ '
and physiologically acceptable salts and solvates thereof. .

10.  (6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-
- pyrazino[2',1:6,1]pyrido[3,4-b]indole -1,4-dione;
and physiologically acceptable salts and solvates thereof.

11. A compound according to any of Claims 1 to 10, for use in the treatment of
stable, unstable and variant angina, hypertension, pulmonary hypertension, chronic .
obstructive pulmonary disease, congestive heart failure, renal failure,
atherosclerosis, conditions of reduced blood vessel patency, peripheral vascular
disegse, vascular disorders inflaimmatory diseases, stroke, bronchitis, chronic

* c L n S *
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asthma, allergic asthma, allergic rhinitis, glaucoma or diseases characterised by
disorders of gut motility.

12. Use of a compound according to any of Claims 1 to 10, for the manufacture of a
medicament for the treatment of stable, unstable and variant angina, hypertension,
pulmonary hypertension, chronic obstructive pulmonary disease, congestive heart
failure, renal failure, atherosclerosis, conditions of reduced blood vessel patency,
peripheral vascular disease, vascular disorders, inflammatory diseases, stroke,
bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma or diseases
characterised by disorders of gut motility.

13. A pharmaceutical composition comprising a compound of the according to any of
Claims 1 to 10, together with a pharmaceutically acceptable diluent or carrier
therefor. '

14. A process of preparing a pharmaceutical composition comprising a compound
according to any of Claims 1 to 10, which process comprises mixing said
compound together with a pharmaceutically acceptable diluent or carrier therefor.

15. A process of preparing a compound of formula (I), which process comprises:

a process (A) for preparing a compound of formula (I), wherein R® represents
hydrogen which process (A) comprises treating a compound of formula (II)

in which Alk represents Cj_galkyl and Hal is a halogen atom, with a primary
amine RINH,; or ’

a process (B) for preparing a compound of formula (I), wherein R' and R’

together represent a 3- or 4-membered alkyl or alkenyl chain, which process (B)
comprises cyclisation of a compound of formula (VIII)

(vim

wherein Alk represents C,qalkyl and R' and R? together represent a 3- or 4-
membered chain both as defined above; or

O O
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a process (C) for preparing a compound 6(" formula (I) wherein R® represents C,.
salkyl, which process (C) comprises cyclisation of a compound of formula (X)

| wherein Alk represents C, ¢alkyl and R’ represents Ca.salkyl, substituted at C; by a
halogen atom; or :

process (A), (B) or (C) as ﬁereinbeforé described followed by
i) an interconve_rsion step; and/or either

i) salt formation; or
iii) solvate formation.

16.  Compounds of formulae (D, @D, (V), (VI), (VID), (VII) and (X)

(VD

O g
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where R’ and R? are hereinbefore defined as in Claim 1, R' and R® together
represent a 3- or 4-membered alkyl or alkeny! chain, R’ represents C,salkyl
substituted at C, by a halogen atom, Alk represents Cj_galkyl and Hal is a

halogen atom, with the exception of compounds (IIT), (V), (VI) and (VII) wherein
R’ is hydrogen, R” is phenyl and Alk is methyl.
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