WO 2010/ 128061PCT/ EP2010/ 056062 NOVEL | SOQUI NOLI NE DERI VATI VES The
invention relates to conpounds whi ch have gl ucose uptake activity and are
useful i rwohelwnewtnent of di abetes. The invention rel aPe3/EPR01PARGKZUl ar t O
a conmpound of forrmula (1) 5 (I) wherein R is hydrogen, alkyl, alkenyl,
phenyl al kyl , pyridinyl al kyl, al kyl pyrazol yl al kyl, carboxyal kyl,

al koxycar bonyl al kyl , al kyl am nocar bonyl al kyl or oxetyl am nocar bonyl al kyl ;
10R4 is hal ogen or al koxy; R5 is hal ogen or al koxy; R6 is hydrogen or

hal ogen; R7 is hydrogen or hal ogen; and wherein R2 and R3 are a), b) or c)
WO 2010/ 128061PCT/ EP2010/ 056062 - 2 - a) one of R2 and le is hydrogen and
the other one is selected from phenyl, al kenyl and al kynyl;

NOVEL ISOQUINOLINE DERIVATIVES

The invention relates to compounds which have glucose uptake activity and are

useful in the treatment of diabetes.

The invention relates in particular to a compound of formula (1)

5
wherein
R'is hydrogen, alkyl, alkenyl, phenylalkyl, pyridinylalkyl, alkylpyrazolylalkyl,
carboxyalkyl, alkoxycarbonylalkyl, alkylaminocarbonylalkyl or
oxetylaminocarbonylalkyl;
10 R*is halogen or alkoxy;

R’is halogen or alkoxy;
R®is hydrogen or halogen;
R”is hydrogen or halogen;

and wherein R* and R’ are a), b) or ¢)



b) R2 and R3 are both at the same tine al kyl, al kenyl or alkynyl; c) R2 and
| e together with the carbon atomto which they are attached form

5cycl oal kyb,20nyieBwal kenyl , oxetyl or tetrahydropyranyl; pcamPeves@sn t he
bond between Ca and Cb is a single bond a doubl e bond; or a

phar maceutically acceptable salt thereof;"with the proviso that

13,22 T soqui Abl i AEE O o Enpirott el e Pt 8 9eded far el IS,

di oxol o [4, 5-9] i seauhlRenyf;3, 2-a] isoquinoline; 8,8-diethyl-9,10-di nethoxy-
5,8,13, 13a-tetrahydro-6H [1,3] dioxolo [4,5-g] isoquino [3,2-a]

i soqui noline; 8-allyl- 10-di.met hoxy-5,8, 1 3a-tetrahydro-6H [1, 3]
dioon0[4,5-g]%?so&u?ﬁ%ﬁi§?§pg]mﬂE%ﬁ%?%%@Fﬁ@?&aﬁﬁnﬁ(“aﬂ:nﬂ’

8-al l y1-9, 10-di net hoxy-5, 8-di hydro-6H 11, 31 di oxol o[ 4, 5-q]

i soqui no[ 3, 2- al} soqtuRdRT fogeth®s Wwih diaetboxyteBr toeritickthenyie-Htashadi foydr o- 6H-

15[ 1, 3] di oxol 014, 5-g]i soqui.n 3,2-al ,isoqui npline; .

9, 10- di rfet hoxy- 8- ph Bsgfﬁdoakﬁpéﬁaﬁ%ﬁprF%?@$§@W6%®%o [4,5-g] isoquino
[3,2-a] isoquinoline; and 9, 10-di net hoxy-

8, 8- di net hy1- 5, Sidkhetdathebsrahydweenattahll, S)is diiaxlelbohd obagpubls bgudino[ 3, 2-
ali soqui noline are excluded. The invention also relates to a process for

t he manuf acture of these novel 20 gﬁnﬁgggdsfand medi canment s cont ai ni ng
them The comp8hAGEIERAEHECAYIERPRBY SHAVE P ucose uptake activity, which
results in | owered bl ood glucose. The invention thus al so concerns the use

of such conpourds theprdvisd thitemt0rainietodxyres-alhatthgl- 5B sklagies-65liEh3 ldgoxolo
hypergl ycem a and type .2 diabetes.and for .the uf.act.ure of .eonrrespondi ng
nedi canents. 2 ﬁﬁéﬁégﬁ@n? %54 %WBHF@nﬁﬁ¥%ﬂ5ﬂD%5§$§%Fﬁ OXE?%LQ%W%E) ousands
ofdm' I lipns of [p,@lﬁpbmé[@,ﬂg}g@h@g@%,m@ﬂgﬂ@lm &gacﬁﬂhﬂtQ,i@aimM?m-or o
reduction in insulin secretion due to autoi ne .destruction of 3- sis
responsi bl e for5’8t>Vp]é’alteﬁi‘%é?'égl'ﬁe?]ﬁquﬂg).[g{%%‘f@o%r%@ﬁ?oélﬁfm?ll}?;%'%’&fpe 2
di abet es, ~accoynosdifRind¥pr5R, e -RR%Riro G625 £53 | didkeldabhggeqeisbs,ph] type 2
di abetes is conpl ex, involving progressive $eéelqﬁqgni,of 'Efyan
resi stance and lquelqhéﬁ;af‘r@lb’é9 tqiprediey- Hsdinydior-oid-[d 2ddigrqlsiboBkadi ng to
overt hyperglyg ﬁ‘ro[§QIa|]]is@)c¥1ﬁﬁol§ne§§',@O-Td}{rﬂ@thgxxfih%Qﬁi—@sen(}la&l%édiﬁy}a@o—%m ri sk of
onp

debilitating long-termc I cations, including

15 {1,3]dioxolo{4,5-g|isoquino(3,2-a]isoquinoline; 9,10-dimethoxy-8-phenyl-5,8-
dihydro-6H-[1,3]dioxolo[4,5-glisoquino(3,2-a] isoquinoline; and 9,10-dimethoxy-
8,8-dimethyl-5,8,13,13a-tetrahydro-6H-[1,3] dioxolo[4,5-glisoquino|3,2-

a)isoquinoline are excluded.

The invention also relates to a process for the manufacture of these novel
20 compounds and medicaments containing them. The compounds of the invention have
glucose uptake activity, which results in lowered blood glucose. The invention thus also
concerns the use of such compounds for the treatment of metabolic diseases such as
hyperglycemia and type 2 diabetes and for the manufacture of corresponding

medicaments.

25 Diabetes is a chronic metabolic disorder affecting thousands of millions of people in
developed and developing countries. Lack or reduction in insulin secretion due to
autoimmune destruction of B-cells is responsible for type 1 diabetes mellitus. The more
prevalent form, type 2 diabetes, accounts for more than 90% of cases. The pathogenesis of
type 2 diabetes is complex, involving progressive development of insulin resistance and a

30 relative deficiency in insulin secretion, leading to overt hyperglycemia. Both type 1 and

type 2 diabetes carry the same risk of debilitating long-term complications, including



WO 2010/ 128061PCT/ EP2010/ 056062 - 3 - retinal danage |eading to blindness,
ki dney di sease, nerve danage | eading to foot anputations, and m cro- and
macr ovasowbaniodizssase. Since dietary nodification and i rRCTERI@/OPIVYSI ca
activity provide insufficient glucose control over the |long-term course of
t he disease, the vast mpjority of patients require sone type of

phar macol ogi cal .5 interyventi on. .kn response tq the.enormty of the
growi ng pr g‘ﬁ’rnéﬁlarﬁ‘l‘geg?é\dé“gtt(? q?lﬁgﬂ‘fs?’flﬁé%eﬁﬁs& gﬁ?eﬁl%e ﬁaer\r/l\f% H%arram 8 Ifé%tl cal agents
f ﬁr t yIOfef 2 aﬂip@%ﬁlbﬁé‘g aha\ﬁ;ﬁc@féaﬁd hfh@fdlizaﬁiuh@ dﬁémihaedibtyll'ﬁ modiﬁc:gfdn andar s].c
These efforts have resul ted recent int successful introduction o
several neWrdsased PREBIAGHTGHRIOVIS dn%‘gldq“ﬁt éﬁléPserFé’%%PL‘é‘feéﬁ?eelg nsEdrt %(}ﬂr?ey(ff
there are ghe&disdagsS #eSvaf m@osty dHapbiat FaE @gine @lpeadphtsnavhigicabl e to treat
type 2 diabetes including sulfonylureas, neglitinides, netformn (a

bi guani de) INENFREY)-i di nedi ones and a- gl ucosi dase inhibitors. Sul fonyl ureas
and neglitinides take effect through stimulation of insulin secretion.

Metformn can $yRRpESS haRAWoEmE) BEMSSrdviagd pestlan; effods b ieandl dndi deeclopne
cl ass targets on peripheral tissue insulhn resi stance; and a-ﬂlucosidase

i nhi bi t or s NeWPhaHRdsQgishaseRisdakBBGA diabetss hawsdser neesBgNapaialy B R tgut .

Sitaglipti Qeg(rg.myé @Qrissha - RSl Rana9tn agaNLEsAatinied asiolidpenkiaibw
peptidase I'V (DPP-4) inhibitors for the treatnment of type 2 diabetes.

It has sur prergnengoptipeseand addidonahaew thrsariswpotnisady. dhere R shr dawseofioflent i on
i nduce gz g Adld ! 18k e ddL B Pallfohelukas ] Y good

bi oavai abgﬁgﬁy%%gﬁgﬁégﬁggﬁgagﬁ%?ﬁgﬁétﬁﬁggﬁ?ﬁﬁﬁwgre tﬁgrefo?% useful in the
treat ment ofegtitinkies esetfo2hs (atsgehnid) ahinzolidieedienanatdlokglutosalashimhdritors

conbi nation signifies saturated, linear- or branched.chain alkyl group

cont ai ni ng SflfP’éYlBr,eai)‘i“éf %‘Fglﬂ % “ﬂiﬁ eé‘{ec't Foa18 PE@&?@BW? anngn ¥t %on at ons,

for exanpl e e@drhh car%xgiﬂ'esls Eé}%@i llucbS&qRb8RMon; drehbiaydlidiediditeydass tagges dut yl
n a y 1

and the like. Preferre 1" groups are nmethyl and ethyl. The term
"al koxy" alperiphan! tissuciopddimasistances inphiufalecosidasgrivhipitarsicpn idibit {iedreakdowRe 25

"alkyl" is as define bove;. f.or €. Met hoxv,. .

i sopr opg‘!ﬁ(y,"?ﬁglﬁﬁ[eé@r, ° chtmed%t/lj ¢ gﬁéﬁ{%ﬂ)@tm & ‘J’b]lﬁvil%)if/g%?‘g%%ﬁ%&{agg@xg}ngf%r red

al koxy groupsepade peptifox yv &DdpPet) hinhipitandomthe erepinefe patyby 2 aebhiexy. The term
"al kenyl " alone or 1 n conbination signifies an al kyl group as defined above

wherein one or nore carbon-carbon single bond is r o

car bon- car bon dbASISEPIE N FnE%ﬁﬁ%%%gﬁ%F°§W§%%§Vﬁ§$%€%§%%nyfﬁn%ﬁ%ﬂ%gﬁi?,
n-but enyl , dooByhebyd upailad dctieit! tokeaheRrie epneidulatlkgoyd bipemilpbiligr. &het henyl ,
propenyl and i -prqgpenyl . . The term"cycloal kyl" alqne,or in conbination
refers to a?ogﬁ’toﬁflg{) %fg%ﬁ 48T #18 éhec’rgéc?{ ea\l%ﬁﬂbn W&Fﬁagn?‘% O? d@k‘?tﬁsdn at ons,
preferably from3 to 6 carbon atons, for exanple, WO

2010/ 12%) 61PC-I-/AESI?JZSQ&- Qér%srl?gpezterm “alkyl” alone or in combination signifies a saturated, linear-

or branched chain alkyl group containing 1 to 8, preferably 1 to 6, more preferably 1 to 4
carbon atoms, for example methyl, ethyl, propyl, isopropyl, 1-butyl, 2-butyl, tert-butyl and
the like. Preferred “alkyl” groups are methyl and ethyl.

The term “alkoxy” alone or in combination signifies a group alkyl-O-, wherein the
25 “alkyl” is as defined above; for example methoxy, ethoxy, propoxy, isopropoxy, n-butoxy,
i-butoxy, 2-butoxy, t-butoxy and the like. Preferred alkoxy groups are methoxy and ethoxy
and more preferably methoxy.

The term “alkenyl” alone or in combination signifies an alkyl group as defined above
wherein one or more carbon-carbon single bond is replaced by a carbon-carbon double
30 bond. Examples of alkenyl are ethenyl, propenyl, n-butenyl, i-butenyl and the like.
Preferred alkenyl groups are ethenyl, propenyl and i-propenyl.

The term “cycloalkyl” alone or in combination refers to a saturated carbon ring

containing from 3 to 7 carbon atoms, preferably from 3 to 6 carbon atoms, for example,



- 4 - cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the
like. A preferred cycl oal kyl group is cycl opentyl. The term

"cycl oal kwoybio/@2Bwme or in conbination refers to a cycl ealrkpkoigosap2 as

defi ned above wherein one or nore carbonlfarbon single bond is replaced by
a carbon- 5 carbon doubl e bond. Exanples "of cycl oal kenyl are cycl opentenyl,

cycl ohexenyl ~and cycl oheptenyl. Preferred,cycl pal kenvl .ou S

cycl opent eﬁ‘{ﬂl‘?pr‘m‘g’ Wé&’:%?g/i(lcpféﬂ%nma?yé@e b ‘%ﬁlog@r%iaﬁlﬁtqlgﬁkesg ieered an

al kyl gr oupydsalldeingds afptopentyher ei n one or nore carbon-carbon single bond
is replaced by a carbon-carbon triple bond. Exanples of al kynyl are
ethynyl, propygyl terﬂf‘g%lxméén 11 21088 $Ml confbithibfGefelsk6 o Fodikflopsdes al kynyl
groups are eth%Rél an propyﬁyl. The term_ "hal ogen” aQ%Tflu rine,
chlorine, Bebmdmdose wheimee qranergentios-aFlemesinglt horchis s7rI¥Ed brRe 2t oNm
"carboxy' ah®BR d8hbleboR8 M RANAYT F@bBES YL fre LRG0, cf¥Mdxedand er m

"carbonyl" alone or in conpinatjon refers to th oup -C(0)-. 15The term
"ani no" aI6H@PQ%”?WLé%ﬁﬁ?%ﬁﬂ?@ﬁh?ﬁﬂé¥%uﬂ6CB&?H%&?&fsecondary or tertiary

am no. Conpounds of the general formula (1) which contain one or several
chiral centersThanerai tadiemylel@rees éntombinntioe sighifiss ardilbgtgeegosetefivedibavar es,
or optically active single S0 . QAN SERAL 1

accordi ng y%wfﬁaaﬁeﬁé?ﬁ%agﬂkﬁ{%ﬁﬁﬁ%$§§§§%§§§ﬂ%ﬁ§§§; Pﬁ%?%ragﬁﬁéﬁﬁﬂ)e

di ast er eombond. Bahtpeswtf alkiind are ghyrydpuprred nojuteny}sicutynaniddhe Bk f or ned

fron]thﬁ)r@@g@h&iﬂk%hm%ﬁﬁmbxﬁﬁgﬁﬁﬁjQﬂi&bbﬂn@n optically active acid such as

e.g. Dor L-tartaric ‘acid, mandelic acid, malic acid, lactic acid or
canphorsul foni ¢_aci d. The conpounds .according. to th ent .invention
may exist in tHEfEPmBlogeRenE %ﬁ’@eﬂﬁ?r&%q’gff’ @Sé’ﬁf%ﬁﬁleg%zqgteg}s The term
" phar maceutpréfalably chteggpt abl e salt” refers to 25 conventional acid-addition
salts or base-addition salts that retain the biological effectiveness and

properties of thg Sompannds: albnt 8F Ml fiididi i @ hokied -Loumsul tabl e

non-toxi c organi ¢ or inorganic aci or organi c or 1ndrgani c bases.
Acid-addition salts include for exanple those derived fromi %rganic aci ds
such as hydrocﬁﬁ@ﬁ@@la@ﬂﬁﬁWWW&Nﬁbﬂdﬁﬁ@m@€W&9nﬁ?ﬁ@é?QHH%O%&TQ§5Sulfuric
acid, sulfamc acid, phosphoric acid and nitric 30 acid, and those derived
from organi ¢ aci@dsesUCim@s” Rohe b en@suih &iurCrefied @, privaddycoctdreladcodertiary

met hanesul fonic acid, oxalic acid, succinic acid, citric acid, malic acid,
|l actic aci d™P%maric acid, and the |ike. Base-addition salts include those
derived from anmoni um potassium sodi um and, quaternary anmoni um

hydr oxi des, suctonasounds ofthargphepl foennlarttwlyikh contain one or several chiral centers

can either be present as racemates, diastereomeric mixtures, or optically active single
isomers. The racemates can be separated according to known methods into the

20 enantiomers. Preferably, diastereomeric salts which can be separated by crystallization are
formed from the racemic mixtures by reaction with an optically active acid such as e.g. D-

or L-tartaric acid, mandelic acid, malic acid, lactic acid or camphorsulfonic acid.

The compounds according to the present invention may exist in the form of their

pharmaceutically acceptable salts. The term “pharmaceutically acceptable salt” refers to

25  conventional acid-addition salts or base-addition salts that retain the biological
effectiveness and properties of the compounds of formula (I) and are formed from suitable
non-toxic organic or inorganic acids or organic or inorganic bases. Acid-addition salts
include for example those derived from inorganic acids such as hydrochloric acid,
hydrobromic acid, hydroiodic acid, sulfuric acid, sulfamic acid, phosphoric acid and nitric

30 acid, and those derived from organic acids such as p-toluenesulfonic acid, salicylic acid,
methanesulfonic acid, oxalic acid, succinic acid, citric acid, malic acid, lactic acid, fumaric
acid, and the like. Base-addition salts include those derived from ammonium, potassium,

sodium and, quaternary ammonium hydroxides, such as for example, tetramethyl



WD 2010/ 128061PCT/ EP2010/ 056062 - 5 - ammoni um hydr oxi de. The chemni cal
nodi fi cation of a pharmaceutical conpound into a salt is a technique well
known t o wbanmeeesti cal chemi sts in order to obtain inprorag2@bpsioéal and
chem cal stability, hygroscopicity, flo ility and solubility of
conpounds. It is for exanple described i Bastin RJ., et. al., Oganic

Process Research & Devel nt, 5 .2 A27-43

PO R Ba LT P dupeasbi rTBl b Gy L TRhoo B Sl
(1995), ppsaliBG tédhdrqh@Sﬁeﬂ]léﬁan to phafPaaceirGaal erdnyisteirebeder tolitsinampodmsdund of
formula (I e , &Pgoq |

al kenyl . ( éh}/shc E lllCPC]Jf:gerl(r:e‘g s d%gglosgd&)nl%tlyo? or nt'Juy% é’;)ubilﬁ e&;fgﬂlo%}ﬂo%hﬂé’ o
hydr ogen, mefphyxampiod@mlyerd m;ﬁa@tp@ﬂ;ﬂ, et. Berf25ganic Byeqess evelopment

1- et hyls 1bggy pagzel 4@5”81; WAnsepﬁ Q‘?Xa)frrﬁ{ @Mhrmi@ﬁ%%@d @Bﬁhmﬁd@rug

propyl am nocar bony! met no | met hyI
oxet yl am ndtel Y%ﬁijﬁlt‘ﬁ‘éi’ﬁgk} ed. (1995 [%all?q %“lﬂcla&pyl%?eferred is a conpound of

byt 1 i myl et hy ParanseygFarend 6 Sraia eRRbsIAoR) PP S § PGV n =

i's hydrogenhem@iikM! py@ldi®fididd or alkenylPreferred is a conpound of formula (1)
wher ei n ong oli‘m W p)ﬁ? F\%}ll j hydrogen and the ot her one is selected from

phenyl, al kenyl and aI kynyl.. Further referr Q nd of formula (1)
wherein R2 and FrREhg Rrelsiied, isg compRe f?‘inFH:}a erel%%kggﬁv TR ﬁ . A

conmpoungh OferyPrmbiheyl b):ni%%?rﬁﬂﬁiyl'ﬂi’etﬁﬁdl Reiiyeget P%ZMMhi’btﬁme:aﬂ:&fxmltlﬁI omto
20 which they are aftac

orm cycl oal ky oal kenyl
t et r ahydr oﬂmﬂamarbgn‘d%?él}’brl)éf’@fl%réﬂlocarbon)ﬂ\m@gﬂ%élﬂﬁﬁt Beming %YL ‘54’1}7!/;?& ei n
in a) one %&et%rrﬁﬂ aﬁ?b gr ogen and the other one is selected from
gﬁgfe

al kenyl red. Furthernore, preferred is a conmpound of
forrmla(l) Wnerelnln a) one of R2 and R3 is hydrogen apdthe other qgne is
25 sel ect ed fr&ﬁrtm@ﬁmpreférr%mcon}?@@ﬁé@fomé%éh EEeHHR pis Byehogen, methyl,

| so- prope n%l(hﬁ hrép eﬁ\&p}; {ng Ql?r%nﬁﬁlet hyf ANoRERYkd s @msdwd deEerhans eg

propenyl . Furt conmpound of forrmula (I) wherein in a) one
of R2 aff R@ler@nﬁy@rlb’é&geanmeﬁlﬁ]eor(ﬁﬂh)ér one is selected from ethenyl,
propenyl, ethynyl and propynyl. Mreover, a conpound of fornula (I) wherein

in a) one of R3, He&??s 'c%nﬂ%%@%?ﬁ)rﬁﬂﬂia erbevhél%lrp@reeafr@rr%dlrs iSIB)@Eeathnfir om

propenyl, eth ny or propy further preferred
2010/ 128061]1@'V11EPQ1®311@,S@53 om pgenyl, alkenyl and alkynyl. Further preferred isa

compound of formula (I) wherein R? and R’ are both at the same time alkyl, alkenyl or
alkynyl. A compound of formula (I) wherein R” and R’ together with the carbon atom to
20  which they are attached form cycloalkyl, cycloalkenyl, oxetyl or tetrahydropyranyl is also

preferred.

A compound of formula (I) wherein in a) one of R? and R’ is hydrogen and the other
one is selected from alkenyl and alkynyl is preferred. Furthermore, preferred is a
compound of formula (I) wherein in a) one of R? and R’ is hydrogen and the other one is

25  selected from phenyl, ethenyl, propenyl, ethynyl and propynyl.
iso-propenyl is a preferred propenyl. n-propenyl is another preferred propenyl.

Further preferred is a compound of formula (I) wherein in a) one of R? and R7 is
hydrogen and the other one is selected from ethenyl, propenyl, ethynyl and propynyl.
Moreover, a compound of formula (I) wherein in a) one of R*and R’ is hydrogen and the

30 other one is selected from propenyl, ethynyl or propynyl is further preferred.



A compound of fornula (1) wherein R2 and R3 are identical and are both at
the sanme tine al kyl, al kenyl or alkynyl is preferred. Furthernore, a
conmpound wO 2bovimdea (1) wherein in b) R2 and R3 are i derciraEeoioss@sef erred.
Preferred is a conpound of formula (1) erein in b) R2 and R3 are both at
the sanme 5 tinme nethyl, ethyl or propenyl”" Moreover, preferred is a

conpound of forpula (I erein jn.c) .R2.and R3 t. ther w he ,car bon
atom to which t%%‘ﬂmﬁé‘ﬁ?da? T SERYA d‘)d’?z r@% 83?%/[‘“65&31)9%1 g algéeﬁg)/tltl‘l.a?the

Fur t her nor gamatigRrpeyatkeall dratlkyullds piefervddeFeitiferimore Ja deipndd BBfdrogét (er
with the carbon at %mzto ich they are ttc?ched form cycl opentyl or

cycl opent eMEras Rt ety are igepcb e eieda conpound of formuia (1)
wherein R4 is al koxy and in particul ar nethoxy. Al so preferred is a

conmpound of f opgagkied ish cohgohd oRorsull Kpxer@indnibn Rdand RS utedrotiet the xyme
Furt her %e,f erred is a corrpoung of formula (1) wherein R6 is hydrogen or
chl oro. tigg ipethyls ghxk ATYPEYYr ogen. Particularly preferred is a

conmpound of forrmula (I) wherein R7 is hydrogen or chloro. R7 is preferably
hydr ogen. ThgebRinthrbRirag amn Gan@ad @ fosn i af evhabdiy irec) U ngl &’ bogether The
bond between Ca and Cb is al so prerfer abgy &doubioe bf)nd. 1Zolliarti cularly
preferred *6iddeaadoBRIompiahich they ase attached farayeyelogliy! or cycloalkenyl.

9, 10- Di net hoxy- 8-vi nyl-5, 8-di hydro-6H [1,3] dioxolo [4,5-g] isoquino

[3, |2' a] i SOqu_'Fglrth&[@l;}-org,i a %&hpmilﬂdrﬁ[i‘z&(hmda B) vherelBin d):ig?' agdtfétt@@lﬂyaﬂm&llrﬂle 0] [
cycl opentane-1,8" -[1, j oxol o , - i soqui no ., 2-a] _i.soquinol.ine] ;
8- | sopr opes§rboo aEn de whtRdker age SEt%ﬁhﬁgé‘P‘%l @ﬁf"l’@&t,yg?r F](W?SIF%HXQS, %ptf eflsoqui no
[3,2- 25 a] isoquinoline; 8-Ethynyl-9, 10-di met hoxy-5, 8-di hydro-6H [1, 3]

di oxol o4d 4, 5- glpréreQ6uHs @Qoh%oand af foy@@W MPvhBRin RM®alkoxy and in particular
2010/ 128061PCT/ EP2010/ 056062 - 7 - 9, 10- Di met hoxy- 8- prop-1 -ynyl -

5, 8-di hydréDfEFPXY[ 1,3] dioxolo [4,5-g] isoquino [3,2- a] isoquinoline;
8- 1 sopropenyl-9, 10-di net hoxy- 13 -nethyl- 5, 8-di hydro-6H [1,3] dioxolo
[4,5- g] isoquigl® frdfedredls d &Papdunaldff@imula (1) wherein R’ is alkoxy and in particular

methoxy.

Further preferred is a compound of formula (I) wherein R® is hydrogen or chloro. R

15  is preferably hydrogen.

Particularly preferred is a compound of formula (I) wherein R’ is hydrogen or

chloro. R is preferably hydrogen.

The bond between C* and C” is preferably a single bond. The bond between C* and
C" is also prerferably a double bond.

20 Particularly preferred compounds of formula (I) are selected from
9,10-Dimethoxy-8-vinyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino[3,2-a}isoquinoline;

9',10'-Dimethoxy-5',6',13",13a'-tetrahydrospiro[ cyclopentane-1,8'-| 1,3]dioxolo[4,5-

glisoquino|3,2-a]isoquinoline|;

8-Isopropenyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino(3,2-

25 alisoquinoline;

8-Ethynyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino|3,2-

alisoquinoline;



5 9,10- D nmet hoxy-13-net hyl -8-prop- 1 -ynyl- 5,8-dihydro-6H [1,3] dioxolo
[4,5- g] isoquino [3,2-a] isoquinoline; 13

- Et hyl - 8-weaproopswy 1- 9, 10- di met hoxy- 5, 8-di hydr o- 6H [ 1p8j/re@xobaet 4, 5- 9]
i soquino [3,2- a] isoquinoline; 8-Ally1-13

-et hyl -9, 10- di net hoxy- 5, 8- dihydro 6H [ZI,’3] dioxolo [4,5-g] isoquino [3,2 -

10 13 -Eth

206%h B S Bl S TR B AR OB 3 s v, 1
-Allyl-8- |§ggﬁ9@ﬁny@—9 10- dlnethoxy 5, 8-di hydro-6H [1,3] dioxolo [4,5-4]
i soquino [3,2- a] isoquinoline;

?Ségu? ho f gox Playew@o}é}f%wﬂwﬁ“} 13 ey, ﬁﬂ%ygl 6 Rl %??lig L h??

5, 8-di hydrgh&lﬂfuuﬁ(i{aii}a @b@ﬁﬁﬁbﬁneH 5-g] |squ| no [3,2- a] isoquinoline;

13 - Et hyl 10- di nmet hoxy- 8, 8- di net hyl - 8-di hydro-6H [1, 3] dioxolo
[4,5-9] isoquino [3,2- 20 i U|nol met hoxy

-5, 8- dlﬁydr OGQFH%EQ%QL%FE§%1§IF Péﬂp’??ﬁ&ﬁWﬁBQ%g ggﬁgfm&%b Ui nol i ne; 13
- Benzy1l-9 gﬂsﬁm (BX3is8qBmdiinet hyI 5, 8-di hydro-6H [1,3] dioxolo [4,5-4]
i soqui no [3,2- a] isoquinoline;

12- Chl 9, 10- th i.h . 5-
g] |303L?n63ﬁ% gug?°?§%ﬁﬁﬁﬁ%ﬂ% lg%wf§3%1 H%gﬁo§$yb§k&°gl55®¥%§Hﬁéégiro [
cyclopentaqg,(g(13 #nolirded, 3] di oxol o [4,5-g] isoquino [3,2- a] isoquinoline];
WO 2010/ 128061PCT/ EP2010/ 056062 - 8 -

9,10-Di et hoxy. 8.8, 13+ [{ oL IL: S, 843, 1380 R AINEE P Stbhif) 9 0%l o

8, 8- Di ejhyly ngthhﬁpthoxy 13- et hy1- 5 8,13, 13a- tetrahydro 6H [ 1, 3]

di oxol o [ 4, ] |squ|no [3,2-a] isoquinoline;

9, 10- Di net hox -di et hy1- 13 r|d|n tet rahydrp- 6H
1, 31di oxol d3[1¥,4h51 %10-Aupgibere? F’ 1apyly %gd’é‘?‘/ﬁ‘éﬁ’ %]:el: liglo’“’lo][g% lsoqumxg 2

- Benzy1-9, %@ngﬂﬁyﬂgxy 8, 8- dlnethyl 5,8,13, 13a-tetrahydro-6H [1,3] dioxolo

[4,5- g] isoquino [3 ] |squ|noI|ne and

9',10' -Di neth 13al.-t hyd

1, 3] di ox gﬁé zgl)jbf}{@ 1sqm’ogqnyi §68$1%W§y%% Q(}[-Ir{i%ﬁqlqg?(ﬁo soqu1rio%3 2-
alisoquinoline;

15  9,10-Dimethoxy-8,8,13-trimethyl-5,8-dihydro-6H-[1,3]dioxolo [4,5-glisoquino|3,2-

a}isoquinoline;

8,8-Diethyl-9,10-dimethoxy-13-methyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino(3,2-

alisoquinoline;

13-Ethyl-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H- [1,3]dioxolo[4,5-g]isoquino|3,2-

20 alisoquinoline;

8,8-Diallyl 9,10-dimethoxy -5,8-dihydro-6H-| 1,3]dioxolo[4,5-glisoquino|3,2-

alisoquinoline;

13-Benzyl-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquino(3,2-

alisoquinoline;

25  12-Chloro-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino|3,2-a]isoquinoline;

9',10"-Dimethoxy-5',6'-dihydrospiro[cyclopentane-1,8'-[1,3]dioxolo[4,5-glisoquino|3,2-

alisoquinoline];



The foll ow ng compounds of fornula (1) are particularly preferred:

9',10' - D nmet hoxy-5"',6"',13",13a' -tetrahydrospiro [cycl opentane-1,8"- [1, 3]

di oxol o [Wp2e10gi280630qui no [ 3, 2-a] i soquinoline]; PCT/EP2010/056062

8- 1 sopropenyl-9, 10-di net hoxy- 5, 8-di hydr 0-86H- [1,3] dioxolo [4,5-g] isoquino
[3,2- 15 a] isoquinoline; 8-Ethynyl-9, 10-di net hoxy-5, 8-di hydro-6H [1, 3]

di oxol o [4,5-4d]. i soqui 3, 25 i ui nol.i ne; :

9, 10- Di net ﬁ&Q%@%‘?‘@ﬁigg%’)“ﬁi@%t,hﬁﬁéﬁﬂéag8’-%@11”??,'@]{'[éi3é9<18f((())10f445,'5- g] isoquino
[ 3,2- a] iHesiins]Bi2ngisod@inoline;

8-1sopr ope%?l- ,lﬁltg- ditarrgtoﬁo;g;-lrie& nmet hy1-5, 8-di hydro-6H [1,3] dioxolo [4,5-

[ [ 3, 2- [ i.noline; 9 610-Dinethoxy-13-pethyl ;.8- -1
R R L Py
13 - Et hyl - 81id@nahdBlbaisgBmplieg- 1-ynyl- 5,8-di hydro-6H [1,3] dioxolo
[4,5-g] isoquino [ 3,2- 25 a] isoquinoline;

9, 10- Di met hoxy-8, 8, 13-trinet hyl-5, 8-di -6 : di I 4, 5-
PR e T R e s e

12- Chl oro- %,gpﬁ(g&du@[ugsogqygoﬁuﬁmgg,mqibgcilmﬁ(l;lﬁregl hydr o- 6H.' [.1’ 3] dioxolo [4,5-
g] isoquino [3,2-a] i1soquinoline; 9,10 -D nethoxy-5',6"'-dihydrospiro |

I t -1,8' - . 3] di I 4,5- i [ - ' i nol i ;
5”5, 10- 0 msHisky g - T oiner y psh 21 10 3Ry sl SPTSE Cvol o
[4,5- 9]i sQaukbNRhSBQRUAIROLLMBlIn@REd9%4.0" - Di met hoxy-5',6', 13", 13a’ _
-tetrahydrospiro [cycl opent-3-ene-1,8 - [1,3] dioxolo [4,5- g] isoquino

[3,2-a] isoquinoline] .~~~ Th onpounds of the prgsent .inveption can
be prepared HdoPt t506t]hq’e1%301t?t%5’a’@g§ OGP’%B%Q%’Pé@’.e'I’g'ﬁ%rlnd’f’ﬁ%lopfo%'l owi ng
schenmesR rge;ig@([ﬁn(g[g,gpﬂ%ﬁ{lmoﬁhéqyl, al kenyl or alkynyl. R to R7 are as

defined above unl ess otherw se indicated. A General synthetic route for

8- nonosubstitut ed anal ogues |a (Schene 1) Schene
he followinérJ compound(s o% rf]ormula 21) are part1qu[arly preferred:

9',10'-Dimethoxy-5',6',13',13a'-tetrahydrospiro[cyclopentane-1,8'- [1,3]dioxolo[4,5-

glisoquino|3,2-a]isoquinoline];

8-Isopropenyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquino[3,2-

15 alisoquinoline;

8-Ethynyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3] dioxolo[4,5-g)isoquino|3,2-

alisoquinoline;

9,10-Dimethoxy-8-prop-1-ynyl-5,8-dihydro-6H- [1,3]dioxolo[4,5-g]isoquino|3,2-

ajisoquinoline;

20  8-Isopropenyl-9,10-dimethoxy-13-methyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino(3,2-a]isoquinoline;

9,10-Dimethoxy-13-methyl-8-prop-1-ynyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino|3,2-a]isoquinoline;

13-Ethyl-9,10-dimethoxy-8-prop- 1-ynyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino(3,2-

25 alisoquinoline;

9,10-Dimethoxy-8,8,13-trimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino(3,2-

alisoquinoline;



1511111l a Compounds la can be prepared according to Scheme 1. Starting
with I, Gignard reaction with different Gignard reagents Il gives |a.
The reactworoiosi2goepi cal |y carried out in etheral sol venPsI/EP2010B560&Ener al
synthetic route for 8,13-disubstituted arbal ogues I b (Schene 2) 20 Schene 2
WO 2010/ 128061PCT/ EP2010/ 056062 - 1 0 - "2 111V VITITb Conpounds | b

can be prepar acc ing, to hgne , 2 tartin i L1, . treatment with 50%
aqueous soé?ﬁfhcﬂ?ﬁd?’gi'gﬂjégpﬂxyfﬁg'dg?qg@éfhé’g'cﬁéydﬁ8'gebt%nt[1{é§]§fl?xg 1 é’%l' V. Treat nent

of IV wt hgﬁis(fcf&ﬁ(qg,tz-i]a;bg@hﬁshmovi des 13-sustituted berberine anal ogs V.

The reaction is 5 carried out uder neat condition. Further treatnent of V

e PR AR Sy & ST Rt
alisoquinoline];

5 9,10-Dimethoxy-8,8,13-trimethyl-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-

glisoquino(3,2-a]isoquinoline; and
9',10'-Dimethoxy-5',6',13',13a'-tetrahydrospiro| cyclopent-3-ene-1,8'- [1,3]dioxolo[4,5-

glisoquino|3,2-a]isoquinoline].

The compounds of the present invention can be prepared according to the following

10  procedures.

In the following schemes R refers to phenyl, alkyl, alkenyl or alkynyl. R' to R” are as

defined above unless otherwise indicated.
A. General synthetic route for 8-monosubstituted analogues Ia (Scheme 1)

Scheme 1

.
Diethyl ether O

Py
—2-

+  RMgCI

mn
15 I la

Compounds Ia can be prepared according to Scheme 1. Starting with II, Grignard
reaction with different Grignard reagents I11 gives Ia. The reaction is typically carried out

in etheral solvents.
B. General synthetic route for 8,13-disubstituted analogues Ib (Scheme 2)

20 Scheme 2



Schene 3 WI | ¢ 10Conpounds Ic can be prepared according to Scheme 3.
Starting with V, treatnent with 30% aqueous sodi um hydr oxi de under refl ux
condi ti orwefhowdsoeyl . Treatnent of VI WO 2010/ 128061 PCPCER20M0/08H6D62 - 11-
wi th phosphorus(l11) oxychl oride provi des1all | which is further reacted with
various Gignard reagents to afford Ic. D:¥General synthetic route for

hal ogen-substigut ed apal ogues Id (Schene 4) Schene O4

< 10
0 Acetone 0 R'X
> R’ X=Br or |
50% NaOH ror
R5
Il v
Diethyl ether
+ RMgCi
_—
0°C, 30 min, 36%
Vv ]| Ib

Compounds Ib can be prepared according to Scheme 2. Starting with II, treatment

with 50% aqueous sodium hydroxide in the presence of acetone affords IV. Treatment of

IV with different halides provides 13-sustituted berberine analogs V. The reaction is

5 carried out uder neat condition. Further treatment of V with various Grignard reagents
affords Ib.

C. General synthetic route for 8-gem-disubstituted analogues Ic (Scheme 3)

Scheme 3

30% NaOH POCI,
reflux reflux

RMgCl!
—_——
Diethyl ether R?
R5
Vil
Ic
10 Compounds Ic can be prepared according to Scheme 3. Starting with V, treatment

with 30% aqueous sodium hydroxide under reflux condition affords VI. Treatment of VI



5lc'Id Conmpounds |Id can be prepared according to Scheme 4. Starting

with 13-sustituted 8-disubstituted berberine analogs Ic', treatnent with

| odi ne nowochicons@e i n the presence of dichl oronet hane atCrmrasiolosto62 E.

General synthetic route for 8-spiro anal ggues le (Schene 5) 10Schene 5

x: : |l e Corrpoundrs] Ibe can be prepared éigérdi ng to Schene 5. Starting with
, treatnment wt | S- i rd reagen erived.from 1, 4-di.br onmbut ane in

t et r ahydr of”’&ﬁ?lé?hoél?}f%Pﬂiﬂ)sﬁfﬁﬁ%@gﬁB&Yg%sIRQEWEBC%#S. ﬂl{%ﬁ%‘feﬁ?te%% hetre rout e

for tetrahytopakieehentste affosl kgues |f and 1g (Scheme 6) Scheme 6 WO

2010/ 128061PCT/ EP2010/ 056062 - 12 - lc'"VITITIf

D. General synthetic route for halogen-substituted analogues Id (Scheme 4)

Scheme 4

I-Cl

Dichloromethane

' Id

Compounds Id can be prepared according to Scheme 4. Starting with 13-sustituted
8-disubstituted berberine analogs I¢’, treatment with Iodine monochloride in the presence

of dichloromethane affords Id.
E. General synthetic route for 8-spiro analogues le (Scheme 5)

10 Scheme 5

+ BrMg(CH,),MgBr — >

Vil

Compounds Ie can be prepared according to Scheme 5. Starting with VII, treatment

with bis-Grignard reagent derived from 1,4-dibromobutane in tetrahydrofuran affords

spiro compound le.
15 F. General synthetic route for tetrahydro berberine analogues If and 1g (Scheme 6)

Scheme 6



lc'lg Tetrahydro berberine conpounds If can be prepared according to
Schene 6. Starting with Ic', treatnent with various bromdes in the
presence wo 20tWagwiiorm af fords imniumsalts VIII. Furtrenr/mre@atsmn: with
sodi um boronhydride in the presence of m,?%hanol 5 affords If. Direct
reduction of Ic with sodi um borohydride ifi'the presence of nethanol affords

lg. G Ceneral synthetic route for Spiro tetrahydro berbe(gi ne anal ogues | h

and li (Sch chenme 7 | XX <0 .'a 5 { 2

2010/ 12806 10/ @56062 g, 1 3 -~ tatpahynl o anal X o s at nent
of X with Garmha~catalyst i t HEpresence chl_ai\%g%mane g s
8-di substituted anal ogs kX gan be prepareg I nlethanoSchene;”3.

I’ Vil If

NaBH,

—_—
Methanol

Tetrahydro berberine compounds If can be prepared according to Scheme 6. Starting
with I¢, treatment with various bromides in the presence of chloroform affords iminium

salts VIII. Further treatment with sodium boronhydride in the presence of methanol

5 affords If.

Direct reduction of Ic with sodium borohydride in the presence of methanol affords
Ig.

G. General synthetic route for spiro tetrahydro berberine analogues Th and Ii (Scheme 7)

Scheme 7

Grubbs catalyst
—_— 0 —
Methanol Dichloromethane
NaBH,
Methanol

10

Compounds Th can be prepared according to Scheme 7. Starting with 8-disubstituted

analogs 1X, treatment with sodium boronhydride in the presence of methanol affords



Compounds |i can be prepared starting with 8-di substituted anal ogs I|h.
Reduction of 5 Ih with sodi um boronhydride in the presence of nethanol

af fords Iwo02010/1280s@ i nvention also relates to a processPCOEPRHIG/0pFI6Par at i on
of a conmpound of formula (1) conpri si ng_9 $e of the follow ng steps: (a) the
reaction of a compound according to fornuta (A) (A) 10in the presence of

RMgY or in th resence _of_ YMy( CH2 b e,act n of .a co

accor di ng f‘ﬁragﬁ PRI ENe F(“ﬁt)l\t{%l( Uﬁa%nﬁeél eyg I&Q%Pg [Ere: ay(St o e pFequ%ct'é f%n of
a conpound dabbt@ogicth@gne giveothoul a ( C) V\D 2010/ 128061PCT/ EP2010/ 056062 - 1 4
- in the presence of NaBH4; or (d) the reaction of a compound according to

formula (D) |§§g&%s§u§§eagﬁ)ggf ﬁyﬁ%ﬁ?ﬁghgggy@%t@m%ﬁﬁw le to R7 are as

defi ned above re a gen or , Ris selected
from al kyl, al kenyl, al kynyl and phen are se ected from al kyl,
al kenyl and al fopAyioundnl cxa hﬁarwa@dét%w%wéé Cﬂ?%l@tedaﬂ’& qg Ih. Reduction of

5 Th with sodium boronhydride in the presence of methanol affords Ii.

The invention also relates to a process for the preparation of a compound of formula

(I) comprising one of the following steps:

(a) the reaction of a compound according to formula (A)

(A)
10 in the presence of RMgY or in the presence of YMg(CH,)sMgY;

(b) the reaction of a compound according to formula (B)

in the presence of [-Cl;

(¢) the reaction of a compound according to formula (C)

15



The reaction of step (a) is preferably carried out in ethereal solvent,
preferably in diethyl ether or THF. The reaction tenperature is preferably
bet ween O&oant)/28661 10The reactions of step (b) and (c) parErpeiefossoabl y
carried out in nethanol. The reaction of tep (d) is preferably carried out
i n di chl or onet hane. G ubbs catalyst' fers to a catalyst suitable for
ol efi n netat hesi st generation G ubbs catal yst, e.g.

benzyl i dene- b|§{§$ﬁ%§§W3H£$Vﬁ%%o@bhlne)dlchloro rut henium 15The invention
also relates to a compound of formula (1) or a conpound sel ected from

9, 10- di met hoxy{®) t8e dtadBdhyfla SorBpalindydrardbig-to[fdindjla dDdxol o [ 4, 5-g] i soqui no
[3,2-a] isoquinoline; 8, 8-diethyl-9,10-dinmethoxy-5,8-dihydro-6H
[1,3]dioxolo [4,5- g] isoquino [3, 2 a] i saoquinoline;

8, 8-di et hyl-9, 10- di met hoxy- 5, 8, 13, P34 ydrpo-6H[ 1, 3] di oxol o [4,5-9]

i soqui no [3,2-al isoquinoline; 8- Sl Ly1-9 10ndiffef hoxy- 5, 8, 13, 13a- 20
tetrahydro-6H [ 1, 31di oxol o [4, 5 gP |squ|po »2-a] isoquinoline;

8-al | y1-9, 10-di et hoxy5, 8- di hydr o- 6H—[1R S 4,5-gl isoquino [3,2-al

i soqui noline; 9,10-di met hoxy- 8- pent 4-enyl-5, |hydro 6H [1, 3] dioxolo
[4,5-g] isoquino [3,2-a] isoquinoline; 9,/H86
8- phenyl-5, 8-di hydro-6H [1,3] dioxolo [4, 5-on6|sogqgno [ 3, 2-al

i soqui noline; and 9, 10- di met hoxy- 8, 8-di net hyl-5, 8,13, 13a-t et rahydr o- 6H
[1,3] dioxolo [4,5-g] isoquino [ 3,2- 25 al isoquinoline for use as
therapeutlcalIynﬁﬁﬁnMﬁnauh$Kam©BscmﬁMhZOIOI128061PCT/EP2010/056062 - 15 -
The invention also relates to a pharmaceuti cal conp05|t|on conprising a

conmpound. of for ac 0 ec

9, 10- di ret hoxy- "'Ee“?dilnzeotlg{ya_’fegs g&& ﬁ)?g?‘(%hi- Cﬁﬁ E]“’&[%QY}I 4 ighydsogen or Fifbisno
[3,2-2a] isoqui Rgbite®froth &kﬁ; altkb]yﬂ Qe dndnphhmx,yR&r&L Riliakey ste@te@Hromh 1al13]),

di oxol o [ 4, 5-4] |squ|nﬁ6' (f% 04 U|n e 8, 8-di,et hyl-9, 10-di net hoxy-
5 5,8, 13, 13a- t elearyadalgpyl pad Zpn NN P fBOIB] a&é%& no [3, 2-a]

i soqui nol i ne; 8- aIIyl 9, 10- di net hoxy-5, 8, 13 13a tetrahydro-6H [1, 3]

di oxolo [4,5-¢g ui no u

al 'y1-9, 10~ di %@%’foﬁ%‘iﬂ/@ﬁds Braen fiys“]a”d:"i %‘1 ig sthereal solvent (:Freferabfysmz al
i soqui nol i rkkthg, eﬂl&rdr ﬂi’é]chﬁkg/r@etpmmem@emnm:e-@pl@feajaﬁiybﬁwem—ﬂ q@d@]S di oxol o
[4,5-9g] isoquino [3,2-a] isoquinoline;

9, 10-di ypt hoxy’[%eggﬁ%mﬁjrs g’f’s?e Ct'bl)]Xﬁi(ﬁ ?C)Ql'l% pt[egereﬁily drBX@ bt indnahsloll BRAéLADN

[ 3, 2- 1 a] i soqui nol'1 ne;

9, 10- d|nethéﬁVP8dB5@ﬁﬁ@@hV£ﬁgmé*¥@HW@éﬂﬁgvﬁﬁhVH¥o 6H 1, 3] di oxol o[ 4, 5-g] i soq
ui no[ 3, 2-a] i soquinoline and a therapeutically inert carrier. The use of
a conpound of f@uBb @atz{Hés)t référs 06 a QatalgRaiinsle sl ddinatettiesis,®, gl tre first

3. 2- ] | sAOPREDT GeTots ALty v e et ie st i Byt hchfPo] 1)

di oxol o [ 4,rhthghiuns.oqui no [ 3, 2- a] 15 |squ|noI|ne
8, 8-di et hyl - 9, 10- di met hoxy-5, 8, 13, 13a-tetrahydro- 6H [1, 3] di oxol o [4, 5-
15 The invention also relates to a compound of formula (I) or a compound selected

from 9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-{1,3]dioxolo[4,5-g]isoquino[3,2-a]
isoquinoline; 8,8-diethyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-
glisoquino|3,2-a]isoquinoline; 8,8-diethyl-9,10-dimethoxy-5,8,13,1 3a-tetrahydro-6H-
[1,3]dioxolo{4,5-g]isoquino{3,2-a}isoquinoline; 8-allyl-9,10-dimethoxy-5,8,13,13a-

20 tetrahydro-6H-[1,3]dioxolo[4,5-glisoquino(3,2-a] isoquinoline; 8-allyl-9,10-dimethoxy-
5,8-dihydro-6H-[1,3]dioxolo[4,5-g| isoquino|3,2-ajisoquinoline; 9,10-dimethoxy-8-pent-
4-enyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino[3,2-alisoquinoline; 9, 10-dimethoxy-
8—pheny1-5,8—dihydro—6H—[1,3]dioxolo[4,5-g]isoquino[3,2—a]isoquinoline; and 9,10-
dimethoxy-8,8-dimethyl-5,8,13,13a-tetrahydro-6H-[1,3] dioxolo[4,5-g]isoquino|3,2-

25 alisoquinoline for use as therapeutically active substance.



g] i1soquino [3,2-a] isoquinoline;
8-allyl-9, 10-di met hoxy-5, 8,13, 13a-tetrahydro-6H [ 1,3] dioxolo [4,5-9]
i soqui no W8,28tea28d6soqui nol i ne; 8-al |l y1-9, 10- di nmet hoxy- 5p8TdiPbyidnss06 1, 3 ]
di oxol o [4,5-9g] isoquino [3,2-a] isoquin éine;
9, 10-di rre}hoxy 8-pent-4-enyl-5, 8- di hyd'rg 6H [1 3] di oxol o [ 4, 5-9]
isoquino [3,2 L. soqui nalin 9, 10-di net hox o] 6H
[1,3] dioxol o [‘A¢BME} “i’%% eﬁa&es[tg aﬂ’hﬁfm?csegﬁfﬁfﬁ%?l ERSIPXH ﬁ%fnpnénga(:&%g i
[9412 di et bﬁﬁﬂnﬁla?g) e mrhyduﬂii s%lel@dfﬁ?ﬁ Pet)rcﬁrlﬁytﬂlmy 8)8- dipikf131- 5i- dikptio-

g] 1soquj no SO e or n,.of .medi canents
for the t réglrﬂeﬂfhoéplzoﬁlépﬂlu??‘é fQ 02r l—“&ﬁ é%H{ gﬁg}y?%y@ imetfy é%ét es is
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Said medicaments, e.g. in the form of pharmaceutical preparations, can be
25 administered orally, e.g. in the form of tablets, coated tablets, dragées, hard and soft
gelatine capsules, solutions, emulsions or suspensions. The administration can, however,
also be effected rectally, e.g. in the form of suppositories, or parenterally, e.g. in the form of

injection solutions with an effective amount of a compound as defined above.

The above-mentioned pharmaceutical composition can be obtained by processing
30 the compounds according to this invention with pharmaceutically inert inorganic or
organic carriers. Lactose, corn starch or derivatives thereof, talc, stearic acids or its salts
and the like can be used, for example, as such carriers for tablets, coated tablets, dragées
and hard gelatine capsules. Suitable carriers for soft gelatine capsules are, for example,
vegetable oils, waxes, fats, semi-solid and liquid polyols and the like. Depending on the

35 nature of the active substance no carriers are, however, usually required in the case of soft



of hyperglycem a or type 2 diabetes, which nethod conprises adm ni stering
an effective anount of a conpound of formula (1) or a conpound sel ected
from 9, 10wOi2nek 2806y - 8, 8- dinethyl 5, 8-di hydro-6H [1, 3] pdirmroéi0/056bsh- g]

i soquino [3,2-a] isoquinoline; 8 8-dieth %9 10- di nmet hoxy- 5, 8- di hydr o- 6H
[1, 3] dioxolo [4,5-g] isoquino [3 2- a] i qui nol i ne; 8, 8 20
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di oxolo [4 i SO I 'soqui nol'I ne;
9, 10- di et momb&nééhﬁhlm enyl1-5, 8-di hydro-6H [1,3] dioxolo [4,5-g] isoquino
[ 3, 2-a] isoquinoline; 9, 10-dinethoxy-8-phenyl-5, 8-di hydro- 25 6H [1, 3]
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symbol s haP&'? nown o a person of ord| nary skill in 30
organi c chem stry. Abbreviations: BSA: bovine serum al bum n; cal cd:
cal cul at ed; DCVihe dpsige deiormds AR NFOUSNEND B He BN qu9d id NEHsEAGN SSPREEY um

DMVBO. did“‘»‘%%é’&éd}&f ﬁ’%ﬂv%al ﬁ@@ ofheélﬁi TB@Hsz@ (S8 &Hﬁnnﬁbterb@ﬁiﬂyoe{re EIWtSAdUHZ

nmegahertz

PBS: phospha®# wr?féfrabléfcﬂbeﬂ Hh 10d WJ kzoi*?ffn Cf?éﬁéilﬁéﬁ}’égg%ﬁ?tg‘g%ﬁé?"“ Spveyal
Exanpl es Exafiphitiratiods10- Di net hoxy- 8- phenyl -5, 8- di hydro-6H [1, 3] dioxolo
[4,5-9] isoquino [3,2-a] isoquinoline To a suspension of berberine
hydrochl ori de (A&npandlbf@&nmim(1) whenammudicousd dietdiy iethRabo(Srondsy isat 0C
was added phenyl rragneffs%u m chl.oride solution (2.8 nL, 2.7 nmol) dropw se.
After stir Sﬁg‘mé’(b)fﬁt? FIVEIHP  the reaction was quenched by adding

sat urated aqueous amoni um chloride solution (20 nL). The m xture was
extract gl w t h plir®khybre, the invention also relates to a method for the treatment or prophylaxis

of hyperglycemia or type 2 diabetes, which method comprises administering an effective
amount of a compound of formula (I) or a compound selected from 9,10-dimethoxy-8,8-
dimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquino [3,2-alisoquinoline; 8,8-diethyl-
9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquino [3,2-a]isoquinoline; 8,8-

20  diethyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-glisoquino(3,2-
alisoquinoline; 8-allyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo]4,5-
glisoquino|[3,2-a] isoquinoline; 8-allyl-9, 10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]
isoquino|3,2-a)isoquinoline; 9,10-dimethoxy-8-pent-4-enyl-5,8-dihydro-6H-
[1,3]dioxolo[4,5-g)isoquino|3,2-a]isoquinoline; 9,10-dimethoxy-8-phenyl-5,8-dihydro-

25 6H-[1,3]dioxolo[4,5-g]isoquino|[3,2-a]isoquinoline; and 9, 10-dimethoxy-8,8-dimethyl-
5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-glisoquino|3,2-a}isoquinoline.

The invention is illustrated by the following examples which have no limiting
character. Unless explicitly otherwise stated, all reactions, reaction conditions,
abbreviations and symbols have the meanings well known to a person of ordinary skill in

30 organic chemistry.

Abbreviations: BSA: bovine serum albumin; calcd: calculated; DCM:
dichloromethane; DMEM:Dulbecco's Modified Eagle Medium; DMSO: dimethylsulfoxide;
FBS: fetal bovine serum; h: hour or hours; MHz: megahertz; min: minute or minutes; mL:

milliliter; mmol: millimole; PBS: phosphate buffer solution.



10 ether (2 x 50 nm.), washed with brine, dried over anhydrous sodi um

sul fate and concentrated in vacuo. The residue was re-crystallized from

di et hyl ewvbenioiaswiford 9, 10- di net hoxy- 8- phenyl-5, 8- di irg@me2@blosdoi 3]

di oxol o [4,5-g] isoquino [3,2-a] isoqui ngJ(| ne (300 nmg, 67%. LC/ M5 nie

cal cd for C26H23N04 (M+H) F: 414. 48, obsefved: 4142; 1H NWR (400 MHz,
DMSO-d6) 6 ppm 2.67 - 2.90 (m 3 H) 3%35-13 41 (m 1 H 3.49 (s, 3 H 3.74
15 (s, 3 H 570 (s, 1 H 599 (d, J= 2 H 598 (s, 1 H 6.72 (s,
1H 6.80(m 1H 6.8 (m 1H 7.16 - 7.28(m 4 H 7.35 (d, 1=7.07 Hz, 2
H) . Exanple 2 9',10' - D net hoxy-5', 6", Esampldd’ -t et rahydrospiro

[cycl opentane-1,8 - [1,3] dioxolo [4,5-g] isoquino [3,2-al isoquinoline] 20

o, 10 ci mioRORynaho--phen T apg oo Rl Eyabpmived et 1 5

[ 1, 3] di oxolildinetigki soqui no[ 3, 2-a]i soqui nolinel (300 ng, 0.75 mol ) in
nmet hanol (20 nlL) was added sodi um borohydride (57 ng) 1.5 mmol) in small
portions at 25C. After stirring at 25C for 2 h, the reactlon soI vent was
concentrated in esfesulting 25 resi due was <8
ether (2 x 50 nL)y—wesheq vmthwa (ZX%%th!/ﬂe‘t)\e'r drbed”W
2010/ 128061PCT/ EP2010/ 56620- 18 aRhydreds=sodi um &
concent rated in vacuo to ford 9', OMQC(Hl peed, hoxiy 67% , 6' , 13
, 13a’ -tqet r ahydr ospi r o[ cystopént ane- 1, 8' - 11, 3] di oxol o [4, 5-
[3 2 - i soqui nolinel (155 ng, 52% . LC/Ms nfe calcd for C24H27NO4 (MtH) +:
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H) 3.78 (d, J= 3, d. J= H% dgb =3 54 Hz
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1H. aqueous ammonium chloride solution (20 mL). The mixture was extracted with diethyl

10  ether (2 x 50 mL), washed with brine, dried over anhydrous sodium sulfate and
concentrated i vacuo. The residue was re-crystallized from diethyl ether to afford 9,10-
dimethoxy-8-phenyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino[3,2-a]isoquinoline (300
mg, 67%). LC/MS m/e caled for CysH3NOy (M+H)": 414.48, observed: 414.2; lTH NMR

(400 MHz, DMSO-d6) & ppm 2.67 - 2.90 (m, 3 H) 3.35 - 3.41 (m, 1 H) 3.49 (s, 3 H) 3.74
15 (s,3 H) 5.70 (s, 1 H) 5.99 (d, J=1.52 Hz, 2 H) 5.98 (s, 1 H) 6.72 (s, 1 H) 6.80 (m, 1 H) 6.88
(m, 1 H) 7.16 - 7.28 (m, 4 H) 7.35 (d, ]=7.07 Hz, 2 H).

Example 2

9',10"-Dimethoxy-5',6',13',13a'-tetrahydrospiro|cyclopentane-1,8'- [1,3]dioxolo[4,5-g]

isoquino[3,2-alisoquinoline]

(Z O ) ‘ NaBH, <Z O

Methanol

v
oL (ONg
O 25°C, 20 min, 52%
O/ o/

To a solution of 9',10'-dimethoxy-5',6',13",13a’-tetrahydrospiro{cyclopent-3-ene-1,8'-

20

[1,3]dioxolo[4,5-g)isoquino[3,2-a]isoquinoline] (300 mg, 0.75 mmol) in methanol (20
mL) was added sodium borohydride (57 mg, 1.5 mmol) in small portions at 25°C. After
stirring at 25°C for 2 h, the reaction solvent was concentrated in vacuo. The resulting

25  residue was extracted with diethyl ether (2 x 50 mL), washed with water (2 x 25 mL), dried



Example 3 10

9, 10- Di net hoxy-8-vi nyl-5, 8-di hydro-6H-[ 1, 3] di oxol o[ 4, 5-g] i soqui no[ 3, 2-al i so
qui nol i newo 20fo128063 uspensi on of berberi ne hydrochl ori de PCHEP20mg/05dD68 n1rol )

i n anhydrous diethyl ether (100 nmiL) at 0C gvas added vi nyl magnesi um br om de
solution (1.0 Min tetrahydrofuran 13 rﬁ_ 13 mmol ) dropw se. After
stirring at t he re ctl n was 15 uenched addi ng saturated
aqueous am’r%‘%glﬁ%]m{’: r%%{lsl &lum(.sﬂﬂ f%elﬁtlrf)ted VRTROEY &éd\%a]é) %fl?tQ@’EYed with
di et hyl et hgr',(2, bsa%trmm)dmmmdopemhn@mnm 3 diidxefb[2¥e))isaiind[pis sodi um

sul fate and ncen t residue was re-crysta i Zed from
di et hyl et h%]%% BmQhP?aJ (395 it $285 YoM T al d er CasH7NO, (M+H)l 394.49,

S, 10- di et higbeyr@ayvionyd 1By 3
g] i soqui no[ 3, ﬁél soqw1 nol i ne@?ﬂ%@{?%ﬂé@%‘éﬁ W%}d 3 80 (., 2 H) 1.85 - 1.96
C22H211\ 204(MHH) 4:9626.086,32) db6 R adm, 36#.2125 1HBNVR [ HOQ.5WH2, 65OMEQ-1B) 6

Aa7 (@ 3=1d 11 e e o iy Pbsda gy g S 19T 357 s Konfym 4

H 5.95 (s, 5?_4H) J63.60Hzd? H) 635334, 1HA) 623 14), 16832 Hzl 1 H])=63843€!; Her) 61ssHi, B=8734 (S,
1 H 6.86 (d .34 Hz, 1 H 7.25 (s, 1 H. Exanple 4 2

8- Isopropenyi 9 0 di nmet hoxy- 5, 8-di hydro-6H [ 1, 3] di oxol o [ 4, 5-9g]1soqui no
[3,2-a] isoquinoline To a suspension of berberine hydrochloride (500 ng,
1.3 mmol ) in anhydrous diethyl ether (BAthpid) at 0C was added

i sopropenyl magnesi um br om' de solution (0.5 Min tetrahydrofuran, 52 nlL, 26

ol ) drep 1.1 t 0C acti.on was 5 quenched
by addi ng \gé ura et Oxﬁueou)él |dﬁ?n6bﬁ loﬁflﬂ’éog’g‘?éﬁ? A9yl 3nd-3 lisopHinokingt ur e
was extracted vvlth di ethyl ether (2 x 50 nlL), washed with brine, dried over
anhydr ous sodi umes e and concentrated in vacuo. The due was

re- crystalllzed {r di et-h§l ether to afford <
ot npxy- 5, 8- d):jydro 6 bktnfdhed] di Ox0f 0
[3, 2-al] i soqui nol i ne ( \98% for C2 A ( M+H) +:
10 378. 44, observed: 378 1H NVR (400 MHZC. 2DIVBSO- d6) 6 ppm (s, 3 H
2.72 - 2.83 (m 2 H 3.00- %3.09 (m 1H 3.12- 3.20 (m | H 3°71 (s, 3
H 3.77 (s, 3 H 4.61 (s, 1 H 4.92 (d, J=1.52 Hz, 1 H 5.19 (s, 1 H 5.80
(s, 1 H 6.T0 {Wpenbixd & beHierin hkliroBhI6Adé daooh? 1539mHzol) th dithy@ro(1f dlethy1 1 H

6.85 (d, J=8 3 7.23
8- Et h§/ny1 5%6%W$Pﬁ%@cé” 3 aéé%‘apﬂ%gpes[qnngformd@ﬁ@pgo? 41.8Myjn i soqui no
[1332 m% I s?ﬁwmdfdf?%n, lsdllﬁgt £ ﬁlwggﬁg@p%%om&%gmﬁ mo@f&'ﬁpﬁghé?féagﬁod *90 N,
et hynyl gr‘ﬂélg?%‘r#gﬁlagéﬁnaéatglﬁﬂt‘iﬂ Jigogsiammpniyin chloride solution (20 mL). The

mixture was extracted with diethyl ether (2 x 50 mL), washed with brine, dried over

gl i soqui no

anhydrous sodium sulfate and concentrated in vacuo. The residue was re-crystallized from
diethyl ether to afford 9,10-dimethoxy-8-vinyl-5,8-dihydro-6H- | 1,3]dioxolo[4,5-
glisoquino(3,2-alisoquinoline (480 mg, 98%). LC/MS m/e calcd for CpH, NO, (M+H)*:

20  364.32, observed: 364.1; 1H NMR (400 MHz, DMSO-d6) & ppm 2.74 - 2.84 (m, 2 H) 3.16
-3.24(m, 2 H) 3.75 (s, 3 H) 3.77 (s, 3 H) 4.97 (d, J=10.11 Hz, 1 H) 5.06 (dd, J=4.55, 2.53
Hz,2 H) 5.85-5.93 (m, 1 H) 5.95 (s, 1 H) 6.00 (d, J=5.31 Hz, 2 H) 6.72 (d, J=8.34 Hz, 1
H) 6.77 (s, 1 H) 6.86 (d, ]=8.34 Hz, 1 H) 7.25 (s, 1 H).

Example 4

25 8—Isopropenyl—9,10—dimethoxy—5,8—dihydro—6H—[1,3]di0xolo[4,5—g]isoquino[3,2—a]

isoquinoline



20 tetrahydrofuran, 24 nm., 26 mmol) dropwi se. After stirring at 0OC for 16
h, the reaction was quenched by addi ng saturated agueous amoni um chl ori de
sol ut i on W@QomidpsosThe m xture was extracted w th di et hylpcetereo10(026082 50 i),
washed with brine, dried over anhydrous sgdi um sul fate and concentrated in
vacuo. The residue was re-crystallized fromdiethyl ether to afford

8-et hynyl1-9, 10-di et hoxy S5, 8-di hydro-6H [1,3] di oon 0[4 5- 25
g] i soqui no[ 3, 2-a[ i 807 ne (95 ng, 209 . LC M5 m%e

(MrH) +: 362. 40, obseTwet'862.2; 1H I\/R(400M—Iz DS 26 pam 2. 78 -
2.88 (m 2 H 3.17 WO 20100128061PeH,Er20107 5862 J=2.27 Hz, 1
H 3.21 - 3.30 (m 2 H 3.B1](d, J480r|zoo@2|ﬁ)98@45(d 02\Hz, 1 H
6.02 (d, J=5.81 Hz, 2 H 6.X¥8°¢S, 1 H) 6.76 - 6.83 (m 2 H) ¢ (d, J=8.59
Hz, 1 H 7.32 (s, 1 H. Exanple 6 5 8-Allyl-9, 10- dlrrethoxy 5, 8- di hydr o- 6H

1, 3] diox & Q i No ensi on of
Lerb!arl ne %@?%cﬁ?%?%%?‘?@g%% ﬂyﬁﬁoc&@%??&#’wgaL% %13.; ngﬁ sdigthdr (50
L) a’:] 80 }/\iatbera(dl@adﬂalat Qﬂﬁmgs‘eekiedlmbpfdpenyldﬁ]gﬁ@imﬁ bﬁﬁn{désc?lu%% ?MmBO
t et rahydro w se. After stirrjng at or mn,
the r e)altctl o{é{r%d\ﬁg@mﬂ 3% nggﬁ‘%f" lé%ﬁéﬁeéftggn&&h@&fg r AhnBNireRRtiORMSS i de
sol ut i on5( 2Quemthed B&Fﬁ&ide@Wrae&\@@u@&E m@mﬁmwchtbrféie%lhmbngidﬂﬁm) (Bhex 50 ni),

washed with bIj[I ne, drie C](Ij r.a sodi um sul fate and concentrated in
vacuo. The PESVEIESGEE eéﬂo %H%%/é‘ceﬂﬁ?til 4% Shindderashed with brineclrigtoyer
8-al | y1-9, livhgdroes baxymﬁu&a@ahwéb@ceﬁﬁatehlm 3&%0?0[@1@31&61@ Wis @M@hﬂﬁi
[3,2-a] iso ol ine %é 49% C/ M5 me calcd
15 378. 44, ‘ﬁ%bglr%"d to d28 ISQPFONR}WI(%X)dW Oxmmﬁaddaﬂrcw p{rhﬁd@’dol@ﬂﬁ 6 32
Hz, 2 2 Bo u1ﬁo oqhiddlin

H) @Boq 7552 ﬁm q (rl& g(g(ﬂ) mg,z)Sg/J) L%M@n‘\‘%c%c%ﬁg& Jq 31219 EB\/I 1{—1)?25 (s,

3.35 -
1 H 5. 6(8 ﬁ%@e thervmd |4)785>, BEII‘{MR (EIO(D-MP& QM $@;d6) %q)pazﬂlblus,z Hel) 2.%2 68,86 d,

208anpl & 175 218 HerRaLD: BHHTo 10 L T a0 hydr bt pEVSh 6 Hisokbio
[ 4, 5-g] |sdcﬂﬁ(rdo]:E1352Hzal]H 5093, NaHj . (s\/\DH;m@Zﬁﬁﬁifﬁ‘zrlﬁﬁ?@.%@/(@ﬁ]@@%% -
21 - To a 3415 q_&sg 9}1(8011 FBeé'éqje(rd ]ne8§1 ﬁr olc}r{]B (Ele (500 ny, mol ) i n

Bt > Z,

anhydr ous

Example 5

15 8-Ethynyl-9, 10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo [4,5-glisoquino[3,2-a]

isoquinoline

@)

Diethyl ether

_—

0°C, 16 h, 20%

e}

MgCl

To a suspension of berberine hydrochloride (500 mg, 1.3 mmol) in anhydrous diethyl
ether (50 mL) at 0°C was added ethynylmagnesium chloride solution (1.1 M in

20  tetrahydrofuran, 24 mL, 26 mmol) dropwise. After stirring at 0°C for 16 h, the reaction was
quenched by adding saturated aqueous ammonium chloride solution (20 mL). The
mixture was extracted with diethyl ether (2 x 50 mL), washed with brine, dried over
anhydrous sodium sulfate and concentrated in vacuo. The residue was re-crystallized from
diethyl ether to afford 8-ethynyl-9, 10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-

25  glisoquino[3,2-alisoquinoline (95 mg, 20%). LC/MS m/e calcd for CyHoNO, (M+H)*:
362.40, observed: 362.2; IH NMR (400 MHz, DMSO-d6) & ppm 2.78 - 2.88 (m, 2 H) 3.17



ether (100 nL) at OC was added 1-propynyl magnesi um brom de solution (0.5 M
in tetrahydrofuran, 26 nm., 13 mmol) dropwi se. After stirring at 0C for 30
m n, the weaetosenas quenched by addi ng saturated ague®U3/ERROMDO5062
chloride solution (20 nL). The 5 m xture s extracted with diethyl ether
(2 x 50 nL), washed with brine, dried ovef”anhydrous sodi um sulfate and

concentrated; kp from di eth et her
to afford QEjdig) Zﬁl ox}gélp%(s)%od@ny%@%é?égdlxa)&ﬁl}% élﬁg 34 BT%)Q% » 1) 5-
gl i soqui no @92@43F5B$®ﬁuﬁmﬁkiHHS(ﬂﬂﬂéﬁg 6$§@m.ﬂEU6@Bglq g3bed i92732(s
C23H21N04 (E/Hgi) 376. 43, observed: 376.2; 1H NWR (400 MHz, ppm
1.68 (d, J 2Hz 3H)102.76-2.86(m2H)3.21-3.30(m2|—|)380
(d, J=--3.03 Hz, 6H) 5,39 - 5,43 (m 1 H 6.01 (d, J=5.31 Hz, 2 H) 6.15
(s, 1 H 676(d 2 H 6.90 (d, J=8.34kHmpld6H) 7.32 (s, 1 H. Exanple 8
8- 1 sopropenyl-9, 10- di met hoxy 13- net hy1- 5, 8 di hydro-6H [1,3] dioxolo [4,5-
g] |soqu15n [@1 @ﬂ . SO UI n E erber| n hydr ochl ori de (10 0 g, 26.90
mol ), wat et (¥ )lmst ‘EI pdnergH- %é igkelelsers s Bngvinal Bp i ispieiaoling m.)
was introduced into a reactlon vessel. The reaction m xture was stirred
vigorously for 30 mn at roomterrperature. The resul t4_ng. preci pitate was
col l ected and was % nmet hanol (2 x 10 nL) ahd en drledto afford
1- 20 (9, 10-di met@ i\ hydro-6H [1,3] dioxolo [°4,® s00di no
[3,2-a] isoquinolin-8-y pr.opan- Sveng, 4 8 DY %hos _as a yellqwsolid.

L M5 mle calcd for C23  M+H) +: 394 44s, sohserwed: 336. 1H NVR (400
MHz, DMSO d6) 6 ppm 2.04 ~o3 H 2.31 (dd, J=14.65, 4.80 Hz, 1CH)266-
2.75 (m 1 H 2.75 - 282(m 1H) 2.94 (dd, J=14.65, 6.57 Hz, 1 H) 3.16 -
3.25(m\1/\6b%325-330 1 377%d,J202Hz 6H)521(dd

J=6. 32 @i‘épﬁmfﬂ@wemzmémy@eléz 5002pg,-1. 3m@eol Hin anily&bousdiﬁhyl 6.03
(M 3 H 6.cfRer(sh ml58 8% .34 Hz, 1 H)
7.25 (s, 1 ) (A m zture Jovgsadgeﬂllﬁngl&&%é%ylgg%oﬁmi Qro [1, 3]

di oxol o [ 4,TYvdrefses hel 33 znmaﬂ) |d§<uqusm6lftﬁnst8rlyg)1t(ﬁ)ﬁfpaa0 thimnke fdcorg, 5.1
mol ) angl iedeRe al.ed tube eat ed for
Ah bt Lo0C AR RS el sl R R REEElo M SRR R B el Hae e
and the ni ¥pigkue mse?ft@medmdl dl@ﬂlyllether (Phe50nmk}, washadasitic boh€ dried o0& and t he

f d f tallizat f
e?Lgﬁol p;}?%g?%&gh?%dﬁﬁngﬂ I:Ltgglifggo ¥n teé rnalgzlc%p J{hﬁgas#(@y Svr% rg—ljaz'ygpé}%gﬁd gro?nm
[ 4, 5-9] |sd@mhﬂ@ﬂ{egtczaffq}ilSszdkywnmdlmeﬂ}oywsmlhymLm [(B]diéxdo[459% as a

| | | 478. 30, ob d:
550 0 r ruRe S BoRRisaat g P 5 oAl e %?owzw@ o (d

é 2679 g&z Z@sﬂa cébsgséed mvs.2; ﬂll\ﬁm&;?él(ﬁ(ﬁMP?z PMSo-HB) 69pmia B (14834 8y, 2
26 m275(m,1H)27§ 2.87 (m, 1 H) 3.26 - 3.32 (m, 1 H) 3.35 - 3.44 (m, 1 H) 3.78 (d,

J=6.32 Hz, 6 H) 4.78 - 4.85 (m, 2 H) 4.86 (s, 1 H) 5.68 -5.80 (m, 1 H) 5.87 (s, 1 H) 6.00 (d,

J=3.54 Hz, 2 H) 6.68 (d, J]=8.34 Hz, 1 H) 6.77 (s, 1 H) 6.84 (d, ]=8.59 Hz, 1 H) 7.23 (s, 1
H).

20 Example 7

9,10-Dimethoxy-8-prop- 1-ynyl-5,8-dihydro-6H-[1,3]dioxolo [4,5-glisoquino|3,2-

aJisoquinoline

+ /MgBr Diethyl ether

0°C, 30 min, 37%




To a suspension of 9, 10-di net hoxy- 13-net hyl-5, 6-di hydro- [1, 3]di oxolo [4,5-
glisoquino [3,2-alisoquinolin-7-ylium iodide (300 ng, 0.63 mml) in

anhydr ouswdizetoneBosl5 et her (100 nL) at OC was added a s®@CUEPRO10056062

i sopropenyl magnesi um brom de in tetrahyd:é){ uran (0.5 M 18.8 nL, 9.4 mol)
dropwi se. After stirring at O0C for 30 mi fhe reaction was quenched by

addi ng satu or ol ution The m xture
was e>g<’t ractggra%gipﬁg%j ? ﬁb?r Bt f}y@( hh(o %qﬁ‘ﬂ(jsmgwg Gnlrt‘ﬁn rows digthyled over
anhydr ous sedenihog uilf)at @ Cawds z&biader;irbpy‘zr@tﬁnhghem@ﬁu&omﬂ@@sdl@t%lﬁﬂﬁi NE$

rsel gg%f;gle ln{f rggyﬂ%gﬁ%%rﬁ??ﬁ%];)}g H@tﬁéﬂ"t"ge f@l’c Wallng ag{C for 30 min, the reaction
[ 1, 3] di oxol whsquenghddstocuddig] s3tatedl hG@s a@hﬂ&ﬁurﬁ%ﬁlq}me 331@%1)n ({ 40()%(3,

cal cd for C24H25N04 observed: 392 1H N

DVBO- d6) 5 BHHIE, e%gm Hgsd ‘M)tg %leiléﬁ gder ’f—élo wlé,zwashzd vith brne1drigd arerr2 - 2. 79
m 1 3. Qhydrcis08diGm subatdand. 1 whSre- S,

I(-I) 4] 550 (s YI-§ S (1g su. a{é)an céﬁcm%réfea]m E{)ﬁ@uo T reg’idz«% géreﬁywlgge’d%poﬁ

6.93 (s, <i1_‘|fth qjléer(tg a ffp_rq_B 10- é;pé@fbp)@r & prop-1-ynyl- 5 8 d1hydro 6H-[1,3]dioxolo[4,5-

9, 10- D met hgxpgddoMErAYido 1 +4, 5-
gli soqw noh? (21 aolmgoq%}l n(g?lﬁﬂ{em -1 1%?&%%%@%%#@%%1%6@? )ig)&%)ﬂ "To a
suspensi on 5648, Q@emedei%dxyHNMthg MHz,GBMS@y&B)Q}ﬁpln 3]66|(@,>qu2@)[24{253 19)

i odal 5.2 2 56 BRI R 3o G, 380 T 0 Tem Pt i o3 <m,1H>601

1- pr opynyl n(talgheSSMuH}zbZerrBde(s N Hed.vely driof slo@py, (93.34 My, L) Flsn 8.1

dropwi se. After stirring at OC for 30 nin, the 5 reaction was quenched by
addi ng saturated aqueous amoni um chl ori de soI ution (20 nalL). The m xture
was extracted wth diethyl ether (2 XFB‘BHWIL? washed with brine, dried over
anhydrous sodium sul fate and concentrated in vacuo. The residue was
re-crystal l8§- Irseplrdpreﬁmailwuhuéthsi;h@s mie@hyd{F@0thydro-6H-[1,3]dioxolo[4,5-

9, 10-di rreth ge glyl 8- prop- 1-ynyl - 5, 8- di hydr o- 6 1, 3] d| ’oxol 0 [ 4, 5-¢]
i soqui no [:5 1]‘mP o BIIRSNITNNE 100 My, 61% . LO/MS me calcd for 10
C24H23N04 (MHH) +: 390. 46, observed: 390.2; 1H NWR (400 MHz, DMSO-d6) 6 ppm
1.67 (d, J=1.52 Kz,_3_H_2.22 (s, 3 H 2.69 (m 1 H 2.89 -2.99 (m
1H 3.16 - 3.2%K O 5.38 (denJ=1.77 Hz, 1 H)
6.04 (d, J=2.78 Kz 1 H 7.06{s1.H). Exanple

10 15 o_  100°C,4h,59%
13- Et hy1- 8-i sopropenyl- éjj MeL. QX Yin Reo8- di hy 6H- [ 1, 3] di oxol o[ 4, 5-g]i so

0]

+ )J\ Diethyl ether 0
MgBr T

0°C, 30 min, 36%

Berberine hydrochloride (10.0 g, 26.90 mmol), water (40 mL), acetone (10 mL), 50%
aqueous sodium hydroxide (15 mL) was introduced into a reaction vessel. The reaction
mixture was stirred vigorously for 30 min at room temperature. The resulting precipitate
was collected and washed with 80% methanol (2 x 10 mL) and then dried to afford 1-

20  (9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo [4,5-glisoquino|3,2-alisoquinolin-8-yl)-
propan-2-one (8.5 g, 80%) as a yellow solid. LC/MS m/e calcd for Cy3HysNOs (M+H) '
394.44, observed: 336.0; IH NMR (400 MHz, DMSO-d6) & ppm 2.04 (s, 3 H) 2.31 (dd,
J=14.65,4.80 Hz, 1 H) 2.66 - 2.75 (m, 1 H) 2.75 - 2.82 (m, 1 H) 2.94 (dd, ]=14.65, 6.57 Hz,
1 H) 3.16 - 3.25 (m, 1 H) 3.25-3.30 (m, 1 H) 3.77 (d, J=2.02 Hz, 6 H) 5.21 (dd, J=6.32,



A m xture of _ _ _

1- (9, 10-di et hoxy- 5, 8- di hydr o- 6H [ 1, 3] di oxol o[ 4, 5- g] i soqui no[ 3, 2-

a] i soqui nebi2nt0Br2ydk) - pr opan- 2-one (5.00 g, 12.71 nmol) amdTiRRd@etbase (25
m.) was 20 placed in a seal ed tube and he gd for 5 h at 100C. After
cooling to roomtenperature, nethanol (4 i) was added and the m xture

fl e ol nd the resulting
Suspensi on waa ol Flacka wy it Fubrasd ReSaySedn £256 bR mSiivel ol
af f or ded 13HbIhM1795I@1dHhethoxy 5, 6-di hydro- [1, 3] dioxolo[4,5- g]isoquino
[3,2-a]isoquinolin-7-ylium iodide (2.85 g, 45.7% as a ye||OM/SO|Id LG MS

Ve, DNEO o e Ll D Sy fipars ey PSRGlola 3 lsokenied 2 1y 3. 34

- 3 41 (m 2151d)1u1410]]111 8-d)-pdephn7Zond\Q. (2@1501 &Qﬁ&ﬁwﬁﬂdgi%%gﬂagéi @%ﬁ&@?was gﬁced Hz,
6 H 4.7g

8. 27 (m 2 lﬂ)a s§al§% nl:{bg an?)h'gﬁteégorazrl l%ﬁltslﬁ)(gn% IAf#r Gpohng to|_r|2)0m temperature, methanol

13- et hy1- 9, (100 di Lyt 0xebarfit te hyigiiee w{aslreahfa@d%m[ *ﬂhém%lthl%%'ce%émﬁo"
i odi de ( 61 nmol ) in anhydrous diet

2% IhZ?ql(Jll(r)lgl I r}l) ES&@%&W%@%%MM e%té‘l1 b‘t’ filsatign. R%é@ﬁ@%@ﬁwmgm@ﬁhamm br oni de
i n tetrahydifffrdsdrs-(RiH1-b101BndtHbky-5%- 31h92ﬁ%| M dﬂHBQWO?@S Igglg né GiLring at

f 30 the reaction was quenched ng satu gous
gg:m)(r)ur um CE gPﬂH‘é‘gg%V (iiué?h igdide %_34 g"ﬁﬂ%)rﬁtﬁﬁt}’dl@ mglsl b@tM&m/edalwl fdr di et hyl

h d. t r r|e sul fate
on condan SaHTa. WESRE0 PaD, BidRga. Sl TR APAXRICIREOG & Bty
ether to 10224 fsod #) B3-1ethy\21H B4. u%ocprjelpemy{lz 8H§b?1 %‘e@?gg@?%iﬁﬁﬁg@%)h%ﬁg%ﬁxe

5- 1 SO ol i , )
Lol o for Bl Rbi%\%iﬁ)oqé’b%% %gf)%cﬁ%’s(é NG 406. 2 1H NVR (400 Mz,
DVSO-d6) 6 ppm 1.16 (t, J=7.20 Hz, 3 H 1.53 (s, 3 H 2.57 - 2.64 (m 1 H)
2. 64 -2.71 Tam subpedsich &, H0- &n?eihc(mlslmbi)hyzs %Jdlhycﬁrom 3gd{rfbxélo 52.95 - 3.04

( m721 ( |s_|) 3. glﬂsoqumo [%22 gngoqumlghn?ﬁyhung iodide ( |_200 mg, 0. é.’) mmol) in anhgc?ro(ui 211e%hy|l_l)

15 ether (100 mL) at 0°C was added a solution of isopropenylmagnesium bromide in
tetrahydrofuran (0.5 M, 18.8 mL, 9.4 mmol) dropwise. After stirring at 0°C for 30 min, the
reaction was quenched by adding saturated aqueous ammonium chloride solution (20
mL). The mixture was extracted with diethyl ether (2 x 50 mL), washed with brine, dried
over anhydrous sodium sulfate and concentrated in vacuo. The residue was re-crystallized

20 from diethyl ether to afford 8-isopropenyl-9,10-dimethoxy-13-methyl-5,8-dihydro-6H-
[1,3]dioxolo[4,5-g]isoquino[3,2-a]isoquinoline (90 mg, 36%). LC/MS m/e calcd for
Cp4H,sNO4 (M+H) ™ 392.47, observed: 392.2; 1H NMR (400 MHz, DMSO-d6) § ppm 1.53
(s,3H) 2.13(s,3H) 2.62-2.71 (m, 1 H) 2.72-2.79 (m, 1 H) 3.00 - 3.08 (m, 1 H) 3.13 -
3.21 (m, 1 H) 3.71 (s, 3 H) 3.80 (s, 3 H) 4.59 (s, 1 H) 4.77 (s, 1 H) 5.12 (s, 1 H) 6.03 (s, 2

25 H)6.83(s,1H)6.93(s,2 H) 7.02 (s, 1 H).

Example 9

9,10-Dimethoxy-13-methyl-8-prop-1-ynyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino[3,2-alisoquinoline

MgBr Diethyl ether

—_——

A\

0°C, 30 min, 61%




151 H) 5.08 (s, 1 H 6.04 (d, J=4.55 Hz, 2 H 6.86 (s, 1 H 6.89 (s, 1 H
6.96 (s, 2 H. Exanple 11 8-Allyl-13-ethyl-9, 10-di net hoxy-5, 8-di hydro- 6H
[ 1, 3] di owol2010/¥28ds1g] i soqui no [ 3, 2-a] isoquinoline 20 POTAEPUSPEFISE ON Of
13- et hyl -9, 10-di nmet hoxy- 5, 6-di hydro- [1, 5% di oxol o [4,5-9g] isoquino [3,2-
alisoqui nolin-7-ylium iodide (200 nmg, 074 mmol) in anhydrous diethyl ether

(5 m) at QC was added oJ.ut i on al | vl esi u . O} in

t et r ahydr o&ﬁraéﬁslief.su?nlﬂfgéa%i“f?‘ﬁfhoﬁy ﬂ%ﬁﬁt{l%‘r%%ﬂy .ro'm’?@rloxso;kﬂgéi_ng at 0C for
Bgl i _nbI thg{ié&ﬁﬁﬁd [Q,g(—)dl}%ﬁglﬁu_?_ﬂﬁheﬂiuhy iadidé (PP0sad, @rmgd)l)awﬁmgwgasrdigﬂjyum )

chl oride sol ution JiL) . e, mxture was extracted.w 5 di et hyl ether
(2 x 50 rrL)’-t,heV\é%Wégi ap &W%?rﬁdﬁééaa%i}l%ﬂ* B%Pr%ﬂv&}a@{}%sl%ﬁﬂr difate and
concent r at @drdhPdNAGHe (0.3, I7asLBISmWRS) depWisy.SAfdrIstiZats di 0omfalizethinl thet her
to afford 8-allyl- 13-e

th$/1-9 10- di met hoxy- 5, 8-di hydr o(-é?l—l-. [1 3‘18 c{i xol o
[4,5-g] 5 saestinnvpsqaoenshed Bisddingiatyiated pEBCqHS 2uBeRium Bqpslespltion) 28T or
C25H27NO4  (MHI e n3QBreBwasQRESEVERith 4R8h A ethbH NVRD) 6AQOwAdHed wilkBeh@baridl ppm
1.18 (t, J=7.20 Hz, 3 H) 2.11 - 2.20 (m 1 H 2.25 - V\(? :

2010/ 12806 2P RNEPIOLO s@LEDERIfate a5d conxeggatedyn yacuy. Ehegssiduowggegrystalisgd » gg
- 2.76 (m : 2 13 2 i 3 , iHdRS8eH-4. 81
(m 3 H 5.%@1‘3@1."%%&?%% %Q’lr-ié g"é?%‘iﬁ%@?ﬁiﬁ%@ﬁﬁ% E?nyéséggh?fs}’d 1’ 6. 00
(s, 1 H 6.[83ldisxol@4H)glisqamel b2-kdisgquinoline (100 mg, 61%). LC/MS m/e calcd for

13- Et hyl -9, 10- dj net - 8- prop-1-ynyl -5 8-di - 1, ~oxQl -gliso
quino [ ¥ Zéﬁﬂglgg%ﬁ%ﬁ)né”%/}%’rgbsﬁ%f s?)gér%ilglrﬁ%ﬁ{ o Ntk SUSO°KS hin 369

1]3_- et hyl - %(&,Q%iiﬁﬁﬁi}@%ﬁéﬁgsgb m%g(r.)s»_ 1.690@121, ﬂH@fz.@bpz.Da(%; gH)issmqm.%uﬁ(l?& t2h

ali soqui nolin-7-ylium iodide ,. 0.4 mol) ip_a 0 i ethy er
(5 )t 1D 50 Vb Adiba 688N Hepropy My | haghes it EPriids’t 15

sol ution i deaty ahypyefw am(0.5 M 8 mL, 4 nmmol) dropwi se. After stirring
at 0OC for 30 mn, the reaction was quenched by addi ng saturated aqueous

anmoni um chl oride solution (20 nmL). The m xture was extracted w th diethyl
ether (2 x 50 nL), washed with brine, Egi@la18ver anhydrous sodium sul fate
and concentrated in vacuo. The residue was re-crystallized from 15 di et hyl

ether t g5 afisoffly118318hFpkn -9 Po-di ARKBEX S;884iR) A= GH Y 18| diSxdlo iy doRuitd:

[3,2-alisoquinoline

CH,CH,| <

100°C, 5 h, 45%

Diethyl ether

MgBr 09C, 30 min, 12%

A mixture of 1-(9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo(4,5-g]isoquino(3,2-
alisoquinolin-8-yl)-propan-2-one (5.00 g, 12.71 mmol) and iodoethane (25 mL) was
20 placed in a sealed tube and heated for 5 h at 100 °C. After cooling to room temperature,
methanol (400 mL) was added and the mixture was refluxed for 1 h. The mixture was
cooled to 0°C and the resulting suspension was collected by filtration. Re-crystallization
from ethanol afforded 13-ethyl-9,10-dimethoxy-5,6-dihydro-[1,3]dioxolo[4,5-
glisoquino|[3,2-alisoquinolin-7-ylium; iodide (2.85 g, 45.7%) as a yellow solid. LC/MS m/e
25  calcd for CoHoNOL (M+H) ™ 492.32, observed: 364.1; 1H NMR (400 MHz, DMSO-d6)
8 ppm 1.47 (t, J=7.33 Hz, 3 H) 3.10 (t, ]=5.56 Hz, 2 H) 3.34 - 3.41 (m, 2 H) 4.11 (d, J=1.77



[1,3] dioxolo [4,5-g] isoquino [3,2-a] isoquinoline (130 ng, 80% . LC/ M5
nme cal cd for C25H25N04 ( M+H) +: 404. 48, observed: 404.2; 1H NVR (400 WHz,
DVSO- d6) wopprwviksd® (t, J=7.33 Hz, 3 H 1.65 (d, J=2.02prHz/EP3016)5660 -
2.81 (m 4 H 3.07 (m 1 H) 3.18 - 3.25 ( 1 H 3.81 (d, J=8.84 Hz, 6 H)
5.32 (d, J=2.02 Hz, lH) 6.05 (d, J=6.32%+z; 2 H 6.86 (s, 20 1 H) 6.95 (s,
1 H 6.96 -

13- Al | y1-8-1i éo&g% penyl @(%%ﬂg{zﬁ&g@ BL7ishY b 3-8 sy 13 P dBoBe7d 2EH)g] i so
qui no[ 3, 2- apisvduinol i ne WD 2010/ 128061PCT/ EP2010/ 056062 - 26 -

m xture of 1- (9, 10-di net hoxy-5, 8-di hydro-6H [1,3] dioxolo [4,5-4]

e B?oEn"’“aéae%eﬁ{?#oPﬂ S OMRERBE B st Tarecly Bep-# Brocking -
100C. Af t eralisoqlinotin- 7eyz1hmmobdlaaoiborfhg v@smmoddigedhddidus BRHN (her @ WA ) at

refluxedfo Af ter. colln e resulting precipitate was col l'ected
by filtr3ati (g)r(%l Wﬁeadr&]'?(i/gf(gml?lig P‘?IB’ a4EHB bré?fm@"r‘ degtrahydrofuran (0.5 M,

13-al l y1-9, 184 dﬂnﬂchﬂmySE dropividy. NfRer stﬁrhn%]at d"@f&‘? |3@ n{uﬂ; e géach&? QAui ng gk‘g%{ﬁlal]

|squ|nollnbgelf]yllumglrr m de (0.80 calcd for
(MrH) +: 457%% %60 209" imniqmlﬂmh{%m solumq@ (Z(DWEQ}H&)meitlp}QmaS 12 (t,

J=5.56 Hz, &thdtedoth dielylQth 4w i

o ﬁ'jéf&te g bt etthyih eg@;ﬁfolfhum A&ea%th]b—rﬁ% é&’i clé@%%f?h,gi gqs sﬁsdﬁﬁq H

7.18 (s, atp agg cpucenyrajqyl ig vepuo( Hhe rmdge %s nazcwqalhgedafrczﬁ diethyl 3th@r 86 Hz, 1
10. 090 ( Saffokd I - | 0 di hydr o-

|[_i)l 3] di %i?? 0 der eEhWS?;O?éﬁ?ﬁlgﬁpq? c91fne1]£| gaﬁ%g%%g%?@t&}&%ﬁ @h‘%ﬁdel (\X,OO

ng, 0.66 fsyqliuﬁo ?h?Qﬂﬁﬂsméﬁﬂél(?\%/mgetWe} LC2BSmvk caled O€ Gl 2te-6H) *

| uti f I t dr of 0.5 15
e 10 ol 4065 EDRRERY ARILFRTRAATMIF: s bGideie i T glw(-%&%ﬁlo-’n%s
quenched byl.z30@i 31@{)8&{7ur2864e(dn aquiﬁ,@@& Zimfprﬁl upp Q@LQU ﬂe(ngql ﬂ g@@ (Ht)l

g? .enren ij?.r 2@"%@% ﬁ?ﬁth ‘f%u‘ﬁ»‘ ;[352d3(d %5@ ] He\ﬁe%ﬁgif fébhéé(ﬁ ﬁ:ﬁ)e@w &, VEDWT2 (Fhe

resi due1svasl Mes5.08ysta) é.8edi, T£083 dizel byl @t her ffqr
13-allyl-8- |sopropeny1)| 9, 1(%H gl nmet héxyp% 8%&?%%1@8% q[F?) 63?68% 3[0 [4, 5-

20 glisoquino [3,2 i soqui noline (75 nmg, 27% . LC/Ms nie calcd for
C26H27N04 ( M+H) +: 418 51, observed: 4Emmpleily NVMR (400 MHz, DVBO d6) 6 ppm
1.57 (s, 3 H 2.64 - 2.80 (m 2 H 2.97 - 3.06 (m 1 H 3.18 - 3.25 (m 1
H 3.72 (s.8-8liy)13%tH s(ﬁodﬁnéfbl -58.di -dHli- _ 5,2718 (M
3 H 6.02 (s, )gl)kp il e oAl O’g’ﬁ gf“?“odf%.éﬁ[ﬁﬁ%@%’&?ﬁ[4§.§%‘°?‘s‘?‘%£3%§]e. 01
(m 1 H elggumeling 1y

o)

o
. \/\M g Diethyl ether .
¢ 0°C, 30 min, 98%

20 To a suspension of 13—ethyl—9,10—dimethoxy—5,6—dihydro—[1,3]dioxolo[4,5—g]isoquino[3,2—
alisoquinolin-7-ylium; iodide (200 mg, 0.4 mmol) in anhydrous diethyl ether (5 mL) at
0°C was added a solution of allylmagnesium chloride in tetrahydrofuran (1.7 M, 2.5 mL, 4
mmol) dropwise. After stirring at 0°C for 30 min, the reaction was quenched by adding
saturated aqueous ammonium chloride solution (20 mL). The mixture was extracted with

25  diethyl ether (2 x 50 mL), washed with brine, dried over anhydrous sodium sulfate and
concentrated in vacuo. The residue was re-crystallized from diethyl ether to afford 8-allyl-
13-ethyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g] isoquino|3,2-alisoquinoline
(160 mg, 98%). LC/MS m/e calcd for CysH,,NO, (M+H)": 406.5, observed: 406.2; 1H
NMR (400 MHz, DMSO-d6) 8 ppm 1.18 (t, J=7.20 Hz, 3 H) 2.11 - 2.20 (m, 1 H) 2.25 -
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9, 10- Di nmet hoxy-8, 8, 13-tri net hyl-5, 8-di hydro-6H-[ 1, 3] di oxol o[ 4, 5-g] i soqui no|[
3,2-a] iswqubrwi2sese A mi xture of 9, 10-di net hoxy- 13- net hptTAPee1diobspaz o [ 1, 3]
di oxolo [4,5-9g] isoquino [3,2- 5 ai isoq %éml in-7-ylium 1iodide (0.95 g,
2.0 mol) and 30% sodi um hydroxi de in wat (150 nL) was refluxed for 16 h.

The preci pi 3% hydrochl oric acid.
Purificati o% %) mﬁi?@ Ogsal %éﬁg%?ﬁ%hégnét% ﬁll:b) %)21?’ I P4 (gel Bt G Fte,
éoohlzoo mesHy, @Haassz%ceﬂalrmn f3rf;ii}r5 ??aﬁfibﬁ‘“ BNy} 1 1(80%, 2 H) 6.85 (s, 1 H)

i chl or onet t et ate) afforde

9, 10-di net hé(;g@%/lg Fﬂefli%@(% %ﬁé di hydro- 10

[ 1, 3[ di oxol o[ 4, 5-g[i soqui no[ 3, 2-a] i soqui hol i n-8-one (150 ny. 209 LC/ M5 nmlfe
calcd for C211-119N05 (Mrl-1)+: 366. 6¥xampiernved: 366.1; 1H NMR (400 MHz,
DMSO-d6) 6 ppm 2.46 (s, 3 H 2.80 (t, J=5.56 Hz, 2 H 3.78 (s, 3 H 3.90
(s, 3 H3. .m .2 H 6.09 (s, 2 H 7.00 (s, 1 H 7.16 (s, 1 H)
7.54 - 7. 61?3?1%%hyg'9a1§i‘f“lie?h°%‘t"@f%f"8f1'9{‘)%05»%1}@@%@: s3] diseplpi4.5-ghiseliviyer o-
[1, 3] di oxol3@-aHsoquilolingoqui no [ 3, 2- 15 a]isoqui nolin-8-one (970 ny, 2.66
mmol ) and phosphorus oxychloride (20 m) was refluxed for 3 h. After
cooling, the mxture was concentracted in vacuo to afford

8- chl or 09, 10- di mef -nethyl 5, 6-di hydro- [1, 3] C
i soqui no [3, 2-a] i in- 7- Ilu% chloride (9
whi ch was used for next]stkp WIthOU/legr

for C21H19C12N04 ( MtH)~ 9, 20°To a susogegamn%%of
8-chl oro-9, 10- di net hoxy- thyl-5, 6-di hydro- [1, 3]di oxol o I
gl i soquino[3,2-al isoquinolin-7-ylium chloride (970 ngy, 2.3 mml) in
anhydr ous et hyl ether (150 m_i at 0C was added a sol ution of

met hyl magn %Jﬁ:}se?ﬂsm fed 3rihyle Fapieptorur aerditg de- [ 1.5] didxol o8, SagtisoyuitiofhHd se.

Af t t f

Satur at el agebas. aron, um thl o gar o roh oA, BURTFRAY Qe o PR s
extract & Wi Ehvaginddasya sodytinsr of(12psepnmdmagesiunab trevidesdlhtitan imeraltdrefiraihO
2010/ 12806¥8%E5§ﬁ1@/n95ﬁ9@%%pw1§8AftePé’tﬁhngQP(Y“‘é{ F?? SOdI m sul.f at e and

concentrated in vacuo ue was reccrys FB%C%‘?%Y"?I%/I et her
to afford quenched byadding saturated aqueous ammonium chloride solution (20 mL). The

10 0 B g B R it 1

380. 46, obsehydrdus S8l sulfite MMRcr400r itk i1 WM@Xesﬁd@%sle@@rséﬂ(z@d @®nt)

|2_|) :5% (7 315( S dl‘_%h’ai) 9«% gciaf{oraqileg}ylﬂé? lé)ldﬂ(_l%et Yy fn@pgé‘/n‘/lé 895‘2*0'#{0 lé_?ng 239%(38( 5,3

[1,3]dioxolo[4,5-g]isoquino|3,2-a]isoquinoline (130 mg, 80%). LC/MS m/e calcd for

Ca5H2sNOy (M+H)': 404.48, observed: 404.2; 1H NMR (400 MHz, DMSO-d6) § ppm 1.20

(t,J)=7.33 Hz, 3 H) 1.65 (d, ]=2.02 Hz, 3 H) 2.60 - 2.81 (m, 4 H) 3.07 (m, 1 H) 3.18 - 3.25

(m, 1 H) 3.81 (d, J=8.84 Hz, 6 H) 5.32 (d, J=2.02 Hz, 1 H) 6.05 (d, J=6.32 Hz, 2 H) 6.86 (s,
20 1H)6.95(s,1H)6.96-7.02 (m, 2 H).

Example 13

13-Allyl-8-isopropenyl-9, 10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo [4,5-glisoquino(3,2-

aJisoquinoline



Exanpl e 15 8, 8-Diethyl -9, 10-di net hoxy- 13- net hyl1-5, 8-di hydro-6H [1, 3]

di oxolo [4,5-9g] isoquino [3,2- a] isoquinoline To a suspensi on of

8- chl or o-WO20todi2emst hoxy- 13- net hyI -5, 6-di hydro- [1, 3] di orclr®prpeio®s56062
g]isoquino [3,2-a] isoquinolin-7-ylium ?éori de (1050 ng, 2.5 mmol) in
anhydrous diethyl ether (50 nL) at 0C was“added a sol ution of

et hyl magnesi um bromi de in tetrahydrofuran (3 M 9 nm, 27.4 mmol) dropw se.
After stirring at 0C,fg % the reaction @ ancked by addi ng
sat urat ed aqueous a or i de soUims (50 o= R N xture was

extracted with diethyl eth 2 3. 100 Ogglc) ygshed ne, dried over
anhydr ous sodi um sul fate ana ncent rat e | n ‘vacuo: @

8, 8-di et hyl - 9, 10- di net hoxy- 13- net hyl - 5, 8- di hydr o- 6H

[ 1, 3] di oxol o[ 4, 5- g] i soqui no[ 3, 2-a] i soqui nol i ne (22C

re-crystallized from diethyl her to afford
calcd for 20 C25H29N04 ( MrH)l+: 408. 51, Diigserved: 4032+ 1K WR (400 MHz,

DVBO-d6) 6 ppm 0.76 (t, J=7.3%Hz, 6 HI 1.91 fml2 1) 61.97 (s, 3 H)
2.0 - 2.21 (m 2 H 2.70 (m 2 H 3.96 '”3é”’H)3 0~ 3 (m 6 H 6.02
(s, 2 H 6.70 (d, J=8.59 Hz, 1 H) 6.80 (s, 1 H 6.88 (d, 084 Hz, 1 H)
6.90 (s, 1 H. Exanple 16 25

, 5-9]

13- Et hyl - 9, A Gridiupeshexy I@d@nghw Y. Jd' }Eﬂdgo gh}?[”ldg AUSH of L i g:? soqumo p [4

i soqui no [3,2- a] 1soquinoline
13-ethyl-9, 4(50%%@&1111167031) Br(@arjﬂhym (d[(n.g 3](1& rorol )ofnd, aﬂiylgjmmw IIOQn]L)3w£5-

| d 30% d
ot or (150 Murda aSedlhg i BEUEn bR iy 0 TR Py iR ral Mo d M et e
and trea? ecﬁddﬁd hndhthte 394 Ge Iwysirerﬂubad:cbfowdo anndAftémeo]ﬁ)ﬂigfthdMehahﬁg pasipaslclagt ed
d ha
1 ety & BBt B OB LA Ao ASh Shaseliorier B ghtodSeimeh s 2- o
|3 ; SQZIZ noI i rﬁs@dlhydm?)(llﬁ)(ahqxg}_cl) 4,20@ isb @i 31-a] 1ﬁ:iilllu€rd)flﬂ‘nof %"&%Nﬁ@i (dA\féP_%tM
or 0 m :
J=-7.33 st,/e @ﬁ@@“ﬁfﬁ%@d flofﬁgl\%%&é?zgf Qﬁﬁi)g 4953 posgve 3Z@1£izH NMR)(480) 99
3 4 N8 2 5 1
( s, H) Z(BMS3)( ) Foif 3124(1—!? 5(5'81H22 2'1%) ?P 4, gﬁ%moé%% (%F&Olzﬁ{% az,

1 (s, , m Rt ur e
of 13 eﬂfhyﬁ )iéldﬁr?ét(ﬁoﬁﬁ)&s%%w Hﬁjﬂ)rifﬁH{z 1, 13) 6dB ¢xald) §.40 56.6] (inSOGLIMS [

3,2- a]isoqui ) h S 0 ide (3
m) was reglyul:}gd ?6%’ g%é@pcpgﬁ 5:)5()0 in 8,[21928?]1' :B(r?’&g 3&@5 {:Q)(ﬁén{ ted in
vacuo to afford 8-chl oro-13-ethyl- 9, 10- d| met hoxy- 5, 6-di hydro- [1, 3]

di oxol o [ 4,1®-aguspeisigni afd 3{dy29,4)- dlrscit}uxmbxbrdlhﬁdrw ﬂﬁﬂﬂmi&opﬂﬂ glissdpindh2 21y,

Laivs m o areli e, Easel Clogly o Rl iaraienon e 2050 O™

Chl or of or matl§°Gwasawded 4 3olution 6ﬁlsépmop&1ylﬂ)1a§1e@ﬁlm bidnzife (rfmetrzh)}d)rof%ra{?n2 0:5 131 55

I(-i) m 720?5( . 26%4'6105)}1826 (dgopv‘\?ség Aggg%rm§ a}_é@foi %E)_%Hn, t%e_geaggowas g_l?qq?:ﬁfed( by
adding saturated aqueous ammonium chloride solution (50 mL). The mixture was
extracted with diethyl ether (2 x 100 mL), washed with brine, dried over anhydrous sodium
sulfate and concentrated in vacuo. The residue was re-crystallized from diethyl ether to
afford 13-allyl-8-isopropenyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3] dioxolo[4,5-

20 glisoquino[3,2-a]isoquinoline (75 mg, 27%). LC/MS m/e calcd for Cy6H,NO, (M+H) ™

418.51, observed: 418.2; IH NMR (400 MHz, DMSO-d6) & ppm 1.57 (s, 3 H) 2.64 - 2.80
(m, 2 H) 2.97 - 3.06 (m, 1 H) 3.18 - 3.25 (m, 1 H) 3.72 (s, 3H) 3.79 (s, 3 H) 4.63 (s, 1 H)
4.73 (s, 1 H) 5.06 - 5.18 (m, 3 H) 6.02 (s, 2 H) 6.05 - 6.15 (m, 1 H) 6.81 (m, 1 H) 6.86 (s, 1
H) 6.91 (m, 1 H) 6.98 (s, 1 H).

25 Example 14



20 To a suspension of 8-chloro-13-ethyl-9, 10-di net hoxy-5, 6-di hydr o-

[1, 3] di oxolo [4,5- g]isoquino[3,2-a]isoquinolin-7-ylium chloride (62 ng,
0. 14 mmolwoi2nioenioedr ous di et hyl ether (10 nL) at 0C was patdwdoia/osebrt i on of
met hyl magnesi um chl oride in tetrahydrofu ?n (3 M 18 nL, 54 nmol) dropw se.
After stirring at OC for 20 min, the reattion was quenched by addi ng

saturated agueous anmmon| chl gri Ol ut i .25 The m re was
extract ed \%ﬁ ?Pl&?eélewr%ﬁg]é’?m(ﬂ%ﬂg%o%‘%ﬁﬁ Q‘%@%@%‘OW %2’%gllﬁoequln )rT?’léioﬁ WD
2010/ 12806 1Behifefd@10/ 056062 - 30 - over anhydrous sodium sul fate and
concentrated in vacuo. The residue was re-crystallized fromdiethyl ether
to afford

13-ethy1-9,10-dk" s 8,,8-di met hy1- 5, 8, thyhydr or 6H 1, 3] di oxol o[ 4, 5-g] i soqu
i no[ 3, 2-a] i soqui il oS or C24HRTNO4  (MiHH) +:
394. 49, observed: 394.4; pm 145 (r, J=7.20
Hz, 3 H 1.50 (s, 7 , 5 - 2. 7% (M Y H) 3. 12
(t, J=5.68 Hz, 2 H 3.7 03 H 3.80 (s, 3 H 6%¥027T(s, 2 H 6.84 (s, 1 H)
6.88 (s, 1 H 6.949 (m 1 H 6.99 (m 1 H. Exanple 17
8,8-Diallyl-9, 10-di net hoxy -5, 8-di hydro-6H [1, 3]di oxolo [4,5-9g]isoquino
[3,2- 10 a]isoquinoline To a suspensi on of
8-chloro-9, 10-di B < 5q6- di hydro-[1, 3] dbox
gl i soqui no[ 3, 2-4] i 6 oui10Igm-7-yli¢{m¢phloKioﬁ!ﬂo., )
anhydr ous di et hyl" ethef( n%é\at—@Q;mas—add%d a spl utton of allyl magnesi um
chloride in tetrahydretyrap s (1P8MWAMe2 16 L, 4 ol P~dropwi se. After
stirring at OC for 30 mlg he re&eeion%mas quenched s%/adding sat ur at ed
aqueous ammoni um chl ori de s6l uti on (10 mL). The m xture was extracted with
diethyl ether (2 x 50 nL), washed with brine, dried over anhydrous sodi um
sul f at e and\ g@asefovanedmiethokgddanethiles,seslduel 1viddioxelots, y-xi iadduiazeld, 2 r om

diethyl ether tq afford 8,8-diallyl -9 10-di net -5, 8-di hydr.o-6
L1, 3] 8 cxolRgspaBoling Y &&@%8[9%,gz2-3]@@8@&%35?@@(%%%%{“%% VR e
cal cd for GROHZANCHuLNHED M6 h. The precipitate was collected and treated with hot 3%

hydrochloric acid. Purification by flash silica gel chromatography (silica gel from

0.5 nmmol) in

QingDao, 100-200 mesh, glass column from Shanghai SD company) (50%
dichloromethane/ethyl acetate) afforded 9,10-dimethoxy-13-methyl-5,6-dihydro-

10  [1,3]dioxolo[4,5-g]isoquino(3,2-a]isoquinolin-8-one (150 mg. 20%) LC/MS m/e calcd for
CiHoNOs (M+H)": 366.69, observed: 366.1; 1H NMR (400 MHz, DMSO-d6) 6 ppm 2.46
(s, 3 H) 2.80 (t, J=5.56 Hz, 2 H) 3.78 (s, 3 H) 3.90 (s, 3 H) 3.96 - 4.07 (m, 2 H) 6.09 (s, 2
H) 7.00 (s, 1 H) 7.16 (s, 1 H) 7.54 - 7.61 (m, 2 H).

A mixture of 9,10-dimethoxy-13-methyl-5,6-dihydro-[1,3]dioxolo[4,5-glisoquino{3,2-

15  alisoquinolin-8-one (970 mg, 2.66 mmol) and phosphorus oxychloride (20 ml) was
refluxed for 3 h. After cooling, the mixture was concentracted in vacuo to afford 8-chloro-
9,10-dimethoxy-13-methyl-5,6-dihydro-|1,3]dioxolo[4,5-g|isoquino[3,2-a]isoquinolin-7-
ylium; chloride (970 mg, 86%) as a solid which was used for next step without further

purification. LC/MS m/e calcd for Co H1oCLNOy (M+H) " 421.29,

20 To asuspension of 8-chloro-9,10-dimethoxy-13-methyl-5,6-dihydro-[1,3]dioxolo[4,5-
glisoquino(3,2-alisoquinolin-7-ylium; chloride (970 mg, 2.3 mmol) in anhydrous diethyl
ether (150 mL) at 0°C was added a solution of methylmagnesium chloride in
tetrahydrofuran (3 M, 15 mL, 45 mmol) dropwise. After stirring at 0°C for 30 min, the
reaction was quenched by adding saturated aqueous ammonium chloride solution (50

25 mL). The mixture was extracted with diethyl ether (2 x 100 mL), washed with brine, dried



418.51, observed: 418.3; 1H NWR (400 MHz, DVMSO-d6) 6 ppm2.66 - 2.78 (m 4
H 2.94 (dd, J=15.41, 6.06 Hz, 2 H 3.26 (t, J=5.43 Hz, 2 H 3.77 (d,

J=10. 36 HxQ 26104806188 (d, J=10.36 Hz, 2 H) 4.98 (d, J=1Pc4ApPbing/oReobd) 5. 35
(s, 1 H 566 - 578 (m J=16.99, 10. 29, 07, 6.82 Hz, 2 H 5.98 (s, 2 H
6.51 (d, J=8.34 Hz, 1H)672(s 1H)6‘ '(d J834Hz 251 H) 7.15 (s,

1 H). Ex t h , 8- di hydr o- 6H-
[1H29,] di oig}) %‘%féﬁg‘/&g?? %’@Z%P ﬁ‘glf ?‘?% it tﬁfg Vr?é“f’ Fnr'iét éNaé:‘*e Yrystallized
1[(9 10- di nﬁ‘bhnkgthﬂe&hdlthyﬂgm%w [:liknéihdxyoagelm{tﬁml%ﬂg] 5(;30(%14;,&1@[63% ﬁ-l )

al i soqui nol opan 0 an ronone -penzene
(10 rrE) 5 wh %)ég P ROLERP B %ﬁ{?élu &nﬁé@ﬂl@& %O/e} LEAVS e calsg T Af 1 or

cooling to ¢ Nt@ Lgbur IR ISBJ)M m_xt
was refl uxedg?%;r 11?@ ?{ge 3§1®;4<t ur eéomgds 3(%%21% w%@@ﬂ%ﬁf e r esgﬁslpﬁa1 £56
preci pi t at e(swasl) 2ol (eck H@IZéﬁdt ie5.¢8 ¥ist aHl) |3216c{tf]1t6ml etzhambl3. 13025 HYB9 (s,

13- benzyl-9; t 0 oxQ
g] i soqui no[ 3, C!% :rgozgﬁg Sglj%)c(%/%n?b% om g@ 6)(%@2 8? 3599 as a yell ow
solid. LCMS 10 nfe cal cd for C27H24ANO4ABr (MtH) +: 506. 40, observed: 426. 1;

1H NVR (400 MHz) DIVBOd6) 6 ppm 3. 12-E3a1agle(1m 2 H) 403(s 3H) 412(5,
3H 4.76 (s, 2 H 4.83 - 4.96 (m 2 H 6.09 s,2H)697 s, 7.13 -

7.22 (m 3 0 H) 7.79 (d,
325, 55 vz, SHprRg o gl Tmgnihs fii ke 075 idiup ﬁaﬁ%mow
13- benzyl- 91]$0quﬁmnhndnoxy 5, 6-di hydro [1 3] dioxolo [4,5-g] isoquino [3,2-
15 alisoquinolin-7-ylium bromde (0.9 g, 1.8 nml) and 30% sodi um

hydroxi de in water (150 m_) was refluxed for 16 h. The precipitate was

col l ected and treateq ' hat ¢3% hydr ochl ori ¢ a< I The residue was
re-crystallized from ethafiol-MpCaf f or d HFHebrzy I'p R 18<_dijmet hoxy-

5, 6-di hydro- [1,3] dioxolo la 5 o] | SOBURQNL3, 2-a] i spbquingl i n-8-one (180
ng. 22% LC M5 me calcd for H23N050°(;Mf,hi)‘421%442 49, r\Ted 442.1. 20
A m xtuge of 13-benzyl-9, 10-diyfetdioxy- 5, 6-di hydro- [1, 31dioxel o [ 4, 5-¢]

i soquino [3,2- al isoquinolin-8-one (180 ng, 0.4 nnDI) and phosphorus

oxychl ori def (}&sgér?s1on ({% g cg;lérg)?%gq_égﬁgﬁgvllﬁ ];;[et I’yl COOd1hy(%]ro t1h3ed1rg)1xéfol[1£ g— as

concentrate acuo

8-chl oro-9 giﬁecqinne[BtQGX]yso@uﬁmﬁhlwﬁhﬁn dhlor&e (dosX@L0. Mnﬁolgln m@%d@% ﬂg»l?

i soqui nol i n:7- ori 8% as a sol id was use
next step iR (S%ﬂ m;tE] Pt (ﬁgr %(a?f{ f F(?ql’}‘é?l? grethyleyageesiyme b F,(HP@G i E?FratL‘QdePMmZ N04
(M+H) +: 497338.9 mL, 27.4 mmol) dropwise. After stirring at 0°C for 20 min, the reaction was

15 quenched by adding saturated aqueous ammonium chloride solution (50 mL). The
mixture was extracted with diethyl ether (2 x 100 mL), washed with brine, dried over
anhydrous sodium sulfate and concentrated in vacuo. The residue was re-crystallized from
diethyl ether to afford 8,8-diethyl-9,10-dimethoxy- 13-methyl-5,8-dihydro-6H-
[1,3]dioxolo[4,5-g[isoquino[3,2-a]isoquinoline (220 mg, 21%). LC/MS m/e calcd for

20  CpHxoNO, (M+H)': 408.51, observed: 408.2; 1H NMR (400 MHz, DMSO-d6) § ppm 0.76
(t,J=7.33 Hz, 6 H) 1.79 - 1.91 (m, 2 H) 1.97 (s, 3 H) 2.09 - 2.21 (m, 2 H) 2.70 (m, 2 H)
3.06 (m, 2 H) 3.70 - 3.81 (m, 6 H) 6.02 (s, 2 H) 6.70 (d, J=8.59 Hz, 1 H) 6.80 (s, 1 H) 6.88
(d, J=8.84 Hz, 1 H) 6.90 (s, 1 H).

Example 16

25 13—Ethyl—9,10—dimethoxy—8,8—dimethyl—5,8—dihydr0—6H—[1,3]di0xolo[4,5—g]isoquin0[3,2—

aJisoquinoline



WO 2010/ 128061PCT/ EP2010/ 056062 - 32 - To a suspension of

13- benzyl- 8-chl oro-9, 10- di et hoxy-5, 6-di hydro-[ 1, 3] di oxol o[ 4, 5-

g] i soqui /eppRy@Beesoqui nol i n-7-ylium chloride (176 ng, POTAP20m00EG062 N
anhydrous diethyl ether (10 nmL) at 0C maé added a sol ution of

net hyl magnesi um chl oride in tetrahydrofu %ﬁ (3 M 1.4 n, 4 nmmol) dropw se.
After stirring at OC for 30 mn, the 5 reactlon was quenched by addi ng

sat ur at ed aqueog "-n'unTchIorlde sol ud

extracted wth dope

anhydr ous sodi um sulfal e land coﬁ]énggh;’d i _dhe r‘§|60é Was
X re reflux, 16 h, 89%

re-crystallized fromdi @ “ether fo afford

13- benzyl-9, 10- di net hoxy>8,"8®-"di net hy1-5, 8- di hydr 0% 1, 3[dioxolo [4,5-¢g

i soquino [3,2-a] isoquinoline (13 ng, 8%. LC/ M5 nme calcd for 10 C29H29N0O4
(MtH) +: 456. 56, observed: 456.3; 1H NWR (400 MHz, DVBSO-d6) 6 ppm 1.65 (s, 6
H 2.66 - 2272 (m 2 H 3.20 - 3.27 (m 2 H 3.73 (d, J=2.53 Hz, 6 H 4.05
(s, 2 H 5.93 (sp 41 (m 2 H 6.77 (m& H\6.86 (s, 1 F1) 7.15 -
7.26 (m 3 H 7 =7¢45 Hz, Qe Exanp
12- Chl or 0- 9, 10- dr met hoky-8, 8- di dlhydr 1, 3] di oxol o[ 4, 5-
gl i soqui no[ 3, 2- a] i sowuTENTYe: RSBt i one o~

9, 10- di met hoxy- 8, 8- di et 2, 8- d?%?ﬂ?bgﬁkk[l 3] di oxohgl4, 5-

g[ i soqui no[ 3, 2- a]lsqu|noI|ne (182 mg, 0.5 mml) in anhydrous

di chl oronet hane (20 20 nmL) at 25C was added | odi ne nonochl oride (0.57 g,
3.5 mmol ) . MAfiearesifil B retindr 9 19-dietlday o, @tihg8o[ .8 1digRl ¢l 4, &gﬂesqq@amﬁ n was

washed twi ce with aq us . 10% i umLt ul f.at-e i o]
renove exc@gé‘U@nﬁgﬂrﬁﬁuﬁbﬁggk%gﬂﬁﬁgbIﬁ#@@ ng%@/)gnlﬂhhgggkﬁ% U egk?%gte
and concentmilatwedg refluxed 056 lPlJEhefpr&ﬁ;bltmeblyleH\&tae c«slleAmﬂandttedteﬁlva@Husﬁ% em

%0 mass 25 TS AER TEOPERL €y Cr e Raar gt LB Ry e A

hydr oxi de i19-atf1ex )0-dihfedli @ d,6-dihydro-(1,3]dioxolo[4,5-g]isoquino|3,2-a}isoquinolin-8-

é]2| gggﬁ.r go%[néoé(gl n§1t ]228/%&31% %‘Iée f@%%ﬁgzz%%ayﬁ@ ,@ﬁH_ b]‘lga‘%bédl O@%J88 ok fy®

C22H22C1NO .
205 (s, WM\;:(W{O” MHz, %gBlr_i?fﬁﬁng%e@%ﬁq 44‘%93 -%33 H‘z' Nivﬁ z(fbe(Q ZJMSI%B }MBQ%) bpm
2 H) 7.308 (gs]=7149)iz,2. BR3.09 $s, 3 H) 443 Gs 631)(4517 -14 31)(11:4)2 H) OS5 (s, 2 H) 6.79

(s,
20107128061 PCT/ EP2010/,996062 1 13305 Hz, 1 H) 7.59 (d, ]=9.09 Hz, 1 H).

A mixture of 13-ethyl-9,10-dimethoxy-5,6-dihydro-[1,3]dioxolo[4,5-g}isoquino|3,2-

alisoquinolin-8-one (60 mg, 0.16 mmol) and phosphorus oxychloride (3 ml) was refluxed
for 16 h. After cooling, the mixtrue was concentrated in vacuo to afford 8-chloro-13-ethyl-
9,10-dimethoxy-5,6-dihydro-{1,3]dioxolo[4,5-g]isoquino [3,2-alisoquinolin-7-ylium;

15  chloride (62 mg, 89%) as a solid which was used for next step without further purification.
LC/MS m/e caled for CpHy CLNO, (M+H)': 435.32; 1H NMR (400 MHz, Chloroform-d)

5 ppm 1.47 - 1.60 (m, 3 H) 3.07 - 3.29 (m, 2 H) 3.32 - 3.55 (m, 2 H) 4.15 (d, ]=6.82 Hz, 6
H) 4.94 (s,2 H) 6.13 (s, 2 H) 6.94 (s, 1 H) 7.06 (s, 1 H) 8.01 (d, J=9.35 Hz, 1 H) 8.15 (4,
J=9.35 Hz, 1 H).

20 To a suspension of 8-chloro-13-ethyl-9,10-dimethoxy-5,6-dihydro-{1,3]dioxolo[4,5-
glisoquino|3,2-a]isoquinolin-7-ylium; chloride (62 mg, 0.14 mmol) in anhydrous diethyl
ether (10 mL) at 0°C was added a solution of methylmagnesium chloride in
tetrahydrofuran (3 M, 18 mL, 54 mmol) dropwise. After stirring at 0°C for 20 min, the
reaction was quenched by adding saturated aqueous ammonium chloride solution (50

25 mL). The mixture was extracted with diethyl ether (2 x 100 mL), washed with brine, dried



Exanpl e 20 9', 10' - Di net hoxy-5", 6" -di hydrospiro [cycl opentane-1,8" - [1, 3]
di oxol o [4,5-g] isoquino [3,2- a] isoquinoline] 5 To a suspension of
8- chl or 0-WOLOtwdi28es hoxy- 5, 6- di hydr o-[ 1, 31di oxol o[ 4, 5- gpCTERRIOFB62- 3]

i soqui nolin-7-ylium chloride (1.34 g, 3.% nmmol ) in anhydrous _
tetrahydrofuran (100 nL) at OC was added ijyll, 4- di magnesi um brom de

i i 7.4 n, 4.95 dropw se. After
tirring st oe PatFa LA R i {ori el tidntnai s Bltcrnge saruhaeed
aqueous ambrpinudietbl ahdrde ag@ﬂdﬁj—ﬁhﬂ(%O%aﬁnéf%@?g"gb@iilﬁ%@ﬁs’“g’@-d‘iﬁfhgﬁ%fgﬁg

ith dieth t.her X100 .m),, she t ri ne ried ove (
ggdiun:gul?g%gd%%ﬁkﬁ%ﬁé%ﬁ?$ﬂ?%@4%%ﬁﬁﬁwﬁﬁm%¢H%H%egﬁﬁdéy&5§ﬁﬁéméﬁ¢§taIIlzed
h + ) ) i
0 10" | mosHoty g e i Rt bt 31 L L NMR (400,MHz DMSO-d6) 5 ppm 1.14
[ 1, 3] di oRol 614782044 Sddul -hd[B6 2)ad 6GagkizHal Hne[HY A89- g2 (h0%H) 3G/ WB n e

: 7, ryved: ol N 400 NHz,
i SR BT e Y T
2.30 (m 2AHW)QQQXH%12iM9 (m 2 H 2.82 (t, J=5.56 Hz, 2 H 3.31 (t, J=5.56
Hz, 2 H 3.85 (s, 3 H 3.88 (s, 3H 573 (s, 1H 595 (s, 2 H 6.58 (s, 1

6.64 (d, J=-8.34 Hz, 1 H 6.75 (d, J=-8 Hz, 1 H 7.16 (s, 1 H).
E&anple gl 9, 10- Di nethoxy-8,8-diﬁg?ﬂy%ﬁé,8z13,13a-tetrahydrp-6k¥ [1, 3]
di oxolo [4,5-9g] isoquin o [3,2- 20 a] isoquinoline To a sol ution of

9, 10- di met Hs&yidly8-U1Grdirhsthety, 8:&ddihydraoeBH,3] dioRd1d[ 95| isd fhifo[ 3]
isoquinqé3%ﬁ{ i.sogui noline (600 ng, 1.64 mmol) in nmethanol (50 ni) was
added sodi u m§ ?%ﬁy%?ide (65 my, 1.7 mml) in small portions at 0C. After
stirring at OC for 2 25 h, the m xture was concentrated in vacua. The
resul ting residue wasgy 3 tqg,mﬁth di et hyl

—_—

~ Diethyl ether
o0~ 0°C, 30 min,13%

To a suspension of 8—chloro—9,10—dimethoxy—5,6—dihydro—[ 1,3]dioxolo[4,5-
glisoquino(3,2-alisoquinolin-7-ylium; chloride (0.2 g, 0.5 mmol) in anhydrous diethyl
ether(5 mL) at 0°C was added a solution of allylmagnesium chloride in tetrahydrofuran

15 (1.3 M, 2.16 mL, 4 mmol) dropwise. After stirring at 0°C for 30 min, the reaction was
quenched by adding saturated aqueous ammonium chloride solution (10 mL). The
mixture was extracted with diethyl ether (2 x 50 mL), washed with brine, dried over
anhydrous sodium sulfate and concentrated in vacuo. The residue was re-crystallized from
diethyl ether to afford 8,8-diallyl -9,10-dimethoxy -5,8-dihydro-6H-[1,3]dioxolo[4,5-

20 glisoquino[3,2-a)isoquinoline (28 mg, 13%). LC/MS m/e calcd for CyHyyNO, (M+H) ™
418.51, observed: 418.3; IH NMR (400 MHz, DMSO-d6) & ppm 2.66 - 2.78 (m, 4 H) 2.94
(dd, J=15.41, 6.06 Hz, 2 H) 3.26 (t, J]=5.43 Hz, 2 H) 3.77 (d, J=10.36 Hz, 6 H) 4.88 (d,
J=10.36 Hz, 2 H) 4.98 (d, J]=17.43 Hz, 2 H) 5.35 (s, 1 H) 5.66 - 5.78 (m, J=16.99, 10.29,

7.07,6.82 Hz, 2 H) 5.98 (s, 2 H) 6.51 (d, ]=8.34 Hz, 1 H) 6.72 (s, 1 H) 6.80 (d, J=8.34 Hz,
25 1H)7.15(s, 1 H).

Example 18

13-Benzyl-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[ 1,3 ]dioxolo[4,5-

glisoquino[3,2-a]isoquinoline



WO 2010/ 128061PCT/ EP2010/ 056062 - 34 - ether (2 x 50 nL), washed with water
(2 x 25 m.), dried over anhydrous sodi um sul fate and concentrated in vacuo
to affor dw®,20/dsoset hoxy- 8, 8- di net hyl-5, 8, 13, 13a-t et r ahpdma@®kbh10/056062

[ 1, 3] di oxol o[ 4, 5-g] i soqui no[ 3, 2-a] i soqui ?Ilne (0.5 g, 83%W. LM nle

cal cd for C22H25N04 (M+H) +: 368. 45, observed: 368.1; 1H NWR (400 MHz, MeOD)
6 ppn11 51 (s, 53 H 1.72 (s, 3 H 2.63- 2.84(m 3 H 2.84- 2.93(m 1
H 3.06 (dd, J=16.17, 3.79 Hz, & H) 3.21 - 3..98 .H 3.83 (s, 3 H 3.86

(s, 3 H) a-@ Y1 37, 3 B4 h{zopc 1o 1Hs,5. 88 6. 58 3¢%NCH H) 6. 75

(s, 1 H 6. . xanpol. e

9, 10- Di net hoxy- 8, & 5 8, 13 13a-t et r ahy[dr ] 18y thihoRksl o
[4,5- 10 g] isoquin 3, 2 a] isoquinoline To & i
9, 10- di net hoxy- 8, 8, 97 met hy1- 5, 8- di hydr o- 6H ] di oxol o[ 4, 5-

glisoquino [3,2-a] isoquinoline (60 ng, 0.16 mml) in methanol (10 nL) was
added sodiu dride (15 ng, 0.%9 in small i 3
stirring at ¢ , the react Sol v8'nt was Cq:,%@,entqa

concentr at ed@ The rasul t 1o . &' was

sodi um sul fate and cgngent r atwdsh $8%vacuo; resi due swais 8%
from net hanol t ford®°
9, 10- di net hoxy- 88, 13-tri net hyl-5, 8, 13, %3a-t et rahydr o- 6H 1, 3] di ®x0l o[ 4, 5- g]

i soqui no[ 3, 2-a]isoquinoline (30 ng, 49% . LC/MS me calcd for 20 C23H27N04
(M+H) +:  382. 48 observed 382.2; 1H NWR (400 MHz, DVsO-d6) 6 ppm 0.78 (d,

J=6.82 Hz, 1.57 , 13 . - -
2.62 (m 1%‘1@”@@“ (% 1?5d3 @?%hofﬁﬁ)&é%@ﬁm'é%' é?%lﬂf‘ﬂﬁ’_ ﬁo gg%mo :2%05?m 1
H 3.79 (dy) 1@0‘(@1119&1% :‘EGPIHi)aﬁLZQﬁle( (8.0g5 H)mﬁoﬂ@nﬁd)rodleﬁleaﬁd MHenzede H)O @BLE6 (s,
1H 681 ( 3 e 25 8, 8-Diethyl-

9, 10- di réet wgplaz et eyled sulw ang hegted fs #Zéh?fdlfo@ %mtfrfogﬁmzdﬁoo%% [4,5- ¢]
i soqui no [ 3edp@htrd QAR L 1D mM Q20U 28D ELRAKLFRZAL HRREDHE 1-h. The-

mixture was cooled to 0°C and the resulting precipitate was collected and re-crystallized
from ethanol to afford 13-benzyl-9,10-dimethoxy-5,6-dihydro{1,3]dioxolo[4,5-
glisoquino{3,2-alisoquinolin-7-ylium; bromide (0.92 g, 35%) as a yellow solid. LC/MS

10 m/e calcd for CoyHsNOyBr (M+H)™: 506.40, observed: 426.1;1H NMR (400 MHz, DMSO-
d6) 8 ppm 3.12 - 3.22 (m, 2 H) 4.03 (s, 3 H) 4.12 (s, 3 H) 4.76 (s, 2 H) 4.83 - 4.96 (m, 2 H)
6.09 (s, 2 H) 6.97 (s, 1 H) 7.13 - 7.22 (m, 3 H) 7.29 (t, J=7.20 Hz, 1 H) 7.38 (t, J=7.45 Hz,
2 H) 7.79 (d, J=9.35 Hz, 1 H) 8.10 (d, J=9.60 Hz, 1 H) 10.05 (s, 1 H).

A mixture of 13-benzyl-9,10-dimethoxy-5,6-dihydro[1,3]dioxolo[4,5-g]isoquino[3,2-

15  alisoquinolin-7-ylium; bromide (0.9 g, 1.8 mmol) and 30% sodium hydroxide in water
(150 mL) was refluxed for 16 h. The precipitate was collected and treated with hot 3%
hydrochloric acid. The residue was re-crystallized from ethanol to afford 13-benzyl-9,10-
dimethoxy-5,6-dihydro-{1,3]dioxolo[4,5-glisoquino[3,2-a] isoquinolin-8-one (180 mg.
22%) LC/MS m/e calcd for Cp7H,3NOs (M+H)™: 442.49, observed: 442.1.

20 A mixture of 13—benzyl—9,10—dimethoxy—5,6—dihydro—[1,3]dioxolo[4,5—g]isoquino[3,2—
alisoquinolin-8-one (180 mg, 0.4 mmol) and phosphorus oxychloride (10 ml) was
refluxed for 3 h. After cooling, the mixture was concentrated in vacuo to afford 13-benzyl-
8-chloro-9,10-dimethoxy-5,6-dihydro-[1,3]dioxolo[4,5-glisoquino|3,2-a]isoquinolin-7-
ylium; chloride (176 mg, 88%) as a solid which was used for next step without further

25 purification. LC/MS m/e calcd for Cp,H,1CLNO, (M+H)": 497.39.



To a solution of 8, 8-diethyl-9,10-di met hoxy-13-nethyl-5, 8-di hydro-6H

[1, 3] di oxolo [4,5- g]isoquino[3,2-a] isoquinoline (100 ng, 0.25 mml) in
met hanol wWwoQormkipswas added sodi um bor ohydride (23 ng, OP&I/EPr@b)séon2 smal |
portions at OC. After stirring at OC for 2 h, the m xture was
concentrated in vacuo. The resulting resPlie was extracted with diet hyl

Cod: um sul AarevaEt obr R o0t (biriat it b Ml Sl BRNRYT e

from met ha[@]llso dundtbhos dsoqumohn 7- yhurn chloride (176 mg, 0.35 mmol) in anhydrous diethyl

8, 8-diethyl-9, 10- dlrret E%\et 1-5,8, 13 %ISatetrahﬁgH%(ﬁl-l— [1, 3]

di oxol o [ 4cthet @Iqr%bﬂﬁon "[@a ded) a sl il HPsthEEEesHYR B9Xe I o \g' mi e cal cd
for C25H31NQhEMoFlhn (3 M) 1441191L5§m1@$1$ gropedse. Aﬁt@r Sirridg VR féﬁﬂDmWZhe

DVSO- d6) 6 ppm 0. 48 (t, 33 Hz, 3 H), 0.75 ( ,J68%d H 0,85
J=-7. 58 5z reagtipy) was qtrenﬁhqd 1839&6{4% sptygpteq agyequs appoRigin chlggjdesolyston (5t 22 ( m
%dl(;b ? 5336 énL%Z’:l?‘ﬁe fr{&tulje JJ’QS e%tr@&ed wah Qﬁetlﬁ}methjer EZI{% 180 ﬁl‘ﬂ:),(wa%hgcﬂw(tmbnhe JHdried. 02
4.52 (s, 1loMyr aslhgdroelasochm@ sgkfaqqzmd zownaa@é i gacuq “Tpe resider was feffﬁ}a”ele% (d
J=8.59 Hz, Oﬁﬁ-@ 1-5,8-dihy 6H-

9, 10- Di net ﬁ%o)r(#)i lgﬁgggt}l%mha}?%g?g%ﬂ ? r%égi-dﬂ)eth @Hl%&% 5183a1 tg{(’r ahydr o- 6H
1, 3] di oxol o[.3] cﬁe}gn]lm édﬁqgﬂllmp@023 éiaﬂ 1s@cqun¢ime|(rhé mw ). LC/MS m/e caled for

cnder nlir GG IORSRICr orpor SR eIThe + dHon Bl il G- BA T T e

m xture wagsg qu'il}:,@ié L @t7@qim! B H/)353MD~ 3. Ih@nr;esﬂ) dus (wa}&ztsa Humﬁmowd; b ri et hyl
ether to afford 10- di et % hy1- 13 9 Wﬂy 45

5,6, 8, 13- tét9r3a(|8py?d1'rlb6 7 {mgp PHu 0 %1[121 86]<S>|1s%>q Fé(%‘z 6)=7.

i soqui nol i Ry,7 )l’_bl um bromde (79 5 ngy, 52%. LC/NB me calcd for

C28H29Br N204 (MH—|) F: 538.45, observed: 457.3; 1H NWR (400 MHz, MeOD) 6 ppm
1.87 (s, 3 H 1.99 (s, 3 H 3.13 - 3.28 ( H)342-354(m2H)371
- 3.84(m 1 H 3.92 (s, 3 H 3.98 (sX%nﬂz%la 58 - 4.68 (m 1 H) 5.54 (t,
J=6.82 Hz, 1 H 6.19 (d, J=6.32 Hz, 2 H 7.05 (t, J=4.29 Hz, 2 H) 7.17 (d,
J=8.59 8-dil§ard-8H- 10101% 41, J=6.69 Hz,
10 8. 1'2_% -1%8&!?31?.170 %}40%116&1’017%% Jﬂﬁletﬂﬂyl}% d gﬂ [Hﬂl Msol ution of

9, 10- di et Pgbqulﬁnebsﬂ mb&dqymdmepyrl di n- 2-yl met hyl 5, 6 8, 13 tetrahydro[ 1, 3]d
i oxol o[ 4, 5-g] i soqui no[ 3, 2-a]isoquinolin-7-ylium bromde (64 ng, 0.12 mmol)
in methanol (10 nalL) was added sodi um borohydri de, ( 0.24 mmol ) in

smal | portions at 25 . stirring at 25C for{2( '
concentrated in vacu >

ether (2 x 50 nL), washed w
sodi um sul fate and concentr
di met hoxy- 8, 8- di net hy1- 13- pyr drei- 2- yl ﬁ%?ﬁ%/ri 5,8, 13, 13%{-tetr8hydro 6H 1, 3]d
i oxol o[ 4, 5-g] i soqui no[ 3, 2-a] i soqui noline(12 ng, 21%. LC/MS me calcd for

T 87 20 (s, 15 Mpiiey DR tiisl R aifghygs s b Bl by MEgI RS, °) PR

3.55 (m 1 dHkouiBa| X 54]i®qkncBin89182smg, 3. Hnndal R {rthydibus dgBldsemethapgy (?4) 26 -

5 6. 5820 5, F30c s addpdgadink frogbiioBal fo. o 3Tl er e B dify 3
(m 1 H 7.a2£351 for ¥z h, thk rbirctioh wHp wlsid tivike wlthEac@IEodﬂz],O% sdd)lumﬁkmqﬂlf@e 25

solution (2 x 50 mL) to remove excessive iodine monochloride, dried over anhydrous

ed wi th diethyl
Oanhydr ous

sodium sulfate and concentrated in vacuo. Purification by Waters Automated Flash System

(column: Xterra 30 mm x 100 mm, sample manager 2767, pump 2525, detector: ZQ mass
25 and UV 2487, solvent system: acetonitrile and 0.1% ammonium hydroxide in water)

afforded 12-chloro-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino|3,2-a]isoquinoline (9.6 mg, 4%). LC/MS m/e caled for CuH»,CINOy (M+H) ™

400.88, observed: 400.1; 1H NMR (400 MHz, MeOD) 8 ppm 2.05 (s, 6 H) 3.14 (m, 2 H)

3.93 (s, 3 H) 4.01 (s, 3 H) 4.23 (m, 2 H) 6.22 (s, 2 H) 7.04 (s, 1 H) 7.32 (s, L H) 7.63 (s, 1
30 H).



25 13-Benzyl-9, 10-di net hoxy- 8, 8-di net hy1-5, 8, 13, 13a-tetrahydro- 6H

[1, 3] dioxolo [4,5- g]isoquino [3,2-a]isoquinoline WO

2010/ 128080RCIYERBD10/ 056062 - 37 - A m xture of PCT/EP2010/056062

9, 10- di net hoxy- 8, 8-di net hy1-5, 8-di hydr o-gjﬁ—# [1,3] dioxolo [4,5- g]isoquino
[3,2-a]isoquinoline (100 ng, 0.27 ol ) 4and benzyl bromi de in chloroform
was refluxed under nitrogen atnospherg for h. The reaction m xture was
cool ed and 5 concentrated in vacuo. n}péﬁ% ue was triturated with diethyl
ether to afford 13-benzyl- 9, 10-di net hoxy-8, 8-di nethyl-5, 6, 8, 13-tetrahydro-
[1,3] di oxol @ [Binktigdxyi®60dihgardspirdfcyalopattank-nsl-[ 173 [digkolaiip-disoquide( 3,224
ng, 85%. L&/ M mie calcd for C29H30Br NO4 (M+H) +. 537.47, observed: 456. 3;
1H NWVR (40@1M421m([bﬁﬁbd6) 6 ppm0.82 (s, 3 H 1.71 (s, 3 H 2.63 - 2.78 (m
1 H 3.06 - 316(m 2 H 3.16 - 3.25 (m 1 H 3A9 - 3.62 (m 1 10 H 3.79
(s, 3 H 3.91 ¢s, -33 - 444 (m 1H 565 (s, 1H 617 (d, J=7.07
Hz, 2 H 6.31¢d H22|—|)708-7.19(mF3H)< 7
7.39 (m 2 H 870% (% H) To MO Pon of 13— e g
di met hoxy- 8, 8- di met h 9.6, 8,13 -tetrahydr ¢35, 1%‘1’ d| oxol d

0g]
i soquino [3,2-a] isoq Il,n 7-ylium brom de (100 ng, O.19 in 15
met hanol (10 mL) was added sodi um bor ohydri de (14 nmg, 0.38 mMmD T smal |

portions at 25C. After stirring at 25C for 10 mn, the m xture was
concentr at i n vacuo. res i,n esi th di et hyl
ether (2 xefg’ W?enswﬁfgag\;ﬁrf’h&%flg‘? {‘Wxgggﬂw%f ? Cﬁgdgo(? él\flgl anhydr ous

3 og :) u 31 sul L @k@q@ﬂm;zom@s@thn@hw ylmnvammldeouaﬂ fé;;ﬁ 8 nilﬁelbeszﬂydd rous |

|rretox 131 0-6H.[1, 3] di,ox 5-0

i soqui no [:‘setg1 ¥ ’6’ ?Wi}bﬁﬁ (%Q W84 ﬁiff @}“X W%Smbr(’kﬁ‘%ﬁsqg{) A
C29H31NO4 @Mtﬂefrahﬂcﬁ%ﬁﬁzn, 10bsaryvegs rrﬁla'iﬂ) 3io wemxﬁa@ng\&m"cmmm} tlge ppm
1.42 (s, 3 H 1.64 (s 2.34 - 2. (m 2.53 - %%12(59 .75
- 2.85 (m rg_acﬂyng»rag_ﬂuencéeq Y g 1ng_sq];blra§dza@uem§a m?%un*ﬂ_d]_ﬁn sp tt0é1 3 H)

3.80 (s493 n'fﬂ ‘fhé-ﬂmét%re &as‘@xtr%ct@éﬂmth@ﬁﬁyl(emer 3 k‘)lO@rrﬁA \deshed] w&th 3Ainklzdricd H)
00 2010] 12801 2 b enSatd i3 O s il H)

WO 2010/ 123@@1@@}7;1@2@(1@;1@%@6@ andggncentrated in vacuo The res1 ue was re-crys
from methanol to afford 9',10'-dimethoxy-5',6'-dihydrospiro[cyclopentane-1,8'-

[1,3]dioxolo{4,5-g]isoquino[3,2-aisoquinoline| (120 mg, 10%). LC/MS m/e calcd for
CpH55NO, (M+H)": 392.47, observed: 392.2; 1H NMR (400 MHz, Chloroform-d) 8 ppm

15  1.84 - 1.97 (m, 2 H) 1.97 - 2.09 (m, 2 H) 2.18 - 2.30 (m, 2 H) 2.37 - 2.49 (m, 2 H) 2.82 (1,
J=5.56 Hz, 2 H) 3.31 (t, ]=5.56 Hz, 2 H) 3.85 (s, 3 H) 3.88 (s, 3 H) 5.73 (s, 1 H) 5.95 (s, 2
H) 6.58 (s, 1 H) 6.64 (d, ]=8.34 Hz, 1 H) 6.75 (d, J=8.34 Hz, 1 H) 7.16 (s, 1 H).

Example 21

9,10-Dimethoxy-8,8-dimethyl-5,8,13,13a-tetrahydro-6H- [1,3]dioxolo[4,5-glisoquino[3,2-

20 alisoquinoline

0
.y
NaBH, o

—_— Q
Methanol O ~
0~25°C, 2 h, 83% o~

To a solution of 9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo([4,5-

glisoquino|3,2-ajisoquinoline (600 mg, 1.64 mmol) in methanol (50 mL) was added

sodium borohydride (65 mg, 1.7 mmol) in small portions at 0°C. After stirring at 0°C for 2

25  h, the mixture was concentrated in vacuo. The resulting residue was extracted with diethyl



Exanple 26 9',10' - D net hoxy-5',6"',13',13a' -tetrahydrospiro

[cycl opent-3-ene-1,8 - [1,3] dioxolo [4,5- g] isoquino [3,2-3a]

i soqui nolwoeap1o/1280bo a sol ution of 8,8-diallyl -9,10-di meCH@®PY010/056062
-5,8-di hydro-6H [1,3]dioxolo [4,5- g]is :gzgl no[ 3, 2-a] i soqui noline (110 ng,
0.26 mmol) in nethanol (20 m_) was added sodi um borohydride (10 ng, 0.26
mmol) in s C.Af ers rr|n af 25C for 20 mn, the

m xt ur e vvars@t%:l(ln')rn % ? ZJ“ T Wil ya e’ﬁ%x §E}r)t &ﬂfjjt PYEE PRIyErssodiin gdfaE 10
with diet hyzhncbd;dnecnt(aZed(zrﬁOzczlid_t)o affoad he d-diint thoA BB dihvthy] 23, 18-)3a- @fra@;@lr&ver

hyd | fa trated to.afford 8, 8-diall
9. 10- i met Ry S0 Sl ot Bemphincd 4. s oL C s cilsbgui no

3, 2- 9
150°53 obearved ChSacey Sos Rlersti e T BERISRQUIERERII NN G
H 2.54 5 238141(7@](3,13@2236@ 84 (mzai)(msz; 3205 (12, 901)(3506 @dH)=13.1023.79 M3, B. 12

(12710 803668, 3m2y8 i 1800 1630 (0 3220, 1M 8 (g élo 36

H 5. 58 - 5212 6(58)(s, 1l TH) 63598 1(t$), 6.20 Hp.86 (631 (8,6.86 H).916(rd 8l H).6.85 (m 2

6.94 (d, J=8.59 Hz, 1 H. To a solution of 8,8-diallyl -9, 10- dlrrethoxy
-5,8,13,13a-tet rahydro- 6H [1, 3] di oxolrFro?{%4 ?6 g] i soqui no[ 3, 2-a] i soqui nol i ne
(68 my, 0.16 mwl) in dry dichl oromet FANEPEES ni) was 20 added G ubbs'
catalyst 1 (32 ng, 0.04 mmol) under nitrogen. The m xture was heated to
reflux for %W- Eilatethbsf:S 8I3etrireethyli- 58, 154l 34- it hvaso-61AGN Bdisrsloppsicent rat ed in
vacuo. l?blrlsgJ altnln(()) V\ater§ Aut omat ed Fl ash System (colum: Xterra 30 nm
x 100 mm HE ég ®ounp 2525, detector: ZQ mass and UV 2487,

sol vent system acet onitrile and 0. 1% amoni um hydr oxi de i n wat er) affor ded
9',10' -di net hoxy- 25 &' .8 13", 13a' -tetrahydrospiso | opent - 3-ene-1, 8' -
[1,3] dioxolo [4,5-0 i iho, [3,2- a]isoquinol Kn , 49 . LC M5
me cal cd for C24H25 H — 392. 47, sBserved:°3 NVR (400 MHz,
MeOD) 6 ppm 2.34 - 2.43 (m H)02. 55 -m@haRB (M 1 H) .2 02.75 (m 1 H
2.75 - 2.81 (m 1 H 2. 2 (m lo-Hc 2,82 - 2.99 ( H 3.03 - 3.10
(m 1 H 3.11 (d, J=3.03 Hz, 3.14 - 3.18 (m 1 H 3.79 s, 3 H 3.84
s, 3 H 3.93 -4.00 WO 2010/ 128061PCT/ EP2010/ 056062 - 39 - (m 1 H) 5.78 -

( m 1 ’ﬂ'd)a ﬁ)l&&)rr o@ ﬁﬁdlﬁ‘fﬁ@thc;xyl'ﬁ 8, ?% %Qm@t?nyl gS"&lh)ﬁiré & 1, 3]](:11(!:90106[4%8 (s, 1

t%‘f(?ﬂ‘%n%Bc?i ‘ﬁ]éSPHVlIlQQn‘B(Qﬂ Rgdk kﬁI@HmlI in, i8¢theiha@ X &0 ;1)) 4a5added soqui no
5 aI sb&iQeHbaBhdiRle (15 mg, 0.39 mmol) in small portions at 0°C. After stirring at 0°C for

é;m’“

, 1

83
6.8
0-
3,2

|—|©

15 1 h, the reaction solvent was concentracted (? concentrated?) in vacuo. The resulting
residue was extracted with diethyl ether (2 x 50 mL), washed with water (2x25mL), dried
over anhydrous sodium sulfate and concentrated in vacuo. The residue was re-crystallized
from methanol to afford 9,10-dimethoxy-8,8,13-trimethyl-5,8,13,13a-tetrahydro-6H-
[1,3]dioxolo[4,5-g]isoquino[3,2-a]isoquinoline (30 mg, 49%). LC/MS m/e calcd for

20  Cy3HyNO4 (M+H)': 382.48, observed: 382.2; 1H NMR (400 MHz, DMSO-d6) § ppm 0.78
(d, J=6.82 Hz, 3 H) 1.41 (s, 3 H) 1.57 (s, 3 H) 2.31 - 2.40 (m, 1 H) 2.55-2.62 (m, 1 H)
2.66-2.75 (m, 1 H) 2.94 - 3.02 (m, 1 H) 3.23 - 3.30 (m, 1 H) 3.79 (d, ]=6.06 Hz, 6 H) 4.03
(s, 1 H) 5.95 (d, J=3.28 Hz, 2 H) 6.66 (s, 1 H) 6.81 (m, 2 H) 6.93 (d, J=8.59 Hz, 1 H).

Example 23

25  8,8-Diethyl-9,10-dimethoxy- 13-methyl-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo (4,5-

glisoquino[3,2-alisoquinoline



Ber beri ne hydrogensul fate (10 g, 22.6 mml) was di ssol ved in 30% sodi um
hydroxide in water (400 nlL).The resulting m xture was refluxed for 3 h. The
preci pit awe 2om%1280 | ect ed and treated with hot 3% hydr oebir@re@oasiod2 The
precipitate was collected and re- 10 cryS%al lized fromethanol to afford

9, 10- di met hoxy- 5, 6-di hydro-6H[ 1, 3] di oxofo[4, 5- g] isoquino [3,2-a]

i soqui nol i n-8-one (3g. 37% LG M5 nfe calcd for C20H17N05 (M+H) +: 352. 36,
observed: 352.0; 1H RA =6.06 Hz, 2 H)
3.78 (s, 3 H 3.87 ( . 2H)693(s
1H)7.11(s,1H)741(d|J84Hz__1_h9_L>49(s H) c5§(d J=8. 84
Hz, 1 H). 15 A mixture of79yf0 divet hox{e'%n%- di hydr o- 6H- , 3] dioxolo
[4,5-gl isoquino [3,2- a[isogunglin-8=¥e2l(L%, 5.7 mMmo 207d phosphor us
oxychloride (20 nmL) was refluxed for 4 h. After cooling, the orange-red
crystalline residue was coll ected, washed with chl rofor a ried. i

vacuo to affParselwionmf§odigthybdPrlmpideyy- ?1)36“‘3{;7%} thflio g%ﬁg%4810581 45
[4,5-9[iso I 1erh A8l (lﬁngathﬁﬁ 10alﬁL wa9hdd@d20 whi ch
s used Wl HOLt Tt Hor TauCl 1 LaUr o oG N 8 Gal o ot Ca0rL 1 Ciahns
(MtH) +:  4030dimm hqyobydggdg;ﬁghmg@ﬂ 64fmmol) in small portions at O C After stirring at 0°C for
8-chl orgs 9[2310 élgi' l?ﬁgtsnﬂg%s L@ceﬁ‘(r@éégr@w[clm 3]1!@ @éﬂﬂ?ﬁ Azs@ue was extr)acted with

g] i soqui ho oqul no in-7-ylium chlorid 1(—3 i n anhydrous
di et hyl et kéathyl £8@r (A ¥ 5SamIOCveshsd adbiedter Ga125thbh dblf?d ﬁﬁqrwhﬁ%@%&qd&w
hi d R M
T8 nt. 54 G gymﬁ% *Z’afuéé"‘%ﬁ??ﬁ%ie%fa@%% ?ﬁﬁfi m%fg] jﬁﬁgj{;}tﬁ?ﬁ% was
hed by,Sadidihylyod8at dguedaby-a ajretgny o ®3 50 L
'(Iq'lﬁgnfn >e<turég was hgg r.act ed Wt i %h tb@y 20/% girgcg)dpé V\@@h f(jlvp{)t h)
brine, dri &uSUERO éﬁhdésro%lsnosl% zf/it Mg oS Cae IO Sy ?/achuo The
éeibdﬁfh%??%é‘i%é‘“’é&‘v?“nlé‘?ﬁgdlm“‘d?ﬁ@é“%h’ B D oo 1 4. Sogl i Soqui no
[3,2 - ali w&ﬁm&aw&% 085 879557 wznﬁsHM%%dr&?dm drit b&é‘n F:
366 43, obseyierhs 380 4 204 UB (G 0Gi 45 . BABQIIELO ORI 1 B m> 3@2%2 73
5.99 (s, 2JHp.68.59 Ha,1 U8, 1’943% (s lrﬂ)l) it 8 &1) 3180y, %HSf%d& IJHB Qﬂ(‘ile

H 7.21 (sy_dshhy,, 19568 88 6.79 (s, 1 H) 6.85 (d, J=8.59 Hz, 1 H) 6.96 (d, ]=8.34 Hz, 1
15 H)

Example 24

9,10-Dimethoxy-8,8-dimethyl-13-pyridin-2-ylmethyl-5,8,13,13a-tetrahydro-6H-
[1,3]dioxolo[4,5-glisoquino|3,2-a)isoquinoline

N CHCl,
+ | -
100°C, 16 h,
52%

NaBH

Methanol

25°C, 20 min,
21%

20 A mixture of 9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-
glisoquino|3,2-a]isoquinoline (100 mg, 0.27 mmol) and 2-(bromomethyl)pyridine



8, 8-Di ethyl 9, 10-di net hoxy -5, 8-di hydro-6H [1,3] dioxolo [4,5-g] isoquino
[ 3,2- a]isoquinoline To a suspensi on of

8- chl or o-wWO20tdi2emst hoxy- 5, 6- di hydro- [1, 3] di oxol o [ 4, 5- PCS/BRRO19060N0
[3,2-a] isoquinolin-7-ylium chloride (O g g, 1.2 mmol) in anhydrous

di ethyl ether (50 nL) at OC was added a § [ution of ethyl magnesi um brom de
in tetrahy

t 0C
for 30 ni nﬂy&l‘? g‘%ﬁ‘ﬁéfr} %OWé%r%WéﬁE%élgr%wda(ﬁ&ftﬁoggegﬁ u?sé)%'ertf f(z%%f{e(r)h@%a%mm um
chl 8{) I (rjrﬁ) S @éauhdr)]@m&tafkhw%s)cooﬂéhananm wi@uisasseshraaated 1M/|wtdiuodﬂm feyiluether (2
x 1 was rine ove an rLous
concent r at é‘dtuif%e‘g‘éfmhéheth’}ﬂé %fjffgg ‘i‘g‘eg} E?dfhlr’}eélapﬁf %ﬁs%llzf‘@?]etgtyﬂ
tf afford [% 3688 -l di3- | 1|Qr allbmbhpaqgh&;cﬁnm B)Qddf Qo@h‘l-rr;io[ui ,73>|}1mm>b@d>mlde§$-7 \oa

i soqui no -ali soqui nol i ne ( e calc
?MJrH) . B9MHBG2% He e @?4?1 rcmﬁl 294%6 ﬁg/zl\/%éﬁédﬂﬁé?eg 468&% 179 (t,

7072 1 Rl i D e A B gt P T2 bR T B2

(d, J=8. 34 (Hiz2 H) 31 63.34(r0s] H) 3Hp (6.3719) 848 (s 38{%58424 6&(1H) 1 A)BS4((8,)=6. 821)

Exarrpl e 29 VEeness t

D020 15800 HRCH P Gh Beaths. i 7 gt —%3?%&%”&&?2’ Solean Bt A
suppl enent gdy w8 H, 1000/IAESs, IGanfIsueny= @@Hs el 8.2di-f& 3 @mtli i) 8d4 (b Jrpsi ubes
by cul turi ggz vvlth DVEM suppl enented with 2% FBS for 6 days. L6 nyotubes

were tr¥at hitth compounds for 2 hours. G ucose uptake was performed in 16
h serumstarved cells. Cells were washed with PBS and i ncubated in 5

Krebs- Ri nger 4dongpinai e, 1HE<BE§ﬂh1xfyfses daaathi 18- p;glc@n y%msmywsm Or-tewiabyibrat 100
nnmol/ 1 insulin, Then, cells re i ncubat ed

2- deoxy- D- glaedigwlalde- gl ispaeinoy? 2 gisaqippelin- 7 lgmf gm@m@l P8 019N Prie

assay was IR ﬁﬂm@)’vdﬁ@-&meﬂgoaﬂﬂﬁl s&bhfgﬁ&er(eeng ,OmBsmitiolHnisgat pottibrsBS.
Cells were solubilised with 0.1%triton

100 and radio t|V|t )
det er mi ned 28YC-IAftpisdrrEgianes G fé?flz%ﬁm%dl}ﬁm‘ﬁtﬁre Wcé’lnc?f’élait%c %tTga
concent yat iy %ltm%%eégu@@ééé&@&e@m&lhﬁetﬁm@l{e@ r(gx%trmdwaﬁeﬁ%ﬁm&t@ﬁ @ke2nas
u

perfornmed in d icate. The conpounds were tested at concentrati ons of | uM
and 3 uM ImL) Hiied pesanhydieussdpsnsdiéateand exneentated i vagauoettorgPdlose

upt ake actidhki Rekie qu%hm@ g g hhanalsisesesuphakeaaciyi ty of the
vehi cl e. Some parti cu erred mpound formula (1) induce a
gl ucose upt{&aRédiend - g]lmnlméhha n_soqmaolmq(b?i ﬂlgt WObILQé%én/@ﬁ?]&Qéorof t he
vehicle. QDer o (M+H)" 459.56, observed: 459.3; 1H NMR (400 MHz, MeOD) 8 ppm 1.87
20 (s,3H)2.03 (s, 3 H) 3.00-3.09 (m, 2 H) 3.25 - 3.30 (m, 1 H) 3.55 (m, 1 H) 3.82 (s, 3 H)
3.89 (s, 3 H) 4.22 (t, ]=5.68 Hz, 1 H) 4.26 - 4.33 (m, 1 H) 5.20 (d, J=5.05 Hz, 1H) 6.01 (d,
J=4.04 Hz, 2 H) 6.75 (s, 1 H) 6.98 (s, 1 H) 7.01 - 7.04 (m, 2 H) 7.18 (d, J=8.59 Hz, 1 H)

7.24 - 7.30 (m, 1 H) 7.73 (t,J=7.71 Hz, 1 H) 8.48 (d, ]=5.05 Hz, 1 H).
Example 25

25 13—Benzyl—9,10—dimethoxy—8,8—dimethyl—5,8,13,13a-tetrahydro—6H— [1,3]dioxolo[4,5-

glisoquino[3,2-alisoquinoline



15 particularly preferred conpounds of formula (1)
activity between 1.4 and 2 fold the glucose uptake activity of the vehicle.

Resul t s awe 2stvomsosiin table 1. Table 1 Exanpl e G ucose upCaker2@b/ 0icoaM
G ucose uptake at 3 uM1 1.32 fold of vegﬁcle 1.30 fold of vehicle 2 1.11

fold of vehicle 1.07 fold of vehicle 31
vehicle 4 1.86 fold of vehicle 1.46 fold of vehicI% 5

10

15

20

6 fold of vehicle 1.11 fold of

CHCl,
- .
100°C, 16 h,

85%

NaBH,

Methanol

25°C, 10 min,
73%

A mixture of 9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-
glisoquino|[3,2-alisoquinoline (100 mg, 0.27 mmol) and benzyl bromide in chloroform
was refluxed under nitrogen atmosphere for 16 h. The reaction mixture was cooled and
concentrated in vacuo. The residue was triturated with diethyl ether to afford 13-benzyl-
9,10-dimethoxy-8,8-dimethyl-5,6,8,13-tetrahydro-[1,3]dioxolo[4,5-glisoquino|3,2-
alisoquinolin-7-ylium; bromide (124 mg, 85%). LC/MS m/e calcd for C29H3oBrNO,4
(M+H)": 537.47, observed: 456.3; 1H NMR (400 MHz, DMSO-d6) 6 ppm 0.82 (s, 3 H)
1.71 (s, 3 H) 2.63 - 2.78 (m, 1 H) 3.06 - 3.16 (m, 2 H) 3.16 - 3.25 (m, 1 H) 3.49 - 3.62 (m, 1
H) 3.79 (s, 3 H) 3.91 (s, 3 H) 4.33 - 4.44 (m, 1 H) 5.65 (s, 1 H) 6.17 (d, ]=7.07 Hz, 2 H)
6.31 (d, ]=8.84 Hz, 2 H) 7.08 - 7.19 (m, 3 H) 7.27 (s, 1 H) 7.31 - 7.39 (m, 2 H) 8.03 (s, 1
H).

To a solution of 13-benzyl-9,10-dimethoxy-8,8-dimethyl-5,6,8,13-tetrahydro-
[1,3]dioxolo[4,5-g]isoquino[3,2-a]isoquinolin-7-ylium; bromide (100 mg, 0.19 mmol) in
methanol (10 mL) was added sodium borohydride (14 mg, 0.38 mmol) in small portions
at 25°C. After stirring at 25°C for 10 min, the mixture was concentrated in vacuo. The
resulting residue was extracted with diethyl ether (2 x 50 mL), washed with water (2 x 25
mL), dried over anhydrous sodium sulfate and concentrated in vacuo to afford 13-benzyl-
9,10-dimethoxy-8,8-dimethyl-5,8,13,13a-tetrahydro-6H-[ 1,3]dioxolo[4,5-g]isoquino3,2-
alisoquinoline (64 mg, 73%). LC/MS m/e calcd for C2oHs NOy (M+H)': 458.57, observed:
458.3; 1TH NMR (400 MHz, DMSO-d6) 8 ppm 1.42 (s, 3 H) 1.64 (s, 3 H) 2.34 - 2.49 (m, 2
H) 2.53 - 2.68 (m, 2 H) 2.75 - 2.85 (m, 1 H) 3.11 - 3.16 (m, 1 H) 3.26 - 3.31 (m, 1 H) 3.72
(s,3H) 3.80 (s, 3 H) 4.14 (s, 1 H) 5.94 - 5.99 (m, 3 H) 6.64 (d, J=8.34 Hz, 1 H) 6.69 (s, 1
H) 6.76 (d, ]=7.07 Hz, 2 H) 6.94 (s, 1 H) 7.06 - 7.17 (m, 3 H).

I nduce a gl ucose upt ake



1.15 fold of vehicle 6 1.07 fold of vehicle 7 1.58 fold of vehicle 1.68
fold of vehicle 8 1.20 fold of vehicle 1.35 fold of vehicle 9 1.63 fold of
vehi cl e OwB2ofooi2soenf vehicle 10 1.05 fold of vehicle 1. 22rEPRaooscosrhi cl e
- 42 - 11 1.15 fold of vehicle 38

Example 26

9',10'-Dimethoxy-5',6',13",13a’-tetrahydrospiro[cyclopent-3-ene-1,8'- 1,3]dioxolo[4,5-

glisoquino[3,2-alisoquinoline]

/
NaBH < O Grubbs catalyst < O

Methanol DCM
O O\
25°C, 20 min, 64% 58°C, 72 h, 4% O
7~ O/

To a solution of 8,8-diallyl -9,10-dimethoxy -5,8-dihydro-6H-{1,3]dioxolo(4,5-
glisoquino([3,2-alisoquinoline (110 mg, 0.26 mmol) in methanol (20 mL) was added
sodium borohydride (10 mg, 0.26 mmol) in small portions at 25°C. After stirring at 25°C
for 20 min, the mixture was concentrated in vacuo. The resulting residue was extracted

10  with diethyl ether (2 x 50 mL), washed with water (2 x 25 mL), dried over anhydrous
sodium sulfate and concentrated in vacuo to afford 8,8-diallyl -9,10-dimethoxy -5,8,13,13a-
tetrahydro-6H-[1,3]dioxolo[4,5-glisoquino|3,2-a) isoquinoline (70 g, 64%). LC/MS m/e
caled for CrgHpoNO, (M+H)': 420.53, observed: 420.3; 1H NMR (400 MHz, DMSO-d6)
5 ppm 2.32 - 2.44 (m, 2 H) 2.54 - 2.64 (m, 1 H) 2.64 - 2.75 (m, 3 H) 2.90 (s, 2 H) 3.02 -

15 3.12 (m, 2 H) 3.80 (d, J=2.78 Hz, 6 H) 4.30 (d, ]=2.02 Hz, 1 H) 4.69 (d, ]=10.36 Hz, 1 H)
4.74 - 488 (m, 2 H) 5.01 (d, ]=16.93 Hz, 1 H) 5.36 - 5.48 (m, 1 H) 5.58 - 5.72 (m, 1 H)
5.93 (s, 2 H) 6.63 (s, 1 H) 6.78 - 6.85 (m, 2 H) 6.94 (d, ]=8.59 Hz, 1 H).

To a solution of 8,8-diallyl -9,10-dimethoxy -5,8,13,13a-tetrahydro-6H-{1,3]dioxolo[4,5-
glisoquino|3,2-a]isoquinoline (68 mg, 0.16 mmol) in dry dichloromethane (50 mL) was

20 added Grubbs’ catalyst I (32 mg, 0.04 mmol) under nitrogen. The mixture was heated to
reflux for 72 h at 58°C. The reaction mixture was cooled and concentrated in vacuo.
Purification by Waters Automated Flash System (column: Xterra 30 mm x 100 mm,
sample manager 2767, pump 2525, detector: ZQ mass and UV 2487, solvent system:
acetonitrile and 0.1% ammonium hydroxide in water) afforded 9',10'-dimethoxy-

25 5',6,13',13a'-tetrahydrospiro[cyclopent-3-ene-1,8'-[1,3|dioxolo[4,5-glisoquino(3,2-
alisoquinoline] (2.5 mg, 4%). LC/MS m/e calcd for Cy4HasNOy (M+H)": 392.47, observed:
392.3; 1TH NMR (400 MHz, MeOD) 8 ppm 2.34 - 2.43 (m, 2 H) 2.55 - 2.68 (m, 1 H) 2.68 -
2.75 (m, 1 H) 2.75 - 2.81 (m, 1 H) 2.85-2.92 (m, 1 H) 2.92 - 2.99 (m, 1 H) 3.03 - 3.10 (m,
1 H) 3.11 (d, J=3.03 Hz, 1 H) 3.14 - 3.18 (m, 1 H) 3.79 (s, 3 H) 3.84 (s, 3 H) 3.93 - 4.00



12 1.59 fold of vehicle 1.22 fold of vehicle 13 0.94 fold of vehicle 1.05
fold of vehicle 14 1.21 fold of vehicle 1.18 fold of vehicle 15 1.22 fold
of vehi clwoboihi28whd of vehicle 16 1.25 fold of vehicl erQTEP2610l068606%
vehicle 17 1.34 fold of vehicle 1.04 folggof vehicle 18

10

15

20

(m, 1 H) 5.78 - 5.83 (m, 1 H) 5.83 - 5.88 (m, 1 H) 5.90 (s,2 H) 6.58 (s, 1 H) 6.78 (s, 1 H)
6.83 (m, 1 H) 6.91 (m, 1 H).

Example 27

9,10-Dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquino|3,2-

alisoquinoline

<o
30% NaOH o POCl
—_—

—_—

70,
reflux, 3 h, 37% reflux, 3 h, 86%

CH,MgCI

—_

Diethyl ether
Q°C, 30 min, 87%

Berberine hydrogensulfate (10 g, 22.6 mmol) was dissolved in 30% sodium hydroxide in
water (400 mL).The resulting mixture was refluxed for 3 h. The precipitate was collected
and treated with hot 3% hydrochloric acid. The precipitate was collected and re-
crystallized from ethanol to afford 9,10-dimethoxy-5,6-dihydro-6H-[1,3]dioxolo[4,5-
glisoquino|[3,2-a]isoquinolin-8-one (3g. 37%); LC/MS m/e calcd for CyoHizNOs (M+H) ™
352.36, observed: 352.0; 1H NMR (400 MHz, DMSO-d6) & ppm 2.88 (t, J]=6.06 Hz, 2 H)
3.78 (s, 3 H) 3.87 (s, 3 H) 4.12 (t, ]=6.06 Hz, 2 H) 6.08 (s, 2 H) 6.93 (s, 1 H) 7.11 (s, 1 H)
7.41 (d,1=8.84 Hz, 1 H) 7.49 (s, 1 H) 7.53 (d, J=8.84 Hz, 1 H).

A mixture of 9,10-dimethoxy-5,6-dihydro-6H-[1,3]dioxolo[4,5-g]isoquino|[3,2-
alisoquinolin-8-one (2 g, 5.7 mmol) and phosphorus oxychloride (20 mL) was refluxed
for 4 h. After cooling, the orange-red crystalline residue was collected, washed with
chloroform and dried in vacuo to afford 8-chloro-9,10-dimethoxy-5,6-dihydro-
[1,3]dioxolo[4,5-g]isoquino[3,2-alisoquinolin-7-ylium; chloride (2 g, 86%) as a solid
which was used without further purification. LC/MS m/e calcd for CoH7CLLNO;4 (M+H)":
407.27.

To a suspension of 8-chloro-9,10-dimethoxy-5,6-dihydro-{1,3}dioxolo{4,5-
glisoquino|3,2-alisoquinolin-7-ylium; chloride (2 g, 5 mmol) in anhydrous diethyl ether

(150 mL) at 0°C was added a solution of methylmagnesium chloride in tetrahydrofuran (3



1.19 fold of vehicle 1.05 fold of vehicle 19 1.25 fold of vehicle 1.24 fold
of vehicle 20 1.20 fold of vehicle 1.18 fold of vehicle 21 1.22 fold pf

vehi cl e Iwodofooi2sosof vehicle 22 1.38 fold of vehicle 1. 46TMIzoiomfs6oweh| cle
23 1.10 fold of vehicle 1.14 fold of vehifée 24 1.11 fold of vehicle 1.03

fold of vehicle

10

15

20

25

M, 18 mL, 54 mmol) dropwise. After stirring at 0°C for 30 min, the reaction was quenched
by adding saturated aqueous ammonium chloride solution (50 mL). The mixture was
extracted with diethyl ether (2 x 100 mL), washed with brine, dried over anhydrous sodium
sulfate and concentrated in vacuo. The residue was re-crystallized from diethyl ether to
afford 9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo[ 4,5-glisoquino|3,2-
alisoquinoline (1.6 g, 87%). LC/MS m/e calcd for C,,H,3NO, (M+H)": 366.43, observed:
366.0; 1TH NMR (400 MHz, DMSO-d6) § ppm 1.65 (s, 6 H) 2.73 (t,]=5.56 Hz, 2 H) 3.27
(t,J=5.56 Hz, 2 H) 3.76 (s, 6 H) 5.69 (s, 1 H) 5.99 (s,2H) 6.59 (d, J=8.34 Hz, 1 H) 6.74 (s,
1 H) 6.81 (d, J=8.34 Hz, 1 H) 7.21 (s, 1 H).

Example 28

8,8-Diethyl 9,10-dimethoxy —5,8—dihydr0—6H—[1,3]dioxolo[4,5—g]isoquino[3,2—

alisoquinoline
0
< CH,CH MgBr < O
—_— O
Diethyl ether oL
0°C, 30 min, 67% _

To a suspension of 8-chloro-9,10-dimethoxy-5,6-dihydro-{1,3]dioxolo[4,5-
glisoquino(3,2-alisoquinolin-7-ylium; chloride (0.5 g, 1.2 mmol) in anhydrous diethyl
ether (50 mL) at 0°C was added a solution of ethylmagnesium bromide in tetrahydrofuran
(3 M, 4.4 mL, 13 mmol) dropwise. After stirring at 0°C for 30 min, the reaction was
quenched by adding saturated aqueous ammonium chloride solution (30 mL). The
mixture was extracted with diethyl ether (2 x 100 mL), washed with brine, dried over
anhydrous sodium sulfate and concentrated in vacuo. The residue was re-crystallized from
diethyl ether to afford 8,8-diethyl 9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-
glisoquino(3,2-alisoquinoline (320 mg, 67%). LC/MS m/e calcd for CpgH,,NO, (M+H)*:
394.49, observed: 394.1; 1H NMR (400 MHz, DMSO-d6) & ppm 0.79 (t, J=6.32 Hz, 6 H)
1.78 - 1.95 (m, 2 H) 2.02 - 2.18 (m, 2 H) 2.73 (s, 2 H) 3.19 (s,2H) 3.74 (d,J=12.88 Hz, 6
H) 5.34 (s, 1 H) 5.99 (s, 2 H) 6.52 (d, ]=8.34 Hz, 1 H) 6.74 (s, 1 H) 6.79 (d, ]=8.08 Hz, 1
H) 7.18 (s, 1 H).

Example 29

Effectiveness in muscular glucose utilization



fold of vehicle 27 1.62 fold of vehicle 1.65 fold of vehicle 28 1.47 fo

of vehi clwoboi28whd of vehicle Exanple A A conporaa/ErRo100s606EE a (

can be used in a manner known per se as % e active ingredient for the

production of tablets of the followi ng conposition: WO

2010/ 128061PCT. -

M crocryst Lp |nP3{ﬁ’ agglj{/?e{ﬁg ggéismr)al%lEM é&ﬁﬁle\:/n%erlltggwe[gllgi’)ot 1*21%0 C&fluent cells were
differentiated to myotubes by culturing with DMEM supplemented with 2% FBS for 6

25 1.13 fold of vehicle 1.02 fold of vehicle 26 1.12 fold of vehicle 1.11
| d
1)

days. L6 myotubes were treated with compounds for 2 hours. Glucose uptake was
performed in 16 h serum-starved cells. Cells were washed with PBS and incubated in
5 Krebs-Ringer phosphate-HEPES buffer containing 0.1% BSA with or without 100 nmol/l

insulin. Then, cells were incubated with 0.05 mmol/l 2-deoxy-D-glucose and 0.5uCi 2-
deoxy-D-(1,2->H]glucose for 10 min. The assay was terminated by washing the cells three
times with ice-cold PBS. Cells were solubilised with 0.1% triton X-100 and radioactivity
was determined by liquid scintillation counting. Total cellular protein concentration was

10 measured by the Bradford method. Glucose uptake was performed in duplicate. The
compounds were tested at concentrations of 1uM and 3 uM. In this test, the compounds of
formula (I) induce a glucose uptake activity between 1 and 2 fold the glucose uptake
activity of the vehicle. Some particularly preferred compounds of formula (I) induce a
glucose uptake activity between 1.2 and 2 fold the glucose uptake of the vehicle. Other

15  particularly preferred compounds of formula (I) induce a glucose uptake activity between

1.4 and 2 fold the glucose uptake activity of the vehicle. Results are shown in table 1.

Table 1
Example Glucose uptake at 1 uM Glucose uptake at 3 uM
1 1.32 fold of vehicle 1.30 fold of vehicle
2 1.11 fold of vehicle 1.07 fold of vehicle
3 1.16 fold of vehicle 1.11 fold of vehicle
4 1.86 fold of vehicle 1.46 fold of vehicle
5 1.15 fold of vehicle
6 1.07 fold of vehicle
7 1.58 fold of vehicle 1.68 fold of vehicle
8 1.20 fold of vehicle 1.35 fold of vehicle
9 1.63 fold of vehicle 0.99 fold of vehicle
10 1.05 fold of vehicle 1.22 fold of vehicle
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12

1.59 fold of vehicle

1.22 fold of vehicle

13

0.94 fold of vehicle

1.05 fold of vehicle

14

1.21 fold of vehicle

1.18 fold of vehicle

15

1.22 fold of vehicle

1.14 fold of vehicle

16

1.25 fold of vehicle

0.91 fold of vehicle

17

1.34 fold of vehicle

1.04 fold of vehicle

18

1.19 fold of vehicle

1.05 fold of vehicle

19

1.25 fold of vehicle

1.24 fold of vehicle

20

1.20 fold of vehicle

1.18 fold of vehicle

21

1.22 fold of vehicle

1.14 fold of vehicle

22

1.38 fold of vehicle

1.46 fold of vehicle

23

1.10 fold of vehicle

1.14 fold of vehicle

24

1.11 fold of vehicle

1.03 fold of vehicle

25

1.13 fold of vehicle

1.02 fold of vehicle

26

1.12 fold of vehicle

1.11 fold of vehicle

27

1.62 fold of vehicle

1.65 fold of vehicle

28

1.47 fold of vehicle

1.12 fold of vehicle

Example A

Per tablet

ingredient for the production of tablets of the following composition:

A compound of formula (I) can be used in a manner known per se as the active



wherein 5R is hydrogen, alkyl, alkenyl, phenylalkyl, pyridinylalkyl,

al kyl pyrazol yl al kyl , carboxyal kyl , al koxycar bonyl al kyl ,

al kyl am nwoantwonyisal kyl or oxetyl am nocar bonyl al kyl ; R4 PCI/HPad10968606Dr

al koxy; R5 is hal ogen or al koxy; 10 R6 is, 6 hydrogen or halogen; R7 is

hydr ogen or hal ogen; and wherein R2 and are a), b) or c) a)one of R2 and
R3 i s hydroger he, ot her one is sel ed from phenyl, al kenyl and

al kynyl ; 15%§%§q§§gaggtare both at the gg Sinme al kyl, alkenyl or alkynyl;
c) R2 and R3Miggetyktellineic¢lhilddae car bon at ops whi ch they are attached form
cycl oal kyl , cl.oal kenyl , oxetyl or tetrahydropyranyl; and wherein the
bond betmee%g%ﬁngﬁ Cb is a single bondzgﬂX& doubl e bond; or a
pharmaceut i €dkly acceptable salt thereofys gdwi th the proviso that

9, 10- di met hgxy- 8, 8-di,nmet hyl-5 8-di hydro-6H[ 1, 3] di oxol o [4,5-g] isoquino
[3, 2-a] nugsogﬁ%{rr%ﬁ?rﬂBﬁmg,ﬁBX%il@Pﬁ?l-9, 1 @0dnget hoxy- 5, 8- di hydr o- 6H-
W02010/ 128061PCT/ EP2010/ 056062 - 45 - [42§ﬁ%dioxolo [4,5-g] isoquino

[ 3, 2-a] isoquinoline;

8, 8-di et hyl-9, 10-di net hoxyb5, 8, 13, 13a-tetrahydro- 6H 11, 3] di oxol o [ 4, 5-¢]

i soqui no [3, 2-a]isoquinoline; 8-ally1-Examplé¢B

9, 10-di met hoxy- 5, 8, 13, 13a-tetrahydro-6H [1,3] dioxolo [4,5-g] isoquino
[3,2-a] isoquinotompowt & forthal(BQaflibeRaPMY Faficd I Hh eBldaskile 24k 0xol 0

4, 5- : : :
[ g] ingredient for the production of capsules of the following composition:

10 Per capsule
Active ingredient 100.0 mg
Corn starch 20.0 mg
Lactose 95.0 mg
Talc 4.5 mg

15  Magnesium stearate 0.5 mg

220.0 mg



5i soqui no[ 3, 2-al i soqui nol i ne; 9, 10-di net hoxy- 8- pent -4-enyl-5, 8-di hydro- 6H

[ 1,31 dioxolo [4,5-g] isoquino [3,2-a] isoquinoline;

9, 10- di mewbaaw/@s@henyl1-5, 8- di hydro-6H [1, 3] dioxol o [pdTAPgj10i0S6e2i NO

[ 3,2-a] isoquinoline; and 9,10-dimsthoxy-4

8, 8-di net hy1-5, 8, 13, 13a-t et r ahydr o- 6H [i,S] di oxol o [4,5-9] isoquino [

3,2- a]isoquinoline are excluded. 10 2.1.conpound according to claim1,
wherein R is hydrogen, alkyl, alkenyl =8R&nylalkyl or pyridinylalkyl. 3. A
conpound according to glaim 1. of.2, wherein R - is hydrogen, nethyl, ethyl,
propenyl , Benzgﬁmgﬁmﬁ§ﬁpgﬁHVHW%@ﬁyI. 4. A conpound according to any one of
clainms 1 to 3, wherein R is hydrogen, nethyl 15or ethyl. 5. A conpound
according to any one of clainspl to~d, wherein in a) one of R2 and R3 is
hydrogen and the other one is/se ; 0 phenyl, ethenyl, propenyl,

et hynyl and propynyl. 6. A coﬁ‘p cord'Nng o any one of clainms 1 to 5,
wherein in a) one of R2 and R30i's 2>@Hy
from propenyl, ethynyl or propynyl. 7. Algconpp
claims 1 to 6, wherein in b) R2 and R3.dre g
both ethyl at the sanme tine or both open
conpound according to any one of clains 1 ta
together 25with the carbon atomto whi clRtheyareRattached form cycl oal kyl
or cycloal kenyl. 9. A conpound according to one of clainms 1 to 8,
wherein in ¢) R2 and R3 together with the carbon atdhMto which they are
attached form cycl opentyl or cyclopentenyl. 10. A conpound according to any
one of clains %m%gmg, wherein R4 is al koxy. 11. A conmpound accordi ng to any
one of clains to 10, wherein R4 is nethoxy. WO

2010/ 128061 PCT/pR2 %}@fo@é@ gﬁ%ﬂ, 'alléﬁylj phenylalkyl, pyridinylalkyl, alkylpyrazolylalkyl,
carboxyalkyl, alkoxycarbonylalkyl, alkylaminocarbonylalkyl or

Rt he other one is selected
und according to any one of
h st hyl at the same tine,
the sane tine. 8. A
greininc) R and R3

oxetylaminocarbonylalkyl;
R*is halogen or alkoxy;
R’ is halogen or alkoxy;
10 R®is hydrogen or halogen;
R’ is hydrogen or halogen;
and wherein R? and R? are a), b) or ¢)

a)  one of R? and R’ is hydrogen and the other one is selected from phenyl, alkenyl

and alkynyl;
15 b)  R*and R’ are both at the same time alkyl, alkenyl or alkynyl;

¢)  R*and R’ together with the carbon atom to which they are attached form

cycloalkyl, cycloalkenyl, oxetyl or tetrahydropyranyl;
and wherein the bond between C* and C” is a single bond or a double bond;
or a pharmaceutically acceptable salt thereof;

20 with the proviso that 9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo
[4,5-g]isoquino[3,2-a]isoquinoline; 8,8-diethyl-9, 10-dimethoxy-5,8-dihydro-6H-



12. A compound according to any one of clains 1 to 11, wherein le is

al koxy. 13. A conpound according to any one of clains 1 to 12, wherein le
i s net hoxyo 20d/12806¢0npound according to any one of cl ai meTEPe@obSs06nher ei n
R6 i s hydrogen. 15. A conpound accor éng to any one of clains 1 to 14,
wherein R7 is hydrogen or 5chloro. A corrpound according to any one

of clains 1 to sel ted from9 dr o- 6H-
1. 3] i oxol o {43sgPaiasgHrna Al éggf)s TS ki o Pa e
9',10' - Di net hos)s-@ 138" tetla:’zlydﬂ@aH- ties] H@B&yldl[zQS{g]1&@1{1@@[6]2@4)]«30@31%}111@8 ally[-1, 3]
di oxol o [4,5- ino [3,2-

8- | sopr openy1- @1%611 iy L5 38: tge‘?’}},y O‘g%gﬂlﬁ % %(%Ploé? 3381589440859 i soqui no

[3,2- a] isoqu .
di ool o % 4 5qg'11sﬂlagigﬂgl;1eﬁ§ angt b){o;eﬁmenhoiﬁ*s@dm?mxzaﬁfu8}&0@@%@ [1,3]

2-al isoquinoline; 159, 10-D et h 1
-yny1- 5,%8- di hyélsloém@lﬁ"r[3 71 lmq%ﬁ“ﬂ%! %1? “’3“13]”9’ &B60 2#18“{’135%% X(glggiqglr(rjlgl i ne;
8-1sopropenyl- ?1% 1 SloT® U0 gqysoaéma?i M}lis&q@n&iﬂaym@ldﬁhkthbﬂy §Jphelm>6cﬂ o [4,5-
g] i soquino [3,2-a] 1soquinoli 9, D net hoxy -%3 - 8- prop-
1 -ynyl- I5 8- didiydrasBr- 3[4103?10&1 gbiseaiao(3, U@@@}ﬂﬂf)&%&ﬂ 1P lﬁleé]OXY
[ soqw nol i ne; di) 6H
di oxol o [ 4, 5- %% I sog‘g}ﬂ% g ][saopjr 0@@5‘1‘&’@8%3?-%%1 ? H’Iﬁk’@ﬁ?{!ﬁ% ﬁo&ﬂhﬁbﬂ@l’? L3l
8-Allyl-13-et hylllscmm@lumemmklﬁe 8-di hydro-61-J- [1,3] dioxolo [4,5-9]
i soquino [3,2- a] isoquinoline; 2513 - Et hyl -9, 10- di net hoxy-8-prop- 1 -ynyl -

5, 8-di hygr 9- 6H, [hy undi L8 Rgltd cRim 9] wh&RAURNOhidogerRhiklys AtehOl | ne;
phenylalkyl or pyridinylalkyl.

3. A compound according to claim 1 or 2, wherein R'is hydrogen, methyl, ethyl,

propenyl, benzyl or pyridinylmethyl.

4. A compound according to any one of claims 1 to 3, wherein R' is hydrogen, methyl

15 or ethyl.

5. A compound according to any one of claims 1 to 4, wherein in a) one of R*and R% is

hydrogen and the other one is selected from phenyl, ethenyl, propenyl, ethynyl and
propynyl.

6. A compound according to any one of claims 1 to 5, wherein in a) one of R*and R% is

20 hydrogen and the other one is selected from propenyl, ethynyl or propynyl.

7. A compound according to any one of claims 1 to 6, wherein in b) R* and R’ are both
methyl at the same time, both ethyl at the same time or both propenyl at the same

time.

8. A compound according to any one of claims 1 to 7, wherein in c) R* and R’ together

25 with the carbon atom to which they are attached form cycloalkyl or cycloalkenyl.

9. A compound according to any one of claims 1 to 8, wherein in ¢) R* and R’ together

with the carbon atom to which they are attached form cyclopentyl or cyclopentenyl.
10. A compound according to any one of claims 1 to 9, wherein R* is alkoxy.

11. A compound according to any one of claims 1 to 10, wherein R* is methoxy.



WD 2010/ 128061PCT/ EP2010/ 056062 - 47 - 13
-Allyl-8-isopropenyl-9, 10-di net hoxy-5, 8-di hydro-6H [1,3] dioxolo [4,5- ¢]
i soqui no W8,28t0a284630qui nol i ne; PCT/EP2010/056062

9, 10- Di net hoxy-8, 8, 13-trinet hyl-5, 8- dlhydig 6H [1,3] dioxolo [4,5-4q]
isoquino [ 3, 2- aI i soqui nol i ne;

58, 8- Di et hy} % 3 %Qo%pﬁﬁﬁ@ QXYr 1ng"grE t1‘Q>§)ne of clalr{q? Y(tj({ Pl wherem aﬂ<l OXOl o [4.5

g] |squ|no I'soquinot i

- Et hyl -9, 10- di net hoxy- 8, 8-di net hy1-5, 8-di hydro-6H [1, 3] dIOXO|O [4,5- (]

i soqui no [ 312- ah compquidiadcondng to any one of 8landi & 1 WhrehiORUisHRheRY
-5,8-dihydro 6FL11 3] di oxol o [ 4, 5- g] isoquino [3,2 - 10a] isoquinoline 13

-Benzyl-9, 10y di &{n(? ac%:ogchge thz}/ny et dll { to P3 wh[erem l{gj Il‘O%el’[l 4.5 9l

i soqui no [3 2-a qU|n

12- Chl oro-9, 10- dlnethoxy 8, 8-di net hy1-5, 8-di hydro-6H [1, 3] dIOXO|O [ 4, 5-
g] isoqui n015[ 3, Qﬁal}lpbsml]a,dcnniihg]@; anysfie of Alainhd MRt hoXYelin R is Biyliode®Pi I 0

[ cycl opepgt ane- 1 Boro [1,3] dioxolo [4,5- g] isoquino [3,2-a] isoquinoline];
9, 10- Di net hoxy- %1%?13 trimethyl-5,8, 13, 13a-tetrahydro-6H [1, 3] dioxolo
[4,5- g] isoquino [3,2-a] isoquinoline;

8, 8-Di et hyl 169, 11®€thneltlrlrrbacy9ﬂdﬁag®tdmybn5dei&aslB@-MQ;Heaﬂa&@Foﬁt 6H [1, 3]

di oxol o [4,5- 20g] isoquino [3,2 i soqui nol i ne;

9, 10- Di et hoxy-g3

- pyri din-2- yInetHﬁEﬂ§g§5g% 1§§d é%gmﬁggﬂgidﬁﬁ‘¥°§¥°Hﬁ%ﬁh?ﬁﬂTﬁ’§zg] i soqui no

[ 3, 2-a] isoqui ndispqanoline;
13- Benzy1l-9, 10- di et hoxy- 8, 8-di net hy1-5, 8, 13, 13a-tetrahydro-6H [ 1, 3]

259" 1 10' - Di ot hox*f@ﬁ““‘%ﬂ%? o155 24 SN ea BRI B0 enesner e lgieplel 45

10 glisoquino[3,2-alisoquinoline];

8-Isopropenyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo [4,5-g]isoquino|3,2-

alisoquinoline;

8-Ethynyl-9,1 0-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5- glisoquino(3,2-

alisoquinoline;

15 9,10-Dimethoxy-8-prop-1-ynyl-5,8-dihydro-6H-[1,3]dioxolo [4,5-g]isoquino|3,2-

alisoquinoline;

8-Isopropenyl-9,10-dimethoxy-13-methyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino[3,2-alisoquinoline;

9,10-Dimethoxy-13-methyl-8-prop-1-ynyl-5,8-dihydro-6H- [ 1,3]dioxolo[4,5-

20 glisoquino[3,2-alisoquinoline;

13-Ethyl-8-isopropenyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino[3,2-alisoquinoline;

8-Allyl-13-ethyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo (4,5-g]isoquino|3,2-

alisoquinoline;

25 13-Ethyl-9,10-dimethoxy-8-prop-1-ynyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino[3,2-alisoquinoline;



[ 1,3] dioxolo [4,5-g] isoquino [3,2-a] isoquinoline] . 17. A conpound
according to any one of clains 1 to 16 selected from WO

2010/ 128080RCIYERBD10/ 056062 - 48 - PCT/EP2010/056062
9',10' - D net hoxy-5',6',13",13a' -tetrahydrospiro [cycl opentane-1,8 -[1, 3]
di oxolo [4,5- g] isoquino [3,2-a] isoquindline];

8- 1 sopropenyl-9,.1 i gret hoxy- 5, 8-dih 0-6 .1, 3 i oxol.o [4,5-9g] isoquino
[3,2- a] isoqui %%Rlnﬁleﬁsggr%%éﬂ’an%ﬁ&61%%£Wn£%ﬁi@%§lr%6gf&ﬁ%’r"@l(’éw [1, 3]

di oxol o [ 4, 5- g] glimqqinon®H2{adis@zuiddlineso qui no |ine; 9,10-D nethoxy-8-p rop-1

-yny1l-5, 8-di hydro-6H [1,3] dioxolo [4,5-g] isoquino [3,2- a] isoquinoline;

8-l soprop enyl- Os.di pet hoxy-, 13 -net hyl -5, 8-dj hydr ,-6I—1;9 1, 3] dioxolo
[4,5- 10g] isoq%%%%lﬁﬁ{@%%@’/@(ﬁ%mqgﬁf%%’;dllg',d‘i‘bggh E/l_rﬁﬂa’r%? Ii,5-ghsoqull_10[3,2-_
13- net hyl - 8- pr ogisoquinghiyd;- 5, 8-di hydro-6H [1,3] dioxolo [4,5- g] isoquino
[3,2-al isoquinoline; 13 -Ethyl-9,10-di met hoxy-8-p rop-1 -ynyl -

5, 8-di hydr o- 6H .3]..dd lo [4,5- i uino [ 3,2-a] isoquinoline;

159, 10- Dgi met ho§<§fbé?%ffli%?@<%}fllﬁh?ﬁ9Fi‘%,t@i%?ﬁigl’&?/é;{%@-[FéJ@PX Pl 0 [ 4, 5-g]
i soqui no [ 3, 2- d]soysinq(d,halisdgrnoline;

12- Chl or 0- 9, 10- di met hoxy- 8, 8-di net hy1-5, 8-di hydro-6H [1, 3] dioxolo [4,5-

g] isoquino [3,2- i .. nol i ne; . . )

9',10' - Di net hoxlé-' %&ly%é’?@':éﬁ‘?ﬁh’8%?18()‘11{11639'&15(%‘115}‘&%?@1‘[i’?hiloqu‘l[,‘@]' di oxol o
[4,5 - 209] isofisbqoinb®,2aHjoqusdiuenol i ne]; 9, 10-D i net hoxy-8, 8, 13
-trinmethyl- 5,8, 13,13a-tetrahydro-6H [1,3] dioxolo [4,5- g] isoquino

[3,2-a] isoqui e an d? Q' -D hgxy-5',6',13" 13a' -tetrahydrospiro
[ cycl opent - 3- ggriéeld}%lyéglg T?éofy %%ﬁéﬁy&({ ﬁl,{s[-lgj’]}§1P§%16Lﬁ’5r6}lf‘muzn%{]3,2-
i soqui nad i ne] . a2Bodlnolepr ocess for the preparation of a conpound of
formula (1) according to any one of clains 1 to 17 conprising one of the

Fol [ owi g StePS3 gensyi-0,10-dimethoxy-8 8-dimethyl-5,8-dihydro-6H-[ 3] dioxolo[4,5-

glisoquino(3,2-alisoquinoline;

12-Chloro-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3] dioxolo[4,5-

glisoquino[3,2-alisoquinoline;

15 9',10"-Dimethoxy-5',6'-dihydrospiro[cyclopentane-1,8'-[1,3] dioxolo[4,5-

glisoquino[3,2-alisoquinoline];

9,10-Dimethoxy-8,8,13-trimethyl-5,8,13,13a-tetrahydro-6H-[ 1,3 ] dioxolo[4,5-

glisoquino(3,2-alisoquinoline;

8,8-Diethyl-9,10-dimethoxy-13-methyl-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo (4,5-

20 glisoquino[3,2-alisoquinoline;

9,10-Dimethoxy-8,8-dimethyl-13-pyridin-2-ylmethyl-5,8,13, 13a-tetrahydro-6H-

[1,3]dioxolo[4,5-g]isoquino[3,2-a]isoquinoline;

13-Benzyl-9,10-dimethoxy-8,8-dimethyl-5,8,13,13a-tetrahydro-6H-[ 1,3]dioxolo [4,5-

glisoquino[3,2-alisoquinoline; and

25 9',10"-Dimethoxy-5',6',13',13a’-tetrahydrospiro| cyclopent-3-ene-1,8'-

[1,3]dioxolo[4,5-glisoquino|3,2-a] isoquinoline].

17. A compound according to any one of claims 1 to 16 selected from



(a) the reaction of a compound according to fornula (A) - 49 - (A in the
presence of RMgY or in the presence of YMy(CH2)4MyY; (b) the reaction of a
conpound wocorwizegito fornula (B) (B) 5in the presenceCwfEpeoiCioseofr) the
reaction of a conpound according to for %a (© in the presence of NaBH4;
or (d) the reaction of a conpound accordrng to fornula (D) 10 in the

presence of a 91%b?)1met L2l %Sft)”IS' 15a Qrag %?[())19:]{cyc /pEeE a%%q{é)ﬁ?,g%zioxolo[élﬁ—

glisoquino|3,2-a]isoquinoline];

8-Isopropenyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino|3,2-

alisoquinoline;

5 8-Ethynyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-gisoquino|3,2-

alisoquinoline;

9,10-Dimethoxy-8-prop-1-ynyl-5,8-dihydro-6H-[1,3] dioxolo[4,5-glisoquino|3,2-

alisoquinoline;

8-Isopropenyl-9,10-dimethoxy-13-methyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

10 glisoquino|3,2-a]isoquinoline;

9,10-Dimethoxy-13-methyl-8-prop-1-ynyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino(3,2-a]isoquinoline;

13-Ethyl-9,10-dimethoxy-8-prop-1-ynyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino|3,2-a]isoquinoline;

15 9,10-Dimethoxy-8,8,13-trimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino(3,2-

alisoquinoline;

12-Chloro-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-

glisoquino(3,2-ajisoquinoline;

9',10"-Dimethoxy-5',6'-dihydrospiro[cyclopentane-1,8'-[1,3]dioxolo[4,5-

20 glisoquino|3,2-alisoquinoline];

9,10-Dimethoxy-8,8,13-trimethyl-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-

glisoquino|3,2-a]isoquinoline; and

9',10"-Dimethoxy-5',6',13',13a'-tetrahydrospiro[cyclopent-3-ene-1,8'-
[1,3]dioxolo[4,5-g]isoquino|3,2-a]isoquinoline].

25 18. A process for the preparation of a compound of formula (I) according to any one of

claims 1 to 17 comprising one of the following steps:

(a) the reaction of a compound according to formula (A)



- 50 - wherein le to R7 are defined as in any one of clains 1 to 15, R8 and
RO are al kenyl, Ais hydrogen or O, Ris selected fromal kyl, alkenyl,

al kynyl awod2pteengic; R and R' are selected from al kyl, achkargéioassenl kynyl ,
and X and Y are selected fromd and Br.,19. A conpound according to any
one of clains 1 to 17 or a conpound sel e¢¥&d from

59, 10- di net hoxy- 8, 8-di net hy1-5, 8-di hydro-6H [1,3] dioxolo [4,5-g] isoquino
[3,2-a] isoquinoline; O X
8,8-diethy|-9,10-dinethoxy-5,8-é5 ydra 1 1a3] di oxol o[ 4, 5-g] isoqui no
[3,2-a] isoquinoline;
8,8-diethy1-9,10-dinethoxy-5,8,13,13qg <
i soqui no [3,2-al isoquinoline;
8-al ly1-9, 10-di net hoxy-5, 8, 13, 13at et r akyd MRS [ 1, 3] dioxolo [4,5-49]

i soquino [3,2-a] isoquinoline; 8-allyl-9, 1Qs 10d%g§thoxy-5,8-dihydro-6FL
[1,3] dioxolo [4,5-g] isoquino [3,2-a] isoquinolive; 9,10-

di met hoxy- 8- pent - 4-eny1-5, 8-di hydro-6H [1, 3] dioxolo [4,5-g] isoquino
[3,2-a] isoqui Rp{HeNReseSeeldTTAIEELAAXHe Prabgieiot vy GO, hyang- 6H [ 1, 3] di oxol o
[4,5- g] isoquino [3,2-a] isoquinoline; and

9, 10-di net hoxy- 8, 8-di net hy1-5, 8, 13, 13at et r ahydr 0- 6 [1,3] dioxolo [4,5-4]

i soqui no [ 3, 2- &) e sesHAB P HeoPBRU coygh ‘Pﬁg?ﬁﬂéz%}cally active
substance. 20. A pharmaceutical conposition conprising a conmpound in
accordance with any one of clains t o lZ2~0r a conpound selected from

9, 10-di net hoxy- 8, 8-di net hyl-5, 8- Q|h [xL, 3] dioxolo [4,5-g] isoquino

L
Lo i Jggy-S,S-dihydro-GFF [1, 3]
. 8_

dRo- 6H] 1, 3[ di oxol 0 [4, 5-g]

[ 3,2-a] isoquinoline; 8,8-diethyl-@
di oxol o [4,5-9g] isoquino [3,2-a] isoquinol
20di et hyl - 9, 10- di met hoxy- 5, 8, 13, 13a-t etR'4
i soquino [3,2- a] isoquinoline; , 5
8-a|Iy1-9,10-dinethoxy-5,8,13,13a-tetrah70ro-%FFR[1,3] di oxol o [ 4, 5-9]

i soqui no[ 3, 2-a] isoquinoline; 8-allyl-9, 10-diRvet hoxys)s, 8-di hydro-6H [1, 3]
di oxol o [4,5-9g] isoquino [3,2-a] isoquinoline;

9, 10- di net hoxy- 8- pent - 4-eny1-5, 8- di hydro-6H [1,3] dioxolo [4,5-9]
isoquind5[3,2-aWﬂK§UQﬁpﬁUPﬂd@§ 9, 10- di et hoxy- 8- phenyl -5, 8-di hydr o- 6H
[1,3] dioxolo [4,5-g] isoquino [3,2-a] isoquinoline; and 9, 10-

di met hoxy- 8, 8- i YRk Rktrion Bf dortpduiictaanly @-Gihulh 1CB] di oxol 0 [4, 5-g]
isoquino [3,2- a] isoquinoline and a therapeutically inert carrier. 21. The
use of a conpound according to any one of clains 1 to 17 or of a conpound
sel ected from 9, 10-di met hoxy- 8, 8- djOwethy 8- di hydro-6H [ 1, 3] di oxol o
[4,5-g] 30isoquino [3,2-a] isoquiroli R

8, 8-di et hy1- 9, 10- di met hoxy- 5, 8- di hyir 056
[ 3,2-a] isoquinoline; 8,8-diethyl-9, 10-dips
[1,3] dioxolo [4,5-g] isoquino [3,2-a] fsoq
9, 10-di net hoxy-5, 8, 13, 13a-tetrahydro- 6H £y
[ 3,2-a] isoquinoline; 8-allyl-9, 10-di net hoxy-
[4! oS- g]

5R- [1,3] dioxolo [4,5- g

fﬁ, r}i dioxolo [4,5-9g] isoquino
oxy-R'5, 8, 13, 13a-t et r ahydr o- 6H

ine; 8-allyl-

dtgpxol o [ 4, 5-g] isoquino

;p8-dkgxdro-6kk [1,3] dioxolo

in the presence of NaBHy; or

(d) the reaction of a compound according to formula (D)

10

in the presence of a Grubbs catalyst;



WO 2010/ 128061PCT/ EP2010/ 056062 - 51 - isoquino [3,2-a] isoquinoline;

9, 10- di net hoxy- 8- pent - 4-enyl-5, 8-di hydro-6H 1,3 ] dioxolo [4,5-g] isoquino
[3,2-a] iwoquiomakisne; 9, 10-di met hoxy- 8- phenyl-5, 8- di hy@CoA®Reb10[03608]

di oxol o [4,5-g] isoquino [3,2-a] isoquin bi ne; and 9, 10-di met hoxy-

8, 8-di net hyl-5, 8, 13, 13a-t et rahydr o- 64 [§ 3] dioxolo [4,5-g] isoquino [3,2-

5al i soqui noline for the ti,on.of nedi capents .f he Ee)

prophyl axi s of W ﬁ%&}% c‘g{rﬁrg% ghAsdn ﬁn’a?%eo%t?éaslmsgfoqi %o%%%n%tegg%%}{dl ng
tlo anylgnezgf cAsI eﬂ otrozl ]R?}S stbaed frenudliadf alkadl, aﬁ«ynylohntdgahenylaRbmﬁéésreof
claim e treatnment or axi.s_ o cemaor
type 2 di abet e& eci ?I’é‘ﬁ t l&&%ﬂ%’é@sa‘&% aﬁ‘ﬁgt Frsﬂﬁct%é]ﬁ%ﬁ@@gd & anount
of a conmpound as defined in any one of clains 1 to 17 or a conpound

sel ected friom @, dbhpgbuiet.betidgdo dhf@ﬁdlyﬂciﬁm& do hy dr 0<GinpddnBieladicdxodm
[4,5-9g] isoquino [3 2-2a] ISO&UI ol i ne;

di et hy1-%9, 10- deJthq%‘i‘jPOW 8:% %: 563—|dlh[>’§r°?,?Hdllt§>L‘é)‘Pﬁolf’Lfl Sehisonupginta!

[3,2-a] isoqui %@hhﬁ%hn@,s% S8y hy1091114:1@&1@&5?@;813@1&%@@{433;1c3axdle[c4c5a@ydro 6H
15[ 1, 3] dioxol o kg i Soqui N¢ |soq i noJ

8-al i y1-9, 10- dnﬁ@ﬁm@ lsoqpsn@glﬁﬁ%@ﬂertgﬂy‘)d% Wth?’?ﬁ/ %ﬁ* 13 S tsitghydrogotd
i soqui no [3, 2- ? 43153&51% G Ek%qu&o?éw sQquliQol i gran,h@xw &n&tﬁ'@@%@gm 64

[1,3] dioxolo g I 'soqUi no i soqui nol i ne;
Fll3 m;t hi)xy 8- pefetrahy HWQHH@M#DWQ%E 8 Oquln(é?éraék%ﬂqﬁlf{olﬂng &!-9dQui no
al] ,4 soqui
[4 £ 2 ol goq%%tﬁgxyzg glcﬁfsl)éaég:%trll—g?f(y]'d%)&'rﬁ@)slg QScﬁlu%dlygfﬂrséﬁhnBlln@b 1di oxol o

, 10- di met hoxydanﬁhdmnémmﬂ%nﬁ %8-dilgalro-68t HahyipxelogHd-gl Bo@ingidekal o
[4 5-g] 1soqui soq[1 fiofindlo, lloscﬁ}%'tmy' Dbherfts,sTd1RydrBYERNY | BMiGDIdaIe1 nbefore

descri bed. *
glisoquino(3,2-a]isoquinoline; and 9,10-dimethoxy-8,8-dimethyl-5,8,13,13a-
tetrahydro-6H-[1,3)dioxolo]4,5-g)isoquino]3,2-a]isoquinoline for use as

15 therapeutically active substance.

20. A pharmaceutical composition comprising a compound in accordance with any one
of claims 1 to 17 or a compound selected from 9,10-dimethoxy-8,8-dimethyl-5,8-
dihydro-6H-[1,3]dioxolo[4,5-glisoquino(3,2-a]isoquinoline; 8,8-diethyl-9,10-
dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquino|3,2-a]isoquinoline; 8,8-

20 diethyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo (4,5-glisoquino|3,2-
alisoquinoline; 8-allyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-g]
isoquino|[3,2-a] isoquinoline; 8-allyl-9,10-dimethoxy-5,8-dihydro-6H-
[1,3]dioxolo[4,5-g] isoquino|3,2-alisoquinoline; 9,10-dimethoxy-8-pent-4-enyl-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquino|3,2-a]isoquinoline; 9,10-dimethoxy-8-

25 phenyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino[3,2-alisoquinoline; and 9,10-
dimethoxy-8,8-dimethyl-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-g]isoquino|3,2-

a] isoquinoline and a therapeutically inert carrier.

21.  The use of a compound according to any one of claims 1 to 17 or of a compound
selected from 9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]
30 isoquino[3,2-a]isoquinoline; 8,8-diethyl-9,10-dimethoxy-5,8-dihydro-6H-
(1,3]dioxolo[4,5-glisoquino(3,2-alisoquinoline; 8,8-diethyl-9,10-dimethoxy-
5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-g]isoquino[3,2-a] isoquinoline; 8-allyl-
9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo(4,5-g|isoquino(3,2-a]
isoquinoline; 8-allyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]
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isoquino|3,2-a]isoquinoline; 9,10-dimethoxy-8-pent-4-enyl-5,8-dihydro-6H-
[1,3]dioxolo[4,5-g]isoquino[3,2-a]isoquinoline; 9,1 0-dimethoxy-8-phenyl-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquino[3,2-a} isoquinoline; and 9,10-dimethoxy-
8,8-dimethyl-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-g|isoquino|3,2-
alisoquinoline for the preparation of medicaments for the treatment or prophylaxis

of hyperglycemia or type 2 diabetes.

A compound according to any one of claims 1 to 17, when manufactured according

to a process of claim 18.

A method for the treatment or prophylaxis of hyperglycemia or type 2 diabetes,
which method comprises administering an effective amount of a compound as
defined in any one of claims 1 to 17 or a compound selected from 9,10-dimethoxy-
8,8-dimethyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino|3,2-a]isoquinoline; 8,8-
diethyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo (4,5-glisoquino(3,2-a]
isoquinoline; 8,8-diethyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-
[1,3]dioxolo[4,5-g]isoquino|[3,2-a]isoquinoline; 8-allyl-9,10-dimethoxy-5,8,13,13a-
tetrahydro-6H-[1,3]dioxolo[4,5-glisoquino{3,2-a] isoquinoline; 8-allyl-9,10-
dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g] isoquino|3,2-a]isoquinoline; 9,10-
dimethoxy-8-pent-4-enyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]isoquino|3,2-a]
isoquinoline; 9,10-dimethoxy-8-phenyl-5,8-dihydro-6H-[1,3]dioxolo[4,5-
glisoquino(3,2-alisoquinoline; and 9,10-dimethoxy-8,8-dimethyl-5,8,13,13a-
tetrahydro-6H-[1,3]dioxolo[4,5-g]isoquino [3,2-alisoquinoline.

The invention as hereinbefore described.
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