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 Qf 0y H/lxazé&é (I) wherein Rl is hydrogen, alkyl, alkenyl, phegylallyl  pyEidinylalkyl,
alkylpyrazolylalkyl, carboxyalkyl, alkoxycarbonylalkyl, alkylaminocarbonylalkyl or
oxetylaminocarbonylalkyl; 10R4 is halogen or alkoxy; R5 is halogen or alkory; R6 is hydrogen or
halogen; R7 is hydrogen or halogen; and wherein R2 and R3 are a), b) or c) WO
2010/128061PCT/EP2010/056062 - 2 - a) one of le and R3 is hydrogen and the other one is selected
from phenyl, alkenyl and alkynyl; b) R2 and R3 are both at the same time alkyl, alkenyl or alkynyl;

NOVEL ISCQUINOLINE 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 atkoxy;
R®is hydrogen or halogen;
R’ is hydrogen or halogen;

and wherein R® and R® are a), blorc)



¢) R2 and 12.3 together with the carbon atom to which they are attached form 5cycloalkyl,
cycloalkenyl, oxetyl or tetrahydropyranyl; and wherein the bond between C and Ch is a single bond or

a double bopd: or. aceutically acceptable salt thereof; with the prQyi .
9,10-dimeth%%/?§@-‘§gr@g;1yl-5,8-dihydro-6H-[l,3]dioono [4,5-9] isoquing}??,%l}a ?ggsqégfr%oline;

8,8-diethy1-9,10-dimethoxy-5,8-dihydro -6H- 10[1,3}dfoxolo[4,5-g]isoquino[3,2-alisoquinoline;

8,8-diethy1-9,10-dimethoxy- 5.8,13,13a-tetrahydro-6H: [1,3]dioxolo [4,5-g] isoquino [3,2n

isoquinoline; 8-allyf) 9,1@8?2&%%%%@%5&%@:&% r0-6H- fll%é &Cg%)%%%éz%?}@éa}%lngl[s,2-a]
isoquinoline; 8-ally1-9,1@sdirdktelky-5,8-dihydro-6H-[1,3]dioxolo[4,5-g] isoquino[3,2-a)isoquinoline;
9,10-dimethoxy-8-pent-4-eny1-5,8-dihydro-6H- 15[1,3] dioxolo [4,5-g]isoquino f 3,2-a J isoquinoline; 9,
| 0-dimethoxy-8-pheny1-&’8ndfives orditl 2 1h3lcioxalold Bkglisbguihof3Rsalsoquinoline; and
9,10-dimethoxy- 8,8-dimethy1-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-glisoquino[3,2- aJisoquinoline

are excluded. The ipvention,al3o {glates (0@ RrecesRine Manidaaive ehinesedayvel 20

compounds and medicaments_containing them. The comp!?(l)Léﬁds of tr}_e invention have glucose uptake
activity, which results in fHeHEY bRBIGYEREs 8 U THIBREEH R UERi40 concerns the use of such
compounds for the treatment of metabolic diseases sugh as hyperglycemia and type 2 diabetes and

for the manufactureasicohrssipoheprpseriivesm enendG DrabEnel ROFEAFSr e YhaPdfc disorder

affecting thousands of millions of people in developed and developing countries. Lack or reduction in
insulin secretion duertpdutommunelidestapctidn sitkBevalfs 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 CMPIBX HRNNYHIG YO0 Essveodp elapment ol hdiiniresistdncgdindm 30 relative
Gelieny I e e A T DB, SOl AR S4B s cary
10 [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-g}isoquino{3,2-a]
isoquinoline; 8-allyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g]
isoquino|3,2-aisoquinoline; 9,10-dimethoxy-8-pent-4-enyl-3,8-dihydro-6H-
15 [1,31dioxolo[4,5-glisoquino|3,2-afisoquinoline; 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



retinal damage leading to blindness, kidney disease, nerve damage leading to foot amputations, and
micro- and macrovascular disease. Since dietary modification and increased physical activity provide
insufficient glucose control over the long-term course af the disease, the vast majority of patients
require some type of pharmacological intervention. 5In response to the enormity of the growing
problem, efforts to identify and develop new pharmacological agents for type 2 diabetes have been
increasing drasmadichiliyape teckn yddisdnbhe selaffolisayecresditeardcathitly tinftive csnptgssiyl

introduction of geyeral ReweANERRLORRENS. and.arditonal e HNeIapias LB ANRIRBe SiX

classes of oral pharmacological agents available to treat type 2 diabetes, including sulfonylureas,
meglitinides, FEHfOFiHT (A0 SHEH R oh RIS RefRRESHES BHE SR e d5dssdin Misiaipdcrity of
Sulfonylureagandmneglitinides tgke d@ffbetithcolsghledtimertatininmof insulin secretion. Metfonnin can
suppress hepatic glucose production; the thiazolidinedione class targets on peripheral tissue insulin

rgsistgnp%; and aQMG@&SQ&&QJQE@%@E&@?M&QiQ&W@%@@Wﬂo@ﬁs@&(ﬂ@lﬁﬁz%@%&@ﬁ%ﬂ the gut.
Sitagliptin (Januvia) is a new class of agencgs acting as dipeptidyl peptidase 1Y (DPP-4) inhibitors for
the 15 treatm® f;‘?boe%"éa&f%%?‘e?é’.r P A S R Ty b S FO T & A B B ATSBRINGE b f the
present inventiossdrdiocs agoesuthdoesatpta ke actidty td gethdrcidthod seaetid wkaryrgooeht

bioavailability,, The comnaunds.ofthedavention.ars Merefare usefulindhe tieppment ofidiabstes. In a
first aspect, there is provided a compound of formula’(I) 20 (Iiﬁwhereln Rl is hydrogen, alkyl, alkenyl,

phenylalkyl, fifTaihgraHaReA kR Fo R RRg e BT R RVTODRERS L BB gy metformin (a
alkylaminocamhganyliaksytioioxatylarsieocad kogsylalilse 3ad iRbris finfogen-ok alikoxys Raitshydeogen or
halogen; effect through stimulation of insulin secretion. Metformin can suppress hepatic giucose
production; the thiazolidinedione class targets on peripheral tissue insulin resistance; and a.-
ghucosidase inhibitors can inhibit the breakdown of comp]ei carbdhydrate in the gut. Sitagliptin
(Januvia) is a new class of agents acting as dipeptidyl peptidase IV (DPP-4) inhibitors for the

15 treatment of type 2 diabetes.

It has surprisingly been found that the compounds of the present invention induce a good
ghucose uptake activity together with a particularly good bioavailability. The compounds of the

invention are therefore usefu] in the treatment of diabetes,

In a first aspect, there is provided a compound of formula (1)

ALy

N
]
Cb

R‘!/

B
20 R D

wherein

R'is hydrogen, alkyl, alkenyl, phenylalkyl, pyridinylalkyl, alkylpyrazolylalkyl,
carboxyalkyl, alkoxycarbonylalkyl, alkylaminocarbonylalkyl or

oxetylaminocarbonylalkyl;

25 R*is halogen or alkoxy;



R7 is hydrogen or halogen; and wherein R2 and R3 are a), b) or ¢) 5a)one of 12.2 and 12.3 is
hydrogen and the other one is selected from alkenyl and alkynyl; b) R2 and R3 are both at the same
time alkyl, alkenyl or alkynyl; c) R2 and 125 together with the carbon atom to which they are attached
form cycloalkyl, cycloalkenyl, oxetyl or tetrahydropyranyl; and wherein the bond between C and
d' is a single bond or a double bond; 10or a pharmaceutically acceptable salt thereof; with the proviso
that 9,10-dimethoxy-8,8-dimethy1-5,8-dihydro-6E141,3]dioxolo [4,5- glisoquino[3,2-a]isoquinoline;
8,8-diethy1-9,10-difnéthbxpgssod leivs-6F1-H,3]dioxolo[4,5- disoquino[3,2-alisoquinoline;
8,8-diethy1-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H[1,3]dioxolo[4,5-g]isoquino[3,2-a]isoquinoline;
8-ally1-9,10-dimethhiy- 58 b3ch Iatargdnydro-6H- 15[1,31dioxolo[4,5-glisoquino[3,2-a] isoquinoline;
8-ally1-9,10-dimethoxy-5,8-dihydro-6H- [1,3]dioxolo[4,5-g] isoquino[3,2-a]isoquinoline;
9,10-dimethoxy-8-@e@§-é}?§ﬂgg€§(§g dro-6H[1,3]dioxolo[4,5-g]isoquino[3,2-a]isoquinoline;
9,10-dimethoxy-8-pheny1-5,8-dihydro-6H- [1,3]dioxolo[4,5-disoquino[3,2-a]isoquinoline; and
9’10'dimethoxy'8’%'%i@%p%&i@% 13at trthi}ll_q;Sdo-GH-[l,3]dioxo|o[4,5-g]isoquino[3,2-a]isoquino|ine

are excluded 20In &'§econ aspect, here sb rovided a process for the preparation of a compound of

formula (1) as defined above comprising one of the following steps: ga) the reaction of a compound
accordinctto formuta ( A)ogng R* and R’ 1s hydrogen and the other one 1s selected from alkenyl and alkynyl;

b)  R%and R’ are both at the same time alkyl, alkeny! 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;
10 or a pharmaceutically acceptable salt thereof]

with the proviso that 9,10-dimethoxy-8,8-dimethyi-5,8-dihydro-6H-[1,3]dioxolo [4,5-
glisoquine[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-diethyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-
[1,31dioxolo[4,5-glisoquino[3,2-zlisoquinoline; 8-allyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-
15 [1,3]dioxolo[4,5-g]isoquino[3,2-a] isoquinoling; 8-allyl-9,10-dimethoxy-5,8-dihydro-6F-
[1,3]dioxolo[4,5-g] isoquino[3,2-a)isoquinoling; 9,10-dimethoxy-8-pent-d-enyl-3,8-dihydro-6H-
[1,3]dioxolo[4,5-glisoquino[3,2-alisoquinoline; 9,10-dimethoxy-8-phenyl-5,8-dihydro-6H-
[1,3]dioxolo[4,5-glisoguino[3,2-alisoquinoline; 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.

20 In a second aspect, there is provided a process for the preparation of a compound of formula

(1) as defined above comprising one of the following steps:

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



in the presence of RMgY or in the presence of YMg(CH2)4MgY; (b) the reaction of a compound
according to formula (B) 5in the presence of I-Cl; (c) the reaction of a compound according to formula
(C) in the presence of NaBH4; or (d) the reaction of a.gpmpound according to formula (D) in the
presence of a Grubbs catalyst; -3c- wherein 121 to 127 are as defined above, R8 and R9 are alkenyl,
A is hydrogen or Cl, R is selected from alkyl, alkenyl, alkynyl, 12" and R" are selected from alkyl,
alkenyl and alkynyl, and X and Y are selecte and, Br. In a third aspect, there is provided a
compound as defined above or a compoufid
8-ally1-9,10-dimethoxy-5,8,13,13a-tetrahy@o-6141;
8-ally1-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxola[4+53-gl4sogrino[3,2-a] isoquinoline;
9,10-dimethoxy-8-pent-4-eny1-5,8-dihydro-6H41,%]dio 0lo[4,5-g]isoquino[3,2- alisoquinoline; and
9,10-dimethoxy-8,8-dimethy1-5,8,13,13a-tetrahydrarbH-T%;3[digxolo[4,5- glisoquino[3,2-alisoquinoline
for use as therapeutically active substance. 10In a fourth @spect, there is provided a pharmaceutical
composition comprising a compound as defined above or a compound selected from
8-ally1-9,10-dimethoxy-5,8,13,13a-tetrahydro-611- [1,3]dioxolo 4,.5-%1[isoquino[3,2-a] isoquinoline;
8-ally1-9,10-dimethib - Bresdipf efr 8§ #Y or in the presence of YMg(CH,)MgY;

fron%‘ _
0lo[4,5-g]isoquino[3,2-al isoquinoline;

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

5 ‘in the presence of I-CL;

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

in the presence of NaBH,; or

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

10

in the presence of a Grubbs catalyst;



[1,3] dioxolo [4,5-g] isoquino [3,2-a] isoquinoline; 9,10-dimethoxy-8-pent-4-eny1-5,8-dihydro-6H-
[1,3]dioxolo [4,5-g] isoquino [3,2-a] isoquinoline; and 9,10-dimethoxy-8,8-dimethy1-5,8,13,13a- 15
tetrahydro-6H41,3]dioxolo[4,5-g]isoquino(3,2-a] isoquiggline and a therapeutically inert carrier. In a fifth
aspect, there is provided the use of a compound as defined above or of a compound selected from
9,10-dimethoxy-8,8-dimethy1-5,8-dihydro-6H-[1,3]dioxolo[4,5-g] isoquino[3,2- a]isoquinoline;
8,8-diethyl-9, Qetéineth xR 5 8- dinjudnasG kbdic3Rfiexd R 4y5-giisogjuin o 2drafisoquifioRnBs; selected
8,8-diethyl-9, ﬁ%glmhmng §,,gfﬁ%eanﬁawdgpe§aeL%e§l§a%gﬂQélﬁ 1A iRompaAralisgavinoline:

8-ally1-9,10-dimethoxy-5,8 trahydro-6H41,31dioxolo[4,5-'g] |soqumo -a]’isoquinoline;
8-ally1-9,10- (ﬁfﬁé?ﬁé%‘} g‘%nd:rlll%‘il@’BH -[1,3]dioxolo[4,5-g] isoquino[3,2- a]lsoqumollne
9,10-dimethoxy-8-pent-4-eny1-5,8-dihydro-6H-[l,3]dioxolo[4,5- g]isoquino[3,2-a]isoquinoline; and
9,10-dimethoxy-8,8:dithedmsiebl 8118; 18artettahy droxBidd [4s, 8jdimdotbitonlisogmima3dealisoquinoline
for the preparaiian afimeclcamenis {ns e:as1ealment arRionRa ot hyResehiGamia or e 2

diabetes. In a sixth as}é)ect there Is I’OVI ed a compoun d above, when manufactured as

defined abov& RS RRLEE: ey gth%d[@?ﬁtﬂ""é%}lg gfgﬁ%“b?% [lza]rﬁ’ﬁﬁ?é?%r? ﬁbﬁﬁ?é%n& YtBlated, linear- or
branched chaialiimroap Eoitathing-1-pend 4 prefef sbivh ¥ do-6HADBddprefialiiy Tistodnodiion 30
atoms, for ex@ﬂ%%%%‘?@'an%t@)ﬂ@Bﬁ%}ﬂo@)@éocﬁﬂetﬂypﬁ'téﬂl?IE’H%&J&E huMl gnd dhe ik freferred

"alkyl" groups are methyl and ethyl. -3d- butoxy, t-butoxy and the like. Preferred alkoxy groups are
methoxy and S{FRHyS rﬁB?%qﬁl%?gPﬁtW Vﬁ%ﬂﬁé@aﬁ%g‘i%m?@%méﬁ?ﬁaéﬁ?ne or in combination signifies
an alkyl group as defined above wherein one carbon-carbon single bond is replaced by a
carbon-c#rbon double foorid afpreiniptesiop B atkermp araathenyl, orgperidn nebwienyt, 4-butemyldand the

like. Preferre%@r%ﬁﬂéﬂ K5 Q'@)lﬁﬂ&ﬁﬂ& ge@&&?ﬂ)ﬁ?@@ll@ﬂ@ﬁﬁ&ﬂﬁhoxyi8, 13,13a-tetrahvdro-6H-
' [1,3]dioxolol4,5-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-glisoquino[3,2-a]isoquinoline; and 9,10-dimethoxy-8,8-dimethyl-5,8,13,13a-
15  tetrahydro-6H-[1,3]dioxolo{4,5-glisoquino[3,2-a] isoquinoline and a therapeutically inert carrier.

In a fifth aspect, there is provided the use of a compound as defined above or of 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-glisoquino[3,2-
alisoquinoline; 8,8-diethyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo{4,5-

20 glisoquino[3,2-a)isoquinoline; 8-allyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-{1,3]dioxolo{4,5-
glisoquinof3,2-a] isoquiholine; 8-allyl-9,10-dimethoxy-5,8-dihydro-6H-{1,3]dioxolo[4,5-g]
1soquino{3,2-alisoquinoline; 9,10-dimethoxy-8-pent-4-enyi-5,8-dihydro-6H-[1,3]dioxolo[4,5-
glisoquino[3,2-alisoquinoline; and 9,10-dimethoxy-8,8-dimethyl-5,8,13,1 3a-tetrahydro-6H-
[1,31dioxolo]4,5-glisoquino[3,2-a]isoquinoline Tor the preparation of medicaments for the

25 treatment or prophylaxis of hyperglycemia or type 2 diabetes.

In a sixth aspect, there is provided a compound as defined above, when manufactured as

defined above.

As used herein, the term “alkyl” alone or in combination signifies a saturated, linear- or
branched chain atkyl group containing 1 to 8, preferably 1 to 6, more preferably 1 to 4 carbon
30  atoms, for example methyl, ethyl, propyl, isopropyl, 1-butyi, 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 “alkyl” is

ag defined above; for example methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, i-butoxy, 2-



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, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl and the like. A preferred cycloglkyl group is cyclopentyl. ~ The term
"cycloalkenyl" alone or in combination refers to a cycloalkyl group as defined above wherein one
carbon-carbon single bond is replaced by a carbon-carbon double bond. Examples of cycloalkenyl are
cyclopentenyhwygiohexerny hahtheligto Regtenyl: Roejenregcyel aalkery hgdatipis eyélopentenyl.  The
term "alkynyl' alane,grinigogypbination signifies an alkyl group as defined above wherein one
carbon-carbon single bond is replaced by a carbon-carbon triple bond. Examples of alkynyl are
ethynyl, propynyl, n-butynyl, j-butynyl, and the like. Preferred alkynyl groups are ethynyl and propynyl.
T tormm “natogent Taats KA B S T AL I SRR e The
term "carboxy® ERsHECBE fiirerrisancHelrerades el CebM- TR rede Arndnfiramsle Yr in
combinatien rgfess tarthehgiol propdt, nhhedeni-taramDandl araidE. iPreeil Aakan riefs ecprimary,
secondary oréglré@fy %B' O and Q&g}@gﬁpds of the general formula (I) which contain one or several
chiral centers can e’lt%er € present as racemates, diastereomeric mixtures, or optically active single
isomers. The racemates can b slw rated ac.cordirl]) to known methads info the enantiomers.
Preferably, diastereofm&he saft&t ?ha DR B S EPAPIE B S ABI A RSAREE FP8HTNE racemic
mixtures by réaeidriowitapnatical ety duith Suelt extwyaPmprivrexa@iiEacid, 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 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 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 WO
2010/128061PCT/EP2010/056062 - 5 - ammonium hydroxide. The chemical modification of a
pharmaceutical compound into a salt is a technique well known to pharmaceutical chemists in order to
obtain improved physical and chemical stability, hygroscopicity, flowability and solubility of
compounds. It is for example described in Bastin R.J., et. al., Organic Process Research &
Development 5 2000, 4, 427-435; or in Ansel, FL, et. al., In: Pharmaceutical Dosage Forms and Drug
Delivery Systems, 6th ed. (1995), pp. 196 and 1456-1457.  Particularly preferred is a compound of
formula (I) wherein le is hydrogen, alkyl, phenylalkyl, pyridinylalkyl or alkenyl.



Further preferred is a compound of formula (I) wherein 12 is hydrogen, methyl, 10 ethyl, propenyl,
benzyl, pyridinylmethyl, 1-methyl-IH-pyrazolylrnethyl, carboxymethyl, methoxycarbonylmethyl,
propylaminocarbonylmethyl, dimethylaminocarbonylmethyl or oxetylaminocarbonylmethyl. Particularly
preferred is a compound of formula (1) wherein R' is hydrogen, methyl,  ethyl, propenyl, benzyl or
pyridinylmethyl. Also preferred is a compound of fogmula () 15 wherein 12" is hydrogen, methyl or
ethyl.  Preferred is a compound of formula (I) wherein one of 12.2 and le is hydrogen and the other

one is sele p k nd.alkynyl. Eurther, preferred is.a compaeund of formula (1)
merein R2 o e e o R B SR e ()
wherein fe SH#ISOGEPEKith 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 fe and R3Ti8eHArofetPaReNherbifet dheBhimittarl Froihaikenykdrcayrddfissgreferred.
Furthermorehprefdined ismacampoiuheh ofrfderneda ikl yoplhaiehy itapanetbR2oasld tens hydrogen and

the other ong ig.go. 3¢ 8iBilRmRNG M, SHREAYL RIRRERYL SEWILAPL RICAYRYL. {SO-propenyl is a

preferred pro 1%91&" Nn-pro enylylci another preferred propenyl. Further preferred is a compound of

formula (1) RaTRITTTH & OR&’ SYLPBRRB R is hydrogen and the other one is selected from ethenyl,

propenyl, ethynyl and propynyt. Moreover, a compound of formula (I) wherein in a) one of R2 and R3

is hydrogen and T S0oHEr Bhe i s Slde P hiom proigaifst Bl Esrnis psstdeRther preferred.
WO 2010/12B061PGTERROL/GE60E2 bo6ds repacedpouritbotidrmutmld pwkieFsinRa afid 123 are

identical angigssihethimidhesans timewalkyl, akenyl, aralkynyd ispreferrad Fystbgsmeare, a compound

of formula (Q wrp?ranei@ in b 212 and le are identical is preferred. Preferred is a compound of
formula (1) wﬁ%r in mpbs) and R3 are both at the same 5 time methyl, ethyl or propenyl.  Moreover,
preferred is a cogpound gf formula (1) wherein in ¢) R,2 and R3 together with the carbon atom to

which they are attAcHEd fBHRERY BRI A ST e OATRB Ry BRSO, P OsHb BRSSP Bormula (1)
wherein in eid@mand 123 together with the

The term “carboxy™ alone or in combination refers to the group -COOH.
The term “carbonyl” alone or in combination refers to the group -C(O)-.
The term “amino” alone or in combination refers to primary, secondary or tertiary amino.

Compounds of the general formuia (I) which 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 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
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 acid, and those derived from organic acids
such as p-toluenesuifonic acid, saticylic acid, methanesuifonic 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



carbon atom to which they are attached form cyclopentyl or cyclopentenyl is preferred. 10Preferred is
a compound of formula () wherein R4 is alkoxy and in particular methoxy.  Also preferred is a

compound Q‘% OEERH)aZ %Nherein R5 is alkoxy and in particular methoxy. PO ledrtoboes% 6r2eferred isa
compound o ormula 1) Wherein R6 is hydrogen or chloro. le 15 is prefera%Ty%y rogen.” Particularly

preferred is a compound of formula (I) wherein R7 is ®ydrogen or chloro. 27 is preferably hydrogen.

The bond between Ca and Cb is preferably a single bond. The bond between Ca and,Ch is also
prerferably a M@Bﬁﬁ&)’%@‘&ﬁ&hﬁﬂ%@ lé?f’gﬂ'égdﬁlé’g?'ﬁlﬁg &sp%?'%%téc )Cé’%lépé’éﬁ‘é%ﬂé‘&’ flom 9, |

0-Dimethoxy-8alinytB:gurditgdrel i iBodibrutmdascl idsqustio P2y e ah i draved
9',10"-Dimethaupyiof bdBudar-Aeiay e ospisalosiop bl Sidd Atibkolaibmpounds. Tt
g]lsoq_UIno[B,Zi-ggé%% l u‘l@ﬁlé 5 rib%d%%%%ﬁﬁ_@ﬂ: %z?&i:,%&%ﬁh%)‘a%&s' (fﬂ&\égfai%evelppment
[1,3]dioxolo14,5-glisoquino §§ 25 a| |§c§ﬁ1umolge; S-Eth%gyl-%% -dimet ox%-5,8- hxgro-6H- [1,3]
dioxolo [4,\5,-912&@%4&':#87[3‘% >; R dBAoIie Svifo o T BH DT |‘§Eﬂg§t§ﬁ S5 -
9,10-Dimetho@ebpropsteymy §ti5 GLdiHRrHo teHL 94 BiddidXo1bj475-g] isoquino [3,2- a] isoquinoline;
8-Isopropeny1-9,10-dimethqxy-13-methy1-5,8-dihydro-6H- [1,3]digxolo [ 15-%' ogquing, [3,2-a]
isoquinoline; 5 9,10}-)@%8{?1%&95%5 %ﬁﬁﬁf%“é’f’oﬁf‘iﬁf@@é% V)‘/%%q'é] > 4, %?&(8!3% - glisoquino
[3,2-a] isoquinpliere;ldIByE thy ki8sikdpropetiyend, 10-dirnethoxy-5,8-dihydro-6H- [1,3] dioxolo[4,5-g]
isoquino [3,2- isoquinoline;

Further preferred is a compound of formula (I) wherein R" is hydrogen, methyl,

10 ethyl, propenyl, benzyl, pyridinylmethyl, 1-methyl-1H-pyrazolylmethyl, carboxymethyl,
methoxycarbonylmethyl, propylaminocarbonylmethyl, dimethylaminocarbonylmethyt or

oxetylaminocarbonylmethyl.

Particularly preferred is a compound of formula (I} wherein R is hydrogen, methyl,
ethyl, propenyl, benzyl or pyridinylmethyl. Also preferred is a compound of formula (1)
15  wherein R' is hydrogen, methyl or ethyl.

Preferred is a compound of formula {I) wherein one of R” and R’ is hydrogen and
the other one is selected from phenyl, alkenyl and alkynyl. Further preferred is a
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 1% is hydrogen and the other one is

25 selected from phenyl, ethenyl, propenyl, ethynyl and prepynyl.
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 Rand R 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.



8-Ally1-13-ethyl-9,10-dimethoxy-5,8-dihydro-6H- [1,3]dioxoloisoquino [3,2 - | Oisoquinoline;
13-Ethy1-9,10-dimethoxy-8-prop-1 -yny1-5,8-dihydro-6H-11,31d oxolo14,5 1 soquino [3,2-

isoquinoline| %ﬁu}y‘]’i-ﬁgésopropenyl-alo- dimethoxy-5,8-dihydro-6H-1lﬁfi}L§;§gig/[,§?
' 1 -11,31d

2% ] isoqumo
[3,2- a] isoquinaline; 0-Dim ethoxy-8,8,13-trimethy1-5,8-dihydro-6 loxolo &,5-0 isoquino

[3,2- al isoquinohne; 8,8-Diethyl-9,10-dimethoxy-13-nfethyl-5,8-dihydro-6H- [1,3] dioxolo [4,5-]
soquino [3,2- al isoquinoline; . | 3-Ethyl-9, | 0Odimethaxy-8.8-dimethyl-5,8-dihydrQ6 3] dioxolo
14,5-gi isoquino [3,(2105 %@ﬁ%@qﬂ%ﬁm %ﬁ%ﬂfﬁfﬁ}ﬁgfﬁ.m%{%gfﬁ %?8%?/%%%[% 1

dioxolo14,5-glsisoetime 4B, akisghuinbiime] E3BEmedl Runbegimerosgrpeiamhsdyrsalinydro-6H-

[ 1,3] dioxolo [4n5 gliSqqyiRo f3i3alis0auineling péderred.
12-Chloro-9,10-dimethoxy-8,8-dimethy1-5,8-dihydro-6H-11,31dioxolo [4,5- g] isoquino [3,2-a]

isoquinoline; 9',10T-Dimethoxy-5'.6"-dihydraspiro [cyal newl 8k R divwlal4Siglisaguino [3,2-
al isoquinoline]; WBIFZ%}IS 11%68%5%&’%%?1}8}8[&5%@69@ %%tl% bjf

q
9,10-Dimethoxi=8, 8rdBsthintethgn Psogersla 3a-tetrahydro-6H- [1,3] dioxolo [4,5- g] isoquino [3,2-a]
isoquinoline; 8,8-Diethyl-9,1O-dimethoxy-lS-methy1-5,8,13,13a—tetrahydro-6|—2|- [1,3% dioxolo [4,5- g]
isoquino [3,2-al isoquineting; freferred is a compound of formula (I) wherein in ¢} R and R together

9,10-Dimethoxy-8,3-di =13-pyridi - dre-6HELiBldigxolo [4,5-]
isoquino [3,2%@o%’gi%ﬁg@%@i@gﬁgﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ%1-5%,13,13 ?—tetrahydro-GH-

11,31 dioxolo [4,5- %]i oquino [3,2-al isoquipgline: angt o in ) R R® toeether with the
9',10'-Dimethoxy-5', r %e%'ﬁocf?t’e Fﬁ%gg%i?g 8§ré]81pae(n -g?gﬁeeu-lll%g)ll,salndd oxol§.[4],5- 10 g] isoquino
[3,2-a] isoquinclithe. atom to which they are attached form cyclopentyl or cyclopentenyl is preferred.

10 Preferred is a compound of formula (1) wherein R* is alkoxy and in particular

methoxy.

Also preferred is a compound of formula (I) wherein R’ is alkoxy and in particular

methoxy.

Further preferred is a compound of formula (1) 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-glisogquino{3,2-alisoquinoline

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

glisoquino(3,2-ajisoquinolinel;

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

25 alisoquinoling;

8-Ethynyl-9,10-dimethoxy-5,8-dihydro-6H- [1,3]dioxolo[4,5-glisoquino3,2-

ajisoquinoline;



The following compounds of formula (1) are particularly preferred:
9',10'-Dimethoxy-5',6',13',13a'tetrahydrospiro [cyclopentane-1,8'- [1,3]dioxolo [4,5- g]

isoquinoiso%r}%m?ls;% 8-Isopropeny1-9,10-dimethoxy-5,8-dihydro-6Hs; 4,3} figXRIa4.5-9] isoquino
[3,2- 15 a] isoquinaoline; %-Ethynyl-9,10-dimethoxy-5,8-dihydro -6H- [1,3] dioxolol4,5-g) isoquino [3,2-
a] isoquinoline; 9,10-llimethoxy-8-prop-1-yny1-5,8-ditydro-6H- [ 1,3] dioxolo [4,5-g] isoquino [3,2- a]

isoquinoline; 20 8-Isopropeny1-9,10-dimethory-13-m -9,8-dihydrpz6H- ioxelo [4,5- g] isoquino
[3,2-a] isoquirtolfhi BTt r%e?ﬁ?ﬁq}fé]}jlm%hd;{}ygrﬁrggik?}%?gygg%‘ﬁgﬁéﬁ% ,’§] dioxol o [4,5- g]
isoquino [3,2-ajissqqiniciddine;  13-Ethy1-9,10-dimethotcy-8-prop-1-ynyl1-5,8-dihydro-6H- [ 1,3] dioxolo
[4,5-g] isoquino [3,2- 25 a] isoquinoline; 9,10-llimethoxy-8,8,13-trimethy1-5,8-dihydro-6H- [1,3 ]dioxolo
[4,5- ] isoquipqdaoprhisaquinglinet owwQ 201011280 6IRCTIEPR DLB/A5806 24,59 -
12-Ch|oro-9,10-.dimethi?yZ_S,ﬁs-gir&gtrl%lé;S,8-dihydro-6H-[1 3]dioxolo[4,5- g[isoquino[3,2-a]isoquinoline;
9',10T-Dimetr%>1(s)(/)f§1}8e |hy8 osglroTcyc1opentane-1,8'- [1,31dioxolo [4,5-g] isoquino [ 3,2 -

a]isoquinolinzé; 59 10-Dimethoxy-§{8,l3-trim tfg@%?é% %Sa_-é%t_rﬁlh "8;}%{"0 4]5,_3] dioxolo [4,5-
glisoquinof3, -éﬁé@(’zﬁ}ﬁ%ﬂﬁé’}aﬁﬁe AT -BRRetRORy 55" 050 s élrospi}o’ cyclopent-3-ene-1,8'-
[1,3]dioxolo [4gﬁs<giqamﬂﬂjml[f§oa{ﬁt}iﬂbquinoline]. The compouno!s of the present invention can
be prepared according to the following 10 procedures. In the following schemes R refers to phenyl,

alkyl, alkeny! qn ally-Rbispedre, 5 daiineskabrvdiiniessathenjisexndi¢sietissg Gendlal synthetic

route for 8-m0r}osubstittjted analogues la (Scheme 1)
ajisoquinoline;

8-Allyl-13-ethyl-9,1 0-dimethoxy-5,8-dihydro-6H-[1,3] dioxolo[4,5-glisoquino[3,2-

10  alisoquinoline;

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

ajisoquinoline;

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

alisoquinoline;

15  9,10-Dimethoxy-8,8,13-trimethyl-5,8-dihydro-6H-{1 ,31dioxolo[4,5-glisoquino|3,2-

alisoquinoline;

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-gisoquino(3,2-

20 alisoquinoline;

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

alisoquinoline;

13-Benzyl-9, 10—dimethoxy—8,8-dimethyl~S,S—dihydromﬁul-{ 1,31dioxolo[4,5-g]isoquino|3,2-

ajisoquinoline;

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

glisoquino|3,2-alisoquinolineg;

9',10'-Dimethoxy-5',6'-dihydrospiro[cyclopentane-1,8'-[1,3] dioxoloi4,5-glisoquino[3,2-

a]isoquinolinel;



Scheme 1 15llla Compounds la can be prepared according to Scheme 1. Starting with 11,
Grignard reaction with different Grignard reagents Il gives la. The reaction is typically carried out in

etheral solvents neral synthetic route for 8,13-disubstituted anal e2)
20Scheme 37 é\f&lgngﬁi%%lPCT/EP2010/056062 210- 1V V||||b98¥%%4r?11§§§{’1b§g] Ib can be

prepared according to Scheme 2. Starting with 1I, tredment with 50% aqueous sodium hydroxide in
the presence of acetone affords |V. Treatme with differe li rovides 13-sustituted
berberine an aPob%"Q/‘. Oﬁé%ﬁﬁﬁ"gme%wl':’%gv Ma»tetr 1ycfro—gHjﬂ ,9]%%09{0?0 fg,a

glisoquino{3,2-a}isoquinoline;

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

glisoquino(3,2-alisoquinoline;

5  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;

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

glisoquino|3,2-a}isoquinoling; and

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

10 glisoquino[3,2-alisoquinoline].
The following compounds of formula (I) are particularly preferred:

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

glisoquino|[3,2-alisoquinolinel;

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-glisoquino [3,2-

ajisoquinoline;

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-

glisoquino3,2-ajisoquinoline;

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

glisoquino3,2-ajisoquinoline;

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

25 alisoquinoline;

9,10-Dimethoxy-8,8,13-trimethyl-5,8-dihydro-6 H-{1,3]dioxolo{4,5-g]isoquino{3,2-

alisoquinoline;



5 carried out uder neat condition. Further treatment of V with various Grignard reagents affords Ib. C.
General synthetrc route for 8-gem-disubstituted analogues Ic (Scheme 3) Scheme 3 VVI

10Compourhg, prepared according to Scheme 3. Starting with 30%
SaAgs i

agueous so oxrde under reflux condition affords VI. Treatment of
2010/128061PCT/EP2010/056062 with phosphorus(®11) oxychloride provides VII which is further

reacted with varig sGr nar ents to affor e nthetic r or halogen-substituted
analogues Id (@Cﬁ 5) 8}% (Ery%t% fiett yll Slé)d% dr %1-?% ?FélOX(ﬁOE g

glisoquino|3,2-a}isoquinoline;

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

ajisoquinoline];

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

glisoquino(3,2-alisoquinoline; and

9',10'-Dimethoxy-5',6',13',13a'-tetrahydrospiro{cyclopent-3-ene-1,8'-[ 1,3} dioxolo i45-

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, aikyl, alkenyl or alkynyl. R' to R’ are as
defined above unless otherwise indicated.

A. General synthetic route for 8-monosubstituted analogues la (Scheme 1)

Scheme 1

Diethy! ether
+ RMgCl

1]
15 f I la

Compounds Ia can be prepared according to Scheme 1. Starting with 1§, Grignard
reaction with different Grignard reagents I gives fa. The reaction is typically carried out
in etheral solvents.

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

20 Scheme 2



5Ic'ld  Compounds Id can be prepared according to Scheme 4. Starting with 13-sustituted
8-disubstituted berberine analogs IC', treatment with lodine monochloride in the presence of
dichlorometg%p @ E. General synthetic route for 8-spiro an ( me 5)
10Scheme ompounds le can be prepared according to Scheme 5. Starting with VII, treatment
with bis-Grignard reagent derived from 1,4-dibromobut&ne in tetrahydrofuran affords spiro compound
le. 15 F. General Sénthetic route for tetrahydro berberine analogues If and Ig (Scheme 6) Scheme 6
Ic'lg Tetrahydro/berper gomgounds If can be pr dirg-to Scheme 6. Starting with Ic',
treatment with variouS-eromjelbs lorafg g irninium st@&s VIII. Further
treatment with sodium boromhydridegin the presence of methan affords If. Direct reduction of Ic with
ide i Sefidral syntheti®relte for spiro

] v

Digthyl ether

e —————"

+  RMgCl

0oC, 30 min, 36%

v I b

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 < O POCH,
————
reﬂux reflux

RigC!
T — .
Diethyl ether

Vil

10 Compounds Ic can be prepared according to Scheme 3. Starting with V, treatment
with 30% aqueous sodium hydroxide under reflux condition affords V1. Treatment of VI



IXX 10lhli WO 2010/128061PCT/EP2010/056062 - 13 - tetrahydro analog X. Further treatment of X
with Grubb's catalyst in the presence of dichloromethane gives Ih. 8-disubstituted analogs 1X can be

prepared accordi heme 3. Compounds li can be prepared s ith. 8-disubstituted
RS Feorg

analogs Ih. 5 Ih with sodium boronhydride in the presence of methanol affords li. The
invention also relates to a process for the preparatiord bfa compound of formula (1) comprising one of

the following steps: (a) the reaction of a compound Qﬁ orgé'% g fi%[lrgrugga éé &Q%nvtal*}% presence of
RMQgY or in th¥5raeiRRoS P Nid B kDI W%)qfﬁe SO oA EBmBStnd According to formula (B)
in the presencerggrialreagents to afford Ic.

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

1

R

Scheme 4

0
<

\-Cl

T

Dichioromethane

id

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

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

10 Scheme 5

+ BrMg(CH;),MgBr —m——

vil

Compounds le can be prepared according to Scheme 5. Starting with V1i, treatment
with bis-Grignard reagent derived from 1,4-dibromobutane in tetrahydrofuran affords

spiro compound le.
15 T. General synthetic route for tetrahydro berberine analogues If and Ig (Scheme 6)

Scheme 6



(c) the reaction of a compound according to formula (C) 15 (C) - 14 - in the presence of NaBH4; or
(d) the reaction of a compound according to formula (D) in the presence of a Grubbs catalyst; wherein
Rl to It7 are aiz%?q;;e(a quovelzl, R8 and R9 are alkenyl, A is hydrogen or le%ﬁﬁ%;ﬁﬁt&q from alkyl,
alkenyl and alkynyl, ﬁ and R" are selected from alkyl, alkenyl and alkynyl, and X and Y are selected
from Cland Br.  The reaction of step (a) is preferalli§ tarried out in ethereal solvent, preferably in
diethyl ether or THF. The reaction temperature is preferably between OC and 25C. _ The reactions of
step (b) and (c)oare preferably carried out n mi}) ' B * eraply carried out
t : @

in dichlorometl@an bhg catalyserefers @ 2 F?kgzble fﬂggpiﬁﬁﬂ e &Y. the first
generation GruBbs™¢ She & berﬁsw&néhis(tricycl h@mith The
sto'a gempBuna of formula (1) or & cofnpdund selected from § .
dro-6H-[1,3]clioxolo[4’5-gfs0dafno[3,2-a] isoquinoline™ 8, &
diethy1-9,1O-dimethoxy-518-dihﬁjro-GH-[l,3jdioxo|o[4,5§g,]isoquino[3,2-a]isoquinolinﬁ; 8,8-
diethy1-9,10-dimethoxy-'§,8,13,13a—tetrahydro-6H-11,3] loxolo[4,5-g]isoquino[3,2- alisoquinoline;
8-ally1-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5- fflisoquino[3,2-a] isoquinoline;
8-ally1-9,10-dimethoxy-5:8<d r56H-[1,3]c|ioxo|o[4,5-g] IsoquUINP[3;R-alisqguinoline;
- didero-GH-[;\,;ggjoxolo[4,5 carsoefli -Q}isoquinoline;
[ I%RGH-[l,S}digxolg[A,S- glisoquing[3:2-alisogriinoline; and
¥ 131 3a-tetranyelrece11- [1,3]dioxo|8[4,5 quino[3,2-a|isoquino|ine
for use as therapeutically active Substance. WO 2010/128061PCT/EP2010 056062 - 15 - The
invention also relates to a pparmaceutical composition comprising a cdéhpound of formula (1) or a
compound selected from
9,10-dimethoxy-8 8dimethyd 1R.8:4ihy dsafidilia3 1iaxdlol4 Sralisaauinnl} dalisoguiadianing
&8 ety 9 10 amelion o & AN ST bkl Wil oruing delisea nping:
' "salts VIIL Further treatment with sodium boronhydride in the presence of methanol

5 affordsif.

“J;
T

Direct reduction of Ic with sodium borohydride in the presence of methanol affords
Ig.
G. General synthetic route for spiro terrahydro berberine analogues Ih and Ii (Scheme 7}

Scheme 7

O
NaBH,

et R

Methanol

Grubbs catalyst

Dichioromethane

10

Compounds Th can be prepared according to Scheme 7. Starting with 8-disubstituted
analogs IX, treatment with sodium boronhydride in the presence of methanol affords



5 5,8,13,13a-tetrahydro-6H- [1,3] dioxol o [4,5-g] isoquino [3,2-a] isoquinoline; 8-ally1-9,10-
dimethoxy-5,8,13,13a-tetrahydro-6H-11,3] dioxolo[4,5-g] isoquino [3,2-a] isoquinoline; 8-
ally1-9,10-dj -5 8-dihydro-6H- [1,3]dioxolo[4,5-g] isoquino[3,2-alisoquinaline:;
9,10-dimeth%g>]<(3§/- 9%%% (-}g%enyl-5,8-dihydro-6H- [1,3] dioxolo [4,5-9] isoql}r@@%!z%g?gg%ainoline;
9,10-dimethoxy-8-pheny1-5,8-dihydro-6H- [1,3] dioxold f4,5-g] isoquino [3,2- 10 a]isoquinoline; and
9,10-dimethoxy-8,8-dimethy1-5,8,13,13a-tetrahydro-6H[1,31dioxol9[4,5-glisaquino[3,2-a]isoquinoline
and a therape RN A Bidr. EI‘Hélﬁrsér W@%Hn?ﬁo% A flb’lﬁhlg iﬁ%%f% %%PES%%%%% ected
from 9,10- dimithlosxye8@adiegthyih5,8-dihydro-6H - [1,3]dioxolo [4,5-g] isoquinoisoquinoline;
8,8-diethy1-9,10-dimethoxy-5,8-dihydro-6H-[113) dioxol of 4,5-g) isoquino [3,2 -a] 15 isoquinoline;
8,8-diethyl-9,10-dingetimby:Bi8ed 3;idapt éX aly boop Bt 3jdiodole [, belglisoduino[3,2-alisoquinoline;
8-ally1-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H- [1,3] dioxolo [4,5-g]isoquino [3,2-a] isoquinoline;
8-ally1-9,10-dimethQuynpeluetibyickran Gl [ cpldioxaiofihdygHisbdisiinl8iBed]isnipgnbiifeduction of
9,10-dimethoxy; S abdhh WsRin sinye -8l Hydl diorplaidr@igkisrauino [3,2-a] isoquinoline;
9,10-dimethoxy-8-phenyl- 20 5,8-dihydro-6H- [1,3] dioxolo [4,5-g] isoquino [3,2-a] isoquinoline; and
9.10-dimethoxy 8,8+ iMRidor b b 32 18U R I ALAIOXRIR itk 2ol QK BOrGAncot

isoquinoline for the preparation of medjcaments for the treatment or prophylaxis of hyperglycemia or
type 2 diabete&q§%W§W§W%B}?c?fotpﬁ1f81fﬂ%?ﬁ%ﬁ?53aid medicaments, e.g. in the form of

pharmaceutical pre@;ﬁ}gol%ﬁct%p 6 ZnAdministesss oy allys Sdidn Afye form of tablets, coated tablets,
0

dragees, hard and soft gelatine capsules, solutions, emulsions or suspensions. The administration
can, however, also be effected rectally, e.gz.%in the form of suppositories, or parenterally, e.g. in the
form of injection solutions with an effectiv 3 compound as defined above. The
above-mentioned pharmaceutical composigety aimed by processing 30 the compounds
inrga@'c or organic carriers. Lactose, corn

S @nid the like can be used, for example, as
atd-gelatine capsules. Suitable carriers for soft
gelatine capsules are, for example, vegetable oils, waxegsfats, semi-solid and liquid polyols and the
like. Depending on the 35 nature of the active substance no carrieks are, however, usually required in
the case of soft WO 2010/128061PCT/EP2010/056062 gelatine capsules. Suitable carriers for the
productionof solutidnshandsynupsiatdfooeiarhpleesate of pOHLISHalyeardl, vegetable oil and the like.
Suitable carriers for

(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



suppositories are, for example, natural or hardened oils, waxes, fats, semi-liquid or liquid polyols and
the like. 5The pharmaceutical composition can, moreover, contain preservatives, sotubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for varying the osmotic
pressure, buffers, masking agents or antioxidants. They can also contain still other therapeutically
valuable substances. The dosage depends on vargus factors such as manner of administration,
species, 10 age and/or individual state of health. The doses to be administered daily are about 5-400
mg/kg, preferablin &eourestBed 0ONMRFkgorand can be taken singly or distributed over several
administrations. A compound of formula () when manufactured according to the above process is
also an object of(theninantians 12kuphamaaredtiediventieqrlso 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.(l) ar.a compound selected from 9,10-dirnethoxy-8,8-
dimethy1-5,8-dihydro-6H-[1,3]dioono[4,5-@ is@ o[3,-a]£soquinoline;
8,8-diethyl9,10-dimethoxy-5,8-dihydro-6H-d 1, 3}dioxott {4
diethyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H- [1 bld'xolg4[ 4,5-g] isoquino [3,2- a] isoquinoline;
8-ally1-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H311,3
8-ally1-9,10-dimethoxy-5,8-dihydro-6H-[1,31dioxol@{4* i
9,10-dimethoxy-8-pent-4-eny1-5,8-dihydro-6H- [1,3]diox@® 14,5-glisoquino[3,2-a] isoquinoline;
9,10-dimethoxy-8-pheny1-5,8-dihydro- 25 6H- [1,3]dioxolo[4,5-gliSoquino[3,2-alisoquinoline; and
9,10-dimethoxy-8,8-dimethyl5,8,13,13a-tetrahydro-6H-[1,3) dioxolo [4,5-g] isoquino [ 3,2-al
isoquinoline.  TPHBepFaRSRGS HUBhEREH Y5 the following examples which have no limiting character.
Unless explicitly otherwise stated, all reactions, reaction conditions, abbreviations and symbols have
the meanings wetbkrowk to & peesoriefodibary. $Kikin BY megdiraaythemnisidrogen AbBreRiations: BSA:
bovine serum alumip; GlGdEaICHIRIGH R GM FicRloramethane. RME M RulRsecHis Mpdifed Eagle

Medium; DMSO: dirnethylsulfoxide; FBS: fetal bovine serum; h: hour or hours; MHz: megahertz; min:

minute or minutddSymr: ARG MBI RIIfHISTE P B:Bhosphate buffer solution. WO
2010/128061PCT/EP2010/056062 - 17 -

The reaction of step (a) is preferably carried out in ethereal solvent, preferably in diethyl

ether or THF. The reaction temperature is preferably between 0°C and 253°C.

The reactions of step (b) and (c) are preferably carried out in methanel. The reaction of step

{d) is preferably carried out in dichloromethane.

Grubbs catalyst refers to a catalyst suitable for olefin metathesis, e.g. the first generation

Grubbs catalyst, e.g. benzylidene-bis(tricyclohexylphosphine)dichloro ruthenium.

The invention also relates to a compound of formmala (I) ora compound selected from 9,10-
dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[ 1,3]1dioxolo[4.5-glisoquinof 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-
diethyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-[1,3]dioxolof4,5-gJisoquino[ 3,2~
ajisoquinoline; 8-allyl-9,10-dimethoxy-5,8,13,1 3a-tetrahvdro-6H-[ 1,3]dioxolof4,5-
giisoquino|3,2-a] isoquinoline; §-aliyl-9,10-dimethoxy-5,8-dihvdro-6H-[1,31dioxolo[4,5-g]
1soquino[3,2-alisoquinoline; 9,10-dimethoxy-8-pent-4-enyl-5,8-dihydro-6H-[1,31dioxolo[4,5-
glisoquino[3,2-alisoquinoline; 9,10-dimethoxy-8-phenyl-3,8-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-

I1,3]dioxolo[4,5-glisequino] 3,2-alisoquinoline for use as therapeutically active substance.,



Exam_ple; Example 1 9,10-Dimethoxy-8-pheny1-5,8-dihydr0-6H-I1,31dioxolok,5-glisoquino(3,2-al
isoquinoline  To a suspension of berberine hydrochloride (400 mg, 1.08 mmol) in anhydrous diethyl

ether (50 é) added phenylmagnesium chloride solution (2.8 ropwise. After
stirring at O f% ?gmln the reaction was quenched by adding saturated%tﬂ%%%gﬂgﬁpﬁgmum chloride

solutlonh(zdo mL). The mixture was extracted with dietyr 10 ether (2 x 50 mL), washed with brine, dried
over anhydrous sodium sulfate ncentrat d in Jacua The res du [ diethyl
ether to afford 9,10~ k?ﬁr‘ﬁgfﬁgwgﬁ efsg%ad’ g‘ﬁmﬂcﬁn 8)S<1(J5 iwégﬁ IS q%?r%ﬁ E(%Lgom e
isoquinoline (30Cmuy; 679! E@zﬁmsowel me@wrmamgmkwﬁﬁdmmé%é@am 414.2; 1H
H)M5R7(§°° Mg, 5@@%@@,@@@@%@@9%@%@5& SO ARS8 374 15 (5. 3
728 (m(s4 H) 3 EbS “glisoq mo][w alisoq rll__:\olyle)f% (erﬁiyil—é_l ?chﬁ]%éflj]l]ﬁl&ﬂl_') 7.16
9',10'- Dlmethcﬁg&-lB ﬁsalmmadamahwdémolpdwodmmoim@ls]gmxd@f4ﬁsatbyl -9,10-
isoquino(3,2- i -
o 10"dimeth % R 13 £ étht?ﬁlrgéﬁy%@%lr%?c? S]duﬁf[olo 14,5-glisoquino(3,2-a} 130qumohne 8
0.31dioxolo1 A RIS  SHUAIAERTL] (IO R B A A RSP R s added
sodutJm borlohwdm)dax(ﬁzﬂlmg - & femrhelihstrdihprtioHs| aﬁ?@&&ﬂéﬁsﬂm@%(ﬂ@@ for 2 h, the
reaction solve cen CA! : hyl eth
@500, W%%WO?V%% e
a)isoquinoline; and 9 10-dimethéxy-8,8-dimethyl-5,8,13,13a-tetrahydro-6H-

[1,3]dioxolo[4,5-g]isoquino[3,2-alisoquinoline and a therapeutically inert carrier.

The use of a compound of formula (I} or of 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]di oxolo[4,5-glisoquine|3,2-a]

15  isoquinoline; 8,8-diethyl-9,10-dimethoxy-5,8,13,13a-tetrahydro-6H-|1,3]dioxolo{4,5-
glisoquino{3,2-ajisoquinoline; 8-allyl-9, 10-dimethoxy-5,8,13,13a-tetrahydro-6H-
[1,31dioxolo[4,5-g]isoquino[3,2-a] isoquinoline; 8-ailyl-9,10-dimethoxy-5,8-dihydro-6H-
[1,3]dioxolo{4,5-g] isoquino|3,2-a}isoquinoling; 9,10-dimethoxy-8-peni-4-enyl-5,8-
dihydro-6H-[1,3]dioxolo[4,5-g]isoquino[3,2-alisoquinoline; 9, 10-dimethoxy-8-phenyi-

20 5,8vdihydro—6H-{1,3]di0x010{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 for the
preparation of medicaments for the treatment or prophylaxis of hyperglycemia or type 2

diabetes is also an object of the invention.

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 ke 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, wases, fats, semi-solid and liquid polyols and the like. Depending on the
35 nature of the active substance no carriers are, howeéver, usually required in the case of soft



WO 2010/128061PCT/EP2010/056062 - 18 - over anhydrous sodium sulfate and concentrated in
vacuo to afford 9',10'-dimethoxy56',13',13aLtetrahydrospiro [cyclopentane-1,8'- [ 1,3] dioxolo [4,5-q]

isoquino [3, %’ }:&i{)ﬂ% ine] (155 mg, 52%). LC/MS m/e calcd for C24H;Z %ﬂz@%ﬂ%ﬁf% 49,

observed: 3 (400 MHz, DMSO-d6) 6 ppm 1.64 - 1.80 (m, 2 85-1.965(m, 2 H)
1.96 - 2.08 (m, 2 H) 2.16- 2.25 (m, | H) 2.25 -2.35 (m18.H) 2.56- 265(m 2H)265 -2.71 (m, 2 H) 2.93

-3.03(m, 2 H) 3.78 (d, J=6.57 Hz, 6 H) 3.91 (d,. J=7. 3.94 Hz, 2 H) 6.65 (s, 1 H)
613 (d, =8 3AYHINF FRPEIKH puiipbl féé@'é& (51%‘* §£°%ﬁ?"°t?ﬁ? xatrlno JC[ rii e &

9,10- Dlmetboxyamvlny&aﬁgmb‘yéﬂf@lﬁﬁ@l‘@ﬂﬂ@k@l@ﬂl&@@%%ﬁn@ﬂg@lﬁﬁé&%ﬁf&ﬁne Toa
suspension of pepaeiisiefydsshiasisiel (SRR WRY ot Bardened) dilanhyelrduts, déatiyicetder {#kpadmL) at 0OC
was added vin ‘gg ggﬁglg{pi&%omlde solution (1.0 M in tetrahydrofuran, 13 mL, 13 mmol) dropwise.
After stirring a or 2 h, the reaction was 15 quenched by adding saturated aqueous ammonium

chloride sqution (2Qymly), In'%gczn'gw% R SRCIRC D R s 2ok a0 mLuivhed with brine,

dried over anhydrous s ium sulfate an %ncentrate in vacuo. residue w%sfge crystalllzed from

diethyl ether tS'abiiza® YOI RIFT R LB VRDAS SERRIDERD %1—?% 183
isoquino[3, 2-ajlsogmingtinectdde, i @8 sk DAMS N e cate fskh T Hzngen vémmﬂ‘]ﬁz@‘fé‘m 32,

observed: 364 dith MRLAAB NIz IRMSG:ARLS ppm 2.74 - 2.84 (in, 2 H) 3.16 -3.24 (in, 2 H) 3.75
(s, 3H) 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, | H) 5.95

(s, 1 H) 6.00 (d, =931 43¢, 2 &Dp@aﬁzcig xpén%%aarslshh@me(ﬁma bt)a@:B A aratiof, Setias, 1 H) 7.25
(s, 1H). Examg%e“%ﬂa' opr % %mﬁqthwcq 85; gﬁ% &&‘Heﬂdﬁ %algdésasélsoqumo
andig Sthens Shior,

[3,2-a] |so St sSusp ensmn erine h rB |n anhgidrous
diethyl ether (I@a’kﬁmraiesélmgoaﬂb%é%aﬁ%eﬁ hf’egﬁiﬁ?ﬂ 8?5}?4‘&%‘1?6{ M B8 TR

tetrahydrofurangdinipdezt®ésnmol) dropwise. After stirring at OC for 2 h, the reaction was

A compound of formula (I} when manufactured according to the above process is

also an object of the invention.

15 Furthermore, 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-a)isoquinoline; 8,8-diethyl-
9,10-dimethoxy-5,8-dihydro-6H-{1,3] dioxolo[4,5-gisoquino{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-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-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-g]isoquino| 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; caled: 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.



5 quenched by adding saturated agueous 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
concentratqg %r@/%glt%go o he residue was re-crystallized from diethyl ethep{q alaithuscos2
8-isopropenyl- %L -dimethoxy-5,8-dihydro-6H- (1,31dioxolo[4,5- isoquino [3,2-a] isoquinoline (500 mg,
98%). LC/MS m/e calcd for C23H23N04 (M+H): 10-378:44, observed: 378.0; 1H NMR (400 MHz,
DMSO-d6) 6 ppm 1.57 (s, 3 H) 2.72 - 2.83 (m, 2 23. pe- 3.09(m, 1H)3.12-3.20 (in, 1 H) 3.71 (s, 3
H) 3.77 (s, 3H) 4.61 (s, 1 H) 4.92 (d, 1=1.52 Hz,g‘gﬁ%‘f 9(s,1H)5.80 (s, 1 H)6.00(d, J=2.27 Hz, 2
H) 6.69 (d, 1=8.59 Hz, 1 H) 6.77 (s, 1 H) 6.85 (d, 1=8.34 Hz, 1 H) 7.23 (s, 1 H). Example 5 15
8-Ethyny1-9,10-dimethoxy-5,8-dihydro-6H-[1,3]df5%318(8 5-glisoquino[3,2-a] isoquinoline  To a
suspension of berberine hydrochloride (500 mg, 1.3 mmol) in anhydrous diethyl ether (50 mL) at 0C
was added ethyiyimaghesiuaptitiordussdiugidm @ RBldzodaibhydisrarinp 324, 26 mmol)
dropwise. Afttgrostirriilrag at OC for 16 h, the reaction was quenched by adding saturated aqueous
ammonium chiorlde solution (20 mL). The mixture was extracted with diethyl ether (2 x 50 mL),
washed with brine, dried over anhydrous sodium sulfate and concenfjated in.vacug. The residue was
re-crystallized from di(& @w en tocafford 8-ethynyl -9,10-dimethoxy5, §
25 glisoquino [3,2-a] isogu ey(95 mg, 20%)) LC/MS rfei eatcd foP C22FIL9N04 (M+H)+: 362.40,
observed: 362.2; 1H NMR (408 MHz°RMSO=e6 “@@p%o@;?@mh%&s (m, 2 H) 3
2010/128061PCT/EP2010/0560 20 - (d, J=2.27 Hz, 1 H) 3.21 -3.30 (m, 2 &t (d, J=4.80 Hz, 6
H) 5.45 (d2J=2.02 Hz, 1 H) 6.02 (d, J=5.81 Hz, 2 H) 6.18 (s, 1 H) 6.76 - 6.83 (m, 2 H) 6.93 (d, J=8.59
Hz, 1 H) 7.32 (s, 1H). Example 6 5 . . - :

B-Aly1-5,10-cAeHORy By ER e Ddresblesite P LSS magd B aplgirons et

ether (50 mL) at 0°C was added phenylmagnesium cirloride solution (2.8 mL, 2.7 mmol)

S

dropwise. After stirring at 0°C for 10 min, the reaction was quenched by adding saturated
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 in 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 CyeHosNO,; (M+H) ™ 414.48, observed: 414.2; LTH NMR
(400 MHz, DMSO-d6) d ppm 2.67 - 2.50 (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 (4, J=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 YO NaBH, <Z WO

0. Mathane!

O\.
O 250C. 20 min, 52% O
o~ -

@)
20

To a selution of 9',10'-dimethoxy-5',6',13',13a'-tetrahydrospiro{cyclopent-3-ene-1,8'-
{1,3}dioxoioi4,5-g]isoquino[fv,z-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 b, 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



To a suspension of berberine hydrochloride (500 mg, 1.3 mmol) in anhydrous diethyl ether (50 mL) at
0C was added allylmagnesium chloride solution (1.7 M in tetrahydrofuran, 8 mL, 13 mmol) dropwise.
After stirrin f min, the reaction 10 was quenched by adding sggy@}gglgﬂ%pys ammonium
chloride sol%ﬁl[59 s % The mixture was extracted with diethyl ether (2 x 50 mL), washed with brine,
dried over anhydrous sodium sulfate and concentratedfﬁrrvacuo The residue was re-crystallized from
diethyl ether to rd,8-ally1-9,10- d|m tho 8-dihydro;6H- 13]d|o lo[4,5- glisoquino [3,2-al
isoquinoline (250%%%9 hlg%) E{l% mie ca %(f%r %’Iﬁ@f %gf%i%%’f‘g /ed; 378.2; 1H
NMR (400 MH2, D53 6y mapphiosrde gy depcsznez .2 ), ﬂ@@mm%aém;sb@)rm[m} 2.87 (m, 1 H)
3.26- 3.32 (M, A]H)RiBRHBA416P ndgH28 78 (Hhi,324a B, AT Xk, %ﬁﬂiﬁg 2 £4)486 (s, 1 H) 5.68
-5.80 (m, 1 H) 5,87 (s, 1H2600(d J=3.54 Hz, 2 H) 6.68 (d, J= 834Hz 1 H)6.77 (s, 1T H) 6.84 (d,
1=8.59 Hz, 1 HJPPS¥ SHRYRFRO MHZ DMSO-d6) 8 ppm 1.64 - 1.80 (m, 2. H) 1.85 - 1.96

9,10-Dimethoxy- ?JE@D%MHV%(&HIFWmr@Hz[is’a’(]ﬂmmPMz@ ~gil§9%lﬂlnpl3)%r5%h599ym|lflﬁ wo
2010/128061P%'5EP Q05 2 n of rher hloride (500

mmol) in anhydrous d%gt]r(}yi etﬁ@?ﬁ% %0 (omt’ gﬁ/as aga 1%%;5 gﬁﬁa%n@shr% %j’r(%ﬁ qutlon
(0.5 M in tetrahyatdfhrad; 62 @3%5?16%) ]di‘BpiAFiéédAﬁéﬁétHﬁngfél 6.84or BOLMIBSths re&dtion was
guenched by atlding-saturated agueous ammonium chloride solution (20 mL). The 5 mixture was
extracted with diethyl ether (2 x 50 mL), washed with brine, dried over anhydrous sodium sulfate and
concentrated in vacua. The residue was re-crystallig %gé diethyl ether to afford

9,10-dimethoxy-8- prop -l- ynyl -5,8-dihydro-6H-[1,3[dioxolo 4 5- g] isoquino [3,2-a] isoquinoline (190
mg, 37%) / fQr I M+ obseryed: 376.2; 1H NMR (400 MHz,
DSO-d6) & po DA R O P A A SH- R0 oy £ PISE Y Bg SN, 13,03
Hz, 6 H) 5.39 - 5.43 (m, 1H)601(d 1=5.31 Hz, 2H)615(s 1H)676(d 2 H) 6.90 (d, 1=8.34 Hz, 1

H) 7.32 (s, 1 H). Exa ﬁ
8-Isopropeny1-9,10-dik g he

1\ methyl -5,8-dihydro-6}- %Jréﬁldloxoﬂ

glisoquino[3,2-alisoquinoline Berberire h droeﬁlwwle_(:l.o.ﬂ_g_iﬁ.ao mmol), (46 mL), acetone
(20 mL), 50% aqueous sodium h OXIde (15 mL) was mtredueed into a reactio ssel The reaction
mixture was stirred vigorously for 30 fin at room temperature. The resulting preC|p|t8te

To a suspension of berberine hydrochloride (500 mg, 1.3 mmol) in anhydrous diethyl
ether {100 mL) at 0°C was added vinylmagnesium bromide solution (1. M in
tetrahydrofuran, 13 mL, 13 mmol) dropwise. After stirring at 0°C for 2 h, the reaction was

15 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 9,10-dimethoxy-8-vinyl-5,8-dihydro-6H-{1,3]dioxolo[4,5-
glisoquino{3,2-a]isoquinoline (480 mg, 98%). LC/MS m/e caled for CpHNO, (M+H)

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

Example 4

25  8-Isopropenyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino[3,2-a]

isoquinoline



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-g]isoquinol3,2-alisoquinolin-8-y1)- propan-2-one (8.5
g, 80%) as I id. LC/MS m/e calcd for C23H23NO05 (M+H)Il: 394 ed:336.0; 1H
NMR (400 l&ﬁ?@%%%%& 6 ppm 2.04 (s, 3 H) 2.31 (dd, J=14.65, 4.80 ﬁ%z%yiﬁ%?%%% -62?75 (m, 1 H)
2.75-2.82 (m, 1 H) 2.94 (dd, J=14.65, 6.57 Hz, 1 H) 3}86= 3.25 (m, 1 H) 3.25 - 3.30 (m, 1 H) 3.77 (d,
1=2.02 Hz, 6 H) 5.21 (dd, 3=6.32, WO 2010/128061PCT/EP2010/056062 - 22 - 4.80 Hz, 1 H) 5.97 -
6.03 (m, 3 H) 6.72 (d, 1. , 1.H¥6.76 (s, 1 H) 6.87 (d, 128.34( 7 ITH) 7.25(s, 1 H). A mixture of
1-(9,10-dimethoxy-5,8-diRydré e ,3]dioxglo [#,5-0] iseauingl3.2-© inolrT-8-y1)-propan-2-one
(2,0 g, 5.1 mmol) and iodomethane- .r al) wds plEcedSinaseated tube a ted for 4 h at 100C.
After cooling to room temperature, )anol (100 mL) wa¥ d&dd€# and the mi m‘ was refluxed for 1 h.
The mixture was cooled to OC and the formed precipitate was collected by filtratiori. Re-crystallization
from ethanol afforded 13-methyl-9,10-dimethoxy-5,6-dihydro- [1,3 [ dioxolo [4,5-g | isoquino [3,2-
a]isoquinolin-7-y?|&r%,‘s%eéﬁ%%“(ft}.1’ hen j?:)f é’%ﬁ‘{%iﬂﬂ&@éﬁ@.&&?r&f@f’ﬁ{)& #&%@legzxfl-lzomm
(M+H)+: 478.3016b$&00enl 350T; wht MR Q0o ZInDMBO:d6):5ppins3184ds(@3H)3n11 (M, 2 H)
4.10 (d, J=3.79zn§drd:8¢ 6. Bk 8l D Sablhide LoAS L7, % ]gH 8%6-8.24 m, 2 H) 9.89
(s, 1 H). T05a SUSE%%S‘;? (L)?];qg,1O-dimetk?oxy-)813-rg%%heyl-5,6-%1iﬁy(j§r§%- ?éf ciiczn)?c’)lto 4%6}(110rl(wS
glisoquinoisoqUitidims -gﬁ IS fRia PSSO G O BSEE HATE R RiereliatioR (301 b e (100 mL) at
0C was added aistintionsckisopropéhydinhghebicmebrotnide) in-istahyaraftran d8e8 MeA8.8 mL, 9.4
mmol) dropwisgrfyies SEng:RLAG 30 M baIeAelon A uenehed Dy adding saturated
agueous ammv\%rejl% chloride f50Iut|o_n (20 mL). The mixture was extracte‘g wit (’:f{e ﬁy]lze her (2 x 50
mL), washed with BHSE AR AN E SpRIarsIE Sotfuiimstirars afolidrcedialdd diosdaqt The residue
was re-crystalligle @@rd 2 eidiloyuéthiend o5atfong, 98%). LC/MS m/e caled for CosHsNO, (M+H)™:
8-isopropeny1- -dimethoxy:13-r -5,8-dihydro-64H-

[1,3]dioxolo 4%%%%qorﬁ%ﬁéz32%&%%%%?&%%%%@%&?%@@%?&C%ﬁéa fol €A - P8N04
(M+H)j: 392.47(rabbEva80 3822 (mH KIVR1 (4080201 Hz, DNISCG) ARpBr1.533(81)31 ) 8,135, 3 H)

(
2.62-2.71 (m, 2D, 0P1R-984m, .20 4y, LH) 3. 70 (5, 36380 (s, 3
(BRI DB UL LR BN S 8 220

H) 4.59 (s, L H) 4.77.(s, 1 F) 5.1 0
E>)<amp|e(59 9,1 ?Dﬁﬁﬁést%fc )->1 : L8 Hrop- ?yﬁﬁlé;é@dﬁn;}é?é 6H-[1 3] dioxolo [4,5-

glisoquino[3,2-alisoquinoline

afa'

Example 5

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

isoquinoline

(o}

<
o

=

Mgl Diethyl ether

e —————

0eC, 18 h, 20%

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 mkbL). 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 caled for CoaH1oNO, (M+H)
362.40, observed: 362.2; 1H NMR (400 MHz, DMSQ-d6) & ppm 2.78 - 2.88 {m, 2 H} 3.17



WO 2010/128061PCT/EP2010/056062 - 23 - To a suspension of
9,10-dimethoxy-13-methy1-5,6-dihydro-11,31dioxolol 4,5- gi isoquino(3,2-a] isoquinolin-7-ylium; iodide
(200 mg, 0.4 mmol).in anhydrous diethyl ether (5 mL) at 0C was added '
1-propynylmwar§r%813(%&rzr§(i§riomide in tetrahydrofuran (0.5 M, 17 mL, 8.5mmagl J%%V%@és.ﬁx%er stirring at
0C for 30 min, the 5 reaction was quenched by adding8aturated aqueous ammonium chloride solution

(20 mL). The myxtur: extracte w't%d'eth | ether (2,x 50 mL), washed with brine, dried over
anhydrous sogﬁ‘ﬁ E%%\aﬁ%zaﬁ h%e’n%r qgaﬂirz @cﬁ%l ﬁémrééi% Was referybibiEd o mtdiethyl
ether to afford 6.02 (d, }35.81 HZ, 2 H) 6.18 (S, 1 H} 6.76 - 6.83 (m, 2 HJ 6.93 (d, f=8.59 Hz, 1 H) 7.32 (S,
9,10-dirnethoxy-13-methy1-8-prop-1-ynyl-5,8-dihydro-6H11,31dioxolo[4,5-g]isoquino[3,2-a]isoquinolin
e (100 mg, 61%). LC/MS m/e calcd for 10 C24H23N04 (M+H)+: 390.46, observed: 390.2; 1H NMR
(400 MHz, DMSO-d6) 6 ppm 1.67 (d, 3=1.52 Hz, 3.H 2.?2 (s, 3H)2.59-2.69 (m, 1 H) 2.89 -2.99 (m,
1 H) 3.16 -3.27 (m, 2 H) 3.81 (d, J=7.58 Hz, 6 H) .§§?H,eé5:1.77 Hz, 1 H) 6.04 (d,1=2.78 Hz, 2 H) 6.84
(s, 1 H) 6.96 (m, 7.06 (s, 1 H). Example 10 15 ) _
13-Ethyl-8§|sc:%?§g%199‘?ilﬁmﬁd§( I8 veugffinid-Bidiexokickalispysientbaiiequinckiisoquinoline
A mixture of 1-(9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino[3,2-
alisoquinolin-8-y1)-propan-2-one (5.00 g, 12.71 mmol) and iodoethane at) was 20 placed in a
sealed tube and heated 1 al.1@0 C. After cooling to room tempegat athangk(400 mL) was
added and the mixture @asfetyxed for 1 h, TQe mixture wasycgeled to 0 d the rgsulting
suspension was collected by fil '.%e-crystallif’gﬁbn fremyethanpl afforded O b
13-ethy1-9,10-dimethoxy-5,6-dih [L-31dioxolo[4,5- glisoquino[3,2-a]isoquinofin- ylium; iodide
(2.85 g, 45.7%) as a yellow solid. LC/MS m/e 25 calcd for C22H22N041 (M+H)+: 492.32, observed:

364.1; 1H NMR.(400 MHz, DMSO-d6) 8 A7 (1, 3=7.33 Hz, 3 H) 3.10 (t, 3=5.56 Hz, 2 H) 3.34 -
A1 (.2 Hy AL (OHERIgR o berbertne Bfdochiorioe I )

6

500 mg, 1.3 mmol) in anhydrous diethyl
ether (50 mL} at 0°C was added allylmagnestum chloride solution (1.7 M in
tetrahydrofuran, 8 mL, 13 mmol} dropwise. After stirring at 0°C for 30 min, the reaction

10 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-allyl-9,10-dimethoxy-5,8-dihydro-6H-[ 1,3]dioxolo{4,5-
glisoquino[3,2-ajisoquincline (250 mg, 49%). LC/MS m/e caled for CysHaNO, (M+H) ™

15 378.44, observed: 378.2; 1TH NMR (400 MHz, DMS0O-d6) & ppm 2.34 (t, ]=6.32 Hz, 2 I}
2,66-2.75{(m, 1 H) 2.79 - 2.87 (m, 1 H) 3.26 - 3.32 (m, 1 H) 3.35 - 3.44 (m, 1 H) 3.78 (d,
]=6.32Hz, 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 Fiz, 1 H)7.23 (s, 1
H).

ed

20 Example 7

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

aiisoquinocline

MgBr i
. / g Diethyl ether

0°C, 30 min, 37%




WO 2010/128061PCT/EP2010/056062 - 24 - Hz, 6 H) 4.76 - 4.87 (m, 2 H) 6.20 (s, 2 H) 7.17 (s, 1 H)
7.31(s,1H)8.18-8.27 (m, 2 H) 9.90 (5, 1 H) To a suspension of
13-ethy1-9,%]%();;ia%%%%g-&6-di.hydro-[l,3]dioxo|o[4,5-g]isoquino[3,2- a]i%ﬁ@%iﬁﬂgéd&m; iodide (300
mg, 0.61 mmoal) in anhydrous diethyl ether (100 mL) at 5 0C was added a solution of
isopropenylmagnesiurn bromide in tetrahydrofuran (04 M, 18.4 mL, 9.2 mmol) dropwise. After stirring

at 0C for 30 mip, the reaction was quenched by, addi aturated agueous ammoniym chloride
solution (20 mLC.) THhER% S?e"%’v%eé’%ﬁ rgct%% Wi P%‘%&gﬁ%e%arlé%lggsﬁﬁf%‘éé%éﬁ %b‘ffﬁ%rine, dried
over anhydrou§Bediiff Bliatzntreodsdttaeebimxiamgsesha besidite vl chysidliized from diethyl
ther to 10 affqeel-ak i e ' - ioxQlRléhSs
e]is?)r lj)ino[zz(-ia is?ﬁ%k{&@g pﬁr@ﬁp?ﬂ%%?gL%?MS mmé%r%tr@/%gg%N%eﬁ QQ%QJr: 406.I150,
Obsenved: 406 TR (0% RIPG BTG T SETIOTAD U906 AP R%D & 1By 2 57 -
2.64 (m, 1 Bl) 28guge phaxiRdgBdovgh diethyl(ether BR2FmLR 78kl with)h2i8s dig04v@n, 1 H) 3.15 -
a)Zé gg ,(1 T)H%Eé%&%o&%s lgﬁ%%%;(ﬁfﬁelg%&c%%&%tﬂaféalﬁﬂ&%. TR I ROF 48 rd d) BBl I 55 HZ, 2
.86 (s, 6. , s, 2 H). Example . .
8-Ally1-13-eth ‘-‘3%%%5{&&1%%?}%,58181 F -%ﬂiﬁ%?ﬁié%&&‘[i;%téﬂ‘géﬁﬁﬁ%ré}i&l‘f&?&ﬂiﬁénne 20 To
a suspension ofl #8qethy[-B210-shqstiudiog-G,8) dilgy 8ree] 11 S MK oldf 4:ed fisoGuina8(R-(M+H) :
alisoquinolin-7ylium; idi ] Iprﬁn% n.an s diethyl e L) at.QC added a
solution 011;1 gllyﬁ%%i%ﬁﬁ?f?ﬁ%?n teét{;;}a@@1 31%%8&?%31%% %gfé m4qqr§r§n )%?d@wﬁ%.yﬁér stirring
at OC for 3@ min/&h ueh , ByFadutd sdtefdeHaqugodisantidhinn thibfde
solution (20 mig, Tesmixiuve-yas exiracted witha2d Wietloyl @thes (0501l )y waghedsyith brine, dried

over anhydrous sodium sulfate and concentrated in vacua. The residue was re-crystallized from diethyl
ether to afford 8-ally1- 13-ethy1-9,10-dimethoxy-5§égriliﬁye(¥o-6H- [1,3] dioxolo[4,5- g] isoquino [3,2-a]
isoquinoline (160 mg, 98%). LC/MS m/e calcd for C25H27N04 (M+H)]: 406.5, observed: 406.2; 1H

IR (400 M. DMSO-06) £ RO LS . 1T2B . 2 ) 21220, 1 225

glisoquino([3,2-aisoquinoline

/) o}
Aceione < O CH,l
- . ©

e ]
50% NaCH

0 100°C, 4 h, 59%

25°C, 30 min, 80%

¥ )L Diethyl ether
—
MgBr

0°C, 30 min, 36%

15

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-611-[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 caled for CnaHasNOs (M+H) ™
394.44, observed: 336.0; 1H 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, J=14.65, 6.57 Hz,
1 H) 3.16-3.25{m, | H) 3.25-3.30 (m, 1 H) 3.77 (4, }=2.02 Hz, 6 H) 5.2! (dd, }=6.32,



WO 2010/128061PCT/EP2010/056062 - 25 - 2.35 (m, 1 H) 2.55 - 2.65 (m, 2 H) 2.66 - 2.76 (m, 2 H)
3.23-3.30 (M, 2 H) 3.80 (d, J=4.55 Hz, 6 H) 4.68 -4.81 (m, 3 H) 5.63 - 5.75 (in, 1 H) 6.04 (d, J=11.87
Hz, 2 H) 6.85 (s .90 (s, 1 H) 6.94 (s, 2 H). Example 12 5 .

13-Ethyl-9,1 éllzr%]iga%%é&prop-l-ynyl-5,8-dihydro-63[1.3 ]dioxolo [4,5-gf%%!55|28330/[9§6&642a] isoquin
oline To a suspension of 13-ethyl-9,10-dimethoxy-582dihydro- [1,3]dioxolo[4,5-glisoquino [3,2-
ajisoquinolin-7-ylium; iodi 0 0. ) in.anhydrous diethyl ether (5 ml.,) at 10 0C was
added a soIutio%%fﬁ%ﬁ@%%a%@%@%#%% ?d(éj’sldlgﬁgﬁﬁ feﬁé%?&r@fdréﬂ ?@g(ﬁ'},lgﬁﬁl‘l, 4 mmol)
dropwise. Afteri&firtiflg &420G:fdBO mm, 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 brhmiﬂieﬂ@Wd@ﬂ@h&ﬂme@&godj&m}gmfatem@,mg@ggdgm Hg[.g,l'jje residue was
re-crystallized >diethyl et 2 f_orrg -eth -19 10-dimethoxy-8-prop-1-yny1-5,8-dihydro-6H-
[1,3]dioxolo 4;{8%2%0(??%%#?%1@2%%%%?0%8 8, r%é%‘%f?éﬁ%#fg%é&sf yapp) 4
(M+H)+: 40%.48" Bl deb e heaedon R hab b0z Ivig OLie 16 10pm LiRe(ttdre788U4moB H) 1.65
537 (0, 1-2.02 Hr.k ) RS 1ot 32 17 2 ) B (o 201 1) e e e

: , J=2. . J=6., z .86.(s, .95 (s, ] .96 - 7.02 (m, :
Example 13 1?%%ﬁ;t}%g%é%p%r%é%ﬁi}ﬁ@ﬁ%%ﬁﬁ%ﬁ#ox% ,%aﬁfiﬂ%l} S RN SR8 Y lisoquinol3, 2-
a] isoquinoline #pesiebhbressde Haleeboroiosddedrods,3] dioxolo[4,5-glisoquino|3,2-

alisoquinolin-7-ylium; jodide (1.44 g, 59%) as a yellow solid. LC/MS m/e calced for

10 CuHpoNOJ (M+H)": 478.30, observed: 350.0; 1H NMR (400 MHz, DMSO-d6) & ppm
2.94 (s, 3H) 3.11 (m, 2 H) 4.10 (d, ]=3.79 Hz, 6 F1) 4.84 (m, 2H) 6.19(s,2H) 7.16 (5, 1
H)7.48 (s, 1 H} 8.16-8.24 (m, 2 H) 9.89 (s, 1 H).

To a suspension of 9,10-dimethoxy-13-methyl-5,6-dihydro-[1,3]dioxolo[4,5-
glisoquino|3,2-alisoquinolin-7-ylium; iodide {300 mg, 0.63 mmol) in anhydrous diethyl
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 diethvl 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 caled for
CasHasNOy (M+H}': 392,47, observed: 392.2; 1H NMR {400 MHz, DMSO-d6) 6 ppm 1.53
(8, 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 1) 3.13 -
3.21 (m, 1 Hj 3.71 (5,3 H) 3.80 (s, 3 H) 4.59 (s, 1 H) 4.77 (s, 1H}5.12 (s, 1 H)6.03 (5,2
25 H)6.83 (s, 1 H) 6.93 (5,2 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 i
P g Diethyl ather
B

£°C, 30 min, 61%




A mixture of 1-(9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-g[isoquino [3,2-
alisoquinolin-8-y1)-propan-2-one (2.0 g, 5.08 mmol) and allyl bromide (10 rnL) was placed in a sealed

tube and heat d2 Jg)or/ %@ﬁlt 100C. After cooling, ethanol (200 mL) was 5 aggf}%@{ég ;&%}@xture was
y Tiltrati

refluxed for 10°mm. ARGT cooling, the resulting precipitate was collected e-crystallization
from ethanol afforded

93
13-ally1-9,10-dimethoxy5,6-dihydro-[1,3]dioxolo[4,5-glisoquinol3,2-alisaquinalin-7-ylium; bromide
(0.80 g, 34 %)ﬁ.‘t?/ﬁﬂ@?ﬂ?é’&&%éﬁ %8?%%’%‘2’%’&9&4‘1@?%1?% 181"3%"32&?9 t%%?%%%‘?&l; 1H NMR (400
MHz, DMSO-d8}s6qujrm| 3,22 ) (spd @6 Hzgl 1 #) iddide-L@7ngm 024 MiyndolO @ pbxdporg diethilo 6 H) 4.81
-4.91 (m, 3 H) 313B (1710036 Hiz a]dél@iqgtﬁlﬂﬁegdﬁl%ﬁ%ﬁ@iﬁﬁéﬂésﬁrﬁ'b%ﬂﬁd@%ﬁ H) 7.36 (s, 1 H)
8.01 (d, 1=9.35 Hz, 1 H)'8.20 (d, 1=9.35 Hz, 1 H) 10,00 (s, 1 H). 0 suspensionof
13-a||y1-9,10-&?%%9&45%8-%5%671‘1‘,%?0?6%‘@?4}50—6‘]‘@8@ 6[s§f’§y5ﬂ?§oq§inoor:1f3r1-?3§/'fiurﬁ; bromide
(300 mg, 0566 mmath wanbyotbesidietdyhether{2Q ajupet Oweasiatdadaigohotispnf 20

Sopropeny magnesim, OIC ITARNIAILARRD &M 4520 by, ARt ioRsBeAfer siing

at 0C for 30 min, the reaction was quenched by adding saturated aquec#f ammonium Iocrlide
solution (50 inEXCTﬁ@Wﬁﬁ?éQ%’é“e%féFﬁéﬂ%ﬁﬁcﬁféfﬁ%ﬂdémlé‘fctﬁ"ir%ﬁe 4 Whdhed Wit Biine, dried
over anhydrouggadilsmsetfateaatiocdscentiatethinyasuncthiyietresigre walsx8-diyslattiotd from diethyl

ether to afford 13:ally1-8-isqpr - -di = inyelr [ + 20
g]isoquino[3,2%%sﬁéa¥dﬁ%%li%%p§§grﬂg %8?%%%51 GHEIB H?é%g?g ?at%'gﬂ %r sz!ﬁjg%ﬁligﬁ?ﬁ?ﬁgéﬂ&ﬁ,
observed:1418(2; HHNMRAB0 M4 MSSve6) B hpratL ST i DH) Bls M B¢, 2ren2 97 -3.06

(m, 1 H) 3.18 -@2@@2 ﬁgg%&gﬁ,@ B3 7 9dS 034t 631699010, 9o (3(3, FyH)18.06279,A82(m, 3 H)
6.02 (s, 2 H) 6.05 - 1H)6.81 (

‘ 6.15 (m, ] m, 1 H) 6.86 (s, 1 H) 6. P .9 )

2010 ,128061@)]@@,%5670% 0b_ Bp}5.38 (d,1=1.77 &{z, 1 H)) 6.8% (EIT‘;'_]Q.'?Q ﬁz,g ﬁj &4 (s,\ivg)

9,10-Dimethoxy.$%, 8,3 trihrethykS, 33dlihydro-6H-[1,3]dioxolo[4,5-glisoquino[3,2-a] isoquinoline Pod,
Example 10

15  13-Ethyl-8-isopropenyl-9,10-dimethoxy-5,8-dihydro-6H-{1,3]dioxolo(4,5-glisoquino

[3,2-a}isoquinoline

o)
CHOH <o O

100C, 5 h, 45%

/I_L Diethyl ether
T ————t et .
MgBr 0°C, 30 min, 12%

A mixture of 1-(9,10-dimethoxy-5,8-dihydro-6H-[1,3]dioxolo[4,5-glisoquino(3,2-
alisoquinolin-8-y1)-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-
g]isoquino{3,2-alisoquinolin-7-ylium; iodide (2.85 g, 45.7%) as a yellow solid. LC/MS m/e
25 caled for CpFaNOGI (M+H)': 492,32, observed: 364.1; 1H NMR (400 MHz, DMSO-d6)
& ppm 1.47 (1, ]=7.33 Mz, 3 H) 3.10 (1, J=5.56 Hz, 2 H) 3.34 - 3.41 (m, 2 H) 4.11 (4, ]=1.77



reflux, 3 h, 86% A mixture of 9,10-dimethoxy-13-methyl-5,6-dihydro [1,31dioxolo [4,5-glisoquino13,2-
5 al isoquinolin-7-ylium; iodide (0.95 g, 2.0 mmol) and 30% sodium hydroxide in water (150 mL) was

refltuced for. ﬂ) ecipitate was collected and treated with hot 3% pgg;{i;ﬂ?'ll% &g'&d. Purification
by flash silic‘gfgge 1cz{{l;%r(r%;}ttography (silica gel from QingDao, 100-200 mesh, glass column from

Shanghai SD company) (50% dichloromethane/ethyt @detate) afforded
9,10-dirnethoxy-13:-methyl-5,6-dihydro- 1 1digxgolol4,5-glisoquino[3,2-alisoquinolin-8-one (150
mg. 20%) LC/ ’rﬁ%ﬁcgﬁd“f‘g?%ﬂﬁ? g&@’(&ﬁﬁ?ﬁé&@%@ 736%%%@@6’6“.1?1% NRREEA00 MHZ,
DMSO-d6) S ppiiZs46 (B, 3 H) 2.80 (t, 1=-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-dimethoxyFa3-methysle’, 6F diytino-o[ 103didiexaley (4.6-glisaauing [3iexolb asgnineiing.ane (970
mg, 2.66 mmol JeTe ) r was refluxed for 3 h,.After cooli the mixture
was concentracia I B S b el e P 3 =
dioxolo(4,5% idbfuine esdedi RbeisnafriserRaRsRL BRI Tolm PHige 36 %4y 2y drebiidniRichiwas used
for next step withaunhfuhenpuotifidaponsel EVSHia L0t 05:C8 kO L 2M0dudMi itreidl®9, 20 To
a suspension - - -dimethoxy-13-methyl;5,6-dihydro-[1,31di 4,5- gl
isoquino[3,2-a(])i$sy§%q8§i}r%lcigr??%%%§ meC OI%Sr?!idTér?é)%urrh%ﬁf%%isrég Sl?k’ &% ?gjooj% BHVIethEr (150 mL) at
0C was added fa‘%%ﬁ*ﬁo‘ﬁl@f%?éhﬁ&ﬁﬁh&@ﬁésﬁﬁmﬂéﬁmw@wéhémwrmﬂ@ My 8rons saSummol)
dropwise. AfterssHitnghdicOfzdora0dmmatie. neaciionwasguenshedib addingisatyeatedggueous
ammonium £hlgg lufion (50 25 mL), | ixture was_extracted with diethyl ether (2 x 100 mL),
washed wﬁﬁbﬁﬁ%?.%g&\ﬁ 5‘83@/&3&6%@(@7@%?&676‘ Q%%V'I bgg’%%%?%us sodium sulfate
and concentratédsfiqyaeih2 Pheomunnliasds reschaliLEd f one didtdybethe g adiomt +H)

9,10-dimethoxyfs 8ol 3utimethyds,8-AiRydro B VAR HRXelolds S alisauing i3 2-alispquingline (80 mg,
9%). LC/MS m/e calcd for
1.53 (5,3 H) 2.57 - 2.64 (m, 1 H) 2.64 -2.71 {m, 1 H) 2.64 - 2.71 (m, 1 H1) 2.71 - 2.78 (m, |
H)295-3.04 (m, 1 H)3.15-3.22{m, 1 H) 3.72 (s, 3 H) 3.81 (s, 3H)4.60 (s, 1 H)4.72 (s,

15 1 H)5.08 (s, | T1) 6.04 (d, ]=4.55 Hz, 2 H) 6.86 (s, 1 H) 6.89 (s, 1 H) 6.96 (s, 2 H).
Example 11

8-Allyl-13-ethyl-9,10-dimethoxy-5,8-dihydro-6H-[1,3] dioxolo4,5-glisoquine[3,2-a]

isoquinoline

< O
o
Diethy! ether

* ngCi : i
Q°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
mimol) dropwise. After stirring at 0°C for 30 min, the reaction was quenched by adding
saturated aqueous ammonium chioride 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-glisoquino{3,2-a]isoquinoline
(160 mg, 98%). LC/MS m/e caled for CosHpy NG, {M+H) ™ 406.5, observed: 406.2; 1H
NMR (400 MHz, DMSO-d6) 8 ppm 1.18 (t, J=7.20 Fz, 3 H) 2.11 - 2.20 (m, 1 H) 2.25 -



C23H25N04 (M+H) [: 380.46, observed: 380.1; 1H NMR (400 MHz, DMSO-d6) ppm 1.56 5 (s, 6 H)
2.12 (s, 3 H) 2.63 (t, J=5.18 Hz, 2 H) 3.16 (t, J=5.31 Hz, 2 H) 3.73 (s, 3 H) 3.79 (s, 3H) 6.01 (s, 2 H)
6.81 (s, 1 H%‘%g % m, 2 H) 6.98 (s, 1 H). Example 15

8,8-Diethyl- %iﬁr%e (glxy 13-methy1-5,8-dihydro-6H-11,31dioxolo[4,5- gfsTéFqP&mg/[%s%ma]|soqumoI|ne
To a suspension of 8-chloro-9,10-dimethoxy-13- meth)2ﬁ5 6-dihydro-[1, 3]d|oxolo[4 5-

glisoquino[3,2- s ui li lo 1050 in_an rous diethyl ether (50 mL)
at 0C was addg %E)IE%I)EZO%%tgy ; g;\g’n{e%iﬁ %f?gé éﬁgn %%%ro?&roa Gglﬁ §- ﬁQLe/ dol74. ?ﬁmol)
dropwise. AftenHa?ﬁﬁlf'@ 46048t LO-HiH) m@reéé’ﬁdmmﬂaﬁ)lﬁwmbhbﬁswﬁdﬂﬁg sasuated)aqueous
ammonium chlgrdessolutiamisg miy). The mixture was extracted with diethyl ether (2 x 100 mL),
washed with brine, dried over anhydrous sodium sulfate and concentrated in vacua. The residue was
re-crystallized from diethyl ether to afford 8,8- diet ﬁéfloé/glmethoxy 13-methy1-5,8-dihydro-6H-
[1,3]dioxolo[4,5-g]isoquino(3,2- a]lsoqumollne (22 ). LC/MS m/e calcd for 20 C25H29N04
(M+H)4: 40 5} %p rved: 408.2; 1H NMR (400 MHz DMSO-d6) ppm 0.76 (t, J 7 33 Hz, 6 H) 1.79-
1.91 (m, 2 P) 19" @ HY-5gethe 8 Rrop -y s ks Mlbyﬁljos%%[( dieyple Hb-gligpnos H) 6.02 (s,
2 H) 6.70 (d, 1{:825@ ) iskrquilintd}ife80 (s 1 H) 6.88 (d, 1=8.84 Hz, 1 H) 6.90 (s, 1 H) Example 16 25
13-Ethyl-9,10-dimethoxy-8,8-dimethy1-5,8-dihydro-6E1- [1,3]dioxolo [4,5-g]isoquino [3,2-
alisoquinoline A mixturg of. 13:ethyl-9,10-dimethoxy-5,6-dihydro [1,31digxgolo.[4,5-g] isoquino {3,2- al
isoquinolin-7-ylium; |oc{|d1 gNZ 2 mmol) and 30% sodium hydroxide or (150
refluxed for 56 h. The p?ecuta e formed was coll $8d anetireated with Rot
The precipitate was collectet-ant tystalli d from eWord
13-ethy1-9,10-dimethoxy-5,6-dihyero-o1,31dioxolo [4,5-g] isoquino 3,2-al isoquiRetngd- one (100 mg.
12%) LC/MS m/e calcd for C22H2INO5 (M+H)+; 380.42, observed: 380.2; 1H NMR (400 MHz,

314,03 (5,2 1] s TG i A e Rl et s,
7.59 (d, J=9. Ogi].q;? ]}1]19 in-7- ygium, 1odide (200 mg, 0.4 mmol) in anhydrous d;ethyl ether (5 mL) at

10 0°C was added a solution of 1-propynylmagnesium bromide solution in tetrahydrofuran

(0.5 M, 8 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 diethyl ether (2 x 50 mL), washed with brine, dried over
anhydrous sodium sulfate and concentrated in vacuo. The residue was re-crystallized from
15 diethyl ether to afford 13-ethyl-9,10-dimethoxy-8-prop-1-ynyl-5,8-dihydro-6H-
[1,3]dioxolo!4,5-glisoquine|(3,2-aisoquinoline {130 mg, 809%). LC/MS m/e calcd for
CosHasNOy (M+H)": 404.48, observed: 404.2; 1H NMR (400 MHz, DMSO-d6) & ppm 1.20
{t, }=7.33 Hz, 3 H) 1.65 (d, J=2.02 Hz, 3 H) 2.60 - 2.81 {m, 4 F) 3.07 {m, 1 H) 3.18 - 3.25
(m, 1 H) 3.81 (d, J=8.84 Hz, 6 H) 5.32 (d, ]=2.02 Hz, 1 H) 6.05 (d, ]=6.32 Hz, 2 H) 6.86 (s,
20 1H)6.95(s, 1 H)6.96-7.02 {m, 2 H).

Example 13

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

alisoquinoline



A mixture of 13-ethyl-9,10-dimethoxy-5,6-dihydro- | 1,3idioxolo [4,5-glisoquinol3,2- alisoquinolin-8-one
(60 mg, 0.16 mmol) and phosphorus oxychloride (3 ml) was refluxed for 16 h. After cooling, the
mixtrue wag cog(ﬁﬁﬂgs%tf[ed in vacuo t.o afford 8.-chlloro-l3-etlhy1- 910-(?'“@&*1%%&&9&9@51(0-[1,3]
dloxolo[4,5-g]olsoqumo !3,2-a] isoquinolin-7-ylium; 15 chloride (62 mg, 89%) as a solid which was used
for next step without further purification. LC/MS in/e tafd for C22H21C12NO4 (M+H)": 435.32; 1H

NMR (400 MHz, Chloroform-d) 6 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, 1=6.82 Hz, 6 H) 4.g24EX ™) 633 (s, 2 H) 6.94 (s, 1 H)°7:
8.15 (d, J=9.35 Hz, 1 H). 200T0-ef'sy4 Al bromide o
8-chloro-13-ethyl-9,10-dimethoxy-5% SOGUN Galisoquinolin-7-ylium;
chloride (62 mg, 0.14 mmol) in anhydeQus diethyl ether (10 mL) at 0C wasgéded a solution of
methylmagnesium chloride in tetrahydrofu?an (3 M, 18 mL, 54 mmol) dropwise. After stirring at OC for
20 min, the reaction was quenched by adding saturated aqueoug,O P hloride solution (50 25
mL). The mixture was extracted withjdiethyl ether @n¢ 480 mL), wash ine, dried WO
2010/128061PCT/EP2010/056062 - 38<over anhydrpus sgdium s centrated in vacua.
The residue was re-crystallized from diethyl ether to afford _
13-ethy1-9,10-dimethoxy-8,8-dimethy1-5,8-dihydro-6H[1,3]dioxolo[4,5-g]isoquirfo[3,2-alisoquinoline (5
mg, 9%). LC/MS m/e calcd for C24H27N04 (M+H)+: 394.49, observed: 394.1; IH NMR (400 MHz,
DMSO-d6) 8 pritiktyre 9 d - G2 0odipethaxyp fulihydre- ¢y 2 lsbidiogels 4 5 wlisaumne(88--2.72 (m, 2 H)
3.12 (t, J=5.68aHzo@pBu7d- (B - Frbphai-BO A8 (3.6, 6.08 tind Hh@ 88 (5dntil G 8BS, L) 6.94 (m, 1 H)
6.99 (m, 1 H). éggg%easzaled%u%? IV -2 ety A%Eeqﬂlt:] (C)ilrigé,&c:ltfl %igﬂ?ﬁ%)é%%) was
[4,5-g]isoquinol3,2- 10 ainsoquinoline

5 added and the mixture was refluxed for 10 min. After cooling, the resulting precipitate was

collected by filtration. Re-crystallization from ethanol afforded 13-allyl-9,10-dimethoxy-
5,6-dihydro-[1,3]dioxolo[4,5-glisoquino{3,2-alisoquinolin-7-ylium; bromide (0.80 g, 34
%) LC/MS m/e caled for CosHpNOBr (M-+H)™: 457.34, observed: 376.1; 1H NMR (400
MHz, DMSO-ad6) 8 ppm 3.12 (t, J=5.56 Hz, 2 H} 4.01 - 4.07 (m, 2 H) 4.10 (d, J=12.13 Hz,

10 6 H) 4.81 - 4.91 (m, 3 H) 5.38 (d, J=10.36 Hz, 1 H) 6.18 (s, 2 H) 6.40 - 6.51 (m, 1 F1} 7.18
(s, 1 H} 7.36 (s, 1 H) 8.01 (d, }=9.35 Hz, 1 H) 8.20 (d, ]=9.35 Hz, 1 H) 10.00 (s, 1 T1}.

To a suspension of 13-allyl-9,10-dimethoxy-5,6-dihydro-[1,3]dioxolo[4,5-g]isoquino3,2-
a)isoquinolin-7-yliumy; bromide (300 mg, 0.66 mmol) in anhydrous diethyt ether (20 mL)
at 0°C was added a solution of isopropenylmagnesium bromide in tetrahydrofuran (0.5 M,

15 20 mL, 10 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 13-allyl-8-isopropenyl-9,10-dimethoxy-5,8-dihvdro-6H-[1,3]dioxolo[4,5-

20 glisoquino|3,2-alisoquinoline (75 mg, 27%). LC/MS m/e calcd for CysH,-NQy (M+H)™:
418.51, observed: 418.2; 1H NMR {400 MHz, DMSO-d6) 8 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, 3 H) 3.79 (5, 3H) 4.63 (5, 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, | H) 6.86 (s, 1
H}6.91 (m, 1 H) 6.98 (s, I H).

25 Example 14



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 0C
was added a soluti f allylmagnesium chloride in tetrahydrofuran 15 (1% r;l{ 4 mmol)
dropwise. After é@%ﬁﬁ%é%gfoc for 30 min, the reaction was quenched by ad #?Igm?sza glﬁépéggzaqueous
ammonium chloride solution (10 mL). The mixture wa& extracted with diethyl ether (2 x 50 mL),

washed with brine, dried over anhydrous sodium.sulfate centr in vacua. Jhe residue was
re-crystallized%l&r‘pﬂf?éetﬂ‘)ﬂ"é’ﬂﬁeﬁ’]t "HHBF&%??%@}@&J!&E%‘?ME‘?%‘fé"@:eéq%w%‘#é‘l [—%g'f,]rB]dioxoloM,S-
20 gJisoquino[daraifimdigeinoline (28 mg, 13%). LC/MS m/e calcd for C26H27N04 (M+H): 418.51,
observed: 418.3; 1H NMR (400 MHz, DMSO-d6) 8 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, ) 3.77 (d, J=10.36 Hz,& 38 (d, J=10.36 Hz, 2 H) 4.98 (d, J=17.43
Hz,2H)5.35(s, 1 HX5. 78 (M, J:16.9Q/ 10.297 E@ 4Hz 2 H) 5.984s32 H) 6.51 (d, J=8.34
] , : {Example 18
e?lWI-Sf‘é%iFﬁfd?B%l-MlB] .@. %\[4,5- Fligodifts
[3,2-alisoquinoline A mixture of¥<{9;10-dimethoxy-5,8-dihydro6H=41,3]dioxolo [4,5- gl isoquino [3,2-
ajisoquinolin-8-y1)-propan-2-one (2.0 g, 5.1 mmol) and bromomethyl-benzene (10 mL) 5 was placed in
a sealed tube and heated for 12 h at 100C. After cooling to room temperature, methanol (100 mL) was
added and the mixture was refluxed for 1 h. The mixture was cooled to OC and the resulting precipitate

was collected and re-q?r ffom ethanoIHto afford (O
13-benzyl1-9,10-dimeth f ‘f}dro[l, - ghisogtinp[322-a)isoquinolin-7-y11um; bromide

(0.92 g, 35%) as a yellow saoktk S, 10 nifeteedte for C27H24NQABFM-(H)I : 506.40, observed:
426.1;1H NMR (400 MHz, DMSQg5) 6 ppm°Z: 223922 (m, 2 H) 4.834s, 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,
1=7.45Hz, 2In 7.79 (d, 3=9.35 Hz, 1 H) 8.10%8(, 3=9.60 Hz, 1 H) 10.05 gs* 1 H). A mixture of
13-benzy1-9,10-thAHEER O%y-L0edima st B1areXxdIce S limigie stol ’ﬁ%gaﬁﬁ%ﬁ’lﬁ:}:ylium;
bromide (09 ga]ls&;uindip-andidnscsiidiumobyd coxidenid)watbd (%50 dinin) imasaetlaxeddor 15H. The

precipitate was gqllegteghanchisaissl wil pREGHaRMAPEReAG JhR ISR RS re-crystallized

ml] wa
from ethanol t0 afford Blénzyl- ,10- N N
hydrochloric acid. Purification by flash silica gel chromatography (silica gel from

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

10 11,3]dioxolo[4,5-glisoquino|3,2-a}isoquinolin-8-one (150 mg. 20%) LC/MS m/e calcd for
CHoNQs (M+H)™: 366,69, observed: 366.1; 1H NMR (400 MHz, DMSO-d6) & ppm 2.46
(s, 3 H) 2.80 (t, ]=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, [ H) 7.54 - 7.61 (m, 2 H).

A mixture of 9,10-dimethoxy-13-methyl-5,6-dihydro-{1,3]dioxolo{4,5-g[isoquino|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-alisoquinolin-7-
ylium; chloride (970 mg, 86%) as a solid which was used for next step without further
purification. LC/MS m/e calcd for CuHioCLNO; (M+H)™ 421.29,

20 To a suspension of 8-chloro-9,10-dimethoxy-13-methyl-5,6-dihydro-{1,3]dioxolo{4,5-
glisoquino|3,2-a)isoquinolin-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



dimethoxy-5,6-dihydro- [1,3]dioxolo [4,5-g] isoquino [3,2-a] isoquinolin-8-one (180 mg. 22%) LC/MS
m/e calcd for C27H23N05 (M+H)+: 442.49, observed: 442.1. 20 A mixture of
13-benzyl1-9,10-di y-5,6-dihydro-[1,31dioxolo[4,5-g]isoquinol3,2- %'E‘?H%Hi lin-8-gne (180 mg,
0.4 mmol) an 5&(@%@%5 oxychloride (10 ml) was refluxed for 3 h. After coo m%@%ﬁr‘?ﬁxture was
concentrated in vacua to afford 13-benzy1- - 28 - '
8-chloro-9,10-dimethoxy-5,6-dihydro-[1,3]dioxolo[4,5-glispquino[3,2-a]isoquinolin-7- ylium; chloride
(176 mg, 88%) as a. %?gf?ﬁ SR g%glss‘éils%t ?‘nﬁ HEREHE tﬁﬁ?&ﬁf?ﬂrﬁﬁ%fﬁs fsforTielkRed m/e
calcd for C22HDfaIZNay| Rikeq o 467cd9, 1 ADROLOM 2 SOGLRIBIEIERZRLDAG0624- 32 - To a
suspension of 13sheraulefsshiakadh b dimetonaR AU [boAldioXRIad Se cq

jum; chloride (17ééymg, 0.35 mmol) |Jn anhydro{JscaLl(éi[h?ﬁ ether (10 mL)

glisoquino[3,2-ajisoquinolin-7-yli
at 0C was add 35‘@51@%%%%%9%%@%%% $¥0diibe NYERreA9pdyBlaraRS M6l 3 mim, H5mmol)

dropwis_e. Aa‘tﬁlr(ssltmm)gzlalz_ QQ?Q{)@@'{;{}, Tthe 18 Feactign m@gm@ggh@%}@@%&gg@gﬁ% O@gulfe)ous
ammonium ¢ ti : ixtu S a with diethyl ether (2 Xi mL),
washed with brgl)r?ge%ﬁiégs b%%ﬁﬂ%@?éu%?sggéﬁdng]%%v@teg >(E&rr?(g tb%n(ééh ted in vacua. The residue was
re-crystallized from diethyl ether to afford
13-benzy1-9,10-dimethoxy-8,8-dimethy1-5,8-dihy%’f%‘lmlFllﬁ31dioxo|o[4,5-g]isoquino[3,2-alisoquino|ine
(13 mg, 8%). LC/MS m/e calcd for 10 C29H29N04 (M+H)': 456.56, observed: 456.3; 1H NMR (400
MHz, DMSO-d&§ shv11989-@ nethp 2066 -4 (hS-RiHy B R6H 312¥ diuxddi), 3 g)R ¢guile358 Hz, 6 H)
4.05 (s, 2 H) 5QR4Gquibin@.71 (M, 2 H) 6.77 (m, 1 H) 6.86 (s, 1 H) 7.15 - 7.26 (m, 3 H) 7.31 (t, J=7.45
Hz, 2 H). Example 19 15 12-Chloro-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-11,31dioxolo [4,5-
g]isoquino[3,2-a]isoquino|ineO To a solution of

9,10-dirnethoxy-8,8-dimethy(1-ih
0.5 mmol) in anhydrous dichfororfe

1500 -ajisoquinoline (182 mg,
3 %20 20 infsﬁﬁ?ﬁﬁg was addedAdding monochloride (0.57 g,
3.5 mmol). After stirring in the dark-at-2&&A€ : d twice with aqueous 10%
sodium thigsulfate solution (2 x 50 mLjNg*repmove EXc8&dvé fodine monoghlh ride, dried over
anhydrous sodium sulfate and concentrated in vacua. Purification by Waters Automated Flash System
(column: Xterr%agsrglsm x 100 ?m ?ample manager 2767, pump 2525, detector. ZQ mass
pension of &8-chloro-9,10-dimet hoxy-13-methyl-5,6-dihydro-[1,3]dioxolo{4,5-
glisoquino{3,2-a]isoquinolin-7-ylium; chloride (1050 mg, 2.5 mmol) in anhydrous diethyl

ether (50 mL) at 0°C was added a solution of ethylmagnesium bromide in tetrahydrofuran

(3 M, 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-glisoquino{3,2-alisoquinoline (220 mg, 21%). LC/MS m/e calcd for

20 CpsHaoNO, (M+H)': 408.51, observed: 408.2; 1H NMR (400 MHz, DMSO-d6) 8 ppm 0.76
(t,1=7.33 Hz, 6 H) 1.79 - 1.91 (m, 2 H) 1.97 (5, 3 H) 2.09 - 2.21 (m, 2 H) 2.70 (m, 2 H)
3.06 (m, 2 Hj} 3.70 - 3.81 (m, 6 H) 6.02 (s, 2 H) 6.70 (d, J=8.59 Hz, | H} 6.80 (s, 1 H) 6.88
(d, J=8.84 Hz, 1 H) 6.90 (s, 1 F).

Example 16

25  13-Ethyl-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[ 1,3]dioxolo [4,5-g]isoquino(3,2-

alisoquinoline



25 and UV 2487, solvent system: acetonitrile and 0.1% ammonium hydroxide in water) afforded
12-chloro-9,10-dimethoxy-8,8-dimethy1-5,8-dihydro-6H- [1,3]dioxolo[4,5- g]isoquinol13,2-alisoquinoline
(9.6 mg, 4% é_ % 45 calcd for C22H22CIN04 (M+H)": 400.88, obser; g %?(91 %}S—%\IMR (400
MHz, MeOD p%gyh gg (s,6H)3.14(m,2H)3.93(s,3H)4.01(s,3H §£% 0]]3 22 (s, 2 H)
7.04 (s, 1H)7.32(s., 1 H) 7.63 (s, 1 30 H). WO 20#8/128061PCT/EP2010/056062 - 33 - Example 20
91,10LDimethoxy-5',6'- d|hydrosplro[cyclopentane 1 80[1 3]cI|oono[4 5- gllsoqumo[3 2 a]lsoqumollne]

©

5 To a suspension of,8
isoquinolin-7-ylium; chkito 134 g, 3.3 m?ﬂf@&fﬁ*anrw tetra ydrofuran (£80smL) at OC was
added butyl.-1,4-dimagnesiumpropaide selutioss (3M in tetkahydrofufan, 17,4 ml, 4,92 mmol)
dropwise. After stirring at OC fo m the reaction was quensketl.py adding saturated aqueous
ammonium chloride solution (30 10 mL) The mixture was extracted with diethyl ether (2 x 100 mL),
washed with brine, dried over anhydrous sodium sulfate and concentrated in vacua. The residue was
re-crystallized from methanol to afford 9',10'-dimethoxy-5',6'-dihydrospiro[cyclopentane-1,8'-
[1,3]dioxolof4,5-g]isoguins ligoquinolinel (120 mg, 190%)EMS m/e calcd for C241-125N04
(M+H)+: 392.47, obsé(g b R92.2: . dy 8 ppm 15 1.84- 1.97 (m, 2 H)
1.97-2.09 (m, 2 H) 2.18 - 2.3 2 (t11=5.56 Hz, 2 H) 3.31 (t, J=5.56
@1 H) 6.64 (d, 1=8.34 Hz, 1 H)
o

6.75 (d, 1=8.34 Hz, 1 H) 7.16 (s,*I FY. Example 21
9,10-Dimethoxy-8,8-dimethyl-5,8,13,13a-tetrahydro-6H11,3]dioxolo[4,5-g]isoquino[3,2- 20
alisoquinoline  mixture of 13-ethyl-9,10-dimethoxy-5,6-dihydro[1,3}dioxolo{4,5-glisoquino|[3,2-

a)isoquinolin-7-ylium; iodide (1.1 g, 2.2 mmol) and 30% sodium hydroxide in water (150
mL) was refluxed for 56 h. The precipitate formed was collected and treated with hot 3%

5 hydrochloric acid. The precipitate was collected and re-crystallized from ethanol 1o afford
13-ethyl-9,10-dimethoxy-5,6-dihydro-[1,3 ]dioxolo[4,5-glisoquino|3,2-alisoquinolin-8-
one (100 mg. 12%) LC/MS m/e caled for CpoHaiNOs {M-+H)": 380.42, observed: 380.2; 1H
NMR (400 MHz, chloroform-d) 8 ppm 1.44 (t,]==7.33 Hz, 3 H) 2.80 (t, ]=5.68 Hz, 2 H)
3.03 (q, J=7.49 Hz, 2 H) 3.99 (5, 3 H) 4.03 (s, 3 H) 4.17 - 4.32 (m, 2 H) 6.05 (5,2 H) 6.79

10 (s, 1 H) 7.11 (s, L H) 7.41 (d, ]=9.09 Hz, 1 H} 7.59 (d, J=9.09 Hz, 1 H).

A mixture of 13-ethyl-9,10-dimethoxy-5,6-dihydro-[1,3]dioxolo[4,5-glisoquino{3,2-
ajisoquinolin-8-one {60 mg, 0.16 mmol) and phosphorus oxychloride (3 ml) was refluxed
for 16 h. After cooling, the mixtrue was concentrated in vacug to afford 8-chloro-13-ethyl-
9,10-dimethoxy-5,6-dihydro-{1,3]dioxolo|4,5-glisoquino 13,2-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 CpHyCLNO, (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 (5, 2 H) 6.94 (5, 1 H) 7.06 (s, | H) 8.01 (d,7=9.35 Hz, 1 H) 8.15 (d,
J=9.35Hz, 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-alisoquinotin-7-ylium; chloride (62 mg, 0.14 mmol) in anhydrous diethyl
ether (10 mL) at 0°C was added a solution of methylmagnesium chlorde 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



To a solution of 9,10-dimethoxy-8,8-dimethy1-5,8-dihydro-6H-[1,31dioxolo[4,5-
glisoquino[3,2-alisoquinoline (600 mg, 1.64 mmol) in methanol (50 inL) was added sodium borohydride
(65 mg, 1.7‘;}1&12%9 } &[Qlall portions at OC. After stirring at OC for 2 25 h, m}ﬁ%ﬂiﬁ%%@é concentrated
in vacua. The resulting residue was extracted with diethyl WO 2010/128061PCT/EP2010/056062 - 34
- ether (2 x 50 mL), washed with water (2 x 25 mL), di#d over anhydrous sodium sulfate and
concentrated in vacue te afford,9,10-dimethoxy-8,8-dimethy1-5,8,13,13a-tetrahydro6H-
[1,31dioxolo[4,5.g %%jrv%ﬂ%ﬁ?ﬁ[}gﬁls%é%}neo ﬁ?‘()e(é/ .%e%t,r %éﬁt/éﬁ“é‘fﬁﬂ TRISEHE T r PNt (M+H)+:
368.45, observéa3Eenyl eiax MRAAGO0L MetkyMdOBing: sy 8.81d{me8h31 14)81ditty dso-BH) 2.63 -2.84
(m. 3 H) 2.84 -2193dclot) S 08dldnd FAS AT @80 I3 38Rl 151 (5. 3 H) 380 (5
3 H)4.09 (dd, 1=11.37, 3,54 Hz, 1 H) 5.88 (s, 2 H) 6.58 (s, 1 H) 6.75 (s, 1 H) 6.80 - 6.85 (m, 1 H) 6.86
-6.91 (m, 1 H). exipies S5+ H) %P Ahsemsd:. 898, L3 ity 108 Bl DIMSSndtiypereii 41,3]
dioxolo 10 giis@quisri@L2s;a ispnainglinel) Xeoaspatiarenf 2 H) 2.65 - 2.72 (m, 2 H) 3.12 (1,

9,10-dimethoxy-8, -trimethy1-5,8-dihydro-6H-[1,3]dioxolok,5- Djsoqui oé% -alisoquinaline (60 mg,
0.16 mmol) in ?lh—gfﬁg]nﬁcﬁ’ (é:rL%8 rgl)_};rvgsé% gig'ggif é%gll%gbgir%ﬁyﬁdoﬁ S%ZSr?%gﬁé %%@mf)%ﬂlré ré?‘n%éﬂ’ portions
at 0C. After stirriiig 2P0 Hb 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 (2 x 25
mL), dried over anhydrous sodium sulfate and cokganirterl in vacua. The residue was re-crystallized
from methanol to afford

9,10-dimethoxy;8.BidByiriseilayi-RiR-43.4 3aej@bystor Sl d:ldigroiolbo-glisgamynol3, 2-ajisoquinolin
e (30 mg, 14(?%()1J LC/MS E;l/e calcd for

isoquinoline

o]
A~MgCl (0 O

B ——

Diethyl ather
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-ajisoquinoline (28 mg, 13%). LC/MS m/e caled for Castl,NO, (M+H) '
418.51, observed: 418.3; 1H NMR (400 MHz, DMSO-d6) & ppm 2.66 - 2.78 (i, 4 H) 2.94
(dd, J=15.41, 6.06 Hz, 2 H) 3.26 (1, ]=5.43 Hz, 2 ) 3.77 (d, ]=10.36 Hz, 6 H) 4.88 (d,
J=10.36 Hz, 2 H) 4.98 (d, ]=17.43 Hz, 2 H) 5.35 (s, 1 H) 5.66 - 5.78 (m, [=16.99, 10.29,
7.07,6.82 Hz, 2 H) 5.98 (s, 2 H) 6.51 (d, ]=8.34 Hz, I H) 6.72 (s, I H) 6.80 (d, ]=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-

glisoquinol3,2-ajisoquinoline



20 C23H27N04(M+H): 382.48, observed: 382.2; 1H NMR (400 MHz, DMSO-d6) S ppm 0.78 (d,
1=6.82 Hz, 3 H) 1.41 (s, 3H) 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%&01123 I%%:L 3.30 (m, 1 H) 3.79 (d, 1=6.06 Hz, 6 H) 4.03 (Spd)p9s99edods=3-28 Hz, 2 H)
6.66 (s, 1 H) 6.81 (m, ) 6.93 (d, 1=8.59 Hz, 1 H). Example 23 25
8,8-Diethyl-9,10-dimethox-y-lB-methyI-5,8,13,13a-te%lhydro-6H-[ 1,3]clioxolo [4,5- g] isoquino [3,2-a]
isoquin oline WO 2010/128061PCT/EP2010/056062 - 35 - . Tq a solution of

8,8-diethyl-9,105dimet 0Xys13-methyl-5 ihydro-6H-11,34%io[4 5-@]isoqug5|$ 3,2-ajisoquinoline
(100 mg, 0.25¢n ' et anol (10 mlL) wasradeedsgodium borotfydiide (23 md., fjgﬁ. mmol) in small
portions at OC. Aftef stiriry at 0C for , The Tixture was concghtretet vaguo. Thessesulting
residue was extracted CEhyl ether (2 x 50 mL), washed with~water(2-x 25 mL), dried over
anhydrous sodium sulfat deoncentrated in vacua. The resi as re-crystallized from methanol
to afford 8,8-diethyl-9,10-dimethoxy-13-methy1-5,8,13,13a-tetrahydro-6H-11,31dioxolo[4,5-
g]isoquino[3,2-a1§so uingline (43 mg, 42%). LC/MS . m/g caéicd for C231431N04 (Mx 11: 10 410.53,
observed: 410.2; I N b ppm .48, (t, I=7cadubtz, 341 0.7}

H) 0.85 (t, 1=7.58 “77- 1.89 PRF:L H) T.9-2206M, 1 Hy-2-16=2-22 (In, TH) 1.2
H) 2.53 -2.63 (M, 1 H) 26294 (. T H]3.02 (dd, J P91 %ﬁgyhgﬁej 3,16 -3.26
3 H) 3.80 (s, 3 H) 4.524s, tbir5:04 (47126 37 Hz, 571 H)6.79 (s, 1 H) 628
1 H) 6.96 (d, J=8.34 1 15 H). Example 24
9,10-Dimethoxy-8,8-dirnethyl-13-pyridth-2-ylmethyl-5,8,13,13a-tetrahyelro-6H[1,3]dioxolo[4,5-glisoquin
0[3,2-alisoquinoline

A mixture of 1.-(9,10—dimethoxy—ii,S«dihydm—ﬁH—{1.,3}dioxolo[4,5—g}isoquino{3,2«
alisoquinolin-8-yl)-propan-2-one (2.0 g, 5.1 mmol) and bromomethyl-benzene (10 mL)

5 was placed in a sealed tube and heated for 12 h at 100 °C. After cooling to room
temperature, methanol (100 mL) was added and the mixture was refluxed for t h. The
mixture was cooled fo 0°C and the resulting precipitate was collected and re-crystallized
from ethanol to afford 13~benzyl»»9,10—dimethoxy-5,6-dihydro[L,S}dioxolo[fi,S—
glisoquino| 3,2-a}isoquinolin-7-ylium; bromide (0.92 g, 35%) as a vellow solid. LC/MS

10 m/e caled for CorHaaNOBr (M+H)™: 506.40, observed: 426.1;1H NMR (400 MHz, DMSO-
d6) 3 ppm 3.12 - 3.22 {m, 2 H) 4.03 (s, 3H) 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 I} 7.38 (t, ]=7.45 Hz,
2 H) 7.79 (4, J=9.35 Hz, 1 H) 8.10 (d, J=9.60 Hz, 1 H) 10.05 (s, 1 H).

A mixture of 13—benzy1—9,1O—dimethow—S,é-dihydro[1,3]di0xolo[4,5—g]isoquino{.%,il—

15  alisoquinolin-7-vlium; bromide (0.9 g, 1.8 mmol) and 30% sodium hydroxide in water
(150 L) was refluxed for 16 h. The precipitate was collected and treated with hot 3%
hydrochloric acid. The residue was re-crystallized from ethanol 1o afford 13-benzyl-9,10-
dimethoxy-5,6-dihydro-{1,3]dioxolo{4,5-g] isoquino(3,2-ajisoquinolin-8-one (180 mg.
229%) LC/MS m/e caled for CoyHsNOs (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 mmo}) 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, $8%) as a solid which was used for next step without further

25 purification. LC/MS m/e caled for CppHyClNOy (M+H)": 497.39.



WO 2010/128061PCT/EP20101056062 - 36 - hydrobromide in chloroform was refluxed under nitrogen
atmosphere for 16 h. The reaction mixture was cooled and the mixture was concentrated in vacuo.
The residue ' d with diethyl ether to afford ‘ :
9,10-dimethﬁ@%%tﬂdﬁ%%thyl-l&pyridin-2-ylmethy1- 5,6,8,13-tetrahydro-P ﬁ?ﬁi}é?g%%o[%&g] isoquino
[3,2-a] isoquinolin-7-ylium; bromide (79 5 mg, 52%): B€MS ink calcd for C28H29BrN204 (M+H)E:
538.45, obseryed: 457.3; 1H NMR (400 MHz, MeQ 1.87 (S,.,:3 99 (s. 3 H) 3.13 - 3.28 (in,
2 El) 3.42 - 3.58 thivPeppigr gt L P}éét’%ﬂ%Cﬁf?éz%%ﬁ%%@’g%%ﬁ}ﬁ%ﬁ%%%ﬂﬁ% H) 5.54 (t,
J=6.82 Hz, 1 H)i6oq9ife]I26 B trnclivy7vi6ng, dtaride (476 mp A myep!3isasbydous fisthyls (d,
3=7.83 Hz, 1 H)7.644Said) B PBL Ll adqB0Q b1idet Ok §r2B i Bdh it drlloBiidifd, 1=5.31 10 Hz, 1 H).

To a solution of . . o 30, min.th
9,1O-dimethong-tﬁ?BYE}Fﬁfoﬁg}fﬁ%-’ﬂy‘?imH—ﬁ-ﬁm‘é%ﬁg%fg‘rwéﬁ%%n&%ff,ﬁ %0164 5-8jisoquinol3,2-
alisoquinolin-7egdivion beoryidedtd hygdditg smetpdrovethanot o) dvesiddeddtsgditin
borohydride (9,g.-8,24,fmeNin small:petiangiehbGh Aftek3biing atasitedon@0.mie, dredmixture

was concentrated in vacuo. The 15 resulting residue was extracted with | ietgyl ether (2 58 mL),

washed with WA B eU O HREHIGIE A A AR BRSSP €l fis SFEE NES A ate i B acua to
afford 9,10- ditethdieh]@tdime st B-bprickih S 3 GAdethiybx5. 8 5 8ik8thibti Ayl r6 61-

]1,31dioxolo[4,5-gligogying E3,2-al i inolj Taolr GS1Y o $R8H30N204
(N/H-H)]: 459.?6%%%3%%1%@5%?%%%&Qgéo%&nﬁgl—?z,g&fe@(%% 6%5%?%?% s, 3H) 2.03 (s, 3 H)

s,
3.00- 3.091¢m, Q4452 (.80)(ri56.56) 8bser(¢e; i5ﬁ|)331.§21\(§¥%<|490§?é§%é?2§‘ﬁ§-4.6223 (E,Pﬁkb.éés Hz, 1
H) 4.26 -4.33 (gl h %2049 Imp 08)Hz0LH). 504 (4 H#:84 4172 )6, 515 4 b5)s6298) (s, | H) 7.01

1 . Example sy 35 14151 LY 10 10 Aok SRl 58 155 e Hjerb st croxclo .5

glisoquinol13,2r&digagiinoline WO 2010/128061PCT/EP2010/056062 - 37 -

Example 19

15  12-Chlore-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-{ 1,3 {dioxolo(4,5-

glisoquino[3,2-ajisoquinoline

I-Cl

Dichioromethana
250C, 72 h, 4%

To a solution of 9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-{1,3]dioxolo|4,5-
g)isoquino|3,2-a}isoquinoline (182 mg, 0.5 mmol) in anhydrous dichloromethane (20

20 mL) at 25°C was added Iodine monochloride (0.57 g, 3.5 mumol). After stirring in the dark
at 25°C for 72 h, the reaction was washed twice with aqueous 10% sodium thiosulfate
solution (2 x 50 mL) to remove excessive iodine monochloride, dried over anhydrous
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-alisoquinoline (9.6 mg, 4%). LC/MS m/e caled for CoHoCINQ, (M+HY™
400.88, observed: 400.1; 1H NMR (400 MHz, MeOD) 8 ppm 2.05 (s, 6 H) 3.14 (m, 2 H)
3.93 (5,3 H) 4.0t (s, 3 H) 4.23 {m, 2 H) 6.22 (5, 2 H} 7.04 {5, L H) 7.32 (s, L H) 7.63 (s, 1

30 H).



A mixture of 9,10-dimethoxy-8,8-dimethy1-5,8-dihydro-61-1-11,31clioxolo [4,5- glisoquino
[3,2-alisoquinoline (100 mg, 0.27 mmol) and benzyl bromide in chloroform was refluxed under nitrogen
atmospher q] (!% reaction mixture was cooled and 5 concentratejqﬁ' 'é residue was
triturated wit dlzjee?ﬁfyzg ?er to afford 13-benzyl- 9,10-dimeth oxy-8,8-dimet %}@%@){ g-](f%etrahydro-[
1,3] dioxolo [4,5-g] isoquino [3,2- alisoquinolin-7-ylia®e bromide (124 mg, 85%). LC/MS it* calcd for
C29H30BrNO4 (M+H)+: 537.47, observed: 456%’{1H N (400 MHz, DMSO-d6) 6 ppm 0.82 (s, 3 H)
1.71 (s, 3H) 2.63-2.78 (m, 1 H) 3.06 - 3.16 (m, ﬁ?‘%‘ -3.25(m, 1 H) 3.49- 3.62 (m, | 10 H) 3.79
(s,3H)3.91(s,3H)4.33-4.44 (m, 1;? 5.65(s,1H)6.17 (d, L---7.07 Hz, 2 H) 6.31 (d, Jr-8.84 Hz, 2
H) 7.08 - 7.1990'30inateaxys> 1 tdilyrmspirp Bycppentpn el [ b3 19arote 4oslisnarne 32
13-benzy1-9,19:dimetapxyi8,8-dimethy1-5,6,8,13-tetrahyd rol1,3lclioxolo[4,5-g]isoquino [3,2-a]
isoquinolin-7-ylium; bromide (100 mg, 0.19 mmol) in 15 methanol (10 mL) was added sodium
borohydride (14 mg, 0.38 mmol)_in small portions at 25C. After stirring at 25C for 10 min, the mixture
was concentrated {n o. h &esulting residue was extractegqwith di 50 mL), washed
with water (2 x 25 rfl);driafd dyer anhydroti¥%EdeiiEi" sulfateandcdncert to afford
13-benzy1- 9,10-dimethox Rars d.jsoquino [3,2-

Bdifhethyl-5,8,13,13a-tetrahyaro-BH-11,3] dioxol
20 alisoquinoline (64 mg, 73%).tEAS m/e calcd for C29H3 NO4 (M+H)H: 458.5 served: 458.3;
IH NMR (400 MHz, DMSO-d6) 5 ppm 1.42 (s, 3 H) 1.64 (s, 3H) 2.34 - 2.49 (m, 2 H) 253-2.68 (m, 2
H) 2.75- 2.85 (in, 1 H) 3.11 -3.16 (m, 1 H) 3.26 - 3.31 (m, 1 H) 3.72 (s, 3 H) 3.80 (s, 3H) 4.14 (s, 1 H)
5.94 -5.99 §n, 3dH) Gu@i(do T8 Bahiero-P 1) diwothexT- M Ghgd®: U= G912 £1) 6.94 (s, 1 H) 7.06 -
7.17 (in, 3 H). MO, 209812 806 REnbIEP2O1HQR6RAZe 8834 xampigalfin anhydrous
ko) Ty PRI G RBRY £ 2R AR Brvion
oA " Min tetrahydrofuran, 17.4 mL, 4.95 mmol) dropwise. After stirring at 0°C for 30 min, the
reaction was quenched by adding saturated aqueous ammonium chloride solution (30
10 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 methanol to afford 9',10'-dimethoxy-5",6'-dihydrospiro{cyclopentane-1,8'-
[1,3]dioxolo{4,5-glisoquino{3,2-aJisoquinoline] (120 mg, 10%). LC/MS m/e caled for
CoaHosNOy (M4H)': 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=5.56 Hz, 2 H)} 3.31 (t, ]=5.56 Hz, 2 H) 3.85 (s, 3 H) 3.88 (s, 3H) 5.73 (s, 1 H) 5.95 (s, 2
H) 6.58 {5, 1 H) 6.64 (d, ]=8.34 Hz, 1 H) 6.75 (d, J]=8.34 Hz, 1 H) 7.16 (5, 1 H).

Example 21

9,10-Dimethoxy-8,8-dimethy!-5,8,13,13a-tetrahydro-6H-{1,3]dioxolo[4,5-g]isoquino [3,2-

20  alisogquinoline

.9
NaBH, aQ N

e e O
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 mixiure was concentrated in vacuo. The resulting residue was extracted with diethyl



To a solution of 8,8-diallyl -9,10-dimethoxy -5,8-dihydro-6H-[1,3]dioxolo[4,5-
glisoquino[3,2-ajisoquinoline (110 mg, 0.26 mmol) in methanol (20 triL) was added sodium
borohydride m inmol) in small portions at 25C. After stirring at m, the mixture
was concen%&a & -9#%/%}860 The resulting residue was extracted 10 with die %%GE%%Q%%X 50 mL),
washed with water (2 x 25 nil.), dried over anhydrous 8édium sulfate and concentrated in vacuo to
afford 8,8- dlally .!]2 %ﬁn @J’d”y '
-5,8,13,13atetrahydro-6R- [T 3]di6R o?S[Wéléﬂ?é%qu&ﬁ&r‘s’%]r%%%ﬂX{Sﬁ AR sadisymLelfis m/e calcd
for C26H29No4u(ﬁ/|qqq§¢nm@©c53 whsetyetionDD 13- diMdiMig (&18aiMicthy DMVEIB136) BrppRdR-32 -2.44
(m, 2 H) 2.54- 284 {m.dlokbi&[04- O H d, J=2.78
o6 H) 430 (6 1202 bo T 1 S e STl BRe 288 (r#%%réfs%{’a?? bos bz, 1
H) 5.36- 5.48 (ﬁ?zzli%@ 1553 368 i5mf§e%<és3@8m) GOSN (469) 'H8 Me@B (hpeniH). 6194, (d,
f4 g 59JHz 4 H). Hblaz']soiuwn lgfsa ?zdml IV s%%mmlgtﬁ@ M9, ﬁ)llﬁo%%ﬂéh%%%% %‘Hl:l 3%%'02%:0(1
gJisoquin [ no 0 qQromethane mL) was 20 adde
Grubbs' catalys?ti %2%; %% r%]?%gﬂgﬁqﬁ%%%ghg 'Fb 4#&%& JiHsHedtdd 16 1fldR &8(#2 h at
58C. The react?o[ﬁ)rﬁii%dlse Mﬁékﬁ:&(édiéhbﬁ@noé&irémd i)\vastiesPurificatiah by Waters Automated
Flash System (column: Xterra 30 mm x 100 mm, sample manager 2767, pump 2525, detector: ZQ
mass and LW 2487, solvent system: acetonitrile andipl@eammonium hydroxide in water) afforded
9',10'-dimethox-y- 25 5',6',13',13a'-tetrahydrospiro [cyclopent-3-ene-1,8'- [1,3]dioxolo [4,5-g] isoquino
[3,2- al isoquinglmeﬂ)(,%é 4%)3 ; 5 « 47, observed:
392.3; I H MR (400 j\ég @% 0D) g%“@%%%ﬁ%ﬁ%%&%%? Atz wg%’mgli’ﬁ)gz 68 - 2.75 (m, 1 H)
2.75-2.81(m WPP%.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, 3H) 3.93-4.00 WO 2010/128061PCT/EP2010/056062 -
39 - (m, I H) 5.78- 5.83 (m, bH)5.83+«< 5.88 (in, 1 1-1) 5.90 (s, ZI?r) 1H)678(s 1 H)6.83(in, 1
H) 6.91 (m, | H). Example & N
9,10-Dimethoxy-8,8-dimethy1-5,8-

ro-6H-11, 3%&@*646[45 g]lsoqw 0[32 g alisoquinoline

Methanol
0~25°C, 1 1, 48%

o
To a solution of 9,10—dimeth0xy—8,8,13—trimethyl«5,8—dihydr0-6H~[ 1,3]dioxolo[4,5-
glisoquino|3,2-a]isoquinoline (60 mg, 0.16 mmol) in methanol (10 mL) was added
sodium borohydride (15 mg, 0.39 mmol) in small portions at 0°C. After stirring at 0°C for

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 (2 x 25 mL), 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-gisoquino(3,2-a]isoquinoline {30 mg, 49%). LC/MS m/e calcd for

20 CpHyNO, (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 (5, 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, ]=3.28 Hz, 2 H) 6.66 (s, 1 H) 6.81 (m, 2 H) 6.93 (d, ]=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-a)isoquinoline



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%
hydrochlori i%. The precipitate was collected and re- 10 crystallized fr %p ord
9,10-dimetk?%§?(§- ]g%"!l %@éro-GH-ll,3]dioxo|o[4,5- g]isoquino[3,2-a|isoquin%%1ﬁ- -%EQ%%?%?%); LC/MS
m/e calcd for C20H15N05 (M+Hr: 352.36, observed:352.0; 1H NMI{ (400 MHz, DMSO-d6) 6 ppm 2.88
(t, 5=6.06 Hz, 2 H) 3.78 (s, 3 H) 3.87 (s, 3 H) 4.12 (t, 5=6.06 Hz, 2 H) 6.08 (s, 2 H) 6.93 (s, 1 H) 7.11
(s, 1 H) 7.41 (d, J=8.84 HzP3 " . ixture of
9,10-dimetboxy-5,6-dihydrar-6-443fdioxa@lo[4,5-g]isegeino[3,2- aJistgui Sin-8-one (2 g, 5.7 mmol)
and phosphorus oxychloride (20 ni.) w &nge-red crystalline
residue was collected, washed with a@ ofarm ang.dried ipyacuo to affor o~
8-chloro-9,10-dimethoxy-5,6-dihydro- [1,3fdioxolo[4,5-g]isoquino[3,2-a]isoquinolin-7-ylium; chloride (2
g, 86%) as a solid 20 which was used without further purification. LC/MS m/e calcd for )
C20H15C12N04 {sokiiH qmggdi_emia%l@s@i@gw3—methy1—5,8-dihydro~61—1»{ 1,3]dioxolo{4,5-
8-Ch'0r0-9|’510-g] v Ms@@%@?&%&ﬁ%@l@m@b(ﬂs%ﬂﬁ@ggﬁﬂ%&ﬁx&xal m:»wPMﬁaHmm; chloride (2
g, 5 mmol) in anhydrous dieth er (150 mL) at OC was added a tion of met ium
chloride in tetrffjtiFo éf‘??yé“%ﬁ/ %@%ﬁ%@@é@d‘?@ﬁ?@fﬁ@%SgggﬁeM%lg ﬁ%ﬁ@%ﬁ%ol)
dropwise. Afte? Bithingiat0€ay SBierintrated renstion Thascquéinenesidyy waumgsamermiéd aqueous
ammonium chigrider salulion.(GOAb) whhe-mixiHreasaiasier widy diethwlietihentdodien mL),

washed with brine, dried over anhydrous sodium . .
sulfate and concentrate){i zrn vacuo.d[lﬂe residue was re-crystallized from methanol to afford

8,8-diethyl-9,10-dimethoxy-13-methyl-5,8,13,1 3a-tetrahydro-6H-11,3]dioxolo{4,5-

glisoquino|3,2-alisoquinoline (43 mg, 42%). LC/MS m/e caled for CosHzNO, (M+H)"
10 410.53, observed: 410.2; 1H NMR {400 MHz, DMSO-d6) 6 ppm 0.48 (1, J]=7.33 Hz, 3 H)

0.75 (d, ]=6.82 Hz, 3 H) 0.85 (t, J=r.58 Hz, 3 H) 1.77 - 1.89 (m, 1 H) 1.94 - 2.06 (m, [ H)

2.10-2.22 (m, 1 H) 2.23-2.36 (m, 1 H) 2.53 - 2.63 (m, 1 H) 2.64 - 2.74 (m, 1 H) 3.02 {dd,

J=6.69,2.91 Hz, 1 H) 3.16 - 3.26 {m, 1 H) 3.74 {s, 3 H) 3.80 (s, 3 H) 4.52 (s, 1 H) 5.94 (d,

1:6.32 Hz, 2 H) 6,66 (s, 1 F) 6.79 (s, 1 H) 6.85 {d,]=8.59 Hz, 1 H) 6.96 {d, ]=8.34 Hz, |
15  H).

Example 24

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

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

N CHCl,
+ | e
£00°C, 18 h,
52%

NaBH,

Methanot

25°C, 20 min,
21%

20 A mixture of 9,}0—dimethoxy—&8~dimethyl—B,S—dihydro*éH—[I,B}dioxolo{4,5—
glisoquino[3,2-alisoquinoline (100 mg, 0.27 mmol) and 2-(bromomethyl)pyridine



sulfate and concentrated in vacuo. The residue was re-crystallized from diethyl ether to 5 afford
9,10-dimethoxy-8,8-dimethy1-5,8-dihydro-6H- [1,3] dioxolo [4,5-g] isoq uino 13,2- alisoquinoline (1.6 g,

87%). LC/MS e caled for C22H23N04 (M+H)4: 366.43, observed: 366 Q; MRG0 MHz,
DMSO-d6) §é§r‘ﬁ"f‘%§’(‘j’(§ 6 H) 2.73 (t, J=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, 2 H) 6.59 (d, J=8.34 Hz, 1 H) 6.74 (s, 1 H}®:81 (d, J=8.34 Hz, 1 H) 7.21 (s, 1 H).
10Example 28 8,8-Diethyl 9,10-dimethoxy -5,3-dihydro-6H-[1,3]dioxolol4,5-g]i inQl3,2-
a]isoquinolinehYdFBbé &hs ﬂr?%%ﬁ%%@g?fﬁg |Pn%{h18§<£9gbe ?‘g[ﬁ?/%)rgé)e-% %E’S%Cilgjig%m,& 15

glisoquino[3, Zalisioquialine edicrnledrod des (@iBtgrevasrmenofirradry drsie diRaRgHENser¥ 50 mL) at

0C was addeq, 4 solufiQRheiylmagnesiuabeomidsratieiabydmhuian (B Myddnmlyldaninol)
dropwise. After stirring at OC for 30 min, glue%re ction wae[%ozl:la

] g nched by a?pl'n satur tﬁg ueous
ammonium chiéRIESERAI GO ISR iR eo4aY xtrajtlesgﬂﬁﬁw die h{/f%‘fhe#@xlg}g mL),
washed wih hripesdsied @ves afanhydious,SodRmN.Sultaie Bhd tntembaeddn®vacua - The residue
was re-crystalli r jeth rio afforg-8,8-dj -cli ot ~0ddrDz6H=.
[1,3]dioxolo[4 ,@%%L&%ﬁﬁ%@%ﬂ%ﬂﬁ%zﬁg )653%%)% %g‘iﬁgs rf%zeégrll é(%] %qc?r %34 H57N04
(M+FI)E: 394.49, dbEehvéd: 3304, 1HNMR @60 IVHE DMID 48 sy, 1> P44 18052 6 H)
ﬂ?_slégs(gmz’%ﬂc)s@%? %gﬁ%ﬁ)%ﬁ;;&gﬁj%z@%,2’4‘471)7;377@(%&?2138 %Iz,;&isﬁ?) 5.34 (s,
Examble 29’ Effe cﬁ%}éﬁeéﬁ}ﬂ%éé&;ﬁﬁf& ttj Uéié)aﬁ%’r? é@(&d%%igaqz BI:LPE%)’ %éigf 57056.062 -41 -

L6 myoblasts wWeyré Bultured in DMEM supplemented with 10% FBS. Confluent cells were

To a solution of 9,10-dimethoxy-8,8-dimethyl-13-pyridin-2-ylmethyl-5,6,8,13-tetrahydro-
i1,3]dioxolo(4,5-glisoquino]3,2-a] isoquinolin-7-ylium; bromide (64 mg, 0.12 mmol) in
methanol (10 mL) was added sodium borohydride (9 mg, 0.24 mmol) in small portions at
25°C. After stirring at 25°C for 20 min, the mixture was concentrated in vacuo. The

15  resulting residue was extracted with diethyl ether (2 x 50 mL}, washed with water (2 x25
mL), dried over anhydrous sodium sulfate and concentrated i vacuo to afford 9,10-
dimethoxy-8§,8-dimethyl-13-pyridin-2-ylmethyl-5,8,13, 13a-tetrahydro-6H-
{1,3}diomio{tl,s-g}isoquinoi3,2—a}isoquinol'me(12 mg, 21%). LC/MS m/e calcd for
CasHsoN,04 (M) 459,56, observed: 459.3; 11T NMR (400 MHz, MeOD) & ppm 1.87

20 {s, 3 H) 2.03 (5, 3 H) 3.00 - 3.09 (m, 2 H) 3.25 - 3.30 {m, 1 H) 3.55(m, 1 H) 3.82 {s, 3H)
3.89 (s, 3 H) 4.22 (t, J=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, }=8.59 Hz, 1 H)
7.24 - 7.30 {m, 1 H) 7.73 (, ]=7.71 Hz, 1 H) 8.48 (d, ]=5.05 Hz, 1 H).

Example 25

25 13-Benzy§-9,1(}—dimethoxy—8,8—dimeth)ri-5,8,13,ISa—tetrahydro-()Hb{1,3]dioxoio{4,5»

glisoquino[3,2-alisoquinoline



differentiated to inyotubes by culturing with DMEM supplemented with 2% FBS for 6 days. L6
rnyotubes were treated with compounds for 2 hours. Glucose uptake was performed in 16 h
serum-starv were washed with PBS and incubated in 5 Kre, hate-HEPES
buffer contalsr‘ﬁ(r%g S 1@%§A with or without 200 nmo1/1 insulin. Then, celﬁéﬁge%ﬁ\gé% 4 gd with 0.05
mmo1/12-deoxy-D-glucose and 0.511Ci 2- deory-D=(82=3H1glucose for 10 min. The assay was
terminated by washing the cells three times with ice-cold PBS. Cells were solubjlised with 0.1% triton
ioactivi FptahcBlular protein

concentration was 10 meg the Bradford method. Glucose @pteke~wastperformed in duplicate.
The compounds were teé(g @ gntration BA angf%C'ﬂM, In this test, the pounds of

between 1.2 and 2 fold the glucoseptake 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 I. Table 1 Example glu uptake at 1 uM Glucose uptake at 3
uM 1 1.32 fold of vehicle 1.30 fold of vehicle QagH}l foldoo 2 1,07 fold of vehicle 3

Methano!

258°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-ajisoquinoline (100 mg, 0.27 mmol) and benzyl bromide in chloroform
was refluxed under nitrogen atmosphere for 16 h. The reaction mixture was cooled and
5 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-g]isoquino{3,2~
a]isoquinolin-7-ylium; bromide (124 mg, 85%). LC/MS m/e calcd for CogHspBrINO4
(M+H)" 537.47, observed: 456.3; IH NMR (400 MHz, DMSO-d6) § 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

10 ) 3.79 (s, 3 H) 3.91 (s, 3 F) 4.33 - 4.44 (m, 1 H) 5.65 (s, 1 H) 6.17 (d, }=7.07 Hz, 2 H)
6.31 (d, J=8.84 Hz, 2 H) 7.08 - 7.19 (m, 3 H) 7.27 (5, 1 H) 7.31 - 7.39 (mm, 2 H} 8.03 (s, 1
H).

To a solution of 13-benzyl-9,10-dimethoxy-8,8-dimethyi-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

15  methanol {10 mL) was added sodium borohydride (14 mg, .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 (2x25
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-glisoquino|{3,2-

20 alisoquinoline (64 mg, 73%). LC/MS m/e calcd for CooHsNOy (M+H) ™t 458.57, observed:
458.3; |H NMR (400 MHz, DMSQ-d6) 8 ppm 1.42 (s, 3H) 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 ) 3.26 - 3.31 (m, 1 H) 3.72
(s, 3H) 3.80{s,3H) 4.14 (s, 1 H) 5.94 - 5,99 (m, 3 H) 6.64 {d, ]=8.34 Hz, 1 H) 6.69 (s, ]
H) 6.76 {d, ]=7.07 Hz, 2 H) 6.94 (s, 1 H) 7.06 - 7.17 {m, 3 H).



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

10
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20
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Example 26

9‘,10'«Dimethoxy—5’,6’,13‘,13a‘~tetrahydr0spiro[cyclopent—S—ene—].,8'~[1,3] diexolo[4,5-

glisoquino|3,2-ajisoquinoline]

o
nNaBH, {
== N

Methanol
25°C, 20 min, 84%

O
Grubbs catalyst  { O y ‘
T ——————

DCM

~ O\
58°C, 72 h, 4%
- O/

S~

To a solution of 8,8-diallyl -9,10-dirmethoxy -5,8-dihydro-6H-{ 1,3jdioxolo(4,5-
glisogquino[3,2-alisoquinoline {110 mg, 0.26 mmol) in methanol (20 mL) was added
sodium borohydride (10 mg, 0.26 mmiol) 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
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-g}isoquino[3,2-alisoquinoline (70 g, 64%). LC/MS m/e
caled for CogFleNO, (M+H)™: 420,53, observed: 420.3; 1H NMR (400 MHz, DMSO-dé)
& ppm 2.32 - 2.4 (m, 2 H) 2.54 - 2,64 (m, 1 H) 2.64 - 2.75 (m, 3 H) 2.90 (s, 2 H) 3.02 -
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, J=16.93 Hz, | H} 5.36 - 5.48 (m, 1 H) 5.58 - 5.72 {m, 1H)
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 mmotl) in dry dichloromethane (50 mL) was
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 0.19% ammonium hydroxide in water) afforded 9',10"-dimethoxy-

5',6',13',13a -tetrahydrospiro/cyclopent-3-ene-1,8'-[1,3]| dioxolo[4,5-g]isoquino [ 3,2-
alisoquinoline] (2.5 mg, 4%). LC/MS my/e calcd for CyHasNO, (M-+H)": 392.47, observed:
392.3; 1H NMR (400 MHz, MeOD) § 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,]=3.03 Hz, 1 H) 3.14 - 3.18 (m, | H) 3.79 (s, 3 H) 3.84 (5, 3 H) 3.93 - 4.00



0.99 fold of vehicle 10 1.05 fold of vehicle 1.22 fold of vehicle - 42 -11 1.15 fold of vehicle 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 i
fold of W&%II%/%‘?SQGI PCT/EP2010/056062

10

15

20

-39 -

{m, 1 H)5.78 -5.83{m, 1 H) 5.83 - 5.88 (m, 1 H) 5.90 (s,2H)6.58 (5,1 H) 6.78 (s, 1 H)
6.83 (m, 1 H) 6.91 (m, 1 H).

Example 27

9,IO—Dimethoxy—S,S—dimethyi—s,8—dihydro—6H—[1,3]dioxolo[4,5—g]isoquino [3,2-

ajisoquinoline

<o
30%NaOH 0 POC
A

JE———

reflux, 3 h, 57% reflux, 3 h, 86%

CH_MgCI

Disthyl ether
0°C, 30 min, 87%

Berberine hvdrogensulfate (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]dioxolol4,5-
glisoquino[3,2-alisoquinolin-8-one (3g. 37%); LC/MS m/e caled for CaoHi7NOs (M+H)™:
352.36, observed: 352.0; 1H NMR (400 MHz, DMS0-d6) & ppm 2.88 (t, J=6.06 Hz, 2 H)
3.78 (s, 3 H) 3.87 (s, 3 H) 4.12 {1, ]=6.06 Hz, 2 H) 6,08 (s, 2 H) 6.93 (s, L H) 7.11 (s, 1 H}
7.41(d, J=8.84 Hz, 1 H) 7.49 (5, 1 H) 7.53 (d, J==8.84 Hz, 1 11).

A mixiure of 9,10-dimethoxy-5,6-dihydro-6H-| 1,3]dioxolo[4,5-glisoquino(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-glisoquino[3,2-a]isoquinolin-7-ylium; chloride (2 g, 86%) as a solid
which was used without further purification. LC/MS m/e caled for CyoH 15CLNO; (M+H) ™
407.27.

To a suspension of 8-chloro-9,10-dimethoxy-5,6-dihydro-{1,3]dioxolo{4,5-
glisoquino|3,2-a)isoquinolin-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



1.22 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 ZQVJ()'%&(]; 15%0%1;vehicle 1.18 fold of vehicle 21 1.22 fold of Vehiqs%wﬁpzemmssuf;z

- 40 -

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

5 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 CpHpsNO, (M+H)': 366.43, observed:
366.0; 1H NMR (400 MHz, DMSO-d6) 8 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 {5, 1 H) 5.99 (s, 2 H) 6.59 (d, J=8.34 Hz, 1 H) 6.74 (s,
1 H) 6.81 (d, J]=8.34 Hz,  H) 7.21 {5, 1 H).

10 Example 28

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

ajisoquinoline

&)
< CH,CH MgBr <o O d
S |
Diethyl ether oL
0eC, 30 min, 67% O .
c

To a suspension of 8-chloro-9,10-dimethoxy-5,6-dihydro-|1,31dioxolo[4,5-

15 glisoquinol3,2-alisoquinolin-7-vlium; chloride (0.5 g, 1.2 mmol} in anhydrous diethyl
ether (50 mL) at 0°C was added a solution of ethylmagnesium bromide in tetrahydrofaran
(3 M, 4.4 mL, 13 mmol) dropwise. After stirring at 0°C for 30 min, the reaction was
quenched by adding saturated aqueous ammoniam chloride solution (30 mL). The
mixture was extracted with diethyl ether (2 x 100 mL), washed with brine, dried over

20 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-11,3 dioxolo[4,5-
glisoquino(3,2-a]isoquinoline (320 mg, 67%). LC/MS m/e caled for CouHyyNQ, (M+H)™
394.49, observed: 394.1; 1H NMR (400 MHz, DMSQ-ds) & ppm 0.79 (%, }=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, 2 H) 3.74 (d, J=12.88 Hz, 6

25 H)5.34{s,1H)5.99(s5,2H)6.52(d,]=834Hz, 1 H)6.74 (s, 1 H) 6.79 (d, ]=8.08 Hz, |
FI) 7.18 (s, 1 H).

Example 29

Effectiveness in muscular glucose utilization



1.14.r 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 vehi(ijfolmfli%ilf%glﬁi)f vehicle 27 1.62 fold of vehicle 1.65 fold of Vehifé%mmom/ossosz
- 41 -

L6 myoblasts were cultured in DMEM supplemented with 10% FBS. Confluent cells were
differentiated to myotubes by culturing with DMEM supplemented with 2% EBS for 6
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-"Hlglucose for 10 min. The assay was terminated by washing the cells three
times with ice-cold PRS. 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 (1) 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 (1) 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 Ghucose uptake at 1 uM Glucose uptake at 3 uM
1 1.32 fold of vehicle 1.30 fold of vehicle
2 [.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




28 1.47 fold of vehicle 1.12 fold of vehicle Example A A compound of formula (I) can be used in a

manner known per se as the active ingredient for the production of tablets of the following composition:

SPer tablet - 4‘53 'fo‘ﬁgél }ngredientZOO mg Microcrystalline cellulosel55 mg Corn starch25 mg Talc25
WO 2010 :

mg 5 Hydroxypropyhné%ylcellulose20 mg 425 mg ExampleB A compgun/ %%ﬂflgf{r'ﬁﬁqu(l) can be

used in a manner known per se as the active ingrediéat for the production of capsules of the following

composition: 10Per capsule Actiye ingredient100.0-mg

11 1.15 fold of vehicle
12 1.59 fold of vehicle 1.22 fold of vehidle
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
i 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 [.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

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

ingredient for the production of tablets of the following composition:

5 Per tablet



Corn starch20.0 mg Lactose95.0 mg Talc4.5 mg 15 Magnesium stearate0.5 mg 220.0 mg Printed:
12-08-2011CLMSPAMDPCT/EP 2010/066 062 PCT/EP 2010/056 062 - 07-03-2011 WO

2010/1280 GlERE£0101056062 - 44 - Galina I.A compound of formqje )pz\f%%ra%ﬂ%zR is
hydrogen, g@l, a Enyltcf)phenylalkyl, pyridinytalkyt, aThylpyrazolylalkyl, carboxyalkyl,
alkoxycarbonyialkyl, alkylaminocarbonylalkyl or oxetyl&#iinocarbonylallryl; R4 is halogen or alkoxy; RS
is halogen or ak%%glior%deiﬁhydrogen or halogen;gé{)is hydrogen or halogen; arid wherein R2 and

R3 are a), b)ore 2 o 112 and R3 is hydrogen and the other one is selected fromallcenyl and
alkyny1; Microcrystalline cellulose 155 mg
Corn starch 25 mg
Talc 25 mg
5 Hydroxypropylmethylcellulose 20 mg
425 mg
Example B

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

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



16b) R2 and.Rs are both at the same time alkyl,.alkenyl or alkynyk e)R2 and Rs_.together-with-the ... ...
Petiresh beoRBt8WHich they are attached fo@%—'[@%%ﬁ@éﬁ cycloalkenyl, oxetyl or t%@%ﬁ?&r@ﬁ@%?%%
wherein the bond between C4 and d' is a single bond or a double bond; or a phatulaceutically
acceptable salt thereof; 20with the proviso that PCT/EP 2010/056 062 -~ 07-03-2011
9,10-ditnethorf-8,8-climethy1-5,8-dihydro-61-1-(1,33dioxolo 14,5-glisoquino[3,2-aliSOquinoline;
8,8-diethyl-9,10-dimethoxy-5,8-dihydro-6F1- Printed, 12-08-2011CLMSPR, 010/066082
PCTIEP 2010088 BEZSY 03 2011 WO 2010/128061PcuEP2010/0565M€&J’6§£6%
(1,31dioxolo[4,5-glisoquirtol3,2-alisoquinoline; 8,8-clietthy1-9,10-dimethoxy5,8,13,13a- tetrahydro-6H- f
1,31 dioxolo (4,5-glisoquino(3,2-ajisoquinoline; 8-alk¥&ﬁ
9,10-dimethoxy-5,13,13,13a-tetrahydro-61-141,3)d|’"6’>?6%§[4,5-gIisoquirio)3,2-4 isoquinoline;
8-ally1-9,10-ditnethoxy-bGreihiy df Gsbikdd {;3)dioxolok,5-g) Sisoquinoisoquinoline;
9,10-dimethoxy-8-pent-4-eny1-5,8-dihydro-61-1- 11,31dioxolof4,5-g1 is o go inoisoquinoline; 9,10-d
imethoxy-8.-pheny1-5,8- dihydro-6E1-11,31digx -g)isoquino 13,2-alisoquinoline; and
9,10-dimethoxy- 8,8-dimethy1-5,8,13,13a-tet ¥)dioxolo (4,5- g) is o quino [3,2-
a)isoquinoline are excluded. 10 2,A compaus I%iarp I, wherein R4 is hydrogen, allcyl,
alkenyl, phenylalkyl or pyridinylalky!.

wherein

Rlis hydrogen, alkyl, alkenyl, phenylelkyl, pyridinylalkyl, alkvlpyrazolylallyl,
carboxyalkyl, alkoxycarbonylalkyl, alkylaminocarbonylalkyl or
oxetylaminocarbonylatkyly

]

¥ is halogen or alkoxy;

R’ is halogen or alkoxy;
10 R%is hydrogen or halogen

R7is hydrogen or halogen;

and wherein 22 and ®® are 4), b) or ¢)

<. :
a)  one of R? and R® is hydrogen and the other one I selected from calleenyl
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 forr
cycloalicyl, cycloalkenyl, axetyl or tetrahydropyranyl;

and wherein the bond between C* and C" is a single bond or a double bond;
or a phanmaceutically acceptable salt thercof;

20 with the proviso that 9,10-dimethoxy-8,8-dimethyl- 5,8-dihydro-6$1-{1,3}diexolo
{4,5-g} isoquino(3,2-alisoquinoling 8,8-diethyl-9,10-dimethoxy-35,8-dibydio-GH-



_3.A compound according to claim 1 or 2, wherein.R1.is.h dogen, methyl, ethyl, pro %J benz ,
FayintantyiRo8a04 1A compound according toaMPEA claims 1 to 3, ‘wherein Ig%pﬁ 3&39/ @[}%2

160r ethyl. 5. A compound according to any one of claims 1 to 4, wherein in a) one of R2 and le is

hydrogen and the other one is selected fromethenyl, propenyl, eipynyirend RoBYRYE 62 A epmppung | 1
according to any one of claims 1 to 5, whereinof R2 and le is 20hydrogen and the other one is selected

from propenyl eth%%I %ﬁépropynyl 7. A compound according to any one QigigisgmAiasdzwherein in b)
R2 and R3 are gojt }l at the same time, both ethyl at the same time or both propenyl at the same

time. 8. A compound accordlng to any one of claims™ %o“?, wherein ¢) R2 and le together 26with the
carbon atom o which (et e %ﬁ%@{g&miw& ausipsliFaayhodsampaynd according t
any one of claims 1 t@ﬁ W tE})?ereln Inc¢ aﬂé]cek (t)o%]e eru%/ﬂ;h the roon, gﬂo%gvtglgnﬁhey are
attached form cyclopefityt: *’c accordific laims 1 to 9,
wherein R4 is alkoxy 18- d&xwmﬂpﬁmﬁmw‘aﬁﬁdﬁébﬁﬁaﬁ?&é’% BS‘?L@“ fﬁ R4 is methoxy.
PCT/EP 2010/056 O%Q%ﬂﬁ%@@%}m@Qﬁﬂiﬁ&&%&m&%@m—l&m@ﬁﬁﬂﬁﬂ%&]

5 isoquine[3.2-alisoquinoling 9,10-dimethoxy-8-pent-4 -enyl-3,8-dihydro-6H-
[1,3]dioxoloi4,5-gHsoquino[3,2-a Visoquinoline; 9,10-dimethoxy-8-phenyl-5,8-
dihydro-6H-{1,3]dioxolo[4,5- Hsoquino{3,2-alisoquinoling and 9,10~ ~dirnethoxy-
8,8-dmxethyi~5,$,13,13a~tetrahydro-6ﬁ—{1,33diomlu{4,5-g}iaoquino[?:,z-
alisoquingline are excluded.

10 2. Acermpound accerding to claim 1, wherein R! is hydrogen, alkyl, alkenyl,
phenylaliyl or pyridinrylatkyl.

3. A compound according to claim 1 or 2, wherein R} is hydrogen, methyl, ethyl,
propenyl, benzyl or pyridinylmethyl.

4, A compound according fo any one of claims } to 3, whetein B! s hydrogen, methyl
15 or ethyl.

5. Acompound according to any one of claims 1 to 4, whetein in a one of R and B’ 18
hydrogen and the other one is selected from athenyl, propenyl, ethynyl and
propyayl.

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 ot propynyl.

7. Acompound according 1o any one of claims 1 to 6, wherein in b) B and R? ave both
methyl at the same time, both ethyl at the same tine or both propenyl at the same

time,

8. A compound according to any one of claims I to 7, wherein in ¢) R? and R together
26 with the carbon atom to which they are attached form cycloalkyl or cycloatkenyl,

9. A cornpound 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 cyclopententyl.

10. A compound according to any on¢ of claims 1 to 9, wherein R* is alkoxy.

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



-12..A.compound according to any one of claims.t tq.1..wherein re is ailcoxy. 13. A ¢ oungd. - oo
FAinierIidg@PaAY he of claims 1 to 12, whe&éipﬁﬂ?‘f%/{gethwry. 14. A compoundé%?&iﬁ%%ﬂ @Wcﬁ%

of claims L to 13, wherein le is hydrogen. 15. A compound according to any one of claims 1 to 14,

wherein if is hydrogen or 5chloro.  16. A compound accordingﬁgawﬁ%m@@piéxe@;@d}u
from 9,10-Dirnethoxy-S-yinyl-5,8-dihydro-611-(1,3)dioxolo[4,5-gjisoquino [3,2- (al
|soq_umoI|_ne; %0 gm]llozégf)i' n_ethgxy-S ,6 ,131,_13a1-tetra_1hydrosp|to [cyc_log.%pﬁ-l%,&gd&_31d|oxolo[4,5-
10disoquino[3, -az)lsoqum linel; 8-1soproperiy1-9,10-dimerhoxy-5,5-clihydro-6F1-11,31dioxolo [4,5
-glisoquino [3,2- alisoquinoline; 8-Stliyny1-9,10-c|imefﬁ%ﬁy-S,8-diItydro-OH-11,31dioono

[4,5-glisoquitio(3,¢&r, alisagipQline 3. dndd P PIReHio sy BaRiOPwd WIYdia 2 HhNdiRsQ;L-1- [1,3)dioxolo
[4,5-g) isoqu ino [3,2- isoquﬁﬁ%line; 8-Isopropenyl-9,10c-dimethtoxy-13-inethyl-5,8-3?#ydro-614-

[1,31dioxolo [4’51§)i59x°éé:i)]ﬂg&§n%'§c)c§8ﬂ‘éi Wfone of claims | to 12, whersin R® is methoxy.
9,10-Dlinethoxy-13-methyl-5-prop.1-yny1-5,8-dihydro-611- [1,3)dioxolo(4,5- 20g)isoquino [3,2-al

isoquinoline; 15-[:11@_/11;%}?}%%% %gl%ﬁi“‘t%"l"g‘)me%m%?18“%%%%%3}‘J‘& L glﬁ%éﬁol 0 [4,5- g)

isoquinof3,2-alisoquinoline 1-9,10-climetho3cy- 01-1 oxolo

(4,5-glisoquino [3,2- a)soquinoling. o &%) ohd QrdNRGINDS YaB MRy iyl il ypro-6H-|
L,31d|oxolo[455- chloro,

16. A compound according to any one of claims [ to 15 selected from

9,10~ Dimethoxy-8-vinyl-5,8-dibydro-6H-{1,3 ] dioxolo[4,5-g[isoquino{3,2-
{ alisoquinoline;

97,10 Dimethoxy-54,6", 13", 132 -tetraliydrospiro{cyclopentane-1,8'-[ 1,3 1dioxolo (4,5~
10 glisoquino[3,2-alisoquinoline];

8-Tsopropenyl-9,10-dimethoxy-5,3-dihydro-6H-[ 1.3]dioxolo{4,5-gHsoquino[3,2~
alisoquinoline;

8-Bthynyl-9,10-dimethoxy-5,8-dikydra-6H- [ 1,3 ]dioxolo [4,5-glisoquino[3,2-
alisoquinoline;

i85 9,10-Dimethoxy-8-prop-1-ynyt-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] dioxolo4,5-
( glisoquino|3,2-ajisoquinoling

9,10-Dimethoxy-13-methyl-8-prop- 1-ynyl-3,8-dihydro-6L3-[ 1,3]dioxolo{4,5-
20 glisoqning[3,2-alisoquinoline

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

& Allyl-13-ethyl-9, 10-dimethoxy-5,8-diliydro-6H- [ 1,3]diovolo{4,5-glisoquino{3,2-
alisoquinoline;

25 13-Ethyl-9,10-dimethoxy-8-prop-1~ynyl-5,8-dibydro-65-[1,3 ) dioxolo[4,5-
glisoguino{3,2-alisequinoline



- glisoguino[3,2-afisoquinoline; PCT/EP 2010/056.062.- 07-03-2011 WO s e

Fraten A80880VEP20101056062 -47 - CLMSPAMD! PCT/ERP 2010/056.062
13-Ally1-8-isopropeny1-9,10-dimethory-58-dihydro-6E1-[1,3]dioxolol.4,5- disoquino[3,2-alisoquinoline;
9,10--D irn ethoxy-8,8,13-trirethy1-3,8-dihydro-6H-[ 1,3] d foxole{4.A-g)i8q §4H82-gegauingling; 011
58,8-Diethy1-9,10-dimetboxy-13-methyl-5,8-dihydro-6H-[1,3]dioxolo[4,5- gliooquino[3,2-alisoquinoline;
13 -Ethyl-9,10-dyjmetdiMuy:$,8 dimethy1-5,8-dihydro-6H- (1,31diOxolo [$&ragigeaskine [3,2-a
jisoqutholine; 8, a-Dially1 9,10- dimetboxy -5,8-(_:Ifiilégr0-61-5-11,3)dioxOIo[4,5-g}isoquinol3,2 10a]
isoquinoline; 13-Benzy1-9,10-dimethox-y-8,8-dimethy1-5,8-clibydro-611- [ 1,3 ] d ioxolo [4,5- disoqu
ino [3,2-a) isoquinoline; 132Gl eies B didrgtmechimyBo8yd, Bnikiayb-8:8, difiydrolebhi~ (1,31 dioxolo [4,5 g]
isoquino[3,2-ajisoquineling; 4233 9 -Rimarhexy-5',6'-dibydrospiro kydop entane-1,8141,3) d ioxol o
[1,5- g] isoquino [3,2-a] Isoquinoline];

9,10-1)4nCt|t0Xy-6,B,139Hb’ﬂﬁ¥ﬁé£hér§ﬁ@,iﬁérﬁ@&{ﬁfb\lsi%ﬁﬁolﬁﬁ-[3&94!%@1@[5%‘5%}1&&9%&@25,2,-61)
isoquinoline; 6,S-Qigggyl%{at&g-dimerhoxy-13-methyl-5,8, 13,13a-tetrahydro-6H- [1,31d ioxol o

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

13-Ethyl-9,10-dimethoxy-8.8-dinethyl-5,8-dihydro-6 H- [1,3] dioxolo 4.5~
glisoquino{3,2-alisoquinoline;

( 8,3-Dialiyl 8,1 0-dimethoxy -5,8-dibydro-65-11,3}dioxolol 4,5-glisoguine] 3,2~
10 alisoquinoling

13-Benzyl-9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H- 1,3 ]dioxolo]4,5-
glisoquine[3,2-a}izoquinoling;

12-Chlore-9, 10-dimethoxy-8,8-dimethyl-5,8-dikydro-6H-{1,3] dioxolo[4,5-
plisoquing{3,2-a)itoquinoline;

15 9,10" - Dimethoxy-5',6"~dihydrospiro[cyclopentane-1,8'-[1,3] dioxolo[4,5-
glisoguine{3,2-a}isoquinoline};

9,10-Dimethoxy-8,8,1 3-wimethyl-5,8,13,13a-tetrahydro-6H-{ 1,3 ] dioxolo 4,5+
giisoquinol3,2-a}isoquinoline;

4,8-Diethyl-9, 10-dimethoxy-13-methyl-5,8, 13,1 3a-tetrahydro-6H-[1.%]dioxolo[ 4,5-
(- 20 glisoquine]3,2-alisoquincline

9 10-Dimethoxy-8,8-dimethyl-13-pyridin-2-ylmethyl-5,8,13,13a-tetrahydro-631-
[1,3]dloxolof4,5-glisoquinol3,2-al isoquingling

13-Benzyl-9,10-dimethoxy-8,8-Umathyi-5,8,13, 1 3a-tetraliydro-611-11,3 1dioxolo 4,5-
glisoquine|3,2-alisoquinoline and

25 9%,10"-Dimethoxy-5',6',13', 132’ -tetrahydrospiro{ cyclopent-3-ene-1,8'-
[1,3]dioxolol4,5-glisugnine| 3,2-a)isuguinoline],

17. A compound according to any one of claims 1 10 16 selected from



20g]isoguing.[3,2- a] isoquinoline; 9,10 -Dimethoy-8,8-dirnethyl-13-pyridin-2- ylmeth
Fidaert-12-8fd@8xblo[4,5 -g | isoquino [3, 2-a@k%\§f\{ﬁﬁ$ﬂﬁe 13-5enzy1-9,10 %./EP 20{0/056 062

-,climethory-8,8-arnethyl-5,8,13,13 a-tetrahydro-6H- [ 1,3)dioxolo [4,5- Gl isoq 0|no[3 2-a lisoquinoline;
and 259',10'-Dimethoxy-5',61,13',13a’-tetrahyd ro spit o [ cyclopgs ﬁﬁﬁﬁl@ﬂ@?bié glgioxah o [4.5-0ln1 1

isuqu Ulu [3,2-a)isoq oinoline), 17. A compound according to any one of claims 1 to 16 selected from
Printed: 12-08-2011CLMSPAMDPCT/EP 2010/056 062 PCT/EP 2010/056 062 - 07-03-2011 WO
20101128061“?/?\9?81’6&%6062 -48 - 9',101-Dianethoxy-51,6',131,15 arfg’t%ﬁwglr%gﬁgﬁ%ﬁcyclopentane-
1,81- [1,3] dioxolo [ 4,5- g] iso q u ino (3,2-a] isoquinotfre]; 8-Isoproperly1-9,

10-dimethoxy-5,a-dihydro L 5 4, li jax0
8-Ethyny1-9,10- dlmgiy qo{} gﬁg ﬁ?gi gxﬁplgfi 1%'%%%%%%%@%%% %%l#l%? !{131 2 tsoé&?ngﬁste 91
0-Dimethoxy-8-prop- ﬁbyﬁw@@ dinenauiy Feﬁi 3] dioxolo[4, 5 g)|50qumo (3,2- a] iso quint:dine;

8-1sopropenyl-9, | 0-dimethoxy-13-methyl -5,8- d|h dro- 611 IOXO|?$[4 \5- 109%@3 uino [3,2-3]
isoquirloline; 9, 1.0- [ﬁﬁﬁ@ﬂf@ﬂ?ﬁi@ﬁ@e@ﬁ?&@%’r’éﬁ- ”%3373? 9% Fepls {5-g]

isoquino[3,2-a] isoquiabneinb8ntihy1-9,10-dimethoxy-8-prop- 1|myl -5,8- dlhydro -61-1- [1,3]aimlo [4,0-
g] isoquino(3,2-alisoquinoline;

5 $-Ethynyl-9,10-dimethoxy-5,8-diltydro-6-[ 1,3] diozola[4,5-glisoquina(3,2-
alisoquinoling

9,10-Dimethexy-8-prop-1-ynyl-5,8-dibydro-6H-11.3]dioxolo[4,5-glisoquina( 3,2~
alisoquinoling

8-Isopropenyl-9,10-dimethoxy- 13-methyl-5,8-dihydro~-6H-{1,3]dioxolo[4,5-
10 glisoquinol3,2-a)isoquinoling;

9,10-Dimethoxy-13-methyl-8-prop-1-ynyl-5,8-dihydro-61i-[ 1,3 ]dioxolo(4,5-
glisoquina[3,2-alisoquinoline

13-Ethyl-9,10-dimethoxy-8-prop-1-yyl-5,8-dikydro-6H-{1,3] dioxolof4,5-
glisoquino(3,2-alisoquinoling

15 $,10-Dimethoxy-8,8,13-trimethyl-5,8-dihydro-6H-{1,3) dioquo f4,5-g}isoquino{2,2-
ajisoquinoline;
12-Chlaro-9,10-dimethoxy-8,8-dimethyl-3,8-dihydro-6H-[ 1,3} dioxolo[4,53-

glisoquino(3,2-alisoquinoling;

9',10"-Dimethoxy-5',6 -dihydrospiro[ cyclopentane-1,8'-(1,3] dioxole[4,5-
20 glisoquino(3,2-alisoquinoline};

4,10-Dimethoxy-8,8,13-trimethyl-5,8, 13,1 3a~tetrahydro-6H-{1,3] dioxolo]4,5-
glisoquinof3,2-a]lsoquincling and

9',10*-Dimethoxy-3',6",13, 134" teirahydrospiro[ cyclopent-3-ene-1,8™

[1,3]dioxolo[4,5-glisoquine[3,2-a]isoquinoline).

25 18. A process for the preparation of a compound of formula (I) aceording to any one of
claima 1 o 17 comprising one of the followlng steps:

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



109,10-llimethOxy-8,8,13-trimethyl-5,8-d1hydr0-6H-[. 1,5)diox010 (4,5-g)isoquin 6% - soquinoline; .

Fiplediod @B 18 dimethoxy-8,8-dimedy8 ih M@JPARV'RB] dioxolo [4,5- glisoquirg ?@%ﬁ@%@ﬁ%ﬁﬁ@
9',101-Ditnetitoxy-51,61-dihydrospiro[cyclopentaxte-1,81- (1,3]dioxolo [4,5- g]isoquino [3,2-a]
isoquinolinel, 9,10-Dimethoxy-5,8,13-trimethyl-5,8,13,13a-tetra|m@trpgﬁlj@ﬂ)ﬁdjglg){g@jg [4867-03-2011
glisoquirio[3,2-a]lsoquinoline; and 91,101-Dimethox-y-51,61,131,13al-tetrahydrosplro [cyclop
ent-3-ene-1,8'-J 145’}9%’)58'0[4’5 -0] _isoquino [ 3,2-a] isoquinolinel, 25 18.1,%39159,95%;%5% prepgration
of a compouna SHismtia ](I) according to any one of claims 1 to 17 comprising one of the following
steps: (a) the reaction of a compound according to foftfula (A) Printed:
12-08-2011CLMSPAMDPCT/EP 2010/056 062 PCT/EP 2010/056 062 - 6-03-2011 WO
20101128061PCT/EP20101056062 -49- iﬁ\ Pres df RWigY or in the presence of
Yis4g(CHt)41\4gY; (b) the reaction of a corgpoua rdiny to formula (B) 0 0

F{"

R (A)
in the presence of RMgY or in the presence of YMg(CHa)MgY;

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

o

5 in the presence of [-Ck;

{c) the reaction of a compoustd according to formula (C)

in the presence of NaBHy; or

(d) the reaction of a compound according to formula (T2)

10

in the presence of a Grobbs catalyst



5in the presence of I-Cl; (c) the reaction of a compound according to formula (C) in the presence of
NaBl44; or (d) the reaction of a compound according to formula (1)) in the presence of a Grubbs
catalyst; -50- wherein Rl to R7 are defined as in any one of claims 1 to 15, 12.8 and R9 are alkenyl, A
is hydrogen or CI, R is selected from alkyl, alkeny and alkynyl, R' and R" are selected from alkyl,
alkenyl and alkynyl, and X and Y are selected fre#0-Cl and Br. 19. A compound according to any one of
claims 1 to 17 or a compound selected from 8-

ally1-9,10-dimethoxysh 13 (b3d-irttativel s GHrd cBjcionetait S glisrtuinRl 32 aldsoquinoline;
8-ally1-9,10- d'meth&yay M@yﬁr{g sﬁiéc{éd%ﬂpai [ dhiRng LIROAWRAIR Zr A RISAQUINRIRE o
9,10-dimethoxy-8- p = I% é’@%‘@ |oxoioL§iFS ?ﬂ é}g 3 2-alisoquinoline; and
9,10-dimethoxy-8, 8Fi .8, atetra dro%ﬁl dﬁoxo %fj gJisoquino[3,2-a]isoquinoline
for use as therapeutlcally active substance. 20. A pharmaceutical composition comprising a compound
in accordance \ith ARgEREGRErTIHELIA Y Pof o @éﬁﬁlﬁéﬁ%7§élé€?§@?%ﬁ'ﬁelﬂcted from 8-

8-ally1-9,10-dimethaixi~<5] 8-diBid Bate frahyoirde-6dt o) iy Blatd kOl 3d; bxglitb ginolBided], isdquinoline;
8-ally1-9,10- dmethﬁl&%@x@ﬁ%‘&’%@i@%hﬂ@ﬂ@&@@ éé@h&%[ﬂﬂ@o&&d%ﬁ%}'ﬁ@ o[3,2-

9,10-dimethoxy-8- p nt4- e [ -6H41,3idjox0 -al inoline; and 9,10-
dimethoxy-8,8-dime hyfugf lﬁ’ %8 % 033( ro- egfdldxogll ﬁg %Hsrg? L%]Jlsoqumollne and a

therapeutically iner#léfiEl2E: ai’ﬁ‘él%@lﬁﬁ %MW@%@& ﬁ’ﬁflﬁl%(h? %h%]éﬁé?éﬁf]ﬁ%d&’m 17 or of a
compound selectedfi-Gh3 Mt ki oxyndi8ra@thylinb] BedibrydeaGhbddydidtkalafdeS-
glisoquino[3;2-a]isagiingline;
8,8-diethy1-9,10-dimethoxy-5,8-dihydro-6H[1,3]dioxolo[4,5-g]isoquino[3,2- a]isoquinoline

8,8-diethy1-9,10-dimethox 3,13atetrahydro- 6H dIOX 4 5-diso alispquinoline;
8-ally1-9,10- d%ﬁethﬁg%%% ][°?£%P§ﬁ**’"8 |o>%11 &q %or air r?% ng?lsolqu%l)nollne
8-ally1-9,10- dlmetFﬂéWé@’HTW&ﬁ?%PPﬂdssf% &q@%%ﬁﬂ 10-di methoxy-S i3 13a-

tetrahydro-6H-[1,3]dioxolo[4,5-glisoquino[3,2-a] isoquinoline; 8-allyl-9,10-dimethoxy-
5,8-dihydro-6H-[1,31dioxolo{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-alisoquinoline; and 9,10-
dimethoxy-8,8-dimethyl-5,8,13,13a-tetrahydro-6H-[1,3]dioxolo[4,5-g]isoquinof3,2-

alisoquinoline and a therapeutically inert carrier.

21.  The use of a compound according to any one of ¢laims 1 to 17 or of a compound
selected from 9,10-dimethoxy-8,8-dimethyl-5,8-dihydro-6H-[1,31dioxolo[4,5-
glisoquino{3,2-alisoquinoline; 8,8-diethyi-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-[1,31dioxolo{4,5-g]isoquino}3,2-alisoquinoline; 8-allyl-9,10-dimethoxy-
5,8,13,13a-tetrahydro-6H-{ 1, 3]dioxolof[4,5-g}isoquino{3,2-a] isoquinoline; 8-allyl-9,10-
dimethoxy-5,8-dihydro-6H-[1,31dioxolol4,5-¢]



isoguino[3,2-alisoguinoline; 9,10-dimethoxy-8-pent-4-eny1-5,8-dihydro-6H41,3]dioxolo[4,5-
gJisoguino[3,2-ajisoguinoline; and 51
9,10-dimethoxy-8,8-dimethy1-5,8,13,13a-tetrahydro-6H[1,3]clioxolo[4,5-gpsoquino[3,2-alisoquinoline
for the preparation of medicaments for the treatment or prophylaxis of hyperglycemia or type 2

diabetes. féa?e;n%?;iiﬁpgge&ﬁ%%!%i,@&&mﬂxxg;.@ep%%m@s!@d&zd;wBﬁ@q BRRKRFIWed according to a
process Og}?sgclx@no[%'z-a}isoquino!ine; and 9,10-dimethoxy-8,8-dimethyl-5 8,13 13a-tetrahydro-6H-
[1,3]dioxolo[4,5-glisoquino[3,2-ajisoquincline for the preparation of medicaments for the treatment or

prophylaxis of hyperglycemia or type 2 diabeles.

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

process of claim 18.

EX T



