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Highlights

» 18 Dioxigenated tetradydroisoquinoline compoundsrewsynthesized from the
corresponding aldehyde.

« Compoundd?, 13, 14, 15, 16, 18, 20 and21 exhibited significant cytotoxic activity.

* Isoquinolinel4 presents the best KRas activity profile on RKO KRa

* Molecular modeling studies showed that the tetratigdquinolinel2 binds directly
to the pl pocket of the KRas protein.
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Abstract. This work deals with the molecular design, synhaad biological activity of a series of
tetrahydro[1,4]dioxanisoquinolines and dimethoxgisimoline analogues. This study describes the
synthesis strategy of these potential antitumor pmumds, their multi-step synthesis and their

optimization. A series of tetrahydroisoquinolineasasynthesized and their cytotoxicity evaluated.



Some of these tetrahydroisoquinolines showed pinmisRas inhibition, antiangiogenesis activity
and antiosteoporosis properties. Molecular modeditnglies showed that compouh® bind in the
pl pocket of the KRas protein making interactionthwhe hydrophobic residues Leu56, Tyr64,

Tyr71 and Thr74 and hydrogen bonds with residueSGand Asp38.

1. Introduction

SubstitutedN-heterocycles systems like indole, azaindole, doim® isoquinoline and piperidine
analogues are structural subunits present in numeratural and synthetic compounds exhibiting a
wide range of biological activities [1]. Among thete tetrahydroisoquinoline core in particular is
widely studied as a scaffold for the preparatiorpofential therapeutically active compounds [2].
This heterocycle can be found in several drugs,hsas noscaping a natural benzyl
tetrahydroisoquinoline alkaloid considered antitwessand also exhbits antitumor and antiisquemic
properties [3],solifenacin an antimuscarinic agent that is used for thetrireat of overactive
bladdef4] and EDL-155 showed an anti-glioma profile (Figd) [5].

The tetrahydroisoquinoline heterocycle is a priy@d scaffold in the antitumor agef®$ that may

be introduced in the structures with potential tantior activity by KRas inhibition [6]. It is known
that KRas inhibition plays an important role in ttreatment of diverse cancer diseases such as
leukemia, lung adenocarcinoma, pancreas and ctébradenocarcinoma. As a consequence, the
preparation of small molecules that bind to the KReoteins has stimulated considerable interest. A
key feature of this research is the preparatiosnadll structures possessing an isoquinoline nucleus

condensed with the 1,4-dioxan ring which must dbate with two sites of modest polarity.

noscapine solifenacin EDL-155

Figure 1. Bioactive isoquinolines

2. Results and discussion



2.1. Chemistry

Classical methods for preparing tetrahydroisoqumes! consist of intramolecular electrophilic
aromatic cyclization of arylethylamides under BisctNapieralski conditions followed by reduction
[7]. A while ago, we developed a direct accestetmhydroisoquinolines by cyclization of an imine
intermediate under acid catalysis, affording a@datetrahydroisoquinolines in good to high yields
[8].

Target tetrahydroisoquinolines were synthesizedaasmic mixtures according to the sequence of

reactions indicated in Schemes 1-4.
0
0 [o:©/\/ 0
1 2 3

Reagents and conditions: i) CHsNO, (10 mL), CHCOONH, (3.5 eq), 100 °C, 2 h, 99%. ii) Pd/C (10% w/w),
H, (7 atm), MeOH/EtOAc 1:3, 16 h, 53% or LiAli#4 eq), THF, rt, 16 h, 61%.

Scheme 1. Synthesis of compourtgi

The aldehydel reacted with nitromethane and ammonium acetate rdiogp to the literature
procedure to affor@ in excellent yield [9]. Reduction of the nitroetleehunder hydrogen stream in
the presence of Pd/C led mostly to the vinyl angind only traces of the ami8e Hydrogenation of

2 (6-8 atm) with Pd/C slightly improved the reductimn3 in 53% yield. Finally, the reduction @f
with LiAIH 4 under classical conditions afforded the aniria acceptable yield (61%) (Scheme 1).
Using the last reduction procedure the overalldy@lthese 2-steps reaction was 61%.

The tetrahydroisoquinolineg®9 were synthesized following our previously reporfgdcedure [8].
Amination of 3,4,5-trimethoxybenzaldehydd) (with the arylethylamine3 using PTSA §-
toluensulfonic acid) or CSA (canforsulfonic acid) toluene did not yield the corresponding
isoquinoline due to solubility problems. Howevaeatment of the aldehydewith the amine3 in
EtOH at ¢ 6 in presence of molecular sieves 4 A, followed avy intramolecular cyclization
reaction of the resulting imine with TFA (trifluaxoetic acid) and TFAA (trifluoroacetic anhydride)
gave the intermediaté which after hydrolysis with NaOH 2N gave the diaiisoquinoline8 in

97% vyield.



An alternative was tried to improve the yield®fAmination of the 3,4,5-trimethoxybenzaldehytie
with the arylethylamin& in a Dean Stark apparatus, followed by additiorl$#0, (85% in aqueous
solution) afforded the isoquinolirg&in 32% yield (Scheme 3). From the phenethylarm3iaad the 4-
pyridinyl carbaldehyd® following the same procedure the isoquinofngas obtained in acceptable

yield [8]. The oxidation 08 with Pd in quinoline gave the isoquinolif@ in moderate yield.

o) 0 o
o NH, O LH . . [ [ - [ R
[ :©/V . Y i, i N_ CF, i o NH__ WV _N
o 3 Ar 0 T (0]
Ar O

. 8. Ar = 3,4,5-trimethoxyphenyl  10. Ar = 345tr|methox henyl
4. Ar = 3,4,5-trimethoxyphenyl 6, Ar = 3 4 5-trimethoxyphenyl 9. Ar = 4-pyridinyl ypneny ypheny

5. Ar = 4-pyridinyl 7. Ar = 4-pyridinyl ‘

’ v, Vi

Reagents and conditions: i) toluene, PTSA, Dean Stark, 16 h, reflux. ifA;, TFAA, rt, 16 h, 33%. iii) NaOH
2N/MeOH 7:3, reflux, 16 h, 97% fro® iii) NaOH 2N, MeOH, reflux, 16 h, 98% from iv) Pd, quinoline,
200 °C.

Alternative method: v) 3,4,5-trimethoxybenzaldehyde (1.1 eq), benz&wean-Stark, 110 °C, 3 h. vi);P0,
(2 mL of a 85% aqueous solution), Dean-Stark, X1,04°h, 32% yield.

Scheme 2. Synthesis of the dioxinisoquinolin8sl0

The isoquinoline8 was involved in an alkylation process using clzsconditionsin a general
procedure8 and9 were treated with the corresponding alkyl haligigN or K,COs, KI and DMF to

obtain the desired compounds in low to satisfacyoeids.

a:R-X

X=Cl, Br 11. R = COOCH,CH;, (a)

12. R = CH,CH,OH (a)
13.R = CH,CN (a)

14. R = CH,CH,NH, (a)

15. R = CH,CH,N(CHa), (a)

16. R = CHoCHoN(CH,CHa), (a)
17. R = (CH,)sCOOEt (a)

HaCO OCHs 17.R = (CH,COOE! (@
ocre 19. R = (CH,),-CH(OEY), (a)
b: Cs,CO3 20. R = 4-nitrobenzene (b)

BINAP 21. R = 4-benzonitrile (b)

PACly(P(o-tolil)s),
R-X

[ a: R-X; EtN [ N 22.R = COOEt
_X=CLBr "R 23.R = (CHp)sCOOCH;3
24. R = (CH,)sCOOH
2
o
N

Reagents and conditions. a) R-X (25 eq over 7 days), 38t (8 eq), KI (0.1 eq), rt, DMF. b) F&l,((o-

tolyl)sP), (£)-BINAP and CgO3;



Scheme 3. Synthesis of the dioxinisoquinolin&$-24

The results of a number of alkylation attempt8 ofirried out revealed better yields when performed
at room temperature despite of an increased reettree. Indeed, alkylation & at 80 °C was faster
but favored the oxidation of the tetrahydroisoqliime®8 to the isoquinolind.0.

The acylation o8 under classical conditions gave the chlorofornidtén acceptable yield (79%).
The tetrahydroisoquinolin8 was alkylated with 2-chloroethanol under classmahditions in the
presence of BN and Kl providing the alcohdl2 in 32% yield after purification.

Alkylation of 8 using chloroacetonitrile givek3 in a satisfactory yield (84%). The nitrile group of
13 was reduced with LiAlllto yield14 in acceptable yield.

The tetrahydroisoquinolin® was involved in arN-alkylation reaction under the same reaction
conditions as indicated above with 2-dimethylamthgkchloride, EN and Kl to affordl5 in 54%
yield. The hyrolysis ofl7 with agueous NaOH solution provided the carakioxglcid 18 in
acceptable yield. Using the same conditiddsand 16 were obtained fron8 in 25 and 46%
respectively. The acetéb was synthesized hy-alkylation of8 with the corresponding alkyl halide
in low yield.

The preparation of the tetrahydroisoquinolir@®@sand 21 was accomplished bM-arylation of the
tetrahydroisoquinoline8 following a general procedure described in therditure [10].The
tetrahydroisoquinolin® reacted with 1-bromo-4-nitrobenzene in the presend¢&dCh((o-tolyl)sP),,
(+)-BINAP and CgOsin tolueneyielding 20 in 33% yield. In the same way, thearylation of8 with
4-bromobenzonitrile afforde®il in 26% yield (Scheme 3). The low yields should tiglaited to the
hindrance provided by the trimethoxyphenyl substituat the C-1 position as well as the high
temperature required for thid-arylation that favored the formation of the aromed isoquinoline
10.

The pyridine derivative22-24 were obtained using similar conditions to thosepleyed for the
preparation ofl1, 17 and18 respectively.

In order to determine if the substitution of thd-tlioxane nucleus by a dimethoxy group results in
an increase or decrease in biological activity, taimnethoxy-isoquinoline analogues were

synthesized from the commercially available 2-@#ethoxyphenyl)ethylamin29 following the



same experimental protocol used for the preparatioih the isoquinoline 8. 3,4,5-
Trimethoxybenzaldehyde4) and 2-(3,4-dimethoxyphenyl)ethylamine2q) were coupled under
amination reaction conditions, followed by intraemilar cyclization of the corresponding imine
with TFA and TFAA to afford the amid26 in moderate yield. The tetrahydroisoquinol@&was

prepared from hydrolysis @ with NaOH 2N in satisfactory yield (Scheme 4).

H;CO O
iii H,CO NH
H;CO OCH;

27 OCHg

7N

H;CO O H,CO OH
y ()
HaCO ~0H peo N OH
H,CO g OCHs H,CO O OCH,

25 OCH, 26 OCH,

+ e —
HyCO HyCO OCHs

Reagents and conditions: i) toluene, PTSA, Dean Stark, 16 h, reflux. ifA, TFAA, rt, 16 h, 33%. iii) NaOH
2N/MeOH 7:3, reflux, 16 h, 97%. iv) 2-chloroetharf@db eq over 7 days), # (8 eq), Kl (0.1 eq), rt, DMF,
10 days, 16%. v) 1) -epichlorohydrin (9 eq over 2 days):Ht(8 eq), KI (0.1 eq), rt, DMF, 2 days, 45%. 2)
NaOH 2N/1,4-dioxane 5:2, rt, 2 days, 48%.

Scheme 4. Synthesis of isoquinolinezb and26

The dimethoxyisoquinoling7 was alkylated giving two new compounds. Firstatmeent of27 with
2-chloroethanol under classical conditions led e alcohol25 in low yield (Scheme 4). The
reaction was performed at room temperature beoafudee same stability problems than the amine
8.

Similarly, the alkylation of27 with (x)-epichlorohydrin in the presence of;Etand Kl led to the
intermediate epoxide which was hydrolyzed with Na@¥ to afford the diok6 in moderate yield

(Scheme 4).

2.2. Biological evaluation



2.2.1. In vitro cytotoxic activity on L1210 murine leukemia cdl line

In vitro assay was used to screen all the newly synthespedinolines for their effects on tumor
cell lines. In this study, we focused on the isagline substituents to evaluate their effect oher t
biological activities.

Isoquinolines8 and 10-26 synthesized during this study were tested on LIB@fine leukemia cell
line and the compoundk2-16, 18, and20-21 exhibited biologically significant anticancer atly.
The cytotoxicity showed by compound was of great interest and also its action oveiptiese G1

of the cell cycle was remarkable, whereas compo@nde, 25 and26 were much less active and
isoquinolinesll, 17, 19 and22-24 were inactive (Table 1). The results show that poumds25 and

26 showed poor or no inhibition of cancer cell lineswth on the three studied lines.

The structure-activity-relationships betwekhand25 show that the dimethoxide groups result in a
decrease of biological activity compared to the-ldedzodioxin moiety. The structure-activity-
relationships betweeB5 and 26 reveals that a diol side chain results in an imeeeof antitumor
activity compared to a terminal alcohol side chdihe presence of amino ethyl group (Table 1,
compoundsl4 and 15) as isoquinoline substituent gives selectivity thg phase G1, whereas a
hydroxyethyl substituent favors the action over@hesubphase (Table 1, compoutt). An aryl as
N-substituent maintains a good cytotoxic activityalfle 1, compound®0 and21). Curiously the
nitrobenzene group (compour®) facilitates the action over de phase G1 and tezdnitrile
(compound 21) on the 8N subphase. With respect to the substitid the C-1 of the
tetrahydroisoquinoline, the 3,4,5-trimethoxyphegybup contributes to a better therapeutic profile

than 4-pyridinyl.

Table 1. In vitro cytotoxity activity of compound8 and10-26

Compound | Cso (UM, L1210) Cycle (L1210)

8 21.1+3.40 G1 (+100uM)
10 25.1+£3.20 G,M+++100uM
11 >10 Not tested

12 2.6+0.87 70% 8N 5uM



13 4.2+0.78 G, (+100pM)

14 2.0+0.72 G, (+25uM)
15 3.7+0.66 Gy (++25UM)
16 4.1+0.89 Not specific
17 >10 Not tested

18 9.4+1.20 Not specific
19 >10 Not tested

20 4.6+075 Gy (+25uM)
21 3.6+0.69 70% 8N 10uM
22 >10 Not tested

23 >10 Not tested

24 >10 Not tested

25 23.4+2.56 Not specific
26 15.3+2.43 Not specific
Acronycine 21,0£2.01 G2M (++50uM)

Results are expressed as the mean (n = 3) of Lt®dlfition and expressed bydg

2.2.2. KRasinhbition

The isoquinolined 2, 13, 14, 20 and 21 were selected for testing at the Eli Lilly Labana¢s[11]
(Indianapolis, USA) to estimate their antitumoridtes and to study their mode of action. The
KRas activity of the five tested compounds wereiedrout on four different colon cancer cell lines
(HCT KRasSL, RKO KRasSL, Colo 320 KRasSL and SNU-KRasSL) in three different

concentrations (0.2 uM, 2 pihd 20 uM) (Table 2).

Table 2. KRas inhibition of the tetrahydroisoquinoline aogles

| G G G

\ 0 9 » »

Products | ~oH| o NON | o NN, | o N@ ° N@
G | oo | oo | oo™ | ey
HCO OCH; HaCO OCH; HaCO OCH; HsCO OCHj HaCO OCHj

Assays OCH, OCH;3 OCHj3 OCH3 OCH3
12 13 14 20 21




% .02 uM 14 121 0 0 35.9
¢
5| % In. 2 um 12.1 17.0 16.2 19.3 16.0
% In. 20 uM 46.5 49.1 56.9 55.9 45.2
@l % In.0.2 uM 0 0 0 17.9 95.8
@
¢
ol %In.2uM 6.3 16.3 10.1 32.9 7.7
[
% In. 20 M 76.7 79.2 92.7 705 665
4l %1n. 0.2 uM 12.2 0 0 0 0
o
S| % In. 2 M 0 8.2 20.1 4 225
S
5 *SN
& vhin. 20 78.2 74.7 85.3 9255 89.9
U_
% 1n. 0.2 uM 123 10.0 122 17.7 6.6
g c1,
€l % In. 2 uM 115 6.0 2.4 35.0 32.5
3) Colo
S| % Inhib 20 19.7 59.8 57.1 42.7 435
=z
& kM n

320, RKO and HCT are colon cancer cell lines.

The results show that all of the studied compouhdse a higher overall KRas inhibition.
Surprisingly, the alcohdl? displayed a lower KRas inhibition than the otheqgisinoline analogues
(see Table 2). The amine isoquinoliepresents the best KRas activity profile on RKO K&a of

the tested tetrahydroisoquinoline analogues, whaeleals that a terminal ionic interaction leads to
an increase of KRas inhibition. TiNarylisoquinoline20 and21 have the highest KRas inhibition
on Colon 320 KRas SL cell line, which suggests thdbw electron density aromatic side chain
structure results in a higher KRas activity foisthipe of cancer cells. The isoquinoli2k shows a
surprisingly high KRas activity at 0.2 uM concetita (RKO KRasSL 95.8% inhib., HCT KRasSL
35.9% inhib.) which suggests that its activity © Wose-dependent for these types of cancer cell

lines.

2.2.3. Angiogenesis and antiosteopor osis activities
The antiangiogenesis evaluation was carried outZpi3, 14, 20 and21. The results show that the
iIsoquinolinesl3 and14 possess an interesting antiangiogenic activity ex2fland21 demonstrated

moderate activity and2 was inactive (Table 3). The nitrile isoquinolid® was the most potent



antiangiogenic in this study and shows the highastiangiogenesis (K = 2.9 uM) and
antiosteoporosis activity, which suggests that @oldr lipophilic terminal group such as a nitrile
group results in an increase of antiangiogenesisaatiosteoporosis activity (Table 3).

These results suggest that a functionalized grough® side chain bound to the isoquinoline nitrogen

atom in general, improves the antitumor propesigaificantly.

Table 3. Antiangiogenesis and antiosteoporosis activittheftetrahydroisoquinoline analogues

0. 0 O 0. 0.
Products [0 O Ne~oH [o O N_-CN [o O NN, [O O NQ [O O NQ
O O O O NO, O CN
HCO OCH; HaCO OCHs HsCO OCH, HyCO OCHs HyCO OCH,
Assays OCH; OCHs OCH, OCHs OCHs
12 13 14 20 21
o 0 15 8.5 6 16.6
%2 % In. 2 uM
<2 % In. 10 6.7 76.9 58.6 375 55.3
=}
~ | UM
N.A 2.9 uM 6.5 uM >10 uM >10 uM
* 1Cs9
‘»
(]
c o ©
(0] S 0
= Z< Ic N.A >10 uM >10 uM >10 uM >10 uM
Ko = 50
<[ ® | %Stm 2 0 4.6 0 0.3 27.2
Q
2 uM
2
g %Stim 10 2,9 51,8 25,4 4,3 14,2
UM

*Angiogenesis nuclear are@;catenin osteoporosis and angiogenesis tube aesh¢al tube area)

3. Molecular M odeling Studies

Because the potency of the compounds describedhted 2 is different depending on the biological
assay and also for having a minimal antiangiogeffiect (Table 3) compouni? was selected as
representative member of the diverse tetrahydraisatine analogues described above for the
determination of its most probable binding sit&K&as. Bearing this in mind and aimed at exploring
the conformational space of the KRas-Lig system] [ttibroughly, ten KRas-Lig different
complexes were prepared and subjected to a 100 M®drajectory, as explained in the Methods
section. Visual inspection of the MD trajectorié®ws different possible situations. In some of the
calculations none of the eight ligands remains daorthe KRas protein in the last ten nanoseconds;

in others, only one ligand is bounded to the KRadegn during the last ten nanoseconds, although



they are found in different pockets; and finally,sSome of the calculations more than one ligand
remained bound to the KRas protein during thetlsthanoseconds [13]. In the latter case, ligands
were bound, in general, in different pockets buinfi close together due to van der Waals attractive
inter-ligands interactions. Ondbe multiple copies MD calculations were analyzed aimed at
achieving a better understanding of the bindingcess, avoiding any bias due to the presence of
multiple-ligands in the calculations, eighteen ctamps with only one ligand, extracted from these
calculations (see Molecular Modeling Methods) wesed to analyze the behavior of the complex
along the molecular dynamics with different stagtipoints having the ligand bound to different
sites.

For a clearer discussion about the interactiorieefigand with the KRas protein, Figure 2 shows it
most relevant structural motifs together with thiféedent allosteric sites explored in this studyer
stating position and the behavior of the ligandnglahe MD in each of the eighteen studied
complexes are described in Table S1 of Supportifayiation. Thus, six MD starts at the pl pocket
(MD 1 to 6). However, two of them after differembduction times leave the protein (MD 3 and 4).
The MD 5 and 6 leave the protein but finally retuenthe protein at different sites. Molecular
dynamics 1 and 2 remain at the pl pocket beindjrgteehe most stable of all. Three MD start at the
p2 pocket but two of them leave the protein. Foud Mart at p4 and they all go. However, two of
them return to the hypervariable zone. Also four giart between helicas3 anda-4. None of
them remain at this position. Finally, one MD stagtweer32 andp3 strands but go out and return
to another place.

In order to determine simulations convergence dbasgehe stability of the different complexes, the
total binding free energy calculated by the MMGBS&pproach was plotted as a function of the
trajectory length. The plot for the most stable KRagand complex (MD 1) is showed in Figure 3.
As it can be seen, the system remains stable dtimdast 300 ns with an average valueAGt
binding = -27.4 kcal/mol for the last 20 ns. Thanptex starts at the pl pocket with the three
methoxide group inserted in the pocket and thedfus®gs exposed to the solvent. However, around
200 ns and during 50 ns the ligand changes itait@atien doing a complete rotation to put the fused

rings inside the p1 pocket and two of the methogiaeip exposed to the solvent.



Also, for a better description of the behavior bt tdifferent complexes along the molecular
dynamics progression, th&Gyinging Calculated using the MMGBSA methodology for eac¢hthe
remaining seventeen complexes is reported in Fi§@ref the Supporting Information.

Residues of KRas that contribute to the binding femergy of the KRas-Ligand complex were
analyzed during the last 20ns of the most stableecatar dynamics (MD 1). A 3D representation of
the binding site and the interacting residues mwad in Figure 4 (3D structure in PDB format
available as supporting information). Also, theraged numerical values are reported in Figure S3
of the Supporting Information. From Figure 4 it d@seen that the ligand inserts in a deeper pocket
where the fused rings interact with the hydrophobgidues Leu56, Glu63, Tyr64, Tyr71 and Thr74.
However, the picture shows the possibility to irsethe size of this ligand on the left of the mbck
by modifications in the 1,4-dioxane group and ire @f the methoxide groups. Also, the complex
makes two stable hydrogen bonds (HB) with the pmafsee Figure 4c). The first HB is established
between the oxygen carbonyl of residue Glu37 aed\H of the isoquinoline nucleus. As it can be
seen in Figure S4 of Supporting Information, thidhogen bond is stable along the last 20 ns of MD
(86.4% of occupation). The second hydrogen boridrised between the OH of the ligand and both
oxygens of the Glu37 residue. Figure S5 of Suppgrthformation shows the evolution of both
distances along the time. We can see that this}#seduring the mayor part of the time (59.3% of
occupation) but some time disappears. Thus, andtlgdrogen donor able to make stronger
interactions with Glu37 should improve the ligarifingty. This fact can explain the better activity

of compoundl4 where the OH group is replaced by aNjtoup.



Figure 2. The most relevant structural motifs of the KRast@in are indicated. The functionally important
switch regions Swl and Sw2 are highlighted in lalnd orange respectively. The location of the fdlasteric
ligand-binding sites studied in this article is sled in colored mesh (pl to p4). The GTP cofactor is

represented in sticks.
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4. Conclusion

In conclusion, the synthesis of substituted isoglimes was accomplished through a process of
aldehyde amination followed by cyclization amdtalkylation or N-arylation under classical
conditions. The synthesized isoquinolines wereetedbr its biological activities. However, a
rational design of novel compounds with increasdnbitory activity against KRas could be difficult
without the knowledge of the binding site and tfane the interactions between the synthetized
compounds and the KRas protein. In this sense,aul@lemodeling can help in obtaining important
information and contributing to explain tirevitro results. The aming&4 and the alcohdl2 exhibit

in vitro promising antileukemic activity (Kkg= 2.0 and 2.aM on L1210 cells respectively) and an
investigation of cytotoxic mechanisms suggest thelvement of KRas inhibition in both without

additional anti-angiogenic effects in the casearhpoundl2.

5. Experimental section.

5.1. Chemistry

Melting points were obtained on an MFB-595010M &allamp apparatus in open capillary tubes
and are corrected. IR spectra were obtained usingT&R Perkin-Elmer 1600 Infrared
Spectrophotometer. Only noteworthy IR absorptiaesliated (crit). *H and™3C NMR spectra were

recorded on a Varian Gemini-200 (200 and 50.3 Mégpectively) or Varian Gemini-300 (300 and



75.5 MHz) or Varian Gemini-400 (400 and 100.6 MHz3trument using CDGlas solvent with
tetramethylsilane as internal standard or @00. Other'H NMR spectra and heterocorrelatit
¥%C (HMQC and HMBC) experiments were recorded on @aviaVXR-500 (500 MHz). Mass spectra
were recorded on a Helwett-Packard 5988-A. Coluhmoroatography was performed with silica gel
(E. Merck, 70-230 mesh). Reactions were monitored IbC using 0.25 mm silica gel F-254 (E.
Merck). Microanalysis was determined on a CarloaEfli06 analyzer. All reagents were of
commercial quality or were purified before use. &g solvents were of analytical grade or were
purified by standard procedures. Commercial prasluatere obtained from Sigma-Aldrich.
Elemental analysis was used to ascertained puri#@% for all compounds of this work for which
biological activities were determined.

5.1.1. (E)-6-(2-Nitrovinyl)-2,3-dihydro[1,4]benzodioxine (2). 2,3-Dihydro[1,4]benzodioxin-6-
carbaldehyd€1) (1 g, 6.1 mmol) and ammonium acetate (123 mg; inbol) were dissolved in
nitromethane (10 mL) in a flame-dried round-bottfiask under argon and refluxed under stirring
for 16 h. Then, TLC of the crude mixture (&, / hexane 7:3) indicated formation of a bright
yellow compound (R= 0.55) and complete consumption of the startingenmal (R = 0.35). The
crude mixture was filtered and concentratéd vacuo to afford (E)-6-(2-nitrovinyl)-2,3-
dihydro[1,4]benzodioxine?) (1.25 g, 99% yield) as a bright yellow solid.=R0.55 (CHCI,/hexane
7:3). M.p. 148-150C (EtOAc). NMRH (CDCl, 300 MHz)3 (ppm): 4.30 (s, 4H, CHO (x 2)),
6.91 (d,J = 6.0 Hz, 1H, H-8), 7.05 (dd,= 3.0 Hz,J = 6.0 Hz, 1H, H-7), 7.07 (d,= 3.0 Hz, 1H, H-
5), 7.47 (d,J = 13.5 Hz, 1H, CH=CH-Ng), 7.90 (d,J = 13.5 Hz, 1H, CH=CH-Ng. NMR *C
(CDCly, 75.5 MHz)3 (ppm): 64.6 (CH (x 2)), 117.7 (CH, C-5), 117.9 (CH, C-8), 122.0 (C6),
122.0 (CH, C-7), 130.2 (CH, CH-NJ 142.7 (C, C-8a), 143.9 (C, C-4a), 151.1 (CH, CH=NG,).
51.2. 2-(2,3-Dihydro[1,4]benzodioxin-6-yl)ethylamine 3. (E)-6-(2-Nitrovinyl)-2,3-
dihydro[1,4]benzodioxine?) (1.6 g, 7.68 mmol) was dissolved in EtOAc (80 nand MeOH (5
mL). 10% Palladium on charcoal catalyst (268 md/s20/w) was added and the mixture was put
under a 7 atm hydrogen atmosphere under stirring filays. After 16 h, TLC of the crude mixture
(hexane/EtOAc) indicated formation of a new commbw@amnd complete consumption of starting
material (R = 0.80). The mixture was filtered and concentraiadvacuo to afford the

phenethylamin& (852 mg, 53% yield as a brown oil; R0.55 (hexane/EtOAc 2:8). IR (filnv)cm



13100 (NH), 2910 (CH), 1200 (C-O). NMRi (CDCl;, 300 MHz)3 (ppm): 2.63 (t]) = 7.6 Hz, 2H,
Ar-CH,-CH,), 2.91 (t,J = 7.6 Hz, 2H, CB-CH,-NH,), 4.24 (s, 4H, CHO (X 2)), 6.66 (ddJ = 2 Hz,

8.2 Hz, 1H, H-7), 6.70 (dl = 2 Hz, 1H, H-5), 6.80 (dl = 8.2 Hz, 1H, H-8). NMR°C (CDC}, 75.5
MHz) 3 (ppm): 38.7 (CH CH,-Ar), 43.1 (CH, CH,-N), 63.8 (CH, CH,-0), 63.9 (CH, CH,-0),
116.7 (CH, C-5), 116.9 (CH, C-8), 121.2 (CH, CI32.5 (C, C-6), 141.4 (C, C-4a), 142.9 (C, C-
8a).

5.1.3. 2-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)ethylamine  (3). (E)-6-(2-Nitrovinyl)-2,3-
dihydro[1,4]benzodioxine?) (1 g, 4.82 mmol) was dissolved in THF (20 mL)AlH 4 (740 mg,
19.5 mmol) was added portion wise. The reaction stied at rt for 20 h and TLC of the reaction
mixture (hexane/EtOAc 1:1) indicated formation afiew compound and complete consumption of
starting material (R= 0.60). The crude mixture was quenched dropwigé wiater (1 mL) and
filtered. The solid residue was extracted with,CH (3 x 20 mL) and the combined organic phases
were dried (Ng5Oy), filtered and concentrated vacuoto afford 2-(2,3-dihydro[1,4]benzodioxin-6-
yhethylamine 8) (530 mg, 61% yield) as a pale brown oil. This eni@l was identical in all respects
with that previously described.

5.1.4. 2-(2,3-Dihydro[1,4]benzodioxin-6-yl)ethylamine (3). 6-(2-benzylamineethyl)-2,3-dihydro
benzo[1,4]dioxine (200 mg, 1.01 mmol) was dissolireEtOAc (80 mL) and MeOH (5 mL). 10%
Palladium on charcoal catalyst (268 mg) and HCI(BPwere added and the mixture was put under
hydrogen atmosphere under stirring for 2 days. dilade mixture was concentratedvacuo The
residue was purified by silica gel flash column ahatography to afford 2-(2,3-
dihydro[1,4]benzodioxin-6-yl)ethylaming) (71 mg, 53% yield) as a brown oil. Analytical aavas
identical with the previously described compound.

515  (6-(3,4,5Trimethoxyphenyl)-2,3,6,7,8,9-hexahydro-[1,4]dioxino[ 2,3-g]isoquinolin-7-yl)
2,2,2-trifluoroacetate (6). To a solution of 2-(2,3-dihydrobentdl,4]dioxin-6-yl)ethylamine 3
(250 mg, 1.39 mmol) in ethanol (20 mL) was added HICL mL), molecular sieves (50 mg) and
3,4,5-trimethoxybenzaldehyde (410 mg, 2.09 mmol) in a flame-dried round-bottask under
argon. E{N was added until |y 6-6.5 was reached and the mixture was heatedflix render
stirring for 16 h. The mixture was concentratedacuoand the residue was dissolved in EtOAc (20

mL), washed with NaOH (3 x 20 mL of a 2N solutiod)ied (NaSQy), filtered and concentrated



vacuoto afford brown oil. CECOOH (3 mL, excess amount) and ¢€CP)0 (3 mL, excess amount)
were added and the crude mixture was refluxed ustlemg for 16 h. Then, TLC of the crude
mixture (EtOAc/hexane 1:1) indicated presence ofew compound (R= 0.75) and uncomplete
consumption of the 3,4,5-trimethoxybenzaldehydexR.80). The mixture was dissolved in EtOAc
(20 mL), washed with NaOH (3 x 30 mL of a 2N sabad, dried (NaSQ,) filtered and concentrated
in vacuo The crude residue was purified by silica gelHlaslumn chromatography (hexane/EtOAc
7:3) to afford the desired isoquinoling (102 mg, 16% vyield) as a brown oil.f R 0.75
(hexane/EtOAc 1:1). IR (filmy cmi*: 1686 (C=0), 1504 (Ar-H), 1299 (Ar-0), 1127 (C-DWMR *H
(CDCls, 300 MHZ)3 (ppm): 2.75-2.82 (m, 1H, GHCH,-N), 2.94-3.05 (m, 2H, CHCH,-N, CH,-
CH,-N), 3.18-3.25, (m, 1H, CHCH,-N), 3.77 (s, 6H, CEO (x 2)), 3.83 (s, 3H, CHO), 4.20-4.25
(m, 4H, CH-0), 6.45 (s, 2H, H-2", H-6"), 6.57 (s, 1H, H-5),68 (s, 1H, H-6), 6.70 (s, 1H, H-10).
NMR *C (CDC}, 75.5 MHz)3 (ppm): 28.4 (ChH, CH,N), 39.5 (CH, CH,-Ar), 56.2 (CH, C-6), 60.8
(CHs, OCH (X 2)), 64.4 (CH, OCH), 64.6 (CH, CH-O(x 2)), 106.2 (CH, C-2’, C-6'), 116.5 (CH,
C-5), 116.3 (CJ = 288 Hz, Ck), 116.8 (CH, C-10), 126.0 (C, C-1'), 136.5 (C, €)5137.8 (C, C-
9a), 142.3 (C, C-10a), 142.9 (C, C-4a), 152.9 (&))C153.0 (C, C-3', C-5"), 156.4 (C, C=0). MS
(ED) (m/z, %): 453 (M, 71), 438 (M-CHs, 100), 286 (M-CoH1,0s 32). (GH1O; = 3,4,5-
trimethoxyphenyl. MS El m/z (%): 453 (M12), 355 (M-C,F;0, 100).

5.1.6. 6-(3,4,5-Trimethoxyphenyl)-2,3,6,7,8,9-hexahydro[ 1,4]dioxino[2,3-g]isoquinoline (8). The
isoquinolin-trifluoroacetaté (285 mg, 0.63 mmol) was dissolved in MeOH (15 nthgn NaOH 2N
(45 mL) was added and the reaction was heatedltx @vernight under stirring. Then, TLC of the
crude mixture (EtOAc/hexane 1:1) showed total can#ion of SM (R= 0.80) and formation of the
desired product (R= 0.10). The methanol was evaporatedvacuoand the aqueous phase was
extracted with diethyl ether (3 x 20 mL). The conda organic phases were dried {81@,), filtered
and concentrateth vacuoto afford the substituted isoquinoli®(218 mg, 97% vyield) as a brown
solid. R = 0.30 (EtOAc). M.p. 131-13% (diethyl ether). IR (KBry cm™: 3100 (NH), 1589 (C=C),
1297 (Ar-0), 1125 (C-O). RMNH (CDCl, 300 MHz)3 (ppm): 2.54-2.65 (m, 1H, GFHCH,-N),
2.83-3.03 (m, 2H, CHCH,-N, CH,-CH>N), 3.18-3.25 (m, 1H, CHCH,-N), 3.75 (s, 6H, CHKO (x

2)), 3.77 (s, 3H, CHO), 4.13 (m, 4H, CHO (x 2)), 4.81 (s, 1H, H-6), 6.22 (s, 1H, H-5)4%.(s,



2H, H-2', H-6"), 6.56 (s, 1H, H-10). RMNC (CDCE, 75.5 MHz)3 (ppm): 28.9 (CH, C-9), 43.1
(CH,, CH:N), 56.0 (CH, OCH; (x 2)), 60.7 (CH, OCH;), 62.4 (CH, C-6), 64.3 (CHOCH,), 64.2
(CH,, OCH), 105.6 (CH, C-2', C-6"), 115.9 (CH, C-5), 116BH, C-10), 128.1 (C, C-5a), 131.3 (C,
C-9a), 140.1 (C, C-1"), 141.4 (C, C-4a), 141.9 ¢=10a), 152.8 (C, C-4’), 152.9 (C, C-3, C-5)).
HRMS ESI(+) m/z for GoH2,NOs [M+H] " calcd. 358.1654, found: 358.1651.

51.7. 6-(3,4,5-Trimethoxyphenyl)-2,3,6,7,8,9-hexahydro[ 1,4]dioxino[2,3-g]isoquinaline  (8)
(alternative synthesis). The phenethylamine3 (228 mg, 0.84 mmol) and 3,4,5-
trimethoxybenzaldehydet) (274 mg, 0.92 mmol) were dissolved in benzenerilj in a flame-
dried round-bottom flask under argon. The reactioxture was heated to reflux under stirring in a
Dean Stark reaction for 4 h. The solution was aba@e0°C and HPQO, (2 mL of 85% aqueous
solution) was added. The reaction mixture was xeffluunder stirring in a Dean Stark reaction for 3
h and TLC of the crude mixture (EtOAc) indicatee@s®nce of the tetrahydroisoquinoline desired
product (R0.30) and uncomplete consumption of the aldehige 0.80). The reaction mixture was
cooled at C and quenched with NaOH (5 mL of a 2N aqueoustisolu Then the mixture was
dissolved in CHCI; (20 mL), washed with NaOH 2N (3 x 30 mL) and tligamic phases were re-
extracted with CHCl, (3 x 20 mL). The combined organic phases were diNsSQ,), filtered and
concentratedin vacuo The residue was purified by silica gel flash omtu chromatography
(hexane/EtOAc 3:7) to afford the tetrahydroisoqiim®8 (200 mg, 40% vyield) as a brown solid.
The reaction was scaled up using 2 g of phenethgagito afford8 (2.4 g, 55% yield) as a brown
solid. Analytical data was identical with the praysly described compound.

5.1.8. 6-(3,4,5-Trimethoxyphenyl)-2,3-dihyhydr o[ 1,4]dioxino[2,3-g]isoquinadline (10). 6-(3,4,5-
Trimethoxyphenyl)-2,3,6,7,8,9-hexahydro[1,4]dio{&@&-glisoquinoline B8) was oxidized to
isoquinolinel0 using Pd/C in decahydronaphthalene [8a].

5.1.9. General N-alkylation procedure to tetrahydroquinolines. The tetrahydroisoquinoline (150
mg, 0.42 mmol) was dissolved in DMF (7 mL) and put flame-dried round-bottom flask under
argon. The alkylating agent (0.11 mL, 1.66 mmol),(&t) and EN (0.47 mL, 3.36 mmol) were
added under argon. The reaction was stirred atdttlhe corresponding alkylating agent (0.11 mL,
1.66 mmol) and Kl (cat) were added every day umadgon for 7 days. Water (20 mL) was added and

the crude mixture was extracted with diethyl etk 20 mL). The combined organic phases were



washed with HO (5 x 30 mL), dried (N£5Q,), filtered and concentratéd vacuo.The crude residue
was purified by silica gel flash column chromatgdnato afford the corresponding isoquinoline.
5.1.10. 7-Etoxycarbonil-2-[6-(3,4,5-trimethoxyphenyl)-2,3,6,7,8,9-hexahydro[1,4]dioxino[2,3-0]
isoquinoline (11). From the tetrahydroisoquinolir (55 mg, 0.15 mmol) and ethyl chloroformate
(0.05 mL, 0.23 mmol, d 1.125), and following thengel procedure described above the title
compound was obtained (53 mg, 79% yield) as yetdwR; = 0.52 (EtOAc/Hex 5:5). IR (filmy
cm’: 1856-1920 (C-H), 1654, 1502, 1465, 1222 (Ar-@824 (Ar-0). NMR*H (CDCl, 200 MHz)3
(ppm): 1.28 (tJ = 7Hz, 3H, CH), 2.60-2.85 (m, 2H, H-9), 3.13-3.27 (m, 2H, H-8)79 (s, 6H,
CHs-O (x 2)), 3.80 (s, 3H, CHO), 4.19 (9J = 7 Hz, 4H, CH-0), 4.36 (s, 1H, H-1), 6.43 (s, 2H, H-
2’, H-6"), 6.54 (s, 1H, H-10), 6.66 (s, 1H, H-5)MR **C (CDC}, 50.4 MHz)d (ppm): 14.8 (CH),
27.8 (CH), 38.2 (CH), 56.1 (CH-O x 2), 57.1 (CH), 60.6 (C#0), 61.5 (CH-O), 64.3 and 64.4
(CH2-O x 2), 105.6 (C-2’and C-6’), 116.6 (C-5 andL@), 127.9 (C-9a), 137.1 (C-5a, C-4’), 138.5
(C-1)), 141.8 (C-4a), 142.5 (C-10a), 152.8 (C-3'a@eb’), 155.3 (CO). HRMS ESI(+) m/z for
CuaH26NO; [M+H] " calcd. 430.1866, found: 430.1854.

5.1.11. 2-[6-(3,4,5-Trimethoxyphenyl)-2,3,6,7,8,9-hexahydro[ 1,4]dioxino[2,3-g]isoquinolin-7-yl)]
ethanol (12). From the tetrahydroisoquinolird(150 mg, 0.42 mmol) and 2-chloroethanol (0.11 mL,
1.66 mmol), and following the general procedurecdbsd above the title compound was obtained
(54 mg, 32% vyield) as a white solid; R0.50 (EtOAc/MeOH 9:1). M.p. 120-12Z (CH.Cl,). IR
(film) v cm 3527 (OH), 1852-1920 (C-H), 1593, 1502, 1465,2148r-H), 1302, 1127 (Ar-0),
1062 (Ar-O). NMRH (CDCk, 300 MHz)& (ppm): 2.36-2.43 (m, 1H, Ar-CHCH,-N), 2.52-2.61
(m, 1H, Ar-CH-CH,-N), 2.71-2.85 (m, 2H, N-CHCH,-OH), 2.95-3.05 (m, 1H, Ar-CHCH,-N),
3.21-3.28 (m, 1H, Ar-CHCH,-N), 3.40-3.47 (m, 1H, CHOH), 3.65-3.73 (m, 1H, CHOH), 3.81
(s, 6H, CH-O (x 2)), 3.84 (s, 3H, CHO), 4.15-4.25 (m, 4H, O-CHCH,-0), 4.40 (s, 1H, H-6), 6.26
(s, 1H, H-5), 6.45 (s, 2H, H-2', H-6"), 6.63 (s, 1H-10). NMR™C (CDC}, 75.5 MHz)d (ppm):
28.6 (CH, Ar-CH,-CH,-N). 47.8 (CH, Ar-CH,-CH,-N), 55.6 (CH, N-CH,-CH,-OH), 56.5 (CH,
CHz-O (x 2)), 58.5 (CH, Ar-CH,-CH,-OH), 61.2 (CH, CHy-O), 64.7 (CH, O-CH-CH,-0), 64.7
(CH,, O-CH-CH,-0), 69.4 (CH, C-6), 106.7 (CH, C-2', C-6), 11§@H, C-5), 117.1 (CH, C-10),

127.7 (C, C-5a), 131.3 (C, C-9a), 139.6 (C, C-141.9 (C, C-4a), 142.4 (C, C-10a), 153.5 (C, C-3,



C-4, C-5’). MS (El) (m/z, %): 401 (M 6), 370 (M-CH,OH, 100), 234 (M-CgH1,03, 78). (GH1103

= 3,4,5-trimethoxyphenyl). HRMS ESI(+) m/z for,8NOs [M+H]" calcd. 402.1917, found:
402.1912.

5.1.12. 2-(6-(3,4,5-Trimethoxyphenyl)-2,3,6,7,8,9-hexahydr o[ 1,4]dioxino[ 2,3-g]isoquinolin-7-yl)
acetonitrile (13). From the tetrahydroisoquinoling (150 mg, 0.42 mmol) and chloroacetonitrile
(0.08 mL, 1.26 mmol), and following the generalqadure described above the title compound was
obtained (140 mg, 84% vyield) as a brown solid. R 0.85 (EtOAc). M.p. 144-146C
(hexane/EtOAC). IR (filmy cm™: 2925 (C-H), 2363 (CN), 1588, 1503, 1455, 1417-hr 1295,
1233 (Ar-0), 1122, 1066 (C-O). NMBH (CDCl, 300 MHz)3 (ppm): 2.65-2.75 (m, 1H, Ar-CH
CH,-N), 2.85-3.00 (m, 1H, Ar-CHCH,-N), 3.01-3.35 (m, 2H, Ar-CHCH,-N), 3.43 (s, 2H, CH
CN), 3.80 (s, 6H, OCHX 2)), 3.82 (s, 3H, OC}), 4.09-4-26 (m, 4H, O-CHCH,-O), 4.45 (s, 1H,
H-6), 6.18 (s, 1H, H-5), 6.52 (s, 2H, H-2', H-66,58 (s, 1H, H-10). NMR®C (CDC}, 75.5 MHz)d
(ppm): 29.0 (CH, Ar-CH,-CH,-N), 44.3 (CH, CH,-N), 50.5 (Ar-CH-CN), 56.5 (CH, CHs;-O (x
2)), 61.1 (CH, CH;-0), 64.6 (CH, O-CH,-CH,-O), 64.7 (CH, O-CH-CH,-0O), 67.6 (CH, C-6),
106.3 (CH, C-2, C-6'), 115.1 (C, CN), 116.4 (CH5{; 116.9 (CH, C-10), 126.8 (C, C-5a), 130.7
(C, C-9a), 137.7 (C, C-1'), 137.9 (C, C-1"), 142@ C-4a), 142.5 (C, C-10a), 153.4 (C, C-4’), 153.8
(C, C-3, C-5). MS (El) (m/z, %): 396 (M 33), 229 (M-CgH1,0s, 100). (GH;,0; = 3,4,5-
trimethoxyphenyl). HRMS ESI(+) m/z for,@1,sNOs [M+H]+ calcd. 397.1763, found: 397.1764
5.1.8. 2-(6-(3,4,5-Trimethoxyphenyl)-2,3,6,7,8,9-hexahydro[1,4]dioxino[2,3-g]isoquinolin-7-yl)
ethylamine (14). The isoquinolinel3 (115 mg, 0.29 mmol) was dissolved in THF (10 mhb)ai
flame-dried round-bottom flask under argon, and IHA (35 mg, 0.86 mmol) was added. The
reaction was stirred at rt for 16 h and TLC of trede mixture (EtOAc/MeOH, 7:3) showed
formation of a new compound (R 0.25) and complete consumption of SM (0.95). Thede
mixture was quenched dropwise with water and &lefThe solid residue was extracted with,CH

(3 x 20 mL) and the combined organic phases weet dNaSQOy), filtered and concentrated
vacuo.The residue was purified by silica gel flash coluaihmomatography (EtOAc/MeOH, 2:8) to
afford the isoquinolind4 (60 mg, 52% yield) as a yellow solid; R0.25 (EtOAc/MeOH 7:3). M.p.
55-60 °C (hexane/EtOAc). IR (film) cm™: 3300-3100 (NH), 2923, 2834 (C-H), 1588, 1503, 1456,

1418 (Ar-H), 1296, 1232 (Ar-O) 1122, 1066 (C-O). RNH (CDCl, 300 MHz)& (ppm): 2.40-2.56



(m, 2H, CH-Ar), 2.59-2.85 (m, 4H, CKHN (x 2), 2.96-3.06 (m, 1H, C#N), 3.15-3.22 (m, 1H, CH

N), 3.81 (s, 6H, CHO (x 2)), 3.84 (s, 3H, CHO), 4.14-4.20 (m, 4H, O-CHCH,-0), 4.27 (s, 1H,
H-6), 6.25 (s, 1H, H-5), 6.51 (s, 2H, H-2’, H-6§.,61 (s, 1H, H-10). NMR*C (CDCE, 75.5 MHz)3
(ppm): 28.9 (CH, Ar-CH,-CH,-N), 39.4 (CH, N-CH,-CH,-NH,), 48.4 (CH, Ar-CH,-CH,-N), 56.4
(CHs, OCH; (x 2)), 57.4 (CH, 2H, N-CH-CH,-NH,) , 61.1 (CH, OCHs), 64.6 (CH, O-CH,-CH,-

0), 64.7 (CH, O-CH-CH,-0), 69.9 (CH, C-6), 106.7 (CH, C-2’, C-6’), 11§@H, C-5), 117.0 (CH,
C-10) , 127.9 (C, C-5a), 131.8 (C, C-9a), 140.2@<1), 141.8 (C, C-4a), 142.2 (C, C-10a), 153.4
(C, C-3', C-4', C-5"). MS EI m/z (%): 400 (K 1), 370 (M-CHsN, 64) 355 (M-C,H;N, 57). HRMS
ESI(+) m/z for G,H,eN,Os [M+H] " calcd. 401.2076, found: 401.2082.

51.9. N,N-Dimethyl-(6-(3,4,5-trimethoxyphenyl)-2,3,6,7,8,9-hexahydro[ 1,4]dioxino[ 2,3-
glisoquino lin-7-yl))ethylamine (15). From the tetrahydroisoquinolir@& (100 mg, 0.28 mmol) and
2-dimethylaminoethyl chloride (121 mg, 0.84 mmaljd following the general procedure described
above the title compound was obtained (67 mg, 5S&H)yas a yellow oil. R= 0.25 (EtOAc/MeOH
8:2). IR (film) v cmi’: 2935, 2800 (C-H), 1589, 1505, 1418 (Ar-H), 129935, 1124 (Ar-O), 1067
(C-0). NMR*H (CDCl, 300 MHz)3 (ppm): 2.31 (s, 6H, CHN (x 2)), 2.64 (tJ = 6 Hz, 2H, N-
CH,-CH,-N), 2.69 (t,J = 6 Hz, 2H, N-CH-CH,-N), 2.80-2.95 (m, 2H, Ar-CHCH,-N), 3.20-3.29
(m, 2H, Ar-CH-CHx-N), 3.78 (s, 6H, OCH(x 2)), 3.82 (s, 3H, OC¥), 4.20-4.30 (m, 4H, O-CH
CH,-0), 4.28 (s, 1H, H-6), 6.45 (s, 2H, H-2", H-6")58 (s, 1H, H-5), 6.68 (s, 1H, H-10). NMfC
(CDCls, 75.5 MHz)3 (ppm): 38.7 (Ch, CHy-N X 2), 46.1 (CH, Ar-CH,), 56.5 (CH, N-CH,), 57.73
(CH, C-6), 57.8 (ChH O-CH), 58.5 (CH, N-CH,), 61.2 (CH, OCH; (x 2)), 63.8 (CH, N-CH,),
64.7 (CH, O-CHy-), 64.8 (CH, CH,-O), 106.1 (CH, C-2', C-6"), 116.9 (CH, C-5), 117QH, C-
10), 128.4 (C, C-5a), 137.7 (C, C-9a), 138.8 (('Ct42.2 (C, C-4a), 142.9 (C, C-10a), 153.2 (C,
C-3', C-4', C-5"). MS (El) (m/z, %): 428 (¥ 21). HRMS ESI(+) m/z for GHssN,Os[M+H] * calcd.
429.2389, found: 429.2385.

5.1.10. N,N-Diethyl-(6-(3,4,5-trimethoxyphenyl)-2,3,6,7,8,9-hexahydro[ 1,4] dioxino[ 2,3-g]
isoquinolin-7-yl))ethylamine (16). From the tetrahydroisoquinolirt (53 mg, 0.14 mmol) and 2-
dietilaminoethyl chloride (51 mg, 0.28 mmol), amdldwing the general procedure described above
the title compound was obtained (16 mg, 25% yiaklp yellow oil. R= 0.27 (EtOAc/MeOH 8:2).

IR (film) v cm™ 2939, 2812 (C-H), 1586, 1500, 1186 (Ar-O), 1088@). NMR *H (CDCl, 200



MHz) & (ppm): 0.94 () = 7 Hz, 6H, CH- x 2), 1.98-2.04 (m, 4H, C+k2), 2.45 (q,J = 7Hz, 4H, N-
CH, x2), 2.67 (tJ = 7 Hz, 2H, N-CH), 2.82-2.95 (m, 2H, Ar-C}J, 3.21-3.28 (m, 2H, Ar-C}}, 3.82
(s, 6H, OCH(x 2)), 3.83 (s, 3H, OCH), 4.18-4-19 (m, 4H, O-CHCH,-0), 4.29 (s, 1H, H-6), 6.22
(s, 1H, H-5), 6.53 (s, 2H, H-2", H-6"), 6.62 (s, 1H-10). NMRC (CDC}, 50.4 MHz)3 (ppm):
11.2 (CH, CHs-N (x 2)), 28.7 (CH, Ar-CH,), 47.2 (CH, N-CH, X 2), 49.3 (CH, N-CH), 50.3 (CH,
N-CH,), 51.9 (CH, N-CH,), 56.1 (CH, OCH; (x 2)), 60.9 (CH, O-CH), 64.3 (CH, O-CHy-), 64.4
(CH,, -CH,-0), 69.6 (CH-Ar), 106.2 (CH, C-2’, C-6"), 116.0CC-5), 116.6 (CH, C-10), 122.1 (C,
C-9a), 127.5 (C, C-5a), 130.3 (C-1'), 139.8 (C-4231.3 (C-10a), 141.8 (C-4a), 152.9 (C-3', C-5).
HRMS ESI(+) m/z for GgH3N,Os[M+H] * calcd.457.2702, found457.2712.

51.11. Ethyl 6-(6-(3,4,5-trimethoxyphenyl)-2,3,8,9-tetrahydro-[1,4]dioxino[2,3-g]isoquinolin-
7(6H)-y)hexanoate (17). From the tetrahydroisoquinoling (100 mg, 0.27 mmol) and methyl 6-
bromohexanoate (87 mg, 0.41 mmol), and followirg general procedure described above the title
compound was obtained (62 mg, 46% yield) as awellib. R, = 0.40 (EtOAc/hexane 8:2). IR (film)
v cm’; 2938, 1736, 1589, 1512, 1298 (Ar-O), 1125 (CHYR *H (CDClk, 300 MHz)3 (ppm):
1.43-1.58 (m, 9H, CH x 3 and CH), 2.14-2.26 (m, 2H, CHCO), 2.40-2.42 (m, 2H, C#N ),
2.67-2.75 (m, 1H, N-Ch), 2.80-2.96 (m, 2H, Ar-Ch), 3.21-3.28 (m, 1H, -C), 3.82 (s, 6H, OCH
(x 2)), 3.83 (s, 3H, OCH), 4.18-4-19 (m, 6H, O-CHCH,-O and CH-0), 4.29 (s, 1H, H-6), 6.25 (s,
1H, H-5), 6.51 (s, 2H, H-2’, H-6"), 6.61 (s, 1H, 18). NMR **C (CDC}, 50.4 MHz)d (ppm): 24.9
(CHy), 26.4 (CH), 26.9 (CH), 28.6 (CH), 34.0 (CH-COO-), 48.0 (CH), 51.2 (CH, N-CH), 54.2
(CH,, N-CH,), 56.0 (CH, OCH; (x 2)), 60.8 (CH, O-CH;), 64.3 (CH, O-CH,-), 64.4 (CH, -CH,-
0), 69.3 (CH-Ar), 106.1 (CH, C-2', C-6'), 116.0 (Ci€-5), 116.6 (CH, C-10), 124.7 (C, C-9a),
127.7 (C, C-5a), 131.7 (C-1'), 139.9 (C-4’), 14{C210a), 141.6 (C-4a), 152.8 (C-3’, C-5), 174.0
(C=0). HRMS ESI(+) m/z for §HsaNO; [M+H]* calcd. 500.2648, found: 500.2646.

5.1.12. 6-(6-(3,4,5-Trimethoxyphenyl)-2,3,8,9-tetrahydro-[1,4]dioxino[2,3-g]isoquinolin-7(6H)-
yhhexanoic acid (18). The tetrahydroisoquinoling7 (40 mg, 0.82 mmol) was disolved in 2N NaOH
solution (10 mL). The reaction mixture was vigorgustirred at room temperature for 6 h and TLC
of the crude reaction (hexane/EtOAc 5:5) indicdtdhation of a new compound (R 0.1). HCI
2N (15 mL) was added to the crude of reaction, taedmixture was extracted with EtOAc (2 x 10

mL). The organic fraction was dried over,8@). After concentration the resulting yellowish solid



was purified by silica gel column chromatographingsEtOAc/MeOH as eluent and the carboxylic
acid was obtained (32 mg, 85% vyield) as white séid= 0.1 (EtOAc/hexane 8:2). M.p. 63-64 °C.
IR (film) v cm™: 2928, 1725, 1589, 1504, 1299 (Ar-O), 1126 (CMWYIR *H (CDCl, 200 MHz)5
(ppm): 1.15-1.25 (m, 2H, CH), 1.51-1.58 (m, 4H, CH), 2.24 (t,J = 7 Hz, 2H, CH-), 2.44-2.47
(m, 2H, N-CH), 2.80-2.83 (m, 1H, C§), 2.97-3.08 (m, 2H, -C), 3.22-3.31 (m, 1H, C}), 3.80 (s,
6H, OCH; (x 2)), 3.84 (s, 3H, OCH), 4.18-4-19 (m, 4H, O-CHCH,-0), 4.41 (s, 1H, H-6), 6.26 (s,
1H, H-5), 6.51 (s, 2H, H-2', H-6"), 6.61 (s, 1H, 1). NMR**C (CDCk, 50.4 MHZ)3 (ppm): 24.9
(CHy), 25.5 (CH), 26.9 (CH), 27.4 (CH), 29.7 (CH), 46.9 (CH-COO-), 53.8 (CH), 56.1 (CH,
OCH; (x 2)), 60.9 (CH, O-CH;), 64.3 (CH, O-CH-), 64.4 (CH, -CH,-0), 68.4 (CH-Ar), 106.6
(CH, C-2", C-6"), 116.1 (CH, C-5), 116.7 (CH, C-1AR7.1 (C, C-9a), 130.1 (C, C-5a), 137.0 (C-1)),
138.0 (C-4"), 141.5 (C-10a), 142.0 (C-4a), 152.93(CC-5"), 178.1 (C=0). HRMS ESI(+) m/z for
CueH3NO; [M+H] " calcd. 472.2335, found: 472.2353.

5.1.13. N-(3,3-(Diethoxy)propyl)-6-(3,4,5-trimethoxyphenyl)-2,3,6,7,8,9-hexahydro[ 1,4]dioxino
[2,3-glisoquinoline (19). From the tetrahydroisoquinolin® (200 mg, 0.56 mmol) and 3-
chloropropionaldehydediethyl acetal (0.14 mL, OrB¢hol), and following the general procedure
described above the title compound was obtainednf§0 30% vyield) as a white oil.{R 0.80
(EtOAC). IR (film)v cm®: 2949, 2929 (C-H), 1586, 1505, 1457 (Ar-H), 130022 (Ar-O), 1062 (C-
0). NMR 'H (CDCl, 300 MHz)3 (ppm): 1.05 (tJ = 6.9 Hz, 3H, O-CRCH), 1.13 (t,J = 6.9 Hz,
3H, O-CH-CHj), 1.70-1.85 (m, 2H, N-CHCH,-CH), 2.20-2.35 (m, 1H, Ar-CHCH,-N), 2.40-2.80
(m, 6H, Ar-CH-CHx>N, N-CH,-CH,-CH), 2.90-3.10 (m, 2H, Ar-CHCH,-N), 3.14-3.33 (m, 2H, O-
CH,-CHj), 3.37-3.60 (m, 2H, O-CHHCH;), 3.81 (s, 6H, OCE(x 2)), 3.83 (s, 3H, OCH), 4.12-4.22
(M, 4H, O-CH-CH,-0), 4.26 (s, 1H, H-6), 4.45 (1,= 5.1 Hz, 1H, CH-CH,-CH), 6.24 (s, 1H, H-5),
6.51 (s, 2H, H-2', H-6"), 6.59 (s, 1H, H-10). NMRC (CDCk, 75.5 MHz)3 (ppm): 25.9 (Ch,
OCHy), 28.9 (CH, O-CH-CH;s), 31.2, (CH, CH,-CH), 48.6 (CH, Ar-CH;,), 50.5 (CH, Ar-CH,-
CHx-N), 56.4 (CH, OCH; (x 2)), 57.2 (CH, OCH), 60.7 (CH, N-CH,-CH,-CH), 61.1 (CH, O-
CH,-CHs), 61.6 (CH, CHy-CH,-0O), 63.1 (CH, O-CH-CH,-0), 64.7 (CH, O-CH-CH,-0), 69.4
(CH, C-6), 101.7 (CH, CHOO), 106.7 (CH, C-2', C-816.3 (CH, C-5), 116.5 (CH, C-10), 127.9

(C-5a), 132.9 (C-4a), 137.3 (C-1), 141.7 (C, C;92.1 (C, C-10a), 153.3 (C, C-3', C-5), 153.9



(C, C-4"). MS (El) (m/z, %): 487 (M 4), 370 (M-C;H;0,, 65), 356 (M-CgH140,], 94) 320 (M-
CgH1,0;, 100). (GH;,05 = 3,4,5-trimethoxyphenyl). HRMS ESI(+) m/z for,A3NO; [M+H] "
calcd. 488.2648, found: 488.2645.

5.1.14. N-(4-Nitrophenyl)-6-(3,4,5-trimethoxyphenyl)-2,3,6,7,8,9-hexahydro[ 1,4]dioxino[ 2,3-g]
isoquinoline (20). The tetrahydroisoquinoling (120 mg, 0.34 mmol) and 1-bromo-4-nitrobenzene
(81 mg, 0.4 mmol) were dissolved in toluene (5 niL)a flame-dried round-bottom flask under
argon. CgC0O; (219 mg, 0.67 mmol), (x)-BINAP (cat) and Pg@b-tolyl)sP), (cat) were added under
argon. The reaction was heated at 130 °C for 24dhT& C of the crude mixture (hexane/EtOAc 1:1)
indicated formation of a yellow product«R 0.55) and complete consumption of starting niter
(Rf = 0.10). The crude mixture was evaporated in vamod purified by silica gel flash column
chromatography (hexane/EtOAc 8:2) to afford tharylated isoquinolin0 (52 mg, 33% vyield) as
a bright yellow solid. R= 0.55 (hexane/EtOAc 1:1). M.p. 78-80 (hexane/EtOAc). IR (filmy cm

- 2934 (C-H), 1591, 1502, 1460, 1414 (Ar-H), 129012 (Ar-O), 1066 (C-O). NMRH (CDCl,
300 MHz) 3 (ppm): 2.83-2.98 (m, 2H, Ar-CHCH,-N), 3.52-3.61 (m, 2H, Ar-CHCH,-N), 3.74 (s,
6H, OCH; (x 2)), 3.80 (s, 3H, OCH)l, 4.26 (s, 4H, CHO (x 2)), 5.74 (s, 1H, H-6), 6.41 (s, 2H, H-2,
H-6"), 6.72 (s, 1H, H-5), 6.77 (d, = 8 Hz, 2H, H-2", H-6"), 6.89 (s, 1H, H-10), &1(d,J = 8Hz,
2H, H-3", H-5"). NMR *C (CDC}, 75.5 MHZ)3 (ppm): 27.6 (CH, Ar-CH,-), 45.2 (CH, CH,-N),
56.6 (CH, CHs-O (x 2)), 61.1 (CH CHs-0), 62.3 (CH, C-6), 64.7 (CGHCH,-O (x 2)), 104.2 (CH,
C-2’, C-6), 111.6 (CH, C-3", C-5"), 116.5 (CH, 6), 116.9 (CH, C-10), 126.4 (CH, C-2", C-6"),
128.2 (C, C-5a), 130.1 (C, C-9a), 137.3 (C, C-138.1 (C, C-4"), 142.5 (C, C-4a), 143.3 (C, C-
10a), 153.7 (C, C-3, C-4, C-5'), 153.9 (C, C-1'"MS (El) (m/z, %): 479 (M+, 7), 311 (M+-
CoH1:05, 100). (GH1:03 = 3,4,5-trimethoxyphenyl). HRMS ESI(+) m/z fobd:N,O; [M+H]+
calcd. 479.1818, found: 479.1824.

5.1.15. N-(4-Cyanophenyl)-6-(3,4,5-trimethoxyphenyl)-2,3,6,7,8,9-hexahydr o[ 1,4]dioxino[ 2,3-
glisoquinolone (21). The tetrahydroisoquinoliné (120 mg, 0.34 mmol) and 1-bromo-4-
cyanobenzene (92 mg, 0.50 mmol) were dissolvedluene (5 mL) in a flame-dried round-bottom
flask under argon. GEO; (2.44 mg, 0.67 mmol)£]-BINAP (cat) and PdG{(o-tolyl)sP), (cat) were
added under argon. The reaction was heated atd%@der stirring for 72 h and TLC of the reaction

mixture (hexane/EtOAc 1:1) indicated formation of/ellow product (R= 0.60) and uncomplete



consumption of SM. The crude mixture was conceadrt vacuoand purified by silica gel flash
column chromatography (hexane/EtOAc 8:2) to afftvd desired isoquinolin€l (92 mg, 60%
yield) as a yellow solid. R= 0.60 (hexane/EtOAc 1:1). M.p. 72-78 (hexane/EtOAc). IR (filmy
cm: 2924, 2851 (C-H), 2212 (CN), 1603, 1503, 146113L4Ar-H), 1235 (Ar-O), 1178, 1066 (C-
0). NMR'H (CDCl;, 300 MHz)3 (ppm): 2.84-2.91 (m, 2H, Ar-CHCH,-N), 3.46-3.54 (m, 2H, Ar-
CH,-CH,-N), 3.74 (s, 6H, OCK(x 2)), 3.80 (s, 3H, OC}), 4.26 (s, 6H, CHO (x 3)), 5.66 (s, 1H,
H-6), 6.41 (s, 2H, H-2", H-6"), 6.70 (s, 1H, H-%.,79 (d,J = 8 Hz, 2H, H-2", H-6"), 6.86 (s, 1H, H-
10), 7.47 (d)J = 8 Hz, 2H, H-3", H-5"). NMR*C (CDCk, 75.5 MHz)3 (ppm): 27.6 (CH, Ar-CH,-
CH,-N), 44.7 (CH, CHy-N), 56.6 (CH, CHs;-O (x 2)), 61.1 (CH, C-6), 62.2, (GHCHz-O), 64.7
(CH,, CH-O (x 2)), 99.0 (C, CN) 104.2 (CH, C-2’, C-6"), 182CH, C-2", C-6"), 116.4 (CH, C-5),
116.8 (CH, C-10), 120.7 (C, C-4"), 128.4 (C, C-5830.3 (C, C-9a), 133.8 (CH, C-3", C-5"), 137.6
(C, C-1"), 142.4 (C, C-4a), 143.2 (C, C-10a), 152 C-1"), 153.6 (C, C-3’, C-4’, C-5). MS (El)
(Mm/z, %): 458 (M, 23), 291 (M-C4Hy,05, 100). (GH1,0; = 3,4,5-trimethoxyphenyl). HRMS ESI(+)
m/z for G/H2eN,0s[M+H] ™ calcd. 459.1920, found: 459.1918.

5.1.16. Ethyl 6-(6-(pyridinyl)-2,3,8,9-tetr ahydro-[1,4]dioxino[ 2,3-g]isoquinolin-7(6H)-
yl)carboxylate (22). The title compoundvas prepared, using a similar procedure to thatrdbesi
for the synthesis oil starting from the isoquinolin® (60 mg, 0.22 mmol), BN (0.1 mL, 0.67
mmol) and ethyl chloroformate (0.05 mL, 0.24 mndigsolved in CHCI, (12 mL) in 43% yield (33
mg) as a white solid. M.p. 114-115 °C. IR (filmgnm’: 2931, 1695, 1504, 1296 (Ar-O), 1067 (C-O).
NMR *H (CDCk, 200 MHz)3 (ppm): 1.26 (tJ = 7 Hz, 3H, CH-), 2.44-2.47 (m, 1H, C}), 2.62-
2.65 (M, 1H, Ch), 2.80-2.83 (m, 1H, -C}), 3.22-3.31 (m, 1H, CH), 4.18 (s, 1H, H-6), 4.19-4.25
(m, 4H, O-CH-CH,-0), 6.47 (s, 1H, H-5), 6.70 (s, 1H, H-10), 7.14J& 6 Hz, 2H, pyridine), 8.50
(d, J = 6 Hz, 2H, pyridine). NMR*C (CDCk, 50.4 MHz)d (ppm): 14.7 (Ch), 27.6 (CH), 39.0
(CH,), 56.4 (CH-Ar), 61.8 (Ch} O-CH-CHj), 64.3 (CH, -CH,-O), 64.4 (CH, -CH,-O), 116.4 (CH,
C-5), 116.9 (CH, C-10), 122.8 (CH x 2, pyridine2810 (C, C-9a), 130.1 (C, C-5a), 141.5 (C-10a),
142.0 (C-4a), 149.7 (CH x 2, pyridine), 151.2 (Gpgtidine), 178.1 (C=0). HRMS ESI(+) m/z for
C1oH21N,O, [M+H] " caled. 341.1501, found: 341.1498.

5.1.17. Methyl 6-(6-(pyridinyl)-2,3,8,9-tetr ahydro-[1,4]dioxino[ 2,3-g]isoquinolin-7(6H)-



yl)hexanoate (23). The title compoundvas prepared, using a similar procedure to thatrites] for
the synthesis af7 starting from the isoquinolin@ (150 mg, 0.56 mmol), B¥ (0.3 mL, 2.01 mmol)
and methyl bromohexanoate (175 mg, 0.84 mmol) tiedan DMF (10 mL) in 42% yield (93 mg)
as a white solid. M.p. 111-112 °C. IR (film)cm® 2933, 1734, 1504, 1299 (Ar-O), 1072 (C-O).
NMR H (CDCl, 200 MHz)3 (ppm): 1.27 (tJ = 7 Hz, 2H, CH), 1.49-1.54 (m, 2H, CH), 2.21-
2.29 (m, 4H, Ch), 2.36-2.46 (m, 2H, N-C}), 2.60-2.62 (m, 1H, C§), 2.90-2.98 (m, 2H, -C4),
3.02-3.18 (m, 1H, Ch), 3.65 (s, 3H,ChD), 4.15-4.18 (m, 4H, O-CHCH,-0), 4.40 (s, 1H, H-6),
6.16 (s, 1H, H-5), 6.27 (s, 1H, H-10), 7.21d& 6.2 Hz, 2H, Ar), 8.52 (d] = 6.2Hz, 2H, Ar). NMR
13C (CDCE, 50.4 MHZz)3 (ppm): 24.8 (CH), 26.3 (CH), 26.6 (CH), 28.0 (CH), 29.7 (CH), 46.9
(CH,-COO0-), 54.1 (CH), 64.2 (CH, O-CH,-), 64.3 (CH, -CH,-0O), 67.3 (CH-Ar), 116.4 (CH, C-5),
116.6 (CH, C-10), 124.9 (CH x 2, pyridine), 127G €-9a), 129.3 (C, C-5a), 141.5 (C-10a), 142.0
(C-4a), 148,3 (CH x 2, pyridine), 154.9 (C-1' pynid), 177.2 (COOH). HRMS ESI(+) m/z for
C24H31N,0, [M+H] " calcd. 411.2284, found: 411.2288.

5.1.18. 6-(6-(Pyridin-4-yl)-2,3,8,9-tetrahydro-[1,4]dioxino[2,3-g]isoquinolin-7(6H)-yl)hexanoic
acid (24). The title compound was prepared, using a similacgdure to that described for the
synthesis ofl8 starting from the isoquinolin23 (30 mg, 0.10 mmol) and NaOH in 74% yield (35
mg) as a white solid. M.p. 57-58 °C. IR (film)cm: 2927, 1716, 1603, 1505, 1299 (Ar-O), 1066
(C-0). NMR'H (CDCl, 200 MHz)d (ppm): 1.25 (tJ = 7 Hz, 2H, CH-), 1.49 (qt,J = 7 Hz, 2H,
CHy-), 2.24-2.29 (m, 4H, CH), 2.38-2.47 (m, 2H, N-C§), 2.80-2.82 (m, 1H, C}), 2.91-3.09 (m,
2H, -CHp), 3.12-3.21 (m, 1H, CH), 4.13-4.20 (m, 4H, O-CHCH,-0), 4.43 (s, 1H, H-6), 6.12 (s,
1H, H-5), 6.62 (s, 1H, H-10), 7.29 (@= 6.2 Hz, 2H, Ar), 7.98 (bs, 2H, Ar); 8.42 (bs, IH, COOH).
NMR *C (CDCE, 50.4 MHz)3 (ppm): 24.8 (CH), 26.6 (CH), 26.7 (CH), 27.9 (CH), 34.0 (CH),
46.9 (CH-COO-), 54.2 (Ch), 64.3 (CH, O-CH2-), 64.4 (Ch -CH,-O), 67.2 (CH-Ar), 116.3 (CH,
C-5), 116.7 (CH, C-10), 124.4 (CH x 2, pyridine2719 (C, C-9a), 129.5 (C, C-5a), 141.5 (C-10a),
142.0 (C-4a), 149,5 (CH x 2, pyridine), 153.7 ((a¢fidine), 173.9 (COOH). HRMS ESI(+) m/z for
CooH27NO4 [M+H]+ caled. 383.1971, found: 383.1973.

5.1.19. 2-(6,7-Dimethoxy-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetr ahydr oisoquinoline)ethanaol

(25). From the tetrahydroisoquinoliry (150 mg, 0.42 mmol) and 2-bromoethanol (0.06 mB30



mmol), and following the general procedure describbove the title compound was obtained (82
mg, 49% vyield) as a white solid; R 0.65 (EtOAc/MeOH 8:2). M.p. 77-8C (EtOAc). IR (film)v
cm: 3516 (OH), 2937, 2834 (C-H), 1591, 1516, 1423-Ky 1257, 1221 (Ar-O), 1121 (C-O).
NMR H (CDCl, 300 MHz)3 (ppm): 2.40-2.52 (m, 1H, GHAr), 2.52-2.65 (m, 1H, CHAr), 2.70-
2.85 (m, 2H, CHN), 2.85-3.00 (m, 1H, CHN), 3.10-3.25 (m, 1H, CHN), 3.40-3.55 (m, 1H, CH
OH), 3.61 (s, 3H, CHO), 3.62-3.70 (m, 1H, CHOH), 3.76 (s, 6H, CHO (x 2)), 3.81 (s, 3H, CH

0), 3.82 (s, 3H, CKO), 4.45 (s, 1H, H-1), 6.22 (s, 1H, H-5), 6.413sl, H-2", H-6"), 6.58 (s, 1H,
H-8). NMR *C (CDCk, 75.5 MHz)3 (ppm): 28.1 (CH, CH,-Ar), 46.9 (CH, CH,-N), 55.4 (CH,
CHx-N), 56.1 (CH, OCH), 56.2 (CH, OCH), 56.5 (CH, OCH; (x 2)), 58.5 (CH, CH,-OH), 61.2
(CH;, OCH;), 68.6 (CH, C-1), 106.7 (CH, C-2’, C-6’), 111.1HCC-5), 111.8 (CH, C-8), 126.8 (C,
C-4a), 129.4 (C, C-8a), 139.6 (C, C-1'), 147.4 (c7), 147.9 (C, C-6), 153.4 (C, C-3", C-4', C-5").
MS El m/z (%): 403 (M, 11), 372 (M-C,Hg, 100), 236 (M-CoH;,05, 77). (GH103 = 3,4,5-
trimethoxyphenyl). HRMS ESI(+) m/z for,&3NOs [M+H] * calcd. 404.2073, found: 404.2076.
5.1.20. 3-(6,7-Dimethoxy-1-(3,4,5-trimethoxyphenyl)isoquinolin-2-yl)-1,2-propanediol  (26).
First step: preparation of the intermediate 6,7-Dimethd¥gexirane-2-yl-methyl)-1-(3,4,5-
trimethoxyphenyl)-1,2,3,4-tetrahydroisoquinolineof the tetrahydroisoquinolir# (100 mg, 0.28
mmol) and epichlorohydrin (0.2 mL, 2.55 mmol), dotlowing the classical procedure for thée
alkylation, agitation of the mixture at room temgteire during 24 h the title compound was obtained
(52 mg, 45% yield) as an orange solid.=R0.30 (hexane/EtOAc 2:8). IR (filmy) cri': 2920, 2849
(C-H), 1586, 1503, 1450, 1410 (Ar-H), 1221 (Ar-@},20, 1002 (C-O). NMRH (CDCl;, 300 MHz)

o (ppm): 2.50-3.10 (m, 9H, GHCH,-N, CH,-N (x 2), CH-O (x 2), CH0O), 3.65 (s, 3H, CHO),
3.81 (s, 6H, CHO (x 2)), 3.85 (s, 3H, CHO), 3.87 (s, 3H, CHO), 4.60 (s, 1H, H-1), 6.25 (s, 2H,
H-2', H-6"), 6.48 (s, 1H, H-5), 6.63 (s, 1H, H-8).

The oxirane (50 mg) was treated with NaOH 2N indigkane (10 and 4 mL respectively) and the
solution was stirred 48 h at room temperature. driide mixture was extracted with dichoromethane
(3 x 10 mL), dried, filtered and concentrated itwa The residue was purified by silica gel flash
column chromatography (hexane/EtOAc 8:2) to afttveldiol26 as a brown solid (48% vyield); R

0.60 (hexane/EtOAc 8:2). M.p. 70-73 °C (hexane/EtDAR (film) v cm*: 3700-3050 (OH), 2919,



2849 (C-H), 1505, 1461, 1452, 1415 (Ar-H), 1215-@; 1120 (C-O). NMRH (CDCl, 300 MHz)

o (ppm): 2.60-3.25 (m, 9H, GHCH>-N, CH,-N (x 2), CH-O (x 2), CH0O), 3.73 (s, 3H, CHO),
3.81 (s, 6H, CHO (x 2)), 3.84 (s, 3H, CHO), 3.87 (s, 3H, CHO), 4.18 (s, 1H, H-1), 6.58 (s, 1H,
H-5); 6.80 (s, 2H, H-2", H-6"), 6.85 (s, 1H, H-8). NMR®C (CDCl, 75.5 MHz)3 (ppm): 30.0 (CH,
Ar-CH,), 47.9 (CH, CH,-N), 54.3 (CH); 56.1 (CH,, CH-O), 56.4 (CH, OCH), 56.5 (CH, OCH;

(x 2)), 61.1 (CH, OCH), 65.0 (CH), 75.8 (CH, C-1), 76.7 (CH, CH-OH), 104.2 (CH, C-2-6"),
111.6 (CH, C-5), 126.9 (C, C-8a), 128.7 (C, C-44).7 (C, C-1"), 147.8 (C, C-7), 148.7 (C, C-6),
153.5 (C, C-4"), 153.3 (C, C-3', C-5'). HRMS ESI(#)/z for GsHa;NO; [M+H]": calcd. 433.2101,
found: 433.2156.

5.1.21. 6,7-Dimethoxy-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetranydroisoquinoline (27). The acyl-
isoquinoline28 (870 mg, 1.91 mmol) was dissolved in MeOH (15 mNaOH 2N (45 mL) was
added and the reaction was heated to reflux fdar. Then, TLC of the crude mixture (hexane/EtOAc
1:1) showed total consumption of Starting matdfiak 0.75) and formation of a new compound (R
= 0.15). The methanol was evaporaitedacuo The aqueous phase was extracted withGTH3 x
20 mL) and the combined organic phases were dNeeS0O,), filtered and concentratad vacuo.
The crude residue was purified by flash column otatmgraphy (hexane/EtOAc 1:1) to affdiee
desired isoquinolin@7 (480 mg, 70% yield) as a white solid. R0.15 (hexane/EtOAc 1:1). M.p.
95-97°C (EtOAc). IR (film)v cni': 3310 (NH), 3002-2828 (C-H), 1736 (C=0), 1590, 351504,
1461, 1420 (Ar-H), 1251, 1226, 1214 (Ar-O), 112311 (C-O). NMR'*H (CDCl, 300 MHz) 3
(ppm): 2.65-2.78 (m, 1H, GHCH>-N), 2.90-3.10 (m, 2H, H-C-4, H-C-3) 3.20-3.30 (b, CH-N),
3.68 (s, 3H, CHO), 3.81 (s, 6H, CHO (x 2)), 3.85 (s, 3H, CHO), 3.88 (s, 3H, CHO), 4.97 (s,
1H, H-1), 6.31 (s, 1H, H-5), 6.49 (s, 2H, H-2, B;66.63 (s, 1H, H-8). NMR*C (CDCk, 75.5
MHz) & (ppm): 29.0 (CH Ar-CH,), 39.7 (CH, CHx-N), 56.2 (CH, CH;-0), 56.3 (CH, OCH), 56.5
(CHs, OCH; (X 2)), 56.8 (CH3, OC}), 61.1 (CH, C-1), 106.6 (CH, C-2', C-6’), 111.3HCC-5),
111.4 (CH, C-8), 125.2 (C, C-4a), 126.1 (C, C-836.8 (C, C-1"), 148.2 (C, C-7), 148.9 (C, C-6),
153.5 (C, C-3', C-4', C-5). HRMS ESI(+) m/z for,@1,NOs [M+H]": calcd. 360.1811, found:
360.1814.

5.1.22. (6,7-Dimethoxy-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetr ahydr oisoquinolin-2-yl)2,2,2-



trifluoro acetate (28). The homoveratrylamin29 (2 g, 11 mmol) and 3,4,5-trimethoxybenzaldehyde
(4) (2.38 g, 12.1 mmol) were dissolved in toluenef89 in a flame-dried round-bottom flask under
argon. PTSA (catalytic amount) and 4 A moleculaves (50 mg) were added. The reaction mixture
was heated to reflux under stirring for 16 h andCTaf the reaction mixture (EtOAc) indicated the
presence of the aldehyde;(®R 0.80) and the imine ¢(R= 0.85). The crude mixture was filtered to
afford 5 g of brown oil. CECOOH (7 mL) and (C¥0),0 (7 mL) were added and the mixture was
stirred for 24 h. TLC of the crude mixture (EtOAeXane 1:1) indicated the presence of the desired
compound (R= 0.75) and complete consumption of the imine. Ghele reaction was dissolved in
EtOAc (20 mL), washed with NaOH 2N (3 x 30 mL) athé combined aqueous phases were re-
extracted with EtOAc (3 x 20 mL). The combined miggphases were dried (PBO,), filtered and
concentratedin vacuo The residue was purified by silica gel flash ootu chromatography
(hexane/EtOAc 1:1) to afford the desired compo2®d1.67 g, 33% yield) as a pale brown oil.-R
0.75 (hexane/EtOAc 1:1). NMBH (CDCl, 300 MHz)3 (ppm): 2.70-2.85 (m, 2H, Ar-CHCH,-N),
2.90-3.10 (m, 1H, Ar-CHCH,-N), 3.35-3.50 (m, 1H, CHN), 3.68 (s, 3H, CHO (x 2)), 3.71 (s,
3H, CH-0), 3.77 (s, 3H, CHO), 3.83 (s, 3H, CHO), 3.85-3.95 (m, 1H, CiN), 6.39 (s, 2H, H-2',
H-6"), 6.46 (s, 1H, H-5), 6.61 (s, 1H, H-1) 6.62 {#1, H-8). NMR*C (CDCl, 75.5 MHz)3 (ppm):
28.9 (CH, CH,.Ar), 39.6 (CH, CH,-N), 56.1 (CH, OCH), 56.3 (CH, OCH), 56.4 (CH, OCH; (x

2)), 56.8 (CH, OCH), 61.0 (CH, C-1), 106.5 (CH, C-2’, C-6"), 111.2HCC-8), 111.3 (CH, C-5),
116.5 (CJ = 288 Hz, CFk), 125.1 (C, C-4a), 125.9 (C, C-8a), 136.8 (C, £-148.1 (C, C-7), 148.8
(C, C-6), 153.5 (C, C-3', C-4', C-5), 156.0 (C= 36 Hz, C=0). MS El m/z (%): 455 (M34), 357

(M*-C,F+0, 100).

5.2. Molecular modeling methods

The 3D structure of the KRas protein was obtaimedhfthe Protein Data Bank server (PDB) with ID
code 4DSN.1 Bond orders and protonation statelseoptotein were automatically adjusted by using
the Protein Preparation Wizard workflow includedhie Maestro v.10.0 software package [14]. The
GCP (phosphomethylphosphonic acid guanylate estefactor was manually modified to be
transformed in the GTP (guanosine triphosphatenatof. All calculations were done with the

AMBER v.14 software package [15] using the PMEMDBgram in its CPU and GPU versions. The



ff14SB [16] and the GAFF [17prce fields were used for the protein and thendsm respectively.

Force field parameters for GTP was obtained fronagher et al. [18].

5.2.1. Generation of KRas-Lig8 complexes

Complexes formed by the KRas receptor and eighhtlg (KRas-Lig8) were prepared as follows:
first the protein was oriented using the Princifigés of Inertia in order la <= |Ib <= Ic . Second, a
rectangular box around the protein was created evhize in each dimension was obtained adding to
the protein size (x_boxprot, y_boxprot, z_boxprit maximum distance between ligand atoms
(dis_lig) and a buffer of two times a minimum boizes (min_box) that was set to 5 A in all
calculations (Figure Sla in Supporting Informatidd¢xt, the resulting box was discretized using an
interval dimension of 2 A (Figure Sib in Supportingormation), and an exclusion area was
determined to avoid putting the ligands inside ghatein or near the edges of the cube (Figure Slc
in Supporting Information). Finally, for each quant the position of the ligand center of masses was
generated randomly. If none of the ligand atonis falthe forbidden space the position is accepted,
otherwise new random points are generated untilb@d gposition is obtained (Figure S1d in
Supporting Information). Once the initial ligandsiteon is determined a local rotation is performed

randomly and possible clashes with the forbiddesitjpms tested again.

5.2.2. Molecular dynamics (M D) simulations

Complexes KRas-Ligand KRas-Lig were prepared with the leap modul&mbertools v.16. [19]
An identical protocol was followed for all complexeStructures were neutralized with counterions
following a grid-shaped procedure for mapping etesthtic potential surface. Finally, a cubic box of
TIP3P waters [20] was created with a minimum distabetween any atom of the system and the
edge of the box of 15 A and removing water molezaleser than 2.0 A to any of the atoms.

The prepared structures were heated at 300 K ainatant rate of 30 K/10 ps with harmonic
restrains of 5 kcal/mol/Ain the protein main atoms. Once the systems weeged, 500 ps at
constant pressure were performed to increase tkmydensity using harmonic restrains of 1
kcal/mol/A? in the protein main atoms. Finally, different puation molecular dynamic simulations

were done under the canonical ensemble using Lang2¥] thermostat with a collision frequency



of 2 ps' for temperature control. Long-range electrostatiergy was computed using the Particle
Mesh Ewald summation method [22] with a cutoff oA9for non-bonded interactions. SHAKE
algorithm [23] was used to constrain the bonds Iviag the hydrogen atoms and to allow an
integration time of 2 fs.

Ten KRas-Lig complexes were generated as explained before @ndaich of them 100 ns of
production MD was carried out. In order to analyzere in deep all the binding sites located in the
multiple-ligands MD, we generated eighteen compdeaetracted at the end these calculations by
removing all waters, ions and ligands that werelbmotded to the KRas protein during the last ten ns
of the MD and keeping only one ligand in each camplTo prepare the eighteen complexes the
same procedure as for the KRasgLwias used. The length of the production runs fesehlast
complexes ranges between 100 and 700 ns dependlitite evolution of each system leading to a

total production time of 4p&.

5.2.3. MM GBSA Calculations

The calculation and decomposition of the bindirgefenergyAGyinging, for all the studied protein-
ligand complexes were evaluated using the MMGBSAlécular mechanics generalized Born
surface area) method as implemented in Ambertodl. 18] In this approach, the total binding
free energy is calculated aSGpinging = AHOgas - TAS + AGg,, Where AHOgaa the gas phase
interaction energy, is calculated as the sum ofriternal energyAH%.) and two non-bonded terms
corresponding to the van der WaalsH,4,) and electrostatic AH%e) molecular mechanics
energies:AH s = AH%, + AH%w + AH%c . The solvation free energyhGs,y) is obtained by
summing the polarAGyo) and nonpolarAGnonpoia) 1€rms:AGsay = AGyotar + AGronpotar Th€ AGpgjar

is calculated using the Generalized Born methothigwwork, we used the Onufriev- Bashford-Case
(OBC) generalized Born [24](igb = 5) as implemented in Ambertools v.16. Thenpudar
contribution AGonpola) IS calculated from the solvent accessible surtaea (SASA) according to
the equationAGyonpolar= Y SASA + where the values for andp were set to 0.0072 kcal / mof A
and 0 kcal / mol [25]. Values for interior and exte dielectric constants were set to 1 and 80,
respectively. In order to assess the convergendesibility of theAGynqing Values along the time,

MMGBSA computations were performed for the compMt@ simulations taking 50 structures each



nanosecond using the cpptraj program as implementéanbertools v.16. The contribution of the
receptor residues to the total binding free energy obtained for the last 20 ns using a total @010

structures.

5.3. Biological Experimental

5.3.1. Inhibition Growth Rate Determination

L1210 leukemia cells were grown in nutrient medi®RMI 1640 supplemented with 2 mM L-
glutamine, 200 IU/mL penicillin, 5Qug/mL streptomycin, and 20% heat inactivated hoesera.
They were incubated in a 5% g@tmosphere at 37 °C. For the experiments the dwege
dissolved in dimethyl sulfoxide (0.5% final) anddad to the cells in exponential phase of growth at
an initial concentration of 0.8 x 1@ells/mL. The cells were counted in triplicateeafé8 h with
Coultronics Coulter Counter and results were exga@sas the drug concentration which inhibited
cell growth by 50% as compared to the controlsfICThe 1G, values were calculated from
regression lines obtained from the probit of thecget cell growth inhibition plotted as a functioh

the logarithm of the dose [26].

5.3.2. Inhibition of Cellular Proliferation and Cell Cycle Effects

L1210 leukemia cells were grown in nutrient medikAMI 1640 supplemented with 2 mM L-
glutamine, 200 IU/mL penicilium, 5Qg/mL streptomicyn, and 20% heat inactivated hoesers.
They were incubated in a 5% g@tmosphere at 37 °C for 21 h with several drugcentrations.
Cells were then fixed by ethanol (70% v/v), thershed, and incubated with PBS containing 100
MM RNAse and 2%M/mL propidium iodide for 30 min at room temperaurFor each
concentration, 10-4 cells were analysed on an Bglicslow cytomer (Modele Beckman Coulter,
French). Results were expressed as a percentagdiohiccumulated in each phase of the cell cycle

and are indicated.

5.3.3. OIDD Lilly Tests



The Lilly tests (KRas inhibition and antiangiogeiseactivities) were carried out according the
procedures indicated in the OIDD-Lilly program (@pknovation Drug Discovery - Eli Lilly)

(https://openinnovation.lilly.com).

Supporting Information Available: (see footnote on the first page of this articlayditional
Molecular studies data, Copies'sf and**C NMR spectra of all new compounds. This matesal i

available free of charge via the internet at hdm:.foi.org/ejmech
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