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3,4-Dihydroisoquinolinone/3,4-Dihydronaphthyridinone
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Figure 1. 3,4-Dihydroisoquinolinone and 3,4-Dihydronaphthyridinone
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Figure 2. Representative pharmacologically active dihydroisoquinolinones
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EEHME LT HEZ DT ICEZ UL EM 2GR LTS 2 L vw) T e A LIE
LiFTTbn s, GRS LT, B0t % i < 72 ® 1 3,4-dihydroisoquinolinone @
3PP ANPICEIEZEAT 2 L woZHic v, HEREPIC~ToiT%28EAT 2
TEIky, WERIZEAEENE L L B EARED A RET X2, LEWRH %

BEES % &\ o BRI TS,

KIRIiC, HEHEDVATET 2 M0 =R AS AIBIL A AT IR T - D
7Yz PCBWTEREKEHWEZEZBRICX VILEY 7 7 7 A A RRES L, E

ERERL WA 7L A 22— % 5 72,

L Lead Optimization D 27—V ICH > 7K 7B Y = 27 T, invivo CHH %R
FTILAEVIIG D 72 ® in vitro GO e KW 7w 7 7 A roEEZ HEG L.
pyridopyrimidone ‘B % i & L CHIBE DA E T > TWniz, LAL AL Z D
HoeRHIN-HENAYO SR 2 EML 72 & 2 5, Ames RBE*' & 3T3 KEME
A2 I B CHERE & &Y 2L EFHliZ R IcED o T (LEY R ETHE X5
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Figure 3. Conversion to 3,4-dihydroisoquinolinones to avoid mutagenicity and

phototoxicity
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STV T ERMESINZ, 22T, RO TEL LT Approach A. fRE# (#1b)
Lo 7 v v 7 Approach B. lRIAMEDIK T %% 2 7z (Figure 4), {0 70 v o
I X B EESCE B L T, Bi& 0 3L~ 0@ ERE A X REHA & Rk
BB RITIC L L (BNA v X7 LDy v I AET 4 DFERD B 4 (LD J51f)
B RILE A IS+ R BRIBTFEL AW &5 5 3 EEI), 4. TREMEERIC
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FEMCETERE LTI, BN A vy X2 DYy XY IS RET 4T 3,4-
dihydroisoquinolinone ‘B DT 0K 7 v b ~Dir b S35 | AR OMUN e 2= - &2
A BFEROBFHEE D HRAEEEOZ 2 EAH L T 3 A[REMEDR R X 1172 (Figure
5. Lo RFLEWLED DD 200 T 7 —F AL TTF 4 v LfLa®o >
%, Approach A Ti¥, 3f7ICEMMEZEAT L THr v FOEMEZHD, 22D,
BRI 2 L D BUICI LA 2 L 3¢ % 2 A[REM A3 H 5. £ 7. Approach B Tl =z v
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Figure 4. Approach for the improvement of metabolic stability and efficacy
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Figure 6. [soquinoline derivatives
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Figure 7. Representative pharmacologically active isoquinolines

10



% 1E 3,4-Dihydroisoquinolinone ‘B FH AL — b DFEF

I-1. lZC®IC

3,4-Dihydroisoquinolinone ‘H#% 1 DR AGHIEIZFIC 2 2D FRICH T LN D,

Direct N-alkylation o)
NH
R3 RZ
R1
(0] . 2
, NR R4-X
R 4 3 R2
R1
1
R4 R*X
R3

N’ NH NH
R > R e = rd )
R! R! R?

Scheme 1. Retrosynthetic analysis of 3-substituted 3,4-dihydroisoquinolinones

Benzylic oxidation 3

1 2HOFERE LT, B2 2L 2%I1c, 7 I FON LE#EL 70 F{kic X
S TEHATZHENETONS P, L L, A DL NV — 7T DEE DG BT,
3PICEIRIEEE D OB DAY, ZOVREED DT A F AT LIT VW
WS RIS 235 - 72, 3,4-Dihydroisoquinolinone ‘B#& @ 3 fi7 ic @ #ult % H oL &W o
AR ERA B, £3 Scheme 2 ICRT X HC, 3ficiERE*FE T 2REE I L T
triphosgene & N,N-diisopropylethylamine Z 2 &, Z 0 ®ZiE/lT L I =V L 2w
7z Friedel-Crafts I IC & 0 B{b A Z 572, Ric, ZoBRLEICN LT N-T AL Ffb %
ATz, IARREE ORE T 100°CE THIM L T G ETE T, B ERs T L

BTEaD» o7, F7-. Friedel-Crafts KJHiC X 3ELICHBWTYH 150°CE W5 HiE%
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WELE T L0 REEDH o7,

triphosgene, i-Pr,NEt 0 NaH e}
CICH,CH,CI
Q\/N\Hz taBE @iN\H BrCH,CO,Et Qi(/,\@(oa
: — o)
R then add AICI3 R DMF R
1,2-dichlorobenzene rt to 100 °C N.D
150 °C, 3 h T
41% SM recovery

Scheme 2. Preparation for 3-methyl-3,4-dihydroisoquinolinone derivative

3,4-Dihydroisoquinolinone ‘H1& 1 Dtk AKED 2 2 HiZ, BALENICN LicT7 v+
NHZIE A L7z | T tetrahydroisoquinoline H1% 3 ZHE5E L, #i\v> TR v VAL % L
TLWwIFETH D, ZDFiE T, tetrahydroisoquinoline D %8 351 D KA 1 23
3,4-dihydroisoquinolinone @ KM L U b m w720 T F AL X N RiTEK A D A KA
BHTHBEEZOND, L2LAMEL, TRNETOHERICE T, 3AICEHRILZ R
DFFEAR T paraformaldehyde % il 2 T d BLKIC 2 Ef T3, HIWD T v {L &
NTATBME G o N d oz, T2, N TR Y DAL S 2 G Z1T ) LEHH

570, TTHCRIET NPT ER Z2R2LEMIcE W TARFERENTE 2w,

0,
NH, paraformaldehyde (100 wt%) NH
ACOH-H2804 (08 M, 31)
Br 080 °C Br
N.D.

Scheme 3. Preparation for 3,3-dimethyl-3,4-dihydroisoquinoline derivative

FZT, BABEFT N-TAFALL A I =T 22 AK L. Tz iR aiE(bse
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oL s 2 HikiC oW TG 21T o 72, R — D ZHAH AT T 5 BRAL G I B

SF
P

TE@EDMER TII T LA EBERE T ESEEIRD A I vicHT 2 RILICR S
Twd, 22 C, R LCEREZFEO A4 I =7 20w CHEBRIC OGSz 8
MUBETZTTS 2 & & L, KFERICET 2 N-TAFAALiE, #EKkDT I FON-7 v
FoAbice~ SLFEEZN S CEBECHHOEANZIT S 20, B D 3 (LICEfREE

bOFERDEKICKEAMEEZ LN D,

% 4
N R S KIR4 R*-X SN
R3 P pp— R3©CH# — R3%R2
R’ R’ R
1 4 5

Scheme 4. Our strategy

1-2. 3,3-Dimethyl-3,4-dihydroisoquinolinium ¥z ® & kX

¥ 9. 3,3-dimethyl-3,4-dihydroisoquinolinium D HiE{ATH 5 3,3-dimethyl-3,4-
dihydroisoquinoline 13 @ ZIEHY 72 & B 12 2\ CHiET % 7 - 7= (Scheme 5)1%, Hil® 2-
bromo-phenylacetic acid 6 %, BEWHFMHFT = AT VICEEAL . ZHIC Grignard G %
EHEI 22 LICXVEIMTAra—N TEAM L, T, 7ra—L TicxL
T chloroacetonitrile % KAl & U 72 KL EH SIS 2TV AR L 727 2 F 81T thiourea
ZEREEWT o nAL21T) Sk V. B IRT I v I Z/mNECHL Y "Fonlk
7 IV 9K L, ethylformate % neat SHF CEfHE 5 2 &k . FxraT7 I F 10

% 85%DINETIH S Z LITHIYI L 72, ARG T ethyl formate D#isind 54°CTH 5 Z &
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ZEE L. 60°CTMEAZ T o7z & 2 AMETHEL . 10 HRE & v 5 R o MmEh %z 2%
L7, % 5 HEECEIEL 72854121, conversion 28 45%fRECTH 7=, HbL 1L
72 A LT T F 10 1I24f L oxalyl chloride % i TG & &, # < LI & o Kt

C XY 3EHAEER O A 11 2R U, SICERIESME T omEi$ 2 2 & ic X Y BRBHA
L HIcHID 3,3-dimethyl-3,4-dihydroisoquinoline 12 % 6 BB total IV 74% & \»

EWIICRTER T 2 2 LITIIL 72,

CICH,CN (2 eq)
conc. H,SO,4 (1.3 eq)

0 conc. H,SO4 (0.05 eq) 0 MeMgBr (2.5 eq) OH AcOH (3 eq)
OH MeOH (1 M) OMe  THF (0.2 M) neat

Br reflux, 16 h Br 0°Ctort,8h Br 0°Ctort,6h
6 98% (2 steps) 7
(0] .
EtOCHO (1 M) COCl), (1.1
HNK/CI thiourea (1.2 eq) NH, ( ( )2 (1.1 eq)
% EtOH-ACOH (0.35 M, 5:1) neat CH,Cl, (0.1 M)
B 100 °C, 16 h Br 60 °C,10d rt, 1h
r quant. (2 steps) 85%
8 9
O then O
cl JLO FeCly (1.5 eq) O“/gt A SN
N N o
rt, 1h MeOH-H,SO,4 Br
(0.1 M, 19:1)
Br Br reflux, 6 h 12
1 89%

(from compound 10)

Scheme 5. Preparation for 3,3-dimethyl 3,4-dihydroisoquinoline

Xz, 3,4-dihydroisoquinoline 12 # 7 0 €[ A F L & G+ 25 2 Lic X b, f#f
filf& dihydroisoquinolinium ¥ 13 % 60% DK CE7z, AKIGICE T, HIY
FOGERE 5 O it & LT3 2 720 JOGHE T 13T Hifs & o 2 L Bilg = 5 v ic

K200 L DBMECT O RMEDOHNNZG2 Z LB TE L, Y VAT AN T L0
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~ 77 4 —FHOBEBERZSLEL LR WARIGIE, 70t 2 27 — T o sl i E

MAEETH 2 L WHRTHMO THHTH L LE R 5,

Br
SN methyl bromoacetate (2 equiv) N K‘WO\
MeCN (0.2 M), 60 °C, 6 h ©
Br Br
12 13

60%

Scheme 6. Preparation for 3,3-dimethyl 3,4-dihydroisoquinolinium salt

1-3. 3,3-Dimethyl-3,4-dihydroisoquinolinium i ® g b SR ET

% T, 3,4-dihydroisoquilinium ¥i 13 LT O W THKRET 21T 272, ETH®
2. 4 1= Lot & L T Ruchirawat b OEIEIE % W 72560 1 TRIG%E (T -
7205, & ETETHNY 2S5 2 LB TE b o7 (Table 1, entry 1), £ Z T, ftho
AL IC DWW TIRET 21T 9 2 & & L7, MefLAl & L T m-chloroperoxybenzoic acid %
w5813 7 v ARG 25847 L. 3,4-dihydroisoquinoline 12 23 £ &
L T35 N7 (entry 2), Dess-Martin iA3E# BE{LAI & L CHW 281X, KIGRPHE
MALL., BT ArF bk 12 2 50CERAME R Y. HWYIZE SN d o 7z (entry 3),
KIZ Oxone®% W72 & ic o nWTiRET L 72, Oxone®dD & D &t Tl 4 RKIGSELT
Lo =28 (entry4), IREEKFEF b U v L &R L 72540F I3 BEL G AT L B Y
DEBEY 14 DEERTE L TCH LML (entry 5), T OFEER» L. 34-
dihydroisoquinolinone D 4EICIIIFEMSMEDBGITH 2 L\ H T L BRKINT,
ZZCHRZINEN EZHIEL. 72V T Vb Y v LKL Y v L2 w2 X

IS X 2 BET L7z & 25, fed REFRIGE CIRILIA 2 1572 (entry 6) o RSAFIX IR
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DHHMETH 2720, T AT ADNKDFES NIz AKR VIR 15 & L TRRLE 257,

BRI E LT T v F AL 12 DA RHER T 1z,

Table 1. Optimization of the oxidation reaction

Br idant O
+ oxidan X
L De e GO
0 solvent (0.1 M) 0 L
Br rt Br r
13 14: R=Me 12
15: R=H
Entry Conditions? Yields
1 conc. HCI, DMSO (1:7) N.R.
2 mCPBA (1.5 equiv), CH,Cl, 12: 88%
3 Dess-Martin periodinane (1.2 equiv), CH,Cl, decomposed
4 Oxone® (2 equiv), MeCN/H,0 (3:2) N.R.
5 Oxone® (2 equiv), NaHCO; (2 equiv), MeCN/H,0 (3:2) 14: 39%
6 K3Fe(CN)g (6 equiv), KOH (24 equiv), dioxane/H,0 (1:2) 15: 69%, 12: 25%

2 3,3-Dimethyl-3,4-dihydroisoquinolinium salt 13 (0.1 mmol), oxidants and solvent (0.1 M) were
reacted for 12 h at ambient temperature.

1-4. BB 8 #i B o #a et

st L7zttt z v, ERET EOTAFAEREL ZHEICOWTH HNORE
L% 1G2 2 &3 TE 31D THE %1T o7, 3,4-Dihydroisoquinoline 12 X}
L. Z#% N iodomethane & benzyl bromide Z I\ C N-7 v F ML IGZEITo 72 &
Zh, LT AFMEREICETHETL, HWD A4 1=V 435 16,18 2152 Z & #*
T& 7o, M BRALSUCICBAL TH, MHEE & b ISR L —XIETL, HND 3,4

dihydroisoquinolinone ‘&#% 17, 19 22 2 W Z 1L &K CTH & L7z,
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r KsFe(CN)g (6 equiv) 0

SY methyl iodide (10 equiv.) \Kl/ KOH (24 equiv), N
acetone (0.2 M) Dioxane/H,0 (1:2)

Br rt, 15 h Br rt, 12h Br
12 94% 16 93% 17
Br .
K3Fe(CN)g (6 equiv) 1)
N benzyl bromide (10 equiv.) Ny KOH (24 equiv)
N s - L0
toluene (0.2 M) Dioxane/H,0 (1:2)
Br 70°C,2h Br rt, 12h Br
12 85% 18 75% 19

Scheme 7. Oxidation of 3,3-dimethyl-3,4-dihydroisoquinolinium derivatives

fewvT, T AALEl L L T methyl 2-bromopropionate % fl\» Tt 217> 72, &
DBZFEICTIZA IV 12 DT A F AL EEEEIC L Y 24— TS, £/, 20
AR I L, SicmBEt L &2 HTRILRISZT > 722, HW®
dihydroisoquinolinone & 21 IBDE L 252 2 A TE T, T AL F UK TD
2A4AIVI2RFEERPELTHEOLNDE I LR oTz, TOREIS, KICRERFIC

P EECERILD S 5 L BRIEAIEL V205 T L AR Rk,

(0]
Br. . Br
TAOMG (10 equiv) KsFe(CN)s (6 equiv) 0 .
SN Nal (10 equiv) \NJYO\ KOH (24 equiv) N OH . w
MeCN (0.2 M) % 0 dioxane/H,O ©

Br 60 °C, 6 h Br i, 12 h Br Br
impure trace 45%
(2 steps) (2 steps)

Scheme 8. Oxidation of a steric-hindered derivative

1-5. RIGHERE D&%
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AU GBS D G A 51 = X L DT D 7=, a v b u— VEEREZIT - 7=, KCHERE
BT EHEAL v MIKREL 2HFToND, —HHRBEREATCTH 25, ZHHEIRK
JEAT P ANERECTHEIT LT W3 0mht W) 2L TH B, 2 TS 3R,
VT LAY v LB I —ETHELH 2 TH B0 TH b,

T, BILICZERFHAT CEMLZL A, KICITRER CETT 2 2 & 035
2> 7z(Scheme 9, eq. 1)o T OGRS HBEHRFILERHOMEHR TlEE VL WS T L2tb
Doz, fET, HE OB TR S & BRIOKEA Y vV 205 EZHML, IGHRD

'H HNMR it %217 o 72 & & A, HfEk 22 2315 5 172, 'H NMR ##7ic 43

I

vLADTa by E—70DiHAkE OH 2o X471y b v—2 OH # & ERE T2
TEAFv TR ryOXT Ly b= ERINZ L2 ORREHOME L FEL &
(Figure 8), Z oHiftifk 22 1cxf L, BALAIZAML 72 2 A HYIA RO &2
b, MBEFRIZe Fex A4 vThi vz dleq.2), mEiT, 7V B CHETL
TWbZ e %ERT I, ZVAINHERZRML CBLKICE B2 7% > 72(eq. 3)
L2rL, TOEFICETRE HWIAE LN h - 72,

Lo TInbDfER2 S ABLKSEe Frd o 4+ v EBRFE L, 72

ST UL AV T LI KD TV ANEECRIGPEITL TWwWE EEZ LD,
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KsFe(CN)g (6 equiv)

SN KOH (24 equiv) N~
. (1)
dioxane/H,0
Br rt, 12 h Br
16 17

under N, 95%

I OH K,Fe(CN) o)

+ 3re 6
SNT KOH N~ KOH N
. 2)
H,0 dioxane/H,O
Br rt,1h Br rt, 12 h Br
22
determined by NMR analysis

B K3Fe(CN)g (6 equiv)

" KOH (24 equiv) 9

SNT Hydroquinone (10 equiv) N
dioxane/H,O (3)

Br rt, 12 h Br
N.D.

Scheme 9. Control experiments for investigating the mechanism

-
N 83 8
\ L.
Br
22 H
T T T T T T T T T T
18 16 14 Chemical Shift (ppm)
]
L1
43 17
Sl:
o g2 gls
SLNEASLITY ! .
CEIITETY % 3 g
goioboegd o oS
R e R
10.0 5 00 85 80 75 70 85 6.0 55 5.0 20 1.5 Chemical Shift (ppm)

Figure 8. HNMR chart of isoquinolinol intermediate 22
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1-6. &

3,4-Dihydroisoquinoline Z 7L ¥ AL LTA I =V A AR L EoNA4 I =
LI L, 72T LA ) v L e KEELF P Y Y A WL RG 2T S
IC XY, PERETIIARSBNEETH - 72 3,4-dihydroisoquinolinone FHA% D 3 7 I &
A FEOMEY OHEBIEHBEICRIN L 72, KFEcid, Mk 3 o5«
BWCIUAREEFIC LY BRIBERZD 7 VX LB ET LIS W, & S iERkiEoE I

LT, ZAREEE D/ & W 3,4-dihydoisoquinoline (2% L T 7 v F Abic X b {HI§H o0&

AZATH T eic XY, @miRgf ol & k4 2O E A ZalfE L L7z, £72, S#H
ETH B4 I =0 LRI LIRIEMIGZ1T O & i X0 BRLXIC O FEIREICE 3 5 3R

BETRT 2 2 LIS L7, AFER, AR IC B T, REK L2 RO BT Y
HOWMFRFHERICKEGNTH 2, L Lars, BRET HERIESBHER ICHEE A 7
Ly AT EAICE, BHIYrRELO AW E WORIRSBHL 2L R ol SN
D HBIC b 5B AT AR 72 OGO BFE 1 3 B A % & BT 7 3 RIS o RET 03 %
B b,

B LB oYE 7 e 7 7 4 VFHEICBE L Tk, BUEE D 3IciEE A g AL
7 AEARCEE LA R L ORI REESLET R o, £ AT AR
Fr 77 @ isomer IC B CRILEEPBECFER L 2o 7223, (LAEVREDI v 7 4 A —
Ya v L TR EERL TS, A1, YAFAMETIIHOEKRD R T

vy b LT, REEIEREINZEE LD,
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v o e Me
772 L, i )i Disomer
AR P A

& R et =

Figure 9. Comparison of 3,4-dihydroisoquinolinone derivatives

St W OO FLERMEHEMAGDE T IA VLAY E G LEHE L Tw <
DI B B A, EEMMEHECEY I LT 3 2o ik G ek e ER L 72 L Tif
-7 e 7 7 AV EBIZINERO RV, BN R T vy 2HT 50
OREEZHT A TH S T L RABRICBWTREEETH Y, SBRICKILOFALHZ LN

7L EZX D,

il
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% 2E 3,4-Dihydronaphthyridinone ‘B #r# AL — F DBEF

2-1. XL ®IC

EE, WL DD 70— T %5 3,4-dihydronaphthyridinone ‘H#& & R ICEE L TH
HERRINTWE, £3, HliaAsEe LCli, E2FETF LS RELRORED 34-
dihydronaphthyridinone i % L, N-7 L F A b %475 &\ 9 J775TH % (Scheme 10,
A), Ohkura & °(F, =} VVFFEEARORITH 7 7 & 20IC X D B L ER L /-
25, RFFEILRTOCOEIC ARFEKEORE O LHETH Y. F B LATE A
DERICLEREZET 2L I REEDH 5, o, BEERERICERE T LICEAT
XHEMBIEEFITAFINMMETEATEZDDICBONS, E W) HTlEORMDED 2
2o = BRFET EETARACL ZREAEHIEL, CheRIETs itk
THHNOEHEZEKT 50w FEIIMEINTWE(B), Bock b7/ v—7¢k
Kulagowski & @ 7' v — 7134 )G % FH v, 3-(hydroxylethyl) pyridine-4-carboxamide
FEAEAZBEIC XV HRDOEE~EENT WS B, L LA, MIENKIGTIHLF
MG O triphenylphosphine oxide Z @4 L. A7 —A T v 7BHEETH 5 &\ 5 [
AR PBEET 5, Chen L ZIHE®D, WL DD 7 )V — 7 TliE, ortho-vinyl benzamide
% 721% ortho-vinyl nicotinate D3 FH e Fr 7 I J{LIC X 2 BEMHEELRE L T 5
(O AFiECTEBmRTOMMEFZLEE L, $AEROMEIC X > CTHIBHEL
LBHTEBTES, TIFBRKBKETE v w ) FENTFET 5, Libld, A

FZic T R TOViE#EL A 3 % phenyl acetaldehyde Z Vs, 7 I VEETIEICH T 2
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AL EBAL S Z1T 5 T & i X Y 3,4-dihydroisoquinolinone 235 C & % 2 & % 2009
FICHRE L T3 (D)%, CoMETIEH., TAT7 =V HEOEM &l AL 7 4 v#Hino
FHZC X 0 BLATER A Z AR L CTH 0. ZOBRICHBERA A I v L3 8E%2 v 5 2
Bd Db, i, BILNT I /AL L BRILRIE O RIGSEMFIZIER IR Th Y EHTH %

. BE XM CRENTH 3 &\ 5 FRERFEET 5,

Il N-Alkylation ///

(0] (0]
(A) @oa Raney Ni N ONH R-X & NR
N« CN 50 °C N Na
/Il Intramolecular substitution ///
NH,R PPh, o

@) @)
Nx OH N OH Nx

/Il Intramolecular hydroamination ///

0 X=C step 1: NH,R, HATU 0
© (jiiog step 2: KOt-Bu, DMF, 120 °C @ nR
SX N X=N  NH,R, AcOH, 110 °C X
//l Reductive amination ///
D N,N-dimethylanili 2
,N-dimetnylaniline
(D) YVO OMe HO OMe
reflux
MeO MeO N
0s0, o RNH,/EtOH o
NalO NaBH(OAC);
MeO =0 MeO

Scheme 10. Previous synthetic methods to generate dihydronaphthyridinone skeletons

FRCOBEASIC DFE Z B £ A A BB 2 0 L L 7 ied TR 7= 51

DO REBRESEE LR T EOMAELZHIEL, A7 - FRIGEZREI S22 e L7, &
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DFFEZ T/ VT —T N 232K LCTHRONEZT AT 24 LT 2
V26 FFWVTERITNT I 7L E2Tw, ERLAE ZRT I v B0 FHNO T AT LICH
LTI/ ) v 22 RLTE{LTEZEICk>T, HDEK 25 2HET 2L w5 D
DTH D5, RFEE RS CRA 2 LFTRICHH#ET L, BRET EL~of4 REffuko

BAZAREICT2d 0 EHIGFTE 5,

/Il Cascade Approach ///

o o NH,R (26) o}
@ﬁm | Py ome | _NeBHORS o~ IR
N\ = OEt N\ \O rt N\

23 24 25

Hydrolysis Reductive Amination

Intramolecular Cyclization

Scheme 11. Our strategy for generate dihydronaphthyridinone skeletons

2-2. 3,4-Dihydronaphthyridinone ‘B 1% D W ZE A5t

TT. RIS 2T 200k AEKEZR AT, AFAD & methyl 3-
bromoisonicotinate (27) % tHFJF kl & L. PdCl(dppf)-CH.Cl, fF# F . 2-[(E)-2-
ethoxyvinyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane & 7 v 7'V v ZKIG %175 T & I
XoT, =7 Nz —F %k 1B CHIRMNICEATEZ 20Tl LEZ T,
VA XYV LKOBEEGEE ., KE Sy AL LTRIML 80 "CTHERIG % 1T

27 Th, Ay TV v EEY) 23 23 81% DK TR L iz %,
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(0]
o PdCl,(dppf)-CH,Cl, Q
/" OMe B Cs,CO4 /“ OMe
N + B o
Br © OFt dioxane/H,O N =
27 80°C,6h 23

81%

Scheme 12. Introduction of the vinyl ether moiety

BT, oz ) — LT —F 0 23 DHUKGR Y OMET & FERL 7z, EITH T 2
JALDBRICHE DRI LI TH 5 & & BB LMK ERFOBEIESRED T E T v Ky
FCEBBERIGEIT) S IC o TR Lz, FY ZAFaEiEE 15 48BN L 72 &
5. RJGFHRD LC/MS fiF#fric X 0 MoK iR 2380 & 7z, % 2 CRALFHILIRAE D 4
L. BN/ crude iCH L, BICHT 2 /b 7zoD 7 I v E ) TR b FIkHEL
FUFRFPITLEMATZ LELARL, TAT e FRRIGE N T A a— A3 FE
). BRALRTOEITHI 7 I LAY B EIERY & L TR o AT, HIDOBR{LIK
1§52 L3 TELRD o/, Z T THUKGIEERED P Y 7 v A4 a Tt <. &EITH
7 I LB TR AML ., T AT eiEH b T s ik o TERILT ¥ 5 C
xR Bz, L FRRICH Y 7 ov A m HERE UK R 2 4T v REBKEE T b U 7 LKA
W TRl 2R E AT CHERY % 572, A © HNMR @z 17w, HEy o
TAFE FBAFSaMEcAERKL w5 2L %2R L 7 (Figure 10), ZHiCH L, 7 32
VOB, P TR FFUKFEMAVEF IV LEIOIEICIALE A, HDOER
LAk 2s T2% DI TR O N7z, F 7o BRACATERR QIR (T B E e o 7z, —J7 Ty
I ) — NI — T NDNIKG R % SRR P WEE Tl 7225, 2 b D5t Tl e Kb Hh i
fTlad ot UEDRERL S, BITNT I /LoE—ECTchHE, TIvETALTE

FiZ X34 I VIBMUZIRDO RN 7e L CIRET2NE L £ 72 DBRICH A~ 5 & WL 23 L]
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RNCHERICTH B Z L33 o7,

e} (o) cyclohexylamine
TFA ACOH %
N OMe N/ | OMe | NaBH(OAc) _ O
Ny = S x
OEt CHrth'z o CH2CI2
23 24 5c 28c
72% not detected
(in 2 steps)

Scheme 13. Construction of the dihydronaphthyridinone skeleton
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Figure 10. HNMR chart of Hydrolyzed intermediate, aldehyde 24

5o N7 BRI 25¢ 13 X FRESRREMNTIC X v BIfF S e EicHE R w2 L %

HERL 7=,




Figure 11. ORTEP drawing of 25c (50% probability of the thermal ellipsoids). Only a

molecular structure that has higher occupancy of disordered structures was depicted.

ABICHIT I 7ALIETIE. AT e FRRILI N T A a2 — Ak 29 G &
LC/MS icC@ll s, £/, TArTFe N24, 73V, BigEmz., Bl zmz
WIRBE CRIFMIEIE 21T o 72856, FRRUFIHE o 38k 32 o4 s )G @ LC/MS fi#

Frick Wi E Nz, ZoRIERYIZ. KIGERPTA v 30 BPAEREHICL Y =5

/1

VILICEW L, T AT AL FHEBRILT 2 28 ICk WV ERLZLEZLN S,

0 o}
/‘ OMe NaBH(OAC)3 /‘ OMe
Ns o Ns OH
24 29
o] NH,R o] o] o]
N oMe __ACOH @Me ., @Me @ N R
N o N SR N~ H,R N b~
24 30 31 32

Scheme 14. By-products of the reductive amination and its generative mechanism

2-3. FLE 5E G P o Wt

BonzEMHERHWT AR T 2 VICh L CRBRICERERERTTRETH 3 it %

?—T‘/) f:o
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Table 2. Synthesis of dihydronaphthyridinones!®!

N = OEt N
23 25a-e
Entry Amine Product Yield (2 steps)
1 HoNT > 25a 56%
2 HZNJ\ 25b 72%
O :
3 HoN 25¢ 72%
)

[b]

4 HZN«AOMe 25d 76%
HoN
5 25e 63%
OMe

[a] Reaction conditions: (i) TFA (15 equiv), CH,Cl, (0.43 M), rt, 12 h; (ii)
H,N-R (1.1 equiv), NaBH(OAc); (1.3 equiv), AcOH (1 equiv), CH,Cl,
(0.2 M), rt, 12 h. [b] Amine hydrochloride salt was used. In the second
step, N,N-diisopropylethylamine (1.1 equiv) was added to the reaction
mixture.

FROTAFAT IV EROCCRICZIT > 25EI1CE EITT 2 7L e i 217N
BALASEST L. HIYDBRLIK 25a, 25e 232 L2 4 56%, 63% & \» 9 REF IR TR LN
72. % 7=, isopropylamine % cyclohexylamine & > 7z, ##H O N-7 L ¥ AL TIEEA
PR RSO T I VI LTS, AT — FRIGAH A L — X ITHET L,
dihydronaphthyridinoe 25b, 25¢ 73 AT 2 K Gl & N fz, Hic, KISHEE -7 3
vERWEGAEICH ., OSEME R HET L HOBRLEE 25d & 76% & v 5 INETH
2L L7z, RICHERTH 27 I v DT AT S HBIRIG L 7= 84 V) 13 iEE X

N d o7,

REWGIE T X v B WG 8 I RIER A L — RICHEITT 5 2 L PR TE 2720 &

W C arylamine 1D W TCDMFET % 1T > 72, Arylamine (ZAEHGET I v X 0 b RKiZH:2355
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WZenb, RIGOEHERZEZT 2L 2HNE L,

Aniline #7 I v e LTHWwZLE Z A, EiR T TR TFRRILKISHELS . KISED
LC/MS f@#iic X b, EIcB{LHT o HiEE 33f D&M AgR S Nk, 2T, NN-
diisopropylethylamine 5 24 & tetrahydrofuran %/l 2. 24 BEEINBGER 1T 5 7= &
2. B OBRALHE 25f % 64% DINETH 2 Z LI L 72, @EOHRER] >+ 2 i1\
<. WEETF LT ) — A% dihydronaphthyridinone Bk E AHT 5 721 I
. ERSEMEZEH, 72 3ERCTOMASRERBHATH >0, KRFEEEZH W
Bk, ERSEMECE L WIS 2 LE L ¢ T ICRIFAINGE CHIN O BI& 2 i

ETELLRHL P E 0T,

aniline
Q Q AcOH
@Me TFA Z[ OMe NaBH(OAc);
NS N 0Bt CHLC, Ns o CH,Cl,
23 rt 24 rt

Q o)
Z [ OMe iPryNEt — N/@

NH Nx |

THF
@ reflux 25¢f
64%

- 33f - (in 2 steps)

Scheme 15. Application to the aromatic amine.

2-4. ¥ 29

L) —ANIZ—FTADNKDBICEVEONEZTATE FEETTHT I /LS IcH

32 L T, R TAEYS I dihydronaphthyridinone ‘B Z 532 Z L ICRIN L 72, AKX
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JEIE IRICHI T 2 2 ALIc X DAL 727 2 v TR D T X F ARG R T T PR
LU BHEEEZIT) LI W AT = FRIGTH 2, BIC BEFOFIETHHETS o /-,

MBS a7 il 2 LB L L 7 Wil TR 2 7 RGBSR T 02D FEBRIRAE 23 i 6 70 T
EThb, Tl BRABRT I VISR L CEAMAIRETH 5 720, EHRET L~Fk4 RiE
WEOBATZ2FEE LUAKHONE Z eI NS, 7 1 v O REEME W
Bics T, BWEZMZ TN+ 3 2 L ic X b, HD dihydronaphthyridinone H#%

AT 5 LDBAEETH B,

O @)

@i’\ﬁ L W v

{1iS RH R EH =

Figure 12. Comparison of 3,4-dihydroisoquinolinone derivatives

B L 7zEOYE7 e 7 7 A VEHTICBI L <id, EEE ) IBEtE 2 KL 72 3,4-
dihydronaphthyridinone FE A& CHEE R & Hlg L TR EMHES KR ICE T 2 4
Relrolz, TEARFKICE TR, BEREALFRREOEEZMIFCZ 2220
A IEEZBEANL 7 LEV AR LIzt o728 2 A, Cofllfit HAirbbE7z
EED RICRHLELEZKIBICHKET LI LENTELEVI LB roTz, KT
BYx 2 MCEWT, 3,4-dihydronaphthyridinone 4% (% pyridopyrimidone 1225 3
HIREROFEEA ML 28722 % e LT, BL ARERBREINZ, Tuyx

7 PR RBOFR L o2, SRt T oY s PickBnwTh T a7 4D
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ENTZBERO—2L LTHEHINTW Z BRI N5,
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F3%Z PdMEEZHAVEAL VY F ) vEO N- /) RV IMVLRIG

3-1. LI

1-Aminoisoquinoline ® N-~ ¥ VMU KIGIC BT, FEMLFE T, ~n 7 L7
FAEHVE N-TAFAflbid—BWIcXCHMbNERREDI BbDO—DTH
(Scheme 16,A), L2>L7ad b, TAa—iL%&TAFAALHl~ &G s 2 7201221k
FERHBEU EOEMHARESBEL 257207 -V IR Y —OBErLHLTL
DRWAHEBLIREZ RV, AL v s b7 AL 2 W2 N-T A Fflic
EEBOCHE - RO, KGRI RimE ORI ERY 2 EK T 5 L v ok
TRERLEORMDED 2L VW2 5, BCAFEEIL S 0HAE. 7 I v oRKESK L
CEICX VL WIRIESEE RSB L L, % 7= overreaction Z B < 72 ® DIR#E IR #E K
JGE Vo B IHEE ST 2RO RELRHFEL W2 5, — T ETHT I /{Eic
HRFEEITra— Lot - BTN T I /Lo B coBEREOER, £ 2ARE
BRTAT e FERET S &I SMATE W2 5 (Scheme 16, B), 23 b ORIE S I,
TANIA—NZDHDEEHET VX AR E LCERT S L CRIRBTE, ZoJike
U TRl 7 K BB BT X 2 7 v a — o T oiEt b 2 FIH 3 % borrowing hydrogen
EPWEHLE, 2OHETE, A 74 FeT AT e FofRbYic, RE»DAFES
mHENOT L —AZFERHCH VW R TE, TAa—LET I VoK Y 7
Yy 77XV T7IvoTAFMEEIT) LB TE 5,

L2 L7, HEH 7 borrowing hydrogen i#£d $72 7 F ¥ 4 U v L2 /KE(L
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AV T L E o R IR PR ERYI T s ABEOMHHZE S 2 L v ok
BT 2, Lzdio T, HEEH VT, 2 0KBEEFECRICZETI® 5 2 L2
TENIEX, X027V =y 7 Ix M) —2ERLEFELE LRSI LPHFTE 5,

2008 4, Milstein Bl 7 ra—n KT vE=v by —Trr=7 L
fitE %2 T 7 I v 2 BERICAR T 2 FiEzHE L T3 Y Zofiffstx & o2
Jic, EEO 77— 70X ) BREICHE L 72 borrowing hydrogen FiEICHL Y A, M
ExRwizwKkficsl) 3 C-N#EATEEKIC 2 8] L Tw b 3,

WHFgE = ik, 0 fiirX7 Y 7 4 & sodium diphenylphosphinobenzene-3-sulfonate
(TPPMS) > b3 X e g -y I T 0y A(IDM A? % v 7258 E o ik iy~ v
PNMLRIGIC DO WTHFE R {T> T X7/~ 3, Z# F TIT 2-aminobenzonitrile & 2-
aminopyridine 1Z 2 \W T, IEIEFE T, 2 2KEWEE S DM 7 borrowing
hydrogen FiE%E WK A v 70 v 7 %EKL T3 %, KEFgECld, B3N
F OB 5T b BEEZE V. 1-aminoisoquinoline ‘H %12 B 1) 5 B FLE A % borrowing

hydrogen Fik% HWCEKT 2 2 & 2 f5m L. MET% 1T > 72 (Scheme 16, C),
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A. Traditional method for N-benzylation.

1-aminoisoquinolines ~ ‘N
ArOH —— A X NN Ar
R H
[activation multistepj pase Z
organic solvent + base/HX waste
toxic and hazardous

B. Reductive amination.

A\
1-aminoisoquinolines |
Ar”OH —— Ar-CHO 9 NN Ar

RT H
e
S

organic solvent
toxic and hazardou

C. Present work: a borrowing hydrogen strategy using p-benzylPd system.

N ONH, + ph O OH cat. Pd(0)TPPMS N ”APh + H,0
34a 35a H,0 264
©/€P<3(II)Ln
{ P~ OH A Ph-CHO 37a  Ar-NH, 34a 36a
[Pd"-H B [Pd"l A

35a dehydrogenation reductive amination

Base- and additive-free, high atom efficiency, and aqueous conditions.

Scheme 16. Various methods for N-benzylation of 1-amonoisoquinoline.

3-2. RICSIEHGET

1-Aminoisoquinoline 34a & benzyl alcohol 35a % 7 VHE & L CTEXE L. Bk
C-N AT O SISl 2T o 7. 7 1 v 34aic i LT 5 48D 7 L2 — )L 35a,
5 mol% D EEE X7 27 24, 10 mol%® TPPMS L1 Zhnz. /KAicT 120°C< 18 K
MBI Z To72L 25, HD N-E 7 X v Al 36a % 84% &\ 5 mINE TE %
T LT L 7z (Table 3, entry 1), JEk & 0 EEY O BRI F O KK EA3s 2 &

CX Y, 2EHDT A FAEHHET L7 NN-UX Y IAALEBFGon s 2 & A REE X
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niz2s, BlIAEBYIREL Ao T, BT 7T X A{bEo 5 RNICHELNS
EBDh ot Tl WAV 7L L VA Y P LI OBEZFICHECL TRIGEZITI &
MIGEERICHETEI 2B TEz(entry2), FA7 4 v U AHY FLLZFHML &
STHEPC I UABO LI BTV VY RT v PEEIMATRIGEZIT o 2B, & /G
DHEFT Lind o 7= (entry 3,4), TN 5 DFERD S 36a DARICIE Sv2 KIGIFEES L Tw
BWEEZ D HinT, RBAMBEZRKRT 5720, A 287 V7 L2 v T
JIG%AT 2T Z DRGR. 2Mli0 T 2y LB E L CIEIFFIE N 7 20 L0385 b RO
RELE 2522390 o7 (entry 1 vs. entry 5-7), Offlid T2 v Ll CcH %
Pd.(dba); b ¥ 7z RAFAICK CHMY) 36a % 5 2 7223 (entry 8), Fe(Il), Fe(IIl), Cu(ID),
Ir(I1) & > o 72 fth D & @Bl % F W 72 355 A1 1348 < RGOS ST L 78 2> - 7= (entry 9-12),
Tz VAV E Ll 2 OREEFZT7 4 v ) H v F L2-5 &L 72555 1 IIERIGR
&I FERTH o 7z (entry 13-16) . ft > T ISIEIE T H 57k % DMSO % 1,4-dioxane,
EtOH %5, fh DA HAEEICE 2 X CRIGZTT o 7223, PRICK L TRIGAH 4 < i
1L 72 o 7z (entry 17-19), TN b DIRETHER D 5 entry 1 G2 mdSfF & LT

ELT,
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Table 3. Effects of catalysts and solvents!®!

N Catalyst (5 mol%) AN
o Ligand (10 mol%) s
NH, + Ph" T OH N“>Ph + H,0
solvent H
34a 35a 120°C, 18 h 36a
(5 equiv)
Entry Catalyst Ligand Solvent Yield[P!
1 Pd(OAc), L1 H,O 84%
2kl Pd(OAc), L1 H,0 95%
3 Pd(OAc), None H,O 0%
4 TsOH+H,0 None H,0 0%
5 PdCl, L1 H,0 56%
6 PdBr, L1 H,O 63%
7 Pd(OCOCF3), L1 H,O 13%
8 Pd,(dba)z*CHCl5 L1 H,O 78%
9 FeCl, L1 H,O 0%
10 FeCls L1 H,O 0%
11 CuCl, L1 H,O 0%
12 IrClyexH,0 L1 H,O 0%
13 Pd(OAc), L2 H,O 29%
14 (OAc), L3 H,O 29%
15 Pd(OAc), L4 H,O 20%
16 Pd(OAc), L5 H,O 48%
17 Pd(OAc), L1 DMSO 0%
18 Pd(OAc), L1 1,4-dioxane 0%
19 Pd(OAc), L1 EtOH 0%
SO Na SO3 SO, HOZC
Me
thP PhP 5, PhoP thP@N
Me
L1: TPPMS L2: TPPDS L3: TPPTS L5

[a] Reaction conditions: 1-aminoisoquinoline 34a (1 mmol), catalyst (5 mol%), TPPMS
(10 mol%), benzyl alcohol 35a (5 equiv), solvent (4 mL), 120 °C, 18 h in a sealed tube
under air. [b] The conversion was determined by "H NMR analysis of the crude
product using 1,3,5-trimethoxybenzene as an internal standard. [c] 10 mol% of
Pd(OAc), and 20 mol% of TPPMS L1 were used.
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3-3. FLEE FH#iE o ET

BB L2 v CThRA BB ICT I 7 e G324V %7 ) vEICHT 54
HEMEIH ORI 21T o 72, HEHEREERETFORRICRS 3, kA RfiEOT I 7 Hic
XL CHBAK A Yy 7Y v ZROSIEET L, HIVD N-_ v Y bR (Table 4, 36a-36g)
P RRED D EIE TR S 2 LA TE L,

—Tis RV IAT A a— B L CHEREENEM OB 21T o 72, BT GETH
BAFNHE A PFUE 2RV EEAT IRV UAT VI A WTRIEETT
7HE D HINO RKIGHAHEIT T 5 & & 23b 55 72 (36h-1, 361-m), Ffic, BKMEDE W
ThE¥HE RvFuR EEET IRy UAT AL ERWEZEEIC KB TOK
JGDSHEIT L. G T 2 B2 E 2 2 LItk L 7= (36j-k), 7=, A FAric A F B
FETBEXVIATAIT=AICONT S T0%DINEKTHIMAE L L, KGR D
VAREESRE WEELICH L CHOARRIEEH T BEENZERIEE AR TH
5 &N o 7-(36n), FHIT, fEERM: D 2-naphthalene methanol 122 T $ M5 % 17
272E A, HHDO R v YAtk % 7T1% D NFE T5 2 72 (36p), Legros & 1% (n*
naphthalenemethyl) palladium OEKICE T 2 LBz 2L F—FRFIr-R vy I T Y
Y LDBRICE T B AN F—HBRICHRTNT WL W) 2 2H_ELTEY ¥ o
WEPO D ARERIEIZYTHLLER D, /7T, BTKIIE%ZHT % 4 -nitrobenzyl
alcohol Z W72 5H1ICIE N- RV O AITET L e 2o 72, THIER-RVY AT DY
L(IDVBEFARDOAFA VLo TLE D T b, IHEMANLE CERE i
Dol bTHbEF A D, 72, phenethyl alcohol Tl3 e ICIFHETL b o7 C

oo, EHEHET LI -ATH L LBRICETORETHE LEZLNS,
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Table 4. N-Benzylation of various aminoisoquinolines with benzylic alcohols

NH Pd(OAc), (5-10 mol%) H Ar
@C 2 TPPMS (20 mol%) “TNV
N 5a H,0, 120-140 °C =N
34 (1 mmol) 5 equw) sealed tube, air 36
Isoquinolines
ZN
| = = PN
N N Ph _ ‘ N { ‘ = ‘ H Ph
H N"N""Ph >O>N"ph Ny
H H
36a, 85%7 36b, 73%" 36¢, 98%” 36d, 86%°
N\ = N
X AN
N~ "Ph
H N~ Ph N
H H
36e, 54%2 36f, 62%" 36g, 90%°
Benzylic alcohols
Z N Z>N Z N
| | |
OMe OEt 0 "Me
36h, 84%° 36i, 76%° 36j, 69%°
Z>N
. |
/\©\O/\/\/Me /\©\
36k, 67%° 361, 75%”
36m, 95% Me
=
) ﬁ (9 N
36n, 70%" 360, 75% Me 36p,71%°

Yield of isolated product. [a] Pd(OAc), (5 mol%), TPPMS (20 mol%), 120 °C, 43 h.
[b] PA(OAC), (10 mol%), TPPMS (20 mol%), 120 °C, 18 h. [c] Pd(OAc), (10 mol%),
TPPMS (20 mol%), 140 °C, 18 h.
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Table 5. N-Benzylation of various aminoquinolines with benzylic alcohols

NH2 Pd(OAc), (10 mol%) H\/Ar
©\/ A OH TPPMS (20 mol%) @\ﬁ/j
H,0, 120 °C, 18 h N”
35a sealed tube, air
36
(1 mmoI (5 equiv)
Quinolines %\

i N ‘N V : NP

3649, 82% 36r, 79% 36s, 91%

©‘\/j @
“ = Me
N” °N

OMe

36t, 66% 36u, 62%

Late-stage N-benzylation in bioactive molecule

Me Me _ Me Me
Z/ Ph" ™ OH 35a (5 equiv)
N— Pd(OAc), (10 mol%) N
N TPPMS (20 mol%) N
[ »
= H,0, 140 °C, 18 h NN PN
N "NH, sealed tube, air N ” Ph
Imiquimod 36v, 72%

(TLR7 agonist)

Reaction conditions: aminoquinolines 34 (1 mmol), Pd(OAc), (0.1 mmol),
i 2 sealed tube under ai Yild of solated produet

fewv T, Bk L&t wC, 737 %7 U VIO L CRBEER MG & 1T
o7, EABMEICT I /7 HEHETET I %/ ) vHEICH L TH, Benzyl alcohol &
DAy 7Y v IRIGIEA L —RIHET L, HO T F bk Z R 2 b & INE T
% 7-(Table 5, 36q-u),

B, PEE SRS I KT 3 2 late-stage G D [E B2 7 B A 36 ~ D iEH Ic >
VT H MG % 1T o 72, Late-stage T BHFE A 1L, BERMBEMLL A OHERIE, O&
FOEBAIC X 0 KIKDALEYHRDMEE L BB TGOt 7 e 7 7 4 v o e 2
WG A @& R O R oS-I, FEE-Y B & IR c RS 2 2o o

ILEVERTFELE LTREEHTH 5, A, Imiquimod® #FHEH & L CTHW., &
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L L =SSt L2 2 A, e d 3 N-R_V I bR 36v 28 72%DINEKTHE L
oo RMER D O EMR BB AB T 2LAWIC O T RKKICSMAEICARETH B 2 &

DIy H o 77,

3-4. RICHEREDE R

KIS BT, C-N fEAER DK IC BT 2 KILBESOS O TRETE 2 HEBR 3 5 7=
o, BEKFL I/ T 3 — 2 3ba-d; & p-methoxybenzyl alcohol 35t # 7= 7 v X
F —N— G % AT 5 72 (Scheme 17), MICO#ER, HfH@E Y H/D 27 7 v 7 p#E %
7z 36t & 36t-d DRAY) DS HEEINE 28% T b7z, 36t-d D X F L v EALICEHKR 2
EBEN5 Z LiE NMR BT OFRERD HFE L7z, BCNMR @i v»C, 36t-d Ic B\
TEAFLVIRFEN 45.0 ppm i 11O MY FLy FTHREBEE NS, 36t 1% 45.3
ppm IC¥ v 7Ly F T — 27 23 & N7z (Figure 13), 72, 'H NMR ® 227 |
KBV TAFLYDOXT Ly b v—7 D5 36t (4.6 ppm):36t-d (6.6 pm)=1.8:1.0
ThHholze TNOLDFERDL L, C-NFEATHEE IZXT7 YT LRy IATa—~
DL INC X 2 72 -_V PN ANT V7 LR ZRE L CHETL T3 2 L A% &

Nniz,
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Borrowing 20% D

N hydrogen ) D_HID ) H_HD
_ - - A + P
N NH2 N H Ph-d5 N H Ar

34 36q-d and 36q-d, 36t and 36t-d
(43% isolated yield) (28% isolated yield)
. Ar: p-MeOCgH,
D. D H H Ph-CHD + Ar-CHO T H/D scrambled products
HOXPh-ds HO™ A [Pd] [Pd]-H/D Ar-NH, 34

Hydrogen and deuterium transfer

Reaction conditions: 2-aminoquinoline 34 (1 mmol), Pd(OAc), (5 mol%), TPPMS (20 mol%), benzyl-d;
alcohol (2.5 mmol) and 4-methoxybenzyl alcohol (2.5 mmol), H,O (4 mL), 120 °C, 18 h in a sealed
tube under air.

Scheme 17. Crossover experiment.

N
it A AN A A A AN AP AN

Figure 13. 3C NMR spectrum for the benzylic carbon of 36t and 36t-d.

HnT, Ry UANLD C-H FEAYVINT BB 2 il 4 7 vic B » THEEKE TH 2 5
O ERT A7, Taa— 35a & EKFEMR 35a-d & > COl EE SR R AL AR R
DWPE#{T o 770 BEEKIGDOEER,. 'TH NMR O Ic X » KIE=4.4 TH 5 T & 3590

277,

A\
Ph™ OH Pd(OAC), (5 mol%)
Z N 35a (2.5 mmol) TPPMS (10 mol%) ZN  H/D
S, ) N _HI/D
2 D_ D H,0, 120 °C, 16 h Ho L
34a ds-PH” ~OH kulkp = 4.4 s6a
(1 mmol) 35a-d (2.5 mmol)

Scheme 18. Kinetic isotope effect.
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BEFE DS B % F 2. Fk % X 1-aminoisoquinoline 34a & benzyl alcohol 35a D7k
TOBKII A v 7Y v Z ISR 7 SOGHERE CHEAT L T\ 2 & AHIE L T % (Scheme
19), £ 3. KL 7272 — 35a DKEN: PA(0)/TPPMS filt i~ o BAL Y5 h11ic X
WAhFAVER-Ry AT Yy LADEEE A BT S (step 1), & OEELHIFHIN T
o R (L AR EOBEFHEGIIC XY 2Mlio 8T Y ARREN I NS DI G HE
T5sLtEz2oN5, T, ERLEZHEE A OIEEMIZKITIC Lo TORENI L
25DLEING, LT 2MiF Y T LIk B B- F Y FRiBtENT 3T La—
) 35a DIAKIGICE W Ry X T AT e F 37a piEK X N3 (step 2), THiE, Tz
— L 35a D3EER A ICHRI L 2D b ic, Ry IAM D C-HEEARZL L i 7 v + vLRIG
PHEFTL, AT F37ai87 Yy 4(IDke FV FFEB &dbicEpIns b ciec
%o Tz, bR o RN AR O MIER R (KIE=4.4) 5 & . ERRIRE TS i[c B
% C-H #iaHAPEEREE CH 5 2 EARBINT WS, HHAFEICE W TIIM
NTEWEBR GO ETICHHATH oo —T7 RRIGTIZ. TR M F T A v HBHF4
YT =Ty A(IDSER E OB T e b v CHEER LR OB % % 5
reT, KIbkRESh T2 EEZLNG, REic, 7Y 7 4(0De FY FfEl B
X527 Iv34a7ATe R 37a0BITNT I /bR AZLICX), N-RrRy Y

btk 36a DAERK E 7-_ v PN T Yy LD A DFEADE Z 3 (step 3),
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(Hzo)n
Ph\/o‘H 35a

Pd(OAc),  PA(O)L, | ¢
. p 1
TPPMS AcOH oxidative addition

AN
|
NN Ph o
36 gpd"Ln Ph” > OH
© 35a
Ar-NH, 34a A ~OAc
AcOH

_[PdfOAC
[Pd]-H + Ph-CHO Ph" O
B 37a H { H_ H-:[Rd]*

k3
step 3 -~ >4
reductive amination

Ph" O O
step 2 C-H cleavage

H
TS \O/)\Me
turnover limiting
KIE = 4.4

Scheme 19. Proposed mechanism

3-5. ¥¢®

KD Palladium/TPPMS filllii % Fivs 2 2 2 ic X 0 ek X v S ICBIEIc X L
\» borrowing hydrogen i % i \» 72 aminoisoquinoline & benzyl alcohol D /K 77 »
TV RIS ERET S Z LI L 72, ARJSIE aminoisoquinoline IZXf L benzyl
alcohol Z 7 v F AL & L CH, /K CEBRNERELZTo RV oflcd 5,
o, KBWED 7 -_VYINANT Y LR Z OCICH WS 2 it X b, WERDIKE
Baf% SIS T BT H o 7B HIEL-Ci oA % L E L 23 AR &E T, Ee
IC. N-_RYOAMALE DB RIFRINE RO N L ZHL 2T Lz, 72, EAHRLS L
TAIA—NED7URF— NGB T H/D 22 7 v 7ARERE -RAY S
bz &b, C-N EAMHEEIZ 7YY Loy AT AT — L~

M X3 a-_v N0y Lpel L TETL Tw s 2 b IR AL AE%)
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FOBERTEL S, BEIRE TS ik 133 C-H BAHASEEERETH 5 2 L ARE
I N7,

TAFMEINTTTEBRT I VIE AEEER TSR RO 2 aEETH ),
LEWE R O BIABRRSIC B\ CHEH T & 2 ARG IE. EFEMSHRICE T KEFH

ThseHffEIns,
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AW Ccld. AIZEWSEIC 31 % pharmacophore & L CTEE A SHED D> TH S
iR o FH#. 3,4-dihydroisoquinolinone/3,4-dihydronaphthyridinone & isoquinoline
FUCIHEH L. 2 08RO EBIEDHIE LT 72,

H—F ClE. 3,4-dihydroisoquinoline I L 7 v ¥ b Z2fTH 2 &ic kb, A

/1

=y
LG L, JBonA =y alficnL, 7207 v LA Vv L eoKEE(LF Y
VLAEHCBERIG T it X b, ERETIIARENETS - 72 34-
dihydroisoquinolinone 5% ® 3 f71C EH#EL % Ko LAY D FTHL G BUERESRIC D) L 72,
EPEATH 24 I =y LIS LIBLRIG 21T 9 & &2 X 0 | B E 0 IR 1< B
TOREL M TE L L DHLNICT E LB TE 7,

BOETIE T VI =T VDIKGRIC I VO N2 T AT e FEETHNT I/
fbgethicfl 3 2 & ¢ A% 1 dihydronaphthyridinone Bi& Z H5E 3 2 2 L IcKIH L 7=,
REOG T #D CTHRA 75, 2O RERIEELHE R A 27 — FRIGE W72 FETH
D, BkA BT IVIEH L GERAFRETH B Z AL IC LT, KEEOEWT T Vi
DWTH, HWEORMEZRT 2REDOHREZMZ 5 2 Lic kb, BRILKD G AIHET
HBILEHDD T,

9= T, KIEMED palladium/TPPMS filtili % w2 2 L ic kb, fEk X » HHEIC
BRESIC % & L \» borrowing hydrogen %% Fl\> 7z aminoisoquinoline & benzyl alcohol
DRIKIIH Y 7V v IR T2 2 Ll LTz, KB 7 -_vy I 50y
LR % BOGIC G 5 2 2T X 0 | R DKEIRE G CIRMHTH > 7250 ) 7 ik

PO MYDOE Z BT 5 2 L ZBHL 2T L 7,
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INLDFHRERF TN FHFRERLHETFREDOM & v o 72k ik T 0 FE % [alkE
L 2R TETH 0 BRI AY TRV A 50 2 0 E DR &

JRICKZERNTHELFE RS,
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Experimental Section.

General Information for Section 1 and 2

'H and *C NMR spectra were recorded on a Bruker 400 ULTRASHIELD PLUS. 'H and
BC chemical shifts are reported in ppm downfield from tetramethylsilane (TMS, J scale)
with the solvent resonances as internal standards. The following abbreviations were used
to explain the multiplicities: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; band,
several overlapping signals; br, broad. IR spectra were recorded on a PerkinElmer
Spectrum One FT-IR Spectrometer using attenuated total reflection (ATR). Melting
points (m.p.) were recorded on a BUCHI Melting Point B-545. Mass spectra were
provided at the DMPK Research Laboratory, Mitsubishi Tanabe Pharma Corporation.

Section 1.

N-[1-(2-Bromophenyl)-2-methylpropan-2-yllformamide (10). In a flask, 1-(2-
bromophenyl)-2-methylpropane-2-amine 9%° (2.0 g, 8.77 mmol) and ethylformate (1.0
M, 8.77 mL) were placed and the mixture was stirred at 60° C. The reaction proceeded
very slowly. After 5 d, ethylformate (1.0 M, 8.77 mL) was added and stirred for another
5d at 60° C. The disappearance of the starting material was confirmed by LC/MS. The
reaction mixture was concentrated in vacuo to afford N-(1-(2-bromophenyl)-2-
methylpropan-2-yl)formamide 10 (1.92 g, 7.49 mmol) in 85% yield. M.p. 63.6-63.7° C;
'"H NMR (400 MHz, CDCl;) &u: 8.11-8.01 (1H, m), 7.60-7.56 (1H, m), 7.29-7.08 (3H,
m), 5.73-5.29 (1H, M), 3.29-3.03 (2H, m), 1.43-1.40 (6H, m); *C NMR (100 MHz,
CDCl3) éc: 162.6, 160.8, 137.3, 135.9, 133.5, 133.1, 132.5, 132.4, 128.8, 128.2, 127.3,
127.1, 126.1, 126.0, 77.2, 76.8, 55.4, 54.0, 48.2, 43.6, 28.6, 27.4; IR (ATR cm™) ¥ pas
3293, 2970, 2858, 1659, 1540, 1466, 1382, 1258, 1017, 759, 705, 657; HRMS (ESI)
[M+H]" calculated for C;1HisBrNO: 256.03315, found: 256.03357.

5-Bromo-2-(2-methoxy-2-oxoethyl)-3,3-dimethyl-3,4-dihydro-isoquinolin-2-ium
bromide (13). Methyl bromoacetate (0.078 mL, 0.84 mmol, 1.0 equiv) was added to a
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solution of 5-bromo-3,3-dimethyl-3,4-dihydroisoquinoline 12 (200 mg, 0.84 mmol) in
acetonitrile (4.2 mL, 0.20 M). The resulting mixture was stirred for 6 h at 60 ° C. As the
reaction proceeded, a colorless powder precipitated. After the reaction, the precipitate
was filtered and washed with ethyl acetate to afford methyl 5-bromo-2-(2-methoxy-2-
oxoethyl)-3,3-dimethyl-3,4-dihydro-isoquinolin-2-ium bromide 13 (195.4 mg, 0.50
mmol) in 60% yield. M.p. 182.7-182.8° C; 'H NMR (400 MHz, DMSO-d;) &1: 9.35 (1H,
s), 8.20 (1H, dd, /= 7.7, 1.0 Hz), 7.97 (1H, dd, /= 7.7, 1.0 Hz), 7.59 (1H, dd, J = 7.7,
7.7 Hz), 5.19 (2H, s), 3.82 (3H, s), 3.35 (2H, s), 1.46 (6H, s); *C NMR (100 MHz,
DMSO) é&c: 171.3, 167.7, 142.5, 136.6, 134.8, 130.7, 126.0, 124.1, 64.1, 64.1, 55.0, 53.8,
53.8, 23.7, 23.7; IR (ATR cm™) v ma: 2925, 1748, 1644, 1417, 1223, 1198, 1129, 795,
693; HRMS (ESI) [M-Br]* calculated for Ci12H17BrNO,: 310.04372, found: 310.04402.

5-Bromo-2,3,3-trimethyl-3,4-dihydroisoquinolin-2-ium iodide (16). 5-Bromo-2,3,3-
trimethyl-3,4-dihydroisoquinolin-2-ium iodide 16 was obtained following the same
procedure described in detail for the preparation of isoquinolinium 13 from 12. M.p.
182.5-182.6 ° C; 'H NMR (400 MHz, DMSO-dy) &1: 9.24 (1H, s), 8.11 (1H, dd, /= 8.2,
1.0 Hz), 7.87 (1H, dd, J= 7.7, 1.0 Hz), 7.55 (1H, dd, /= 8.2, 7.7 Hz), 3.74 (3H, s), 3.28
(2H, s), 1.47 (6H, s); 3C NMR (100 MHz, DMSO-d,) éc: 167.1, 141.2, 136.3, 133.5,
130.4, 126.5, 123.8, 62.6, 62.6, 42.7, 23.8, 23.8; IR (ATR cm™) ¥ ma: 2969, 1650, 1562,
1445, 1376, 1231, 1204, 1120, 901, 785, 700, 571; HRMS (ESI) [M-I'] calculated for
Ci2H15BrN: 252.03824, found: 252.03869.

2-Benzyl-5-bromo-3,3-dimethyl-3,4-dihydroisoquinolin-2-ium bromide (18). 2-Benzyl-
5-bromo-3,3-dimethyl-3,4-dihydro-isoquinolin-2-ium 18 was obtained following the
same procedure detailed for the preparation of isoquinolinium 13 from 12. M.p. 179.3—
179.4° C; 'H NMR (400 MHz, DMSO-d,) &u: 9.39 (1H, s), 8.15 (1H, dd, /= 8.2, 1.0
Hz), 8.01 (1H, dd, /= 7.7, 1.0 Hz), 7.59-7.42 (5H, m), 5.38 (2H, s), 3.32 (2H, s), 1.42
(6H, s); *C NMR (100 MHz, DMSO-ds) &c: 168.6, 141.6, 136.6, 134.5, 133.5, 130.4,
129.6, 129.6, 129.4, 129.0, 129.0, 126.7, 123.7, 64.3, 64.3, 58.3, 24.6, 24.6; IR (ATR cm~
D vamae 3313, 2921, 1642, 1561, 1448, 1375, 1254, 1194, 1129, 955, 789, 761, 700, 692;
HRMS (ESI) [M-Br] calculated for C1sH1oBrN: 328.06954, found: 328.06984.
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2-[5-Bromo-3,3-dimethyl-1-oxo0-3,4-dihydroisoquinolin-2(1 H)-yl]acetic ~acid (15).
Potassium hydroxide (8.0 M in water, 0.307 mL, 2.46 mmol, 24 equiv) was added to a
solution of potassium ferricyanide (137.7 mg, 0.614 mmol, 6.0 equiv) in H,O (1.4 mL).
After the reagent was dissolved, a solution of methyl 5-bromo-2-(2-methoxy-2-oxoethyl)-
3,3-dimethyl-3,4-dihydro-isoquinolin-2-ium bromide 13 (40.0 mg, 0.102 mmol) in
dioxane (0.7 mL) was added and the reaction mixture was stirred for 12 h at room
temperature. The reaction mixture was washed with CHCI; and the aqueous layer
acidified to pH 4 by adding a 1 M hydrochloric acid solution. The aqueous layer was
extracted with CHCls, dried over Na,SO,4 and concentrated to afford 2-(5-bromo-3,3-
dimethyl-1-ox0-3,4-dihydroisoquinolin-2(1 H)-yl)acetic acid 15 (22 mg, 0.070 mmol) in
69% yield. M.p. 169.4-169.5 ° C; 'H NMR (400 MHz, CDCls) &u: 8.03 (1H, d, /= 7.7
Hz), 7.70 (1H, d, = 8.2 Hz), 7.22 (1H, dd, J = 8.2, 7.7 Hz), 5.16 (1H, brs), 4.30 (2H,
s),3.11 (2H, s), 1.36 (6H, s); *C NMR (100 MHz, CDCl;) 8c: 172.7, 164.9, 136.3, 136.0,
129.7,128.3,127.7, 123.1, 56.7, 44.2, 42.0, 26.8, 26.8; IR (ATR cm™) ¥ na 2967, 1703,
1644, 1467, 1402, 1329, 1258, 1168, 1123, 915, 808, 752, 653; HRMS (ESI) [M+H]*
calculated for Ci3HisBrNOs3: 312.02298, found: 312.02296.

Methyl 2-[5-bromo-3,3-dimethyl-1-ox0-3,4-dihydroisoquino-lin-2(1 H)-yl]acetate (14).
Sodium hydrogen carbonate (128.9 mg, 0.820 mmol, 4.0 equiv) was added to a solution
of Oxone® (943.2 mg, 0.820 mmol, 4.0 equiv) in H,O (2 mL). Then, a solution of methyl
5-bromo-2-(2-methoxy-2-oxoethyl)-3,3-dimethyl-3,4-dihydroisoquinolin-2-ium

bromide 13 (150 mg, 0.384 mmol) in acetonitrile (4.0 mL) was added and the reaction
mixture was stirred for 12 h at room temperature. The reaction mixture was diluted with
water and CHCIl;. The aqueous layer was extracted with CHCls, dried over Na,SO, and
concentrated in vacuo. The residue was purified by column chromatography
(hexane:EtOAc = 3:1) to give methyl 2-(5-bromo-3,3-dimethyl-1-ox0-3,4-
dihydroisoquinolin-2(1H)-yl)acetate 14 (48.2 mg, 0.148 mmol) in 39% yield. 'H NMR
(400 MHz, CDCls) 8u: 8.04 (1H, dd, /= 7.7, 1.5 Hz), 7.69 (1H, dd, J= 8.2, 1.0 Hz), 7.22
(1H, dd, J=8.2,7.7 Hz), 4.30 (2H, s), 3.76 (3H, s), 3.12 (2H, s), 1.35 (6H, 5); *C NMR
(100 MHz, CDCl3) 6c: 170.4, 163.9, 136.1, 135.9, 130.1, 128.2, 127.7, 123.0, 56.2, 52.3,
43.4,42.2, 26.9, 26.9; IR (ATR cm™) v e 2950, 1750, 1643, 1562, 1455, 1413, 1386,
1199, 1167, 1012, 970, 754, 653; HRMS (ESI) [M+H]* calculated for C1sHi7BrNOs:
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326.03863, found: 326.03908.

5-Bromo-2,3,3-trimethyl-3,4-dihydroisoquinolin-1(2H)-one  (17). 5-Bromo-2,3,3-
trimethyl-3,4-dihydroisoquinolin-1(2H)-one 17 was obtained following the same
procedure described in detail for the preparation of isoquinolinium 15 from 13. M.p.
91.5-91.6° C; 'H NMR (400 MHz, CDCls) &u: 8.06 (1H, dd, J= 7.7, 1.0 Hz), 7.66 (1H,
dd, J=8.2,1.0 Hz), 7.21 (1H, dd, J = 8.2, 7.7 Hz), 3.09 (3H, s), 3.03 (2H, s), 1.33 (6H,
s); BC NMR (100 MHz, CDCl;) &c: 163.7, 135.8, 135.4, 130.6, 128.1, 127.7, 122.9, 55.5,
41.9, 27.3, 26.3, 26.3; IR (ATR cm™) v ma: 2967, 1636, 1566, 1455, 1409, 1369, 1163,
1101, 1042, 800, 732; HRMS (ESI) [M+H]* calculated for Ci,H1sBrNO: 268.03315,
found: 268.03329.

2-Benzyl-5-bromo-3,3-dimethyl-3,4-dihydroisoquinolin-1(2H)-one (19). 2-Benzyl-5-
bromo-3,3-dimethyl-3,4-dihydroisoquinolin-1(2H)-one 19 was obtained following the
same procedure described in detail for the preparation of isoquinolinium 15 from 13. M.p.
133.3-133.4° C; 'H NMR (400 MHz, CDCls) &u: 8.13 (1H, dd, J= 7.7, 1.0 Hz), 7.69
(1H, dd, /= 8.2, 1.0 Hz), 7.33-7.20 (6H, m), 4.84 (2H, s), 3.06 (2H, s), 1.28 (6H, s); 1*C
NMR (100 MHz, CDCl3) &c: 164.3, 139.5, 136.1, 135.7, 130.7, 128.5, 128.5, 128.2, 127.9,
127.1,127.1,126.8, 123.0, 56.7, 45.3, 42.7, 27.1, 27.1; IR (ATR cm™) v na 2975, 1624,
1561, 1454, 1403, 1356, 1287, 1197, 1120, 990, 800, 744, 698, 666; HRMS (ESI) [M+H]*
calculated for CisHi9BrNO: 344.06445, found: 344.06422.

Section 2.

Methyl 3-[(E)-2-ethoxyvinyl]pyridine-4-carboxylate (23). Methyl
bromonicotinate (700 mg, 3.24 mmol), 2-[(E)-2-ethoxyvinyl]-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (770 mg, 3.89 mmol, 1.2  equiv.),
PdCl.(dppf) CH:Cl, (132 mg, 0.162 mmol, 5.0 mol%), cesium carbonate (3.17 g,
9.72 mmol, 3.0 equiv.) were placed in a flask. Then, dioxane (6.5 mL, 0.50 M) and
H,O (3.2 mL, 1.0 M) were added and stirred under N5 atmosphere for 6 h at 80° C.

The reaction mixture was diluted with ethyl acetate and the layers were separated.
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The aqueous layer was extracted with ethyl acetate. The combined organic layers
were washed with brine, dried over MgSO, and concentrated in vacuo. The residue
was purified by flash column chromatography (n-hexane:EtOAc = 3:1) to give
methyl 3-[(E)-2-ethoxyvinyl]pyridine-4-carboxylate 23 (544 mg, 2.62 mmol) in
81% yield. 'H NMR (400 MHz, CDCl3) éu: 8.72 (1H, s), 8.47 (1H, d, J= 5.1 Hz),
7.65 (1H,d, J=5.1 Hz),7.01 (1H, d, J=12.8 Hz) , 6.57 (1H, d, /= 12.8 Hz), 3.98
(2H, q, J= 7.2 Hz), 3.93 (3H, s), 1.37 (3H, t, J = 7.2 Hz); ®*C NMR (100 MHz,
CDCl3) 8c: 166.6, 150.5, 148.0, 146.8, 133.5, 132.4, 123.2, 101.1, 65.7, 52.4, 14.7;
IR(cm™) v 2980, 1722, 1625, 1434, 1271, 1220, 1183, 1150, 1093, 934, 812,
699; HRMS (ESI) [M+H]+ -calculated for C1:HiuNOs: 208.09682, found:
208.09680.

General procedure for preparation of 3,4-dihydronaphthyridinones (25a—f). To a solution
of methyl 3-[(E)-2-ethoxyvinyl]pyridine-4-carboxylate 23 (40 mg, 0.217 mmol) in
CH,Cl, (0.50 mL) was added TFA (0.25 mL). The resulting mixture was stirred for 12 h
at room temperature. Then it was neutralized by NaHCOj solution, the layers were
separated, and the aqueous layer was extracted with ethyl acetate. The combined organic
layers were washed with brine, dried over Na,SO, and concentrated in vacuo. The crude
product was employed in the next reaction without further purification. Then, to a
solution of methyl 3-(2-oxoethyl)pyridine-4-carboxylate in CH2Cl, (1.0 mL) was added
amine (0.239 mmol, 1.1 equiv), acetic acid (0.217 mmol, 1.0 equiv) and sodium
acetoxyborohydride (0.282 mmol, 1.3 equiv). The resulting mixture was stirred for 12 h.
Only in the case of 25f, THF at reflux was used instead of CH,Cl, at room temperature
(see Scheme 4). Then, it was quenched with NaHCOj3 solution. The layers were separated,
and the aqueous layer was extracted with CHCIls. The combined organic layers were
washed with brine, dried over MgSO, and concentrated in vacuo. The residue was
purified by column chromatography (n-hexane:EtOAc = 1:2) to give
dihydronaphthyridinones 25a—f.

2-Butyl-3,4-dihydro-2,6-naphthyridin-1-one (25a). 'H NMR (400 MHz, CDCls) &u: 8.65
(1H, d, J= 4.6 Hz), 8.54 (1H, s), 7.88 (1H, d, J= 4.6 Hz), 3.61 (2H, t, /= 7.2 Hz), 3.58
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(2H,t, J=7.2Hz),3.01 (2H, t, J= 6.7 Hz), 1.69-1.59 (2H, m), 1.39 (2H, tq, /= 7.2, 7.7
Hz), 0.97 (3H, t, J=7.7 Hz); ®*C NMR (100 MHz, CDCl;) &c: 162.4, 149.3, 148.5, 136.4,
131.9, 121.0, 47.5, 45.9, 29.7, 25.0, 20.2, 13.9; IR (ATR cm™)) v e 3477, 2929, 2870,
1646, 1563, 1478, 1427, 1310, 1266, 1105, 852, 698; HRMS (ESI) [M+H]* calculated for
Ci2H17N20: 205.13354, found: 205.13324.

2-Isopropyl-3,4-dihydro-2,6-naphthyridin-1-one (25b). 'H NMR (400 MHz, CDCl;) &x:
8.65 (1H, d, J= 5.1 Hz), 8.54 (1H, s), 7.89 (1H, d, J = 5.1 Hz), 5.07 (1H, quin, /= 7.2
Hz), 3.49 (2H, dd, J = 6.2, 6.7 Hz), 2.97 (2H, dd, /= 6.2, 6.7 Hz), 1.22 (6H, d, /= 7.2
Hz); ®C NMR (100 MHz, CDCls) &¢c: 161.9, 149.1, 148.3, 136.8, 131.6, 121.3, 44.2, 38.8,
25.2,19.6, 19.6; IR (ATR cm™) v mac 3464, 2974, 1637, 1563, 1426, 1326, 1222, 1173,
1126, 853, 716, 694; HRMS (ESI) [M+H]* calculated for C1:H5N>O: 191.11789, found:
191.11764.: 172.7, 164.9, 136.3, 136.0, 129.7, 128.3, 127.7, 123.1, 56.7, 44.2, 42.0, 26.8,
26.8; IR (ATR cm™) v mae 2967, 1703, 1644, 1467, 1402, 1329, 1258, 1168, 1123, 915,
808, 752, 653; HRMS (ESI) [M+H]* calculated for Ci3H15BrNOs: 312.02298, found:
312.02296.

2-Cyclohexyl-3,4-dihydro-2,6-naphthyridin-1-one (25c). M.p. 120.5-120.6 ° C; 'H
NMR (400 MHz, CDCl3) &u: 8.64 (1H, d, /= 5.1 Hz), 8.53 (1H, s), 7.88 (1H, d, /= 5.1
Hz), 4.67-4.61 (1H, m), 3.51 (2H, d, /= 6.7 Hz), 2.95 (2H, d, /= 6.7 Hz), 1.86-1.65 (5H,
m), 1.52-1.40 (4H, m), 1.18-1.08 (1H, m); ®*C NMR (100 MHz, CDCl;) &c: 162.0, 149.2,
148.3, 136.8, 131.8, 121.3, 52.6, 40.0, 30.0, 30.0, 25.6, 25.6, 25.5, 25.4; IR (ATR cm™)
Ve 2936, 2853, 1642, 1563, 1438, 1321, 849, 703, 635; HRMS (ESI) [M+H]*
calculated for Ci14H19N-O: 231.14919, found: 231.14908.

Methyl 3-(1-ox0-3,4-dihydro-2,6-naphthyridin-2-yl)-propanoate (25d). 'H NMR (400
MHz, CDCl;) éu: 8.65 (1H, d, /= 5.1 Hz), 8.55 (1H, s), 7.86 (1H, d, J = 5.1 Hz), 3.83
(2H, t, J= 6.7 Hz), 3.72 (2H, t, J = 6.7 Hz), 3.70 (3H, s), 3.01 (2H, t, /= 6.7 Hz), 2.75
(2H, t, /= 6.7 Hz); ®C NMR (100 MHz, CDCl;) &c: 172.4, 162.9, 149.2, 148.6, 136.0,
132.1, 120.9, 51.9, 47.4, 44.6, 32.7, 25.2; IR (ATR cm™) v ma: 3445, 2950, 1730, 1648,
1564, 1428, 1335, 1195, 1052, 698; HRMS (ESI) [M+H]* calculated for C12Hi5N2Os3:
235.10772, found: 235.10767.
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2-[(4-Methoxyphenyl) methyl]-3,4-dihydro-2,6-naphthyridin-1-one (25e). 'H NMR
(400 MHz, CDCl;) 84: 8.67 (1H, d, J= 5.1 Hz), 8.52 (1H, s), 7.94 (1H, d, /= 5.1 Hz),
7.26 (2H, d, /= 8.7 Hz), 6.87 (2H, d, J= 8.7 Hz), 4.73 (2H, s), 3.80 (3H, s), 3.52 (2H, t,
J=6.7Hz),2.94 (2H, t, J= 6.7 Hz), MS (ESI): m/z269 [M+H]".

2-Phenyl-3,4-dihydro-2,6-naphthyridin-1-one (25f). '"H NMR (400 MHz, CDCl3) 6u:
8.71 (1H, d, /= 4.6 Hz), 8.63 (1H, s), 7.96 (1H, d, /= 5.1 Hz), 7.45 (2H, dd, /= 7.2, 8.2
Hz), 7.38 (2H, dd, J = 7.2, 1.5 Hz), 7.31 (1H, dd, J = 1.5, 7.2 Hz), 4.05 (2H, t, / = 6.7
Hz), 3.18 (2H, t, /= 6.7 Hz), MS (ESI): m/z 225 [M+H]".

X-ray crystallography analysis of 25c.

X-ray data were collected on a Rigaku XtaLAB P200 diffractometer with multi-layer
mirror monochromated Mo-Ka radiation (1 = 0.71075 A) and a hybrid photon counting
detector (PILATUS 200K) at —180 °C. The crystal structure was solved by direct
methods (SHELXT Version 2014/5)! and refined by full-matrix least-squares SHELXL-
2014/7.% All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were
located from difference electron density maps. Crystallographic data for 25¢c: C14HisN-O,
M, = 230.31, 0.094 x 0.089 X 0.037 mm, monoclinic, P2:/c (no. 14), a= 11.9180(3), b
= 11.3014(3), ¢ = 9.5699(3) A, B =105.849(3)°, V = 1239.97(6) A’, Z = 4, caled. =
1.234 gcm™®, 20m. = 29.757, T = 93 K, 20288 reflections measured, 3208 unique (R, =
0.0329), w=0.079 mm?, Thu = 0.708, Tin = 0.997. The final R, and wR, were 0.0515
and 0.1402 (all data) for 247 parameters and 0 restraints. The residual electron densities
(peak and hole) were 0.36 and -0.42 e A. The piperidinone ring was treated as
disordered. C1A/B and C2A/B (and each connecting hydrogen atom) of the piperidinone
ring were treated as disordered (Figure S1). The occupancy factors were refined to 0.67
for the main species and 0.33 for the minor species (total occupancy is 1.0). CCDC-
1845700 contains the supplementary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.
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Figure S1. ORTEP drawing of 25c (50% probability of the thermal ellipsoids).

[1] Sheldrick, G. M. Acta Cryst. 2014, A70, C1437.
[2] Sheldrick, G. M. Acta Cryst. 2015. C71, 3-8.

Section 3

General Information

All of the starting materials and solvents were purchased from Sigma-Aldrich Japan
(Tokyo, Japan), FUJIFILM Wako Pure Chemical Co. (Osaka, Japan), and TCI Co., Ltd.
(Tokyo, Japan). All commercially available reagents and solvents were used without
further purification. CHROMATOREX Q-PACK SI50 (Fuji Silysia Chemical Ltd, Japan)
was used for flash column chromatography. All melting points were determined using a
Yanako micro melting point apparatus without correction. 'H NMR (400 MHz) and *C
NMR (100 MHz) spectra were recorded on a JEOL ECS400 spectrometer. IR spectra
were measured with a JASCO FT/IR-4100 spectrometer. Mass spectra were obtained
using a JEOL the JMS-700 MStation Mass Spectrometer.

Scheme S1. General procedures.

Ar"OH 35 (5 equiv)
Pd(OAc), (5-10 mol%) H Ar

NH2 e H: TPPMS (20 mol%) ©i\j N~
or
©\/\j H50, 120-140 °C ©\/\
sealed tube, air
34 (1 mmol)
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General procedure I: A mixture of aminoisoquinolines 34 (1 mmol), palladium(II) acetate
(12 mg, 0.05 mmol), sodium diphenylphosphinobenzene-3-sulfonate (TPPMS, 72 mg,
0.2 mmol) and benzylic alcohols 35 (5 mmol) in H,O (4 mL) was heated 120 °C for 43 h
in a sealed tube under air. After cooling, the reaction mixture was poured into water and
extracted with EtOAc. The organic layer was washed with brine, dried over MgSO, and
concentrated in vacuo. The residue was purified by flash column chromatography (silica

gel, hexane/EtOAc) to give desired product 36.

General procedure II: A mixture of aminoisoquinolines 34 (1 mmol), palladium(II)
acetate (24 mg, 0.1 mmol), sodium diphenylphosphinobenzene-3-sulfonate (TPPMS, 72
mg, 0.2 mmol) and benzylic alcohols 35 (5 mmol) in H,O (4 mL) was heated 120 °C for
18 h in a sealed tube under air. After cooling, the reaction mixture was poured into water
and extracted with EtOAc. The organic layer was washed with brine, dried over MgSOy
and concentrated in vacuo. The residue was purified by flash column chromatography

(silica gel, hexane/EtOAc) to give desired product 36.

General procedure III: A mixture of aminoisoquinolines 34 (1 mmol), palladium(II)
acetate (24 mg, 0.1 mmol), sodium diphenylphosphinobenzene-3-sulfonate (TPPMS, 72
mg, 0.2 mmol) and benzylic alcohols 35 (5 mmol) in H,O (4 mL) was heated 140 °C for
18 h in a sealed tube under air. After cooling, the reaction mixture was poured into water
and extracted with EtOAc. The organic layer was washed with brine, dried over MgSOy
and concentrated in vacuo. The residue was purified by flash column chromatography

(silica gel, hexane/EtOAc) to give desired product 36.

N-Benzylisoquinolin-1-amine (36a).* Following the general procedure I, 36a was
obtained as a white solid. Yield 201 mg (85%); m.p. 91-93 °C; 'H NMR (400 MHz,
CDCl3) 6u: 4.82 (2H, d, /= 5.3 Hz), 5.43 (1H, brs), 6.98 (1H, dd, /= 6.0, 0.7 Hz), 7.28-
7.46 (6H, m), 7.59 (1H, ddd, /= 8.2, 7.1, 1.1 Hz), 7.70 (1H, d, /= 8.0 Hz), 7.74 (1H, d,
J=8.5Hz),8.03 (1H, d, J= 5.7 Hz); ®*C NMR (100 MHz, CDCl3) &c: 21.1, 45.9, 111.2,
118.0, 121.4, 125.9, 127.2, 128.1, 129.4, 130.0, 136.3, 137.1; IR (KBr cm™!) ¥ . 3441,
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1621; MS (FAB): m/z 235 [M+H]*.

N-Benzylisoquinolin-3-amine (36b).*’ Following the general procedure II, 36b was
obtained as a pale yellow solid. Yield 172 mg (73%); m.p. 170-172 °C; 'H NMR (400
MHz, CDCl3) 6u: 4.52 (2H, d, J= 2.1 Hz), 5.19 (1H, brs), 6.49 (1H, s), 7.20 (1H, ddd, J
=8.0,6.4, 1.4 Hz), 7.27-7.63 (7TH, m), 7.74 (1H, dd, J = 8.2, 0.9 Hz), 8.82 (1H, s); 1*C-
NMR (100 MHz, CDCls) 8c: 47.2, 96.0, 122.6, 124.9, 127.2, 127.3, 127.8, 128.7, 130.4,
138.8,139.0, 151.8, 155.4; IR (KBr cm™) ¥ ma: 3242, 1624; MS (FAB): m/z235 [M+H]".

N-Benzylisoquinolin-4-amine (36c¢).*! Following the general procedure II, 36c was
obtained as a white solid. Yield 230 mg (98%); m.p. 127-130 °C; 'H NMR (400 MHz,
CDCl3) &u: 4.52 (3H, m), 7.30-7.47 (5H, m), 7.54-7.69 (2H, m), 7.81 (1H, d, /= 8.5),
7.91-7.93 (2H, m); ®C NMR (100 MHz, CDCl;) &c: 48.5, 119.2, 123.8, 125.9, 127.0,
127.7, 127.9, 128.1, 128.5, 128.9, 129.0, 138.5; IR (KBr cm™) ¥ ma: 3264, 1545; MS
(FAB): m/z235 [M+H]".

N-Benzylisoquinolin-5-amine (36d).** Following the general procedure I, 36d was
obtained as a pale yellow solid. Yield 202 mg (86%); m.p. 115-117 °C; 'H NMR (400
MHz, CDCl;) &1: 4.50 (2H, d, /= 4.4 Hz), 4.74 (1H, brs), 6.78 (1H, d, J= 7.1 Hz), 7.29-
7.50 (7H, m), 7.58 (1H, dt, /= 6.2, 0.7 Hz), 8.47 (1H, d, /= 6.0 Hz), 9.17 (1H, d, /= 0.7
Hz); ®C NMR (100 MHz, CDCls) &c: 48.3,108.0,113.3, 116.4, 125.9, 127.6, 128.0, 128.8,
129.3, 138.4, 142.1, 142.2, 152.9; IR (KBr cm™) ¥ wmax: 3337, 1579;MS (FAB): m/z 235
[M+H]".

N-Benzylisoquinolin-6-amine (36e). Following the general procedure I, 36e was obtained
as a pale yellow solid. Yield 127 mg (54%); m.p. 128-130 °C; 'H NMR (400 MHz, CDCl;)
Su: 4.45 (2H, d, J= 5.3 Hz), 4.62 (1H, brs), 6.68 (1H, d, /= 2.3 Hz), 6.96 (1H, dd, /=
8.8,2.3 Hz), 7.29-7.42 (6H, m), 7.71 (1H, d, /= 8.9), 8.30 (1H, d, /= 5.7 Hz), 8.94 (1H,
s); BC NMR (100 MHz, CDCl;) &c: 47.9, 101.7, 118.9, 123.1, 127.5, 127.6, 128.8, 129.0,
138.2,143.5,149.1, 151.4; IR (KBr cm™) ¥ ma: 3284, 1621;MS (FAB): m/z 235 [M+H]".
HRMS (FAB): m/z [M+H]" calcd for CisH1uN> 235.1235, found 235.1236.
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N-Benzylisoquinolin-7-amine (36f). Following the general procedure II, 36f was
obtained as a pale yellow solid. Yield 146 mg (62%); m.p. 142-144 °C; 'H NMR (400
MHz, CDCl3) 6u: 4.39 (1H, brs), 4.46 (1H, d, /= 5.0 Hz), 6.88 (1H, d, J= 2.3 Hz), 7.11
(1H, dd, J= 8.9, 2.3 Hz), 7.28-7.34 (1H, m), 7.34-7.44 (4H, m), 7.47 (1H, d, J= 5.7 Hz),
7.62 (1H, d, J = 8.7 Hz), 8.27 (1H, d, J = 5.7 Hz), 9.00 (1H, s); *C NMR (100 MHz,
DMSO-ds) &c: 48.2, 103.1, 120.2, 122.2, 127.5, 127.6, 128.8, 129.8, 130.6, 138.5, 139.7,
146.7, 150.5; IR (KBr cm™) % ma: 3263; MS (FAB): m/z 235 [M+H]*. HRMS (FAB):
m/z [M+H]"* caled for CisH14N> 235.1235, found 235.1235.

N-Benzylisoquinolin-8-amine (36g). Following the general procedure I, 36g was
obtained as a pale yellow solid. Yield 212 mg (90%); m.p. 126-128 °C; 'H NMR (400
MHz, CDCl3) 6u: 4.52 (2H, d, J= 5.0 Hz), 5.21 (1H, brs), 6.65 (1H, d, /= 7.8 Hz), 7.14
(1H,d, J= 8.2 Hz), 7.30-7.68 (7H, m), 8.47 (1H, d, J=5.7), 9.32 (1H, s); *C NMR (100
MHz, CDCls) 6c: 48.2,105.9, 115.3,118.6, 120.9, 127.5, 127.6, 128.8, 131.7, 137.0, 138.3,
143.1, 144.3, 145.3; IR (KBr cm™) v e 3277, 1572; MS (FAB): m/z 235 [M+H]".
HRMS (FAB): m/z [M+H]" calcd for CisH1uN> 235.1235, found 235.1235.

N-(4-Methoxybenzyl)isoquinolin-1-amine (36h).** Following the general procedure III,
36h was obtained as a yellow oil. Yield 222 mg (84%); '"H NMR (400 MHz, CDCls) &u:
3.81 (3H,s),4.74 (2H, d, /= 4.6 Hz), 5.36 (1H, brs), 6.90 (2H, d, /= 8.7 Hz), 6.97 (1H,
d, J=6.0Hz), 7.37 (2H, d, J = 8.7 Hz), 7.43 (1H, ddd, /= 8.2, 8.0, 0.9 Hz), 7.58 (1H, t,
J=7.8Hz),7.68 (1H,d, /= 7.8 Hz), 7.72 (1H, d, J= 8.2 Hz), 8.03 (1H, d, J = 6.0 Hz);
BC NMR (100 MHz, CDCls) &c: 45.6, 55.4, 111.2, 114.1, 118.3, 121.7, 126.0, 127.2,
129.5, 129.8, 131.6, 137.2, 141.4, 155.1, 159.0; IR (KBr cm™) ¥ mac 3445, 1623; MS
(FAB): m/z265 [M+H]".

N-(4-Ethoxybenzyl)isoquinolin-1-amine (36i). Following the general procedure III, 36i
was obtained as a yellow oil. Yield 213 mg (76%); 'H NMR (400 MHz, CDCl3) &u: 1.42
(3H, t, /= 6.9 Hz), 4.04 (2H, q, J = 7.3 Hz), 4.73 (2H, d, J = 5.0 Hz), 5.35 (1H, brs),
6.89 (2H, d, /= 8.7 Hz), 6.97 (1H, d, J = 6.0 Hz), 7.35 (2H, d, J = 8.7 Hz), 7.43 (1H,
ddd, /= 8.2, 6.9, 1.4 Hz), 7.55-7.61 (1H, m), 7.69 (1H, d, J= 7.8 Hz), 7.72 (1H, d, | =
8.7 Hz), 8.03 (1H, d, /= 6.0); 3C NMR (100 MHz, CDCl;) éc: 15.0, 45.6, 63.6, 111.2,
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114.7,118.2,121.7, 126.0, 127.2,129.5, 129.8, 131.4, 137.2, 141.5, 155.1, 158.4; IR (KBr
cm™) Ve 3442, 1622; MS (FAB): m/z279 [M+H]*; HRMS (FAB): m/z [M+H]* calcd
for CisH1sN,O 279.1497, found 279.1497.

N-(4-Butoxybenzyl)isoquinolin-1-amine (36j). Following the general procedure I, 36j
was obtained as a yellow oil. Yield 211 mg (69%); 'H NMR (400 MHz, CDCl3) &u: 0.96
(3H, t, J= 7.8 Hz), 1.47 (2H, sext, J = 7.3 Hz), 1.47 (2H, quin, /= 7.3 Hz), 3.91 (2H, t,
J=6.4Hz),4.70 (2H, d, /= 5.0 Hz), 5.43 (1H, brt, J= 4.8 Hz), 6.85 (2H, d, /= 8.7 Hz),
6.93 (1H, d, J = 6.0 Hz), 7.30 (2H, d, J = 8.7 Hz), 7.36 (1H, ddd, J = 8.2, 6.9, 1.4 Hz),
7.53 (1H, dt, J= 6.9, 1.4 Hz), 7.64 (1H, d, /= 7.8 Hz), 7.66 (1H, d, J = 8.2 Hz), 8.01
(1H, d, J= 5.5 Hz); 3C NMR (100 MHz, CDCl;) &c: 14.0, 19.4, 31.4, 45.7, 67.8, 111.2,
114.8,118.2,121.6, 126.0, 127.2,129.5, 129.8, 131.3, 137.2, 141.5, 155.0, 158.7; IR (KBr
cm™) Ve 3448, 1622; MS (FAB): m/z307 [M+H]*; HRMS (FAB): m/z [M+H]* calcd
for C;0H22N-0O 307.1810, found 307.1809.

N-[4-(Pentyloxy)benzyllisoquinolin-1-amine (36k). Following the general procedure I,
36k was obtained as a yellow oil. Yield 214 mg (67%); 'H NMR (400 MHz, CDCl3) &u:
0.91 (3H, t, J= 7.3 Hz), 1.25-1.50 (4H, m), 1.74 (2H, quin, /= 6.9 Hz), 3.87 (2H, t, J=
6.9 Hz), 4.68 (2H, d, / = 5.0 Hz), 5.48 (1H, brt, /= 4.6 Hz), 6.80 (2H, d, /= 8.2 Hz),
6.90 (1H, d, J= 6.0 Hz), 7.27 (2H, d, J = 8.7 Hz), 7.31 (1H, ddd, J = 8.2, 6.9, 0.9 Hz),
7.49 (1H, ddd, J = 8.2, 6.9, 0.9 Hz), 7.61 (1H, d, J= 8.2 Hz), 7.64 (1H, d, J = 8.2 Hz),
8.00 (1H, d, J = 6.0 Hz); 3C NMR (100 MHz, CDCls) &c: 14.2, 22.6, 28.4, 29.1, 45.7,
68.1, 111.2, 114.8, 118.2, 121.6, 126.0, 127.2, 129.5, 129.8, 131.3, 137.2, 141.5, 155.1,
158.7; IR (KBrem™) v ma: 3444, 1624; MS (FAB): m/z321 [M+H]*; HRMS (FAB): m/z
[M+H]* caled for C21H2sN,O 321.1967, found 321.1966.

N-(4-Methylbenzyl)isoquinolin-1-amine (36l). Following the general procedure II, 361
was obtained as a brown oil. Yield 186 mg (75%); 'H NMR (400 MHz, CDCls) &u: 2.36
(3H,s),4.76 (2H, d, /= 5.0 Hz), 5.39 (1H, brs), 6.96 (1H, dd, /= 6.0, 0.5 Hz), 7.18 (2H,
d, J=7.8Hz), 7.34 (2H, d, = 8.0 Hz), 7.43 (1H, ddd, /= 8.5, 7.1, 1.4 Hz), 7.58 (1H,
ddd, /=8.0,6.9,1.1 Hz), 7.69 (1H, d, /= 8.0 Hz), 7.72 (1H, d, /= 8.2 Hz), 8.04 (1H, d,
J=6.0Hz); ®*C NMR (100 MHz, CDCls) &c: 21.1,45.9,111.2,118.0, 121.4, 125.9, 127.2,

58



128.1, 129.4, 129.7, 136.3, 137.1, 141.4, 154.9; IR (KBr cm™) % ma: 3310, 1623; MS
(FAB): m/z 249 [M+H]*. HRMS (FAB): m/z [M+H]* calcd for Ci;Hi¢N2 249.1392,
found 249.1392.

N-(4-Methylbenzyl)isoquinolin-8-amine (36m). Following the general procedure II, 36m
was obtained as a white solid. Yield 236 mg (95%); m.p. 120-121 °C; 'H NMR (400 MHz,
DMSO-ds) &u: 2.26 (3H, s), 4.47 (2H, d, J= 5.5 Hz), 6.45 (1H, d, J= 7.3 Hz), 7.02 (1H,
d, J=7.8Hz),7.12 (2H,d, J=7.8 Hz), 7.30 (2H, d, /= 8.2 Hz), 7.38 (1H, t, /= 8.2 Hz),
7.54 (1H, t, J= 6.0 Hz), 7.60 (1H, d, /= 5.5 Hz), 8.39 (1H, d, /= 5.5 Hz), 9.63 (1H, s);
BC NMR (100 MHz, DMSO-ds) éc: 21.2, 46.4, 105.6, 113.6, 118.8, 120.8, 127.4, 129.5,
132.2, 136.2, 136.9, 137.0, 143.3, 145.3, 147.4; IR (KBr cm™) ¥ mac 3269, 1568; MS
(FAB): m/z 249 [M+H]*. HRMS (FAB): m/z [M+H]* calcd for Ci;Hi¢N2 249.1392,
found 249.1392.

N-(2-Methylbenzyl)isoquinolin-1-amine (36n).*® Following the general procedure II,
36n was obtaine as a yellow solid. Yield 174 mg (70%); m.p. 77-80 °C; 'H NMR (400
MHz, CDCls3) 8u: 2.41 (3H, s), 4.78 (2H, d, J = 4.8 Hz), 5.24 (1H, brs), 6.98 (1H, d, J =
6.0 Hz), 7.16-7.25 (3H, m), 7.38 (1H, d, /= 7.1 Hz), 7.43 (1H, ddd, /= 8.2, 6.8, 1.1 Hz),
7.58 (1H, ddd, J = 8.0, 6.9, 1.1 Hz), 7.69 (1H, d, J = 4.4 Hz), 7.71 (1H, d, J = 5.0 Hz),
8.05 (1H, d, /= 6.0 Hz); ®*C NMR (100 MHz, CDCls) &c: 19.1, 44.3, 111.1, 118.0, 121.4,
125.9, 126.2, 127.2, 127.7, 129.0, 129.7, 130.6, 137.0, 141.4, 154.8; IR (KBr cm™) ¥ pae
3251, 1623; MS (FAB): m/z 249 [M+H]".

N-(4-Isopropylbenzyl)isoquinolin-1-amine (360). Following the general procedure III,
360 was obtaine as a yellow oil. Yield 206 mg (75%); 'H NMR (400 MHz, CDCl;) &u:
1.23 (6H, d, J= 7.3 Hz), 2.88 (1H, sep, /= 6.9 Hz), 4.74 (1H, d, J = 5.0 Hz), 5.46 (1H,
brs), 6.91 (1H, d, J= 5.5 Hz), 7.18 (2H, d, /= 7.8 Hz), 7.28-7.36 (3H, m), 7.50 (1H, dd,
J=17.8,6.9Hz),7.62 (2H, d, J= 8.2 Hz), 8.01 (1H, d, /= 6.0 Hz); *C NMR (100 MHz,
CDCl3) 6c: 24.2, 34.0, 46.0, 111.3, 118.2, 121.6, 126.0, 126.9, 127.3, 128.4, 129.8, 136.9,
137.2,141.6,148.2,155.1; IR (KBrcm™) v ma: 3447, 1623; MS (FAB): m/z277 [M+H]*;
HRMS (FAB): m/z [M+H]" calcd for CioH2N, 277.1705, found 277.1705.
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N-(Naphthalen-2-ylmethyl)isoquinolin-1-amine (36p). Following the general procedure
I1I, 36p was obtained as a white solid. Yield 202 mg (71%); m.p. 134-136 °C; 'H NMR
(400 MHz, DMSO-ds) &u: 4.93 (2H, d, J = 6.0 Hz), 6.91 (2H, d, J = 5.5 Hz), 7.40-7.50
(2H, m), 7.53 (1H, ddd, J = 8.2, 6.9, 1.4 Hz), 7.57 (1H, dd, J = 6.9, 1.8 Hz), 7.64 (1H,
ddd, J=8.2,6.9, 1.4 Hz), 7.72 (1H, d, /= 7.3 Hz), 7.78-7.92 (5H, m), 8.12 (1H, d, J =
5.5 Hz), 8.36 (1H, d, J= 7.8 Hz); 3C NMR (100 MHz, DMSO-ds) &c: 44.6, 110.3, 118.4,
123.6, 125.5, 125.9, 126.2, 126.5, 126.6, 127.1, 128.0, 128.2, 130.3, 132.6, 133.5, 137.2,
139.1, 142.0, 155.7; IR (KBr cm™) ¥ mae 3417, 1619; Anal. Calcd for Co0Hi6N20.1H,O:
C, 83.95; H, 5.64; N, 9.79. Found: C, 83.94; H, 5.57; N, 9.74.

N-Benzylquinolin-2-amine (36q).* Following the general procedure II, 36q was obtained
as a white solid. Yield 192 mg (82%); m.p. 100-102 °C; 'H NMR (400 MHz, CDCl;) &u:
4.73 (2H, d, J= 5.7 Hz), 5.03 (1H, brs), 6.62 (1H, d, J= 8.9 Hz), 7.22 (1H, ddd, J = 8.0,
6.9, 1.1 Hz), 7.27-7.42 (5H, m), 7.54 (1H, ddd, /= 8.5, 7.1, 1.6 Hz), 7.59 (1H, dd, /=
1.4,8.0Hz),7.71 (1H, dd, J= 8.4, 0.7 Hz), 7.81 (1H, d, /= 8.9 Hz); ®*C NMR (100 MHz,
CDCl3) &c: 45.9, 111.4, 122.2, 123.6, 126.3, 127.4, 127.5, 127.8, 128.7, 130.0, 137.5,
139.4, 148.0, 156.7; IR (KBr cm™) ¥ max: 3265, 1622; MS (FAB): m/z 235 [M+H]".

N-Benzylquinolin-3-amine (361).% Following the general procedure II, 36r was obtained
as a yellow solid. Yield 187 mg (79%); m.p. 96-100 °C; 'H NMR (400 MHz, CDCl;) &u:
4.43 (3H, m), 7.02 (1H, d, J= 2.8 Hz), 7.29-7.47 (7TH, m), 7.58 (1H, dd, /= 6.0, 3.7 Hz),
7.94 (1H, dd, J= 6.2, 3.4 Hz), 8.49 (1H, d, /= 2.8 Hz); *C NMR (100 MHz, CDCl;) &c:
48.0, 110.5, 125.0, 126.0, 127.0, 127.5, 127.6, 128.9, 129.1, 129.4, 138.2, 141.4, 142.2,
143.3; IR (KBr cm™) v ma: 3344, 1615; MS (FAB): m/z 235 [M+H]".

N-Benzylquinolin-6-amine (36s).%° Following the general procedure I, 36s was obtained
as a yellow solid. Yield 214 mg (91%); m.p. 124-125 °C; 'H NMR (400 MHz, CDCl;) &x:
4.44 (3H, m), 6.72 (1H, d, /= 2.8 Hz), 7.13 (1H, dd, /= 9.2, 2.5 Hz), 7.25 (1H, dd, J =
8.4,4.4 Hz), 7.28-7.52 (5H, m), 7.89 (2H, d, J= 8.7 Hz), 8.61 (1H, dd, /= 4.1, 1.6 Hz);
3C NMR (100 MHz, CDCls) &c: 48.3, 103.3, 121.3, 121.4, 127.4, 127.5, 128.7, 130.1,
130.3, 133.9, 138.6, 143.3, 145.9, 146.3; IR (KBrcm™) ¥ ma: 3316, 1622; MS (FAB): m/z
235 [M+H]".
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N-(4-Methoxybenzyl)quinolin-2-amine (36t).*” Following the general procedure II, 36t
was obtained. Yield 176 mg (60%) as a yellow oil; 'H NMR (400 MHz, CDCl3) &u: 3.80
(3H, s), 4.65 (2H, d, /= 3.9 Hz), 5.05 (1H, brs), 6.62 (1H, d, J= 8.7 Hz), 6.88 (2H, d, J
= 8.7 Hz), 7.22 (1H, ddd, J = 8.0, 7.1, 1.4 Hz), 7.34 (2H, d, /= 8.7 Hz), 7.54 (1H, ddd,
J=18.5,6.9,1.6 Hz), 7.59 (1H, dd, J= 7.7, 1.4 Hz), 7.71 (1H, d, J = 8.5 Hz), 7.81 (1H,
d, J= 8.5 Hz); ®C NMR (100 MHz, CDCl3) éc: 45.5, 55.4, 111.4, 114.1, 122.2, 123.6,
126.2, 127.5, 129.2, 129.7, 131.4, 137.5, 156.8, 159.0; IR (KBr cm™) » . 3285, 1608;
MS (FAB): m/z 265 [M+H]".

N-(3-Methylbenzyl)quinolin-2-amine (36u). Following the general procedure II, 36u was
obtained as a colorless oil. Yield 152 mg (62%); 'H NMR (400 MHz, CDCl;) &u: 2.34
(3H,s), 4.67 (2H, d, J= 5.0 Hz), 5.07 (1H, brs), 6.61 (1H, d, /= 9.2, 1.4 Hz), 7.09 (1H,
d, J=7.3Hz),7.15-7.30 (4H, m), 7.53 (2H, dd, /= 8.2, 6.9 Hz), 7.58 (1H, d, /= 7.8 Hz),
7.71 (1H, d, /= 8.7 Hz), 7.80 (1H, d, /= 8.7 Hz); *C NMR (100 MHz, CDCl3) &c: 21.5,
46.0, 111.4, 122.2, 123.6, 124.9, 126.3, 127.5, 128.2, 128.6, 128.7, 129.7, 137.5, 138.4,
139.3, 148.1, 156.9; IR (KBr cm™) v 3277, 1619; MS (FAB): m/z 249 [M+H]".
HRMS (FAB): m/z [M+H]" calcd for Ci7H1sN» 249.1392, found 249.1391.

N-Benzyl-1-isobutyl-1 H-imidazo[4,5-c]quinolin-4-amine (36v).*® Following the general
procedure III, 36v was obtained as a white solid. Yield 228 mg (72%); m.p. 162-164 °C;
'"H NMR (400 MHz, DMSO-ds) &1: 0.92 (6H, d, /= 6.9 Hz), 2.17 (6H, sept, J= 6.9 Hz),
4.40 (2H, d, J= 7.3 Hz), 4.79 (2H, d, /= 6.0 Hz), 2.17 (6H, sept, /= 6.9 Hz), 7.19 (1H,
tt, J=7.3, 1.4 Hz), 7.24-7.32 (3H, m), 7.40-7.46 (3H, m), 7.60 (1H, t, /= 6.4 Hz), 2.17
(6H, sept, J= 6.9 Hz), 7.64 (1H, dd, /= 8.2, 0.9 Hz), 7.99 (1H, dd, /= 6.9 Hz), 8.19 (1H,
s); BC NMR (100 MHz, DMSO-ds) &c: 19.8, 29.0, 43.6, 54.0, 115.4, 120.9, 121.8, 126.9,
127.3,127.4, 128.0, 128.6, 128.9, 131.8, 141.5, 143.8, 145.4, 151.0; IR (KBr cm™) ¥ pas
3295, 1597; MS (FAB): m/z331 [M+H]*

Scheme S2. Crossover experiment.

61



gt
+
N” NH,

34

D, b Pd(OAC), (5 mol%)

X
HO™ “Ph-d
5 TPPMS (10 mol%) @\/\/LD D
H H
0 N Ph-ds
Ho>§©\ H,0, 120 °C, 16 h
OMe 36q-d and 36q-d2

(43% isolated yield)

N 20% D
N™ °'N
H
OMe

36t and 36t-d
(28% isolated yield)

A mixture of 2-aminoquinoline 34 (144 mg, 1 mmol), Pd(OAc), (11 mg, 0.05 mmol), TPPMS

(36 mg, 0.1 mmol), benzylalcohol-d; 35a-d (290 mg, 2.5 mmol), 4-methoxybenzyl alcohol 35t (355

mg, 2.5 mmol), in H,O (4 mL) was heated at 120 °C for 18 h in a sealed tube under air. After

cooling, the reaction mixture was poured into water and extracted with EtOAc. The organic layer

was washed with brine, dried over MgSQO, and concentrated in vacuo. The residue was purified by

flash column chromatography (silica gel, hexanes/EtOAc) to give N-benzylquinolin-2-amines

(36q9-d and 36q-d; mixture) and N-(4-methoxybenzyl)quinolin-2-amines (36t and 3t-d mixture)

in 43% and 28% yield, respectively.

Table S1. N-(4-Methoxybenzyl) quinolin-2-amines (36t and 36t-d mixture)

Signal § 4.64 (d, J/=5.5 Hz, 2H): methylene 6.62 (d, /=8.9 Hz, 1H)
Integral 1.80 1.00
value

[36t-d] = x, [36t] = 1-x, x+ 2(1-x) = 1.8, x=0.2
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Scheme S3. Kinetic isotope effects.

S
N Ph™ OH Pd(OAc), (5 mol%)
| 35a (2.5 mmol)  TPPMS (10 mol%)
+
NH; PP H,0, 120 °C, 16 h
34a Ds-Ph OH
(Tmmol)  35a.d, (2.5 mmol)

Yo G

A mixture of 1-aminoisoquinoline 34a (144 mg, 1 mmol), Pd(OAc), (11 mg, 5 mol%),

TPPMS (36 mg, 10 mol%), benzyl alcohol 35a (271 mg, 2.5 mmol), and benzyl-d; alcohol 35a-d;

(293 mg, 2.5 mmol) in H,O (4 mL) was heated at 120 °C for 43 h in a sealed tube under air. After

cooling, the reaction mixture was poured into water and extracted with EtOAc. The organic layer

was washed with brine, dried over MgSQO, and concentrated in vacuo. The residue was purified by

flash column chromatography (silica gel, hexanes/EtOAc). The product was analyzed by "H-NMR

spectroscopy.

Table S2.
Signal § 7.28-7.49 (Phenyl-5H and isoquinoline-H: total 6H) | 7.59 (isoquinoline-H)
Integral 5.07 1.00
value

KIE = 4.07/0.93 = 4.4

5.07-1.00 = 4.07 (Ph-5H), 5.00-4.07 = 0.93 (Ph-5D)
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