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F1F 1-E#-1,2,3,4-tetrahydroisoquinoling ZHD AL « v o vevereereeereeeeineennn.
#1871 Phenethylamine & benzaldehyde Z N2 SO DRRGT coveveeeeenen.
H2H0 1-AIKYI-TIQ BHD AR vvveveemeeeeeeeiiinneeeetttieeeeeeceennns
g T R e D {1/ 5 R P
WA N-Formyl-1-FEH#-TIQ BHD WA /L I AVEIE +vevevereeenrnenenninns
W2 1,1-VEH#-1,2,3,4-tetrahydroisoquinoline B Bl s e v e v e e iiiann.
3T 4-{EH#i-4,5,6,7-tetrahydrothieno[3,2-c]pyridine JHD Gk < v v eeeeeeeeenenn..
w1EN Q-EHL-TTP FHD B e v eveereentntttttiniiiiiiintiicncncncneeans
528 AA4-EHL-TTPHAD A coveverereenniniiiiiiiiiiiiennenennns
4% Modified Pictet-Spengler ST 5 Ti(O-iPr)g DFEE < ovveereennenn..
w1EN TIQ FHARKIZIIT D Ti(O-iPr)s DFZZE ceveeeee i,
H 28 TTPFAEHIZE T D Ti(O-iPr)g DFEZEE «oveeee it
#5%  N-Arylalkyl formamide Z HZE#)H & L 7= Modified Pictet-Spengler S+« « - - -
#51Fi  N-Phenethylformamide % HFEWE & L72 TIQ FADERL covvvvvereeeenn.
281 N-(2-(Thiophen-2-yl)ethyl)formamide % HFE%'E & L7= TTP FHOAHHK - - -
H56%  Pictet-Spengler )iz V72 1-{EH#i-isoindoline FAD G v vevevveveeneeens
#5181 1-Phenyl-5,6-dimethoxyisoindoling MG AR ««ceeevereeeeeiniiiinn.
#3281 lsoindoline A EKIZ R 1T 5 arylmethylamine |- B HLILZHR «ovevrvnnnn.
5534fi  Isoindoline JA& HIZ 31T D VAR = /AL E W) L OEHEL R oeveennn
A 1soindoling XA FRIZ I 1T B L fEDRRES e eneeneenenaeaeaeaen.
%587 N-(3-Methoxybenzyl)formamide 7> 5 @ isoindoline Ak & EHLIEHFE -+ - - -
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A
#i -4,5,6,7 -tetrahydrothieno[3,2-c]

/\;

[& # -1,2,3,4-tetrahydroisoquinoline (TIQ) %
B #2-2,3-dihydro-1H-isoindole (isoindoline) FEIZ 134k~ 72 4B BRIE M &

pyridine (TTP) ¥8 &% OV 1-

FolbEmnmbivTuns (Figure 1).
(
Q\?W CQNH
S 1-Substituted-isoindoline
@H (Isoindoline: 2,3-Dihydro-1H-isoindole)

1-Substituted-TIQ
(T1Q: 1,2,3,4-Tetrahydroisoguinoline)

4-Substituted-TTP
TTP:4,5,6,7-Tetrahydrothieno[3,2-C]pyridine
J

Figure 1

5l 21% (+)-1-methyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (FR115427), 4-methyl-4-phenyl-
[ -1H-isoi [

K Y 1-methyl-1-phenyl-2,3-dihydro-1H-isoindole

4,5,6,7-tetrahydrothieno[3,2-c]pyridine
MK801 & [FIkEIZFERE A BY N-methyl-D-aspartate (NMDA) antagonist 14 A L, NMDA (2 X

DI S D BRI AE I D U E RPN RE NI =2 —m O
i, & 6I2HES CAL = = — 1 UREMPEEVEIE T 2 Ri#EEH 2R F > 2 L dE ST D

123 (Figure 2) .
( Non competitive NMDA antagonists
o e
S N
H N/CH3
CHj H
MK®801 Phencyclidine Ketamine

1—Methyl—l—phenyl-

4- Meth I-4- hen I-456,7-
2 3-dihydro-1H-|somdo|e

(+) 1- Methy| 1- phenyl
12,34- te(t;?%/ldgzlzs;)) qumolme tetrahydrothleno[3 2 C]pyrldme
Figure 2
Ig )

-
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F£ 72, MK801 =° ketamine, phenecyclidine @ X 9 72 NMDA antagonist |3 %) 5 1 % & H,
THHELHALNERSTEY, 2L LEWTITEVEEEPER A LN D.

B TIQ JHIX, 73— Y VIRARIEIR 2755 T D2 NIAME L OMAME & LT L S
nTCTWwab. filz1E, (R)-salsolinol (SAL) K& Y% @ N- A F/L{K® (R)-N-methylsalsolinol
(N-MeSAL) = 1-benzyl-TIQ, 1-phenyl-TIQ 72 &, ®|Z amphetamine Hi® 1,3-dimethyl-TI1Q
I ED—F Y UIFRHEREFHFET D 2 ERH LM ENTNWD YD RN TEE
3% 1-methyl-TIQ I fth® TIQ ¥85<° 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) 72 &
ICE S THRESNDN—F 0 Y IRERIER Z WG T L W) ZEn@ESTWD
12:13) (Figure 3).

Parkinsonism related compounds
HO
NH
H.C n
HyC 3
1-BenzyI-TIQ
(R) -SAL (R)-N-MeSAL
CH,
Hj Hs
MPTP 1,3-Dimethyl-Tlg 1-Methyl-TIQ
- J
FigureS

ZO X DI TIQ Bk UZ OB AT FLBRIR O X R DO ZEBE ] 2 7R 3~ b D3 % <,
TDTD L DILEMORELEKIEDOFHBITERDH DD LEEXD. 26 TIQ D
A RIEICIE Pictet-Spengler S, Bischler-Napieralski 52, Pomeranz-Fritsch )&% 2350 5
NTWb. Fio, EESIZEY Pummerer BIBR{LIUS 2 FIH L7 E#E TIQ FHDOE LS Rt

ERTW5 (Scheme 1),



( N
Pictet-Spengler reaction

B, e L e
—_—
|Jj NH
Bischler-NapieraIski reaction
HPO4
¥ e E
O)\R POCI,

Pomeranz-Fritsch reaction
OEt

0 (OEt),CHCHO %OEt H,
NH, > }\I [H] NH
I — 7

Pummerer type cyclization

O__ Ph
~S” SPh
0 H TFAA 0 . o NH
N R —_—
~CHO N cHo R
& J

Scheme 1

Z IS OH T Pictet-Spengler G IE 2-arylethylamine ERFE VAR = AL EY & DK
MAICLVELN DA I (Schiff base) DEEIC L2 HBENIET 1-EHE-TIQ H
1,2,3,4-tetrahydro-B-carboline %8 (THBC %) 15)'2%1%5 CIIEDRFRETH D, LvL, A
RVOMBRRBICEEEROBEFHEENRGWVWIEBLET, TOHKLEELERD
2-arylethylamine 31305 FERPABRALD o L £ 721% p fZIZ methoxy Hse hydroxy 572 EOFE
L EMEDIEMHALIE AR > TV D0y, & DL indole BRD X 5 IZE MR R OB FE T EHE T
HOHLMENDY, TALERFLERZVWEAEAITRE T, KiLoETICE
trifluoromethanesulfonic acid (TFSA) @ X 9 2RI AHE L WA SN TWS 2. X, v
NG E LTIET AT e REOARREINTEY, ZORHEHKL 525 TIQ |
THBC $HIX L (LEHUR DI L 72> TWD. ZHUTT P &7 I UMb DA IV DEMRE
DNKEEDT-ORETHLHZ &, FTAEARLIEAIVDBARLEETHDLZ ENHBATHD.

A4-EHL-TTPFA A B IZES L Tl ethyl 4-chloro-3-formyl-5,6-dihydropyridine-1(2H)-carboxylate
% JFURHZ triethylamine 727E F T ethyl 2-mercaptoacetate & D K& 1T L 5 2515239, thiirane
% Cu(tfacac), /77E T 2,5-dihydrothiophene & L 7% sulfuryl chloride |Z & 2B (LR %2 AV
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7= 6 DD 3D (Scheme 2),  Bischler-Napieralski S0& 2 & 5 A pk & HAT STV 5 3299 %
7z, Pictet-Spengler KT X5 TTP JEG RfBILE 7% E D&\ thiophene BRZ A3 5
2-(thiophen-2-yl)ethylamine % W22 LD 6T L 2. ZOEEAFIITEES: TTP,
4-aryl-TTP 2 OF 4-cyclohexyl-TTP T % MULRMENE DR% < & 5 10323 = pJE K &
L T thiophene BRNERIZIESZMED BVMEIETH D 4, TR EM T TRV E BRI L 0 4
MNPEITLCLEI LD E THEIND.

~

( CHO 1. HSCH,COOEt,
Lo o~ C -
< DMF N . KOH &
COOEt ~cooEt 2 KOHz2g
S KOH aq S HBrag S
Et0OC—(_ | — > HOOC— | — > ]
\ N ‘@H \ NH
~COOEt
\_ J
p
1. TFA, CH,Cl,, TrCl, Et;N | KSCN, Et;N
| g NTr —_—
OVO\‘BOC 2. CICH, |, n-BuLi, THF CH,Cl,-MeOH

NTr

SO,Cl,, Et,N,CH,Cl, g
1M HCI, THF 'wH

Cu(tfacacy, S
N — s
C6H6 =

& 7 isoindoline FUZBI L TITZ D ERMEREBINIEF TV <, Lo lE S oA il
TV bLEHER L O TH D, #il 2 1E potassium phthalimide 7> 5 & k9 2 LR,
1,2-bis(chloromethyl)benzene 7> & & #4 isoindoline & &% L 1Z 1 7 f O 3 AL IC [E KL 438
AT B 1ER EIFIHEER LD Lo TEY, AR TFEZEESA TV 3010
(Scheme 3).
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Scheme 3

38 11 & 1 2B Pictet-Spengler S A FIH L7- 1,1-PBEH-TIQ MDA FRIZ L L T 5 Y.
INTEEREEINDS T N 2- arylethylamlne & DK HE & % tetraisopropyl
orthotitanate (Ti(O-iPr),) ZHEEAIE L THWAHIZEIVERL, IHICZDA 2% N-k
VUL, acyliminiumion Z#H 7% Z & T TIQ FH~DBRAIL 22t UEREE 2 V7220

EVBRREMEIZ T TIQ FA~DOHARKISZ{T 72 DT % (Scheme 4).

;
N )OL Tio-iPr),
NH, RR, >

X 1

Ac,0-HCOOH
NECHO

R)J\Rz

1

Scheme 4



F35 13 Z @ acyliminium ion Z %75 Pictet-Spengler )i % its 97411 2-arylethylamine
DO EE FIIEMALIE 2 7= 72\ phenethylamine 725 Tdh > T HEEMZR &M T TL B
fHIC 1-EH-TIQ BB LG D TRV EB X T, £, AL ST TIQ
FDOENAIRE TH DD, BRIZESZMED E VY 2-(thiophen-2-yl)ethylamine 72> & D -l 4-ji
H-TTP ORI b AMGEL 2D b D B2 T-. X512 6 BE-6 BRMAELRTHS TIQ
I 0RFE LoDV 6 BER-5 BRMEAHEZRO isoindoline A& £ CHEA % LT 55
MHPRIE, RO L 2 BRIEGERERRILEMDOENIEZHL LGED b D LB T

(Scheme 5).
(" \
@ Ti(O-iPI‘)4
NH, + R1J\R2 —_— N
RlJ\RZ
Ac,0-HCOOH
2 -~ miCHo TFA \
)R ~CHO
RI7NR2 RY "R?
(. J
4 N\
S o) Ti(0-iPr), S
N TP N
R SR
RlJ\RZ
S S
Ac,0-HCOOH
: O oo [ &Y
)R ~CHO
R1SR? RY "R?
(. J
(" \
p o) Ti(O-iPr 7
X+ || NHz | O LT
X R R3 N )
R SR3
=z
Ac,0-HCOOH X @/\N/CHO TFA 2T Necro
™ J]\ A 2
Rl RZ R
Rl
. J

Scheme 5
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F7o, FIIARTIEEZLE L, N-(2-arylethyl)formamide } O N-arylmethyl formamide 7> % @

TIQ JHA Fk4:BA%E <> isoindoline $H4 LB % © 17 > 7= (Scheme 6).

( )

HCHO + R-CHO >
+
N > 0
~CHO - (J\I\CHO

Rl Rl
\\ J
( N\
7
Xt | HCHO + RLCHO —  »
N
=z 4 H =
X (/ A
R1 1
\\ J

Scheme 6
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Yaviaw

H1E 1-# #4-1,2,3,4-tetrahydroisoquinoline 28 D & fi%

#5167 Phenethylamine & benzaldehyde % 7= B S5 D #ist

famch 7= X 90z, BEICHE O 51X Pictet-Spengler S &R L7z 1,1-VEH-TIQ oD
BRICHE LTS M. LanL, HE L LTHWE 2-arylethylamine (35 & B _FIiE ML I
ToH D methoxy A2 HTHHLDTHD.

—7J7, Yokoyama & 13 5 & LR _EIZIEME(LILD 72 v phenethylamine & benzaldehyde & DifE &
FOGTEO A 2 OEEBRKGIZ X D 1-phenyl-TIQ OARKIZAKZI L TW5. LavL,
Z DA ARICITERER TH 5 trifluoromethanesulfonic acid (TFSA) % AR INET %
VDRI RN LETH Y, BIZHWD TFSA IZB L THAR L THWTE b #EE
MICbE L TSV b O TH D P,

FEFX, BB TOMEF DRV ITEHER ISR 2 F 72 720 2-arylethylamine T
i % phenethylamine # W24 Th, HIAR=IUULEM LV ELND A I 2T 2Lk
L acyliminium ion & 92 & HEEREE 2 F R UWRFI 72 550 C 1-EH#A-TIQ B D & 2N FIREIZ 72
LDbDEBERT. BIL, TIVEAINR=HULEDNE DA I DERNSGARNKEE T
IR AE HEET 5 2 L 72 < onepot TATA AL DKL DTl v nEBZ 2. &
9", benzaldehyde & DG HRFTTHZ & & Liz. R = &M E LT benzaldehyde
IR LT=DIE, WIOZETHLZERRTAXAT AT RERRDIEREATF L %
HIZ R WIS O T VT B REIOT L R—=Uffie 72 EORIFSZ & LR < TH L
N THD. Heakd Yokoyama o 1 phenethylamine & benzaldehyde (2 X ¥ Hifff < 172 imine
(3a) DELFARMIGSZRET L TV D208, T ORMIE TFSA i 120°C T 15 BFINEVT 25 &\
DMEER D THS.

Phenethylamine (1) (1.2 mol eq), benzaldehyde (2a) (1.0 mol eq) A2 TF Ti(O-iPr)4 (1.5 mol eq)
Z Ar & F 80°C, 3 HEEIINZA L T imine (3a) & L, #E/KEEEE (Ac0) (100 mol eq) KON
2 (HCOOH) (100 mol eq) X ¥ T FH%& L 7= mixed anhydride (100 mol eq) % /il 2. C 70°C T
2 BRENEA L, W2 trifluoroacetic acid (TFA) (200 mol eq) %1% 70°C C 18 HENMEA L 7=.
Z DOfER, N-formyl-1-phenyl-1,2,3,4-tetrahydoisoquinoline (5a) % {3 87% CTH52 HNTX 7=
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(Scheme 7, Table 1, Entry1).

1 Ti(O-iPI’)4 Ac,0-HCOOH m+
+ — N > ~CHO
80°C 70°C Ifh
4a

CHO h

@ .
- % TFA l TFA

5 4

6 3 Hydrolysis
NH N
NN, T ~CHO
h h

6a 5a

Scheme 7

Table 1 Reaction Condition of synthesis 1-phenyl-TIQ

Enry Imination ~ Formylation  Cyclization Yield
Time Time Temp. Time b5a 6a

1 3h 2h 70°C 18h 87%
2 3h - 70°C 18h -

3 3h 2h r.t. 18 h 55%
4 1h 1h 70°C 18h 50%
5 1h 2h 70°C 18h 88%
6 1lh 2h 70°C 3h 87%

5a 1% "H-NMR T C1-H H3ED 1 KDL 7 F /L3 § 5.78, § 6.68 ICENFhs TRD
N, v AZAXT MUZBWTH G FRICHY T2 mz237 (M) Z8HIL7-Z LT kY
ZOBEEMER LTz, 728, balditlkd C1-H v 7 Al I Vo v 7 U hs 2 RiC
DRLUTBAIEND R E, 2 DDILEMDIREMW THLNDE Sy 7 vERLc. 2
AUET 2 REOBREFEEIC L 2 2 MOEREERENFET 2720 THY, ZEs%oeT
D N-R/V IVRIZILEDORE TH 5.

AIISIZEBNT imine (3a) & A/ I Wb T 5 F < TFA 212 T 70°C, 18 Hefi] Nl
L7z, BHET D 6a 135578k -7- (Table 1, Entry 2). Z DX 512, H1 I 4k
& 0 Ak L7z formyliminium ion (4a) NEISERE L TWAHEITALNTHDH. —F, 4a
? TFA IZ X BRSSO SRIFIZ OV T, =IE T 18 BEf Tl 5a DU 55% % T T
L7, BIZA 2 RIS R OBV I OAGEOS ORFE 2 412 1 Rl L7 & 2 A ba @
IRIT 50%F TIR T L=, —F, 42 74b%x 1R, S I bz 2 Befl], FAER%Z 18 K
il L7z & 2 A, N-formyl-1-phenyl-TIQ (5a) DXL 88% L 720, A I /bl 1 KT

-11 -



FEOTHEAT T D 3RV AT 2 RFRILEE T H D T E N pinodz. S bIZPABRKSH 2 3 FF
W& LTzt >CTH N-formyl-1-phenyl-TIQ (5a) 1E 87% DU TG H i 2 FHAN 4 L
7= (Table1). 5%, T/ T b FEEE OKIGETIEZ O Z P OIS EIT ) FE L.
W7, B FR AR O R 1E 2 B A9 imine (3a) K OF formyliminum ion (4b) & L CRtdk L 7-.
IS HFEEOREET 4 FICHER TS L9 IC NMR JIEZ S & 0 P 2 R T S HEE I
TR - TR0,

2 1-Alkyl-TIQ 3D AL

1) TAXLTNATE REDRIGITE D N-formyl-1-alkyl-TIQ ¥ D& k%

Z® X 51T acyliminium ion Z#EH T2 FHIC LV FEHFR RITEEREE LR 220
phenethylamine (1) ZMW\\/25E THASHIZ TIQ B~DPABRRISHETT 5 Z L A 57>
L 7po7=. —J7, benzaldehyde UISAADT VXN TIILTE RTIET AT B REOT L K—L
=y BISOSHRIE L 222, 202, HENZ OBEDDIRWEIRT VX AT LT
R % FHN T N-formyl-1-{EH#-T1Q B D G Rl 23 P REAMREFS L 72 (Scheme 8).

TI(O iPry, O/\ Aczo HCOOH m + TFA
—_—

ST TI0c2n ~ CHO

(l\ , (o - (CHan -
(CHZ)n 4
H

(CH2)n (CHZ)n
5 8
+ +
O\/E/C\HO mHCHO mHAc
10 11
For compound 2-7 b: n—6, c:n=5 d:n=3
Scheme 8
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Table 2 Synthesis of N -formyl-1-cyclohexyl-TIQ

Cyclization Yield
Entry yTime 5b 7b
1 3h 34% 50%
2 18 h 49% 13%
3 18 h 68% -
4" 3h 82% 11%

* 98 Fmixed anhydride 4 25 1% TFAI F
9, #DIT cyclohexanecarboxaldehyde (2b) & Ot %#1T-7-. BibH, 1 & 2b %
Ti(O-iPr)y 1#1E F#EA L C imine (3b) & L7=%, N-&x/L 2 4L#%IC TFA 2% 70°C T3
RN L 7=. L AL, N-formyl-1-cyclohexyl-TIQ (5b) DU X 4% I £V,
N-cyclohexylidenemethyl-N-phenethylformamide (7b) 7% 50% MUY CTA %k L 7= (Table 2, Entry
1).
5b DL, NMR KO~ A A7 hUZ XD RE L. 7biX, 'H-NMR T §7.14-5 7.32
(CHFHER LOIKFED 5 ARKFDBE SN2 LIZLD TIQ ~DBRILITETL TN &,
HIZ PC-NMR T § 115.7 & § 119.1 (TR 72 A T~ R4, §137.9 & § 1385 (TH7=7¢ 4
ﬁﬁ%ﬁﬁ%éﬂt:ki@,K%ﬁwmm%@m%ﬁ%ﬁoké%fﬁék&ﬁbk
ZZTHELNTE 7oL, AR TEH D formyliminium ion (4b) 7> 5 BAER UG D ETH T,
THEAGORMENECTER LD EE XL, £ 2 CTHRKISOFRMZ 18 KT
R LUTKIGEITo72ER, 5b OULERIL 49%I2 ESF-L, 7b OFIET 13%IZKF L. &
, UG OEBMEEO EHZ2 B & LT formyliminium ion 24258 L7=%#, @FI72 mixed
anhydride Z 8= N8 2 L, TFA Z 12 70°C C 18 FERMEL L 7= 45 53, 7o IZRIAHT 5b @
IRIT 68% & 72 o 7. FAKHIIT, TRA Z N A 724 D UGk 2 3 BpfICHERME L2 & 25 5b
% 82%DINRTED Z LTI L, Z DR 7Tb DEIAEX 11%I28 £ ~ 7= (Table 2).
Z Z°C enamide (7b) OEEPAER 2 Mt L7z, BEICHE O 51X acetophenone 225455415 12
23X L H p-toluenesulfonic acid (p-TsOH) & (2 30 43i& i3 5 FIZ L VD 75% DU =R Tx}
Jo5 TIQ (13) ~E BT 5 Z L 252 LTV 5 Y (Scheme 9).

MeO
_ -TSOH in dry benzene
Meojij/\N CHO P inary .
)\© reflux 30 min
12
Scheme 9
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ZTZTEHIL, FEEOTEICLD, Tb 226 5b ~DBR L& FiEt L= (Scheme 10).

m—CHO p-TSOH in benzene NCHO
>

H™ reflux, 30 min
b

f

S.M. recovered 11%
+
H
78%
4b 10
Hydr0|ySiS

Scheme 10

7b (1.0 mol eq) %X € > H p-TsOH (3.0 mol eq) & #4230 7B L7 HRIE 45 Bb
LN T,  Th % 11%[EIX L 7=, N-phenethylformamide (10) % 78% MUK CTA Rk L 7=
DI TIH-7=. 10 1% 7b 7’ formyliminium ion (4b) ~& BV L, ZA0NERIC X 0 Ik 4y iR
EZTTAERLE D EBZ NS,

Pl E, 2b & @it T i formyliminium ion (4b) 72> & N-formyl-TIQ (5b) ~®EALR & enamide
(7b) ~DBMALIE DN BEFINHETT L TV D FEN IR I N, X, —HoF I MEEx &
STLEI EZOBROMARKISNE LI NEEL R FPHLNERoTc. EHIT, FRIC
WBL 7P 245 5 2, i O mixed anhydride 284 =9 2 FEITFEF AN TH HF HH|
L7,

X v IRFEH DV 720 cyclopentanecarboxaldehyde (2¢) & Of cyclopropanecarboxaldehyde (2d)
E DRI HAT> 72 (Scheme 8). ZDOfER 2¢ L OIS TIE 2b & OISR EIE T
N-formyl-1-cyclopentyl-TIQ (5¢) 1% 5% K7z, —J7, 2d & DG TIE cyclopropane

BRNVBAA L 8 KON 9 BNENTN 51% &L O 35%DULHE TH: H 417 (Table 3).

8 N9 OREIEIFZLA T D X 5 ICPE L7z, 91 H-NMR T TIQ B H# D C4-H KN C3-H |2
HRT 2 4 KK D 7 F Oz, §1.57-61.98, §3.68-33.7712 6 KFEHZDAF LK
ENBlEEE NI, $£7-, §4.54, 5548 (T total 1 /KK D CLAKFEICHKT v 7L b h
i, v AARYZ MZEBWT mz219 (MY 28I L7-Z L2k, AT TIQ B % Fr
B, L2 cyclopropane BR23BAZL L hydroxy FEEQEA SN HDOERELZ. 81X 9 &
'H-NMR TS HEI L= 7 F &R L, & 512 CHCO kD L 7 F /b (82.04,52.068) A

-14 -



Ao, AR MUZENTmMZ261 (MY 28I L7 LD 81X9 DT X — MK

ERE LT,
Table 3 Synthesis of N -formyl-1-cycloalkyl - TIQs
Cyclization Yield
Temp. Time 5¢c 7c 8 9

Entry Aldehyde

1 2c 70°C  3h 46% 24%
2 2c 70°C 18h 59%
3" 2c 70°C  3h 1% 7%

4 2d  70°C 3h - - 51% 35%
5 2d r.t. 1week - - 13% 85%
6" 2d 70°C  3h - - 33% 64%

“ VU Fmixed anhydride$8 7% TFATE T

8 J TN 9 i formyliminium ion (4d) itk TFA (2 X 2 BEEABREFIZ cyclopropane B 23BAZE L
AR L7eboEEZT. 1 & 2d 2%, NaBH, 12 X ViESTCT 5 & cyclopropane Bg % £
Ff L7 amine (14d) " EEMICELNTZZ b A I /7 {LEBBE Tl cyclopropane BR 23R EF
SNTWAHHENDND (Scheme 11). T, PABRSM % T 4 5t L7223 cyclopropane B8 % &
FFLIAERDITAELNT 8 LN DAL AR LT (Table 3).

@ , CHO LTi-Pry, 80°C, 1h m y
NH >
2 A 2.NaBH,, r.t. 1h £

Scheme 11

1 2d

ZOEIITERRT X AT AT e KEDORITILEN T N-formyl-1-E#-TIQHE 2155
ZEITHI LI, IRWTEIRT AL T AT b REDKISERFI L. TIROT AT e R
JHClX formaldehyde & acetaldehyde 1Z/KESIK D%y, SUR7 L7 & REAR TR G RFEHOH
V\ n-propionaldehyde & O )i & 0 47> 7= (Scheme 12).

Z DOfESR, n-propionaldehyde (2e) & d )i~ Tlk, benzaldehyde (2a) % HV T bk L7z
i 4 T id N-formyl-1-ethyl-TIQ (5e) X T 2> 17T% DN K THEH L 7= D A T,
phenethylamine 1 %3+ & O n-propionaldehyde 2 43+ X 0 A2k L7= REBRIEA TH 5 diene
(17€) 7 1A% LT-. T ORSIE TFSA % USRI A2 TR D FMF 28 < LT HiE

RITEE SN2 DS T2D, A X 7RIS OB ThOMRE 2 =8l & 975 & 5e DILRIT 49%
FCHEINTZ. DI LIL n-propionaldehyde D (49°C) LA EDSMHTIZA 2 k%
DOLOPNFEISHEITLERNZ EZRIEBLTWD (Table 4).
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F1Te ZT AT e ROKIGSHERELS EDTD 2 53 FOT VT RRT IV R—LZ AT
DREEZ LTERERAR LIZDL D EEZ TS, FHIZ, RSO EDERETT VT e ROME
DEZ > TWDHNEREELT.. %l (BF 5 %) @ N-phenethylformamide 725 @ TIQ & AKIC
BT, 17e DERITH LN oT2. ZDOZEND 2e DERINT 25TV R—4GE L
T /ey 21 & UG LT diene imine (15e) & 725 D TIERWZ ER™MA 5. A
B, £91 & 2e23EA LT imine (3e) &720 3e & ULRICHK > TV D 28 EDREITHE L
T 15e & 720 Znd L 2 k2 & 0 formyliminium ion (16e) & 720 & HlZ=F I AR
B L T17Te PAER LT b DO EEZX D, HITKIE (B 4 F) O X 9 I Ti(O-iPr),; O
2% NMR I THERB LR, A I BRSO TRIZIZ T TIT 7V R—UfE & a3 ARk L
TWDEBEZOLND VT FANBEINTZ. 168 O TIQ B ~DOFARKIGILZY = A% iED
OONKEEDTZDREET, 20D T I VESORMEDBEBELIZLDOTHA ).

0]
(j/m% A [ ]
. H
1 Ti(O-lPr) 4 2e
+ _— EN >

3

O
HJJ\/ 3e
2e 15e
AC,0-HCOOH
70°C, 2 h J

q o

=z
4e 16e -
TFA
70°C
[ ] N
N ~CHO
~CHO rJT\
5e 17e
Scheme 12
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Table 4 Synthesis of N -formyl-1-ethyl-T1Q

Imination Cyclization Yield
By emp. Time  TFA TFSA  Time 5e  17e
1 80°C 3h 200 moleq - 18h 30% 14%
2 80°C 3h 200 moleq - 3h 17% 15%
3 50°C 18h 200 moleq - 18h 46% 5%
4 r.t 18 h 200 moleq - 18h 49% 6%
5 0°C 24h 200 moleq - 18h 39% 8%
6 50°C 3h 80moleq 20moleq 18h 13% 7%
7 50°C 3h - - 1h - 1%

T OESHT VLT VT & R Th 5 n-butyraldehyde 7> 5 n-heptanal & CIIAK
ZILIX L7 VT & REDRIEEIT->72 (Scheme 13).

>‘:E

1 — >

i
[ ] NH, + ..
2 HJ]\(CHZ)nCH3 TI(O-IPI’)4 m
2

(CH2)nCH3
2f:n=2, 2¢ : n=3, 2h: n=4, 2i: n=5

Ac,0-HCOOH m N TEA |
Z “CHO ~CHO

=
70°C,2h (CH2)nCH; 70°C (CH2)nCH3

4 5
Scheme 13

Table 5 Synthesis of N -formyl-1-alkyl- TIQs

Aldehyde Imination Cyclization Yield
2 n Temp. Time Time 5

1 2f 2 80°C 3h 18 h 48%
2 2f 2 50°C 3h 18 h 40%
3 2f 2 80°C 3h 3h 38%
4 2f 2 80°C 1h 3h 48%
5 29 3 80°C 1h 3h 76%
6 2h 4 80°C 1h 3h 87%
7 2i 5 80°C 1h 3h 90%

n-Butyraldehyde (2f) (#5 5% 74.8°C) & D[t~ Tld, n-propionaldehyde (2e) & 13 #E7 0 A4
JALDIRE LR E LI TR RR LT 203 60k oTc. Zhig, WA & ROGIRE
DFENFR ETRD B AL, 80°C TORILDH N LY SR THIME 52 T2bD L& %
bivd. Fiz, REBOEME L HIIEERR LT 2HGWALNE ootz TIUTRER
DOEEIMZHENT VT v REEROZEENT EL, ZIUTHEWEIBIS AT S i b s
TIQ DO ZEMMNM E LA B2 TWAD. W, %k (55 4 &) O Ti(O-iPr), D8RR IRE
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DISFERMHIZIB N T TIQ FHDOMIZ ¥ = AMARDEIEDFED HAVZ DS, REDFEBREHI XY
T URDOAERITFRD bivZeirole. ZORKE LTE, #%iBod X 9512 Ti(O-iPr), 1.5 mol eq
GFIETCORINEEML TWAHEHFIZLY TV R— VS DOHEITHN S HRBEIH S =2
EEZDLND.

BNT, DEET AT AT e RE AW S %E I L.

“

o
(j N+ G Ti(O-Pr), Ac,0-HCOOH
N

1
2 > FI;
2j R:iPI‘, 2k R=tBu 70°C, 2h
3
+ TFA N m\
70°C, 18 h
4 5 7j
Scheme 14

Table 6 Synthesis of N -formyl-1-alkyl- TIQs
Aldehyde Imination Yield
2 Temp. Time 5 7
2j 1.2 moleq 80 °C 3h 45% 29%

Entry

i-Butyraldehyde (2j) #HWCRISE T2 & 2 A, 5] DMK 45% T 5 4L olefin (7)) 23
IR 20% CRIZE L7, 2) ICXARINMZBEA L THERIRT A X LT T B RE 2R L [FEE
FABRNLAHI O NIARREEN K E 2D, = F I U R~ORMEENEITLT 7 2527200
EEZBLND. Fiz, 2J1XFAN 63°C EIRWE, A4 2 J{LIEE A 50°C & L CKIGETTo
72. L L, 55 OICGRIT40% & EHETIC T Lz, 2k, SFEONKEEDZHICA 2/
CEOSDRNREE S 7o T-72d E B2 Biud. WL, pivalaldehyde (2k) 2 W5 &, IR 44%
T b5k 5547z (Table 6).

UL EDRRIZ BT v F AT AT B REDRIGTIET W R—/UEa I BRI 5=
EOAEKIFTFEDO 5NRL 2D b OO, TIQ BDILRITLRIIE T Lz, Ziud, 2B
KFEED =12 imine (3) DAL formyliminium ion (4) 75 OEABRNS AR EEIZ 72 5 2%
EEBEZ DD, W, WEIOT T v RERWEGEEOHFRIGERM E L2, ik, Kk
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FNOT VT v Ry1ORED EFIZE Y 7 > & oEftfERnm kL, imine (3) DAL
A B LR R EATE 5.

2) N-Formyl-1-benzyl-TIQ ®& %
1-Benzyl-TIQ T RN L K EDOMHEEN A 6N HILEWTHSH. LarL, Pictet-Spengler
FOSIZE D GG SN TND b DITEOFER LICEEEEEZFSOLOTHY, K
R EICIEMAL R 2 B 7= 7 W ELHE 72 1-benzyl-TIQ I3 Bischler-Napieralski < his & 25 W I
Pummerer BER(L S 2 -V TARR SN TS W 994 2 = acyliminium ion %4
% Pictet-Spengler ;i % iV 7= N-formyl-1-benzyl-TIQ &% % &t L 7=. 1-Benzyl-TIQ &%\
1T 7 V7 & K& LT phenylacetaldehyde Z VW2 723, {EMEA F LU LT L R—/L X
JEMEALICHEIT L C L& O AIREMERE. 22T 8 ¥ — R E AW KEEZ{ToFEE L
7=. Phenylacetaldehyde dimethyl acetal % i\ T4EiZ benzaldehyde % F\ > Chciifb L 72 SIS Ss
RO A EN L7272y, BRE T2 51 13/onNT ot 52 50H Tho7-. £z, [
ERDSAE T 2-benzyl-1,3- dioxolane Z HV N2 /i & 320 L7228, RIS S 0 % 52 5 D
FTholo. BT, REIGIZBWT 1 & 21-1 OFFEUS% NaBHL 2 K 28 ITL A 1T 7273,
BRI R 2 52 D DB ThH o712, ZDOZ D5, imine B) HIENAER L TOZRWER
B 502 & 7257 (Scheme 15).
OMe
T T

21-1

o) Imination m
b T8 —— [~ ¢
1
21-2
o L § NaBH,
H 3l
21-3 Acylation =
70°C
- 1 \J

+
TFA O/)\j\R mH

-— Q© (©

50r19 - 4o0r18 - 14|
Compound 4 and 5:R=CHO, 18 and 19:R=COCHj,
Scheme 15
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T Z— BN OSZBW I & 52 Tc DI Toh - 7%, phenylacetaldehyde
@1-3) ZDHLDE AN KIS EIT>T2. LovL, St AERO FETIIDM O I LGS
o7z (Table 7, Entryl). ZO%4E, A I JEOEBETRISHEITL TWRNWE D &
ExA IR L RE LT, £ ORER, K.COs f1E T ELO TR ZAT - 721, A
BREUGE TIT O & 8%DIRILERZ2 A3 5 N-formyl-1-benzyl-TIQ (51) ML FHNH L E
otz BIZ, A X LIS & R Lx i Dean-Stark 25 2 VN TIT 9 T L D 5l oYLk
1L 19%F Th ET25FERHLNERST. £2, T ERIZ AcO & L TRIGZEITS T
2%, #3572 191 DULERIT 20% & mixed anhydride % AV 72 56 & K & 227513580 H AL )

-7z (Table 7).
Table 7 Synthesis of N -formyl-1-benzyl- TIQ

Imination Acylation* Cyclization .
Entry — - - - Yield
Condition Temp. Time  Method Time TFA Time

1 Ti(O-iPr), 15moleq 80°C 3h A 2h 200 moleq 18 h 5l

3 Ti(O-iPr); 15moleq 0°C 24h A 2h 200 moleg 18 h 5I

4 AcOH in EtOH reflux 20 h B 2h 150 moleq 18 h 5l

5 p -TsOH in benzene reflux 1h B 2h 150 moleqg 18 h 5I -

6 K,COj3 in ether r.t 1h C 1h 100moleq 18h 51 8%

7 Dean-Stark in toluene reflux 2h C 2h 100 moleq 18 h 51 19%

s K, COsinether ~ rt  1h D 1h 100moleq 18h 191 9%
9 Dean-Stark in toluene reflux 2h D 2h 100 moleq 3h 191 6%
10 Dean-Stark in toluene reflux 2h D 2h 100 moleq 18 h 191 8%

11 Dean-Stark in toluene reflux 2h D 2h 100 moleqg 36h 191 20%
* Acylation Condition A: Ac,0-HCOOH (100 mol eq), B: Ac,0 (30 mol eq)-HCOOH (90 mol eq),
C: Ac,0-HCOOH (50 mol eq), D: Ac,0 (100 mol eq)

3) KA FTILFALTILTE KEDKIG

Acetaldehyde, formaldehyde &\ 72K+ 7 T & Rik, #S2MEW 72D T
KRR & 72> TN D, FEHZHMBFE LTV D TEIL 2-arylethylamine & 7 V7 & K & OFEA,
7 Ak, BABRBUGE T4 one pot TIT 9D 729, ik & L COKAIR &2 AW 2858 BUGH LE
ENAAREME D E. FE5E, 1 & formaldehyde KIEE (2m) & AW IGE T2 8 2 A,
HEg o N-formyl-TIQ (5m) DULRIL 35% I F - 7=, S22 Bt L2 i 5%,
formaldehyde % %7 24t L G2 NICHHEE L2 S ITIZ B S HiL7e > 7225 (Table 8,
Entry 3-4), formaldehyde @ polymer C#& % paraformaldehyde % V> Tt 247V IXEE 83%
Tom #1525 Z LIk L7z (Table 8, Entry1).
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H)J\H Imination
mHz + or —_— ©/\
éN

1 (HCHO)n
2m 3m
Ac,0-HCOOH m ) . @3\1
- . #Z ~CHO - “CHO
70°C,2h 70°C. 18 h
4m 5m
Scheme 16
Table 8 Synthesis of N -formyl-TIQ
Imination Formylation Cyclization  Yield
Entry 2m - - -
Solvent  Temp. Time Mixed anhydride TFA 5m
1 1.2 moleq - 80 °C 18 h 100 mol eq 200 moleq 83%
2 4.5 moleq* - 80 °C 18 h 100 mol eq 200 moleq 35%
3 10.0 moleq” - 80°c™ 18h 100 moleq 200 moleq -
4 10.0 moleq” - 80 °c™" 6h 100 mol eq 200 moleq -
5 1.2 moleq* EtOH  reflux ™ 19h 10 moleq 20 mol eq -
6 5.0 moleq* EtOH  reflux ™ 19 h 10 moleq 20 mol eq -

" Formaline solution, ™ Gas, ~ AcOH(L.5 mol eq)
[Al£RIZ acetaldehyde (2n) & D )it b fREt L7=. Acetaldehyde dimethyl acetal % fv > CRi 4

DZAET imine (3n) DA AR L7, Bl G, #d & BUGH T RA Z NaBH, (2 TiEJt L amine
(14n) OAERRZRLT-. LL, WTNOHES 14n 3BT HEEZEI L7DHTH
>7=. HIZ acetaldehyde KiEHE & AWV IGIZEBWNTEH Un IZHFLNBRNVERHET O
7272 (Scheme 17).

2n-1
o NaBH
Imination 4
B Negivines:
mHZ 2n-2 (/ f

1 3n
oJ\o
)\o P Ac,0-HCOOH

on3 70°C, 2h

CHO  ———— MNcHo
70°C f

5n 4n
Scheme 17
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Table 9 Imination of 1 and 2n

Aldehyde Imination Yield
Entry 2n Acid Temp. Time 14n S.M.
1 Acetal Ti(O-iPr), 1.5 moleq 80°C 3h - 99%
2 Acetal Aceticacid 2.0 moleq 80°C 3h - 14%
3 Acetal TFA 3.0 moleq 80°C 18h - -

4 Acetaldehyde Aceticacid 2.0 moleq 80°C 2h - -
5 Acetaldehyde p-TsOH  70.0 mmoleq reflux 2h - -

T ZC, acetaldehyde /KIAE 2 MR L 7 A4k L 7= acetaldehyde % iR IZE AT 5 k%
MREt L7z & AR 29% T 5n g b b FERH o7z, BITHREF 21TV, ®AAEARITIE
acetaldehyde @ trimer T % paraldehyde %z I\ TS E1T 9 F2 XL 0, IXR 57% T 5n & 15
DT PR

Table 10 Synthesis of N -formyl-1-methy-TIQ

Aldehyde Imination Formylation Cyclization  Yield

Entry 2n Temp. Time Ac,0 HCOOH Time 5n

1 100 moleq 50 °C 1lh 100 moleq 100 moleq 3h -
2 10 moleq 50 °C 1lh 100 moleq 100 moleq 3h 27%
3 10 mol eq r.t. 18 h 100 moleq 100 moleq 3h 29%
4 10 moleq 60 °C 3h 100 moleq 100 moleq 3h 21%
5 10 moleq 60 °C 3h 100 moleq 100 moleq 18 h 20%
6 10 moleq 60 °C 1lh 100 moleq 300 moleq 3h 16%
7* 1.0 moleq 80 °C 3h 100 moleq 100 moleq 3h 57%

* Carbonylt. &4 &L Cparaldehydesfif [

4) /NG

LL I, phenethylamine (1) & & FE7 /L7 & R & O acyliminum ion Z#% 1 3 % Pictet
-Spengler it~ (LA T Modified Pictet-Spengler i & & Fak) 12 L - T N-formyl-1-{&#-TIQ
ERARHRDFEEZH M L, DITICHERZ £ & ®7= (Scheme 18, Table 11).

TREIRTHRIT 21 Z AW T258 121 Ti(O-iPr)s A1E T TOMiA Tid72 <, Dean-Stark %
BEHAWLILERHDLOD, FFET7 LT b Ra M= formyliminium ion Z#%H 4%
Pictet-Spengler SJSIZ & U N-formyl-TIQ 25 (5) NSO N FENH LN ER-7-. X, 2d &
FAWI=5A81213 B /) & 9% N-formyl-1-cyclopropyl-TIQ (5d) (55419, cyclopropane Bg 73
BHZL L 7= N-formyl-1-(3-acetoxypropyl)-TIQ (8) % UY N-formyl-1-(3-hydroxypropyl)-TIQ (9) 73
BoONDRRER SN, ZOMOT AT v RERWZSHEITITEN L 3 5 HABREN
44%-90% DR TH L NTZ. BIRT VT & REHAWZEE121%, mixed anhydride %8+ T
HEHZIZ TRA IC X 2HBRKIGCZAT 5 FCRIMIZIEENYGE Lz, ICBBREVFITIT,
F#HT A LT AT e REAWEEAITE, 70 R— VUSSR T2 BSOS 23 3] S 4,
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TR U TEIGERE T N-formyl-TIQ Fan 5 b 5 FHBH G e o 7z,

JCJ)\ Ti(O-iPry, m Ac,0-HCOOH
+ — > _ >
O Wt s I B———

1 2 3

TFA
N+
If “CHO —— N-cHo

Scheme 18

Table 11 Synthesis of N -formyl-1-substituted-TIQs

2 Imination Cyclization Yield
Entry R Temp. Time Temp. Time R 5

1 2a phenyl 80°C 1h 70°C 18h 5a phenyl 88%
2" 2b c-hexyl 80°C 1h 70°C 3h 5b ¢ -hexyl 82%
3" 2c c-pentyl 80°C 1h 70°C 3h 5¢ ¢ -pentyl 71%

N o o 8  3-acetoxypropyl 33%
4 2d c-propyl 80°C 1h 70°C 3h 9 3-hydroxypropyl 64%
5 2 ethyl r.t 18h 70°C 18h 5e ethyl 49%
6 2f n-propyl 80°C 1h 70°C 18h 5f n -propyl 48%
7 29 n-butyl 80°C 1h 70°C 3h b5¢g n -butyl 76%
8 2h n-pentyl 80°C 1h 70°C 3h 5h n -pentyl 87%
9 2i n-hexyl 80°C 1h 70°C 3h 5i n- hexyl 90%
10 2j i-propyl 80°C 3h 70°C 18h 5j i -propyl 45%
11 2k t-buyl 50°C 3h 70°C 18h 5k t -butyl 44%
12 21 benzyl refux. 2h 70°C 18h 5l benzyl 19%
13 2m H 80°C 18h 70°C 18h b5m H 83%
14 2n methyl 80°C 3h 70°C 3h 5n methyl 57%

*  JE Fmixed anhydride 8 25 % TFATE
** Toluene (Dean-StarkZ& & i )

3 T LRI O ME

ZIVETT 2 EHI & LT mixed anhydride 2 W T & 7225, 7 2 VA LFIO FIREME %2
et Lic. ROSICHW D 7 v 7 b RiE EELO KRG T 50%F2 DY T N-formyl-TIQ % 5-x
7= i-butyraldehyde (2j) Z3&IR LR L7z, 7 b# % Ac0 DA & LTS E T2 8 2
A, 19) % 63%, 20j & 16% DR TH7=. F£7=, trifluoroacetic anhydride (TFAA) % T
Tk EIT o7& 2 A, enamide (23)) ITZEIZEET, 22] OB 5% DIHETHE L.
AT (CH3CH,CO),0 % FV 2336 TIIUER 1T 25) % 58%, 26j 2 18% & WfilCfk F L7z, &6
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IZ(PhCO),0 % W= & ZITIETIQ IFHEHNT, 74T B ROEEIERD L ALY D05
bz, LLEDORER L 0, acetyliminium ion Z#8H L7 ISR B IR S TIQ 2 5 % 7-.
L2vL, %6 2 T 517z N-acetyl-1-benyl-TIQ (191) DMK Z 4T~ 7= & 2 A,
30%NaOH ag-EtOH 1 18 IRFfE MR T L T HUNER 33% T L 7 1-benzyl-TIQ (6l) 231%F H41 7,
67 & FAACSISE DRV X VAREOS & Bl U TP RESMC R CTH L2 FENB Bt 7o T2,
fik & LT TIQ DERMER KO T 2 MRS DES S 2B+ 5 &RV I bz fimd
D FED e & b L7z,

+
Ti(O-iPry, @ Acid anhydride
NH
@ 2 “J\( — N -
80°C 31 )/\ 70°C, 2h

1 2j 3j

P A beor * I
“COR — > ~COR
)i co 70°C 18 h )|/\ ©

4;:R=H 5:'R=H
7i:R=H
18j:R=CH J
i 191 R=CH 20j:R=CH
21j:R=CF, 22j:R=CF, Y R=GF.
24jR= CHZCH3 25j:R=CH,CHj 26-R=CH.CH
27j:R=Ph i'R= | ARG A
j 28j:R=Ph 29j:R=Ph
Scheme 19
Table 12 Syntheis of N -acyl-1-isopropyl-TIQs
Acylation Yield
Entry — -
Condition R TIQ Enamide
1 mixed anhydride 100 mol eq H 5 45% 7] 29%
2 acetic anhydride 100 mol eq methyl 19j 63% 20j 16%
3 trifluoroacetic anhydride 100 moleq trifluoromethyl 22j 45% 23j -
4 propionic anhydride 100 mol eq ethyl 25] 58% 26j 18%
5 benzoic anhydride 100 mol eq phenyl 28 - 29 -
6 benzoic anhydride 2 moleq phenyl 28 - 29 -

A% N-Formyl-1-B#a-TIQ MO Bl A /L 2 WALUSG

ZIVE TITAE B iv7e N-formyl-1-E#i-TIQ $8 (5a-c, 5e-n, 8, 9) DAV I MALKIEZ1T
~7=. A5, N-formyl-1-E#:-TIQ % (5a-c, 5e-n, 8, 9) % EtOH ' NaOH /KA, EtOH F1ii
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FE/K AL C Table 13 IR 4TS L, B E T 5 1-EH-TIQ FH (6a-c, 6e-n, 6t) % &
IR T2, 14, 5n 1% HCI-MeOH CHIEMERE 4 % $C, [EH: 1-methyl-TIQ HifsH (30n)
G555 e L 7= (Scheme 20, Table 13).

\ Deformylation
~CHO > NH or NH HCI

5o0r8or9 6 30
Scheme 20

Table 13 Deformylation of N -formyl-T1Qs

5 Deformylation Yield
Entry R Condition Solvent Temp. Time R 6 or 30
5a phenyl 10%NaOHaq EtOH refux 6h 6a phenyl 92%
5a phenyl 20%NaOHag EtOH reflux 2h 6a phenyl 99%
5b ¢ -hexyl 30%NaOHaq EtOH reflux 18h 6b ¢ -hexyl 85%
5¢ ¢ -pentyl 20%NaOHaq EtOH reflux 18 h 6¢ ¢ -pentyl 71%

3-acetoxypropyl 20%NaOHagq EtOH refux 3 h 6t 3-hydroxypropyl 99%
9 3-hydroxypropyl 20%NaOHaq EtOH reflux 3h 6t 3-hydroxypropyl 99%

© 00N Ol WN P
(o]

5e ethyl 10%NaOHaq EtOH  reflux 6h 6e ethyl 84%

5f n -propyl 10%NaOHaq EtOH reflux 6h o6f n -propyl 82%

5¢ n -butyl 10%NaOHaq EtOH  reflux 3h 6g n -butyl 93%
10 5h n -pentyl 10%NaOHaq EtOH  reflux 3h 6h n -pentyl 90%
11  5i n- hexyl 10%NaOHaq EtOH  reflux 3h 6i n- hexyl 82%
12 5j i -propyl 10%NaOHaq EtOH  reflux 6h 6j i -propyl 79%
13 5k t -butyl 10%NaOHaq EtOH reflux 6h 6k t -butyl 79%
14 5l benzyl 10%HClag EtOH refux 30h 6l benzyl 93%
15 5m H 10%NaOH aq EtOH r.t 4h 6m H 96%
16 5n methyl 10%NaOHaq EtOH reflux 5h 6n methyl 93%
17 5n methyl HCl(gas) MeOH reflux 4 h 30n methyl 97%
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Sipe

2 1,1-ViE#-1,2,3,4-tetrahydroisoquinoline %8 D & A%

RhEm CIR 7RIS, HEER EONTEM L S vz 2-arylethylamine & 77 K U FH A W7
Pictet-Spengler &2 & 5 N-formyl-1,1- & #4-6,7-dimethoxy-TIQ (35) & RkIZBI L Tix, B
05 0HMEFNH L Y. Ziux, 2-(34-dimethoxyphenyl)ethylamine (31) X acetophenone
(32a) % Ti(O-iPr)s 1F(E Tt L7, HAES 29 H < mixed anhydride (22 ¥ N-/L 3L
ftlL, BIZ TFA KX VHBERIEZITTZbDTH D, FEOFIEICLDY
2-(3-methoxyphenyl)ethylamine (36) % F\ 7= N-formyl-1,1- (& #i-6-methoxy-TIQ (39) D&
FRIZHR LTS, LvL, WINOKERIZE W TS Ac,0 100 mol e, HCOOH 100 mol
eq, TFA 200 mol eq & KiBFIOHE L H W TORGEFEmL TWD. LarL, ZTHETO
FHDOEBRERNOEBRT D L, BHER ENIEMNL S L7z 2-arylethylamine % W72 KGR IC
B L TIIHWAIREEZHIM TE D AREEN V. 22T, ZORIGGREE &2 F Tk
TE 5731 KORaxzAVTit Lz, ZOREE, Ac0, HCOOH KT TFA Offi &
Z4-30moleq & L THRISZIT>Th 35a 23LH 98% T15 4L, 30 mol eq D3 THsy
FOSEITT 2 FH N/ O Nn e olo. £70, £ 3K EL 10 mol eq & L7o S & FEhi L7223,
Z DEAITIE 35a DULRD 35%IZMK T L, 30 mol eq DRI EIIMNIETHHENH LN E R
-7z (Scheme 21).

Ti(O-iPr
mez + pidoge e X

N
80°C,3h R1J\R2
31 : X=0OMe 32
36 : X=H 33 : X=0Me
37 : X=H
MeO
Ac,0-HCOOH m+ TEA MeO j@;}
o N.CHO | o
> X | - N-CHO
° 7
70°C, 2h RlJ\RZ 0°C,18h X e
34 : X=0Me 35 : X=0Me
38 : X=H 39 : X=H
Scheme 21
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Table 14 Synthesis of N -formyl-1,1-disubstituted-TIQs
Amine Ketone Condition Yield

Entry 31 X 32 R R?Z  Mixed Anhydride TFA 35
1 31 MeO 32a methyl phenyl 100 moleq 200 moleq 93%
2 31 MeO 32a methyl phenyl 30 mol eq 30 moleq 98%
3 31 MeO 32a methyl phenyl 10 mol eq 10 moleq 35%
4 31 MeO 32b methyl methyl 30 moleq 30 moleq 99%
5 31 MeO 32¢c methyl ethyl 30 moleq 30 moleq 99%
6 31 MeO 32d ¢ -pentyl 30 mol eq 30 moleq 89%
7 31 MeO 32e ¢ -hexyl 30 moleq 30 moleq 84%

fthod 4 b HEHZE WV ClRIBRIC A3 4 30 moleq & L CRUS 1TV, acetone (32b) K& Y
methyl ethyl ketone (32¢) % FHV\/=355 21X EEAIIZ, cyclopentanone (32d) % VN2 3401C
U= 89%, cyclohexanone (32e) % W26 113N 84% CTHAY & 35 N-formyl-1,1->
[& #1-6,7-dimethoxy-TIQ JH235G H 4L 5 EH 5 L 72 o 7= (Table 14).

—J7, FEFIZINE TORFHT L HEFER EIZIEEEE D 720 phenethylamine (1) % M
T4 Modified Pictet-Spengler SO T & 0 FLEGAFEFN 702 5544 T N-acyl-1-EH#-TIQ FH 5 &
NOELZW LN L., T 2 TEHIISTHREEF D720 2-arylethylamine O 5 B FITTEME
{bFE % Ff 7= 72\ phenethylamine (1) % V7= N-formyl-1,1- VEH#-TIQ DO AR & fimt L 7=
(Scheme 22).

1 & 32a % Ti(O-iPr), (2 THig & 1%, mixed anhydride (2 CN-R/L /4L L, &5 TFA 20
2 RIS & T2, LavL, HEYO N-formyl-TIQ (42a) 13564, 1 S N-mL k&R
7210 B 3NGFONT=OHRTH T, KRIZ, FVIBERINZ DEROIEE 22T LS
et L7z, BHER G Z TFA (90 mol eq)-TFSA (10 mol eq) JEE#IC X Y 70°C (2T 18 K47
STZH, ARID 82a 1345509 10 & TA%DIR TR L DA Th 7o, BICEROBE 2 EIT,
TFA (80 mol eq)-TFSA (20 mol eq) & LTt L7z & 2 AFARMIT 10 (Yield 79%) TH -
7273, HB9D N-formyl-1-methyl-1-phenyl-TIQ (42a) % 13%DINE TEHD Z LN TE =, £ 2
T, TFA (50 mol eq)-TFSA (50 mol eq) & U CRILZEAT 2723, 4 EIXEMEZR 0 Enkin & 5
Z, 42a 3o ho T, BOSRE 2 RIEIC T CRIERIC SR 2 A 72 S RO T T4
77, 70°C 12 C 3 WM & UG A2 LTH 2a B30T 1% o -DHh TH 7=, BT
T mixed anhydride % ¥4 2= L 7= TFA (50 mol eq)-TFSA (50 mol eq) DiEA# % iz 70°C, 3
RFF SIS 53T 428 ORI 18% F T E L7, HA&EIZ, B4 I BIZHW 7= mixed
anhydride Z 8+ F& =L, TFA (80 mol eq)-TFSA (20 mol eq) DIEEW % Iz 70°C, 18 FF
MG S5 H T 42a DULEE 38% F Tek®d 25 2 LT L7- (Table 15).
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i o8
Ti(O-iPr N
80°C,3h

1 32a L 40a i

reorcoon | (] Neouo | A ® +
>  —
70°C. 2 h )l\© N-CHO NHCHO

- 41a - 42a 10
Scheme 22
Table 15 Synthesis of N -formyl-1-methyl- 1-phenyl- TIQ
Formylation Cyclization Yield

Entry Mixed anhydride TFA TSFA Temp. Time 42a 10
1 100 moleq 200 mol eq Omoleq 70°C 18h - 3%
2 50 moleq 90 moleq 10moleq 70°C 18h -  74%
3 50 moleq 80 moleq 20moleq 70°C 18h 13% 79%
4 50 mol eq 50 moleq 50moleq 70°C 18h - -
5 50 moleq 50 moleg 50 moleq r.t. 18h - -
6 50 moleq 50 molegq 50moleq 70°C 3h 1%
7" 50 moleq 50 moleq 50moleq 70°C 3h 18%
8" 50 mol eq 80moleq 20moleq 70°C  3h - -
9" 50 moleq 80 moleq 20moleq 70°C 18h 38% -

" JE Fmixed anhydride B 254 8414 T

2 ZTHe 42a 1, HCI-MeOH H1 THI#H T A v I vfbah, B 5
1-methyl-1-phenyl-TIQ it (43a) % 5 2 7-. A{bEWIZ Ohkubo & DHE & —FH L7 Y.

O N—CHO MeOH-HCI O NH HCI
O rt., 12h o O

42a 43a (84%)
Scheme 23

KUNTC, 2-(4-methoxyphenyl)ethylamine (44) & 32a & DG EIT>T-. Z DAL 44 &
32a zifi &AL IV L, TRA TRERT 2 & TIZPABR RO IT8 < EATE 9, 5k 32a @
FaE L7=. LA L, Jcod phenethylamine (1) & @O iAIEE, formyliminium ion (46a) &
%% mixed anhydride % J8/E F8 2 L, TFA (80 mol eq)-TFSA (20 mol eq) %z < 70°C, 18
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REfI 9 % 35 C N-formyl-TIQ (47a) % 7% &L {RIRAR N 5150 Z LA TE, i 48 2 10%

o
. (0-iPr), . N Ac,0-HCOO
NH, — > -
MeO

80°C,3h 70°C, 2 h
44 32a L 45a .
er ACId
N-CHO
)\© 70°C 18h MeEO
- 46a -
Scheme 24

Table 16 Synthesis of N -formyl-1-methyl- 1-phenyl-7-methoxy-TIQ

Formylation Cyclization Yield
BNt ™ Vixed anhydride TFA TSFA 472 48
1 100 moleq 200 mol eq 0 moleq
2" 50 mol eq 80 moleq 20moleq 7% 21%

" 98T Fmixed anhydride3 25 4 B T

48 1%, = A ALY FILIZ LY CrpHisNOs 12595 miz 221(MY) %7~ L, 'H-NMR T, *
FNIEIFETE LV 7T NAR OBV INEZ LDV 7T vamL, HEERKFEIL § 6.93
(1H, d, J=8 Hz), § 7.27, 5 7.32 (total 1H, each dd, J=2 Hz, 8 Hz), § 7.54 (1H, d, J=2 Hz)D 3 /K&
FOYT TN ULInHLNIEoTe. TNOHEERBRKFEDD TV o 7RG = 10 R
L®124mm%@%%%o:&ﬁ%%éﬂk.ikﬂ%NMRK%mf&%ym%@s
1%71%9@mh9ﬁ@mméhtk_ ZEVRELE.

48 OARRIZES U CIEi@E  JFE 44 12xd 5 Friedel-Crafts B o KOS A3 HETT L AR L 72 AT HE
WRZEZOND. —J, IFART —F TiEdb D0, 2-(3,4-dimethoxyphenyl)ethylamine &
cyclopentanone & @ Modified Pictet-Spengler S 238\ T, (RILF 7273 & Bischler-Napieralski
RO L0 B LTz & A E LD 6,7-dimethoxy-3,4-dihydroisoquinoline 2345 51TV %
WE-T, 48 DALY 44 & Ac,0 & DORJSTAR L7 acetyl amide (49) MHREEMES: T
Bischler-Napieralski ! DBV in 1 & - T 1-methyl-3,4-dihydroisoquinoline (50) &721, =
DALED 1-2 FNEBSKIRINCBHER L, AR LT I URHRA I LTERIR E BB R
HZEMTE D, (Scheme 25).
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- HN_ CH -
MeomHz Meom \g 3

44 49
1.H,0
N > NHCHO
MeO/Oi; 2. Ac,0-HCOOH MeOo
H3
50
48

Scheme 25

Z ® X 912, Modified Pictet-Spengler il K-> T, ZiLE TITHEF D72 W EER B
B GMEERILIC X 0 IEEIE S LTV AW 2-arylethylamine & 7 k> & v 7=
N-formyl-1,1- VEH#-TIQ $HD A IERRF IZ H kEh L 7.
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Sipe

¥3E  4-{E#4-4,5,6,7-tetrahydrothieno[3,2-c]pyridine B DA%

F1ET 4-BEH-TTP EHOE R

1) 4-Phenyl-TTP O& %

ZAIVE TEF 1T Modified Pictet-Spengler UG IZ LV, G Loy AR 72 &4 C
N-acyl-1-EH#i-TIQ AN SR AIRER F A O L. £ 2 THIZ, AFEORSZRHET
LM OELZBRIL S A RA~DIH 2t 5% & L7z, Pictet-Spengler 5% R L7= 8
FERALAEWMOARICE LTI, TIQ DMz 1,2,3,4-tetrahydro-p-carboline (THBC) ¥ED Ak
MBS TED ¥ =% indole B DE BN B2 DICATREE 725 TNV D B O
THD. —J, R benzene Bg & Lb: L CTH&E % E M &\ thiophene BR % Ff o
2-(thiophen-2-ylethylamine (Z & % 4,5,6,7-tetrahydrothieno[3,2-c]pyridine (TTP) & ikiZBI L T
(X, WVLT AT e RUSOT VT e FEE W 4-BEH-TTP A S X 1 oA T,
Z DILHE L, 4-phenyl-TTP T 24%, 4-cyclohexyl-TTP T 9% & FEH IRV, FIZ S B
LCHBRMGIET T 720 EHFICERMEZES L0 THD P, HITHho 4-7 1F L
TTP JHE AT 72 <, A-EH-TTP BOME R SR ERIERBITERH D bDLWVA D,
Pictet-Spengler ItnZ L5 TTP A E DR O N b D &> TWAEREE LTI,
thiophene B DRI KT D2 REZEMIC L D b ORFERD—o L LTEXZ NS, —F, B
DEAFE LTV % acyliminium ion % #%H3°% Pictet-Spengler < Ji~, Bl 5 Modified Pictet-Spengler
BOS TIE IR AN 72 S N CRUOS ZAT 5 23 TE, one pot TR 72 & VAR FE 23 Al g
TlE7Z2 vy & # % 2-(thiophen-2-yl)ethylamine (51) & 4 f& aldehyde (2) & @ Modified
Pictet-Spengler iz &%, N-formyl-4-i&#i-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (TTP) %A
(54) B HUIEBIZE R LTz,

2-(Thiophen-2-yl)ethylamine (51) & benzaldehyde (2a) & OX Ti(O-iPr)4 (1.8 mol eq) % Ar Xt
T 80°C, 3Hf[ffEa L Cimine (52a) & L, ZiaxHEET 5 Z L 72< mixed anhydride (2T
formyliminium ion (53a) & L 7=% TFA Z# /1 x C 70°C T 3 FfI/It- L HB ®
N-formyl-4-phenyl-TTP (54a) 73X ZE 86% C1F b ALz, HITAK IS IIPABR KSR %2 16 FEfH]
EHERT % L 93%IC F CTUE N M L L7z,
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0] S
S TicO-iPr Ac,0-HCOOH
(O1F)a | 2
mHZ *H —_— \ /N »
80°C,3h 70°C, 2h
51 2 B 50
( \
1 7
B S 7 S 6
er TFA S | e QM A,
N\~ N-CHO | —» N—CHO 3 4
70°C
53 54 | 55 |

Scheme 26
Table 17 Synthesis of N -formyl-4-phenyl-TTP
Cyclization Yield
Entry Time 54a
1 3h 86%
16 h 93%

2) 4-Cycloalkyl-TTP DA Rk
FNTERIRT VX LT VT B K& Bz N-formyl-4-cycloalkyl-TTP %8 (54) D&Y & 1T

7.

s o o s
(CHy), 80°C.3h
51 2 - (CHon ~
52
B 7 S
Ac,0-HCOOH S TFA VU
N ~CHO
> ZCHO | —————*>
70°C. 2 h 0°C
L CHyyn (CHz)n
53 54
Scheme 27
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Table 18 Synthesis of N -formyl-4-cycloalkyl- TTPs
Amine Aldehyde  Imination  Cyclization Yield

Enry =5 2 n T(O-iPr),  Time 54
1 12moleq 2b 6 1.8moleq 3h 54b 91%
2 1.2 moleq 2c 5 1.8 moleq 3h 54c 83%
3 1.2 moleq 2d 3 1.8 moleq 3h 54d 64%
4 1.4 moleq 2d 3 2.1 moleq 6 h 54d 85%

51 & 2b (n=6) DS TliE N-formyl-1-cyclohexyl-TTP (54b) 7% 91% D EINER T Hi, £
7= TIQ A FRHEIZ 15 5 7= exo-methylene F D K FABRL AW D ERKITERD e o=, 20
& 9 1Z mixed anhydride Z ¥ EETIZPHRKISEZIT> TWDICHEDL LT, 22720 O
THHETHHRENEON DR L o7, 2L, thiophene B2 benzene B8 & it L
TEFHEEROHHFER THLID, LOFEMREHE T TORICHEIT LD EE X B
% . [AERIZ 51 2 Of 2¢ (n=5) & DR IZHIVT % N-formyl-1-cyclopentyl-TTP (54c) % 83%
INRTHELNDENRH LN E o7, HEREWEIZ 51 & cyclopropanecarboxaldehyde (2d)
(n=3) & DFUSIZIFWTIT cyclopropane BR23MRFF S 4172 N-formyl-1-cyclopropyl-TTP (54d)
LR 85% T L L. ZhuE, TIQ OEKKEL W LR &M CTRIGHEITL, £D%
cyclopropane BRDMRFF SN D EFE X TN D,

3) N-Formyl-4-alkyl-TTP 35 DA%

WNTEET VXL T VT e REDKIEEIT>7-. 51 & n-propionaldehyde (2e, n=1) %
Ti(O-iPr)4 /£1E FAE4S L C imine (528) & L7-% mixed anhydride (Z X ¥ N-&/L 4k L, &
IZTRFA I X DPARKIG 21T 72, LarL, HBYD N-formyl-4-ethyl-TTP (54e) 1345507,
ROVIZT VT v K370 2 553 FHa&ns 4 LI EHL L7z N-formyl-TTP (58e) 7% 26% DY
RTHELNTZ. 58e DAL TIQ GRLERF & AU T ORRICHHTE 5. BlH, 51 & 2e X
D AR LTz imine (52e) 126 9 143D 2e e LT 56e & 72V, Z 4Ly formyliminium ion
(57¢) &t 72> CHEAFABR L 58 NAEK LD LEEZEZOLND. AKIGITEBWT
N-formyl-4-ethyl-TTP (54e) 7345 5117 (58e) D AN L7= D1, 52e d 53e ~D N-7/1
MeE, B 1 1TOT VT ROMEIZE D 56 DAERNBFHAMIETL, ZOHET
VT e ROBIGHED < ARBUGSME T Tl 56e DAERPELLI-bDEEZ NS, Z£2
T, LB EHTORINEIT>T-. £ ORE, 51 (1.0 mol eq), 2e (1.0 mol eq) & T
Ti(O-iPr)4 (1.2 mol eq) % 80°C, 2 FEfi#E4 L 7= mixed anhydride ' 0.5 REfEANZA L T N-78
NI L, BT TFA 2012 T 1.5 K§f#] 70°C THNEAS 2 55T HAYD N-formyl-TTP (54e) 7%
12% DRI 72 3 H15F B4, 58e 28 1% DU THRL L 72 A2 T n-butyraldehyde (2f,
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n=2) 7>5 n-heptanal
19 127K L72BRIT 49%-56% DU E TxfIG 3% N-formyl-4-alkyl-TT
Z DKL 58 B3 12%-14% D IR TRIA L.

(2i,0=5) % CHARRBBEIET L7277 VT & B L ORIGEETL Table

P (54) MEBNE. T,

0] _ -
X s
Ti-iPry, | S H”>(CHy)nCH; m
I & 2 &
' 80°C r =
o] (gHz)nCH3 ; (C: 21 CHa
(CH2)nCH3
HJ\(CHZ)nCH3 52 B ]
56
2 Ac,0-HCOOH
70°C Ac,0-HCOOH
- o -
s m .
N
m+ & ~CHO
H.\-.CH g\ (CH2)n1CH3
(Frans (CHz)nCH,
53 L i
57
TFA
70°C TFA
S S
N |
~CHO \ N\CHO
H5)CH;
(-T2) Z >(CHy)n-1CH;
" ( HZ)nCH3
58
Scheme 28
Table 19 Synthesis of N -formyl-4-alkyl- TTPs
Ent Aldehyde  Imination Formylation Cyclization Yield
v 2 Time Mixed anhydride ~ Time TFA Time 54 58
1 2 n=1 3h 100 moleq 20h 100 moleg 3.0h - 26%
2 2 n=1 2h 10 moleq 05h 25moleq 15h 12% 31%
3 2f n=2 2h 10 moleq 05h 25moleq 15h 53% 14%
4 29 n=3 2h 10 moleq 05h 25moleq 15h 56% 13%
5 2h n=4 2h 10 moleq 05h 25moleq 15h 49% 14%
6 2i n=5 2h 10 mol eq 05h 25moleq 15h 56% 12%
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4) 4-Benzyl-TTP O& Nk

ﬁKN%mMAWMWHP%éﬁféﬁﬁfmk@ﬁﬁ%ﬁok
1. Ti(0-iPr),, 80°C, 3 h

S N CHO - \ |
O NH, 2. Ac,0-HCOOH, 70°C, 2 h N cHo
3. TFA 70°C, 3 h
mHCHO

51 2

Scheme 29
L72rL, BHEY® N-formyl-4-TTP (541) 1ZH 654007, 51 25 N-AR/L I Wb Ei7e 59 Z UL

1N%THEDIZE EED, 21 &DOKISIZEBWTIEL N-formyl-4-benzyl-TTP O & KIZIR#ETH 5
HEER LT

5) K7 NXNATINTE REDKIG

B1ED phenethylamlne (1) ZHWIERISICBW T, KO F7 VT B ROKEKEZ M
WG AT RIC AT LEES, 747 B RO polymer 3% trimer Z i3 5 F T
N-formyl-TIQ NG b 2 FHEAZH LM Lz, —J7, EIBERO 2-arylethylamine T %
tryptamine % iV /= THBC A O E T, 747 b RAKIERE AW -6 H e ST
% . #3413 thiophene B8 & FLERAYTE T O &\ 5 &8 T % %, Modified Pictet-Spengler
FOSIZE D TTIPERICEAL TH 7T b FKEIRAZZDEEHEATE LR H D &5

Z71=. F£7=, polymer £ L < X trimer ZfEfH L 7= 5E8 123K RCTORIGE2 D%, KON
BRALETDHHDEEIERISEITSTZ.

o)

HJM

S
2m-1 - : °

s 1. Ti(0-iPr),, 80°C w\

omH, t o > CHO

2. Ac,0-HCOOCH, 70°C

(CH,0), 3 TFA70°C S4m
51 2m-2
Scheme 30
Table 20 Synthesis of N -formyl-TTP
Ent S.M. Imination Formylation Cyclization Yield
i 51 2 Ti(O-iPr), Time Mixed anhydride Time TFA Time 54m

1 12moleq 2m-1 18 moleq 3h 100.0moleq 2.0h 100.0 moleq 3.0h 30%
2 1.0moleq 2m2 12moleq 2h 250moleq 05h 25.0 moleq 15h 69%

51 (1.2 mol eq), formaldehyde (2m) (1.0 mol eq) & T Ti(O-iPr)s (1.8 mol eq) % Ar &t
80°C, 3 HFfifEA L 7= mixed anhydride {2 X 0 N-=/LV 2 kL, HIZ TFAIZ X 2 BBRNG
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EIiToT2. ZOFRER, 30%DIRIEZRN S HIY & T HHBRIK (54m) 2455 FITKE L7z,
—7J5, A% paraformaldehyde (2m) Z VN THT 9 & DILRIT 69%I12 £ TH) Ed 2 HMR
HoENERoT.

%5tV T N-formyl-4-methyl-TTP &% S FEhi L 7-.
0

HJ\CH3

S - > >
| . 2n-1 1. Ti(O-IPry, \ | \ n S | A
\ NH, or > ~CHO ~AC
HS

2. Ac,0-HCOOH, 70°C H
N s

3. TFA 70°C
O ' 54n 60N
PN

2n-2
Scheme 31
Table 21 Synthesis of N -formyl-4-methyl- TTP
Ent Aldehyde Imination Formylation Cyclization Yield
Y 2 Temp. Time Ac,0 HCOOH Time TFA Time 54n 60n

1 2n-1 60°C 1h 100.0 moleg 100.0moleq 2.0h 100.0 moleq 3.0h 10% -
2 2n-2 70°C 2h 50.0 moleq 60.0 moleg 2.0h 50.0 moleq 6.0h 14% 9%
3 2n-2 80°C 2h 25.0 moleq 25.0 moleqg 0.5h 250moleq 15h 24% -

51 (1.0 mol eq), acetaldehyde (2n-1) (10.7 mol eq) K O* Ti(O-iPr)4 (1.4 mol eq) % Ar &t
60°C, 1 FFlIfEA L 7=t mixed anhydride (2 L ¥ N-"=/V 2 b L, ¥IZ TFA IZ X 2 BABR G
AT D T 10%DARIE /e A3 6 B# & 35 N-formyl-4-methyl-TTP (54n) %1525 T L
7=. —7J5, paraldehyde (2n-2) Z MW CRILEIT oAb R, HETIEH 5 54n OYLER
EH U (14%), N-acetyl-TTP (60n) & 9%DARULERAR N HAER Lz, W2, BRME % =
25 AN THEDOFEL Z R SETRISEIT -T2 L 25, 54n OICHRIT 24% £ Tl L L
7z (Table 21).

6) /IME
LI k51 & & aldehyde (2) & DOEUGZ &V N-formyl-4-E#1-TTP¥H (54) 2 A C& 5 F
ZHONI LA, UUTICZEDORRE £ L D7 (Scheme 32, Table 22).

o s
S . :
ST Ny, + e 1O | TR
? 80°C I

51 2

52
S S
Ac,0-HCOOH m R TFA |
> N\~ N-CHO | — » N—CHO
70°C 70°C
53 54

Scheme 32
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Table 22 Synthesis of N -formyl-4-substituted- TTPs

2 Imination Formylation Cyclization Yield

Entry R Time  Time Time 54
1 2a phenyl 3h 20h 16.0 h 93%
2 2b c-hexyl 3h 2.0h 3.0h 91%
3  2c c-pentyl 3h 20h 3.0h 83%
4 2d c-propyl 3h 20h 6.0 h 85%
5 2 ethyl 2h 0.5h 15h 12%
6 2f n-propyl 2h 05h 15h 53%
7 29 n-butyl 2h 05h 15h 56%
8 2h n-pentyl 2h 05h 15h 49%
9 2i n-hexyl 2h 0.5h 15h 56%

10 21 benzyl 3h 0.5h 3.0h -
11 2m H 2h 0.5h 15h 69%
12 2n  methyl 2h 0.5h 15h 24%

EREORRIZ 21 7 W T25E D I N-formyl-4-benzyl-TTP (541) 235 HiL7en-722%, D
T NT e REeHWESEEIZIZWT i h N-formyl-4-E#-TTP 35 (54) 2345 525 FH3 i
Bk ieole. BIZERBRTAXFAT AT E REDOKIGIZEI LT, TIQ A KEFICIX
cyclopropanecarboxaldehyde (2d) & DG TiE 3 BEROBENAE U=, TTP AkIZE W T
IZ cyclopropane g % £&FF L 7= N-formyl-4-cyclopropyl-TTP (54d) &5 417=. Ziuld, TIQ
AR EHEB LT TTP B TIT R VMR IS TRISEITA T/ LB LT, 61T,
2-(thiophen-2-yl)ethylamine (51) 73 phenethylamine (1) & ik L CEFEENEL, T D=
¥ formyliminium ion @ TFA IZ X2 HARKISD XV ES L 720, R AL E 7R
formyliminiumion & U COAF/ERFNE LS 220, KV ZLER TTP ~OPARKFHN R 70 b
M3 BEBRERFF LTARM Z 52T b D EEZTND.

F2H1  44-VEH-TTP FHD AR

KIZ, Pictet-Spengler Sl K2 HEF D72\ 44- D EH-TTP HEAKT D4, 7
¥ L ORUSIZ X D N-formyl-4,4- P EH-TTP AWK OB 21T H2%E L Lz, 51 KO
acetophenone (32a) % Ti(O-iPr), f#1E TfE& L C imine (61a) & L, mixed anhydride {2 X Y
N-75 /L 2 AL L C formyliminium ion (62a) & L, Ziv & Hififfd 5 572 < TFA 2 /1% T 70°C
T3 BFMMEA L=, ZOFEE, TAE Y N-formyl-4-methyl-4-phenyl-TTP (63a) 23X 83%
TEON=. F72, imine (61la) &AL I A LT B HER < EHEE TFA IZ X ARG ETT -
72 75, 4-methyl-4-phenyl-TTP (64a) (%45 & 4L T Bt 2 [ L 7= ® & T, Modified
Pictet-Spengler St & % N-formyl-4,4- EHL-TTP DG RIZ BN T H N-73/L /UL TR
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INHATHDLENP LML 25T,
0 S

S
5)/\ Ti(0-iPr), m TFA S | e
\ NH, * 80°C 3h 7=
51 : 70°C, 3 h
32a

6la
l Ac,0-HCOOH

64a

70°C. 2 h

S S
Q\J/\'\T—CHO A QL N-cHo
—

)\© 70°C. 3h

62a 63a

Scheme 33
Table 23 Synthesis of 4-methyl-4-phenyl-TTP
Formylation Cyclization Yield
Mixed anhydride TFA 63a 64a

1 100 moleq 100 moleq 83% -

Ent

- 100 moleq - -
W2, o FUEE ORISR L=,
O - -
S | RlJ\RZ Ti(O-1Pry, S
\ NH, * \ ‘ N
80°C,3h JJ\
51 32 R1-NR2
61
Ac,0-HCOOH S TEA S
> W) Moo | ——» QUL N—cHo
70°C,2h - JLRZ 70°C RICR2
62 63
Scheme 34
Table 24 Syntheis of N -formyl-4,4-disubstituted-TTPs
Ketone Cyclization Yield
Entry -
32 R R? Time 63

1 32b methyl methyl 3h 63b 74%
2 32c methyl ethyl 3h 63c 73%
3 32c methyl ethyl 16 h 63c 74%
4  32d c -pentyl 3h 63d 65%
5 32d c -pentyl 16 h 63d 66%
6 32e c -hexyl 3h 63e 45%
7 32e c -hexyl 16 h 63e 51%
8  32f phenyl phenyl 3h 63f -
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[AERIZ LT acetone (32b) & DL ZEAT > 7oA, 63b 2R 74% THOLNLT. HIiZ
methyl ethyl ketone (32¢) & DOFUGNMZEBWNTH 74%DIET 63¢ 23554, BIR7 b Th
% 32d }e O 32e & DG T, 3 BFR]OPABR UG T L4 65% M U 45% D IR TR
% N-formyl-Z2 &' TTP (63d O 63e) #4535 Z & IZpkH) L7z, 63e DU X4 PALR KM
% 16 WER] L IR 3 2 L RORUE S N, ZONEIL 51%ICE E 7. 2D X5, B
KT b EDRIETIFRY A ANRRELRDEPRPET L, TP GICEBNTH
formyliminium ion (62) DPABRSISITINARI R BRI KR E S B ELZ T HEDPH LN E 7
o7-. 4551 & diphenylketone (32f) & DU TIE N-formyl-TTP AT &< 15 572 )
-7z,

LLE, Pictet-Spengler SIS L D HEF D727 b U FEEFFD W 4,4-VBEH-TTP JHO
B RIZEB VT, Modified Pictet-Spengler St & I TRIFRIIZ A AT R 5 FIEDOBAFSIT R
L.
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Sipe

F4TE Modified Pictet-Spengler S &SIZH1T % Ti(O-iPr), D52

Hj % F£ TIZ, Modified Pictet-Spengler Kt~ 2 F] FH L 7= N-formyl-1- & #.-TIQ %4,
N-formyl-1,1- & #2-T1Q ¥, N-formyl-4-{&#a-TTP %8 & O N-formyl-4,4- EH-TTP MH DA 1k
IZOWTIRART & 7=, ZDOFE1T 2-arylethylamine & £FE 7 VT & REZ1E7 bR
=t EWE Ti(O-IP), FIE FMEALTA I &L, BT Z < ZnEFE N-FL
JMELEBICEHRZITI LD THD. ZZTIEINE TR SNTEET IV L7 b
YINBDA I AR E Ti(0-Pr), ZHWTER LS 2 &, AR LERLEERA IV
ZHEET L Z RS EDEEMRMICE TEIT I ZEDBARFEDOH R DO—D2 L5 T
D.

EZATHRICT IV ET AT e FHEDHERISIET M HEDENERRVEY,
T T DL ELNTNDS. L LINETORISTIET VT FEEDKISIZENTS
Ti(O-iPr)y Z WV TIT-o T e, ZDA, 77t REAFWZ N-formyl-1-E#-TIQ ¥ &
Y N-formyl-4-{&#a-TTP FHARKIZH T 5 Ti(0-iPr), 0&E = E545H L L.

A TIQ BARKICISIT % Ti(O-iPr), DH %

1) N-Formyl-1-alkyl-TIQ ¥8 & skiZ 51T 5 Ti(O-iPr), 2h 5

N-Formyl-1-alkyl-TIQ B & k2B 1) 5 Ti(O-iPr)y, O &K E Z Rt L. TDD)
phenethylamine (1) & n-butyraldehyde (2f) & @O &% Ti(O-iPr), O #USHIE% 0.0 mol eg-1.5
mol eq ~E B2 CRIGZEIT- 2. HIZ, MMOTAFAT T E REDKIGS Ti(O-iPr), @
WINE:% 0.0moleq 2O 1.2moleq & L CArWEEdk L 7=,

1 & 2f (1.0 moleq) % Ti(O-iPr), (1.5 mol eq) f#7E A L T imine (3f) & L, 100 mol eq
@ mixed anhydride |2 X W N-FR/L 2 U L L 4F & L7=%%, W2 TFA (200 mol eq) TRHABRE
#1795 & N-formyl-1-propyl-TIQ (5f) 23R 48% T HAL7=. Z D% mixed anhydride %
30moleq & L, TFA Z 60 mol eq & I EZJHE L TIT7 9 & 5f OIFEIL 56% & 70D, i
diene (17f) 73 5%EI/E L7=. 17f DRI ARL I UL K OB RS O IEOREI1C L v £
EWofERNmE Lz EEZLND. ZOIGE Ti(O-iPr), 2z 5 Z &7 <AT
9 & 5f OIHRIT 21% F T T L 17f ORI 10% & B S22 L7, 82,  Ti(O-iPr),
Z 0.8moleq , 1.0moleqg, 1.2moleq &NARIEME TN EZEM LT L 25, EKFH
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(2 N-formyl-1-propyl-TIQ (5f) DUXE A E L, KxHZ 17f ORIAR N B9 25 FHH 5 0
Lol Fiz, Ti(0-iPr), &% 1.2 mol eq UL & L7255 121% 5F OURIZEITFE D 5
N7ginoie.

O — —
m“z o N cHayoH @
1 Ti(O-1Pry, /N 2 fN
T ‘ -
80 C,3h ( HZ)nCH3 = (CHZ)n_1CH3
O
J\ 3 (CH2)nCH3
H (CHZ)nCH3 L 15 _
Ac,0-HCOOH
2 70°C, 2 h l

2e n=1 @ +
= N
2f n=2 O/\+ f ~CHO

= N
2 ¢ero
2in=5 (CH2)nCH3 Z > (CH)n-1CH3
( Hz)nCH3
4

TFA
70°C, 18 h l

( Hz)nCH3 VE

5
(CHZ)n_1CH3

Scheme 35 17

Table 25 Effect of Ti(O-i Pr),
on the synthesis of N -formyl-1-propyl-TIQ

Imination Yield
Entry ——
Ti(O-iPr), 5f 17f
1 0.0 moleq 21% 10%
2 0.8 moleq 17% 11%
3 1.0 moleq 42% 7%
4 1.2 moleq 55% 5%
5 1.5 moleq 56% 5%

IS, MOEHT VLT AT e REDORIRT Ti(0-iPr), 2MF(E L2 WA & 1.2 mol eq
Nz 723546 @ N-formyl-1-EH#-TIQ 38 (5) & diene (17) DI Z bl L7=. 33K E L LTI
mixed anhydride % 30 mol eq, TFA Z 60 moleq & L CiT~7z. TOREVNTNOHED,
1.2 mol eq @ Ti(O-iPr)s DAFEIZ L W B 5 HBY & 92 N-formyl-1-E#-TIQ (5) DULZRN
M b9 52 ENHBMNE o7, £72 n=2-n=4 OEHTLFALT LT B K TIE diene (17)
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DOREIVEDH B MZIH 4L, n=1 LW n=5 OGAEIZH diene (17) ORIERITE D B 72
Rt

Table 26 Effect of Ti(O-i Pr), on the synthesis of N -formyl-1-alkyl- TIQs

L Yield
Entry Aldehyde Ti(O-iPr), _red
5 17
1 . 0.0 moleg 17% 10%
2 =1 n- Ideh
’ e n n -propionaldehyde 12 moleq  36% 10%
3 0.0 moleqg 21% 10%
2f n=2 -butyraldehyd
4 2 T2 NN 12 moleg 55% 5%
3 20 n=3 n -pentanal 0.0 moleq 11% 12%
4 BT e _ 12 mleq _49%_ 9%
5 0.0 moleg 12% 14%
2h n=4 -h |
6 " n-nexana 12 moleq  54% 10%
7 . 0.0 moleg 19% 8%
2i n=5 -heptanal
g <" n-hepiand 12 moleq  58% 9%

2) N-Formyl-1-cyclohexyl-TIQ & FkIZ 31T % Ti(O-iPr), %h%

ZOEIIC1 EEHET AT AT E REDKIGE Ti(0-iPr), 7/E£ FTITH LRIKET
HDT IV K= VSR CE, BN LT 5 N-formyl-TIQ (5) DULEMNm EL7=. TIQ @
IR Ti(0-iPr)s DTV R— VIR DOIIHNC X 5 6 D72 Td D DMEME IS DN
TLHMT, 7V R= A ONTET LEEWE B X 5N LBRIRT L F LT LT e RThD 2b
ZRWTRISZIT o 7.

1 % 2b D)% [RIREIZ Ti(O-iPr)y OEEZE X CRISEIT- T2, F DR, Ti(0-iPr), %
0.75moleq F THEL TH TIQ (5b) DULRIL 81% TH 1V, 1.5 mol eq IRNNKF & ZEIT7E D 5
niginot=. UL, Ti(O-iPr), WIIE% 05 mol eq AR &35 & TIQ (5b) DULHKIE
55%-62% & 20%FEEIR T L7z, 2D X 5 ICARKISIZI T 5 Ti(0-iPr), OAFTEIXESH T V¥
AT T RIZBT D7V R=/BOGOMBIOH 78 67, PHBREUGIZE DWW o B
IZBWT TIQ DARIZHG L TWDAENRH LN E o2, BIZ, Ti(0-iPr), %Nz 2 K
EEZ TN EIT>7-. Blh, 1 & 2b % 80°C T 1 FEffEE L 7= 1.5 mol eq @ Ti(O-iPr),
&N %, % D% mixed anhydride % N2 TG L7 HICHEPAER 21T 9 & 5b DULERIX 72%
Lo 7-(Entry8). LavL, 1 & 2b Z[AERICEEES L 721 mixed anhydride & Ti(O-iPr),
(1.5moleq) ZIBA LTZbDOEMZ TG L, BIZRRIZ L DARKIGEIT>T2E 2 A Bb @
IRIZ 2% IR T L. Z0Z £ Ti(0-iPr)y 138V I L L D BTOERBE CTINZ 5 23
WD ZEBRBMNERST ZOXDITERRTAFAT AT E REDFIETE Ti(O-iPr),
IARISIC R E BN BRI LT D Z ey oi.
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CHO
+
NH,
1 2b

Ti(O-iPI’)4
—_—
80°C, 1 h

3b
- N +
-  ——
70°C, 2 h 70°C, 3 h HJ\O
- 4 - 5b 7b
Scheme 36
Table 27 Effect of Ti(O-i Pr), on the synthesis of N -formyl-1-cyclohexyl - TIQ
Yield
Ent Ti(O-iPr Mixed anhydride
ry ( )a y = 5
1 0.00 moleq 100 moleq 62% 7%
2 0.10 moleq 100 moleq 59% -
3 0.50 moleq 100 mol eq 55% 6%
4 0.75 moleq 100 mol eq 81% 11%
5 1.50 moleq 100 mol eq 81% 10%
6 1.50 moleq - - -
77 1.50 moleq 100 mol eq 42% 7%
8™ 1.50 moleq 100 mol eq 72% 8%

*

1% U2b% 80°C TLRFH % Ac,0-HCOOH-Ti(O-i Pr), R &4 % N

" 1} 02b% 80°C TLRF[EI S B4 Ti(0-i Pr), 2 Hs N L 7= % Ac,0-HCOOHIR &4 % Hs A

PLE, 1 E75 b EEDRINZEDHMEETEOARE LT, TAT e RELEOKIETDH

Ti(O-iPr)y DFECTHMOKIEN KR EBE SN D2 ERI LN LR T2,

& AT,

Bhattacharyya (2 X 0 Ti(O-iPr); W=7 2 > & DR = AbEW & OREE G HN A
ENTWD O 2D THAR= /LAY L methylamine & DOFHIZ X % N-methyl-alkyl
amine @ & A3, Ti(O-iPr), fF/E FAT 5 FTHRISET L, THICAEKT D
methylaminoalcoholatotitanium (V) complex 23t D ¥ —{L &M TH D Lk X TV 5

(Scheme 37).
0
RIR? NaBH
. . a
Ti(0-iPry,, EIOH, EL,N HyCHN__OTi(0-iPry, s JN\H(:H3
* RIOR2 RIVSR2
CH,NH, * HCI

Aminoalcoholatotitanium(IV) complex
Scheme 37
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FEHEDORIETHA 2 A REFIC Bhattacharyya @ i [R1EE Ti(O-iPr), DRI XV
aminoalcoholatotitanium (1) complex (65) ORI FIRE L 72V, AR ERD % D B s 2 (L
LTWbHHDEEZTND. HIRT VXL T LT B ROKSTIL aminoalcoholatotitanium
(1V) complex (65) IZ&L > T2 FHDOT VT ROT IV R—VEIGEIHIL, fRe LT
N-formyl-1-i&#i-TIQ (5) DU LIS -7t D EFE 2 Hiud (Scheme 38). 7z, R
RTNVFAT AT REDRISTIEA IV OREWIZEHTLG L, £OBOFRNL I ALK O
RIS ERE L= b D & HEam L7z,

mH + j\ IO m OTi(O-iPr)
2 H” N(CHy),CH, HX(CHZ)nCH3

1 2 65
Aminoalcoholatotitanjum (IV) complex

Ac,0-HCOOH m+ TFA |
- f ‘CHO | — ~CHO
H2
4

( )nCH3 ( Hz)nCH3

5
Scheme 38

3) NMR HEIC & 5 Ti(O-iPr)y DZhADOHER K O AR DT

PLE®D X 512 Ti(0-iPn, 1, 8IR7 /L% 0707 & K% H V7= Modified Pictet-Spengler [
JSIZEB W TIRISE TH D TV R—/VRISEMHI L, BIRTAF LT AT e RE AV
BBV TH AL IO TRIZBW TRIGZEE L TV D FERFERFERICEL VR
STz, FFEIL IO O BUGHERE O FEM & O AR S & 7835 %, NMR BIEIC LD
awiTo7=. BlH, a) phenethylamine (1) & n-propionaldehyde (2e) % [E#% 50°C, 1 FFfH]
i L CHiEE, b) phenethylamine (1) & n-propionaldehyde (2e) % Ti(O-iPr), (1.2 mol eq) 77
£ F 50°C, 1KFMRUL L CHEE L, a) XN b) ORISIEAMZ WIS 5 Z L K4 ZH
2 CDCl3 121 fiE LT NMR OJIEEIT-7-. T OfER, a) BlD Ti(0-iPr)y Zdshint31ox
I L2 BOSIE G Tt 3 UL LoiREM E B 58 Ry 7T " Z— &R LT,
FEBRI 72 DIXA L7 ¢ R B 5 FERFIKIZ § 5.76 (s), §5.79 (t, J=8 Hz), § 7.50 (t, J=4
Hz), § 7.70 (s)D A TIHDA L7 ¢ LIKFITIRIEL 2 DKFEDRAOENL L THD. K E—
7 OFETIIX 8576 +55.79 (BEL T e e) :187.50:87.70=4:9:1 Tholz. —
¥, b) B Ti(O-iPr)y 171E FHie LimKISIREM TIEAERD L 7 F AR E— ot a) kv b
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UTIVTHY, §5.76 OV T FMTERI ST LSO §5.79 (1, =8 Hz), § 7.50 (t, J=4
Hz), §7.70 (s) ® 3O 7 F A nNBH S, O3 HIX6§5.79:87.50:67.70=1:
5:1 Tholz. TITL1 & 26 EOMBEEZTDRIZAELDT NV R—AKIRIZE D ERT D
AREMEDH Db EMEE XD L FRed 6 F L 722 (Figure 4). B EBRAKEUNTEHL 7 4
VLA ORI BB S D L Tl b k#EE HAH TRLE. By U 78
A= ROV Iy 7 B EROREGENS LS a) O 4OV 7TV EIfET D E § 7.50
(t, J=4 Hz) 131 I 58 (3) D HAKETH Y, §5.79 (t, I=8 Hz) KT & 7.70 (s)iFA I
HEYE (15) @ HEKHERN HEKZE L HERIS NS, $£7285.76 (s) 1Z=F 3 ) 73—/
W (15") » H KFELEEZOND. ZHhDDOILEMDOEELITZEORME L Y 1 I A
(@:4iyﬁﬁ(w):I%i/?»:~»%ﬁ(ﬁﬁzQﬂ:SkﬁDE%®4iV%

IZH L TT LV R— U ATUREEN 9 - A DR TAERLEZEEZDNS. —FHT, b) ©
'mowpﬁTTf®ﬁmfissmauﬁ#w@ﬁgn@w ENbxTFI )T a—
MERE (15™) I3fFEE T, 4 I UHE 3) &1 2 Mg (15) DIRAW CTIEIEL, TFER
ARSI VERTAEA I MG B): 4 I & (15)=5:1 &0 7L R—/LfiEa s
O STV D ER R SN, BIZ, EFLEFR—DMISRGY % CDOD T8
it L COMMNT L RBEDOFER L 7e o7, F72, NMR 12K 2 UGN 2> B IXEE DR RICE
% LT 5 & 2 TV 5 aminoalcoholatotitanium (1V) complex 4#1& DO REFRITH A 72 0o 7=

( ) ( ) ( )

3 (imine type) 3 (enamine type) 3" (aminoalcohol type)

m\ " [ L |
~f A e

15 (imine type) 15' (enamine type) 15" (enaminoalcohol type)
J

J - _J -

Figure 4

IR D2 1 & 2e ZHEHA 1% mixed anhydride (30 mol eq) (2 & 5 /L I AL ZIT U]
B2 NMR BIEZETT-o7=. UL, AU bB ORI & B REERICEE LT NMR
HE 21T > 72BRIZi, CDCls, CD3OD A 4RDHTh 5 25 F e M OHEKFERE kO & —
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7 RRENIEF IR, o — 7 135 EBR S otz 7o, KRISREY 2 WLE™
2% L72#% CDCls & U8 CD30D % flV T NMR JIiE & 50t L 72728, W9 4L 4722 NMR F v
— b &RV EENTZ2AT O TR o T

LI E. NMR #8712 X 5 BOSHET > 5 1% aminoalcoholatotitanium (IV) complex 1% O {71
ZHERT DT LT TE R o, FENREY ZHEEICEM L TWD 72, sz 1E
EICIBE L T D0 E ) ICITEEM 2 S, L, NMR JIEIS X 2 o R & OV
B 57 B 13 Ti(0-iPr)g 12 & > TH B AT T L F— LIS ST 5 = & AvHIEE L
2. O ITHEARRZ Ti(O-iPr)y ZiINT 52 FEITFR2TETHL LS 25D,

21 TTP A RKIZI T 5 Ti(O-iPr), R4

IIETIZHARTE 72 K 51T, Ti(O-iPr)4 3% O KISHEREDOFEMIZI AR TH D084 2 1k
FOSZzREL, BIISOT IV R—/UiEEOMMilIicE S5 LT ELZH LN Lz, FEEIX
2 N-formyl-4-E #i-TTP FHA B2 3T & [RIERIZ Ti(O-iPr), DR 2 MGE L 7-.

S
&]/E% 0 _ _

s
51 Ti(O-iPr), S HJ\(CHz)nCH3 m
\ | N 2 Pz
+ —_— > P > {
80°C. 2 h g
o : (CH2)nCHs ?(g:z)n-1CH3
(CH2)nLH3
HJ\(CHZ)nCHs 52 _ o _
) Ac,0-HCOOH
70°C, 0.5 h l
f “cHO Z~(CH.,.,CH
H,)nCH, (MH2)n1%Hs
( n ( HZ)nCH3
53 i ]
57
TFA
70°C, 1.5 h l
s
S O N
| ~CHO
\ N cHo
H CH =z (CH2)H_1CH3
(=M2n™"s (CH2)nCHs
54 58

Scheme 39
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Table 28 Effect of Ti(O-i Pr), on the synthesis of N -formyl-4-alkyl - TTPs

. Yield
Entry Aldehyde Ti(0-i Pr), © —
1 . 0.0 moleg 5% 12%
% n=1 n- Idehyd
_2 & T TPOPOTTEVE 12 moleg 12% 31%
3 00 moleq 17% 37%
2 n=2  n-butyraldeh
4 A mE w5 moleq53% _ 14%_
3 0.0 moleq 23%  28%
s 9 P 12 moleq 56% 13%
5 _ 0.0 moleg 21% 31%
_e A el 1o moleq 4o 1%
77 0.0 moleq 12%  34%
2 e ~heptanal
g A MO n -heptana 1.2 moleq 56% 12%

51 K ONESH T VX LT VT b R EORIG%E Ti(0-iPr), W& % 0.0 mol eq % TY 1.2 mol eq
& LTt % beiss L7=. 51 (1.0 mol eq) % O¥n-propionaldehyde (2€) (1.0 mol eq) % imine (36e)
& L7=%, mixed anhydride (25 mol eq) (Zd& ¥ N-A/L I 4k L, TFA (25 mol eq) (2 X ¥ PAER
Kt & £ L7z, L L, N-formyl-4-ethyl-TTP (54e) IZUXR 5% T L 7% 517,
N-formyl-4-alkenyl-TTP (58¢) 723X = 12% CAERK L7z, —J5, [RAEED )&% Ti(0-iPr); 1.2 mol
eq fFE T CHEML7=E 25, bde NN 12%THHIL, 58 NNEK 31%TH L. ZD
KRIZ, BISGIC X D N-formyl-4-alkenyl-TTP (58e) DIXE Hm ELTLE D H DD, Ti(O-iPr),
1F1E FROG 21T 9 FCTHIO N-formyl-4-ethyl-TTP (54e) DOILRN[H L3251 50 & 7
Stz WL, RIBBEOZNEET LI AT AT b R ENERMKGETTWE O H % Table 28
IZF & 7=, 1 & n-butyraldehyde (2f) , n-pentanal (2g) , n-hexanal (2h) , n-heptanal (2i) &
D i % Ti(0-iPr), 2 1.2 mol eq 12 T1T 9 & N-formyl-4-alkyl-TTP (54f-i) 7% 49%-56% C#45
o 41, N-formyl-4-alkenyl-TTP (58f-i) 75 12%-14%EIE3 5. LaxL, Z DIt % Ti(O-iPr), @
W72 LTAT D & 54 & 58 DAERIERITWHR L, T2 LA B8 NEAMRM E L THELND L9
([Zhe o7z, iz, 54 LISMIE B D AN TIQ G RFHZIIRARKTH L VK TH
S 7208 TTP A CIXBABR A TH 5D N-formyl-4-alkenyl-TTP (58) & 72> T\ 573 Z OELH
IZRD LS ICHHITx 5. BlD, thiophene BRI benzene Br & bl L TEFHEN®E L, £
DI=HB21ZH 9 1 FOT VT b R3fEE L CTAER L7ZHRIE (56) @ N-=L 2 ALK Y
FEPABR IS Y = ARIZEMAL T HHNCETT L b D EERX NS, £, EFEEOR
SN ANERERH DRERE LS R HE THEONKEE O 2 L CHEKS
ZEITSELEZ LB EREEZAONS.
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5% N-Arylalkyl formamide % (H74'& & L 72 Modified Pictet-Spengler it

%181 N-Phenethylformamide 2 HBEWE & L7- TIQ FHO A K

ZIVETIZ, 2-arylethylamine & &FE 4 /LR = LAY & @ Pictet-Spengler )&% Fv 7=
TIQ B& kX, HRIZ acyliminiumion Z#H+ 55 CTF L < FARBUC MEE S 41, HERHY
B2 5 T o ER _BICIEMA LI &2 B 7= 72\ phenethylamine & V72334 T % N-acyl-1-
EHL-TIQ BHAAK L 9 2 FIEOBRICHB LTz, EIZ, ARk phenethylamine &
acetophenoene 72>% @ 1-methyl-1-phenyl-TIQ OAKIZHKII L TW5. Fi2, ZOFiELE
thiophene B& % 1, - 2-(thiophen-2-yl)ethylamine |ZifH L, 4-BEH-TTP JESC 4,4- EHL-TTP
HOERIZOAN THDZ EEHLMNT L. TNETITHBLETIETIE, 7I08D
IWRZALEWIZ LV A I &AL, B2 N- L 2 & 170 acyliminium ion 22k L
& 7z. L2»L, acyliminumion O E%i% N-arylalkyl formamide & %7 /L3R =W L&) & OFEE
ThHAEEEZOND. —F, HFEHRLENREMZ N-arylethyl formamide T& %
N-phenethylformamide % FV 7= Pictet-Spengler SitniZ £ 5, 1-E#2-TIQ K G 1k D SCHik #1544l
X7z V. % Z T Modified Pictet-Spengler i @ i iz & HIZIL KT 5 %, A& TIE
2-arylethylamine % N-7~/L X /L{b L 7= N-arylalkyl formamide % H¥#E & L CTHW =
Modifeid Pictet-Spengler St & gt L 7=,

H7E¥)'E N-phenethylformamide (10) 1% 1 2 FEe=F /L & INEERIET D FIC LV EEMIC
5 5FENTE 2. N-Arylethyl formamide Z HFEWE & L THWGE ORMERIX, B
AR = AL EY & ORJET formyliminium ion (4) & 32 72O OHEE KSR #E L 72 2 Al HE
PR DR, KOE DOREEDORRIESMECHEDNETT 200V RThD. M, KInEM:
I3 2a ZHWTHEI L7, 10 & 2a DIREMESHEORIERME T T L. £ ORER,
TR R K OV R 10 e N 2a & 1B BIINEA L C % N-formyl-1-phenyl-TIQ (5a) D ZERkIFER
ST, 10 OMKSEO RS SHLiz. £72, TFA ¢ LEBMNE L =% OSRA Y
D H-NMR ZfIE Lz L 25, 0372285 5a ORISR S 72532 ORI 2 <
HLOTIERD Tz, ARER LY SOSITHH T 28T TRA 2360 L& 2, MIEEB L OZD
MOKMEET L THISERTT L, ZOREEE Table 29 I2F & 07z,
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o
Acid, Acid anhydride O/}\'tc,m
+ -
mHCHO HJ\@ >~

10 2a 4a
O N\CHO + O i + O N\COCFs
— ] J 9
5a 6a 22a
Scheme 40
Table 29 Synthesis of N -formyl- 1-phentyl- TIQ from N -phenethylformamide and benzaldehyde
Condition Yield
Entry - - -

TFA TFSA Acid anhydride Solent Temp.  Time 5a 6a 22a
1 20.0 moleq - - HCOOEt reflux 48 h - - -
2™ 25.0 moleq - - benzene reflux 18 h - - -
3™ 50.0 moleq - - toluene  reflux 1 week - - -
4" 25.0 moleq - - - reflux 48 h trace - -
5 50.0 moleq - TFAA 2.5 moleq - reflux. 1 week trace - trace
6 50.0 moleq - TFAA 2.5 moleq - reflux. 1 week trace - trace
7 25 moleq 0.5 moleq TFAA 1.2 moleq - reflux 21 h trace - -
8 25 moleq 0.5 moleq TFAA 1.2 moleq - r.t. 1 week trace - -
9 25 moleq 2.5 moleq TFAA 1.2 moleq - reflux 21h - - -
10 29 moleq 0.1 moleq TFAA 1.2 moleq - 70°C  2week 57% 7% 18%
11 2.8 moleq 0.2 moleq TFAA 1.2 moleq - 70°C  2week 58% 6% 23%
12 2.9 moleq 0.1 moleq - - 70°C 1 week trace trace -
13 2.8 moleq 0.2 moleq Ac,0O 1.2 moleq - 70°C  1lweek 80% - -
14 2.8 moleq 0.2 moleq Ac,0O 1.2 moleq - 70°C 21h 84% - -
15 2.8 moleq 0.2 moleq Ac,0O 1.2 moleq - 70°C  3h 53% - -
16 1.0 moleg 0.2 moleq Ac,O 1.2 moleq - 70°C  lweek 21% - -
17 - 0.2 moleq Ac,0O 12moleq CHCl; 70°C 21h - - -

CRKBRICELF 2 T — v — T AW
" Dean-Stark? & i
R A BN RS
F9, ¥ T, XoPy, ML UEOREEE VT TEA 177E TINBGETE L7223,

S5a DAERRITHER TX v o 7= (Entry 1-3). IRWTHRUGR L W OfiikZHEE L TELF
T = —T A& Mz E MBS 5 LR 5a 3R L7z (Entry 4). AR X BlkFNX
R TH D AREMENE N EE X, BiAAlE L TIIBERYZ AW TRiTs2 & & L.
ZAUE, BIKFEAIZ R VA CTKITIRIN L2 EKY) & UG L 2 3 F ORI EL 5 HEEE
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B Lzl Ths. BAY L LT trifluoroacetic anhydride (TFAA) % BRIz 2% &/
B0 5a KO 22a ERK L7 (Entry 5-6). TICHMEEEZ SO D HH CTEMBRIBE CTH D
trifluoromethanesulfonic acid (TFSA) % Uil L Tt & Biat L7=. 0.5 mol eq @ TFSA Z ¥
L7zt ZAVED ba DAERRNTED LIV, TFSA D&% 25 moleq IZHFET 5 & balise
Lo Tz (Entry 7-9). iU, TFSA IZ X o TEMDI O RNEITT 572 &%
Z, TFSA &% 0.1 mol eq Ofiilifi & & 35 & 5a NI 57% TH H v, [FIFRFIC
N-trifluoroacetyl-T1Q (22a) K UMt formyl-TIQ (6a) »3Z 3L FAUULER 18% K (X 7% CTRIAE L 7=.
ZOEDITHEAEIET 1-phenyl-TIQ A4 1525 Z & 23 T& 722 N-trifluoroacetyl-TIQ
(22a) MEIE L. T xR ELEET 2 B CTHEICHMEEITV, BEKY ORI L TR
FED TIQ LF LR > 7hy (Entry 12), HoféAUIZEREKY) & U CITEEKERRR 2 H W,
TFA 2.8 mol eq, TFSA 0.2 mol eq DT, 70°C, 21 BfNEN+ 2% & 5a DULER (T 84% & 72
7= (Entry 14). 723, BUGKFHZ 21 BFEILL RIZIER L T% ba DILRFTSZE I T, K
JSREE OGO T 2z, B2, TFA OEICL > THIERIFE T L, TFSA
DIDEAE T Tk N-formyl-TIQ FHXE SR WE LA S E e o7z,

PLE, 10 Z HWERISRIEZRE L2, SOICZORETTORMT LT e REE D
IS aAT> 7. ZAVETO one pot (2 & 5 FIEIC LV R m IR TxS 3 5 N-formyl-1-
EH-TIQ 25 2 7-8BIKT VX /LT /5 kb K : cyclohexanecarboxaldehyde (2b),
cyclopentanecarboxaldehyde (2c), cyclopropanecarboxaldehyde (2d) & O ZE1T->7=. 10 &
2b % ERRAME TR LRSIRA O 'H-NMR Z2JIE L= & 24, 1E3E A EDEE10 DY
73V T B N-formyl-TIQ (5b) (ZHF#AY 72 1 fi/KFED T 7 F )L (8 4.15 )TV § 5.14) 8
PO BT, 5b OAERITMHER TE ol RISKM AR LTH (LHEM) [FEEIZ 5b @

AR ST, 2¢ KU 2d & OIS B RIBRIC HAIO 5¢ O bd DAL Z ST 2 2 &
KD o7, ZOXIICERRTAFAT AT E REOKIETIETHEIZK LT
N-formyl-1-iE#L-TIQ (5) %35 Z LI TE o7,

mHCHo i i
N
10 @m ~CHO
TFA, TFSA, Ac,0 # ~CHO
(@) + s +>
y 70°C O
i CHz)n (CH)n
(CH2)n 4 5
2
Scheme 41

-50 -



WWCTEET VX LT LT NEEDKILEITo 1.

10 & n-propionaldehyde (2€), n-butyraldehyde (2f), n-pentanal (2g), n-hexanal (2h), n-heptanal
(2i) %14 TFA (2.8 mol eq), TFSA (0.2 mol eq), K O Ac,0 (1.2 mol eq) D 5:A4F 70°C,
21 WFEINEA L 7=, Z OfE R 46-98% D IR T H YD N-formyl-1-alkyl-TIQ (5) #1525 Z &8
T 7. FFlZ n-butyraldehyde (2f) & O KG TIXIZIEEENIIZ N-formyl-1-propyl-TIQ (5f) 73
AR LT

mHCHO
TFA TFSA. Ac N
11 ' S ' 20 m+ ~CHO
+ > z CHO | —»

( HZ)nCH3

70°C,21h
jl ' (CH2)nCH;z 5
H CH,),CH
( 2)n 3 0] O/\
2en=1 J\ N
2f n=2 H”™ ™ (CHZ)nCH3 | CHO
29 n=3 2 (CH2)n1CH3
2h n=4 JJ
2i n=5 (CH3).1nCH3 17
Scheme 42
Table 30 Synthesis of N -formyl-1-alkyl- TIQs from N -phenethylformamide and alkyl aldehyde
Ent Condition Yield
iy R TFA TFSA Ac,0 5 17
1 2 ethyl 2.8 moleq 0.2 mol eq 1.2 moleq 42%
2 2f n-propyl 2.8 moleq 0.2 moleq 1.2 moleq 98%
3 29 n-butyl 2.8 moleq 0.2 mol eq 1.2 moleq 73%
4  2h n-pentyl 2.8 moleq 0.2 moleq 1.2 moleq 55%
5 2i n-hexyl 2.8 moleq 0.2 mol eq 1.2 moleq 56%

T Z THFET & UL phenethylamine (1) 2267 VT & REDREAIC XL DA I AR,
N-AL vk, TRAIZ X DBMAROFETR LN, BT VT RO 2577 )V F—v
MaAIC L VAR Lz & b5 R diene (17) DRIENEL RENRNh-722 L THD.
ZOFEFRFVZUEBFEEA ICEDBIEH I 1 TOT AT B RBHEE LEDOHKT
F I UERAEEAE, REM LD EEARBL TS, 10 & T VT b REE ORJS TILESE
formyliminium ion (4) ZEKT 5720, ROYL 9 13 F+DOT VT b KOPEITNE OSLIKREE
EDDRES, FERE L TN-formyl-TIQ D& MEESNTZHDTHA .

S 5|2 paraformaldehyde (2m) M X paraldehyde (2n) % AV T N-formyl-TIQ (5m) & ¥
N-formyl-1-methyl-TIQ (5n) D& RKAE1T - 7=.

10 K O® paraformaldehyde (2m) % TFA, TFSA, Ac,0 % T benzaldehyde (Z & V) i
L LT R CRUSEATV, I 47% T 5m 2155 Z L IZpkE) L7z, —J5, paraldehyde (2n) &

N
7

~
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D I IZ B TIE benzaldehyde (2 & Y feadifl U7z OGS TIZIER 16% T LA 5n 355
T, PR TR RN Do tn. ROGKE 2 0.5 RERICAME 35 & BT DIL
R EATEO B, TFSA (L F TIEBUSSRESEE T E ottt bd o B2/, £ 2
C TFA (50.0 mol eq) K TF Ac,O (5.0 mol eq) 7#7E | 70°C, 1 BRIOKIG &3 5 HTILEE

46% LT HZENTET.
(HCHO), TFA, TFSA, Ac,0 @3\'
om > “CHO

70°C, 21 h

47%
mHCHO Sm
Acid, Ac,0
10 OJ\O > N
~CHO
Ao
2n

5n

Scheme 43

Table 31 Synthesis of N -formyl-1-methyl- TIQ from N -phenethylformamide and paraldehyde

Entry Condition . Yield
TFA TFSA MsOH Ac,0 Temp. Time 5n
1 2.8 moleq 0.2 moleq - 1.2 moleq 70°C 210 h 16% *
2 2.8 moleg 0.2 moleq - 1.2 moleg 70°C 05 h 20% ~
3 29 moleq 0.1 moleq - 1.2 moleq r.t 1.0 week trace
4 29 moleq 0.1 moleq - 12 moleg 70°C 4.0 h 13% *
5 50.0 moleq - - 50 moleg 70°C 1.0 week 46%
6 - - 3.0 moleq 1.2 moleq 70°C 3.0 h trace
7 2.8 moleq - 0.2 moleg 1.2 moleq 70°C 21.0 h 13% ©
8 2.8 moleq - 0.2 moleq 1.2 moleq r.t 1.0 week trace
“NMR Yield

DL N-phenethylformamide (10) % Hv 7= Modified Pictet-Spengler SO & TIEZERIR T
XN TIT B REHWEEAEIZIT B O N-formyl-TIQ JEN 5 L vz o 7228, F Do
TNAT e RERWESEEIZIZE L < N-formyl-TIQ 3aXN AR T2 F#HL NI L. &2
T, 10 & fv 7= N-formyl-1-benzyl-TIQ (51) A k% st L7=.

CHO

+
NHCHO mMe

Scheme 44
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Table 32 Synthesis N -formyl-1-benzyl- TIQ from N -phenethylformamide

Condition Yield

Entry -
TFA TFSA Ac,0 Temp. Time 51
1 28 moleq 0.2 moleq 1.2 moleq 70°C 21 h trace
2 50.0 moleq - 50 moleq 70°C 1 week trace

10 & phenylacetaldehyde (21) & @it % benzaldehyde (Z L Y faifb L7250 F 506 L 7=
LA, HENTIEH D03 N-formyl-1-benzyl-TIQ (51) DA HER S iz, AR ENTH
STRK L UTARBISSME T T4k & RRFC R EIT L2 b 0 LB X IV EMAR S
W& T>7=. L2, N-formyl-1-methyl-TIQ A kEHZIZHRRE CHB® S BT
TFSA Z N Z 72 WA T TORIE AT - e SRR B L 72g7 o Tz,

F 7= 10 & phenylacetaldehyde @ acetal 7% {& phenylacetaldehyde dimethyl acetal,
2-benzyl-1,3-dioxolane Z FV T D STl 5l OAERKIIMER S Vo 7.

EFLE TOMEFNT L D N-phenethylformamide (10) % v 7= Modified Pictet-Spengler (233
WTHHBE T2 N-formyl-1-EBH-TIQ XS OLNLEFEZHALMNZLIZDOT, ZOMEE
Table 33 I2F & o7z,

Acid, Ac,0

o
+
mHCHO a Ak > N cHo

10 2 5
Scheme 45

Table 33 Synthesis of N -formyl-1-substituted- TIQs from N -phenethytformamide and aldehyde

Condition Yield
Entry R TFA TFSA Ac,0  Temp. Time 5
1 2a phenyl 28 moleq 0.2moleq 12moleg 70°C 21h 84%
2 2b c-hexyl 28moleq 0.2moleq 12moleq 70°C 21h -
3 2c c-pentyl 28moleq 0.2moleq 12moleq 70°C 21h
4 2d c-propyl 28moleq 0.2moleq 12moleq 70°C 21h -
5 2 ethyl 28 moleq 0.2moleq 1.2moleq 70°C 21h 42%
6 2f  n-propyl 28 moleq 0.2moleq 1.2moleq 70°C 21h 98%
7 29 n-butyl 28 moleq 0.2moleq 12moleg 70°C 21h 73%
8 2h n-pentyl 28moleq 02moleq 12moleg 70°C 21h 55%
9 2i  n-hexyl 28 moleq 0.2moleq 12moleg 70°C 21h 56%
10 21 benzyl 28 moleq 0.2moleq 12moleg 70°C 21h trace
11 2m H 28moleq 0.2moleq 12moleq 70°C 21h 47%
12 2n  methyl  50.0 moleq - 50moleq 70°C 1week 46%

EFEOFEIZ N-phenethylformamide (10) % JHV 7= Modified Pictet-Spengler TIZERIK T /L%
NT AT e REHWESAEICITENO N-formyl-1-cycloalkyl-TIQ 7235 5 4172 2> 7= (Entry
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2-4). 2L 10 EERIRTAFAT AT E REDOHEAEZ DO HONSRREEIC LV RE Sz
723 L R S D . F 7= phenylacetaldehyde % F 72355 12 B W) T HIRBIVELFE O PHER 1K % e
RBLIEORCEE o7 LnL, TOMOT VT & K& 7255 TIHILE 42%-98% T H i)
> N-formyl-1-fEH#2-TIQ FANGF B L7z, FRZESHT VX AT LT b REDRISIZEBWTITE
72T Ti(O-iPr)y ZIMZ R WG EIZ S V= ARORIZEITFHRO LT, TSI O 720
N-phenethylformamide % V7= Pictet-Spengler iz X % N-formyl-l-ﬁ?ﬁ-TlQ MDA R
R L7z

HE2Hi  N-(2-(Thiophen-2-yl)ethyl)formamide % HFEWE & L7- TTP EHDE L

LL_I= N-phenethylformamide (10) % 5849’4 & L 7= Modified Pictet-Spengler i iZ 3T
HHBE T 5 N-formyl-1-BEH-TIQ AR SR TE 2 Z ENHLMME e o7, FFETRX|T
phenethylamine 7> @ one pot {23\ T, EHT ALF LT LT B R & ORISKHIT KIS RE D
I WA RO TEIZE L TV == K73, N-phenethylformamide (10) 7>6 DX
Ji TIERREE D & 2 i) SHTHHEAEAID Ti(0-iPr)y O L O KISIZEB W T S EIAET,
#her & < B9 N-formyl-1-alkyl-TIQ NG S N/-HTH DH. £ Z T N-formyl-TTP FHA KL
B W THLARFEIPEMAIAEB-2»HEFTLL. M, KB & 25
N-(2-(thiophen-2-yl)ethyl)formamide (59) I 2-(thiophen-2-yl)ethylamine (51) % %= F /L
(25moleq) &ALFLL TARKRLT-.

FIHIDIZ B9 KT 2a D EMFT L7-.59 & 2a & 70°C, 1 FEREINEA L 7=, TFA (10.0
mol eq), HCOOH (10.0 mol eq) & O Ac,0 (10.0 mol eq) Z ¥ L 70°C, 1 BERNEL L 7273,

H#) &4 2% N-formyl-4-phenyl-TTP (54a) IIfEsd S e o7-. FWT, fGAlIE LT
Ti(O-iPr); f77E T 59 & Y 2a % 80°C, 2 WFREIIZEA L 7=%% TFA %l 2. C 70°C, 2 WEfnEL L
7203 Bda IR LiLZe o 7=, £ ZTH5H9 & 2a DffEa T formyliminium ion (53a) 234k L
TWHDONE I EER LT, B, 59 KN 2a % 70°C, 2 KFEINELL 7% NaBH, &N
ZCHEIRT 1 K L7=2%, B L& 95 N-benzyl-N-(2-(thiophen-2-yl)ethyl)formamide
(66a) 1% 15 & 19 B E N-(2-(thiophen-2-yl)ethyl)formamide (59) @ [=] ¥ & [a] BF (2,
benzaldehyde MR TTIATdH % benzylalcohol (68a) 235 Hav7z. LA EDFER LW 59 KON 2a
DFHTIE formyliminium ion (T4 L TW W2 LI 52y TH 5. N-Phenethylformamide
(10) &7 VF b FHEE ORSTIZERE 10 & 2a ZEMESETAUHE L TWS. 2T 10 [
Bk, #Mae & PHERDIFRHCHETT T 5 Rt o9 & L.
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913 10 &bz L T &R EXE T MEMRIETH Y, 53a AL S hvividie < PSR SUGIE
TIQ B~DOMABR & ik L CASICHATT 2 LIS D, 22T, KVEMREGETHD
TFA (1.0 mol eq) fF7E R B CINEGERE L7278 54a OAERKITRS LT, TFA ZHIN
LTHRE—DOfER Lo, —F, FA U HNBGERT S L) TIidd 528 54a DR

RO O, ARISIZEBWT OB E L R DN D EF 2, KINREL
SR &5 LIAME N-formyl-TIQ D A ks & [Fl— DS T TR EAT > 72708, IR
FED bda DERNRO HLIDHIZE FE -7, £7-, TFA(3.0mol eq) & TFAA (1.2 mol eq) H
THIGT 5T LY N-trifluoroacethyl-4-phenyl-TTP (67a) 23UV 18% T 541, TFA (25.0
mol eq), HCOOH (25.0 mol eq) K T* Ac,O (25.0 mol eq) W CTiUGEAT HHT, HAD 5d4a A
IVZR 12% TH 6Tz,

T o o T

59 /N'-\CHO
+ S
o]
H ) - O/\ ;
53a NHCHO K©
2a l 59
S 68
N\ \ N\CHO + N\ N\COCF3
54a
Scheme 46

Table 34 Synthesis of N -formyl-4-phenyl- TTP from N -(2-(thiophen-2-ylethyl)formamide and benzaldehyde
Entry Condition 1 Condition 2 Yield

Ti(O-iPr),  Temp. Time TFA Solvent Temp. Time  54a 67a
1 70 °C 1 h 10.0 moleq ~ 70 °C 1h
2 15 moleq 80 °C 2 h 89 moleq - 70 °C 2 h
3 15 moleq 80 °C 3 h 10.0 moleq toluene 70 °C 19 h
4 1.0 moleq benzene  reflux 2 h
5 5.0 moleq benzene  reflux h
6 20.0 moleq toluene  refux 21 h trace
7 30.0 moleq - 70 °C 2 h
8 2.8 moleq ™ rt. 21 h  trace
9 3.0 moleq ™" - 70 °C 3 h 18%
10 25.0 moleq ™" 70 °C 3 h 12%

“ Add HCOOH 10.0 mol eq and Ac,0 10.0 moleg, ~~ Add TFSA 0.2 mol eq and Ac,0 10.0 mol eq,
" Add TFAA 1.2 moleg, Add HCOOH 25.0 mol eq and Ac,0 25.0 mol eq,
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PLEDOFER X bV, N-(2-(thiophen-2-yl)ethyl)formamide (59) & benzaldehyde (2a) & @i
Tl HPD N-formyl-4-phenyl-TTP (54a) 1£f5 672 DD EDIERIFIE NS D TH - 72,
Bt fth 2 S BIZE L < LT hARICGRIZHE ST Hl > TER O 53D AT Lz,
Z U thiophene BRASE BRI O EFER Th D % K 0 EMRRMECRISDHEITT 5 D
?, —J77T thiophene BEDNERIC AN TE R 2512, PRI DR L DA IS EIR>Teb D &
EZTND.

UED X 51T 2a & DSOS TR RPGONRRD TN, TAFAT LT E R
& DS b IRET LTz,

S . BY o TFA, AC,0 N g
<\Jr\p\lHCHo'+ P - N = M Mero

IS S 54n
59 2n Ly
OHC CTHO
69
Scheme 47
Table 35 Synthesis of N -formyl-4-methyl- TTP from N - (2- (thiophen-2-yl)ethyl)formamide
Condition Yield
Entry -
TFA Ac,0 Time 54n 69
1 50.0 moleq 5.0 moleq 18 h -
2 10.0 moleq 1.2 moleq 15 h - 88%

59 K OF paraldehyde (2n) % TFA (50.0 mol eq) % OF Ac,O (5.0 mol eq) HC 70°C, 18 IFfH]
B L=2s B & 35 N-formyl-4-methyl-TTP (54n) 131G 572 o7=.  LavL, TFA @
% 10.0moleq & L AcyO (1.2 mol eq) f#7E T 59 U 2n % 70°C, 15 K[l TRIGZ1T > 72
E AN ITE LN T2, 54n D 2 43173 thiophene B2 D 2 {if. C paraldehyde H 3 &
EZ2HND ethyl FBIZHEAS L TTP X4 ~— (69) 2AUEK 8% THLNZ. ik
N-formyl-4-methyl-TIQ 235 LV 7c 6 & B2 U TTP A RkiZ 3V Tl thiophene B2 D S J51-
2 &0 EFEBRO 2MNEHALENTE Y, paraldehyde 7> 5249 % acetaldehyde %
MLTHALTIP XA ~—0N AR L7zbo L PRI,

F* 7259 & n-butyraldehyde (2f) % TFA (2.9 mol eq), TFSA (0.1 mol eq) A T Ac,0 (1.2 mol
eq) T 21 KB L 7= & Z A HIY & L7z N-formyl-4-n-propyl-TTP (54f) 23X 11% TH 5
Ni=. ZOEAMEENRT LD TIZR W EE 2, TFSA #1279 TFA (3.0 mol eq) X
N Ac,0 (1.2 mol eq) 1FAE T 21 BRREANEL L7225 TTP DILRIE 13% T E S N o T2,
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(ZIGSMFREFC L 59 & 2f & TFA (3.0 mol eq) }2 OY Ac,O (1.2 mol eq) HEEIR C 21 BRI X
s L7223, TTP OYLERIT 3% KT L.

S

S s
<;jf/\&HCHO Q;]/A:& | Necro
59 Acid, Ac,0 ((/ “CHO
+ [ . e
(0]

HJ\/\ - - 54f

53f

Scheme 48

Table 36 Synthesis of N -formyl-4-propyl-TTP from N -(2- (thiophen-2-yl)ethyl)formamide

Condition Yield

Entry -
TFA TSFA Ac,0 Temp. Time 54
1 2.9 moleq 0.1 moleq 1.2 moleq 70 °C 21 h 11%
2 3.0 moleq - 1.2 moleq 70 °C 21 h 13%
3 3.0 moleq - 1.2 moleq r.t. 21h 3%

PL E@EEIZ, N-arylethyl formamide % H v 7z Modified Pictet-Spengler SN2V T,
N-phenethylformamide (10) % H%&JEEE L7z N-formyl-1-E#-TIQ & hkiZBA L, BRIRT L%
AT ATE RIZBEATER20bODZNUNDOT VT & RETIIPRE) D &R T
%hind™ % N-formyl-1-EH#i-TIQ 215 b D5 HNH 5L 72 572, KflZ, phenethylamine &
b Dz HWIZFIETIET NV F= ARSI KD BRI & 72 DEET VX2 NT VT
E REDOKIGIZE L TIX, RIERYMOERZMGEI L7 > Z THINETHBNE T
N-formyl-1-E#L-TIQ NG OLN D FEEH ST L. — 5T, N-(2-(thiophen-2-yl)ethyl)
formamide (59) Z 5kt & L7 N-formyl-TTP &RIZHB W T, WIFno7 /L7 v RaEHWe
SEb TIPIIAKRTE 2 bODOZDOIRITHHE TE L bDTIEARNh-7e. ZOXIITTIQ
BN ONTTP A RRICRE 222N AE LeDix, H 5 N-arylethyl formamide O 75 7 B8 O K i
RTOZEMENRESEGLTHLbDEEXbND. DL, EEERMEOMEIZES b
?D @, Modified Pictet-Spengler S 12 X 0 SCHRHR 2451 D 72\ N-arylethyl formamide 4 /-
TIQ AL O TTP HH D G AP FEIZ R LTz,
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Sipe

A Pictet-Spengler )i~ & FHV 7= 1-1& #i-isoindoline 285D & f%

Jipse 4 £

%181 1-Phenyl-5,6-dimethoxyisoindoline ™ & ik

Z Z % T, Modified Pictet-Spengler 5 )i & FAN T, R D& ISR T N-acyl-1-EH#2-TIQ
FE & OY N-acyl-1,1-V @ H-TIQ $H % ARk 5 Tk, HITARTIEE 2-(thiophen-2-yl)ethylamine
(51) 12 L N-acyl-4-E#a-TTP %% O N-acyl-4,4- VEHL-TTP $i & GRS 5 FiE 2 BAFE L
7o, WIIARRIGSZ G RROHBERZ D D72 <, 5y Pictet-Spengler )i L 5 8GO
20N, 6 BER-5 BRI HEER TH D isoindoline FHO ARG AT 5 Z & & L7z, Baldwin
SIXBRALBUSIC 31T 5 L IRTE TIEER & —fkfl L Gl R T %999 = 4113 Baldwin HI &
LTHLNTWDLHEDOTHDH2, Z0 Baldwin HlIZ X5 & TIQ AL X TTP FH~D A I 27
b DEALKIGIE 6-endo-trig & &£ 72V, ZHUFSUSHETT LT UVRE STV D DITH L,
isoindoline 3 ~D A 2 LB OB kIE 5-endo-trig 582 & 720, T AUFERIVIS SR #E 72 5R &
/2% (Scheme 49). E# X ZDOREE X TRISRIFEOHF 21T 7.

( Synthesis of TIQs

6-end0—trig:favoured process

~

P
Synthesis of isoindolines

5-endo-trig:disfavoured process

¢.CHO
m—CHO—> N—-CHO @AJ\ > N—CHO
Ji b
H R

(& J . J

Scheme 49

FE#F 1T £, arylmethylamine D% E B 7S methoxy F:12 & 0 iEMAL S USROS T Lo
WeEEZ BN 5, 34-dimethoxybenzylamine (70) & benzaldehyde (2a) & DORJ&H B Hiit %
1T~ 7= (Scheme 50).

RDIZ, 3,4-dimethoxybenzylamine (70) & benzaldehyde (2a) 726 DA I D AR Z HER
L7-. A, 70 X Of2a % Ti(O-iPr), 777£ F 80°C, 1 WffjinzAEse L 7=1%,
gt L, 72a #ITTEEMICHET.

72a 1%, 'H-NMR T § 6.82 (1H, d, J=8 Hz, C5-H), & 6.86 (LH, dd, J=8 Hz, 2 Hz, C6-H), & 6.90
(1H, d, J=2 Hz, C2-H) & §7.22-8 7.34 (5H, m, -Ph) |2 2 RO HERAKFE D> 7 F 2 EH
L, 8375 (N6 3.85 (23t 4 KEHDAFLUKFEOV T FNERD, v AART hUIZ
BOTHMHET L5 F8 miz257 (M) Z28IHIL7-Z LIk ZoMiEERE L.

NaBH, (Z Ti#
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O

MeO

MeO i

Ti(O-iPr), TF MeO
70 or MeO

A
NH
neat N NaBH4
+ , | in EtOH MeO
o) 80°C, 1 h MeO ‘\© _—

rt.1lh
HJK@
72a
2a AC,0- ;%O Ac,0-HCOOH
70°C, 24 h

Meo +CHO MeO CHO

/ N/
Hé—OAc
e :O/\ -OMe :O/\
M o MO HE-—oM . MeO
14% 10%
76 77

99%

acid

MeO MeO

O N_CHO O NH
MeO MeO

. O - O
\/

Hydrolysis
Meo:©/\NHCHO .\ MEO:O/\NHAC
eO MeO
78 79
Scheme 50
Table 37 Synthesis of 1-phenyl-isoindoline using Modified Pictet-Spengler Reaction
Entry Imination Formylation . Cyclization . Yield
Media Time Acid Temp. Time 74a 75a
1 Ti(O-iPr), 2h TFA 70°C 3h 12 -
2 Ti(O-iPr), 2h TFA 70°C 18h 11 -
3  Ti(OC-iPr), 2h TFA 90°C 3h 16 -
4 Ti(O-iPr), 1h TFA 90°C 3h 18 -
5 Ti(O-iPr), 1lh TFSA 90°C 3h trace -
6" Ti(O-iPr), 1lh TFA 90°C 3h 58 30
7" neat 1h TFA 80°C 3h 65 -

* Mixed anhydrideZ-J8- T 8 % L7 1% PHER I

TOEIITA I UINTREEERMITER L TNDZ ERHERTE 2O T, IRWVTN-R/L 2
Uk, BABRIS % T% phenethylamine Z v 72 TIQ &Rkl & kD FiEE AW TIT- 7=,
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s, AR oD K 912 7Tla Zdi% L Zh 2 B9 5 Z & 72 < mixed anhydride % iz T 70°C,
2 IEfEIANZL LU formyliminium ion (73a) & L, ®IZ TFA 2T 70°C, 3WFfEIMNEA L7 & Z A H
#) &35 N-formyl-1-phenyl-5,6-dimethoxyisoindoline (74a) % 12%MDAKINR 2 A 5155 FHnN
HoR7-. Z OFE, HBWE (70) 25 N-FRLIufbainic 78 K O'N-TEF b/ 79 23
B4 L7

74a 13 'H-NMR T §3.78, §3.79 X185 3.90, §3.9112, FHZF1 total 3 /K345 D methoxy
HIZHRT D 7T vERL, §598, §6.18121/KFEHD CLAEIFEL Y DV 7L
ZEIIL/=. £7-, §6.46, §6.57 (eachs) & §6.82, §6.85 (eachs) (2L total 1 /K5
DFEERLAKRFEOL 7Tl FTCIEANIS N 5 KIS OHEIFEAZE (5 7.20-5 7.40)
PRON, BT, v AZAXRZ FUZBWTHHYET 55 18 miz283 (M) 28I L7 2
EWE Y TOREEEARE LT,

Z DX I, R TIEH 5 2% N-formyl-1-phenyl-5,6-dimethoxyisoindoline (74a) 7315 5 il
122 &G, BICRISSRME ORI 21T > 7. PBRIFRIOIER (70°C, 18 FFfH]), PABRIEEE D
E5(90°C, 3 EEH]), AL I ARERR OFERE (70°C, 1HEH) SE21TRo72h, Wb K
SRR OUEEIT R b e o7z. HIZ, PARICHWDBRZEHEIRTH 5 TFSA ICA AT
&2 A, ERERNREOBME R SONRE AW % 5 2 7=. — 75, TFA % Il 27712 mixed anhydride
HEDOFE F 24 FEINENT 5 & 76 LN T77 35 H417=. Pictet-Spengler 5Ot D BAER SO 13 B
BROBROEMEEI L > TRE BB EZ T 5H Mo TS, 76 KO 77 DAERIE, UG
R OBEMEEE R TI<, Z D720 RNIZFRAT L T D BEKFERR & OVLBRIZfEF L7z MeOH 23
formyliminium ion (73a) IZ/EA L CAER L= D RIS D, —J7, TFSA @ X 9 725
a2 &AM O EIT L BB OIEME T 5. £ 2T, formyliminium
ion (73a) AT D BRIC AV 72 mixed anhydride % &R0 BIRJE FREEL, T 0% TFA
ZMx T 9°C, 3 FFMMBAFT 2 L& W FikEx Lok, £0HEE
N-formyl-1-phenyl-5,6-dimethoxyisoindoline (74a) % 58% DI 3. T#%, ®|Z 1-phenyl-5,6-
dimethoxyisoindoline (75a) % 30% DL CTHH7-.

75a OHERELE tH-NMR T 74a (2 7. 67 1KFEZ O RV IVIECHET 52 7L isi
KLTHEY, Hcls, § 218 27 I /7 HEICED 1 KFESD brs RBAISNI=Z &, £~
AANRY NJZEBWTE 75a (ZFEX 35 mfz 255 (MY) ELHI S u7=7= Tda DAL 2 v
A &l L7z

75a ORI, imine (71a) 22O DEERILICE D2 D L, Tda DIMKDREIZ LD HDD 2
ODOREEMENE Z LS. LvL, 70 & 2a X VAR L7z imine (71a) % mixed anhydride
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TR, B8 TFA I X 2 BHER IS &2 3 #7223, isoindoline (75a) (345 5 4137, imine (71a)
% T8% DI CHE L7=. 7la /% EtOH H NaBH4 (2 TiEIET 5 & amine (72a) % & &MIC
2220 ERIRE LT

PLEDOFENS, ARRIGIZIE N-RL 2 A D TRIZMETH Y, isoindoline (75a) (%—H.
Tda DERL, T O Tda BEISFEETMARDMMLTELTZbDEEZLND. FE,
formyliminium ion (73a) 75 OERALKIGDOIRE % 80°C ~& 10°C K F S+ 5 &, 75a DAL
IR 5T Td4a DA 65%DULHETHER L7-.

#2f  l1soindoline A EIZ BT % arylmethylamine | oD & #5005

ATE IR L72ARIZ, 3,4-dimethoxybenzylamine (70) } Of benzaldehyde (2a) & D <I&HIC &
»  N-formyl-1-phenyl-5,6-dimethoxyisoindoline (74a) % &+ > FE N H kK-, £ 2 T
arylmethylamine D% FEE EOEHILON 2T LIz,

PR BT methoxy 554 1 -©FF-> 3-methoxybenzylamine (80) #5 L < IZ methoxy &% £57-

72\ benzylamine (88) MW TG Z1T > 72,
MeO

o) [ MeO ]
MeO N NH
NHz H 80°C Ly | NaBH, CH,
i —_— —_—
1h r.t.,lh
. q
- N 82a
Ac,0-HCOOH
70°C, 1h
[ Meo +.CHO {-CHO ]
& - CH
B 83a 83a’ N

lTFA, 80°C, 3h

Me
N-CHO MeO NHCHO MeO NHAC
+
+
86 87

Scheme 51

3-Methoxybenzyalamine (80) & U\ 2a Z{E& L CMEAL, & D% NaBH, 12 L DiEILETT -
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72l 25 8aNFFERMHEOLNTZ. ZOFELVHEAAIE LTO Ti(0-iPr), 2872< Th
A I GITEIT T 2 ERMHER S L. RWT, TR OEREE WIS 21T 7.
£9°, 80 ¥ 2a &g e L7=1% mixed anhydride (2 & W N-As/L 2 /L{k L, mixed anhydride %
T TR E%IC TFA ICX VARG EI T2 24, BHEJE 2% N-formyl-5-methoxy-1-
phenylisoindoline (84a) M T* methoxy X E#AfL D EME(RTEH 5 N-formyl-7-methoxy-1-
phenylisoindoline (85a) % AL 4L 71% M Y 5% DU CTHE7=. F 72 Z DK 80 28 N-7k /L 2
JAEEOYN-TEF AL S 72 86 MUY 87 EIAE L7=.

84a K U* 85a L& & b~ AR bV T CigHisNO (TS T 557 74 A4 B —2 miz
253 (M) R L, ZDOMDOBFEZ~Y Fn X <HEEIL Tz, B2 'H-NMR THEERK
N8 AKRFE LA LNT, CLAKERITIFIEL 5 HKFEDT 7 F /173 84a TIL §5.97, §6.17
|, 85a TI% 5 6.08, § 6.36 (ICEMISNDZ L, £/ PC-NMR T CL-IRFED V7 F L%
84a TlX 5 64.5, & 66.6 2, 85a CTIiLd 63.0, & 655 M L7-Z &5 84a & 85a iikiC
isoindoline ‘HH# 25, FHEFER LD methoxy SsONLEDRR L BMEAETHL L L. 2D
i D methoxy FE DAL E DFEWILL T ORRIZIRE L7=. Bl'H, 85a @ H-H cosy & U} C-H cosy
ZE LB IKFZE M OREDIFIEZAT/R > 7. HIZ, 85a D FG-HMBC (2386 T C1 /K& & 75
FE Eo> methoxy JEo A /L 155 & O isoindoline ‘B k& o> 7 (7555 & OFHBINELIN S,
Figure 5 {27~ L 7= bond connection 28B 522 E 70 7. Z D7 ® 85a |4 7-methoxyisoindoline
TdH Y, —J5 84a % 5-methoxyisoindoline T 5 L IRE L7=.

Figure 5

PLE, BHEEREOHABRAMN & 725 p AT o 2l methoxy %54 £ arylmethylamine |3 2a
EDJEIZ XY, %35 N-formyl-1-phenylisoindoline 252 % Z L 5 L. &K
2, HER EICIEMECIEEZ FRZ 720 benzylamine & AW2354 TH AR TEE I LS5 H
Mz itz Lz,

88 N 2a #Wi/kfEA LT 89a & L, fiv T mixed anhydride (ZC N-7s/L 2 U L L7214
mixed anhydride Z /£ T8 % L, ®IZ TFA 12T 80°C, 3BFMIMME L=, LirL, HM
& 3% isoindoline (91a) 1Z15 543, imine (89a) % 36%DURTHEEL, ZDIEHIT 92
KON93 HfF e DHTH -7,

ZOXHIT, HEREEICEMEEEZREZ20 88 KT 2a EORISHHITEMET S
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N-formyl-isoindoline (91a) % %55 Z LXK/ o7-. 22T, 7T K& LTHER L
(2 methoxy % 2 20 L DG EATIR 7=, T, A 20 2 \EESORMEIKRNT
VT B RESEOFHFFERIR EO methoxy ZEOE R L LIC K VAR LGS O Tlidaw
MNEEZTZT-HTHSD. Lo, imine (890) % 29%DUL=R CHAEE L 7-lz g4k & L <

92 kB ZfFleDHTH o7,
P N
CH Ac,0-HCOOH

Oﬂ soc 1h
_—
70°C, 1h

R
2a:R=H L -
20:R=MeO
-CHO N-CHO
L N-CHO
or MeoO
80°C 3h
R
L 90 .
©/\N
NHAC

EH . O/\NHCHO N O/\

R 93
89

Scheme 52
Table 38 Synthesis of 1-aryl-isoindolines
Aldehyde Yield
By T3 R o1 89
1 2a H - 36%
20 MeO - 29%

PLEORER L0, HEER EICIEMH LI Z FF7- 72\ benzylamine % H VW 541213 isoindoline
¥a BT 20IZRNEETH 5 2 L HVHIBA L=, Benzylamine % AW /235E8 OHBRICIZFIC
SROBRIERMF DN ME L IR D DO TIEIWN B N7, —J7 TRMEEO BRI LY B
Bt &R e OBEIGEE 725 Z LM TREINS.

LIk arylmethylamine (2 & % Modified Pictet-Spengler St D& R % TREICE L D7,
Arylmethylamine & 2a ORIGTIET 2 v O EER BICIEMLIE (methoxy 55) ZFHo
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3,4-dimethoxybezylamine (70) TiZ N-formyl-5,6-dimethoxyisoindoline (74a) 23X =& 65% T,

3-methoxybenzylamine (80) T (X N-formyl-5-methoxyisoindoline (84a) M 8 N-formyl-7-
methoxyisoindoline (85a) 2N T ZHULR 7T1% K X 5% CTELNLZ. — T, A&ER LICE
MALFE & FF7- 72\ benzylamine (88) % A\ 7358 121% N-formyl-isoindoline (91a) (%5541
T, TIVETNATE ROMEEW TH 5 imine (89a) ZHEET DI EH-7=. 2D X HIg,
TIQ &k &V b isoindoline B AL D 7 MAPABRPUGY L W REETH SN S Ll o72. X

3,4-dimethoxybenzylamine (70) &AW 7254 &t L C, 3-methoxybenzylamine (80) % AW
7234 121% N-formyl-isoindoline (84a and 85a) DIV (E 10%FLE BV, Z b4 2 i

EKOZEUENEZEL TWDHIHEDOLEEZLND.
CHO 1.80°C,1h

j@ﬂ 2. Ac,0-HCOOH, 70°C, 1 h
3.TFA, 80°C 3h

Scheme 53

Table 39 Effect of methoxy group on the arylmethylamine

Ent Arylmethylamine Product
n - — . -
Y Amine R! R?> Isoindoline R! R? R Yield
1 70 MeO MeO T4a MeO MeO H 65%
84a MeO H H 71%
2 M H
80 €0 85a H H  MeO 5%
3 88 H H 91a H H H -

65380 Isoindoline FHA R 1T B B LR = ALEY b o E N R

1) 3,4-Dimethoxybenzylamine & & #4 benzaldehyde 8 & D&

WAz, BHBRECEDS benzaldehyde D5 FH B FOBEHILIC L > TED K 5 R EZ T D)
fREt L72. 3,4-Dimethoxybenzylamine (70) & 757 ER 0D methoxy JEDALE & s F7e 2 &
#4 benzaldehyde & O %17 o 7=,

Z #UE TIZ benzylamine 558K & 2a & OHEE G TIEL Ti(O-iPr),; Z W7 < THRTIC
FOGETT D HENH > TS, FHILEIL, & benzaldehyde & DS IZHB T
Ti(O-iPr)s @ A # 7% isoindoline B D A RICEE L H X 20 He L. 70 KT
3,4-dimethoxybenzylamine (20) # ifg & L T imine (710) & L, mixed anhydride (Z T
formyliminium ion (730) & L7218/t T mixed anhydride # ¥ % L7=. ®|Z TFA Z /il 2 80°C
TI3WFMIE L 7= & 2 A, HAYE 9% N-formyl-isoindoline (740) % 78%DINRTE=. =
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DRI Ti(O-iPr)s FAE F TOILERE RELRAETBOOLNT, BRUHORG S EBE LS
% OREE G Ti(O-iPr)y; ZHWT AT ) FE Lo, W TEHRIE, JHHER LT methoxy
$% 1 & A L7 benzaldehyde & OKIGZATVY, £ OF5ER % Table 40 (2R L7z,
3-Methoxybenzaldehyde (2p) & @it CTik N-formyl-isoindoline (74p) % 38% D UL=R CT45,
4-methoxybenzaldehyde (2q) & @i Tl N-formyl-isoindoline (74q) % 83% DU TH57=.

MeO CHO MeO \
NH, I
Imination | R1
eO + . MeO
Rl
70 R2 R2
71

+ - CHO

Ac,0-HCOOH TFA
> _—
70°C. 1 h 80°C, 3h

MeO
Me e
O N—CHO O:©/\NHCHO M O:O/\NHAC
+
MeO + Meo MeO
&

RZ
74
Scheme 54
Table 40 Effect of methoxy group on the aryl aldehyde for the Synthesis of N -formyl-1-aryl-isoindolines
Aldehyde Imination Yield
Entry 1 2 i ;
2 R R Condition Time 74

1 20 MeO MeO Ti(O-iPr), 80°C 1h 740  78%

2 2 MeO MeO dry ethanol 53) reflux 1lh 740 74%

3 20 MeO MeO neat 80°C 1h 740 80%

4 2p MeO H neat 80°C 1h T4p 38%

5 2q H MeO neat 80°C 1lh 74q 83%

PIE, FEHEBEO p (L2 methoxy JEZ2£F> 20 KON 29 CTIRHHIEIGRTAHE $5
N-formyl-isoindoline (740 K&} 74q) % 5 2 7=DIZ%F L, m{izlZ methoxy &% £ 2p Tlix%
DILFEIL 38N EENE D TH-7=. Z DX 912 Modified Pictet-Spengler it % 7=
isoindoline D &/l TId, benzaldehyde D5 & Er LD EMIL D B2 21T 5 Z L AL E
7207z,
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2) 3-Methoxybenzylamine & [E#i benzaldehyde 6 & O )i
eV CHEER FICIEMLEE 2 —>FF> arylmethylamine, 3-methoxybenzylamine (80) % i
VW CIRIBRIC benzaldehyde #3805 & Bt L D B4 EL A R A Ik L7z

e
M O\©/\NH2
[ MeO
80 \©/\N
* 80°C, 1 h CH

CHO —
Rl
R? R?
R2 - 81 -
lAcZO-HCOOH, 70°C. 1h
2
[ Meo 4 .CHO {-CHO 7
EH - EH
Me
R1 R
_ RZ RZ -
83
veo !

84
Scheme 55

Table 41 Effect of methoxy group on the aryl aldehyde for the synthesis N -formyl-1-aryl-isoindolines

Aldehyde Cyclization Yield
Entry 1 >

2 R R Temp. 84 85 total
1 2a H H 80 °C 71% 5% 76%
2 20 MeO MeO 80 °C 52% - 52%
3 2p MeO H 80 °C 54% - 54%
4 2p MeO H 50 °C 48% - 48%
5 2q H MeO 80 °C 62% 9% 71%
6 2q H MeO 50 °C 71% 11% 82%
7 2r H Me 80 °C 58% 6% 64%
8 2r H Me 50 °C 71% 8% 79%
9 2s H CF; 80 °C 23% - 23%

80 & &t benzaldehyde T& % 3,4-dimethoxybenzaldehyde (20), 3-methoxybenzaldehyde (2p),
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4-methoxybenzaldehyde (2q), 4-methylbenzaldehyde (2r) A TF 4-(trifluoromethyl)benzaldehyde
(2s) LDORISERREI LIz, £, 2p ZHWT 80 & DA I /LIS DIRITE &I HETT
5HE R L=, R T, 3-methoxybenzylamine (80) & 20-2s & Z £ TE kLA 2 /AL,

N-7/L X L{bf%, mixed anhydride - J5)+ T8 & L7-#% TFA Z 1% T 80°C T 3 IFf Nz L
7o, ZORER%Z Table 41 1[TR- L7z, HHER ED p MOAICEFHEHEOEBRILTH S
methoxy %& & 72 1% methyl X% £7-2 2q KO 2r TIE, i1 % N-formyl-l-aryl-isoindoline (84

SN 85) AN EE 71% M T 64% & L EINERE TH 2 7=oizxt L, p ALl W% 51D &
HaILA 8 A U7z 28 TlE 23% & FDUENRKRE K TFT D Z L3~ 7.
7, FIUEFEEEELHLEAZ SO 20-2r ICBLTH, FOBEHELOMBEIC L ot

INFRIR D Z LRGN E o7 B, PARBUS DR Z 50°C (2 N 756 methoxy K
B TH D 2p Tl N-formyl-isoindoline (84p) DU 48% CT& - 7= DITHI L,

TlX N-formyl-isoindoline (84q 2 T} 85q) D#ULZED 82%
BEATH S 2r i L THRA
(RO MEE S
EHES

D m L
methoxy J£ D p fLEHLATH 5 29 T
FTH LTS LW BEERDR G
WERITT79%FE TH R L7z, ZORRIC p OB FHEGEBEHILIZ LD B 59
i, W W o EOBEHILIISZMEI Lz, £72, m fLOEFHkG%
N-formyl-isoindoline MUK 2K T S H7=.

LAk, arylmethylamine & benzaldehyde %3 (& & @ formyliminium ion Z#&H 3% Modified

A B DA B R 720y isoindoline $H 2N FINER THE IR S
Fo, HFER LOBHMKIZ I > THRKISOHS W B LT %

F 72, p iz methyl &

Pictet-Spengler [tz &
FIEORFIZHERE) LTz,
ek %*Ufﬁ L7,

Iminjum Type (A)

5-endo-trig
disfavoured process

=z
g N—CHO
Meo-¢_ |

CHO
e = N~
MeO/ mesomerization MeO— | —~
KJKE:L > x IVKlDL
X

5-exo-trig
favoured process

5-exo-trig
favoured process

=z | N~
MeO/\ ?)\CL
+
X

Enaminjum Type (B)

Enaminjum Type (B')

Scheme 56
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Z D Z &%, Scheme 56 (2779 mesomeric I RIC L VFATE S, HIH, A I % N-7k
JL 2 Uk L7z formyliminium ion [, iminium type (A) % OF enaminium type (B) @ 2 > 3L0E;
HEEDNFHETH D, Z D enaminium type 7> b ERALSUS S EIT L7 b @ & 3 X 7= Enaminium
type (B) 75 D EAVK)G I Baldwin HIIZFW T % favoured process & X415 5-exo-trig & D
FOSTHY, ZOEDERIMKISHPEIT LD EEZ NS, HEHRE LD pLOE TS

EHL TR 1C X AR5 K > T2 @ enaminium type (B) DL EICE S L, mAiL
> methoxy M8 7 W 5 [ PEEH I TR ZET 2D LEHHATLHENRTE .

3) N-Formyl-1-aryl-isoindoline #5 ™ fiii = /v I ALK

ZIVE TIZHS T & 72 N-formyl-1-aryl-5,6-dimethoxyisoindoline #5 (74), N-formyl-1-aryl-5-
methoxyisoindoline %1 (84) }& U N-formyl-1-aryl-7-methoxyisoindoline %1 (85) DMiiAs/L I /v
fbZATi2 o7,

74a % HCI-MeOH =i T 18 R MR IR 2 K L, 97% DR THAS /L I/ E LT
1-phenyl-5,6-dimethoxyisoindoline hydrochloride (94a) % fls. 199°C-202°C DA TEM, & LT
537

AdE tH-NMR O BC-NMR THL VDO REHR L, £/~ AR LK
TERINTORER LY, EEBA L IR O RS B - b O ERE LTZ. T4p, q
(BN T AERD S T AL LB RIS 21T 72\, 32 98% MUY 99% D IR Tl -
L UARIR - SRR (94p, q) &5 7.

fth > N-formyl-1-aryl-isoindoline 38 %, [F1££1Z HCI-MeOH H it /L X AL 24T & LR Tt
RV I IR ORI (95 K TN 96) & 157=. M, 740 DAL I WALKIGIZ DWW TR
20%NaOH aqg-EtOH H T 18 KFEMEGEIR 21T > 7223, Z O%A HULEE 78% Txflind 2 Bk
L2 VAR (T50) Z45%7-.

Deformylation

Y

74 94 or 75
84 95
85 96

94-96 is HCI Salt
Scheme 57
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Table 42 Deformylation of N -formyl-isoindolines
Entry SM. R* R R R R Method Yield

1 74a MeO MeO H H H A 94a 979
2 740 MeO MeO H MeO MeO B 750 78%
3 74 MeO MeO H MeO H A 94p 98%
4 7490 MeO MeO H H MeO A 94 999%
5 84a MO H H H H A  9%a ggy
6 840 MeO H H MeO MeO A 950 94%
7 84p MeO H H MeO H A 95p 97%
8 84 MeO H H H MeO A 950 99%
9 84r MeO H H H Me A 95r 97%
10 84s MeO H H H CF; A 95s 96%
11 8a H H MO H H A  9%a 979
12 85q H H MeO H MeO A 969 98%
13 8r H H MeO H Me A 96r 99%

Method A : 10%HCI-MeOH r.t. 18 h
Method B : 20%NaOH ag-EtOH reflux 18 h

4) 3,4-Dimethoxybenzylamine & acetophenone & O &
fam C bk ~~7= X 9 12 1-methyl-1-phenylisoindoline I1Z59\ 72 73 & 3, NMDA antagonist /&4
ZHLTWD. LaL, Z® 1-methyl-1-phenylisoindoline ™A A% Scheme 58 IZ- R L7 & 9
(ZIEHET, #ofx&/@ioﬁﬁ&&ﬁﬁ%%wkiﬁ’i@éﬁéhfvém“l

OH  CH3MgBr LiAIH,
Ph ” OH

Scheme 58
HITIE & TR X 72812, arylmethylamine & (& #2 benzaldehyde & ¢ Modified Pictet-Spengler
Bz W, #h# X < N-formyl-1-aryl-isoindoline 383 ARk HSE D ERBH S0 E 7o 7.
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Z 2T, RIZZ OFEE N-formyl-1-aryl-1-methyl-isoindoline 254 %2 £ Tl ATRED 5
L7z,

F 97, 70 &N acetophenone (32a) % Ti(O-iPr); f#7E F 80°C T2 KffEN# L, NaBH4!Z
TEIL LI ZAHMET S amine (99a) % 79%DULE T, Z OfthiZ amine (720) 7% 3%
DR TEIAE L. ZZTHELAK 720 1%, JEI2 70 & 3,4-dimethoxybenzaldehyde (20) &
DN BIFTWDALE L HF AT FAR—E LTz, 720 DAL, 70 XU 32a LV 4
A L7z 97a 23 FEMHHIC KD 98a & 720, ZHAUAINKSEL T 100 & 20 #AERKL, T 20 A

ICIELTVD 70 LAFEREICELSNIEbDEZERZLND.

A I AERISOPERIE, ROSK R Z BRI L TH R E LR 72723, 32a ST 5
70 OEHEZWOT ZLICL-T 8T%ICETH LSEDHZ LN TE., HIZ, KA/
BEOSIE 1 FFE CTHRDICEIT L TWDL Z E bfifo7c. Zub A I /BBUS D USSR
Table 43 (2% & 7.

—  Meo _
e
o [ ]
MeO H
Mo )\© - Meom J\ :
99a
+  2.NaBH, rt 1h
(@]

o

e ~
Meo NH Meo SN

L 710 J

Scheme 59

0 1. Ti0-Pry,, 80°C 97a

720

Table 43 Imination of 3,4-dimethoxybenzylamine and acetophenone

Imination Yield
Entry 70:32a Time 9%a 720
1 1.7 mol eq:1.0 mol eq 2h 79% 3%
2 1.7 mol eq:1.0 mol eq 18 h 7% 2%
3 1.2 moleq:1.0 moleq 2h 87% 5%
4 1.2 moleq:1.0 mol eq 1h 89% 6%

LIk, oA X MEROSHEIT T D RS2 IRET D Z LB HRIZO T, IRWTHBR
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IS E TEATIR T2,

FPRIBOERIZ 97a 4K L, ZhEHEET 5 2 & 72 < mixed anhydride (2T N-A</L 3
B L72%, T i 72 mixed anhydride 28725 L, B2 TFA 21 2T 90°C C 5 FR¢fAIIN
BL7=. ZOfEE, HBEYE T 5 N-formyl-isoindoline (101a) 75 86% D &N R TARL L, D
I JFRE (70) 28 N-7R L L ALK OYN-T v T AL S 7z 78 KON 79 & 457-.

101a iZ 'H-NMR T § 2.05{Zs T3 /KFEND CL-A FVIICHKT LV 7 L%, § 4.84
KO8 493 2T d, J=16 Hz T 1/KFEr, it 2 /KK D C3-KFICHNKT LT 7w
ZEBIHIL, §7.24-87.37 25 /KFE D CL-7 == VID T 7L OMIZ §6.39 L TN§6.84 (2
ThENn s T1L KEFEHZOFEFERICHRT L2V 7TV a2 LD,
N-formyl-1-methyl-1-phenyl-5,6- dimethoxyisoindoline & ##i& % i€ L 7-.

12 101a DAL I AL ZATWEE 2 fERd L7-. IS, 101a Z HCI-MeOH 1, =i T
42 FERHEFE L,  1-methyl-1-phenyl-5,6-dimethoxyisoindoline hydrochloride (102a) % 96% @Y

RTHT-. 1028 DIEEIT TR O M OE DMEFERART R UL 0 IRE LT-.
Meo 1. Ti(0-iPr),, 80°C, 1 h

NH O
opt :
MeO 2. Ac,0-HCOOH, 70°C, 2 h
70 32a

3. TFA, 90°C, 5 h

MeO

Me
O N-CHO ojg/\NHCHO Meo:@/\NHAC
+
e
Meo O MeO MeO
86% 78 79
101a
MeO
O NH HCI
0, -
10%HCI-methanol Meo
rt. 42 h O
! %% 1024
Scheme 60

PLE® X 51z, 3,4-dimethoxybenzylamine (70) & O acetophenone (32a) & d i ixC, =Y
¢ N-formyl-1-methyl-1-phenyl-5,6-dimethoxyisoindoline (101a) %% Z & 1ZkEh L=,

5) 3-Methoxybenzylamine & &t acetophenone $8 & D G351 2 & #a KL %h S

&KIZ, 3-methoxybenzylamine (80) Az UF acetophenone (32a) & O fGIZ &5 N-formyl-1,1-
& #i-monomethoxyisoindoline JED &K A 1T > 7. X, acetophenone D EHER L OEHLIL
ARG RRET LTz,
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80 M Tf32a & ZALE T 80°C, 1 Wl L CHEATR, i aHEEd 2 Z & 72 < mixed
anhydride 12 X W N-A /L I Lfb L HIZ TFA (2 X Y LB 9 5 F T N-formyl-5-
methoxyisoindoline (105a) % 82%, N-formyl-7-methoxyisoindoline (106a) % 6% UL THE 7.
fgE T 3',4'-dimethoxyacetophenone (329) & Dt %1T - T2 &S, 1059 23U 66%, 1069 73
IV 11% THE S 4L7-. [FIERIZ, 3'-methoxyacetophenone (32h) & ORJHIZEI L TH 105h 23
I3 62%, 106h 23X 5% & A FHINEE 67% & TAHE D OFER L 72 0 |, 4'-methoxyacetophenone
(32i) & DULTIL 1051 ASULER 71%, 1061 3L 9% & A FHINER 80% & DGR & 7r o 7=,
7= Z L1, 4'-methylacetophenone (32f) & D UL TIE, 105§ 23ULE 91%, 106j AL
7% & A FHIE 98% T N-formyl-isoindoline {A7345 5 417=. Z AU, 41 @ methyl 5573 enamine
type OB EEZ LT LTl EE 2T, —FF, BEFESIMEIER 4-fLicE# L=
4'-trif|uoromethylacetophenone (32k) W5 &, 105k 23U 30%, 106k 23R 3% T L 7>

5 543, N-formyl-isoindoline A D ULFE T B%ICH £ -7, W, ZOHAEITIX
exo-methylene R DA B4 107k 28 13% DU TR LIz, Ziux, EFRGIMEEELTH
% trifluoromethyl J£D 52282 1 1 isoindoline ~DFAERASHE X 41 C, exo-methylene {&~o
BN EITLEbD LB X OND. I, 4-f7I2= b v L4 & L7z 4'-nitroacetophenone
(32I) EDUSZEI L TIE, N-formyl-isoindoline {47234 < 15 b VT HE e OSIR G % 5- 2

ol

TI(O |Pr)4 MeO N
1
R2
103

;-CHO f-CHO
Ac,0-HCOOH
. (f
70°C, 1h
TFA
70°C, 3 h

MeO CHO

3
105 106 107

Scheme 61
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Table 44 Synthesis of N -formyl-1,1-disubstituted-isoindolines

Entry KetclJ ne . Yield

32 R R 105 106 105+106
1 32a H H 82% 6% 88%
2 32¢ MeO MeO 66% 11% 77%
3 32h MeO H 62% 5% 67%
4 32i H MeO 71% 9% 80%
5 32j H Me 91% 7% 98%
6 32k H CF3 30% 3% 33%
7 321 H NO,

Z D & 51T N-formyl-1,1- 2 & #i-isoindoline #4452 35\ T % benzaldehyde F53E(A& 4
7-I¥[FEE, acetophenone FHE(RD HHLR LD p M OE -GN IS 2R L, WIZE
TG IEEDBORZAEFE T 5 & ) BHEESNR S MR k7. LLE, formyliminium ion %
#&H9-% Modified Pictet-Spengler IS ZFIH LT, ZiVE CELEMITRALE L S TH
7= 1,1-VEHi-isoindoline 25 one pot 7> &I 72 A R IEBR T IT Ak L 7=

6) 1-Cycloalkylisoindoline $8 M & ik
ZIE TOFEBRFER XV formyliminium ion 2> 5 @ N-formyl-isoindoline 8~M PAER S is 13

enamine type O LIEBREE AR ZFEH L, 5-exo-trig 52 CERALKIL I TS A H D EE 2T
W5, ZIZTEHRL, HFEREFLZRWVTAIAT LT E KD isoindoline FEH23 A 5% AT

EDRETT D E Lz, TIQ G OBICH LN E o728 918, BBRT7AFAT AT E R
I% Scheme 62 (279 & 9 ITHEERMEA L L COZF I UIR~DRMALNE S THDH. Z D
TF 2RO S OB UGB EI T UL, N-formyl-1-alkyl-isoindoline 2823 Ak ik 5 1
L& % 7-. #ZC, cyclohexanecarboxaldehyde (2b) X O® cyclopentanecarboxaldehyde (2¢) &
arylmethylamine & OEGSIZ X 5 FT 21T 72,

(- Structure jsomerjzation to enamine form. 5-exo-trig:favoured process. h
MeO/ ~——=Meo /’ — N
(CHz)n
(CHa)n (CHo)n
iminjum form enamine form
N J
Scheme 62

3-methoxybenzylamine (80) & cyclohexanecarboxaldehyde (2b) @1 I /{LIF=IE F CTEE
ANCHEIT T D AR L%, ARMKGSETEMRF L. 2 E CREEEAIC L D AR L

-73-



7= 81 % mixed anhydride (=T N-7x/L 3 L4k L 7= mixed anhydride ZJ8E FT&EL, HiC
TFA Z A THEA L 7=, L L, Table 45 1 ZRd & 9ISt &ffix 28 L7123, 814
N-As /b 2 uAl, #ME( L7z 108b & 108b (Z/KEEELAMSN L 7= 110b 2152 DA THRO N
-formyl-isoindoline (84b) %1525 Z & IXH RN o7z,

MeO : N
X MeO

MeO NH
80:X=H N NaBH, éHz
70:X=MeO X / -

+ _— rt.1h
CHO (CH2)n n=2
@ - 81:X=H - 82b
(CHy)n 71:X=MeO 99%
2b, c
b, 1. Ac,0-HCOOH, 70°C, 1 h
b:n=2 c:n=1 2. TEA

MeO
MeO
N—CHO Meo N_CHO
X ¥ jQ/\N_AC -
\ X \ + X
HO
(CH2)n (CHa)n

(Fan 110:X=H
111:X=MeO 109X=H 112X=Me0
Scheme 63
Table 45 Synthesis of N -formyl-1-cycloalkyl-isoindolines
Entry Amine Aldehyde Imination Cyclization Yield
X 2 Temp. Time Temp. Time 108 109 110 111 112
1 8 H 2b c-hexyl r.t lh 80¢°C 3h 25% - 6% - -
2 80 H 2b c-hexyl r.t 1h 80°C 18h 15% - 4% - -
3 8 H 2b c-hexy 8¢°C 1h 8¢°C 3h 38% - 14% - -
4 8 H 2b c-hexyl 80°C 1h 80°C 18h 13% - 28% - -
5 8 H 2b c-hexy 80°C 1h 50°C 3h 58% 7% 4% - -
6 8 H 2c c-pentyl 80°C 1h 80°C 3h 22% - 3% - -
7 80 H 2c c-pentyl 80°C 1h 80°C 18h - - 5B3% - -
880 H_ 2 c-penyl 80°C_1h_50°C_ 3h 45% - _12% - _ - _
9 70 MeO 2b c-hexyl 80°C 1h 8°C 3h - - - 50% 18%
10 70 MeO 2b c-hexyl 80°C 1h 50°C 3h - - - 58% -
11 70 MeO 2c c-pentyl 80°C 1h 50°C 3h - - - 52% 8%

108b 1% > 7 BT U VHITIRE LIGDKHE L 10 KA SBAIL, KFERIFE LGDK
F b 4KFBHBIRL,55.47,55.59 (2 total LAKFESZDA VT 4 L IKFED T 7 FIVEBIRIL,
BC-NMR IZEBWTH 8 1187 ICAF U RBICHKT DV /T2 BB LIZEIC LD, R
BT I MEATHD L OMEZIE L7-. 110b (X 'H-NMR T § 1.20-8 1.65 {Z m T 10 /K
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HHDY AT UNIRIIRBL O D2 7 F V%, 8296 12 brs T 1 KFE 3 OKEEEIZ TR
LY24v 7 F a8l L, §3.10, §3.25 X116 3.79, §3.80 (ZZ41LE 41 each s T total 2 /K
FRDAF UV IKRITIFEL O D KBEBI L2 LI2X0, REABRKETHY, 7 a
FUNEORITTITKBEDOBEASINTHEETHL ERE L. S HITYAARY ML miz
277 (MOIC K o THEIE & sl L 7.

Cyclohexanecarboxaldehyde (2b) 7>% 1% H 1 & L 7= N-formyl-isoindoline {2155 Z & 13H]
KZg o Tons, AU cyclohexane BR O NAAREEIZ LV BARBIS S ELT L TV 72RO ATEENE
NdDHEHEZT-. IRWT, cyclopentanecarboxaldehyde (2¢) & ORJGZMET L7=. HIH, 80
L2t bx A {bL, ZTHEFEIC N-FV Ik L7 mixed anhydride % /& N % L,
Z D% TEFA 12T 80°C T3 HFREIIZL7=. LA L, enamide (108c) % 22%DINEKTH 2,
IKEEFEDH N L7z 110c % 39%DIHETH X eDAH ThH o7,

[AlERIZ 3,4-dimethoxybenzylamine (70) % W T 2b KN 2¢ & DL BT T2, ZDOHHE
(2% HHY L 3% N-formyl-isoindoline 1315 5413, enamide (111) & OVKEEEL SN L 72 112
EAFIZDHTH T,

F 72, 80 K O* cyclopropanecarboxaldehyde (2d) & O 28V Tld enamine A% D A 1%
TR BT, 80 25 N-A /L 2 UL, N-7EF /UL TIN- N U 7 vF a7 EF b I 7 86,
87 KO M WA LT=DAH ThoT-. Ziuk, ZBEROOTHOZHIZ, enamine F~D
FMALAEI TS, 0%, TRYA formyliminium ion 23 SUSLEERF (KSR L= 6 0 &

ZExohb.
MeO CHO 1.80°C, 1h
NHZ + A >
2. Ac,0-HCOOH, 70°C, 1 h
80 2d 3. TFA, 70°C, 3h
MeQO MeOo
NHCHO e
+
86 87 113
Scheme 64

7) Arylmethylamine &SR 7 L F LT LT R E DG

BRIRTAXAT AT RERAWEKIGTE, =7 I Koih%s b x, isoindoline %4152
Z LIk ot 22T, HRTAXAT AT E REDOKIGERF LT,

80 & paraformaldehyde (2m) & % Ti(O-iPr)4 f71E F 80°C C 1 RN L 7-%%, mixed
anhydride %) 2. C 70°C C 1 FFINZA L, 12 mixed anhydride Z )£ FEE L7-% TFA &
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% T 70°C T 3 WML L7=. LU, BRYE T 5 N-formyl-isoindoline (84m) 1375 54
TSR EW E 52 - OHTh o7z, i, 4 I 7B ET L TS HIILL FORRIC

LT Bls, ROSESY % NaBH, /71 NG L, amine & (82m) Ti%72 < imine (81m)
23 98% DU TG H LTz,

MeO NH, ooy LTiOPn,80C 1 MEO
@ + (T2 =5 Rc 6-HCo0, 70C°, 1h N > m‘CHO

2m 3. TFA, 70°C, 3 h

84m
80
80°C, 1 h
MeO LiAIH e
\O/\ PO, R M O\©/\NHCHO
-
&H, CH,
86
82m
Scheme 65
Table 46 Reduction of 1-(3-methoxyphenyl)-N -methylenemethanamine
Ent Imination Reduction Yield
vy Media Temp. Time Media Temp. Time 82m 81m 80
1 neat 80°C 1h NaBH, r.t. 1lh - 98% -
2 reaction from 81m LiAIH, r.t. lh - 95% -
3 reaction from 81m Pd/C,Hl rt 2h - 27% -
4 reaction from 81m PtO,,[Hl rt 4h 43% - 34%

81m OMEIEIX *H-NMR T § 3.42 (2 2H, brs TA L v DA F L kKFICHKT D 7L
R, YAANRT MUVIZBWTHHYT 55 FEmiz149 (M) 28l L7-Z 2iIckv %
OREEZRE LTz, B2, 81m 25t L7223, WE O NaBH, <> LiAIH, & V7238 e i
HEITHT, EERPEA L A4 2 W HEANESCIZ L D amine (82m) ~ & FFE T 5 FN
T& 7. M, Z® 82m % N-(3-methoxybenzyl)formamide (86) % LiAlH, TiE 3 5 & 99%
DPRTRLND.
KN C acetaldehyde @ trimer Cd % paraldehyde (2n) & OIS EAT2 -7z,

e H 1 o
+ \
)\0)\ 2. Ac,0-HCOOCH, 70°C, 1 h
80 n 3.TFA, 70°C,3h
\©/\NHCHO \O/\NHAC + \O/\

36% 27% 32%
87

Scheme 66
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ZAVE T & [FARIZ Scheme 66 FL# DS T 80 & paraldehyde (2n) & % K SH 7273, H
1) & 9% N-formyl-isoindoline (84n) 13755414, J5UkEF (80) & 80 7% N-75/b X /L{b KUY N-
TEFALE T 86 KTN8T Z RN T HITHE -7

8) Arylmethylamine & BRIk ~ > D&

I ETHEEIERIEHRER D720 isoindoline & RRIZEI LT, GO A
Pictet-Spengler &2 &% N-formyl-1-i& #i-isoindoline %8 & N-formyl-1,1- & #i-isoindoline
FOMMERGRIERBICRI LIz, UL, WIhOBEIZEBWTHLFFREFOT LT
b REOVr ko & OGS Tli isoindoline ~D AR HEIT L TV D DT L, 7 /LF L{EHL
RIZBWTIEWELER LT, FH T 72 5 Aaetk 2 K& cyclopetanone & @ i %
1To7-.

70 &N 32d & HE A% HEES 5 Z & 72 < mixed anhydride (2 X D N-s/L kL, TFA I
KV EIT S T2, Z ORIV T HAY L 3% N-formyl-isoindoline (101d) 1315 541
7, 114 % 35% DR TH- %, £ OMIZJEEL (70) & 70 73 N-4 /L I UL KON N-T & F L1l
INT=T8 LTI % 5z 7-.

MeO MeO
jg/\ T|(O |Pr)4 Kj/\N
é o> AN
97d

80°C, 1h

Ac,0-HCOOH, 70°C, 1 h
N-CHO

TFA, 70°C, 3h \
101d

MeO
@ANH NHCHO
Ac t
MeO é/ MeO
35%
114 78
e
+
MeO MeO
79 70
Scheme 67

114 OREEIE TH-NMR THEER EDKFEN 3 /KK SR SNZZ &, cyclopentyl B2
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Kd B> T BB LM, §2.06, §2.07I23KEHDOTEFIVEED X FIKFEITHK
THKREBU L 27O F I ARIZT B TFAEDPEAINTZ LD EHERN LT, Flov R
AT MV THYT 50 FEmiz275(MY) 28l L2 b2 oG 2 RE L.

ﬁJM®EﬁK%LTTﬁ®%C%waéﬂme&U%diDéﬁbkmmuwm
2% enamine (115) (ZFMA L L, Z @ 115 28@ENZAFAET 5 mixed anhydride & itz L C 116
WAL, HIZZD16 PHFEAEMLL T4 25X 76D EEZTND

MeO MeO H
eo@ﬁ&Q/H —_— Meojg/\ &3/2 3?;2

97d 115

Scheme 68

PLE, ZE3513 Pictet-Spengler i C O H] D 72 W BALRAL2Y 5 BER & 72 % isoindoline #A
EEUIZBEI L,  formyliminium ion Z#H 7 % 512 & - T benzaldehyde <> acetophenone @ X 9
R BEBRZFFOHNR = AEEWIZ L D mIER TE R D FIEDORHIEITARII L. 7
ZIVE TORFZED S FHBRFF O SRR EZ X » TROL R EE & 7= acetophenone 753 {4
EDRIEN D B RGT % N-formyl-1-aryl-1-methyl-isoindoline 23 &R TAK L=, —H,
THFNT T B REDORIE T N-formyl-isoindoline 5252 = 1T T& e o 7.

FEF# X Modified Pictet-Spengler &S 31F % isoindoline JHG A D RUGHERE 2 Ik D K 9 12
Zzilo. WS, TIQES TTP HA~D A X b 0BG IT Baldwin HI TITH#EAITAR S & &
N5 6-endo-trig SR TdH HDIZ%E L, isoindoline ~DA X v b DERAIGIZERILHNGE L ST
V% 5-endo-trig &2 & 72 5.

( N\

( Synthesis of TIQs and TTPs ) Synthesis of isoindolines

6-endo-trig:favoured process 5-endo-trig:disfavoured process
N/CHO
m—CHO—P N—-CHO ©/\ — N—-CHO
J§ ho R
H” ™R
. J & J
Scheme 69

EH OR% LU= TE T, arylmethylamine & W VR = AL ENBERKT DA I % N-
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ALk L formyliminium ion & L7212 I2/8IC X A FAER

BT T TG, HEEH VR

=ALEH B AR T 2 formyliminium ion (X Scheme 70 (2R3 X S I FEBR DA 512XV

enaminium type (B) O FLIEHEEEZ L V155,

process & S 415 5-exo-trig ;2 TOHEIT & 72 5 72 D Ui 3
BRELZT, IAR=ALEWIs

A

KREFNE ANV R = NACE W DT ER L OB D 528
FHIR LD p T H 5 EA GBI 2R L
BB ER O mALICH HE
EHILIIIRIC L5
DEEBEZBND. —HERIMEERILE mALOE

it G i L S & el L7
it 512 X - THED enaminium type (B) DILIBHEE A ZENL LT- D
e G (A RL 30 L

Z @ enaminium type (B) 75 @ EAER I favoured

EITLIZb D LR TE 5. £,
B RGIMEE L & VR =k
AL p D EAfL G

-
—

I ERLZE

LEDTZOISEMET L2 b D LB ZNITHHANTE 5.

Ve

O

MEO{iijr/\NHz + RJL ::
N
X

R=H, Me
X=0Me, Me

CHO

N- mesomerization

Mmi:TtLK:L

J N -formylation

A

Meo\@/\
X R
X

enaminjum type (B)

5-exo—trig cyclization

5-exo-trig cyclization

_CHO
MeO# O/\

iminjum type (A)

5-endo-trig
cyclizatiion

_CHO
+
X

enaminjum type (B)

Scheme 70

FLRT VX LT LT v R EDORIG X Y AR L 72 formyliminium

IBHEZ & 5 2 LN TET, TOOMHRKSHET
Seals U 7= paraformaldehyde & arylmethylamine & O i
A 5126 B 5T OB OPARRIG T

-79-
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5 MBI ERICEW EB 2 Hivs . 81m M b OB KGR E 5-end-trig DA TD X
IS &7 BT ARMKIG B RN HEETHIRE LN R oo bDEBEZLND. —F, E
W7 vF 7 07 e RE arylmethylamine 70 H4ERK L7z A 2 3 2 UARA~D BN 7]

RBTHOA I LTIV EERETHELELI bDEEXBND. ZhE N- AL IV
fbF 2% &, A 250 formyliminium ion 23453223, b ORFERIL EFE T~ 7
X O ITBRALINEE 7R 5-endo-trig R TORIS E R D ETLIZS W, £l F I 6D N-RV
SURIZ K > TAERT D5 =) 2 RMRIZZE T, £ D7=® imine-enamine ‘FAfIT L W =) I >
M~MEDZ L s, L, =F I A2 S isoindoline ~DIEPABR IXE DL EMD 7=k
IZIREEL 72572 b D L TE 5. [FROBHE TEBRIRS 2 Th D cyclopentanone & DX
J& T % isoindoline ~@D ARG ITEIT Lo 72 D EE 2 B35 (Scheme 71).

( A
(@]
Meo\/ | NH, + H
S
Meo@/\N imine-enamine tautomerism Meo{j/\NH
imine form enamine form
l N-formy ation l N-formylation
_CHO
MeOO/\ imine-enamine tautomerism Meo n-CHO
e - N
P R AN H
iminium form enamine form
stable
5—endo—tﬁg cycHzalnon
5-exo-trig cyclization
=z
MeoL™ ' ‘N-cHO
AN
_ _J
Scheme 71
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9) o FHLEEE 2 T SOSIRAT

LIk, FEBRFERD isoindoline JH~DHABR OB A ZR LA, Zhiae S LICHFIET 5
N FIEMHEEZ O TSRS L OEBIREEOME 2 M Lz, o FiEFHE &
L C# EELRAEOE 2 VY, B3LYP®7/6-31G(d)** %Y L ~LC iminium type (A) & enaminium
type (B) M ONERIRFE DOREE B Ak i OIRBIFH 21T - 72 %), = 1 & o FH5EIT Gaussian
03N TH1T > 7=. & O#E R iminium type (A) & enaminium type (B) ®OWF b HFE L TH
imine-enamine FLREHEE R (C) (TAEE2MNR L 7= (Figure 6). Z Of1E Tl “EHAEGMEIT
N(1) & C(2 FITEWHLDD, C(2) b EFEBRRKSE CB)-C(8) * TIHRIEN L THIEL
TW5(Figure 6).  RICPHER P IAD)~\ 72 5B IREZFHE L7z,

MeQO MeO
\O/\N—CHO \O/\N—CHO
y

- > |

(

iminjum type (A) enaminjum type (B)
Meoz1 10 9 1
\©/\N—CHO
12 2
13 14 i/+

intermediate (D) isoindoline

Figure 6
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Figure 7
Z OERITIREEEIC L Y, 2o 0EEIRE) (307 cm™) ZAEAMLE TH D C(2),
C(l4) IR L= &nn, ERREOHETHD Z 2R LTz,

Figure 8
Z OERBIREMEE T nucleophile & 72 2 5 FHER OFEEALEIZ HOMO 23MfFEL TV 5.

Figure 8

LUMO IZ, sREZSC % 521F % C(2) & BT N(L) IR bRV, o> TF ZICE
FRIAVATe & SR ERLZTEILT HZ EZRL, endo RLDOMIMEBRILIIAF THS Z L%
RLTWS. —F, C2) LHEHERRSE CO) XM THY, =6 LICEFIHILAT &
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REZENTHZ ENnD, exo HIZETNIRND DA THDHEEZD.

77

Figure 9
£7-, C(14)-C(2)-N(L)D 4 1% 93.0°, C(14)-C(2)-C(3)iZ 111.8°TH v, —fikiZ 5-trig B
B2 72 REFEORAAE L ST 5 105° & % & exo B INBR{L D 553
HRTHDLZ EROND
YLD X 90z, FHRACFRI NG, KREOSIEGERT 25 N(1)-C(2)-C(3)-Ar &L IERfE(L L
TR ZRE L, exo BIN L0 HRNSIENEITT 5 Z ERRB I N, ZhbORER
(IEBRRZ S DICHTETDODEEFZD.

4 1soindoline ¥AA ERIZ 31T B BUGR S DO Fet

IHNETIZH A= X 51, FHHEIT Pictet-Spengler it~ % it L, arylmethylamine & 57
T VT e K5 one pot © N—formyl-l-aryl-isoindoline HNAERTEDLZEEHLMITL,
S 5T isoindoline ~D B D7 DI MBI EE SR I 5202 L7z, Z 2 T one pot T1T 9
ORIV O OREREZR L TS, 73, SBHT7 I ET7 AT RLOREE
K kD4 2 v oARICITMAER & LT Ti(-iPr), 20TV h, KnK T %
Ti(O-iPr)y ZFRET DABERAME L 72 0 BREMEDIELS 22 B 8, F 72 Ti(0-iPr), DIFTEIZ LY
A 2 7B ORI I ARV S mixed anhydride D& AR T 2 & GRS WAEIL L
TLEWEENRKREEL 720, Z D7=% mixed anhydride &% 100 mol eq & KEIZHWTW
725 THD. £Dt%, isoindoline FHD A I IE Ti(O-iPr)s DIFEDA BT )i & 3T
L2 ENHBMNE RS, 2T, KISFEMZFEMFT L T mixed anhydride D&% £ Z %
THIEATRE 2 Z D W TR L 7.
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MeO

NH, CHO
MeO
MeO N \O/\NH
80 goec 1h \Oﬁl
o e —_— >
8la

CHO
82a

2a 2.TFA 3h 70°C, 1h

@ l 1. Ac,0-HCOOH, 70°C, 1 h l Ac,0-HCOOH

MeO MeO
O N—CHO \O/\N—CHO
+
84a 85a 117a  95%
Scheme 72
Table 47 Amount of formylation reagent
Ent Imination ~ Formylation ~ Cyclization Yield

Media Mixed anhydride ~ Temp. 84a 8ba 117a
1 Ti(O-iPr), 100 moleq 90 °C 68% trace -
2 - 1.5 moleq 80 °C 7% 1% 2%
3 - 5 moleq 80 °C 36% 4% -
4 - 10 moleq 80 °C 59% 6%
5 - 15 moleq 80 °C 67% 6%
6
7
8
9

- 30 moleq 80°C 70% 5%
- 50 mol eq 80°C 69% 5%
- 100 mol eq 80°C 71% 5%
- 100 mol eq 90 °C 70% trace

BEFERIIZ mixed anhydride @ &% 230 S H TS AT - 725G 2R, mixed anhydride (3 15 mol
e ETHI LB Z WL NERo. TR TICHIBET 2 &EAKT D
N-formyl-isoindoline MUK IZAL T L, #5lZ mixed anhydride % 1.5mol eq & L7=3&121%
N-formyl-isoindoline D # UL IT 8% F TIL T L, N-(3’-methoxybenzyl)-N-benzylformamide
(117a) ORIEN R S a7 (Entry 2). 117a 1ZAR S O benzaldehyde & imine (81la) & ] THg
(LB ITCGNEL, FOREEA U7z amine (82a) 28 N-FRALI ML ENTERLIZbDEHE
Z.7=. ¥, 117a (% imine (81a)®® NaBH4 2 tiZ L » THH7z 82a R /L I b T 5 LIZIEER
PGB,
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#5581 N-(3-Methoxybenzyl)formamide 7> 5 @ isoindoline ¥8& ik & (& #2575 5

Z 4 E T formyliminium ion % # B 9 % Modified Pictet-Spengler )& & H v 7=
N-formyl-isoindoline ¥8D & fk % arylmethylamine % HI3EWE & L CHWTER L=, —J7,
TIQ ¥EITJFH & L T 2-arylethylamine @ N-75/L 2 LK T % N-phenethylformamide (10) %
HBEWEE LTHLAR LB 2 EE2HLNILE (55 %), 2T, isoindoline & h%iZH
VT % N-(3-methoxybenzyl)formamide (86) % HIFMWE & L CTHWD Z & BNA[REMRFT L 7=,

BOSE 10 225 D TIQ Bk & AR DR TIT - 7=, HlH, 86 (1.2 mol eq) & UF 2a (1.0 mol
eq) |Z TFA (2.8 mol eq), TFSA (0.2 mol eq) & T Ac,0 (1.2 mol eq) DIRAW) % iz T 70°C,
18 B S is L 7=. & Dt 5 N-formyl-isoindoline (84a) M T (85a) ASHAUNER 53% T 5 7=,
TFSA % 0.3 mol eq ~EHIET 2 L WITICRAME T L, TFSA &% 0.1 moleq = TlE L T
HICRINZEAIZ A O 20 o 7o, BRI G RER] 12 Befi] CULE T 63% £ Ty B X
WL FENHR.

WNT, Z ORISGEM T T benzaldehyde #7538 (K & DG E1T > 72, & DOFERIT Table
48 | T LTz, BLBRRWZ 22, HHEREO p (LICE TG MEEHIL Th 5 methoxy 23 &
#1172 29 & OIS TIE, TARIZ L C N-formyl-isoindoline (84q & O 85q) DKL 12%
ERE MK F L. F7z 4-methylbenzaldehdye (2r) & DG THEDULRIT 24% LK T L
7o, WZ, HFEERLEO mALICE S TH D methoxy ZEANEHRL L 72 2p <0 p (LICE
KEIMEEHIL D trifluoromethyl JE % £F - 72 25 & DG TIEZ 1 FH 55% K% N 43% D UL ER T
%Fhi~d~ 5 N-formyl-isoindoline % 5% 7-.

CHO
MeO
NHCHO + TFA, TFSA, Ac,0,
R! >
R2 70°C
86 2

84 85

Scheme 73
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Table 48 Synthesis N -formyl- 1-aryl-isoindolines from N -(3-methoxybenzyl)formamide

Entry Aldlehyde . Condition . Yield
R TFA TFSA Ac,0 Temp. Time  84+85

1 2a H H 2.8 moleq 0.2 moleq 1.2 moleg 70°C 18h 53%

2 2a H H 2.7 moleq 0.3 moleq 1.2 moleq 70°C 18h 44%

3 2a H H 2.9 moleq 0.1 moleg 1.2 moleq 70°C 18h 55%

4 2a H H 29 moleq 0.1 moleq 1.2 molegq 70°C 12h 63%

5 2a H H 29 moleg 0.1 moleq 1.2 moleq 70°C 6h 43%

6 2p MeO H 29 moleg 0.1 moleq 1.2 moleq 70°C 12h 55%

7 29 H MeO 29 moleg 0.1 moleg 1.2 moleg 70°C 12h 12%

8 29 H MeO 30 moleq 0.0 moleg 1.2 moleg 70°C 12h 3%

9 2r H Me 29 nmoleg 01 moleq 1.2 moleq 70°C 12h  24%

10 2s H CF; 29 moleg 0.1 moleqg 1.2 molegq 70°C 12h 43%

Z ® X 512 N-(3-methoxybenzyl)formamide (86) % 7= CTlX7 VT & ROFHEHE E
DOEHILOEZEN arylmethylamine 2 AW/ 3A& S WICRZ2BHEN RN, 2
N-arylmethylformamide 7>% @ N-formyl-isoindoline & %23 Tlx, PABRIZEIRELD TFSA
ERMONTND Z EBRRERFIR & B ZUTHARS L.

e N
MeO §-CHO
[ ] -
H
OHMe OHMe

iminium type
TFSA dicatio%lp enaminjum type

X=0OMe 5-end-trig dication
l 5-exo-trig

{ _CHO MeO

DY
CHO /

iminium type v \O/\N/
5-exo-tri
X

TFSA

Y=OMe enaminjum type
monocation
e
MeO %-CHO M O\[::]/»\N,CHO
::: H « > HN
+
+* OHMe + OHMe
iminium type enaminjum type
dication
Scheme 74
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5 # Cik~7z X 9 1T N-phenethylformamide (10) 7>& @ N-formyl-TIQ ¥i& & Tl
phenethylamine (1) % HZEW'E & L 7= one pot DA R%IE & i U CRBRIZIZ L D 5RO ER DS
BWCTHDLZ Mmoo TWD. TOIZDHBRIZIZ TFSA Z M L7273, Z 0 TRSA DAF(E
(2 &Y I AERT D formyliminium ion @ methoxy %73 protonation = #U dication & 72 %.
Z @ dication | X PAER IZ B 72 5-exo-trig SR % & 1V 155 enamine type ~D LB 22 E AL & (K #E &
LTLEI» LD EEZLND. FrIC p iLlZ methoxy ENFE(ET 5 & cation 23V & 5 ]
PG L RO T OITINEPRESIE T L bDEE R, LnL, B LTTFSA Z v
720 F AUl isoindoline DA% IIFE E L 5417 (entry 8), N-(3-methoxybenzyl)formamide (86) %
HFEW'E & L 7= N-formyl-isoindoline & AIZ X PABRBF OB 2 |5 S 2 72 I filiit & o
TFSANRMETHDH. ZNHDZ LD, p MIZE T G-HE#E % & > benzaldehyde 751

K& RV 5-A121E, dication b STV AW EIBAE IR & 1XFABR RO NI T4 2 28,
dication fb L7=F RO ZEMEIFIKR T T D2 BICINENME T LIZb DB X2, £72, miLd

methoxy #&1Z protonation Z%1F7-& LCb, IEEMNEEY A 9 p LD methoxy F& & Hhlkd
% & dication TORLEDTFLE/NS L, ZOTZOINERPRE KT Lah> 7D T
maMmEBZ NS, —F, 5D EHEETH 2 trifluoromethyl J (3 protonation %

Z1F2< <, TFSA OFFAEIZ X ¥ 31T enamine type ~D 822 & (b AMIEHE & AR ) A |
LizbDEFZBND5. Lk, acyliminiumion Z#H 7 % Modified Pictet-Spengler )i 2
X % N-formyl- isoindoline ~® BAER S )i Tl enamine type O HLIBHEE DG 5N RKE W & %

BT BHZ L TE=. LIk, N-arylmethyl formamide % HBEWE & L7=, Modified
Pictet-Spengler 5 it X % #7172 isoindoline ¥4 Fi%BAZEIC & kT L 7=.
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oba2A
N=RiT

. 7V7 & K& phenylethylamine 2254053 %1 I 2% N-R/L 2 (L L formyliminium
ion HP R & #% 9% Pictet-Spengler )i~ (Modified Pictet-Spengler Sits) & W5 Z &
THERPEFHERETIHEE LS TR TYH, TFSA 72 EORMEEEE VW5 Z &
72 < KEFN72 550 T CRIIE T 1-EH#4-1,2,3,4-tetrahydroisoquinoline (TIQ) NS 5115

FEEZRZE L.

. [AEED Modified Pictet-Spengler S 2 & 5 1,1-VEH-TIQ SO Sk Mt L=, =D
FER, HV 5 mixed anhydride }2 T TFA &% 30 mol eq & CTHIBHI k5 = & 2B 500
L7z, B, #@lROMHANBELLRD bOD, REFIORNGEER LR EE LS
T2 2-arylethylamine % HiI%#E & L CH Ve Pictet-Spengler 2 L4 1,1-VE
H-TIQ FHD A FIEBH T I LD L7z,

. Modified Pictet-Spengler St % 4-f&E L & Y 4,4- 2 & H#1-4,5,6,7-tetrahydrothieno[3,2-c]
pyridine (TTP) JHOEHUZISH LTz, TOREER, 4-EH-TTP MO 44-2 [EH-TTP

DENRD LA RRIEDOBAFE AL L 72,

. TIAVFAT AT E RE AW TIQ A TTP HHAKIZE T B HE A A Ti(0-iPr), 0% E
R LT2. O E Ti(0-iPN, 1 X7 /v R—VRUSH SR &% 2 b5 RIERM D ARk %
M2 L EZHLT LT,

SCHR S Bl @ 72 vy N-phenethylformamide Z2 ¥ % & & L < V7= Modified
Pictet-Spengler SIS & fist L7z, £ OfER, KERIORIEL H\ D 2 L7242 < 1-EH#-TIQ
HEARTEDLZEEWHLMI L, HICAKISIZBWT, TILFALTIATE RED
FOSKHZT Vv R= NV ROGHR & B 2 BN DEIERDFED B WELH BN L.
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Modified Pictet-Spengler | it~ % arylmethylamine & benzaldehyde #% & & X 1%
acetophenone #3E (K & OSNIZEIG L, A EEE 6 B RO 72\ isoindoline X850 Hiil
IRERERRICAEN L, 1-EH#L L O 1,1- V& Hfi-isoindoline BN &AL T & 2 52 5
(2 L7z, ARRISIZEWTIE Baldwin HI THEE & 4% 5-endo-trig 5% T O PHBR RSG5 1
ITLTWD ERZD2, Z I formyliminum ion 73 mesomeric 32 KV
enamine type O ILIEAEEZ L HENAREL 72V, 5-exo-trig B CO SIS EST L 72 fk R
ERB LT, o, ZORICEREZ T 5 7291T arylmethylamine D75 FER F &R
benzaldehyde #%3E{A X% acetophenone #%E KD B EHIR EO BRI B A2 BEFTL,
arylmethylamine BT E AL GMEBEHELENMLETH Y, HILR = LEYSHR LD
B G PEEHRISOS 2R LU, oK g MBI 3000 BOG 2 B0 2 /6 R A 45
7. WIZ, ARRISHEMEICE L CHLERHRIC K DM E T 7.

Isoindoline A3k % N-arylmethyl formamide % HBEWE & L TR S RIERRE 21T -
7o. Z DA arylmethylamine & W2 4856 & I3 72 2 BHUILN RS R Sivlz. ZThud
N-arylmethyl formamide % HH78#'E & L 72 55& 1S isoindoline ~D BRI ZITEREE TH 5
TFSA NMBEL 72V, ZDT2DIZAERT % dication FHADAFEIC K 0 BEHELLRIC
RIp ST BRI b D EE T,

. Acyliminium ion % #H 3 % Pictet-Spengler <jts, Bl1%H Modified Pictet-Spengler 5/t %
AW THER 2 RIS ERERBRILA Y OB RIERR IS LT, ABUSITTE % o B
WY = b AMEMERS AT 2EN TE, KOG HIZ RO TSHMED
BWEERIEEEZBND. FIZ, aryl alkylamine 228 4T B ORI 2 2 BRIES
ERERBNMEMEAORTLENARERTHY, ERDLBREPLIAENDGMRIET
bHLEXD.
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PHEF

D VIS, AWFEIEZRE R 2R SR OB E 25 0 £ L7c TEERF R
WFFEPEE aL L& A SE S, A1 BBERIZ.O K D &S L £

AAFGENT AR S K2 DTS N O RE 2 TH X F U 7= IBFDSER 2 38 5 VR 2 2805 U
HAFgE=, JA X UILERISOD K0 S L £
FDOBATIZH T2 0 Fi 2 OF I EHB S K OEFEE 2 15 - 7= B FSER R bR g1
BRI, A EEEITOD L0 EH#HE L £

AR 72 D PuBEFIHE 4 L CIHE I S & 15 o T ERER R A B S b A
ZeeR, TEE PEREEATICL XV L £

WFFEZATICH T2V, EREOH 2 L CHHW I EFESEA R o i e s, il 05—
RIZD X0 S L ET.

ATV A IS 72BN E %2 0 o ToWERE R R P40 B8R, Mt S—~ 7 A - T VT #
M, E8 RILRITLE 0 IEHE L 7.

KFEOWR T G2 fkx EEEZX > THE £ L, RSt S—~F7 L - T7V7,
B SRFRRRME, BE SRS R, &b MEHEZIICDE L, A BB, K £
AT FERR R K OB ORI D X 0 S L £ 9.

i
ot
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EBRDER

Bt L7RWR D L F oo iiEAwH Lz,
fls (mp) : Yanako SP-M1 78~ k7L — MBS SGRNE RS (BIARSUERT) 2 W CRIE. RAE.
FRAMERIN A~ kL (IR) : Nicolet iS10 X (X HORIBAFT-710 7 — Y =l 227 ha XA —#

— &V, KBr fTSEEIC THIE, vmaem " TR LT,

AL 227 hJL (NMR) : 'H-NMR, ®C-NMR i% JNM-AL300 (*H : 300 MHz, **C : 75 MHz) (H
KEF)VEHNTEZ oo R LVAIIEAY ) —LRTHEL, T hITAF ALY T 2NEREYE L
L T 8(ppm) T/x L7z, 7233, splitting pattern & DFL 51Tk D@D TH 5. s :singlet, d : doublet, t:

triplet, q : quartet, qui : quintet, dd : double doublet, ddd : double double doublet, dt : double triplet,
brs : broad singlet, m : multiplet.

BEDH AL L (MS) AR FRREE B0 A ~22 k L(LR-EIMS)IZIMS-AM20 ¥ 7= 1ZIMS-HX110
(BARE ) EZHG, BEEEAJEICXY, EEEA T ABIEEIMS, A A ALER300 uA, 1 4
{LFEET0 eV) K b5 A A AGIE(CIMS, A A b : 120 eV, & A : isobutane)iZ THIE,
o EREE & 0HT (HR-EIMS)IXIMS-D300 (HATE )& v, BEHEEAEICKY, 4 4 ALEH
300 pA, A A ALEETO eVIC THIE, mizTmR LTz, IR fREE E R B 85 A< hu

(LR-FABMS) J U & 4 fif BE JiL 1 18 B2 R & 99 #r A~ 2 kb (HR-FABMS) |Z LEOL-MS700 X /&
IMS-HX110% vy, EHEAIEIZE Y, A A ALE20 mA, &/ SIEEE3 KVIC THIE, m/z
TR LTz

JLEIMT : ThermoFisherScientific model EA1112 IRMS NC-plus CHNSIZ X v HllE L 7=.

g v~ /7 7 ¢— (TLC):Precoated silica gel 60 Fjs, (Merck: 0.25 mm thickness), 100 TLC plates

Aluminium oxide 60 Fs4 (Merck : 0.25 mm thickness), NH-DM1020 (Fuji Silysia Chemical) Zffi i L, ¥&
EIXR D FIEDONT T LY B Z2 T o 7.

1) UV (254 nm) FE& T

2) 1%Ce(S04),-H,S0,-H, O 2 " FE 4 St~ 5 F THIEL.

HThrua< T T 74— VU B (Wakogel C-200, Fuyeilisk), 7 /v 7 VALEE U L

(NH-DM1020, Fuji Silysia Chemical), Silica gel 60N (40~100 um)(Bg /b2 &2 A L 7=,

PEEE s v~ 27 7 ¢ — (PTLC) : Precoated silica gel 60 Fys, (Merck : 0.5 mm JE)Z i/ L,
UV (254 nm) FEEHC L 0 st X H7-.

B ERR O AHEIE - FF5C L7ZRWER Y brine Jeif R, #E/K NaSO, (2 THIGE L, JBE T2 %
L7z.
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HEICHE T 5 MERE B

AGH LB TE FREIS R LA akL— M XV TIQ %H, TTP %, isoindoline ¥8% A5k L T\ 5.
D%, B VI ~LEFHET DO EREEEL, FECHET LN Z. 7=, imine (1)
AERRIERR D % amine (IV) AAKO EBREMEICES L TH AR CTHMT 2003 LW, 2D 8, LUFITE
R e B EIE 2 RENO LA O AERB & L TR L, FEICB O TR EEICEA L
ROWEREFEOL TR LTz, ok, BEEGOEIZIT Table F IR LIRS THRISRIFOE T E
Rt 3 2 MO R WS EROITTIIEM Lz, £6AMOREL@A, IR, 'H-NMR O
IZE 0107

O
Rl)J\RZ

Imination (CH2)aN Reduction (CH2)aNH
e S 4
+ Rl)J\RZ Rl)\RZ

(CHZ)nNH, Il v
lACyIation
|
+ CHO
(CHz)aN
HCOOEt
v (ng)n
Acid ° NH
Y
Hydrolysis R{ R,
CHO or
CH . Vil
CH,)oNH clization (~J2)n Solvolysis
( n Cy lizati ° \N—CHO or
—_— > ’
IX R{ Ry (Cﬁz)n
o
Vi
R{ R,
VI

1. Acyliminiumion % #%H9 % Pictet-Spengler |Z & % VI D&
Method A : 2-Formyl-1-phenyl-1,2 3 4-tetrahydroisoquinoline (5a) D&%

Phenethylamine (1) (1.00 g, 1.2 mol eq), benzaldehyde (2a) (0.729 g, 1.0 mol eq), Ti(O-iPr),(2.931 g,
1.5moleq) Z¥A L TAr &yt F 80°C T 3 FEMNELL, T =R T CHAL TR L7 Ac0 (100

-92-



mol eq)-HCOOH (100 mol eq) 7&i% (mixed anhydride) Z k% Fii§i T L7=# 70°C T 2 BEfINEA L 7=,
R 12, trifluoroacetic acid (TFA) (200 mol eq) % K% Fifii T L, 70°C T 3 RFfEIIIEN L 72, FUi#% MeOH
WZCHIRL, RISEEWE ) A7V ERCTEE L, 2 ORI A HE TR, 10%NaOH THi
FMEE U CHCL IS T L7z, %, v U Vv a~ v 7F 7 ¢ — (AcOEt: n-hexane=1:3) (Z
TR L, PABRIAE (5a) % 1.411g, 87% DR THR/=.

Method B : 2-Formyl-1-cyclohexyl-1,2,3,4-tetrahydroisoquinoline (5b) Dk

Method A & [FIERIZ LT imino {1k, formyl {b21T - 7= 1418 %I72 mixed anhydride Z 98+ ML L, £
DF% TFA (200 mol eq) Z oK T T L 70°C T 3 RFfIMEERE#E L7, RUSIE Method A & [RIERIZ AL
L, EE U BV a~ 875 7 ¢ —(AcOEt : n-hexane=1:4) CHEHL L, PABR A (5b) % 1.387 g,

82%, 6b Z 0.174g, 11% DI THy, fihlZ 10 4 0.117 g, 11 % 0.036 g #37-.

2. Aamine(l1 & %IZ X 5 imine(I11) D4 AR
Method a : Phenethylamine (1) & cyclopropanecarbaldehyde (2d) & DA 2 L DHERR

Phenethylamine (1) (1.00 g, 1.2 mol eq), cyclopropanecarbaldehyde (2d) (0.482 g, 1.0 mol eq), Ti(O-iPr),
(29319, 1.5moleq) #iEA L, Ar&if F, 80°C T 1 FFRIMNZEL L 7=. EtOH (50 mL)IZ TR L7=1%
NaBH, (0.390 g, 1.5 moleq) ZNZ =ik T 1 RIS ST, BUSEGWZ > U A7 V% VT
L, Z O & BT TiEfE%, 10%NaOH THEREM: & L CHCLIZ THiti L7, L2 U v
sma~ h7Z 7 ¢— (MeOH : AcOEt=1:4) THifL L 12d % 1.200g, 99%DULH TH7=.

3. N-formyl {& (V1) ORI XD (VI £720E (VI OER
Method | : 2-Formyl-1-phenyl-1,2,3 4-tetrahydroisoquinoline (5a) @ NaOHaq IZ X A i /v 2 vk

2-Formyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (5a) (0.520 g, 2.19 mmol) @ EtOH (150 mL) ¥&#Z(Z,
20%NaOH (150 mL) %Nz 2 FpfdEE L, UL Ti=fEte CHCls (2 Thil L7z, Rk % Et,0-hexane
2 &Y FEfE L, 16a & 04559, 99%DILHE CTH7=.

Method Il : 1-Benzyl-2-formyl-1,2,3,4-tetrahydroisoquinoline (51) ¢® HCl ag {Z X % fiiAs/L < L4k

1-Benzyl-2-formyl-1,2,3,4-tetrahydroisoquinoline (51) (0.435 g, 1.73 mmol) @ EtOH (10 mL)¥&#&IZ
10%HCI (5 mL) Z iz 30 Mefilizie L, B+ FifE# 10%NaOH aq (289 7 /v UL L CHClg (2
THIH L7, fhitiWa 76270~ 2757 4— (CHCl;: MeOH=9:1) TR L, 16l % 0.358 g,
93% DU TIFT-.

Method 111 : 2-Formyl-1-methyl-1,2,3,4-tetrahydroisoquinoline (5n) @ HCI-MeOH (= £ % i 4 /L 2 LAk

2-Formyl-1-methyl-1,2,3,4-tetrahydroisoquinoline (5n) (0.722 g, 4.12 mmol) |Z 10%HCI-MeOH 3 (30
mL) Z 00z 4 BERRER L, WE FIEME L7-. 7 % Et,0 X OVi-PrOH # iz ChE ik L, 30n % 0.731
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4. Arylalkyl amine (1) % FHv 72 N-arylalkyl formamide (1X) @& %
Method a : Phenethylamine (1) & ethylformate (Z & %A N-phenethylformamide (10) ®& K

Phenethylamine (1) (52.6 g, 0.434 mol) (Z ethylformate (96.278 g, 1.300 mol) % /il % 18 W¢fEINENE
L7z, BUGKE THIBE T 23 2 5L, 6479, 99%DILH T N-phenethylformamide (10) % 15
7.

5. N-arylalkyl formamide (IX) % H3&%)& & L 7= Modified Pictet-Spengler |2 X % VI D&%
Method i : N-phenethylformamide (10) & benzaldehyde (2a) (2 L % 5a DAERK

N-Phenethylformamide (10) (1.79 g, 12.0 mmol), benzaldehyde (2a) (1.06 g, 10.0 mmol), TFA(3.19¢g

, 28.0 mmol), TFSA(0.30 g, 2.0 mmol) &% T} Ac,0 (1.23 g, 12.0 mmol) % /iIz T 70°C, 21 h & L7=.
O SUSRAE Y % 10%NaOH THAEMEE L CHCL I THit L7z, #kEAE v U i vra~ 7
7 7 4 — (AcOEt: n-hexane=1:3) |2 THE L, PABRIK (5a) % 1.987 9, 84%DULHE TIHT7-.

5 1 EOHER

2-Formyl-1-phenyl-1,2.3.4-tetrahydroisoquinoline (5a) @& % : Method A

2-Formyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (5a)

Colorless plates, m.p.: 71-73°C. IR: 1670. 'H-MNR: 2.76-3.20, 3.43-3.53, 3.59-3.65, 4.21-4.29 (total 4H,
each m, C3-H and C4-H), 5.78, 6.68 (total 1H, each s, C1-H), 7.02-7.35 (9H, m, -Ph and -Ar), 8.17, 8.51
(total 1H, each s, -CHO). *C-MNR:27.4, 29.3 (C4), 34.7, 39.4 (C3), 53.7, 60.1 (C1), 126.1, 126.3 (-Ph or
-Ar), 126.9, 127.4 (-Ph or -Ar), 127.4, 127.7 (-Ph or -Ar), 127.7, 127.9 (-Ph or -Ar), 128.1, 128.4 (Phx2),
128.6, 128.7 (Phx2), 128.9, 128.9 (-Ph or -Ar), 133.6, 133.9 (-Ph or -Ar), 134.0, 134.9 ( -Ph or -Ar), 140.9,
141.8 ( -Ph or -Ar), 160.8, 161.6 (-CHO). LRMS m/z: 237 (M", base peak). HRMS: Calcd for C;sHisNO:
237.1154.Found: 237.1164.

2-Formyl-1-cyclohexyl-1,2,3,4-tetrahydroisoquinoline (5b) &5k : Method A and Method B

2-Formyl-1-cyclohexyl-1,2,3,4-tetrahydroisoquinoline (5b)
Yellow gum. IR: 2927, 2852, 1670. *H-MNR: 0.93-1.26 (5 H, m, cyclohexyl), 1.63-1.76 (6H, m, cyclohexyl),
2.94 (2H, t, J=7 Hz, C4-H), 3.32-3.41, 4.14-4.22 (total 1H, each m, C3-H), 3.66-3.70, 4.13-4.20 (total 1 H,
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each m, C3-H), 4.15 5.14 (total 1H, each d, J=8 Hz, C1-H), 7.08-7.36 (4H, m, -Ar), 8.18, 8.23 (total 1H,
each s, -CHO). *C-MNR: 24.1, 24.1 (cyclohexyl), 25.0, 25.3 (cyclohexyl), 27.1, 29.1 (C4), 29.8, 30.9
(cyclohexyl), 30.9, 30.9 (cyclohexyl), 30.9, 31.0 (cyclohexyl), 35.6, 40.2 (C3), 46.3, 46.3 (cyclohexyl), 55.0,
62.4 (C1), 125.9, 125.9 (-Ar), 126.9, 127.0 (-Ar), 127.3, 127.8 (-Ar), 129.0, 129.0 (-Ar), 132.6, 133.8 (C4a
or C6a), 136.6, 136.8 (C4a or C6a), 161.2, 161.5 (-CHO). LRMS m/z: 243 (M"), 152 (base peak). HRMS:
Calcd for CsH»NO: 243.1623. Found: 243.1641.

N-Cyclohexylidenemethyl-N-phenethylformamide (7b)

Yellow oil. IR: 2929, 2854, 1678. 'H-MNR: 1.48-2.12 (10H, m, cyclohexyl), 2.82 (2H, t, J=8 Hz,
Ar-CH,CH,), 3.55, 3.62 (total 2H, each t, J=8 Hz, Ar-CH,CH,), 5.59 (1H, s, PhCH,CH,N(CHO)CH=),
7.14-7.32 (5H, m, -Ph), 7.94 (1H, s, -CHO). ®*C-MNR: 26.3 (cyclohexyl), 27.6 (cyclohexyl), 28.1
(cyclohexylx2), 33.4 (cyclohexyl), 33.7 (Ar-CH,CH,), 45.6 (Ar-CH,CH,), 119.1 (PhCH,CH,N(CHO)CH=),
126.4 (Ph), 128.4 (-Phx2), 128.7 (-Phx2), 138.5 (cyclohexyl), 140.7 (C1), 162.9 (-CHO). LRMS m/z: 243
(M"), 152 (base peak). HRMS: Calcd for C;6H,;NO: 243.1620. Found: 243.1617.

N-Phenethylformamide (10)

Pale yellow oil. IR: 3278, 1664. 'H-MNR: 2.82, 2.85 (total 2H, each t, J=7 Hz, Ar-CH,), 3.48, 3.58 (total 2H,
each dt, J=7 Hz, 7 Hz, Ar-CH,CH,), 7.16-7.35 (5H, m, Ar), 7.93, 8.13 (total 1H, d and s, J=12 Hz, -CHO).
BC-MNR: 34.9, 37.0 (Ar-CH,), 38.8, 42.8 (Ar-CH,CH,), 126.0, 126.2 (Ar), 128.0, 128.2, 128.4, 128.5
(Arx4), 137.4, 138.2 (Ar), 161.3, 164.4 (-CHO). LRMS m/z: 149 (M"), 104 (base peak). HRMS: Calcd for
CoH;NO: 149.0841. Found: 149.0849.

N-Phenethylacetamide (11)

Yellow oil. IR: 3284, 1655. "H-MNR: 1.94 (3H, s, -C(O)CHs), 2.82, 2.85 (total 2H, each t, J=7 Hz, Ar-CH,-),
3.52, 3.58 (total 2H, each dd, J=6 Hz , 7 Hz, Ar-CH,CH,), 7.19-7.35 (5H, m, Ar). *C-MNR: 23.3 (-CH3),
35.5, 35.6 (Ar-CH,), 39.2, 40.7 (Ar-CH,CH,), 126.5, 126.7 (Ar), 128.6, 128.7 (Arx2), 128.7, 128.8 (Arx2),
138.5, 138.9 (Ar). LRMS m/z: 163 (M), 104 (base peak). HRMS: Calcd for C;oH13NO: 163.1997. Found:
163.1008.

N-Cyclohexylidenemethyl-N-phenethylformamide (7b) @ p-TsOH IZ &k % BEs

N-Cyclohexylidenemethyl-N-phenethylformamide (7b) (100 mg, 1.0 mol eq)® dry benzene (15 mL) &%
I p-TsOH (213 mg, 3.0 mol eq)% %, 110°C T 30 Sy MNE L 7= D5 10%NaOH THEF&t: & L CHCl,
WCCHIH L7, B2 v U v a~ 7T 7 4 —(AcOEt : n-hexane=2:9—1:1) CHRL L 7=23, i
EHTb) % 11 mg, 11%I[EIX L7=ft, 10 % 61mg, 78%DULR THI-DHTH - 7-.
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Cyclopentanecarboxaldehyde @4 & %

conc.-Sulfuric acid (13.33 g, 1.0 mol eq) % 500 mL MK THTIR L Ar & F A 2 #8482 L mercury (11)
sulfate (123.3 g, 3.0moleq) ZMx7-. IRAWZ Ar 5t F 55°C £ THIEMEH: LIE 52 cyclohexene
(13.67 g, 1.2 mol eq) A JNZ TIREE 4 55-65°C IZHERF L C 1 RFf1R#R L7, SRONREW RO T21%,
WHIZRE T v N LHE 120°C TMEGEHE L7- & 2 A 95°C CTHRUNEAMINKALAE S iz, Et0
T = [aHhH L 7% 8K NapSO, TRzl LIl L 7=k 2 W E 258 L7= & Z A 100 mm Hg, 76°C T 2c
% 77519, 47%DIZE T/,

Cyclopentanecarboxaldehyde (2c¢)

Colorless oil. *"H-MNR: 1.60-1.68 (4H, m, cyclopentyl), 1.76-1.87 (4H, m, cyclopentyl), 2.68-2.79 (1H, m,
cyclopentyl), 9.61 (1H, d, J=3 Hz, -CHO). *C-MNR: 25.8 (cyclopentylx2), 26.5 (cyclopentylx2), 51.6
(cyclopentyl), 204.1 (-CHO). LRMS m/z: 98 (M"), 98 (base peak). HRMS: Calcd for CgH;00: 98.0498.
Found: 98.0758.

2-Formyl-1-cyclopentyl-1,2,3,4-tetrahydroisoquinoline (5¢) @ &% : Method A and Method B

2-Formyl-1-cyclopentyl-1,2,3,4-tetrahydroisoquinoline (5c)

Yellow gum. IR:2952, 2868, 1670. *H-MNR: 1.22-1.78 (8H, m, cyclopentyl), 2.16-2.30 (1H, m, cyclopentyl),
2.80-3.06 (2H, m, C4-H), 3.31-3.41, 3.68-3.72, 4.22-4.30 (total 2H, each m, C3-H), 4.20, 5.23 (total 1H,
each d, J=10 Hz, C1-H), 7.09-7.31 (4H, m, Ar), 8.18, 8.24 (total 1H, each s, -CHO). *C-MNR: 24.1, 24.1
(cyclopentyl), 25.0, 25.3 (cyclopentyl), 27.1, 29.1 (C4), 29.8, 30.9 (cyclopentyl), 30.9, 31.0 (cyclopentyl),
35.6, 40.2 (C3), 46.3, 46.3 (cyclopenthyl), 55.0, 62.4 (C1), 125.9, 125.9 (-Ar), 126.9, 127.0 (Ar), 127.3,
127.8 (-Ar), 129.0, 129.0 (-Ar), 132.6, 133.8 (C4a or C6a), 136.6, 136.8 (C4a or C6a), 161.2, 161.5 (-CHO).
LRMS m/z: 229 (M"), 160 (base peak). HRMS: Calcd for C;5H1sNO: 229.1464. Found: 229.1464.
N-Cyclopentylidenemethyl-N-phenethylformamide (7c)

Yellow oil. IR: 2954, 2868, 1664. "H-MNR: 1.60-1.74, 2.16-2.43 (total 8H, each m, cyclopentyl), 2.83, 2.83
(total 2H, each t, J=7 Hz, J=8 Hz, Ar-CH,CH,), 3.62, 3.66 (total 2H, each t, J=7 Hz, J=8 Hz, Ar-CH,CH,),
5.72, 6.01 (total 1H, each qui, J=2 Hz, -NCHCsHg), 7.13-7.33 (5H, m, Ar), 8.10 (1H, s, -CHO). *C-MNR:
25.4, 25.9 (cyclopentyl), 25.8, 26.2 (cyclopentyl), 29.0, 30.0 (cyclopentyl), 31.3, 32.1 (cyclopentyl), 33.8,
35.1 (Ar-CH,CH,), 45.3, 49.7 (Ar-CH,CH,), 114.7, 118.7 (N-CH), 126.2, 126.5 (Ar), 128.2, 128.5 (Arx2),
128.5, 128.5 (Arx2), 137.7, 138.4 (cyclopentyl), 141.0, 141.3 (C1), 161.0, 162.4 (-CHO). LRMS m/z: 229
(M%), 79 (base peak). HRMS: Calcd for C;5H;oNO: 229.1466. Found: 229.1471.
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Acetic acid 3-(2-formyl-1,2,3 4-tetrahydroisoquinolin-1-yl)-propyl ester (8) % I} 2-Formyl-1-(3-Hydroxy-

propyl)-1,2,3.4-tetrahydroisoguinoline (9) D& EX : Method A and Method B

Acetic acid 3-(2-formyl-1,2,3,4-tetrahydroisoquinolin-1-yl)-propyl ester (8)

Yellow gum. IR: 1736, 1670. *H-NMR: 1.69-1.98 (4H, m -CH,CH,CH,OC(0)CHj), 2.04, 2.06 (total 3H,
each s, -CH,CH,CH,0C(O)CHj), 2.77-3.16 (3H, m, C3-H and C4-H), 3.51-3.61, 3.69-3.75 (total 1H, each m,
C3-H), 4.09-4.17, 4.45-4.49 (total 2H, each m, -CH,CH,CH,0C(O)CH,), 4.50-4.55, 5.42-5.47 (total 1H,
each m, C1-H), 7.09-7.33 (4H, m, -Ar), 8.23, 8.24 (total 1H, each s, -CHO). *C-NMR: 20.9, 21.0
(CH,CH,CH,OC(O)CH3), 255, 258 (CH,CH,CH,OC(O)CH;), 27.8, 29.6 (C4), 32.9, 331
(CH,CH,CH,0C(O)CHj3), 34.2, 39.9 (C3), 50.5, 57.0 (Cl1), 63.6, 64.0 (CH,CH,CH,0OC(O)CHjs), 126.4,
126.6 (Ar), 126.7, 126.8 (Ar), 127.2 (Ar), 129.1, 129.3 (Ar), 132.8, 133.6 (C4a), 136.3, 136.4 (C8a), 161.4,
161.8 (CHO), 171.0, 171.1 (CH,CH,CH,0C(O)CH;). LRMS m/z: 261 (M*), 161 (base peak). HRMS: Calcd
for C15H1sNO4: 261.1366, found: 261.1396.
2-Formyl-1-(3-hydroxy-propyl)-1,2,3,4-tetrahydroisoquinoline(9)

Colorless prisms, mp 113 - 114 °C. IR: 3340, 1655. ‘H-NMR: 1.57-1.98 (4H, m, -CH,CH,CH,0H),
2.75-3.03 (2H, m, C4-H), 3.07-3.17, 3.53-3.63 (total 2H, each m, C3-H), 3.68-3.77 (2H, m,
-CH,CH,CH,0H), 4.54, 5.48 (total 1H, each dd, J = 7 Hz, 7 Hz, J=5 Hz, 9 Hz, C1-H), 7.08-7.32 (4H, m,
-Ar), 823 (1H, s, -CHO). ®C-NMR: 27.8, 28.9 (CH,CH,CH,OH), 29.5, 29.7 (C4), 33.2, 33.3
(CH,CH,CH,0H), 34.2, 41.0(C3), 50.9, 57.4 (C1), 61.9, 62.4 (CH,CH,CH,0H), 126.3, 126.6 (Ar), 126.8
(Ar), 127.1, 127.4 (Ar), 129.0, 129.2 (Ar), 132.6, 133.6 (C4a), 136.5, 136.7 (C8a), 161.6, 162.0 (CHO).
LRMS m/z: 219 (M"), 160 (base peak). HRMS: Calcd for C;3H;;NO,: 219.1260, found: 219.1271.

Phenethylamine(1) & cyclopropanecarbaldehyde (2d) & @A I AL O#EZR : Method a

N-(Cyclopropylmethyl)-2-phenylethanamine (14d)

Colorless oil. IR: 3077. *H-MNR: 0.01-0.15 (2H, m, cyclopropyl), 0.37-0.48 (2H, m, cyclopropyl), 0.86-0.99
(1H, m, cyclopropyl), 1.58 (1H, brs, -NH), 2.47 (2H, d, J=7 Hz, PhCH,CH,NHCH,-), 2.77-2.82 (2H, m,
PhCH,CH,;NH- or PhCH,CH,NH-), 2.87-2.92 (2H, m, PhCH,CH,NH- or PhCH,CH,;NH-), 7.16-7.31(5H, m,
-Ph). *C-MNR: 3.4 (cyclopropylx2), 11.2 (cyclopropyl), 36.4 (PhCH,CH,NHCH,-), 51.1 (PhCH,CH,NH-
or PhCH,CH,NH-), 54.9 (PhCH,CH,NH- or PhCH,CH,NH-), 126.1 (-Ph), 128.4 (-Phx2), 128.7 (-Phx2),
140.1 (C1). LR-FABMS m/z: 176 (MH", base peak). HR-FABMS: Calcd for Ci,H;sN (MH): 176.1440.
Found: 176.1432.
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2-Formyl-1-ethyl-1,2 3 4-tetrahydroisoquinoline (5e) @& A% : Method A

2-Formyl-1-ethyl-1,2,3,4-tetrahydroisoquinoline (5e)

Yellow oil. IR: 1664. "H-NMR: 0.98, 0.99 (total 3H, each t, J=7 Hz, -CH,CHj3), 1.75-1.96 (2H, m, -CH,CHj),
2.76-3.14, 3.51-3.73, 4.44-4.51 (4H, m, C4-H, C3-H), 4.35-4.40, 5.32-5.37 (1H, m, C1-H), 7.08-7.22 (4H, m,
Ar), 8.21, 8.25 (total 1H, each s, -CHO). LR-EIMS: m/z 189 (M"), 160 (base peak). HR-EIMS: Calcd for
C12H1sN;O4: 189.1151. Found: 189.1134.

N-(2-Methyl-penta-1,3-dienyl)-N-phenethyl-formamide (17¢)

Yellow oil. IR: 1671. *H-NMR: 1.71 (3H, d, J=1.1 Hz, N-CH=C(CH=)CHs), 1.83 (3H, d, J=7 Hz, =CH-CH),
2.80-2.87 (2H, m, C4-H), 3.59-3.70 (2H, m, C3-H), 5.60, 5.78 (1H, s, N-CH=C-C), 5.72-5.87 (1H, m,
-CH=CH-CH;), 6.06-6.15 (1H, m, -CH=CH-CHj), 7.18-7.21 (5H, m, Ar), 8.00, 8.02 (total 1H, each s,
-CHO). ®C-NMR: 12.7 (-CHs), 18.4 (-CH3), 33.8 (C4), 46.0 (C3), 125.6 (-N-CH=), 126.5 (-CH=CH-CHj),
126.7 (-CH=CH-CHj), 128.5 (Arx2), 128.7 (Arx2), 131.5 (Ar), 132.8 (Ar), 138.3 (-CH=C), 162.9 (-CHO).
LR-FABMS: m/z 230 (MH", base peak). HR-FABMS: Calcd for C15H2oN;0;: 230.1545. Found: 230.1533.

2-Formyl-1-n-propyl-1,2,3,4-tetrahydroisoquinoline (5f) @&k : Method A

2-Formyl-1-n-propyl-1,2,3,4-tetrahydroisoquinoline (5f)

Yellow oil. IR: 1676, 1664. *H-NMR: 0.96, 0.98 (total 3H, each t, J=7 Hz, -CH,CH,CHjs), 1.32-1.53 (2H, m,
-CH,CH,CH,), 1.66-1.92 (2H, m, -CH,CH,CHj3), 2.75-3.16, 3.52-3.73, 4.43-4.51 (4H, m, C4-H, C3-H), 4.49,
4.52 (total 1H, each t, C1-H), 7.08-7.21 (4H, m, Ar), 8.21, 8.23 (total 1H, each s, -CHO). LR-EIMS: m/z 203
(M"), 160 (base peak). HR-EIMS: Calcd for Cy3H;7N;0;: 203.1311. Found: 203.1322.

1-n-Butyl-2-formyl-1,2,3,4-tetrahydroisoquinoline (5q) D&k : Method A

1-n-Butyl-2-formyl-1,2,3,4-tetrahydroisoquinoline (5g)

Colorless gum. IR: 1670. *H-NMR: 0.90, 0.94 (total 3H, each t, J=7 Hz, CHj), 1.22-1.49 (4H, m, n-butyl),
1.74-1.88 (2H, m, n-butyl), 2.75-3.15, 3.52-3.62, 3.66-3.73, 4.44-4.50 (total 4H, each m, C3-H and C4-H),
4.45-4.50, 5.38-5.43 (total 1H, each m, C1-H), 7.08-7.26, 7.36-7.49 (total 4H, each m, Ar), 8.20, 8.22 (total
1H, each s, CHO). LR-FABMS m/z: 218 (MH", base peak). HR-FABMS: Calcd for C;4H,0NO: 218.1544,
found: 218.1544.

2-Formyl-1-n-pentyl-1,2,3 4-tetrahydroisoquinoline (5h) @& % : Method A

2-Formyl-1-n-pentyl-1,2,3,4-tetrahydroisoquinoline (5h)
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Colorless gum. IR: 1654. *H-NMR: 0.88, 0.90 (total 3H, each t, J=7 Hz, CH3), 1.22-1.49, 1.68-1.86 (total 8H,
each m, n-pentyl), 2.75-3.15, 3.12-3.61, 3.66-3.73, 4.45-4.51 (total 4H, each m, C3-H and C4-H), 4.45-4.51,
4.38-5.43 (total 1H, each m, C1-H), 7.08-7.80 (4H, m, Ar), 8.21, 8.23 (total 1H, each s, CHO). LR-FABMS
m/z: 232 (MH", base peak). HR-FABMS: Calcd for C15H,,NO: 232.1702, found: 232.1699.

2-Formyl-1-n-hexyl-1,2,3 4-tetrahydroisoquinoline (5i) ® &k : Method A

2-Formyl-1-n-hexyl-1,2,3,4-tetrahydroisoquinoline (5i)

Yellow oil. IR: 1672. *H-NMR: 0.87, 0.89 (total 3H, each t, J =7 Hz, CHj), 1.22-1.40, 1.79-1.86 (total 10H,
each m, n-hexyl), 2.74-3.15, 3.51-3.60, 3.61-3.72, 4.44-4.50 (total 4H, each m, C3-H and C4-H), 4.44-4.49,
5.38-5.42 (total 1H, each m, C1-H), 7.07-7.22 (4H, m, Ar), 8.20, 8.22 (total 1H, each s, CHO). LR-FABMS
m/z: 246 (MH", base peak). HR-FABMS: Calcd for C;6H24NO: 246.1858, found: 246.1855.

2-Formyl-1-i-propyl-1,2,3 4-tetrahydroisoquinoline (5)) @& A% : Method A

2-Formyl-1-i-propyl-1,2,3,4-tetrahydroisoquinoline (5j)

Yellow oil. IR: 1668. *H-NMR: 0.92-1.12 (6H, m, -CH(CHs),), 2.03-2.20 (1H, m, -CH(CHs),), 2.92-2.96,
3.32-3.41, 3.62-3.72, 4.18-4.27 (4H, m, C4-H, C3-H), 4.12, 5.14 (total 1H, each d, J=8 Hz, C1-H), 7.10-7.25
(4H, m, Ar), 8.20, 8.24 (total 1H, each s, -CHO). LR-EIMS: m/z 203 (M"), 160 (base peak). HR-EIMS:
Calcd for Cy3H17N;0;: 203.1310. Found: 203.1331.

N-(2-Methyl-propenyl)-N-phenethyl-formamide (7j)

Yellow oil. IR: 1660. 'H-NMR: 1.60, 1.62 (total 3H, each d, J=1 Hz, -C(CHs),), 1.75, 1.81 (total 3H, each d,
J=1 Hz, -C(CHjy).), 2.82 (2H, t, J=8 Hz, C4-H), 3.62 (2H, t, J=8 Hz, C3-H), 5.62, 5.64 (total 1H, each m,
N-CH=C(CH),), 7.14-7.31 (5H, m, Ar), 7.87, 7.96 (total 1H, each s, -CHO). *C-NMR: 17.5 (-CHs), 22.1
(-CHj3), 35.5 (C4), 45.5 (C3), 122.1 (-N-CH=), 126.2 (Ar), 128.2 (Arx2), 128.5 (Arx2), 133.0 (CH=C(CHy),),
138.4 (Ar), 162.8 (-CHO). LR-EIMS: m/z 203 (M"), 84 (base peak). HR-EIMS: Calcd for Ci3H;/N;0;:
203.1310. Found: 203.1340.

1-t-Butyl-2-formyl-1,2,3,4-tetrahydroisoquinoline (5k) ® &5k : Method A

1-t-Butyl-2-formyl-1,2,3,4-tetrahydroisoquinoline (5k)

Yellow oil. IR: 1666. *H-NMR: 1.00 (6H, s, -C(CHs)s), 1.03 (3H, s, -C(CHy)s), 2.87-3.14 (2H, m, C4-H),
3.53-3.63, 3.70-3.92, 4.10-4.20 (2H, m, C3-H), 4.26, 5.23 (total 1H, each s, C1-H), 7.10-7.25 (4H, m, Ar),
8.18, 8.25 (total 1H, each s, -CHO). LR-FABMS: m/z 218 (MH", base peak). HR-FABMS: Calcd for
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C14H20N101: 218.1545. Found: 218.1545.

1-Benzyl-2-formyl-1,2,3,4-tetrahydroisoquinoline (51) ® &k : Method A

1-Benzyl-2-formyl-1,2,3,4-tetrahydroisoquinoline (5I)

Colorless gum. IR: 1669, 1495, 1435, 1402. 'H-NMR: 2.50-3.70, 4.60-4.70 (6H, m, ArCH,CH,N=,
ArCH,-), 4.66, 5.64 (total 1H, dd and t J=6.0 Hz, 8.5 Hz and 6.5 Hz, -CH=), 7.00-7.55 (9H, m, Ar), 7.57,
8.10 (total 1H, each s, -CHO). CIMS m/z : 252 (MH", base peak).

2-Formyl-1,2.3 4-tetrahydroisoquinoline (5m) @& A% : Method A

2-Formyl-1,2,3,4-tetrahydroisoquinoline (5m)

Colorless oil. IR: 1670. *H-NMR: 2.87, 2.89 (total 1H, each d, J=6 Hz, C4-H), 2.90, 2.92 (total 1H, each d,
J=6 Hz, C4-H), 3.64, 3.66 (total 1H, each d, J=6 Hz, C3-H), 3.78, 3.80 (total 1H, each d, J=6 Hz, C3-H),
455 (1H, s, C1-H), 4.70 (1H, s, C1-H), 7.09-7.24 (4H, m, Ar), 8.20, 8.26 (total 1H, each s, -CHOQ).
LR-EIMS: m/z 161 (M", base peak). HR-EIMS: Calcd for CyH33N;O;: 161.0849. Found: 161.0850.

2-Formyl-1-methyl-1,2,3 4-tetrahydroisoquinoline (5n) @& % : Method A

2-Formyl-1-methyl-1,2,3,4-tetrahydroisoquinoline (5n)

Yellow oil. IR: 1672. *H-MNR: 1.49, 1.56 (total 3H, each d, J=7 Hz, -CHj3), 2.75-3.03 (2H, m, C4-H),
3.13-3.22, 3.50-3.60 (total 1H, m, C3-H), 3.67-3.74, 4.42-4.49 (total 1H, m, C3-H), 4.79, 5.47 (total 1H,
each g, J=7 Hz, C1-H), 7.10-7.27 (4H, m, Ar), 8.14, 8.30 (total 1H, each s, -CHO). *C-MNR:21.6, 24.3
(C1-Me), 28.2, 29.9 (C4), 33.9, 39.8 (C3), 47.6, 52.7 (C1), 126.4, 126.6 (Ar), 126.6, 126.7 (Ar), 127.0, 127.1
(Ar), 128.9, 129.3 (Ar), 132.7, 133.6 Ar), 137.1, 137.3 (Ar), 161.1 (CHO). LRMS m/z: 175 (M*), 130 (base
peak). HRMS: Calcd for Cy;H;3NO: 175.0997. Found: 175.1034.

2-Acetyl-1-i-propyl-1,2,3 4-tetrahydroisoquinoline (19j) @& k% : Method A

2-Acetyl-1-i-propyl-1,2,3,4-tetrahydroisoquinoline (19j)

Yellow oil. IR: 1643. *H-NMR: 0.96, 0.97 (total 3H, each d, J=7 Hz, -CH(CHs),), 1.00, 1.03 (total 3H, each
d, J=7 Hz, -CH(CHj),), 1.92-2.12 (1H, m, -CH(CH3),), 2.15, 2.16 (total 3H, each s, -COCHj), 2.86-3.07 (2H,
m, C4-H), 3.25-3.35, 3.64-3.78, 4.42-4.51 (2H, m, C3-H), 4.28, 5.29 (total 1H, each d, J=9 Hz, C1-H),
7.06-7.24 (4H, m, Ar). LR-EIMS: m/z 217 (M%), 132 (base peak). HR-EIMS: Calcd for CiHioN;Oy:
217.1466. Found: 217.1471.
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N-(2-methylprop-1-en-1-yl)-N-phenethylacetamide (20j)
Yellow oil. IR: 1649. *H-NMR: 1.59 (3H, d, J=1 Hz, -C(CH,),), 1.73 (3H, d, J=1 Hz, -C(CH),), 1.95 (3H, s,
-COCHs), 2.81 (2H, ddd, J=6 Hz, 8 Hz, 10 Hz, C4-H), 3.62 (2H, ddd, J=6 Hz, 8 Hz, 10 Hz, C3-H), 5.76 (1H,
t, J=1 Hz, N-CH=C), 7.17-7.30 (5H, m, Ar). *C-NMR: 17.6 (-COCHj3), 21.8 (-CH3), 22.1 (-CH), 33.7 (C4),
48.9 (C3), 124.4 (-N-CH=C), 126.2 (Ar), 128.4 (Arx2), 128.8 (Arx2), 135.6 (Ar), 139.2 (-CH=C(CHs),),
170.7 (-COCHj). LR-EIMS: m/z 217 (M*), 84 (base peak).

1-i-Propyl-2-trifluoroacetyl-1,2,3.4-tetrahydroisoguinoline (22j) @& A% : Method A

1-i-Propyl-2-trifluoroacetyl-1,2,3,4-tetrahydroisoquinoline (22j)

Yellow oil. IR: 1643. *H-NMR: 0.98 (3H, d, J=7 Hz, -CH(CH,),), 1.05 (3H, d, J=7 Hz, -CH(CHa),),
2.02-2.16 (1H, m, -CH(CHy),), 2.86-3.15, 3.42-3.82, 3.98-4.06, 4.37-4.51 (4H, m, C4-H, C3-H), 5.23 (1H, d,
J=9 Hz, C1-H), 7.10-7.37 (4H, m, Ar). ®*C-NMR: 19.3 (-CH3), 20.1 (-CHs), 28.5 (C4), 33.5 (-CH(CH,),),
40.1 (q, J=4 Hz, C3), 59.8 (C1), 126.0 (Ar), 127.4 (Ar), 128.5 (Ar), 128.7 (Ar), 132.8 (Ar), 135.2 (Ar),
162.8 (q, J=35 Hz, -C=0). LR-FABMS: m/z 272 (MH"), 93 (base peak).

1-i-Propyl-2-propionyl-1,2,3.4-tetrahydroisoguinoline (25§) @& A% : Method A

1-i-Propyl-2-propionyl -1,2,3,4-tetrahydroisoquinoline (25j)

Yellow oil. IR: 1643. *H-NMR: 0.95 (3H, d, J=7 Hz, -CH(CHg),), 0.97 (3H, d, J=7 Hz, -CH(CH,),), 1.12,
1.17 (total 3H, each d, J=7 Hz, -COCH,CH,), 1.92-2.08 (1H, m, -CH(CH,),), 2.28-2.52 (2H, m,
-COCH,CHj), 2.85-3.06 (2H, m, C4-H), 3.25-3.35, 3.69-3.73, 4.45-4.54 (2H, m, C3-H), 4.32, 5.31 (total 1H,
each d, J=9 Hz, C1-H), 7.06-7.23 (4H, m, Ar). LR-EIMS: m/z 231 (M"), 57 (base peak).
N-(2-methylprop-1-en-1-yl)-N-phenethylpropionamide (26j)

Yellow oil. IR: 1649. *H-NMR: 1.08 (3H, t, J=7 Hz, -COCH,CHs), 1.59 (3H, d, J=1 Hz, -C(CHs),), 1.73 (3H,
d, J=1 Hz, -C(CHs),), 2.20 (2H, q, J=7 Hz, -COCH,CHj), 2.81 (2H, m, C4-H), 3.63 (2H, m, C3-H), 5.75 (1H,
m, N-CH=C(CH,),), 7.17-7.31 (5H, m, Ar). *C-NMR: 9.3 (-COCH,CHjs), 17.6 (=C(CH)5), 21.9 (=C(CH)5),
27.3 (-COCH,CHj), 33.8 (C4), 49.3 (C3), 123.9 (-N-CH=C), 126.2 (Ar), 128.4 (Arx2), 128.8 (Arx2), 135.6
(Ar), 139.3 (-CH=C(CHy),), 174.1 (-COCH,CHj). LR-EIMS: m/z 231 (M*), 190 (base peak).

1-i-Propyl-2-benzoyl-1,2.3,4-tetrahydroisoquinoline (28j) @& kX : Method A

N-Phenethylbenzamide
Colorless plates. mp: 131-132°C. IR: 3343, 1639, 1542. 'H-NMR: 2.94 (2H, t, J=7 Hz, C4-H), 3.73 (2H, dd,
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J=6, 13 Hz, C3-H), 6.13 (1H, brs, -NH-), 7.24-7.51, 7.68-7.70 (10H, m, Ar). ®*C-NMR: 35.6 (C4), 41.1 (C3),
126.5 (Ar), 126.8 (Arx2), 128.5 (Arx2), 128.7 (Arx2), 128.8 (Arx2r), 131.3 (Ar), 134.6 (Ar), 138.9 (Ar),
167.5 (-COPh). LR-EIMS: m/z 225 (M"*), 105 (base peak).

2-Formyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (5a) @ fiA /L < LAk : Method |

1-Phenyl-1,2,3,4-tetrahydroisoquinoline (6a)

Colorless needles. m.p.: 100-102°C. IR: 3249, 2794. 'H-MNR: 2.79-2.88, 2.99-3.14, 3.23-3.31 (total 4H,
each m, C3-H and C4-H), 5.10 (1H, s, C1-H), 6.74-6.76, 7.01-7.07, 7.14-7.15, 7.26-7.35 (total 9H, each m,
-Ph and -Ar). *C-MNR: 29.7 (C4), 42.1 (C3), 62.0 (C1), 125.5 (-Ar), 126.1 (-Ar), 127.2 (-Ar), 128.0 (-Ar),
128.3 (-Phx2), 128.9 (-Phx2), 129.0 (-Ph), 135.3 (C4a), 138.1 (C8a), 144.7 (-Ph). LRMS m/z: 209 (M"), 132
(base peak). HRMS: Calcd for CysHysN: 209.1202. Found: 209.1175.

2-Formyl-1-cyclohexyl-1,2,3.4-tetrahydroisoquinoline (5b) @A/ 2 LAk : Method |

1-Cyclohexyl-1,2,3,4-tetrahydroisoquinoline (6b)

Brown oil. IR: 3350, 2925, 2850. ‘H-MNR: 1.05-1.44 (6H, m, cyclohexyl), 1.70-1.97 (5 H, m, cyclohexyl),
2.63-2.70 (1H, m, C4-H), 2.81-2.97 (2H, m, C3-H and C4-H), 3.24-3.31 (1 H, m, C3-H), 3.90 (1H, d, J=4 Hz,
C1-H), 7.05-7.16 (4H, m, -Ar). ®*C-MNR: 26.4 (cyclohexyl), 26.6 (cyclohexyl), 26.6 (cyclohexyl), 27.0
(cyclohexyl), 30.3 (cyclohexyl), 30.9 (C4), 42.3 (C3), 42.9 (cyclohexyl), 60.7 (C1), 125.5 (C7), 125.6 (C6),
126.0 (C5), 129.1 (C8), 136.2 (C4a), 138.5 (C8a). LRMS m/z: 215 (M"), 132 (base peak). HRMS: Calcd for
CisH21N: 215.1709. Found: 215.1692.

2-Formyl-1-cyclopentyl-1,2.3 4-tetrahydroisoguinoline (5¢) @AV 2 LA, « Method |

1-Cyclopentyl-1,2,3,4-tetrahydroisoquinoline (6c)

Yellow oil. IR: 3429, 2951, 2866. ‘*H-MNR: 1.26-1.76 (8H, m, cyclopentyl), 2.40-2.47 (1H, m, cyclopentyl),
2.72-2.89 (2H, m, C4-H), 2.99 (total 1H, ddd, J=12 Hz, 7 Hz, 6 Hz, C3-H), 3.30 (1H, ddd, J=12 Hz, 6 Hz, 6
Hz, C3-H), 3.91 (1H, d, J=6 Hz, C1-H), 7.05-7.19 (4H, m, -Ar). *C-MNR: 25.3 (cyclopentyl), 25.5
(cyclopentyl), 27.9 (cyclopentyl), 29.9 (cyclopentyl), 30.3 (C4), 41.1 (C3), 45.1 (cyclopentyl), 59.2 (C1),
125.4 (C7), 125.9 (C6), 126.6 (C5), 129.2 (C8), 136.9 (C4a), 139.7 (C8a). CIMS: 202(MH"), 230(base

peak).
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Acetic acid 3-(2-formyl-1,2.3 4-tetrahydroisoquinolin-1-yl)-propyl ester (8)5% 1} 2-Formyl-1-(3-hydroxy-

propyl)- 1,2,3,4-tetrahydroisoquinoline (9) @AV 2 LAk : Method |

1-(3-Hydroxy-propyl)-1,2,3,4-tetrahydroisoquinoline (6t)

Colorless prism. m.p.: 79-80°C. IR: 2927, 2858. 'H-MNR: 1.72-1.83 (2H, m, -CH,CH,CH,0H), 2.00 (2H, g,
J=6 Hz, -CH,CH,CH,OH), 2.70-2.91 (2H, m, C4-H), 3.03-3.27 (2H, m, C3-H), 3.51-3.69 (2H, m,
-CH,CH,CH,0H), 4.02 (1H, t, J=6 Hz, C1-H), 7.07-7.26 (4H, m, Ar). *C-MNR: 29.3 (-CH,CH,CH,OH),
30.5 (C4), 35.4 (-CH,CH,CH,0H), 39.8 (C3), 55.7 (C1), 62.8 (-CH,CH,CH,0OH), 126.0 (Ar), 126.2 (Ar),
126.4 (Ar), 129.3 (Ar), 134.7 (C4a), 138.6 (C8a). LRMS m/z: 191 (M"), 132 (base peak). HRMS: Calcd for
Cy1,H17NO: 191.1309. Found: 191.1329.

2-Formyl-1-ethyl-1,2 3 4-tetrahydroisoquinoline (5¢) @i /L I /L4l : Method |

1-Ethyl-1,2,3,4-tetrahydroisoquinoline (6e)

Colorless oil. IR: 2929. 'H-NMR: 1.01 (3H, t, J=7 Hz, -CH,CH;), 1.66-1.81, 1.86-1.99 (2H, m, -CH,CHy),
2.70-2.89 (2H, m, C4-H), 2.97 (1H, ddd, J=5 Hz, 8 Hz, 12 Hz, C3-H), 3.24 (1H, dt, J=5 Hz, 12 Hz, C3-H),
3.90 (1H, dd, J=4 Hz, 9 Hz, C1-H), 7.06-7.18 (4H, m, Ar). *C-NMR: 10.5 (-CH,CHj), 29.0 (-CH,CHs), 30.0
(C4), 41.1 (C3), 57.0 (C1), 125.7 (Ar), 125.8 (Ar), 126.1 (Ar), 129.2 (Ar), 135.2 (Ar), 139.5 (Ar).
LR-FABMS: m/z 162 (MH", base peak). HR-FABMS: Calcd for C1,Hi6N;: 162.1282. Found: 162.1295.

2-Formyl-1-n-propyl-1,2,3,4-tetrahydroisoguinoline (5f) @A /L 2 LAk : Method |

1-n-Propyl-1,2,3,4-tetrahydroisoquinoline (6f)

Colorless oil. IR: 2929. *H-NMR: 0.98 (3H, t, J=7 Hz, -CH,CH,CHj3), 1.37-1.58 (2H, m, -CH,CH,CHj3),
1.65-1.88 (2H, m, -CH,CH,CHz), 2.69-2.88 (2H, m, C4-H), 2.98 (1H, ddd, J=5 Hz, 7 Hz, 12 Hz, C3-H), 3.24
(1H, dt, J=5 Hz, 12 Hz, C3-H), 3.97 (1H, dd, J=4 Hz, 9 Hz, C1-H), 7.07-7.17 (4H, m, Ar). *C-NMR: 14.0
(-CH,CH,CHs), 19.4 (-CH,CH,CHj), 30.0 (-CH,CH,CHj3), 38.7 (C4), 41.0 (C3), 55.5 (C1), 125.7 (Ar),
125.7 (Ar), 126.1 (Ar), 129.2 (Ar), 135.1 (Ar), 139.8 (Ar). LR-FABMS: m/z 176 (MH", base peak).
HR-FABMS: Calcd for CypHgNy: 176.1439. Found: 176.1441.

n-Butyl-2-formyl-1-1,2,3,4-tetrahydroisoquinoline (59) ® iV 2 LAk : Method |

1-n-Butyl-1,2,3,4-tetrahydroisoquinoline (69)
Pale yellow oil. *H-NMR: 0.90-0.95 (3H, m, CHj), 1.30-1.50 (4H, m, (CH,),), 1.66-1.91 (2H, m, CH,),
2.69-2.88 (2H, m, C4-H), 2.98 (1H, ddd, J = 12 Hz, 7 Hz, 5 Hz, C3-H), 3.24 (1H, dt, J = 12 Hz, 5 Hz, C3-H),
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3.96 (1H, dd, J = 9 Hz, 4 Hz, C1-H), 7.05-7.21 (4H, m, Ar). ®*C-NMR: 14.1 (CH,), 22.9 (n-butyl), 28.4
(n-butyl), 30.0 (C4), 36.2 (n-butyl), 41.1 (C3), 55.8 (C1), 125.7 (C7), 125.7 (C6), 126.1 (C5), 129.2 (C8),
135.1 (C8a), 139.9 (C4a). LR-FABMS m/z: 190 (MH"), 154 (base peak). HR-FABMS: Calcd for C;5HN:
190.1556, found: 190.1604.

2-Formyl-1-n-pentyl-1,2,3,4-tetrahydroisoquinoline (5h) DA /L 2 LA : Method |

1-n-Pentyl-1,2,3,4-tetrahydroisoquinoline (6h)

Pale yellow oil. *H-NMR: 0.83-0.87 (3H, m, CHs), 1.27-1.52 (6H, m, (CH,)3), 1.65-1.89 (2H, each m, CH,),
2.69-2.88 (2H, m, C4-H), 2.99 (1H, ddd, J = 12 Hz, 7 Hz, 5 Hz, C3-H), 3.24 (1H, dt, J = 12 Hz, 5 Hz, C3-H),
3.96 (1H, dd, J = 9 Hz, 4 Hz, C1-H). 7.05-7.21 (4H, m, Ar). *C-NMR: 14.1 (CH,), 22.6 (n-pentyl), 25.9
(n-pentyl), 30.1 (C4), 32.0 (n-pentyl), 36.5 (n-pentyl), 41.1 (C3), 55.8 (C1), 125.7 (C7), 125.7 (C6), 126.1
(C5), 129.2 (C8), 135.1 (C8a), 139.9 (C4a). LR-FABMS m/z: 204 (MH"), 154 (base peak). HR-FABMS:
Calcd for Ci4H2»N: 204.1754, found: 204.1756.

2-Formyl-1-n-hexyl-1,2,3,4-tetrahydroisoquinoline (5i) @74V 2 LAk : Method |

1-n-Hexyl-1,2,3,4-tetrahydroisoquinoline (6i)

Pale yellow oil. 'H-NMR: 0.86 (3H, t, J = 7 Hz, CHj), 1.25-1.53, 1.79-1.90 (total 10H, each m, n-hexyl),
2.69-2.88 (2H, m, C4-H), 2.98 (1H, ddd, J = 12 Hz, 8 Hz, 5 Hz, C3-H), 2.24 (1H, dt, J = 12 Hz, 5 Hz, C3-H),
3.95 (1H, dd, J = 9 Hz, 4 Hz, C1-H), 7.05-7.17 (4H, m, Ar). *C-NMR: 14.1 (CHs), 22.7 (n-hexyl), 26.2
(n-hexyl), 29.5 (n-hexyl), 30.0 (C4), 31.8 (n-hexyl), 36.5 (n-hexyl), 41.1 (C3), 55.8 (C1), 125.7 (C7), 125.7
(C6), 126.1 (C5), 129.2 (C8), 135.1 (C8a), 139.8 (C4a). LR-FABMS m/z: 218 (MH"), 132 (base peak).
HR-FABMS: Calcd for CysHy,N: 218.1909, found: 218.1886.

2-Formyl-1-i-propyl-1,2,3 4-tetrahydroisoquinoline (5)) @AV 2 /L4l : Method |

1-i-Propyl-1,2,3,4-tetrahydroisoquinoline (6j)

Colorless oil. IR: 2927. *H-NMR: 0.74 (3H, t, J=7 Hz, -CH(CH,),), 1.12 (3H, t, J=7 Hz, -CH(CHs),), 2.35
(1H, ddd, J=4 Hz, 7 Hz, 10 Hz, -CH(CHs),), 2.63-2.73, 2.80-2.98, 3.24-3.30 (4H, m, C4-H, C3-H), 3.94 (1H,
d, J=4 Hz, C1-H), 7.06-7.17 (4H, m, Ar). *C-NMR: 15.7 (-CH(CHs),), 20.3 (-CH(CHs),), 30.4 (C4), 33.2
(-CH(CHs),), 42.5 (C3), 61.0 (C1), 125.6 (Ar), 125.7 (Ar), 125.9 (Ar), 129.1 (Ar), 136.2 (Ar), 138.8 (Ar).
LR-FABMS: m/z 176 (MH", base peak). HR-FABMS: Calcd for C;,H;N;: 176.1439. Found: 176.1422.
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2-Formyl-1-t-butyl-1,2,3 4-tetrahydroisoquinoline (5k) D fiA /L < LAk : Method |

1-t-Butyl-1,2,3,4-tetrahydroisoquinoline (6k)

Colorless oil. IR: 2952. 'H-NMR: 0.93 (9H, s, -C(CHjy)s), 2.55-2.67, 2.72-2.83, 3.22-3.33 (4H, m, C4-H,
C3-H), 3.86 (1H, s, C1-H), 7.05-7.17 (4H, m, Ar). *C-NMR: 27.1 (-C(CH;)3x3), 31.6 (C4), 37.3 (-C(CHs)s),
42.7 (C3), 64.7 (C1), 124.6 (Ar), 125.6 (Ar), 128.4 (Ar), 129.3 (Ar), 136.5 (Ar), 138.6 (Ar). LR-FABMS:
m/z 190 (MH", base peak). HR-FABMS: Calcd for C;3H3gN;: 190.1596. Found: 190.1596.

1-Benzyl-2-formyl-1,2,3,4-tetrahydroisoguinoline (51) @iV < JLAL : Method 11

1-Benzyl-1,2,3,4-tetrahydroisoquinoline (6l)

Colorless gum. IR: 1495, 1456. 'H-NMR: 2.73-3.40 (6H, m, C4-H, C3-H, -CH,Ph), 4.22 (1H, dd, , J=4 Hz,
10 Hz, C1-H), 7.10-7.40 (9H, m, Ar). *C-NMR: 29.9 (-CH,Ph), 40.7 (C4), 42.5 (C3), 57.2 (C1), 125.6 (Ar),
126.1 (Arx2), 126.4 (Ar), 128.9 (Arx2), 129.3 (Arx3), 135.2 (Ar), 138.6 (Ar), 139.1 (Ar). CIMS: m/z 224
(MH", base peak).

2-Formyl-1,2.3 4-tetrahydroisoquinoline (5m) DAL 2 /LAl - Method |

1,2,3,4-Tetrahydroisoquinoline (6m)

Pale yellow oil. IR: 1499. 'H-NMR: 2.79 (2H, t, J=6 Hz, C4-H), 3.14 (2H, t, J=6 Hz, C3-H), 4.05 (2H, s,
C1-H), 6.90-7.20 (4H, m, Ar). *C-NMR: 29.0 (C1), 43.7 (C4), 48.2 (C3), 125.5 (Ar), 125.8 (Ar), 127.0 (Ar),
129.1 (Ar), 134.6 (Ar), 135.8 (Ar). LRMS: m/z 133 (M), 132 (base peak). HRMS: Calcd for CyHyN:
133.0891. Found: 133.0896.

2-Formyl-1-methyl-1,2,3,4-tetrahydroisoguinoline (5n) DA /L 2 LA « Method 111

1-Methyl-1,2,3,4-tetrahydroisoquinoline (6n)

Colorless oil. IR: 3436, 2925. *H-MNR: 1.46 (3H, d, J=7 Hz, -CH5), 2.73 (1H, dt, J=5 Hz , 16 Hz, C4-H),
2.87 (1H, ddd, J=5 Hz, 9 Hz, 16 Hz, C4-H), 3.02 (1H, ddd, J=5 Hz, 9 Hz, 12 Hz, C3-H), 3.26 (1H, dt, J=5
Hz, 12 Hz, C3-H), 4.10 (1H, g, J=7 Hz, C1-H), 7.06-7.21 (4H, m, -Ar). *C-MNR: 22.7 (-CHs), 30.0 (C4),
41.8 (C3), 51.5 (C1), 125.8 (Ar), 125.9 (Ar), 126.0 (Ar), 129.2 (Ar), 134.8 (C4a), 140.5 (C8a). LRMS m/z:
147 (M%), 132 (base peak). HRMS: Calcd for CyoH;3N: 147.1014. Found: 147.1028.
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5 2 O

2-Formyl-6,7-dimethoxy-1-methyl-1-phenyl-1,2,3 4-tetrahydroisoguinoline (35a) @& Jk:Method A

2-Formyl-6,7-dimethoxy-1-methyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (35a)

Pale yellow needles, mp 100-101°C. IR: 2935, 1664, 1612, 1515 cm™. 'H-NMR:2.04 (3H, s, -CH,),
2.80-2.97 (2H, m, C4-H), 3.54-3.60 (1H, m, C3-H), 3.64 (3H, s, -OCHs), 3.86 (3H, s, -OCH), 4.11-4.22 (1H,
m, C3-H), 6.26 (1H, s, C8-H), 6.62 (1H, s, C5-H), 7.2-7.4 (5H, m, -Ph), 8.10 (1H, s, -CHO). *C-NMR: 28.5
(C4), 29.2 (-CHs), 36.0 (C3), 55.8 (-OCH3), 56.0 (-OCHs), 62.7 (C1), 110.7 (C5), 110.9 (C8), 126.4 (C4a),
127.3 (C2’ and C6’), 127.6 (C4’), 128.7 (C3’ and C5’), 133.4 (C8a), 145.5 (C1’), 147.7 (C6 or C7), 147.8
(C6 or C7), 163.0 (-CHO). LRMS m/z: 311 (M", base peak). HRMS m/z Calcd for CioH»;NO;3 311.1522.
Found: 311.1552. Anal. Calcd for C19H»NO; :C, 73.29; H, 6.80; N, 4.50. Found: C, 73.35; H, 6.88; N, 4.30.

2-Formyl-6,7-dimethoxy-1,1-dimethyl-1,2,3,4-tetrahydroisoguinoline (35b) D& i%: Method A

2-Formyl-6,7-dimethoxy-1,1-dimethyl-1,2,3,4-tetrahydroisoquinoline (35b)

Pale yellow plates, mp 96-98°C. IR: 1632, 1540 cm™. 'H-NMR: 1.73 (3H, s, -CHs), 1.81 (3H, s, -CHy), 2.75
(1H, t, J=6 Hz, C4-H), 2.81 (1H, t, J=6 Hz, C4-H), 3.49 (1H, t, J=6 Hz, C3-H), 3.83 (1H, t, J=6 Hz, C3-H),
3.87 (3H, s, -OCHj), 3.89 (3H, s, -OCH), 6.58 (1H, s, C5-H), 6.72 (1H, s, C8-H), 8.21, 8.62 (total 1H, each
s, -CHO). ®C-NMR: 29.0 (C4), 31.1 (-CH;x2), 35.2 (C3), 55.8 (-OCHj), 56.1 (-OCH3), 57.4 (C1), 108.8
(C5), 111.3 (C8), 126.6 (C4a), 133.4 (C8a), 147.7 (C6 and C7), 160.1 (-CHO). LRMS m/z: 249 (M*), 234
(base peak). HRMS m/z Calcd for C14H19NO3: 249.1362. Found: 249.1351. Anal. Calcd for C14HgNO; :C,
69.45; H, 7.68; N, 5.62. Found: C, 67.37; H, 7.81; N, 5.43.

1-Ethyl-2-formyl-6,7-dimethoxy-1-methyl-1,2,3,4-tetrahydroisoquinoline (35c) & f%:Method A

1-Ethyl-2-formyl-6,7-dimethoxy-1-methyl-1,2,3,4-tetrahydroisoquinoline (35c)

Pale yellow gum. IR: 1678, 1626, 1514 cm™. 'H-NMR: 0.47, 0.61 (total 3H, each t, J=7 Hz, -CH,CH), 1.59,
1.66 (total 3H, each s, -CHj;), 1.80-2.04, 3.06-3.13 (total 2H, each m, -CH,CHj3), 2.62-2.74 (total 2H, m,
C4-H), 3.59-3.67, 3.72-3.79 (total 2H, each m, CH-3), 3.78 (3H, s, -OCHj), 3.79 (3H, s, -OCH), 6.51 (1H, s,
C5-H), 6.60 (1H, s, C8-H), 8.14, 8.43 (total 1H, each s, -CHO). *C-NMR: 7.6 (-CH,CHj), 28.6 (C4), 29.9
(-CHs), 35.1 (-CH,CHs), 35.4 (C3), 55.5 (-OCHs3), 55.9 (-OCHs), 60.4 (C1), 108.4 (C5), 110.9 (C8), 127.5
(C4a), 131.9 (C8a), 147.4 (C6,), 147.7 (C7), 161.0 (-CHO). LRMS m/z: 263 (M"), 234 (base peak). HRMS
m/z Calcd for Ci5H;NO;: 263.1519. Found: 263.1496.
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2-Formyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoguinoline-1-spirocyclopentane (35d) @ & ik%:Method A

2-Formyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline-1-spirocyclopentane (35d)

Pale yellow plates, mp 75-78°C. IR: 1639, 1517. 'H-NMR: 1.8-2.3 (8H, m, C2’-H, C3’-H, C4’-H and
C5’-H), 2.77 (2H, t, J=6 Hz, C4-H), 3.82 (2H, t, J=6 Hz, C3-H), 3.86 (3H, s, -OCHj3), 3.88 (3H, s, -OCHjy),
6.57 (1H, s, C5-H), 6.70 (1H, s, C8-H), 8.36 (1H, s, -CHO). *C-NMR: 24.0 (C3’ and C4’), 28.8 (C4), 35.9
(C3), 40.8 (C2’ and C5’), 55.7 (-OCHs), 56.1 (-OCHs), 69.1 (C1), 108.5 (C5), 111.2 (C8), 127.6 (C4a), 132.0
(C8a), 147.58 (C6 or C7), 147.64 (C6 or C7), 160.2 (N-CHO). LMRS: 275 (M"), 205 (base peak). HMRS
m/z (M") Cy6H,;NO5: 275.1521. Found: 275.1559

2-Formyl-6,7-dimethoxy-1,2,3 4-tetrahydroisoguinoline-1-spirocyclohexane (35e) ® & jk:Method A

2-Formyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline-1-spirocyclohexane (35€)

Colorless prisms, mp 123-126°C. IR: 1641, 1523. 'H-NMR: 1.42-1.99 (8H, m, C3’-H, C4’-H and C5’-H,
C6’-H), 2.29 (2H, d, J=14 Hz, C2’-H), 2.82 (2H, t, J=6 Hz, C4-H), 3.82 (2H, t, J=6 Hz, CH-3), 3.84 (3H, s,
-OCHs), 3.89 (3H, s, -OCHs), 6.55 (1H, s, C5-H), 6.75 (1H, s, C8-H), 8.54 (1H, s, -CHO). *C-NMR: 21.8
(C3’ and C5), 25.6 (C4), 27.9 (C4’), 34.3 (C3), 36.1 (C2’ and C6"), 55.7 (-OCH3), 56.2 (-OCHs), 59.8 (C1),
108.1 (C5), 111.8 (C8), 126.7 (C4a), 135.2 (C8a), 147.1 (C6 or C7), 147.8 (C6 or C7), 162.4 (N-CHO).
LMRS: 289 (M™), 205 (base peak). HMRS m/z (M") C17H,3NOs: 289.1678. Found: 289.1683.

2-Formyl-1-methyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (42a) @& ik:Method A and Method B

2-Formyl-1-methyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (42a)

Colorless prisms. mp: 139-140°C. IR: 2879, 1660. 'H-NMR: 2.05 (3H, s, -CHj), 2.9-3.1 (2H, m, C4-H),
3.6-4.2 (2H, m, C3-H), 6.8-7.4 (9H, m, Ar and Ph), 8.11 (1H, s, -CHO). *C-NMR: 28.8(C4), 29.5(-CHs),
36.1(C3), 63.0(C1), 126.7(Phx2), 127.3(Phx2), 127.6(Ar), 127.7(Ar), 128.7(Ph and Ar), 128.7(Ar),
133.9(Ar), 141.7(Ar), 145.6(Ph), 163.0(-CHO). LR-EIMS: m/z 251 (M"), 77 (base peak). HR-EIMS: Calcd
for C1;H17NO: 251.1310. Found 251.1322.

1-Methyl-1-phenyl-1,2 3 4-tetrahydroisoguinoline Hydrochloride (43a) @& k%:Method 111

1-Methyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline Hydrochloride (43a)

Colorless needles mp 273-275°C. IR: 2942, 2728, 2626, 1587(HCI salt). *H-NMR: 1.85(3H, s, -CHs),
2.7-3.1(4H, m, C3-H and C4-H), 7.0-7.3(9H, m, Ar, Ph). ®C-NMR: 30.0(C4), 30.3(-CHs), 39.0(C3),
59.1(C1), 125.6(Ar), 126.1(Ar), 126.5(Ar), 127.1(Phx2), 127.8(Ar), 127.9(Phx2), 129.2(Ph), 135.1(Ar),
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142.2(Ar), 148.8(Ph). LR-FABMS: m/z 224 (MH", base peak). HR-FABMS: (MH") Calcd for CygHisN:
224.1439. Found: 224.1440.

2-Formyl-7-methoxy-1-methyl-1-phenyl-1,2,3.4-tetrahydroisoguinoline  (47a) @ & A% :Method A and

Method B

2-Formyl-7-methoxy-1-methyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (47a)

Pale Yellow Gum. IR: 2933, 1670, 1612. *H-NMR: 2.04(3H, s, -CHs), 2.8-2.9(2H, m, C4-H), 3.5-3.6(1H, m,
C3-H), 3.66(3H, s, -OCHs), 4.17(1H, dt, J=5 Hz, 13 Hz, C3-H), 6.37(1H, d, J=3 Hz, C8-H), 6.73(1H, dd,
J=3 Hz, 8 Hz, C6-H), 7.09(1H, d, J=8 Hz, C5-H), 7.2-7.4(5H, m, Ph), 8.10(1H, s, -CHO). *C-NMR:
28.0(C4), 29.5(-CHs), 36.5(C3), 55.2(-OCH3), 63.1(C1), 112.2(Ar), 113.4(Ar), 126.2(Ar), 127.2(Phx2),
127.6(Ar), 128.7(Phx2), 129.6(Ph), 142.9(Ar), 145.4(Ph), 158.1(Ar), 163.1(-CHO). LR-EIMS: m/z 281 (M"),
266 (base peak). HR-EIMS: Calcd for C1gH;gNO,: 281.1441. Found: 281.1416.
N-[2-(2-Acetyl-4-methoxyphenyl)ethyl]formamide (48)

Brown oil. IR: 2933, 1670. *H-NMR: 2.60, 2.61(total 3H, each s, -CHs), 2.76-2.82(2H, m, C2-H), 3.4-3.6(2H,
m, C1-H), 3.90, 3.90(total 3H, each s, -OCHs), 6.14(1H, brs, -NH-), 6.93(1H, d, J=8 Hz, C6’-H), 7.27,
7.32(total 1H, each dd, J=2 Hz, 8 Hz, C5’-H), 7.54(1H, d, J=2 Hz, C3’-H), 8.11(1H, s, -CHO). *C-NMR:
31.8(-CHs), 34.3, 36.4(C2), 39.1, 43.0(C1), 55.5(-OCHs), 111.9(Ar), 127.9, 128.1(Ar), 129.6, 130.5(Ar),
130.2, 130.3(Ar), 133.9, 134.2(Ar), 157.7, 157.9(Ar), 161.3, 164.5(-CHO), 199.7, 199.9(-CO-). LR-EIMS:
m/z 221 (M"), 176 (base peak). HR-FABMS: (MH") Calcd for C;,H;s05N: 222.1130. Found: 222.1140.

5-Formyl-4-phenyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54a) M & Ak:Method A

5-Formyl-4-phenyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54a)

Pale yellow prisms. mp: 80-83°C IR:1662. 'H-NMR: 2.87-3.00, 3.42-3.52, 3.65-3.71, 4.48-4.52 (total 4H,
each m, C6-H and C7-H), 5.74, 6.63 (total 1H, each s, C4-H), 6.70, 6.71 (total 1H, each d, J=5 Hz, C3-H),
7.14-7.19 (2H, m, C2-H and Ph), 7.26-7.38 (4H, m, Ph), 8.18, 8.51 (total 1H, each s, -CHO). **C-NMR: 24.5,
26.1 (C7), 34.4, 40.2 (C6), 52.6, 58.8 (C4), 123.6 (C3), 125.9, 126.3 (C2), 127.7, 127.9 (Ph), 128.3, 128.4
(Ph-x2), 128.5, 128.7 (Phx2), 132.6, 132.9 (Ph), 133.6, 135.2 (C3a), 139.9, 140.5 (C7a), 161.1, 161.2
(-CHO). LR-EIMS: m/z 243 (M*, base peak). HR-EIMS m/z (M"): Calcd for C14H;3NOS: 243.0718. Found:
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243.0669.

4-Cyclohexyl-5-Formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54b) @& j%: Method A

4-Cyclohexyl-5-Formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54b)

Yellow oil. IR: 1670. 'H-NMR: 0.95-2.05 (10H, m, cyclohexyl), 2.79-3.11, 3.57-3.67 (total 4H, each m,
C6-H and C7-H), 3.75-3.82, 4.69-4.75 (total 1H, each m, cyclohexyl), 4.21, 5.17 (total 1H, each d, J=7 Hz,
C4-H), 6.82, 6.83 (total 1H, each d, J=5 Hz, C3-H), 7.11, 7.13 (total 1H, each d, J=5 Hz, C2-H), 8.16, 8.21
(total 1H, each s, -CHO). LR-EIMS: m/z 249 (M), 166 (base peak). HR-EIMS m/z (M"): Calcd for
C14H1gNOS: 249.1187. Found: 249.1175.

4-Cyclopentyl-5-Formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54c) M & Bk: Method A

4-Cyclopentyl-5-Formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54c)

Yellow oil. IR: 1670. 'H-NMR: 1.25-1.79 (8H, m, cyclopentyl), 2.80-3.01 (2H, m, C7-H), 3.05-3.15,
3.59-3.69 (total 2H, each m, C6-H), 3.75-3.79, 4.66-4.72 (total 1H, each m, cyclopentyl), 4.23, 5.24 (total 1H,
each d, J=10 Hz, C4-H), 6.85 (1H, d, J=5 Hz, C3-H), 7.10, 7.11 (total 1H, each d, J=5 Hz, C2-H), 8.17, 8.22
(total 1H, each s, -CHO). *C-NMR: 24.1, 25.2 (cyclopentyl), 24.3, 25.4 (cyclopentyl), 24.6, 26.3
(cyclopentyl-CH,), 30.0, 30.6 (cyclopentyl), 31.0, 34.7 (C7), 40.8 (C6), 45.5 (cyclopentyl), 53.9, 60.7 (C4),
122.8 (C3), 125.7, 126.2 (C2), 132.1, 133.8 (C3a), 135.2, 135.6 (C7a), 161.3, 161.5 (-CHO). LR-EIMS: m/z
235 (M"), 166 (base peak). HR-EIMS m/z (M"): Calcd for C15H;;NOS: 235.1031. Found: 235.1010.

4-Cyclopropyl-5-Formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54d) @& F&: Method A

4-Cyclopropyl-5-Formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54d)

Colorless prisms. mp: 88-90°C IR: 1672. 'H-NMR: 0.36-0.81(4H, m, cyclopropyl), 1.75 (1H, m,
cyclopropyl), 2.81-2.99 (2H, m, C7-H), 3.20-3.30, 4.62-4.69 (total 2H, each m, C6-H), 3.68-3.86 (1H, m,
C4-H), 6.92, 6.93 (total 1H, each d, J=5 Hz, C3-H), 7.14, 7.15 (total 1H, each , J=5 Hz, C2-H), 8.20 (1H, d,
J=4 Hz, -CHO). ®*C-NMR: 2.85, 3.68, 4.91(cyclopropylx2), 16.6, 17.2 (cyclopropyl), 24.7, 26.2 (C7), 35.3,
41.3 (C6), 54.1, 60.7 (C4), 123.2, 123.3 (C3), 125.1, 125.7 (C2), 132.1, 133.8 (C3a), 134.6, 135.0 (C7a),
161.1, 161.6 (CHO). LR-EIMS: m/z 207 (M"), 166 (base peak). HR-EIMS m/z (M"): Calcd for C1;H;3NOS:
207.0718. Found: 207.0735.
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4-Ethyl-5-formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54e) @& %:Method A

4-Ethyl-5-formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54e)

Yellow oil. IR: 1672. "H-NMR: 1.00 (3H , t, J=7 Hz, -CH,CHs), 1.65-1.95 (2H, m, -CH,CHj), 2.82-3.04,
3.50-3.60, 3.76-3.83, 4.64-4.74, (total 4H, each m, C6-H, C7-H), [4.41 (dd, J=4 Hz, 10 Hz), 5.42 (dd, J=5
Hz, 9 Hz) total 1H, C4-H], 6.80, 6.81 (total 1H, each d, J=5 Hz, C3-H), 7.13, 7.14 (total 1H, each d, J=5
Hz, C2-H), 8.22, 8.24 (total 1H, each s, -CHO). HR-EIMS m/z (M"): Calcd for C;oH;3sNOS: 195.0718.
Found: 195.0710.

5-Formyl-4-(pent-2-en-2-y1)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (58e)

Yellow oil. IR: 1672. *H-NMR: 0.91, 0.94 (total 3H, each t, J=7 Hz, -C=CHCH,CH,), 1.67, 1.70 (total 3H,
each s, -CHs) 2.01, 2.06 (total 2H, each g, J=7 Hz, -CH,CHs), 2.77-2.97 (2H, m, C7-H), 3.23-3.32, 3.46-3.56,
3.66-3.72, 4.30-4.37 (total 2H, each m, C6-H), 4.94, 5.82 (total 1H, each s, C4-H), 5.10-5.14, 5.22-5.26 (total
1H, each m, -C=CHCH,CH), 6.70, 6.71 (total 1H, each d, J=3 Hz, C3-H), 7.11, 7.13 (total 1H, each d, J=3
Hz, C2-H), 8.23, 8.30 (total 1H, each s, -CHO). HR-FABMS m/z (MH"): Calcd for C1,H;sNOS: 208.1160.
Found: 208.1158.

5-Formyl-4-n-propyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54f) @& Ek:Method A

5-Formyl-4-n-propyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54f)

Yellow oil. IR: 1672.*"H-NMR: 0.91, 1.00 (total 3H , each t, J=7 Hz, - CH,CH,CHs), 1.38-1.50, 1.68-1.79
(total 4H, each m, -CH,CH,CHj5), 2.81-3.00 (2H, m, C7-H), 3.02-3.10, 3.50-3.58, 3.57-3.76, 4.65-4.69 (total
2H, each m, C6-H), 4.50, 5.40 (total 1H, each dd, J=5 Hz, 9 Hz, C4-H), 6.79, 6.81 (total 1H, each, d, J=5 Hz,
C3-H), 7.13, 7.16 (total 1H, each , d, J=5 Hz, C2-H), 8.20, 8.21 (total 1H, each s, -CHO). HR-FABMS m/z
(MH™): Calcd for Cy;H;sNOS: 210.0953. Found: 210.0953.
5-Formyl-4-(hept-3-en-3-yl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (58f)

Yellow oil. IR: 1675. H-NMR: 0.82, 0.85, 1.00, 1.07 (total 6H, each t, J=7 Hz, -CH,CHs,
-C=CH(CH,),CHs), 1.23-1.36 (2H, m, -CH,CHj), 1.96-2.05, 2.10-2.26 (total 4H, each m, -C=CH(CH,),CH),
2.77-2.92 (2H, m, C7-H), 3.07-3.15, 3.45-3.56, 3.62-3.67, 4.40-4.46 (total 2H, each m, C6-H), 4.93, 5.03
(total 1H, each t, J=7 Hz, -C=CH(CH,),CHs), 5.01, 5.96 (total 1H, each s, C4-H), 6.65-6.68 (1H, m, C3-H),
7.10-7.12 (1H, m, C2-H), 8.22, 8.30 (total 1H, each s, -CHO). HR-FABMS m/z (MH"): Calcd for
Ci5HNOS: 264.1423. Found: 264.1440.
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4-n-Butyl-5-formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54g) D& Ak: Method A

4-n-Butyl-5-formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54Q)

Yellow oil. IR: 1672. *H-NMR: 0.95, 0.97 (total 3H , each t, J=7 Hz, -(CH,);CHj3), 1.26-1.54, 1.63-1.83
(total 6H, each m, (CH)3;CHs), 2.87-2.97 (2H, m, C7-H), 2.97-3.16, 3.50-3.57, 3.74-3.77, 4.65-4.71 (total
2H, each m, C6-H), 4.51, 5.40 (total 1H, each dd, J=5 Hz, 9 Hz, C4-H), 6.79, 7.14 (total 1H, each, d, J=5 Hz,
C3-H), 7.12, 7.17 (total 1H, each , d, J=5 Hz, C2-H), 8.20, 8.21 (total 1H, each s, -CHO). HR-FABMS m/z
(MH™): Calcd for C;,H1sNOS: 224.1110. Found: 224.1103.
5-Formyl-4-(non-4-en-4-yl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (580)

Yellow oil. IR: 1675. 'H-NMR: 0.86, 0.89, 0.93, 0.94 (total 6H, each t, J=7 Hz, -(CH,),CHs,
-C=CH(CH,)sCHj), 1.25-1.27, 1.34-1.48 (total 6H, each m, -(CH,),CHs, -C=CH(CH,);CH), 1.90-2.10,
2.10-2.21 (total 4H, each m, -(CH,),CHs;, -C=CH(CH,)sCHs), 2.77-2.96, 3.04-3.14, 3.45-3.52, 3.54-3.66,
4.42-4.47 (total 4H, each m, C6-H and C7-H), 4.96, 5.06 (total 1H, each t, J=7 Hz, -C=CH(CH,)3;CHjs), 5.00,
5.94 (total 1H, each s, C4-H), 6.64, 6.67 (total 1H, each d, J=5 Hz, C3-H), 7.10, 7.11 (total 1H, each d, J=5
Hz, C2-H), 8.21, 8.29 (total 1H, each s, -CHO). HR-FABMS m/z (MH"): Calcd for C;;H,sNOS: 292.1735
Found: 292.1736.

5-Formyl-4-n-pentyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54h) @& fk: Method A

5-Formyl-4-n-pentyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54h)

Yellow oil. IR: 1672. *H-NMR: 0.88, 0.39 (total 3H , each t, J=7 Hz, -(CH,),CHs), 1.23-1.44 (6H, m,
-(CH,),CH3), 1.67-1.77 (2H, m, -(CH.),CHs), 2.75-3.05, 3.48-3.58, 3.73-3.81, 4.45-4.50 (total 4H, each m,
C6-H and C7-H), 4.64-4.69, 5.36-5.39 (total 1H, each m, C4-H), 6.79 (1H, d, J=4 Hz, C3-H), 7.10, 7.11
(total 1H, each d, J=4 Hz, C2-H), 8.188, 8.190 (total 1H, each s, -CHO). HR-FABMS m/z (MH"): Calcd for
C13HxoNOS: 238.1266. Found: 238.1274.
5-Formyl-4-(undec-5-en-5-yl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (58h)

Yellow oil. IR: 1675. *H-NMR: 0.81-0.95 (6H, m, -(CH,)sCHs, -C=CH(CH,),CHs), 1.24-1.58 (10H, m,
-(CHy)3CH3, -C=CH(CH,)4CHjs), 1.92-2.24 (4H, m, -(CH,)sCHs;, -C=CH(CH,),CHs), 2.76-4.47 (4H, m,
C6-H and C7-H), 4.93-5.07 (1H, m, -C=CH(CH,)sCHs), 5.95 (1H, s, C4-H), 6.64, 6.65 (total 1H, each d,
J=5 Hz, C3-H), 7.08, 7.10 (total 1H, each d, J=5 Hz, C2-H), 8.21, 8.29 (total 1H, each s, -CHO).
HR-FABMS m/z (MH"): Calcd for C1oH3NOS: 320.2048. Found: 320.2062
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5-Formyl-4-n-hexyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54i) @& i%: Method A

5-Formyl-4-n-hexyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine(54i)

Yellow oil. IR: 1672. "H-NMR: 0.85-0.89 (3H, m, -(CH)sCHs), 1.23-1.46 (8H, m, (CH,)sCH3), 1.71-1.81
(2H, m, (CH)sCHs), 2.80-3.07, 3.49-3.59, 3.74-3.81, 4.47-4.51 (total 4H, each m, C6-H and C7-H),
5.36-5.40, 4.64-4.70 (total 1H, each m, C4-H), 6.81, 6.79 (total 1H, each d, J=3 Hz, C3-H), 7.11, 7.13 (total
1H, each d, J=3 Hz, C2-H), 8.20, 8.21 (total 1H, each s, -CHO). HR-FABMS m/z (MH"): Calcd for
C14H2,NOS: 252.1422. Found: 252.1432.
5-Formyl-4-(tridec-6-en-6-yl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (58i)

Yellow oil. IR: 1675. *H-NMR: 0.80-0.90 (6H, m, -(CH,)sCHs, -C=CH(CH,)sCHs), 1.23-1.33 (14H, m,
-(CH,)4CH3, -C=CH(CH,)sCH,), 1.89-2.02, (4H, m, -(CH,)4CHs;, -C=CH(CH,)sCH,), 2.74-4.46 (4H, m,
C6-H and C7-H), 4.92-5.07 (1H, m, -C=CH(CH,)sCHs), 5.94 (1H, s, C4-H), 6.64, 6.66 (total 1H, each d,
J=5 Hz, C3-H), 7.09, 7.10 (total 1H, each d, J=5 Hz, C2-H), 8.21, 8.29 (total 1H, each s, -CHO).
HR-FABMS m/z (MH"): Calcd for C,;H3,NOS: 348.236. Found: 348.2357.

5-Formyl-4-benzyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (541) ® & kk: Method A

N-(2-(Thiophen-2-yl)ethyl)formamide (59)

Pale yellow oil. IR: 1664. *H-NMR: 3.07 (2H, t, J=7 Hz, ArCH,CH,N-), 3.59 (2H, g, J=7 Hz, ArCH,CH,N-),
5.70 (1H, brs, -NH), 6.84-6.87 (1H, m, Ar), 6.91-6.97 (1H, m, Ar), 7.14-7.20 (1H, m, Ar), 8.16 (1H, brs,
-CHO). ®C-NMR: 29.8, 31.8 (ArCH,CH,N-), 39.4, 43.3 (ArCH,CH,N-), 124.1, 124.4 (Ar), 125.5, 126.0
(Ar), 127.1, 127.2 (Ar), 140.9 (Ar), 161.3, 164.5 (-CHO). CIMS: 156 (MH", base peak).

5-Formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54m) @& i%: Method A

5-Formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54m)

Yellow oil. IR: 1668. 'H-NMR: 2.88, 2.92 (total 2H, each t, J=7 Hz and 6 Hz, C7-H), 3.69, 3.86 (total 2H,
each t, J=6 Hz, C6-H), 4.47, 4.60 (total 2H, t and s, J=2 Hz, C4-H), 6.79, 6.80 (total 1H, each d, J=5 Hz,
C3-H), 7.15, 7.16 (total 1H, each d, J=5 Hz, C2-H), 8.19, 8.23 (total 1H, each s, -CHO). *C-NMR: 24.3,
25.7 (C7), 37.8, 40.5 (C6), 43.6. 45.6 (C4), 123.7 (C3), 124.2, 124.9 (C2), 130.6, 130.7 (C3a), 132.1, 133.7
(C7a), 161.3, 161.6 (-CHO). HR-EIMS m/z (M"): Calcd for CgHgNOS: 167.0405. Found: 167.0416

5-Formyl-4-methyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54n) @& %: Method A

5-Formyl-4-methyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54n)
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Yellow oil. IR: 1664. *H-NMR: 1.43, 1.50 (total 3H , each d, J=7 Hz, -CHj), 2.77-3.14, 3.49-3.58, 3.74-3.81,
4.60-4.67 (total 4H, each m, C6-H and C7-H), 4.77, 5.42 (total 1H, each q, J=7 Hz, C4-H), 6.79, 6.80 (total
1H, each d, J=5 Hz, C3-H), 7.14 (1H, d, J=5 Hz, C2-H), 8.16, 8.29 (total 1H, each s, -CHO). *C-NMR:
20.1, 22.9 (CHy), 24.7, 26.1 (C7), 34.2, 40.5 (C6), 46.2. 51.6 (C4), 123.6 (C3),124.7, 125.2 (C2), 131.7,
133.4 (C3a), 136.0, 136.5 (C7a), 161.30, 161.33 (-CHO). HR-EIMS m/z (M%): Calcd for
CyH;;NOS:181.0561. Found: 181.0555.

5-Acetyl-4-methyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (60n)

Yellow gum. *H-NMR: 1.38, 1.48 (total 3H , each d, J=7 Hz, -CHs), 2.17, 2.18 (total 3 H, each s, COCHy),
2.73-2.96, 3.38-3.48, 3.92-3.99, 4.88-4.95, 5.58-5.65 (total 4H, each m, C6-H and C7-H), 6.78, 6.78 (total
1H, each d, J=5 Hz, C3-H), 7.10, 7.13 (total 1H, each d, J=5 Hz, C2-H). *C-NMR: 19.7, 21.0 (CH), 21.4,
21.9 (CHs), 24.8, 25.6 (C7), 34.8, 40.1 (C6), 47.1. 51.3 (C4), 123.1, 123.2 (C3), 124.6, 125.2 (C2), 131.7,
133.9 (C3a), 136.2, 137.6 (C7a), 168.5, 168.9 (-COCHs). HR-FABMS: Calcd for CyoH;sNOS: 196.0796,
found: 196.0794.

5-Formyl-4-methyl-4-phenyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (63a) D& Jk: Method A

5-Formyl-4-methyl-4-phenyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (63a)

Colorless plate. mp: 139-141°C. IR: 1666. 'H-NMR: 2.02 (3H, s, -CHs), 2.89-3.05 (2H, m, C7-H), 3.75-3.83
(1H, m, C6-H), 3.96-4.04 (1H, m, C6-H), 6.58 (1H, d, J=5 Hz, C3-H), 7.08 (1H, d, J=5 Hz, C2-H),
7.21-7.36 (5H, m, Ph), 8.25 (1H, s, -CHO). *C-NMR: 24.6 (C7), 27.7 (-CH3), 35.8 (C6), 62.6 (C4), 123.2
(C3), 125.6 (C2), 126.7 (Phx2), 127.7 (Ph), 128.6 (Phx2), 133.5 (C3a), 139.7 (C7a), 144.2 (Ph), 162.1
(-CHO). LR-EIMS: m/z 257 (M", base peak). HR-EIMS m/z (M"): Calcd for C;5H,sNOS: 257.0874. Found:
257.0862.

5-Formyl-4,4-dimethyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (63b) @& i%: Method A

5-Formyl-4,4-dimethyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (63b)

Colorless plates. mp: 88-90°C. IR: 1641. *H-NMR: 1.69 (6H, s, -CH3x2), 2.83 (2H, t, J=5 Hz, C7-H), 3.92
(2H, t, J=5 Hz, C6-H), 6.85 (1H, d, J=5 Hz, C3-H), 7.12 (1H, d, J=5 Hz, C2-H), 8.57 (1H, s, -CHO).
BC-NMR: 24.8 (C7), 29.9 (-CH5x2), 35.4 (C6), 57.4 (C4), 123.3 (C3), 124.2 (C2), 133.1 (C3a), 140.7 (C7a),
160.6 (-CHO). LR-EIMS: m/z 195 (M"), 180 (base peak). HR-EIMS m/z (M"): Calcd for CyoH;3sNOS:
195.0718. Found: 195.0708. Anal. Calcd for CyoH3sNOS: C, 61.50; H, 6.71; N, 7.17 Found: C, 61.59; H,
6.79; N, 7.33.
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4-Ethyl-5-formyl-1-methyl-4,5,6,7-tetrahydtothieno[3,2-c]pyridine (63c) D& i%: Method A

4-Ethyl-5-formyl-1-methyl-4,5,6,7-tetrahydtothieno[3,2-c]pyridine (63c)

Pale yellow prisms. mp: 55-57°C. IR: 1658. 'H-NMR: 0.58, 0.73 (total 3H, each t, J=7 Hz, -CH,CH,), 1.64
(3H, s, -CHjy), 2.02 (2H, qd, J=7 Hz, 2 Hz, -CH,CHj3), 2.76-2.88 (2H, m, C7-H), 3.81-3.95 (2H, m, C6-H),
6.79 (1H, d, J=5 Hz, C3-H), 7.13 (1H, d, J=5 Hz, C2-H), 8.47 (1H, s, -CHO). ®*C-NMR: 7.72, 8.13
(-CH,CHj), 24.3, 25.5 (-CH,CHj), 25.8, 28.2 (-CH3), 32.1, 34.0 (C7), 35.5, 44.3 (C6), 60.3, 62.4 (C4), 122.9,
123.0 (C3), 124.0, 124.1 (C2), 132.7, 133.7 (C3a), 139.3, 140.6 (C7a), 161.0, 162.2 (-CHO). LR-EIMS: m/z
209 (M™), 180 (base peak). HR-EIMS m/z (M"): Calcd for Cy;H1sNOS: 209.0874. Found: 209.0871. Anal.
Calcd for C11Hi5sNOS: C, 63.12; H, 7.22; N, 6.69. Found: C, 63.11; H, 7.31; N, 6.90.

5-Formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-4-spirocyclopentane (63d) @& jk: Method A

5-Formyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-4-spirocyclopentane (63d)

Colorless plates. mp: 108-110°C. IR: 1643. 'H-NMR: 1.75-2.26 (8H, m, cyclopentyl), 2.84 (2H, t, J=6 Hz,
C7-H), 3.91 (2H, t, J=6 Hz, C6-H), 6.82 (1H, d, J=5 Hz, C3-H), 7.12 (1H, d, J=5 Hz, C2-H), 8.33 (1H, s,
-CHO). *C-NMR: 23.8, 23.8 (cyclopentylx2), 24.9 (C7), 36.3 (C6), 39.6, 39.6 (cyclopentylx2), 68.8 (C4),
123.1 (C3), 124.1 (C2), 134.2 (C3a), 139.4 (C7a), 160.4(d, -CHO). LR-EIMS: m/z 221 (M"), 151 (base peak).
HR-EIMS m/z (M"): Calcd for C;,H;sNOS: 221.0874 Found: 221.0856. Anal. Calcd for C;,HisNOS: C,
65.12; H, 6.83; N, 6.33. Found: C, 65.04; H, 6.80; N, 6.46.

5-Formyl-4,5.,6,7- tetrahydrothieno[3,2-c]pyridine-1-spirocyclohexane (63e) D& Ek: Method A

5-Formyl-4,5,6,7- tetrahydrothieno[3,2-c]pyridine-1-spirocyclohexane (63e)

Yellow prisms. mp: 156-159°C. IR: 1643. *H-NMR: 1.33-1.97 (8H, m, cyclohexyl), 2.22 (2H, d, J=14 Hz,
cyclohexyl), 2.85 (2H, t, J=6 Hz, C7-H), 3.93(2H, t, J=6 Hz, C6-H), 6.87 (1H, d, J=5 Hz, C3-H), 7.07 (1H,
d, J=5 Hz, C2-H), 8.58(1H, s, -CHO). ®*C-NMR: 21.7 (cyclohexyl), 22.0 (cyclohexyl), 24.5 (cyclohexyl),
25.5 (C7), 34.9 (C6), 35.9 (cyclohexylx2), 60.0 (C4), 122.7 (C3), 124.1 (C2), 134.1 (C3a), 142.3 (C7a),
162.3, 162.4(-CHO). LR-EIMS: m/z 235 (M"), 193 (base peak). HR-EIMS m/z (M*): Calcd for Ci3H3,NOS:
235.1031. Found: 235.1046. Anal. Calcd for C;3H7NOS: C, 66.34; H, 7.28; N, 5.95. Found: C, 66.47; H,
7.58; N, 5.99.
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2-Formyl-1-n-propyl-1,2,3,4-tetrahydroisoquinoline (5f) @& Ji%X:Method A

N-(2-Ethylhexa-1,3-dien-1-yl)-N-phenethylformamide (17f)
Brown oil. 'H-NMR: 0.82-1.27, 1.62-2.16 (10H , m, -CH,CH5x2), 2.75-2.86, 3.28-4.29, 5.60-6.52 (7H, m,
ArCH,CH;N< and > N-CH=C(Et)CH=CHEt), 7.04-7.32 (5H, m, Ar), 7.88-8.22 (1H, m, -CHO).
HR-FABMS: Calcd for C;7H,,NO: 258.1858, found: 258.1861.

2-Formyl-1-n-butyl-1,2.3,4-tetrahydroisoguinoline (5q) D& F:Method A

N-Phenethyl-N-(2-propylhepta-1,3-dien-1-yl)formamide (17g)

Brown oil. 'H-NMR: 0.85-1.07, 1.23-1.50, 1.79-2.26 (14H , m, -CH,CH,CH;x2), 2.77-3.15 (2H, m,
ArCH,CH,-), 3.31-4.27 (3H, m, ArCH,CH,N< and >N-CH=C(Pr)CH=CHPr), 5.26-6.40 (2H, m, >
N-CH=C(Pr)CH=CHPr), 7.05-7.30. (5H, m, Ar), 7.89.-8.22 (1H, m, -CHO). HR-FABMS: Calcd for
Ci1oHsNO: 286.2171, found: 286.2160.

2-Formyl-1-n-pentyl-1,2.3,4-tetrahydroisoguinoline (5h) @& fk:Method A

N-(2-Butylocta-1,3-dien-1-yl)-N-phenethylformamide (17h)

Brown oil. 'H-NMR: 0.86-1.02 (6H , m, -CH,CH,CH,CH;x2), 1.24-1.49 (8H , m, -CH,CH,CH,CH;x2),
1.89-2.21 (4H , m, -CH,CH,CH,CH3x2), 2.78-2.85 (2H, m, ArCH,CH,-), 3.28-4.27 (3H, m, ArCH,CH,N<
and > N-CH=C(Pr)CH=CHPr), 5.29-5.88 (1H, m, >N-CH=C(Bu)CH=CHBU), 6.06-6.37 (1H, m, >
N-CH=C(Bu)CH=CHBu), 7.11-7.33 (5H, m, Ar), 7.83-8.23 (1H, m, -CHO). HR-FABMS: Calcd for
C21H3,NO: 314.2484, found: 214.2469.

2-Formyl-1-n-hexyl-1,2,3.4-tetrahydroisoquinoline (5i) @& %:Method A

N-(2-Pentylnona-1,3-dien-1-yl)-N-phenethylformamide (17i)

Brown oil. 'H-NMR: 0.86-0.93 (10H , m, -CH,CH,CH,CH,CH;x2), 1.18-1.37 (8H , m, -
CH,CH,CH,CH,CH;3x2), 1.87-2.25 (4H , m, -CH,CH,CH,CH,CH3x2), 2.79-2.85 (2H, m, ArCH,CH,-),
3.30-3.48 (2H, m, ArCH,CH,N<), 3.60-4.27 (1H, m, >N-CH=C(Pe)CH=CHPe), 5.26-5.88 (1H, m, >
N-CH=C(Pe)CH=CHPe), 6.05-6.32 (1H, m, >N-CH=C(Pe)CH=CHPe), 7.10-7.30 (5H, m, Ar), 7.89-8.24
(1H, m, -CHO). HR-FABMS: Calcd for Cy3H3sNO: 342.2796, found: 342.2798.
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2-Formyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (5a) @& i%:Method i

2-Trifluoroacethyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (22a)

Yellow gum. *H-MNR: 2.80-3.24, 3.54-3.63, 4.27-4.49, (total 4H, each m, C3-H and C4-H), 5.30, 5.62 (total
1H, each s, C1-H), 6.99-7.73 (9H, m, -Ph and -Ar). *C-MNR:26.1, 26.7 (C4), 35.3, 36.7 (C3), 79.7, 80.2
(C1), 126.6, 126.8 (-Ph or -Ar), 126.7, 126.9 (-Ph or -Ar), 128.5, 128.6 (Phx2), 128.6, 128.6 (Phx2), 128.8,
128.8 (-Ph or -Ar), 129.0, 129.0 (-Ph or -Ar), 129.6, 130.3 (-Ph or -Ar), 134.5 (C4a or C8a), 134.8 (C4a or
C8a), 137.9 (C1'), 169.9 (-COCF).

5-Formyl-4-methyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (54n) D& %: Method i

2,2'-(ethane-1,1-diyl)bis(5-Formyl-4-methyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine) (69)

'H-NMR: 1.40, 1.48 (total 6H , each d, J=7 Hz, C1-CHs, C1'-CHs), 1.69, 1.69 (total 3H, each s, J=7 Hz,
-CHCHjy), 2.67-3.11, 3.47-3.57, 3.71-3.77, 4.59-4.70, 5.30-5.37 (total 8H, each m, C6-H and C7-H and
C6-H' and C7'-H), 4.43 4.44 (total 2H, each g, J=7 Hz, C4-H and C4'-H), 6.54-6.58 (2H, m, C3-H and
C3'-H), 8.13, 8.26 (total 2H, each s, C2-CHO and C2'-CHO). LR-FabMS: m/z 389 (MH®, base peak).
HR-FABMS m/z (MH"): Calcd for C,0HsN20252:389.1358. Found: 389.1349.

5 6 FOFEER

3,4-Dimethoxybenzylamine (70) & benzaldehyde (2a) & ® A I LD #EER: Method a

Benzyl-(3,4-dimethoxybenzyl)amine (72a)

Yellow gum.IR: 3309.'H-MNR: 3.75 (2H, s, Ar-CH,-NH-CH,-Ph or Ar-CH,-NH-CH,-Ph), 3.80 (2H, s,
Ar-CH,-NH-CH,-Ph or Ar-CH,-NH-CH,-Ph), 3.87 (3H, s, -OCHs), 3.89 (3H, s, -OCHs), 6.82 (1H, d, J=8 Hz,
C5-H), 6.86 (1H, dd, J=8 Hz, 2 Hz, C6-H), 6.90 (1H, d, J=2 Hz, C2-H), 7.22-7.34 (5H, m, Ph).*C-MNR:
52.9 (Ar-CH,-NH-CH,-Ph or Ar-CH,-NH-CH,-Ph), 53.1 ( CH, Ar-CH,-NH-CH,-Ph or Ar-CH,-NH-CH,-Ph),
55.8 (-OCHj3), 55.9 (-OCHj), 111.0 (C5), 111.4 (C2), 120.2 (C6), 126.9 (-Ph), 128.1 (-Phx2), 128.4 (-Phx2),
132.9 (-Ar- or -Ph), 140.3 (-Ar or -Ph), 148.0 (C3’ or C4’), 148.9 (C3’ or C4’).LRMS m/z: 257 (M%), 91
(base peak).HRMS: Calcd for C1gH1sNO,: 257.1413. Found: 257.1391.
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2-Formyl-5,6-dimethoxy-1-phenyl-2,3-dihydro-1H-isoindole (74a) D& Fk: Method A and Method B

2-Formyl-5,6-dimethoxy-1-phenyl-2,3-dihydro-1H-isocindole (74a)

Colorless needles from AcOEt- Et,0. m.p.:138-140°C.IR: 1660.'H-MNR: 3.78, 3.79 (total 3H, each s,
-OCH3), 3.90, 3.91 (total 3H, each s, -OCHj3), 4.81-5.02 (2H, m, C3-H), 5.98, 6.18 (total 1H, each s, C1-H),
6.46, 6.57 (total 1H, each s, C4-H or C7-H), 6.82, 6.85 (total 1H, each s, C4-H or C7-H), 7.20-7.40 (5H, m,
-Ph), 8.23, 8.43 (total 1H, s and d, J=1 Hz, -CHO)."*C-MNR: 50.1, 50.6 (C3), 55.8 (-OCHs), 55.9 (-OCHs),
65.0, 67.1 (C1), 105.0, 105.3 (C4 or C7), 105.7, 106.1 (C4 or C7), 126.3, 126.5 (C3a or C7a or C1’), 127.0
(-Phx2), 127.4, 128.2(-Ph), 128.4, 128.9 (-Phx2), 131.8, 132.2 (C3a or C7a or C1’), 141.3, 142.0 (C3a or
C7a), 149.3 (C5 or C6), 149.5, 149.6 (C5 or C6), 160.9, 162.0 (-CHO).LRMS m/z: 283 (M*, base
peak).HRMS: Calcd for Cy7H;7NOs: 283.1209. Found: 283.1244.

N-(3,4-Dimethoxybenzyl)formamide (78)

Pale yellow crystal. m.p.: 58°C.IR: 1645."H-MNR: 3.87, 3,88 (total 3Hx2, each s, -OCHj), 4.37, 4.43 (total
2H, each d, J=6 Hz, Ar-CH,-), 5.88 (1H, brs, -NHCHO), 6.74-6.87 (3H, m, -Ar), 8.20, 8.26 (total 1H, d and s,
J=12 Hz, -CHO).*C-MNR: 41.8 (Ar-CH,), 55.8 (-OCHs), 55.9 (-OCHs), 111.0 (d, -Ar), 111.2 (-Ar), 120.0
(-Ar), 130.4 (-Ar), 148.3 (-Ar), 149.0 (-Ar), 161.3 (-CHO).LRMS m/z: 195(M*, base peak).HRMS: Calcd for
C10H13NO3: 195.0896. Found: 195.0914.

N-(3,4-Dimethoxybenzyl)acetamide (79)

Green gum.IR: 1635."H-MNR: 2.02 (3H, s, -C(O)CHj), 3.86 (3H, s, -OCHg), 3.87 (3H, s, -OCHs), 4.36 (2H,
d, J=5 Hz, Ar-CH,-), 5.82 (1H, brs, -NHCOCHj), 6.79-6.86 (3H, m, -Ar).*C-MNR: 23.0 (-C(O)CHs), 43.3
(Ar-CH,), 55.7 (-OCHs3), 55.7 (-OCHj3), 111.0 (Ar), 111.0 (Ar), 120.0 (-Ar), 130.7 (-Ar), 148.2 (-Ar), 148.9
(-Ar), 169.9 (-C(O)CH3).LRMS m/z: 209 (M"), 57 (base peak).HRMS: Calcd for C;;H1sNOs: 209.1052.
Found: 209.1077.

5,6-Dimethoxy-1-phenyl-2,3-dihydro-1H-isoindole (75a)

Green gum. (HCI salt: colorless needles from Et,0-MeOH). m.p.:199-202°C.IR: 3434.*H-MNR: 2.18 (1H,
brs, -NH), 3.76 (3H, s, -OCHs), 3.89 (3H, s, -OCH3), 4.26 (1H, dd, J=2 Hz, 13 Hz, C3-H), 4.40 (1H, dd, J=2
Hz, 13 Hz, C3-H), 5.40 (1H, s, C1-H), 6.49 (1H, s, C4-H or C7-H), 6.82 (1H, s, C4-H or C7-H), 7.25-7.37
(5H, m, -Ph).2*C-MNR: 52.3 (C3), 56.0 (-OCHs3), 56.1 (-OCHs3), 68.4 (C1), 105.2 (C4 or C7), 106.3 (C4 or
C7), 127.5 (-Ph), 127.6 (-Phx2), 128.7 (-Phx2), 133.1 (C3a or C7a), 135.8 (C3a or C7a), 144.5 (-Ph), 148.7
(C5 or C6), 148.8 (C5 or C6).LRMS m/z: 255 (M"), 178 (base peak).HRMS: Calcd for C;H1;NO,: 255.1258.
Found: 255.1248.
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N-Benzylidene-3,4-dimethoxbenzylamine (71a) OEgIZ L AL DR

3,4-Dimethoxybenzylamine (70) (1.000 g, 1.0 mol eq), benzaldehyde (2a) (0.529 g, 1.0 mol eq) &}
Ti(O-iPr), (2.125 g, 1.5 mol eq) % Ar &t I, 80°C T 1 h INEEH L7=. TFA (200 mol eq) % ki
R T L 90°C T 3 RFRIMEMIERR L7z, SUSTR AW & B0+ T iRl L, MeOH TR L 72 % 10%NaOH
THEEMEE L, ZHhICKEDVEIMA %D 7V EFE UMILR=HC TS 1EE L. B %
J)E TIEAE L, 10%NaOH THEIM & LT CHCLIZ T L7, x>V h s~ N7 o7
4 — (ACcOEt) |ZTHif L, N-benzylidene-3,4-dimethoxbenzylamine (71a) % 998 mg, 78% DX = T4+,
70 % 346 mg [=UY L 7-.

N-Benzylidene-3,4-dimethoxbenzylamine (71a)

Yellow solid. m.p.: 48-51°C.IR: 3356, 1643."H-MNR: 3.87 (3H, s, -OCHj), 3.88 (3H, s, -OCHs), 4.76 (2H, s,
Ar-CH,-N), 6.83-6.89 (3H, m, Ar), 7.41-7.43 (3H, m, Ph) 7.76-7.79 (2H, m, Ph), 8.37 (1H, s,
-N=CH-).®*C-MNR:55.8 (-OCH;), 55.9 (-OCHs), 64.8 (Ar-CH,-N-), 111.2 (Ar), 111.3 (Ar), 120.1 (Ar),
128.2 (Phx2), 128.6 (Phx2), 130.7 (Ar), 131.8 (C1’ or C1”), 136.1 (C1’ or C1”), 148.0 (C3’ or C4’), 148.9
(C3’ or C4%), 161.7 (-N=CH-).LRMS m/z: 255 (M"), 151 (base peak).HRMS: Calcd for CisH1;NO;:
255.1256. Found: 255.1208.

N-Benzylidene-3,4-dimethoxbenzylamine (71a) DizJL

N-Benzylidene-3,4-dimethoxbenzylamine (71a) (370 mg, 1.0 mol eq) @ etanol (50 mL) & #ZIZ NaBH,
(111 mg, 2.0 mol eq) Z KL TR 2 DM % 7%, =BIR T LI L2, RISRAY 2T TR
#E L 10%NaOH THEMEIC L72#% CHCL IZ Tt L7z, WiEa v Vv rn< b7 o7 4 —
(MeOH : AcOEt=1:9) |2 CHE#L L, benzyl-(3,4-dimethoxybenzyl)amine (72a) % 370 mg, 99% DU =T

157=.

N-Benzylidene-3,4-dimethoxbenzylamine (71a) @ mixed anhydride (Z kX A B DR

3,4-Dimethoxybenzylamine (70) (1.000 g, 1.0 mol eq), benzaldehyde (2a) (0.529 g, 1.0 mol eq) &}
Ti(O-iPr), (2.125 g, 1.5 mol eq) % Ar & F, 80°C, 1 FFRIMNEMEHE L 7. T ORIE THEHR L Tl
L 7= mixed anhydride (Ac,0-HCOOH=100 mol eq : 100 mol eq) % K Fifii F L 7= 70°C T 24 ]
IMERE LT, ROSIEG WA MeOH I THIR L, U BTN ERIE LIS T AT 4 02 =2 TH5|
T UIEIR % J8UE T A L 72 %% 10%NaOH THiEM: & L CHCL I Thllt L7z, ik a v Y s
m~ ~ 777 14— (AcOEt: n-hexane=1:1) (ZTHHR L, 76 % 0.2159, 14,%, 77 % 0.1649g, 10%,

DU T,

- 118 -



N-(3,4-Dimethoxybenzyl)-N-(methoxy-phenyl-methyl)formamide (76)

Yellow gum.IR: 1678.'H-MNR: 3.23, 3.38 (total 3H, each s, Ph-CH(OCHs;)-N(CHO)-), 3.74, 3.79 (total 3H,
each s, C3-OCH; or C4-OCHjs), 3.84, 3.84 (total 3H, each s, C3-OCHj; or C4-OCHj), 4.02, 4.05 (total 1H,
each d, J=15 Hz, Ar-CH,-), 4.16, 4.46 (total 1H, each d, J=15 Hz, Ar-CH,-), 5.54, 6.43 (total 1H, each s,
Ph-CH(CHO)-), 6.63-6.77 (3H, m, -Ar), 7.29-7.43 (5H, m, -Ph), 8.50 (1H, s, -CHO).*C-MNR: 43.6, 46.1
(Ar-CH,), 55.1, 56.0 (Ph-CH(OCH3)-N(CHO)-), 55.7, 55.8 (C3-OCH; or C4-OCHj), 55.8, 55.8 (C3-OCH,
or C4-OCHj), 82.7, 90.4 (Ph-CH(OCHs3)-), 110.5, 111.1 (-Ar), 110.9, 112.3 (-Ar), 120.5, 121.7 (-Ar), 126.2,
126.4 (-Phx2), 128.3, 128.3 (-Phx2), 128.4, 128.6 (-Phx2), 129.5, 130.0 (C1), 137.0, 137.6 (-Ph), 148.0,
148.4 (C3 or C4), 148.4, 148.8 (C3 or C4), 164.3, 164.7 (d, -CHO).LRMS m/z: 315 (M"), 121 (base
peak).HRMS: Calcd for CigH,;NO,: 315.1471. Found: 315.1487.

Acetic acid [(3,4-dimethoxybenzyl)-formyl-amino]-phenyl-methyl ester (77)

Yellow gum.IR: 1745, 1685."H-MNR: 1.82 (3H, s, -OC(O)CHs), 3.82 (3H, s, C3-OCHj; or C4-OCH,), 3.85
(3H, s, C3-OCHj; or C4-OCHj), 3.81 (1H, d, J=15 Hz, Ar-CH,-), 4.90 (1H, d, J=15 Hz, Ar-CH,-), 6.69 (1H,
dd, J=2 Hz, 8 Hz, C5-H), 6.71 (1H, d, J=2 Hz, C2-H), 6.75 (1H, d, J=8 Hz, C6-H), 7.08 (1H, s,
Ph-CH(C(O)CHs)-), 7.32-7.45 (5H, m, -Ph), 8.66 (1H, s, -CHO).*C-MNR: 20.4 (-OC(O)CHs), 43.3
(Ar-CHy-), 55.6 (C3-OCHjs or C4-OCHg), 55.7 (C3-OCHj; or C4-OCHj), 82.0 (Ph-CH(C(O)CHy)-), 110.7
(C6), 111.2 (C2), 120.3 (C5), 126.0 (-Phx2), 128.6 (-Phx2), 128.9 (-Ph), 130.1 (C1), 134.4 (-Ph), 148.0 (C3
or C4), 148.8 (C3 or C4), 164.1 (-CHO), 169.7 (-OC(O)CH;).LRMS m/z: 343 (M"), 194 (base peak).HRMS:
Calcd for CigH»;NOs: 343.1417. Found: 343.1410.

3-Methoxybenzylamine (80) & benzaldehyde (2a) @A </ {L D #EER: Method a

N-(3-Methoxybenzyl)-(phenyl)methanamine (82a)

Yellow oil.IR: 3431."H-MNR: 3.79 (2Hx2, s, Ar-CH,-NH-CH,-Ph and Ar-CH,-NH-CH,-Ph), 3.81 (3H, s,
-OCHs), 6.78-6.81 (1H, m, -Ar), 6.91-6.93 (2H, m, -Ar), 7.21-7.34 (6H, m, -Ar and -Ph)."*C-MNR: 52.9
(Ar-CH,-NH-CH,-Ph or Ar-CH,-NH-CH,-Ph), 53.0 (CH, Ar-CH,-NH-CH,-Ph or Ar-CH,-NH-CH,-Ph), 55.0
(-OCH3), 112.3 (-Ar), 113.4 (-Ar), 120.3 (-Ar), 126.8 (-Ar or -Ph), 128.0 (-Phx2), 128.2 (-Phx2), 129.2 (-Ar),
140.2 (-Ar or -Ph), 141.9 (-Ar or -Ph), 160.0 (C3’).LRMS m/z: 227 (M"), 122 (base peak).HRMS: Calcd for
Ci5H17NO: 227.1309. Found: 227.1304.

2-Formyl-1-phenyl-5-methoxy-2,3-dihydro-1H-isoindole (84a) & %: Method B

2-Formyl-1-phenyl-5-methoxy-2,3-dihydro-1H-isoindole (84a)
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Pale pink needles. m.p.:154-156°C.IR: 1676."H-MNR: 3.78 (3H, s, -OCHs), 4.82-5.01 (2H, m, C3-H), 5.97,
6.17 (total 1H, each s, C1-H), 6.76-7.02 (3H, m, -Ar), 7.19-7.35 (5H, m, -Ph), 8.23, 8.42 (total 1H, s and d,
J=1 Hz, -CHO).2*C-MNR: 50.3, 51.8 (C3), 55.5 (-OCHj), 64.5, 66.6 (C1), 107.7, 107.7 (-Ar or -Ph), 114.7,
114.7 (-Ar or -Ph), 124.4, 124.7 (-Ar or -Ph), 127.0 (C2’ and C6’ or C3” and C5’), 127.6, 128.3 (-Ar or -Ph),
128.6, 129.1 (C2’ and C6’ or C3’ and C5’), 132.5, 132.8 (C3a or C7a or C1’), 136.4, 136.4 (C3a or C7a or
C1’), 141.7, 142.4 (C3a or C7a or C1°), 159.8, 160.1 (C5), 161.2, 162.4 (-CHO).LRMS m/z: 253(M", base
peak). HRMS: Calcd for C;6H;1sNO,: 253.1103. Found: 253.1109.
2-Formyl-1-phenyl-7-methoxy-2,3-dihydro-1H-isoindole (85a)

Colorless needles. m.p.:156-158°C.IR: 1664."H-MNR: 3.64, 3.68 (total 3H, each s, -OCHs), 4.87-5.01 (2H,
m, C3-H), 6.08, 6.36 (total 1H, each s, C1-H), 6.73, 6.76 (total 1H, each d, J=8 Hz, C6), 6.93, 6.96 (total 1H,
each d, J=8 Hz, Hz, C4), 7.20-7.33 (6H, m, C5 and -Ph), 8.23, 8.38 (total 1H, s and d, J=1 Hz,
-CHO).®*C-MNR: 50.4, 51.9 (C3), 55.3, 55.4 (-OCH3), 63.0, 65.6 (C1), 109.8, 110.0 (C6), 114.6, 115.1 (C4),
127.2, 127.5 (C2’ and C6’ or C3’ and C5’), 127.4, 127.9 (C5 or C4"), 128.1, 128.6 (C3a or C7a or C1’),
128.2, 128.6 (C2’ and C6’ or C3’ and C5’), 129.9, 130.2 (C5 or C4’), 137.1, 137.2 (C3a or C7a or C1’),
140.5, 141.9 (C3a or C7a or C1’), 155.2, 155.4 (C7), 160.9, 162.3 (-CHO).LRMS m/z: 253(M*, base
peak). HRMS: Calcd for C;H;sNO,: 253.1103. Found: 253.1126.

N-(3-Methoxybenzyl)formamide (86)

Yellow oil.IR: 3290, 1654.*H-MNR: 3.80, 3.81 (total 3Hx2, each s, -OCH3), 4.38, 4.45 (total 2H, each d, J=7
Hz, Ar-CH,-), 5.94 (1H, brs, -NHCHO), 6.77-6.88 (3H, m, -Ar), 7.23-7.31 (1H, m, -Ar), 8.17, 8.25 (total 1H,
d and s, J=12 Hz, -CHO)."*C-MNR: 42.1, 45.5 (Ar-CH,-), 55.2 (-OCHs), 112.5, 113.1 (-Ar), 113.2, 113.3
(-Ar), 119.1, 1199 (-Ar), 129.8, 130.0 (-Ar), 139.1, 139.1 (-Ar), 159.9, 160.0 (-Ar), 160.9, 164.6
(-CHO).LRMS m/z: 165 (M", base peak).HRMS: Calcd for CoH;;NO,: 165.0787. Found: 165.1782.
N-(3-Methoxybenzyl)acetamide (87)

Yellow oil.IR: 3294, 1647."H-MNR: 2.02 (3H, s, -NHC(O)CHs), 3.80 (3H, s, -OCHs), 4.39 (2H, d, J=6 Hz,
Ar-CH,-), 5.86 (1H, brs, -NH-), 6.80-6.87 (3H, m, -Ar), 7.22-7.27 (1H, m, -Ar).”®C-MNR: 23.2
(-NHC(O)CHs), 43.7 (Ar-CH,-), 55.2 (-OCHj), 112.9 (-Ar), 113.4 (-Ar), 120.0 (-Ar), 129.7 (-Ar), 139.8
(-Ar), 159.8 (-Ar), 169.9 (-NHC(O)CH3).LRMS m/z: 179 (M*, base peak).HRMS: Calcd for CioHysNO,:
179.0945. Found: 179.0925.

Benzylamine (88) & benzaldehyde (2a) @ Jx%)i~:Method B

N-Benzylidene(phenyl)methanamine (89)
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'H-MNR: 4.83 (2H, d, J=1 Hz, Ph-CH,-N=), 7.23-7.43 (8H, m, -Ph), 7.77-7.80 (2H, m, -Ph), 8.40 (1H, d,
J=1 Hz, -N=CH-). ®*C-MNR: 65.0 (Ph-CH,-N=), 127.0 (-Ph), 128.0 (-Phx2), 128.3 (-Phx2), 128.5 (-Phx2),
128.6 (-Phx2), 130.8 (-Ph), 136.1 (-Ph), 139.2 (-Ph), 162.0 (-N=CH-).LRMS m/z: 195 (M), 91 (base
peak). HRMS: Calcd for C14H;3N: 195.1048. Found: 195.1094.

N-Benzylformamide (92)

Colorless needles. m.p.: 51-54°C.'H-MNR: 4.41, 4.48 (total 2H, each d, J=6 Hz, Ph-CH,-), 5.95 (1H, brs,
-NHCHO), 7.24-7.40 (5H, m, -Ph), 8.18, 8.26 (total 1H, d and s, J=12 Hz, -CHO).*C-MNR: 42.0 (Ph-CH,-),
127.5 (-Ph), 127.7 (Phx2), 128.5 (Phx2), 137.8 (-Ph), 161.4 (-CHO).LRMS m/z: 135(M", base peak).HRMS:
Calcd for CgHgNO : 135.0684. Found: 135.0695.

N-Benzylacetamide (93)

'H-MNR: 2.02 (3H, s, -NHC(O)CHs), 4.43 (2H, d, J=6 Hz, Ph-CH,-), 5.82 (1H, brs, -NH-), 7.22-7.37 (5H,
m, -Ph).2*C-MNR: 23.0 (-NHC(O)CH), 43.6 (Ph-CH,-), 127.4 (-Ph), 127.7 (Phx2), 128.6 (-Phx2), 138.3
(C1), 170.3 (-NHC(O)CH3).LRMS m/z: 149 (M"), 106 (base peak).HRMS: Calcd for CyH;;NO: 149.0841.
Found: 149.0873.

Benzylamine (88) & 3.4-dimethoxybenzaldehyde (20) @) Jix: Method B

N-(3,4-Dimethoxybenzylidene)(phenyl)methanamine (890)

'H-MNR: 3.92 (3H, s, -OCHj3), 3.93 (3H, s, -OCHj3), 4.81 (2H, d, J=1 Hz, Ph-CH,-N=), 6.89 (1H, d, J=8 Hz,
C5’-H), 7.19 (1H, dd, J=2 Hz, 8 Hz, C6’-H), 7.23-7.38 (5H, m, -Ph), 7.49 (1H, d, J=2 Hz, C2’-H), 8.31 (1H,
d, J=1 Hz, -N=CH-)."*C-MNR: 55.9 (-OCH,), 55.9 (-OCH,), 64.9 (Ph-CH,-N=), 108.7 (C2’), 110.3 (C5’),
123.3 (C6’), 126.9 (-Ph), 128.0 (-Phx2), 128.4 (-Phx2), 129.4 (-Ar or -Ph), 139.4 (Ar, or -Ph), 149.3 (C3’ or
C4’), 151.4 (C3’ or C4’), 161.6 (-N=CH-).LRMS m/z: 255 (M"), 166 (base peak).HRMS: Calcd for
C16H17NO; : 255.1259. Found: 255.1307.

3,4-Dimethoxybenzylamine (70) & 3,4-dimethoxybenzaldehyde (20) & DA I {L DO WEZR: Method a

Bis(3,4-dimethoxybenzyl)amine (720)

Ivory solid. m.p.: 65-67°C.IR: 3427.*H-MNR: 2.51 (1H, brs, NH), 3.76 (2Hx2, s, (ArCH,),NH), 3.87 (3Hx2,
s, -OCHj), 3.90 (3Hx2, s, -OCHs), 6.82 (1Hx2, d, J=8 Hz, C5-H), 6.87 (1Hx2, dd, J=8 Hz, 2 Hz, C6-H),
6.95 (1Hx2, d, J=2 Hz, C2-H).*C-MNR: 52.0 (-(ArCH,),NHx2), 55.8 (-OCHsx4), 110.9 (C5x2), 111.6
(C2x2), 120.7 (C6x2), 130.8 (C1x2), 148.2 (C3’ or C4’), 148.9 (C3’ or C4’).LRMS m/z: 317 (M"), 121
(base peak).HRMS: Calcd for C1gH23NO,4: 317.1624. Found: 317.1597.
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N-(3,4-Dimethoxybenzylidene)(3,4-dimethoxyphenyl)methanamine (710) OfEIZ L A1k

3,4-Dimethoxybenzylamine (70) (1.000 g, 1.2 mol eq), 3,4-dimethoxybenzaldehyde (20) (0.828 g, 1.0 mol
eq) % Ar &t F 40°C T 2h INEEEE L 7%, TFSA(3.740 g, 5 mol eq) & K% T F L 80°C T4 h N
BRE Uiz, DURRAMITOKZ N % CTEEl7Z2 TFSA Z43fiR L, NaOH (& THizkiH: & L CHCI, (2 Tl
M7= BEE YWV a~ 8757 4— (AcOEt—MeOH : CHCl=1:1) 2 TH#LL, 70 %
560 mg, 56% 20 % 683 mg, 82%IF|IY L 7=.

2-Formyl-1-(3’,4’-dimethoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole (740) ® & j%: Method B

2-Formyl-1-(3’,4’-dimethoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole (740)

Dark green solid. m.p.: 122-124°C. IR: 1664."H-MNR: 3.77 (3H, s, -OCHj), 3.80 (3H, s, -OCHs), 3.89 (3H,
s, -OCHs), 3.92 (3H, s, -OCHj), 4.77-4.98 (2H, m, C3-H), 5.92, 6.16 (total 1H, each s, C1-H), 6.46, 6.59
(total 1H, each s, C4-H or C7-H), 6.59-6.60, 6.77-6.78, 6.81-6.85 (total 4H, each m, C4-H or C7-H and
C1-Ar), 8.23, 8.42 (total 1H, s and d, J=1 Hz, -CHO)."*C-MNR: 50.2, 50.6 (C3), 55.9, 56.0 (-OCH;x2), 56.1
(-OCHs), 56.1 (-OCHs), 64.9, 67.3 (C1), 105.2, 105.5 (C4 or C7), 105.9, 106.4 (C4 or C7), 109.9, 111.2
(-Ar), 111.0, 111.2 (-Ar), 119.7, 120.1 (-Ar), 126.6, 126.7 (-Ar), 132.1, 132.4 (-Ar), 134.0, 134.5 (-Ar), 148.6,
149.3 (-Ar), 149.0, 149.5 (-Ar), 149.5, 149.7 (-Ar), 149.7, 149.8 (-Ar), 161.3, 162.4 (-CHO).LRMS m/z:
343(M", base peak).HRMS: Calcd for C1oH»,NOs: 344.1470. Found: 344.1512.

2-Formyl-1-(3’-methoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole (74p) ®-& i%: Method B

2-Formyl-1-(3’-methoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole (74p)

Green gum.'H-MNR: 3.77, 3.77 (total 3H, each s, -OCHs), 3.78, 3.79 (total 3H, each s, -OCH;), 3.90, 3.91
(total 3H, each s, -OCHj3), 4.80-5.01 (2H, m, C3-H), 5.94, 6.14 (total 1H, each s, C1-H), 6.48, 6.58 (total 1H,
each s, C4-H or C7-H), 6.72-6.73, 6.77-6.87, 7.20-7.31 (total 5H, each m, C4-H or C7-H and C1-Ar), 8.24,
8.43 (total 1H, s and d, J=1 Hz, -CHO)."*C-MNR: 50.2, 51.8 (C3), 55.1, 55.2 (-OCH,), 56.0, 56.3 (-OCHs),
56.0, 56.4 (-OCHs), 65.1, 67.2 (C1), 105.2, 105.4 (-Ar or -Ph), 105.8, 106.2 (C4 or C7), 112.6, 113.0 (-Ar),
113.1, 113.3 (-Ar), 119.4, 119.4 (-Ar), 126.3, 126.6 (-Ar), 129.6, 130.2 (-Ar), 131.7, 132.3 (-Ar), 143.0,
143.7 (-Ar), 149.4, 149.5 (-Ar), 149.6, 149.7 (-Ar), 159.7, 160.1 (-Ar), 161.1, 162.2 (-CHO).LRMS m/z:
313(M", base peak).HRMS: Calcd for CygH;sNO,4: 313.1315. Found: 313.1342.

2-Formyl-1-(4’-methoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole (74q) ®-& Ji%: Method B

2-Formyl-1-(4’-methoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole (74q)
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Pale pink needles. m.p.:156-159°C.IR: 1658."H-MNR: 3.76, 3.77 (total 3H, each s, -OCHs), 3.79, 3.81 (total
3H, each s, -OCHs), 3.81, 3.91 (total 3H, each s, -OCHs), 4.77-4.98 (2H, m, C3-H), 5.94, 6.15 (total 1H,
each s, C1-H), 6.45, 6.56 (total 1H, each s, C4-H or C7-H), 6.82, 6.84 (total 1H, each s, C4-H or C7-H),
6.86-6.91 (2H, m, C2’-H and C6’-H or C3’-H and C5’-H), 7.11-7.20 (2H, m, C2’-H and C6’-H or C3’-H and
C5’-H), 8.22, 8.41 (total 1H, s and d J=1Hz, -CHO)."*C-MNR: 50.1, 51.6 (C3), 55.2, 55.3 (-OCHs), 56.1
(-OCHs), 5.61 (-OCHs), 64.7, 66.9 (C1), 105.2, 105.5 (C4 or C7), 106.0, 106.4 (C4 or C7), 113.9, 114.5
(C2’-H and C6’-H or C3’-H and C5’-H), 126.6, 126.7 (-Ar), 128.6, 128.7 (C2’-H and C6’-H or C3’-H and
C5’-H), 132.3, 132.7 (-Ar), 133.7, 134.2 (-Ar), 149.5, 149.5 (-Ar), 149.7, 149.8 (-Ar), 159.1, 159.7 (-Ar),
161.1, 162.3 (-CHO).LRMS m/z: 313(M", base peak).HRMS: Calcd for CisH;sNO4: 313.1314. Found:
313.1351.

3-Methoxybenzylamine (80) & 3-methoxybenzaldehde (2p) © A I / {L OHEER: Mathod a

Bis(3-methoxybenzyl)amine (82p)

Colorless oil.IR: 3435.*H-MNR: 3.79 (2Hx2, s, (Ar-CH,),NH), 3.81 (3Hx2, s, -OCH;), 6.78-6.81 (1Hx2, m,
-Ar), 6.90-6.93 (2Hx2, m, -Ar), 7.21-7.27 (1Hx2, m, -Ar).”*C-MNR: 52.9 (-(Ar-CH,),NH), 55.0 (-OCH;x2),
112.3 (-Ar), 113.5 (-Arx2), 120.3 (-Arx2), 129.2 (-Arx2), 141.9 (-Arx2), 159.6 (C3x2).LRMS m/z: 257 (M*),
122 (base peak).HRMS: Calcd for C1sH1gNO,: 257.1413. Found: 257.1387.

2-Formyl-1-(3’,4’-dimethoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (840) @& %: Method B

2-Formyl-1-(3’,4’-dimethoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (840)

Colorless needles. m.p.:140-142°C."H-MNR: 3.80, 3.82 (total 3H, each s, -OCHs), 3.82, 3.83 (total 3H, each
s, -OCHs), 3.83, 3.87 (total 3H, each s, -OCHs), 4.75-5.00 (2H, m, C3-H), 5.93, 6.16 (total 1H, each s, C1-H),
6.60-6.60, 6.75-7.06 (total 6H, m, -Ar), 8.25, 8.44 (total 1H, s and d, J=1 Hz, -CHO)."*C-MNR: 50.2, 51.6
(C3), 55.5, 55.8 (-OCH3), 55.9, 55.9 (-OCHs,), 64.2, 66.6 (C1), 107.6, 107.6 (-Ar), 109.8, 110.8 (-Ar), 111.0,
111.2 (-Ar), 114.6, 114.7 (-Ar), 119.3, 119.8 (-Ar), 124.4, 124.8 (-Ar), 132.6, 132.8 (C3a or C7a or C1’),
134.3, 134.7 (C3a or C7aor C1’), 136.3, 136.3 (C3a or C7a or C1’), 148.5, 149.5 (C3’ or C4’), 148.9, 149.6
(C3’ or C4), 159.8, 160.0 (C5), 161.3, 162.4 (-CHO).LRMS m/z: 313 (M*, base peak).HRMS: Calcd for
CigH19NO,: 313.1311. Found: 313.1296.

2-Formyl-1-(3’-methoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84p) ®-& %: Method B

2-Formyl-1-(3’-methoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84p)
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Pale yellow needles. m.p.:138-141°C."H-MNR: 3.77, 3.77 (total 3H, each s, -OCH;), 3.81 (3H, s, -OCHy),
4.84-5.04 (2H, m, C3-H), 5.96, 6.16 (total 1H, each s, C1-H), 6.72-6.87 (5H, m, -Ar), 6.94, 7.05 (total 1H,
each d, J=8 Hz, C6-H or C7-H), 7.22, 7.27 (total 1H, each dd, J=8 Hz, 8 Hz, C5’-H), 8.28, 8.48 (total 1H, s
and d, J=1 Hz, -CHO)."*C-MNR: 50.3, 51.8 (C3), 55.1, 55.2 (-OCH), 64.4, 66.6 (C1), 107.7 (-Ar), 112.6,
112.9 (-Ar), 112.9, 113.3 (-Ar), 114.6, 114.7 (-Ar), 119.1, 119.3 (-Ar), 124.3, 124.7 (C6 or C7), 129.6, 130.2
(C5’), 132.3, 132.7 (C3a or C7a or C1’), 136.2, 136.4 (C3a or C7a or C1’), 143.3, 144.4 (C3a or C7a or C1’),
159.7, 160.1 (C5 or C3’), 159.8, 160.1 (C5 or C3’), 161.3, 162.4 (-CHO).LRMS m/z: 283 (M", base
peak). HRMS: Calcd for C17H;7NOs: 283.1207. Found: 283.1207.

2-Formyl-1-(4’-methoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84q) ® & kk: Method B

2-Formyl-1-(4’-methoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84q)

Colorless needles. m.p.:164-167°C.IR: 1664."H-MNR: 3.76, 3.79 (total 3H, each s, -OCHs), 3.81 (3H, s,
-OCH3), 4.80-5.00 (2H, m, C3-H), 5.94, 6.16 (total 1H, each s, C1-H), 6.77-6.91, 6.70-7.03 (total 5H, each m,
-Ar), 7.10-7.19 (2H, m, -Ar), 8.22, 8.42 (total 1H, s and d, J=1 Hz, -CHO).*C-MNR: 50.1, 51.6 (C3), 55.2,
55.3 (-OCHs), 55.5 (-OCH3), 64.0, 66.2 (C1), 107.6 (-Ar), 113.9, 114.4 (C2’ and C6’ or C3’ and C5’), 114.8,
114.8 (-Ar), 124.4, 124.8 (Ar), 128.4 (C2’ and C6’ or C3’ and C5’), 132.8, 133.6 (C3a or C7a or C1”), 133.9,
134.5 (C3a or C7a or C1%), 136.4, 136.4 (C3a or C7a or C1’), 159.0, 159.6 (C5 or C3’), 159.8, 160.0 (C5 or
C3’), 161.2, 162.4 (-CHO).LRMS m/z: 283 (M", base peak).HRMS: Calcd for C;;H;,NO5: 283.1208. Found:
283.1208

2-Formyl-1-(4’-methoxyphenyl)-7-methoxy-2,3-dihydro-1H-isoindole (85q)

Colorless crystals. m.p.:164-167°C.IR: 1672."H-MNR: 3.63, 3.68 (total 3H, each s, -OCHs), 3.76, 3.78 (total
3H, each s, -OCHj3), 4.82-4.99 (2H, m, C3-H), 6.05, 6.32 (total 1H, each s, C1-H), 6.71-6.84, 6.91-6.96 (total
4H, each m, -Ar), 7.11-7.33 (total 3H, m, -Ar), 8.26, 8.36 (total 1H, s and d, J=1 Hz, -CﬂO).BC-MNR: 50.2,
50.3 (C3), 55.1, 55.2 (-OCHs), 55.3, 55.4 (-OCHs), 62.4, 65.1 (C1), 109.7, 110.0 (-Ar), 113.5, 113.9 (C2’ and
C6’ or C3’ and C5’), 114.6, 115.1 (-Ar), 128.2, 128.6 (C3a or C7a or C1’), 128.3, 128.7 (C2’ and C6’ or C3’
and C5’), 129.8, 130.1 (-Ar), 132.7, 134.1 (C3a or C7a or C1’), 137.0, 137.2 (C3a or C7a or C1’), 155.1,
155.3 (C7 or C3), 158.8, 159.1 (C7 or C3’), 160.9, 162.3 (-CHO).LRMS m/z: 283 (M", base peak).HRMS:
Calcd for Cy7H;7NO3: 283.1208. Found:; 283.1228.

2-Formyl-1-(4’-methylphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84r) ®& JikX: Method B

2-Formyl-1-(4’-methylphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84r)

- 124 -



Colorless needles. m.p.:127-130°C.IR: 1676."H-MNR: 2.29, 2.33 (total 3H, each s, -CH;), 3.81 (3H, s,
-OCHs), 4.82-5.02 (2H, m, C3-H), 5.95, 6.15 (total 1H, each s, C1-H), 6.76-6.92 (3H, m, C4-H and C6-H
and C7-H), 7.00-7.16 (4H, m, C2’-H and C3’-H and C5’-H and C6’-H), 8.23, 8.43 (total 1H, s and d, J=1 Hz,
-CHO).®*C-MNR: 21.1 (-CHs), 50.2, 51.7 (C3), 55.5 (-OCHs), 64.3, 66.5 (C1), 107.6 (-Ar), 114.7, 114.8
(-Ar), 124.4, 124.8 (-Ar), 127.0, 127.0 (C2’ and C6’ or C3’ and C5’), 129.3, 129.7 (C2’ and C6’ or C3’ and
C5’), 132.7,133.0 (C3a or C7aor C1’), 136.3, 136.4 (C3a or C7aor C1’), 137.3, 138.2 (C3a or C7a or C1’),
138.7, 139.4 (-Ar), 159.8, 160.0 (C5), 161.2, 162.4 (-CHO).LRMS m/z: 267 (M*, base peak).HRMS: Calcd
for C1;H17NO,: 267.1258. Found: 267.1263.
2-Formyl-1-(4’-methylphenyl)-7-methoxy-2,3-dihydro-1H-isoindole (85r)

Colorless needles. m.p.:156-159°C.IR: 1655.'H-MNR: 2.29, 2.32 (total 3H, each s, -CH,3), 3.66, 3.69 (total
3H, each s, -OCHs), 4.78-5.01 (2H, m, C3-H), 6.06, 6.33 (total 1H, d and s, J=1 Hz, C1-H), 6.73, 6.76 (total
1H, each d, J=8 Hz, C4-H or C6-H), 6.93, 6.96 (total 1H, each d, J=8 Hz, C4-H or C6-H), 7.06-7.23 (4H, m,
C2’-H and C3’-H and C5’-H and C6’-H), 7.31, 7.31 (total 1H, each dd, J=8 Hz, 8Hz, J=8 Hz, 8Hz, C5-H),
8.26, 8.37 (total 1H, s and d, J=1 Hz, -CHO).*C-MNR: 21.1, 21.1 (-CH,), 50.3, 51.8 (C3), 55.3, 55.4
(-OCHs), 62.7, 65.4 (C1), 109.7, 110.0 (C4 or C6), 114.6, 115.1 (C4 or C6), 127.1, 127.4 (C2’ and C6’ or C3’
and C5%), 128.1, 128.6 (C3a or C7a or C1’ or c4’), 128.9, 129.2 (C2’ and C6’ or C3” and C5’), 129.8, 130.1
(C5), 137.0, 137.1 (C3a or C7aor C1’ or C4"), 137.2, 137.6 (C3a or C7a or C1’ or C4), 137.5, 139.0 (C3a or
C7aor C1’ or C4’), 155.1, 155.3 (C7), 160.8, 162.3 (-CHO).LRMS m/z: 267 (M", base peak).HRMS: Calcd
for C47H7;NO,: 267.1260. Found: 267.1298.

2-Formyl-1-(4’-trifluoromethylphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84s) ®-& fk: Method B

2-Formyl-1-(4’-trifluoromethylphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84s)

Colorless needles. m.p.:125-127°C.1H-MNR: 3.77, 3.82 (total 3H, each s, -OCHj3), 4.89-5.16 (2H, m, C3-H),
6.06, 6.20 (total 1H, each s, C1-H), 6.72-7.01 (3H, m, -Ar), 7.36, 7.38 (total 2H, each d, J=8 Hz, C2’ and
C6’), 7.55, 7.62 (total 2H, each d, J=8 Hz, C3’ and C5°), 8.24, 8.46(total 1H, each s, -CHO)."*C-MNR: 50.5,
51.8 (C3), 55.3, 55.5 (-OCHs), 64.2, 66.1 (C1), 107.9, 107.9 (-Ar), 114.9, 115.0 (-Ar), 124.3, 124.7 (-Ar),
125.6, 126.2 (q, J=4 Hz, C3’ and C5’), 127.3, 127.3 (C2’ and C6’), 131.6, 131.9 (C3a or C7a or C1’), 136.1,
136.4 (C3aor C7aor C1’), 145.5, 146.4 (C3a or C7a or C1’), 160.1, 160.2 (C5), 161.3, 162.1 (-CHO).LRMS
m/z: 321 (M*, base peak).HRMS: Calcd for C;;H14,NO,F5: 321.0976. Found: 321.0981.
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2-Formyl-1-(3’ 4’-dimethoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole (740) @ Ji A& v 2 L4k

Method |

1-(3’,4’-Dimethoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole (750)

Green oil. (HCI salt: Dark red crystals from Et,0-MeOH). m.p.:199-202°C.IR: 3349."H-MNR: 2.13 (1H, brs,
-NH), 3.77 (3H, s, -OCH3), 3.83 (3H, s, -OCHj), 3.88 (3H, s, -OCHj3), 3.90 (3H, s, -OCHjy), 4.23 (1H, dd,
J=2 Hz, 13 Hz, C3-H), 4.36 (1H, dd, J=2 Hz, 13 Hz, C3-H), 5.35 (1H, s, C1-H), 6.50 (1H, s, C4-H or C7-H),
6.82-6.84 (4H, m, -Ar and C4-H or C7-H).*C-MNR: 51.7 (C3), 55.6 (-OCHs), 55.6 (-OCHj), 55.8
(-OCH3x2), 67.9 (C1), 105.0 (C4 or C7), 106.1 (C4 or C7), 110.5 (-Ar), 110.8 (-Ar), 119.6 (-Ar), 132.8 (C3a
or C7aorCl’), 135.5 (C3aor C7aor C1%), 136.5 (C3aor C7aor C1"), 148.2 (C5 or C6 or C3’ or C4’), 148.4
(C5 or C6 or C3’ or C4’), 148.5 (C5 or C6 or C3’ or C4’), 148.9 (C5 or C6 or C3’ or C4’).LRMS m/z: 315
(M), 178 (base peak).HRMS: Calcd for CigH, NO,: 315.1471. Found: 315.1488.

2-Formyl-1-(3’-methoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole  (74p) @ fi & /v 2 v 4k

Method I11

1-(3’-Methoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole « HCI salt (94p)

Colorless needles. m.p.:194-197°C.IR: 3435."H-MNR: 3.76 (3H, s, -OCHs), 3.79 (3H, s, -OCHs), 3.92 (3H, s,
-OCHs), 4.28 (1H, d, J=14 Hz, C3-H), 4.56 (1H, d, J=14 Hz, C3-H), 5.78 (1H, s, C1-H), 6.43 (1H, s, C4-H
or C7-H), 6.77 (1H, s, C4-H or C7-H), 6.94-6.99 (3H, m, C2’-H and C4’-H and C6’-H), 7.32 (11H, ddd, J=8
Hz, 8 Hz, 1 Hz, C5’-H)."*C-MNR: 49.5 (C3), 55.5 (-OCHs), 56.1 (-OCHs), 56.2 (-OCHs), 67.8 (C1), 105.2
(C4 or C7), 106.0 (C4 or C7), 114.0 (C2’ or C4’ or C6’), 116.3 (C2’ or C4’ or C6’), 121.6 (C3a or C7a or
C1’), 126.4 (C2’ or C4’ or C6’), 129.1 (C3a or C7a or C1’), 130.2 (C5’), 136.3 (C3a or C7a or C1’), 150.2
(C5 or C6 or C3’), 150.4 (C5 or C6 or C3’), 160.1 (C5 or C6 or C3’).LRMS m/z: 285 (M"), 178 (base
peak).HRMS: Calcd for Cy7H;gNO3: 285.1362. Found: 285.1356.

2-Formyl-1-(4’-methoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole  (74q) @ Wi & v 2 L4k

Method I11

1-(4’-Methoxyphenyl)-5,6-dimethoxy-2,3-dihydro-1H-isoindole « HCI salt (94q)

Colorless needles from EtOH- Et,0. m.p.:219-221°C."H-MNR: 3.75 (3H, s, -OCHs), 3.82 (3H, s, -OCHy),
3.92 (3H, s, -OCHs), 4.21 (1H, d, J=14 Hz, C3-H), 4.47 (1H, d, J=14 Hz, C3-H), 5.80 (1H, s, C1-H), 6.41
(1H, s, C4-H or C7-H), 6.76 (1H, s, C4-H or C7-H), 6.92-6.94 (2H, m, C2’-H and C6’-H or C3’-H and
C5’-H), 7.31-7.34 (2H, m, C2’-H and C6’-H or C3’-H and C5’-H).2*C-MNR: 49.2 (C3), 55.3 (-OCHj), 56.1
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(-OCHjy), 56.1 (-OCHy), 67.5 (C1), 105.1 (C4 or C7), 106.0 (C4 or C7), 114.5 (C2’ and C6’ or C3’ and C5),
126.5 (C3aor C7aor C1%), 126.7 (C3aor C7aor C1’), 129.2 (C3a or C7aor C1’), 131.0 (C2’ and C6’ or C3’
and C5°), 150.1 (C5 or C6 or C4"), 150.3 (s, C5 or C6 or C4’), 160.7 (C5 or C6 or C4’).LRMS m/z: 285
(M"), 284 (base peak).HRMS: Calcd for C1;H;sNO3: 285.1362. Found: 285.1357.

2-Formyl-1-phenyl-5-methoxy-2,3-dihydro-1H-isoindole (84a) @74 /v 2 J/L4k: Method |11

1-Phenyl-5-methoxy-2,3-dihydro-1H-isoindole « HCI salt (95a)

Colorless needles. m.p.:222-226°C.IR: 3429."H-MNR: 3.83 (3H, s, -OCHs), 4.40 (1H, d, J=15 Hz, C3-H),
4.60 (1H, d, J=15 Hz, C3-H), 5.88 (1H, s, C1-H), 6.84-6.93 (3H, m, -Ar), 7.38-7.43 (5H, m, -Ph).*C-MNR:
49.3 (C3), 55.6 (-OCHs), 67.1 (C1), 107.7 (C4), 115.5 (C6), 124.7 (C7), 129.1 (C1’ or C3a or C7a), 129.2
(C2’ and C6’ or C3’ and C5’), 129.3 (C2” and C6’ or C3’ and C5’), 129.9 (C4’), 134.9 (C1’ or C3a or C7a),
136.3 (C1’ or C3a or C7a), 160.7 (C5).LRMS m/z: 225 (M"), 148 (base peak).HRMS: Calcd for C;5sH;sNO:
225.1344. Found: 225.1132.

2-Formyl-1-(3’,4’-dimethoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (840) DA/ 2 /L{k: Method

Il

1-(3’,4’-Dimethoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole « HCI salt (950)

Colorless needles. m.p.:220-223°C.IR: 3427.'H-MNR: 3.83 (3H, s, -OCHj3), 3.86 (3H, s, -OCHg), 3.90 (3H, s,
-OCH), 4.20 (1H, d, J=14 Hz, C3-H), 4.46 (1H, d, J=14 Hz, C3-H), 5.73 (1H, s, C1-H), 6.78-6.89 (4H, m,
-Ar), 6.96-7.01 (2H, m, -Ar).®*C-MNR: 49.1 (C3), 55.6 (-OCHs3), 55.9 (-OCH,), 56.2 (-OCHj), 67.5 (C1),
107.7 (-Ar), 111.0 (-Ar), 112.1 (-Ar), 115.5 (-Ar), 122.3 (-Ar), 124.7 (-Ar), 127.0 (C3a or C7a or C1’), 129.6
(C3a or C7a or C1’), 136.3 (C3a or C7a or C1’), 149.4 (C5 or C3’ or C4’), 150.2 (C5 or C3’ or C4’), 160.8
(C5 or C3’ or C4’).LRMS m/z: 285 (M"), 148 (base peak).HRMS: Calcd for Cy;H1sNO; : 285.1365. Found:
285.1383.

2-Formyl-1-(3’-methoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84p) D7/ 2 /L1k: Method Il1

1-(3’-Methoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole « HCI salt (95p)

Colorless needles. m.p.:178-181°C.IR: 3427."H-MNR: 3.78 (3H, s, -OCHs), 3.83 (3H, s, -OCH), 4.28 (1H,
d, J=14 Hz, C3-H), 4.56 (1H, d, J=14 Hz, C3-H), 5.77 (1H, s, C1-H), 6.79-7.00 (5H, m, -Ar), 7.27-7.33 (1H,
m, -Ar).*C-MNR: 49.4 (C3), 55.5 (-OCH3), 55.6 (-OCHj), 67.3 (C1), 107.7 (-Ar), 114.0 (-Ar), 1155 (-Ar),
116.3 (-Ar), 121.6 (-Ar), 124.7 (-Ar), 129.4 (C3a or C7a or C1’), 130.2 (-Ar), 136.3 (C3a or C7a or C1’),
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136.3 (C3a or C7a or C1’), 160.0 (C5 or C3’), 160.7 (C5 or C3’).LRMS m/z: 255 (M), 148 (base
peak).HRMS: Calcd for Ci¢H17NO, : 255.1260. Found: 255.1283.

2-Formyl-1-(4’-methoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84q) @i /L 2 /L1k: Method 111

1-(4’-Methoxyphenyl)-5-methoxy-2,3-dihydro-1H-isoindole « HCI salt (95Q)

Colorless needles. m.p.:221-224°C.1H-MNR: 3.81 (3H, s, -OCHj3), 3.83 (3H, s, -OCHs), 4.20 (1H, d, J=14
Hz, C3-H), 4.47 (1H, d, J=14 Hz, C3-H), 5.78 (1H, s, C1-H), 6.76-6.88 (3H, m, C4-H and C6-H and C7-H),
6.89-6.94 (2H, m, C2’-H and C6’-H or C3’-H and C5’-H), 7.31-7.36 (2H, m, C2’-H and C6’-H or C3’-H and
C5’-H).**C-MNR: 49.0 (C3), 55.3 (-OCHs), 55.6 (-OCH), 66.9 (C1), 107.6 (C4 or C6 or C7), 114.4 (C2’
and C6’ or C3’ and C5’), 115.5 (C4 or C6 or C7), 124.7 (C4 or C6 or C7), 126.7 (C3a or C7a or C1’), 129.5
(C3a or C7a or C1’), 131.0 (C2’ and C6’ or C3’ and C5’), 136.3 (C3a or C7a or C1’), 160.7 (C5 or C4’),
160.7 (C5 or C4’).LRMS m/z: 255 (M"), 254 (base peak).HRMS: Calcd for CsHi;NO, : 255.1257. Found:
255.1256.

2-Formyl-1-(4’-methylphenyl)-5-methoxy-2,3-dihydro-1H-isoindole (84r) D .4V 2 sL4k: Method 11

1-(4’-Methylphenyl)-5-methoxy-2,3-dihydro-1H-isoindole » HCI salt (95r)

Colorless needles. m.p.:119-203°C.IR: 3423."H-MNR: 2.37 (3H, s, -CHs), 3.82 (3H, s, -OCH;), 4.23 (1H, d,
J=14 Hz, C3-H), 4.51 (1H, d, J=14 Hz, C3-H), 5.77 (1H, s, C1-H), 6.76 (1H, d, J=2 Hz, C4-H), 6.83 (1H, dd,
J=2 Hz, 8 Hz, C6-H), 6.87 (1H, d, J=8 Hz, C7-H), 7.19-7.22 (2H, m, C2’-H and C6’-H or C3’-H and C5’-H),
7.27-7.30 (2H, m, C2’-H and C6’-H or C3’-H and C5’-H)."*C-MNR: 21.3 (-CHj), 49.2 (C3), 55.6 (-OCHs),
67.1 (C1), 107.7 (C4), 115.4 (C6), 124.7 (C7), 129.3 (C2’ and C6’ or C3’ and C5’), 129.6 (C3a or C7a or C1’
or C4’), 129.8 (C2’ and C6’ or C3’ and C5’), 131.9 (C3a or C7a or C1’ or C4’), 136.3 (C3a or C7a or C1’ or
C4’), 139.9 (C3a or C7a or C1’ or C4’), 160.7 (C5).LRMS m/z: 239 (M"), 238 (base peak).HRMS: Calcd for
Cy6H17NO : 239.1308. Found: 239.1288.

2-Formyl-1-(4’-trifluoromethylphenyl)-5-methoxy-2,3-dihydro-1H-isoindole  (84s) @ i & /L I L4k

Method I11

1-(4’-Trifluoromethylphenyl)-5-methoxy-2,3-dihydro-1H-isoindole « HCI salt (95s)

Colorless needles. m.p.:236-238°C.'"H-MNR: 3.83 (3H, s, -OCHj), 4.28 (1H, d, J=14 Hz, C3-H), 4.52 (1H, d,
J=14 Hz, C3-H), 5.84 (1H, s, C1-H), 6.78-7.00 (3H, m, C4-H and C6-H and C7-H), 7.55-7.57 (2H, m, C2’-H
and C6°), 7.67-7.70 (2H, m, C3’-H and C5’-H)."*C-MNR: 49.5 (C3), 55.6 (-OCHs), 67.7 (C1), 107.7 (C4),
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115.8 (C6), 124.6 (C7), 126.1 (g, J=4 Hz, C3’ and C5’), 128.8 (C3a or C7a or C1’), 130.0 (C2’ and C6),
136.4 (C3a or C7a or C1’), 139.0 (C3a or C7a or C1’), 161.07 (C5).LRMS m/z: 293 (M), 148 (base
peak).HRMS: Calcd for C;6H;7NO : 293.1025. Found: 293.1002.

2-Formyl-1-phenyl-7-methoxy-2,3-dihydro-1H-isoindole (85a) @ i /L X JL4k: Method 111

1-Phenyl-7-methoxy-2,3-dihydro-1H-isoindole « HCI salt (96a)

Colorless needles. m.p.:222-226°C.IR: 3437."H-MNR: 3.61 (3H, s, -OCHjy), 4.41 (1H, d, J=14 Hz, C3-H),
4.68 (1H, d, J=14 Hz, C3-H), 6.00 (1H, s, C1-H), 6.78 (1H, d, J=8 Hz, C4-H or C6-H), 6.90 (1H, d, J=8 Hz,
C4-H or C6-H), 7.25-7.38 (6H, m, -Ph and C5-H)."*C-MNR: 49.8 (C3), 55.3 (-OCH), 66.1 (C1), 114.7 (C4
or C6), 124.9 (C1’ or C3a or C7a), 128.4 (C2’ and C6’ or C3’ and C5’), 128.9 (C2’ and C6’ or C3’ and C5’),
129.5 (C5 or C4’), 131.4 (C5 or C4%), 134.6 (C1’ or C3a or C7a), 136.3 (C1’ or C3a or C7a), 155.3
(C7).LRMS m/z: 225 (M"), 148 (base peak).HRMS: Calcd for C;5H35NO: 225.1134. Found: 225.1132.

2-Formyl-1-(4’-methoxyphenyl)-7-methoxy-2,3-dihydro-1H-isoindole (85q) D .7/ 2 /L1k: Method 11

1-(4’-Methoxyphenyl)-7-methoxy-2,3-dihydro-1H-isoindole « HCI salt (96Q)

Pale yellow needles. m.p.:232-236°C."H-MNR: 3.63 (3H, s, -OCHs), 3.80 (3H, s, -OCHs), 4.37 (1H, d, J=14
Hz, C3-H), 4.66 (1H, d, J=14 Hz, C3-H), 5.97 (1H, s, C1-H), 6.78 (1H, d, J=8 Hz, C4-H or C6-H), 6.85-6.89
(2H, m, C2’-H and C6’-H or C3’-H and C5’-H), 6.89 (1H, d, J=8 Hz, C4-H or C6-H), 7.17-7.22 (2H, m,
C2’-H and C6’-H or C3’-H and C5’-H) 7.36 (1H, dd, J=8 Hz, 8 Hz, C5-H)."*C-MNR: 49.6 (C3), 55.2
(-OCHjy), 55.4 (-OCHs), 65.8 (C1), 114.2 (C2’ and C6’ or C3’ and C5’), 114.7 (C4 or C6), 125.2 (C1’ or C3a
or C7a), 126.9 (C1’ or C3a or C7a), 129.8 (C2’ and C6’ or C3’ and C5’), 131.3 (C5), 136.4 (C1’ or C3a or
C7a), 155.4 (C7 or C4’), 160.3 (C7 or C4’).LRMS m/z: 255 (M"), 254 (base peak).HRMS: Calcd for
C16H17NO,: 255.1259. Found: 255.1262.

2-Formyl-1-(4’-methylphenyl)-7-methoxy-2,3-dihydro-1H-isoindole (85r) ® i /L X sL4k: Method 11

1-(4’-Methylphenyl)-7-methoxy-2,3-dihydro-1H-isoindole « HCI salt (96r)

Colorless needles. m.p.:214-216°C.IR3438.'"H-MNR: 2.34 (3H, s, -CHj3), 3.63 (3H, s, -OCHg), 4.41 (1H, d,
J=14 Hz, C3-H), 4.67 (1H, d, J=14 Hz, C3-H), 5.98 (1H, s, C1-H), 6.78 (1H, d, J=8 Hz, C4-H or C6-H),
6.89 (1H, d, J=8 Hz, C4-H or C6-H), 7.15-7.15 (4H, m, C2’-H and C3’-H and C5’-H and C6’-H), 7.36 (1H,
dd, J=8 Hz, 8 Hz, C5-H).*C-MNR: 21.3 (-CHj), 49.7 (C3), 55.4 (-OCHs), 65.9 (C1), 110.6 (C4 orC6), 114.7
(C4 or C6),125.1 (C1’ or C4’ or C3a or C7a), 128.2 (C2’ and C6’ or C3’ and C5), 129.6 (C2’ and C6’ or C3’
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and C5’), 131.3 (C5), 131.8 (C1’ or C4’ or C3a or C7a), 136.3 (C1’ or C4’ or C3a or C7a), 139.3 (C1’ or C4’
or C3a or C7a), 155.4 (C7 or C4’).LRMS m/z: 239 (M"), 148 (base peak).HRMS: Calcd for C;sH;,NO:
139.1307. Found: 239.1274.

3,4-Dimethoxybenzylamine (70) & acetophenone (32) DA 2/ {L DR Method a

(3,4-Dimethoxy-benzyl)-(1-phenyl-ethyl)-amine (99a)
Yellow oil.IR: 3544.*H-MNR: 1.37 (3H, d, J=7 Hz, Ph-Ch-CHj), 3.54 (1H, d, J=13 Hz, Ar-CH,), 3.61 (1H, d,
J=13 Hz, Ar-CH,), 3.80 (1H, d, J=7 Hz, Ph-CH), 3.86 (3H, s, -OCH3), 3.87 (3H, s, -OCHj3), 6.77-6.83 (3H,
m, Ar), 7.21-7.41 (5H, m, Ph).®*C-MNR: 24.3 (Ph-CH-CHj), 51.2 (Ar-CH,), 55.6 (-OCHs), 55.7 (-OCHj),
57.2 (Ph-CH), 110.8 (C27 orC5’), 111.3 (C27 orC5’), 119.9 (C6’), 126.5 (Phx2), 126.7 (Ph), 128.3 (Phx2),
133.1 (C1’), 145.4 (Ph), 147.7 (C3’ or C4’), 148.7 (C3’ or C4’).LRMS m/z: 271 (M%), 152 (base
peak).HRMS: Calcd for Ci7H,;NO,: 271.1573. Found: 271.1579.

2-FormyI-5,6-dimethoxy-1-methyl-1-phenyl-2,3-dihydro-1H-isoindole (101a) ®-& %: Method B

2-Formyl-5,6-dimethoxy-1-methyl-1-phenyl-2,3-dihydro-1H-isoindole (101a)

Brown needles. m.p.:167-170°C. IR: 1664.'"H-MNR: 2.05 (3H, s, C1-CHs), 3.76 (3H, s, C5-OCH; or
C6-OCHj), 3.91 (3H, s, C5-OCHjs or C6-OCHg), 4.84 (1H, d, J=16 Hz, C3-H), 4.93 (1H, d, J=16 Hz, C3-H),
6.39 (1H, s, C4-H or C7-H), 6.84 (1H, s, C4-H or C7-H), 7.24-7.37 (5H, m, Ph), 8.16 (1H, s,
-CHO).2*C-MNR: 28.5 (C1-CHs3), 49.9 (C3), 56.1 (-OCHj3), 56.1 (-OCHj), 69.9 (C1), 104.9 (C4 orC7), 105.4
(C4 orC7), 125.3 (Ph), 126.1 (Phx2), 127.7 (Ph), 128.8 (Phx2), 138.0 (C3a or C7a), 145.2 (C3a or C7a),
149.6 (C5 or C6), 149.7 (C5 or C6), 161.8 (-CHO).LRMS m/z: 297 (M), 57 (base peak).HRMS: Calcd for
C1gH19NO3: 297.1365. Found: 297.1396.

2-Formyl-5,6-dimethoxy-1-methyl-1-phenyl-2,3-dihydro-1H-isoindole (101a) ®iA /L 2 /L4k: Method 111

5,6-Dimethoxy-1-methyl-1-phenyl-2,3-dihydro-1H-isoindole « HCI salt (102a)

Brown needles. m.p.:246-249.*H-MNR: 2.13 (3H, s, C1-CHs), 3.81 (3H, s, C5-OCHj or C6-OCHj), 3.92 (3H,
s, C5-OCHj; or C6-OCHs), 4.36 (1H, d, J=14 Hz, C3-H), 4.43 (1H, d, J=14 Hz, C3-H), 6.48 (1H, s, C4-H or
C7-H), 6.78 (1H, s, C4-H or C7-H), 7.37-7.49 (5H, m, Ph)."*C-MNR: 25.1 (C1-CH,), 48.1 (C3), 56.2
(-OCHg), 56.2 (-OCHj3), 73.3 (C1), 105.4 (C4 orC7), 105.6 (C4 orC7), 125.7 (C1’), 127.6 (Phx2), 128.9
(Phx2), 129.3 (Ph), 134.4 (C3a or C7a), 138.5 (C3a or C7a), 150.2 (C5 or C6), 150.2 (C5 or C6).LRMS m/z:
269 (M*), 254 (base peak).HRMS: Calcd for Cy7H;sNO,: 269.1413. Found: 269.1391.
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2-Formyl-5-methoxy-1-methyl-1-phenyl-2,3-dihydro-1H-isoindole (105a) ® & ji%: Method B

2-Formyl-5-methoxy-1-methyl-1-phenyl-2,3-dihydro-1H-isoindole (105a)

Brown gum.lH-MNR: 2.04, 2.15 (total 3H, each s, C1-CHjs), 3.75, 3.80 (total 3H, each s, C5-OCHjs), 4.87,
4.98 (total 1H, each d, J=16 Hz, C3-H), 4.95, 5.06 (total 1H, each d, J=16 Hz, C3-H), 6.78 (1H, dd, J=2 Hz,
9 Hz, C6-H), 6.86-8.88 (2H, m, C4-H and C7-H), 7.22-7.35 (5H, m, Ph), 8.19, 8.42(total 1 H, each s, -CHO).
BBC-MNR: 28.7 (C1-CH3), 49.9 (C3), 55.4 (-OCHs3), 69.4 (C1), 107.6 (Ar or Ph), 114.9 (Ar or Ph), 123.2 (Ar
or Ph), 125.9 (Phx2), 127.6 (Ar or Ph), 128.7 (Phx2), 135.1 (C3a or C7a or C1'), 138.5 (C3a or C7a or C1"),
145.5 (C3a or C7a or C1'), 159.8 (C5), 161.8 (-CHO). HR-FABMS: Calcd for C;7H1sNO,: 268.1337. Found:
268.1346.

2-Formyl-7-methoxy-1-methyl-1-phenyl-2,3-dihydro-1H-isoindole (106a)

Brown gumlH-MNR: 2.14, 2.26 (total 3H, each s, C1-CHs), 3.58, 3.59 (total 3H, each s, C7-OCHs), 4.87,
5.02 (total 1H, each d, J=16 Hz, C3-H), 4.97, 5.08 (total 1H, each d, J=16 Hz, C3-H), 6.72 (1H, d, J=8 Hz,
C4-H or C6-H), 6.96 (1H, dd, J=1 Hz, 8 Hz, C4-H or C6-H), 7.19-7.33 (6H, m, Ph and C5-H), 8.13,
8.36(total 1 H, each s, -CHO).®*C-MNR: 25.7 (C1-CHj), 50.3 (C3), 55.3 (-OCH3), 69.7 (C1), 110.4 (C4 or
C6), 115.2 (C4 or C6), 126.4 (Phx2), 127.3 (Ph or C5), 128.1 (Phx2), 129.9 (Ph or C5), 133.0 (C3a or C7a or
C1", 135.7 (C3a or C7a or C1"), 144.8 (C3a or C7a or C1"), 154.6 (C7), 161.9 (-CHO). HR-FABMS: Calcd
for C17H1gsNO,: 268.1337. Found: 268.1335.

2-Formyl-5-methoxy-1-methyl-1-(3',4'-dimethoxyphenyl)-2,3-dihydro-1H-isoindole (105q) & %: Method

B

2-Formyl-5-methoxy-1-methyl-1-(3',4'-dimethoxyphenyl)-2,3-dihydro-1H-isoindole (105g)

Brown gum. *H-MNR: 2.00 (3H, s, C1-CHj), 3.77 (3H, s, C3'-OCHj; or C4'-OCHj or C5-OCHj), 3.81 (3H, s,
C3'-OCHj; or C4'-OCHg; or C5-OCHy), 3.86 (3H, s, C3'-OCHj; or C4'-OCHj; or C5-OCHy), 4.83 (1H, d, J=16
Hz, C3-H), 4.95 (1H, d, J=16 Hz, C3-H), 6.65 (1H, d, J= 2 Hz, C4-H or C2-H), 6.78-6.88 (4H, m, Ar),
6.95(1H, dd, J= 2 Hz, 8 Hz, C6 or C6"), 8.19 (1 H, t, J=1 Hz, -CHO). *C-MNR: 28.9 (C1-CH,), 49.7 (C3),
55.5 (-OCHs), 55.8 (-OCHj), 55.9 (-OCHs3), 69.2 (C1), 107.6 (Ar), 109.8 (Ar), 110.7 (Ar), 114.9 (Ar), 118.3
(Ar), 123.2 (Ar), 135.0 (C3a or C7a or C1'), 138.0 (C3a or C7aor C1'), 138.6 (C3a or C7a or C1'), 148.6 (C5
or C3' or C4"), 149.0 (C5 or C3' or C4"), 159.8 (C5 or C3' or C4"), 161.9 (-CHO). HR-FABMS: Calcd for
Ci1gH2NO,: 328.1549. Found: 328.1540.
2-Formyl-7-methoxy-1-methyl-1-(3",4'-dimethoxyphenyl)-2,3-dihydro-1H-isoindole (106g)

Brown gum.lH-MNR: 1.65, 2.12 (total 3H, each s, C1-CHj,3), 3.63, 3.78 (total 3H, each s, C3'-OCH; or
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C4'-OCH; or C7-OCHy), 3.78, 3.91 (total 3H, each s, C1-CH,), 3.86, 4.05 (total 3H, each s, C3'-OCH; or
C4'-OCHjs or C7-OCHjy), 4.85, 5.02 (total 1H, each d, J=16 Hz, C3-H), 4.95, 5.12 (total 1H, each d, J=16 Hz,
C3-H), 6.65-7.33 (6H, m, Ar), 8.16 (1 H, t, J=1 Hz, -CHO). ®*C-MNR: 25.9, 27.2 (C1-CHs), 48.4, 50.1 (C3),
55.3, 55.5 (-OCHj), 55.8, 56.2 (-OCHj), 55.9, 56.4 (-OCH3), 69.5, 73.5 (C1), 103.2, 110.0 (Ar), 110.3, 105.7
(Ar), 108.4, 110.5 (Ar), 113.7, 115.2 (Ar), 118.8, 122.0 (Ar), 19.8 (Ar), 133.0, 135.5 (C3a or C7a or C1"),
135.5, 135.5 (C3a or C7a or C1'), 137.5, 141.6 (C3a or C7a or C1'), 145.2, 145.5 (C7 or C3' or C4'), 148.5,
153.5 (C7 or C3' or C4'), 154.6, 159.8 (C7 or C3' or C4"), 161.9 (-CHO). HR-FABMS: Calcd for CygH,NOy,:
328.1549. Found: 328.1549.

2-Formyl-5-methoxy-1-methyl-1-(3'-methoxyphenyl)-2,3-dihydro-1H-isoindole (105h) ® & J%: Method B

2-Formyl-5-methoxy-1-methyl-1-(3'-methoxyphenyl)-2,3-dihydro-1H-isoindole (105h)

Brown gum.'H-MNR: 2.02, 2.13 (total 3H, each s, C1-CH,), 3.76, 3.76 (total 3H, each s, C3-OCH; or
C5-0OCHsy), 3.80, 3.80 (total 3H, each s, C3'-OCH; or C5-OCHs), 4.86, 4.99 (total 1H, each d, J=16 Hz,
C3-H), 4.94, 5.05 (total 1H, each d, J=16 Hz, C3-H), 6.77-6.90 (6H, m, Ar), 7.21-7.27 (Ar), 8.21, 8.43 (total
1 H, each t, J=1 Hz, -CHO). ®*C-MNR: 24.9, 28.8 (C1-CHs), 49.6, 49.9 (C3), 55.1, 55.2 (-OCHs), 55.4, 55.5
(-OCHs), 69.3 (C1), 107.2, 107.6 (Ar), 111.3, 112.0(Ar), 112.6, 112.7 (Ar), 114.9 (Ar), 118.1, 118.3 (Ar),
123.2, 123.6 (Ar), 129.2, 129.8 (Ar), 135.1(C3a or C7a or C1", 138.4 (C3a or C7a or C1"), 147.2 (C3a or
C7a or C1'), 159.7 (C5 or C3'), 159.8 (C5 or C3'), 160.4, 161.8 (-CHO). HR-FABMS: Calcd for C;gH,oNO;:
298.1443. Found: 298.1429.
2-Formyl-7-methoxy-1-methyl-1-(3'-methoxyphenyl)-2,3-dihydro-1H-isoindole (106h)

Brown gum.'H-MNR: 1.71, 2.12 (total 3H, each s, C1-CH,), 3.62, 3.77 (total 3H, each s, C3-OCH; or
C7-OCHjy), 3.77, 3.93 (total 3H, each s, C3'-OCH; or C7-OCHj3), 4.86, 4.95 (total 1H, each d, J=16 Hz,
C3-H), 4.95, 5.07 (total 1H, each d, J=16 Hz, C3-H), 6.76.71-6.98 (5H, m, Ar), 7.16-7.33 (2H, m, Ar), 8.14,
8.36 (total 1 H, each t, J=1 Hz, -CHO). *C-MNR: 25.7, 27.3 (C1-CH,), 50.5 (C3), 55.1, 55.5 (-OCH), 55.3,
55.7 (-OCHs), 69.6 (C1), 106.7, 110.4 (Ar), 108.4, 111.8 (Ar), 113.2, 113.7 (Ar), 114.3, 115.2 (Ar), 118.9,
119.6 (Ar), 125.9, 129.2 (Ar), 129.2, 129.9 (Ar), 132.8 (C3a or C7a or C1'), 135.7 (C3a or C7a or C1'), 146.4
(C3aor C7aor C1'), 154.6 (C7 or C3'), 159.3 (C7 or C3'), 161.8 (-CHO). HR-FABMS: Calcd for Cy5H,0NOs:
298.1443. Found: 298.1429.

2-Formyl-5-methoxy-1-methyl-1-(4'-methoxyphenyl)-2,3-dihydro-1H-isoindole (105i) ®&J%: Method B

2-Formyl-5-methoxy-1-methyl-1-(4'-methoxyphenyl)-2,3-dihydro-1H-isoindole (105i)
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Brown gum.'H-MNR: 2.01 2.05 (total 3H, each s, C1-CH,), 3.76, 3.79 (total 3H, each s, C4'-OCH, or
C5-0OCHjy), 3.81 (3H, each s, C4'-OCHj; or C5-OCHy), 4.83 (1H, d, J=16 Hz, C3-H), 4.94 (1H, d, J=16 Hz,
C3-H), 6.77-7.00 (5H, m, C4-H and C6-H and C7-H and C2'-H or C3'-H and C5'-H or C6'-H), 8.17, 8.20
(total 1 H, each d, J=1 Hz, -CHO).®*C-MNR: 28.9 (C1-CH,), 49.7 (C3), 55.3 (-OCH,), 55.5 (-OCH3), 69.1
(C1), 107.5 (C4 or C6 or C7), 113.9, 113.9 (C2' and C6' or C3' and C5"), 114.9 (C4 or C6 or C7), 123.2,
123.3 (C4 or C6 or C7), 127.4, 127.5 (C2' and C6' or C3' and C5"), 135.1 (C3a or C7a or C1'), 137.6 (C3a or
C7a or C1'), 138.8 (C3a or C7a or C1'), 158.9 (C5 or C4'), 159.7(C5 or C4'), 161.9 (-CHO). HR-FABMS:
Calcd for CigH,oNO3: 298.1444. Found: 298.1438.
2-Formyl-7-methoxy-1-methyl-1-(4'-methoxyphenyl)-2,3-dihydro-1H-isoindole (106i)

Brown gum.lH-MNR: 2.11, 2.24 (total 3H, each s, C1-CHj3), 3.54, 3.61 (total 3H, each s, C4'-OCH; or
C7-OCHjy), 3.76, 3.78 (total 3H, each s, C4'-OCH; or C7-OCHjs), 4.84, 4.97 (total 1H, each d, J=16 Hz,
C3-H), 4.95, 5.05 (total 1H, each d, J=16 Hz, C3-H), 6.72 (1H, d, J=8 Hz, C4-H or C6-H), 6.76-6.84 (2H, m,
C2'-H and C6'-H or C3'-H and C5'-H), 6.95 (1H, dd, J=1 Hz, 7 Hz, C4-H or C6-H), 7.19-7.25 (2H, m, C2'-H
and C6'-H or C3'-H and C5'-H), 7.30 (1H, dd, J=8 Hz, 8 Hz, C5), 8.13, 8.35 (total 1 H, t and s, J=1 Hz,
-CHO). ®*C-MNR: 21.5, 25.9 (C1-CHs), 50.1 (C3), 55.0, 55.2 (-OCHj), 55.2, 55.3 (-OCHs), 69.3 (C1), 110.3,
112.9 (C4 or C6), 113.3, 113.41(C2"' and C6' or C3' and C5", 114.6, 115.1 (C4 or C6), 127.5, 127.5 (C2' and
C6' or C3'and C5"), 129.7(C5), 133.1 (C3a or C7a or C1", 135.5 (C3a or C7a or C1", 137.0 (C3a or C7a or
C1Y, 154.6 (C7 or C4"), 158.5 (C7 or C4"), 161.9 (-CHO). HR-FABMS: Calcd for CygHNO;3: 298.1443.
Found: 298.1437.

2-Formyl-5-methoxy-1-methyl-1-(4'-methylphenyl)-2,3-dihydro-1H-isoindole (105§) @& a%: Method B

2-Formyl-5-methoxy-1-methyl-1-(4'-methylphenyl)-2,3-dihydro-1H-isoindole (105j)

Brown gum.lH-MNR: 2.13 2.02 (total 3H, each s, C1-CHjy), 2.28, 2.31(total 3H, each s, C4'-CHy), 3.80 (total
3H, each s, C5-OCHs), 4.85, 4.97 (total 1H, each d, J=16 Hz, C3-H), 4.94, 5.05 (total 1H, each d, J=16 Hz,
C3-H), 6.77 (1H, dd, J=2 Hz, 9 Hz, C6), 6.85 (1H, d, J=3 Hz, C4-H), 6.86(1H, d, J=8 Hz, C7), 7.04-7.24
(4H, m, C2'-H and C3-H and C5'-H and C6-H), 8.18, 8.41 (total 1 H, t and s, J=1 Hz, -CHO). *C-MNR:
20.9, 21.0 (C1-CHs or C4'-CHj), 28.8 (C1-CHs or C4'-CH;), 49.8 (C3), 55.5, 55.6 (-OCH3), 69.2 (C1), 107.5,
107.6 (C4 or C6 or C7), 114.9 (C4 or C6 or C7), 123.2, 123.6 (C4 or C6 or C7), 125.7, 125.9 (C2' and C6' or
C3'and C5, 129.4, 129.7 (C2'and C6' or C3'and C5'), 135.1 (C3a or C7a or C1"), 137.4 (C3a or C7a or C1",
138.7 (C3a or C7a or Cl1'), 142.6 (C4), 159.7(C5), 161.9 (-CHO). HR-FABMS: Calcd for CygH,oNO,:
282.1494. Found: 282.1480.
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2-Formyl-7-methoxy-1-methyl-1-(4'-methylphenyl)-2,3-dihydro-1H-isoindole (106j)

Brown gum.*H-MNR: 2.12 (3H, s, C1-CHs), 2.30 (3H, s, C4'-CHy), 3.61 (3H, s, C7-OCHs), 4.86, 4.98 (total
1H, each d, J=16 Hz, C3-H), 4.95, 5.07 (total 1H, each d, J=16 Hz, C3-H), 6.71 (1H, d, J=8 Hz, C4-H or
C6-H), 6.92 (1H, d, J=10 Hz, C4-H or C6-H), 7.02-7.21 (4H, m, C2'-H and C6'-H and C3'-H and C5'-H),
7.28 (1H, dd, J=8 Hz, 8 Hz, C5), 8.13, 8.35 (total 1 H, each s, -CHO). *C-MNR: 21.0, 21.0 (C1-CH, or
C4'-CH3), 25.7, 25.8 (C1-CH; or C4'-CHs), 50.2 (C3), 55.3, 55.4 (-OCH3), 69.6 (C1), 110.3 (Ar), 115.2,
115.3 (Ar), 126.2 (C2'and C6' or C3' and C5'), 126.2 (C2' and C6' or C3' and C5'), 128.8, 129.0 (C2' and C6'
or C3'and C5", 129.7, 129.9(Ar), 133.1 (C3a or C7a or C1"), 135.6 (C3a or C7a or C1", 136.9 (C3a or C7a
or C1", 141.9 (C4", 154.6 (C7), 161.9, 162.0 (-CHO). HR-FABMS: Calcd for C1gH»NO,: 282.1495. Found:
282.1487.

2-Formyl-5-methoxy-1-methyl-1-(4'-trifluoromethylphenyl)-2,3-dihydro-1H-isoindole  (105k) @ & j% :

Method B

2-Formyl-5-methoxy-1-methyl-1-(4'-trifluoromethylphenyl)-2,3-dihydro-1H-isoindole (105k)

Brown gum.lH-MNR: 2.08 2.15 (total 3H, each s, C1-CHg), 3.81, 3.87 (total 3H, each s, C5-OCHy), 4.90,
5.02 (total 1H, each d, J=16 Hz, C3-H), 4.97, 5.09 (total 1H, each d, J=16 Hz, C3-H), 6.78-6.88 (3H, m,
C4-H and C6-H and C7-H), 7.43 (2H, d, J=8 Hz, C2'-H and C6'-H or C3'-H and C5'-H), 7.59 (2H, d, J=8 Hz,
C2'-H and C6'-H or C3'-H and C5'-H), 8.19, 8.43 (total 1 H, each s, -CHO). *C-MNR: 28.6 (C1-CHs), 50.1
(C3), 55.5 (-OCHj), 69.1 (C1), 107.8 (C4 or C6 or C7), 115.1 (C4 or C6 or C7), 123.2 (C4 or C6 or C7),
125.8 (C3' and C5', g, J=3 Hz), 126.4 (C2' and C6"), 135.1 (C3a or C7a or C1"), 137.6 (C3a or C7a or C1",
149.5 (C3a or C7a or C1), 160.1(C5), 161.6 (-CHO). HR-FABMS: Calcd for CigH;i7FsNO,: 336.1211.
Found: 336.1208.

2-Formyl-7-methoxy-1-methyl-1-(4'-trifluoromethylphenyl)-2,3-dihydro-1H-isoindole (106Kk)

Brown gum.*H-MNR: 2.17 (3H, s, C1-CHs), 3.62 (3H, s, C7-OCH,), 4.90 (1H, d, J=16 Hz, C3-H), 4.99 (1H,
d, J=16 Hz, C3-H), 6.73 (1H, d, J=8 Hz, C4-H or C6-H), 6.84 (1H, dd, J=8 Hz, 7 Hz, C5-H), 7.32 (1H, dd,
J=7 Hz, 1 Hz, C4-H or C6-H), 7.43 (2H, d, J=8 Hz, C2'-H and C6'-H or C3'-H and C5'-H), 7.55 (2H, d, J=8
Hz, C2'-H and C6'-H or C3'-H and C5'-H), 8.11, 8.52 (total 1 H, t and s, J=1 Hz, -CHO). ®*C-MNR: 25.6
(C1-CHj3), 50.4 (C3), 55.2 (-OCHj), 69.1 (C1), 110.3 (C4 or C6), 115.3 (C4 or C6), 125.2 (C3' and C5', q,
J=4 Hz), 126.9 (C2' and C6'"), 130.3(C5), 135.1 (C3a or C7a or C1"), 135.6 (C3a or C7a or C1"), 137.6 (C3a
or C7a or C1', 1545 (C7), 1616 (-CHO). HR-FABMS: Calcd for CygH;;FsNO,: 336.1211. Found:
336.1212.
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N-(3-Methoxybenzyl)-N-(1-(4'-(trifluoromethyl)phenyl)vinyl)formamide (107)

Brown gum.lH-MNR: 3.75, 3.77 (total 3H, each s, -OCHjy), 4.52, 4.61 (total 2H, each s, ArCH,;N<), 5.02,
5.11 (total 1H, each s, >C=CH,), 5.24, 5.64 (total 1H, each s, >C=CH},), 6.66 (1H, d, J=2 Hz, C2-H), 6.68
(1H, d, J=8 Hz, C6-H), 6.79 (1H, dd, J=3 Hz, 8 Hz, C4-H), 7.18 (1H, t, J=8 Hz, C5-H), 8.46, 8.55(total 1 H,
each s, -CHO). ®*C-MNR: 46.7, 48.1 (ArCH,N<), 55.1, 55.2 (-OCHs), 111.6, 112.3 (>C=CH,), 112.8, 113.1
(C4), 114.0, 118.8 (C2), 120.7, 122.0 (C6), 125.6, 125.8 (q, J=4 Hz, C3' and C5'), 127.4, 128.2 (C2' and C6"),
129.5, 129.8 (C5), 131.3 (g, J=33 Hz, C4'), 137.5 (C1 or C1' or >C=CHj,), 139.2 (C1 or C1' or >C=CH)),
144.7 (C1 or C1' or >C=CHy,), 159.7 (C3), 162.2, 162.4 (-CHO). LRMS m/z: 335 (M"), 121 (base peak).

3-Methoxybenzylamine (80) & cyclohexanecarbaldehyde (2b) @A I LD #EER: Method a

N-(3-Methoxybenzyl)(cyclohexyl)methanamine (82b)

Colorless oil.IR: 3392, 29222, 2850, 2802."H-MNR: 0.84-0.96, 1.07-1.30, 1.42-1.77 (11H, m, cyclohexyl),
2.45 (2H, d, J=7 Hz, ArCH,NHCH,-), 3.75 (2H, s, ArCH,NH), 3.81 (3H, s, -OCHj), 6.78 (1H, dd, J=3 Hz, 8
Hz, C4-H or C6-H), 6.88-6.90 (2H, m, C2-H and C4-H or C6-H), 7.23 (1H, dd, J=8 Hz, 8Hz,
C5-H)."*C-MNR: 26.1 (cyclohexylx2), 26.7 (cyclohexyl), 31.4 (cyclohexylx2), 38.0 (cyclohexyl), 54.1
(ArCH,NHCH,-), 55.2 (-OCHs), 56.2 (Ar-CH,-), 112.3 (-Ar), 113.5 (-Ar), 120.3 (-Ar), 129.3 (-Ar), 142.4
(C1), 159.7 (C3).LRMS m/z: 233 (M), 121 (base peak).HRMS: Calcd for CisH»NO : 233.1769. Found:
233.1798.

3-Methoxybenzylamine (80) & cyclohexanecarbaldehyde (2b) D E&{b )< )ii: Method B

N-(3-Methoxybenzyl)-N-(cyclohexylidenemethyl)formamide (108b)

Colorless oil.IR: 3392, 29222, 2850, 2802."H-MNR: 0.84-0.96, 1.07-1.30, 1.42-1.77 (11H, m, cyclohexyl),
2.45 (2H, d, J=7 Hz, ArCH,NHCH,-), 3.75 (2H, s, ArCH,NH), 3.81 (3H, s, -OCHj3), 6.78 (1H, dd, J=3 Hz, 8
Hz, C4-H or C6-H), 6.88-6.90 (2H, m, C2-H and C4-H or C6-H), 7.23 (1H, dd, J=8 Hz, 8 Hz,
C5-H).*C-MNR: 26.1 (cyclohexylx2), 26.7 (cyclohexyl), 31.4 (cyclohexylx2), 38.0 (cyclohexyl), 54.1
(ArCH,NHCH,-), 55.2 (-OCHj), 56.2 (Ar-CH,-), 112.3 (-Ar), 113.5 (-Ar), 120.3 (-Ar), 129.3 (-Ar), 142.4
(C1), 159.7 (C3).LRMS m/z: 233 (M"), 121 (base peak).HRMS: Calcd for C;sHxsNO : 233.1769. Found:
233.1798.

N-(3-Methoxybenzyl)-N-((1-hydroxycyclohexyl)methyl)formamide (110b)

'H-MNR: 1.20-1.65 (10H, m, cyclohexyl), 2.96 (1H, brs, -OH), 3.10, 3.25 (total 2H, each s,
ArCH;N(CHO)CH,-), 3.79, 3.80 (total 3H, each s, -OCH,), 4.56, 4.73 (total 2H, each s, ArCH,N(CHO)-),
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6.71-6.87 (3H, m, -Ar), 7.21-7.31 (1H, m, -Ar), 8.22, 8.36 (total 1H, each s, -CHO).*C-MNR: 21.4, 21.6
(cyclohexylx2), 25.4, 25.5 (cyclohexyl), 35.3, 35.8 (cyclohexylx2), 47.3, 50.2 (ArCH,NH(CHO)-), 52.5,
53.2 (ArCH,N(CHO)CH,-), 55.0, 55.1 (-OCHs), 71.8, 72.8 (cyclohexyl), 112.6, 113.0 (-Ar), 113.2, 113.6
(-Ar), 119.6, 120.3 (-Ar), 129.4, 129.8 (-Ar), 137.6, 138.2 (Cl1), 159.7, 159.9 (C3), 164.3, 164.7
(-CHO).LRMS m/z: 277 (M"), 179 (base peak).HRMS: Calcd for C1sH»sNO; : 277.1677. Found: 277.1717.
N-(3-Methoxybenzyl)-N-(cyclohexylidenemethyl)acetamide (109b)

'"H-MNR: 1.23-1.25 (2H, m, cyclohexyl), 1.47-1.49 (4H, m, cyclohexyl), 1.85-1.89 (2H, m, cyclohexyl),
1.99-2.10 (2H, m, cyclohexyl), 2.01 (3H, s, -COCH3), 3.79, 3.80 (total 3H, each s, -OCHs), 4.56, 4.78 (total
2H, each s, ArCH;N (CHO)-), 5.59, 5.74 (total 1H, each s, ArCH2N (CHO)-CH=), 6.77-6.91, 7.17-7.24 (4H,
m, C2-H and C4-H and C5-H and C6-H)."*C-MNR: 22.0 (-COCHs), 25.7, 26.2 (cyclohexyl), 26.3, 26.4
(cyclohexyl), 27.8, 28.0 (cyclohexyl), 28.0, 28.1 (cyclohexyl), 29.7, 32.9 (cyclohexyl), 48.0, 50.7
(ArCH,NH-), 55.2 (-OCHs), 112.9, 112.9 (-Ar), 113.7, 1114.3 (-Ar), 118.7, 120.6 (ArCH,N(CHO)-CH=),
120.9, 121.3 (-Ar), 129.2, 129.2 (-Ar), 139.0 (C1 or cyclohexyl), 143.3 (C1 or cyclohexyl), 159.6 (C3), 170.7
(-CHO).LRMS m/z: 273 (M*), 121 (base peak).HRMS: Calcd for C;7H,sNO, : 273.1726. Found: 273.1705.

3-Methoxybenzylamine (80) & cyclopentanecarbaldehyde (2¢) @ Ez{b<Jis: Method B

N-(3-Methoxybenzyl)-N-(cyclopentylidenemethyl)formamide (108c)

'H-MNR: 1.56-1.67 (4H, m, cyclopenthyl), 2.13-2.21 (2H, m, cyclopenthyl), 2.24-2.31 (2H, m,
cyclopenthyl), 3.79, 3.80 (total 3H, each s, -OCHjs), 4.52, 4.56 (total 2H, each s, ArCH,N(CHO)-), 5.76, 5.94
(total 1H, each qui, J=2 Hz, ArCH,N(CHO)-CH=), 6.72-6.73, 6.78-6.85 (total 3H, each m, -Ar), 7.19-7.28
(1H, m, -Ar), 8.21, 8.23 (total 1H, each s, -CHO).®*C-MNR: 25.3, 25.9 (cyclopenthyl), 25.8, 26.1
(cyclopenthyl), 29.0, 29.9 (cyclopenthyl), 31.2, 32.0 (cyclopenthyl), 47.5, 52.1 (ArCH,NH-), 55.0, 55.0
(-OCHs), 112.6, 112.8 (-Ar), 112.9, 113.3 (-Ar), 115.0, 118.3 (ArCH2N(CHO)-CH=), 119.1, 120.2 (-Ar),
129.3, 129.4 (-Ar), 138.1, 138.2 (C1 or cyclopenthyl), 141.5, 142.1 (C1 or cyclopenthyl), 159.5, 159.7 (C3),
161.2, 162.5 (-CHO).LRMS m/z: 245 (M%), 121 (base peak).HRMS: Calcd for CisHisNO, : 245.1413.
Found: 245.1413.

N-(3-Methoxybenzyl)-N-((1-hydroxycyclopentyl)methyl)formamide (110c)

'H-MNR: 1.53-1.89 (8H, m, cyclopenthyl), 3.08 (1H, brs, -OH), 3.24, 3.39 (total 2H, each s,
ArCH,;N(CHO)CH,-), 3.79, 3.81 (total 3H, each s, -OCHj3), 4.57, 4.72 (total 2H, each s, ArCH,N(CHO)-),
6.72-6.73, 6.77-6.88 (total 3H, each m, -Ar), 7.24, 7.29 (total 1H, each dd, J=8 Hz, 8 Hz, C5-H), 8.26, 8.355
(total 1H, each s, -CHO)."*C-MNR: 23.3, 23.4 (cyclopenthylx2), 38.4, 38.5 (cyclopenthylx2), 47.0, 53.2
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(ArCH;NH(CHO)-), 51.8, 55.0 (ArCH,N(CHO)CH,-), 55.2, 55.3 (-OCH;), 82.5, 83.3 (cyclopenthyl), 112.9,
113.3 (-Ar), 113.3, 113.7 (-Ar), 119.7, 120.4 (-Ar), 129.7, 130.0 (C5), 137.5, 138.2 (C1), 159.9, 160.1 (C3),
164.2, 164.8 (-CHO).LRMS m/z: 263 (M"), 122 (base peak).HRMS: Calcd for C;sHyNO; 1 263.1522.
Found: 263.1528.

3,4-Dimethoxybenzylamine (70) & cyclohexanecarbaldehyde (2b) & @ Be{bk ) )i>:Method B

N-(3,4-Dimethoxybenzyl)-N-(cyclohexylidenemethyl)formamide (111b)

'"H-MNR: 1.23-1.33 (2H, m, cyclohexyl), 1.48-1.52 (4H, m, cyclohexyl), 1.95-1.99 (2H, m, cyclohexyl),
2.03-2.12 (2H, m, cyclohexyl), 3.86, 3.87 (total 3H, each s, -OCHj), 3.87, 3.88 (total 3H, each s, -OCHj),
4.40, 4.48 (total 2H, each s, ArCH,N(CHO)-), 5.4, 5.59 (total 1H, each s, ArCH2N(CHO)-CH=), 6.70-6.84
(3H, m, C2-H and C5-H and C6-H), 8.03, 8.30 (total 1H, each s, -CHO).13C-MNR: 26.2, 26.2 (cyclohexyl),
26.7, 27.5 (cyclohexyl), 28.0, 28.0 (cyclohexyl), 28.0, 28.1 (cyclohexyl), 33.2, 33.4 (cyclohexyl), 47.8, 53.5
(ArCH,NH-), 55.8, 55.9 (-OCHs), 55.9, 55.9 (-OCH3), 110.6, 110.8 (-Ar), 111.0, 111.7 (-Ar), 115.5, 118.6
(ArCH2N(CHO)-CH=), 120.2, 121.2 (-Ar), 129.1 (C1 or cyclohexyl), 141.5 (C1 or cyclohexyl), 148.4 (C3
or C4), 148.9 (C3 or C4), 161.8, 162.9 (-CHO).LRMS m/z: 289 (M"), 151 (base peak).HRMS: Calcd for
C17H23NO;3 1 289.1675. Found: 289.1658.
N-(3,4-Dimethoxybenzyl)-N-((1-hydroxycyclohexyl)methyl)formamide (112b)

Colorless crystal. m.p.: 99-103°C.IR: 3327, 1645."H-MNR: 1.19-1.66 (10H, m, cyclohexyl), 2.99 (1H, brs,
-OH), 3.10, 3.24 (total 2H, each s, ArCH,N(CHO)CH,-), 3.86, 3.87 (total 3H, each s, -OCHs), 3.87, 3.89
(total 3H, each s, -OCH3), 4.53, 4.69 (total 2H, each s, ArCH,N(CHO)-), 6.67, 6.81 (total 1H, each d, J=2 Hz,
C2-H), 6.76, 6.80 (total 1H, each dd, J=2 Hz, 8 Hz, C6-H), 6.82, 6.85 (total 1H, each d, J=8 Hz, C5-H), 8.21,
8.38 (total 1H, each s, -CHO)."*C-MNR: 21.6, 21.8 (ecyclohexylx2), 25.5, 25.6 (cyclohexyl), 35.5, 36.1
(cyclohexylx2), 47.4, 53.4 (ArCH,NH(CHO)-), 52.6, 55.9 (ArCH,N(CHO)CH,-), 55.9, 56.0 (-OCHs), 55.9,
56.0 (-OCHs), 72.2, 73.0 (cyclohexyl), 110.5, 111.0 (C2), 111.3, 111.7 (C5), 120.2, 120.9 (C6), 128.3, 129.5
(C1), 148.6, 149.0 (C3 or C4), 149.3, 149.5 (C3 or C4), 164.3, 164.7 (-CHO).LRMS m/z: 307 (M"), 151
(base peak).HRMS: Calcd for C;;H,sNO, : 307.1781. Found: 307.1781.

3,4-Dimethoxybenzylamine (70) & cyclopentanecarbaldehyde (2¢) & @ k)i~ Method B

N-(3,4-Dimethoxybenzyl)-N-(cyclopentylidenemethyl)formamide (111c)
'H-MNR: 1.57-1.66 (4H, m, cyclopenthyl), 2.10-2.19 (2H, m, cyclopenthyl), 2.25-2.33 (2H, m,
cyclopenthyl), 3.86, 3.87 (total 3H, each s, -OCH3), 3.87, 3.88 (total 3H, each s, -OCHj3), 4.48, 4.51 (total 2H,
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each s, ArCH,N(CHO)-), 5.75, 5.89 (total 1H, each qui, J=2 Hz, ArCH,N(CHO)-CH=), 6.69-6.84 (3H, m,
-Ar), 8.21, 8.23 (total 1H, each s, -CHO).”*C-MNR: 25.5, 26.0 (cyclopenthyl), 25.9, 26.2 (cyclopenthyl),
29.1, 30.1 (cyclopenthyl), 31.3, 32.0 (cyclopenthyl), 47.5, 52.2 (ArCH,NH-), 55.8, 55.8 (-OCH;x2), 110.0,
110.8 (-Ar), 111.0, 111.3 (-Ar), 115.0, 118.3 (ArCH2N(CHO)-CH=), 119.5, 120.6 (-Ar), 129.0, 129.3 (C1 or
cyclopenthyl), 142.2, 142.6 (C1 or cyclopenthyl), 148.3, 148.6 (C3 or C4), 149.1, 149.1, 149.9 (C3 or C4),
161.2, 162.5 (-CHO).LRMS m/z: 275 (M"), 151 (base peak).HRMS: Calcd for C;gHyNO; 1 275.1522.
Found: 275.1555.

N-(3,4-Dimethoxybenzyl)-N-((1-hydroxycyclopentyl)methyl)formamide (112c)

'H-MNR: 1.50-2.19 (8H, m, cyclopenthyl), 3.19 (1H, brs, -OH), 3.23, 3.37 (total 2H, each s,
ArCH,N(CHO)CH,-), 3.85, 3.87 (total 3H, each s, -OCH;), 3.87, 3.88 (total 3H, each s, -OCHj), 4.53, 4.68
(total 2H, each s, ArCH,N(CHO)-), 6.68, 6.80 (total 1H, each d, J=2 Hz, C2-H), 6.76, 6.82 (total 1H, each dd,
J=2 Hz, 8 Hz, C6-H), 6.82, 6.85 (total 1H, each d, J=8 Hz, C5-H), 8.24, 8.36 (total 1H, each s,
-CHO).B®C-MNR: 23.3, 223.4 (cyclopenthylx2), 38.3, 385 (cyclopenthylx2), 46.8, 551.5
(ArCH,NH(CHO)-), 53.1, 54.8 (ArCH,N(CHO)CH,-), 55.8, 55.9 (-OCH), 55.8, 55.9 (-OCHs), 82.4, 83.2
(cyclopenthyl), 110.3, 110.8 (C2), 111.2, 111.3 (C5), 120.1, 120.7 (C6), 128.1, 129.2 (C1), 148.4, 148.9 (C3
or C4), 149.2, 149.3 (C3 or C4), 164.2, 164.6 (-CHO).LRMS m/z: 293 (M"), 151 (base peak).HRMS: Calcd
for C15H25NO, : 293.1624. Found: 293.1601.

3-Methoxybenzylamine (80) & cyclopropanecarbaldehyde (2d) DA < ix: Method B

N-(3-Methoxybenzyl)-2,2,2-trifluoroacetamide (113)

'H-MNR: 3.81 (3H, s, -OCHs), 4.50 (2H, d, J=6 Hz, Ar-CH,-), 6.57 (1H, brs, -NH-), 6.81-6.89 (3H, m, C2-H
and C4-H and C6-H), 7.29 (1H, dd, J=8 Hz, 8 Hz, C5-H).”*C-MNR: 43.9 (Ar-CH,-), 55.3 (-OCH), 113.7
(-Ar), 113.7 (-Ar), 120.1 (-Ar), 130.2 (-Ar), 137.3 (C1), 160.1 (C3).LRMS m/z: 233 (M*, base peak).HRMS:
Calcd for CigH1oNO,F5: 233.0664. Found: 233.0684.

3-Methoxybenzylamine (80) & paraformaldehyde (2m) DA I /AL DO#ER Method a

1-(3-methoxyphenyl)-N-methylenemethanamine (81m)

Colorless gum.IR: 1601."H-MNR: 3.42 (2H, brs, ArCH,N=CH,), 3.65 (2H, s, ArCH,N=), 3.78 (3H, s,
-OCHs), 6.74-6.77 (1H, m, C4-H or C6-H), 6.88-6.90 (2H, m, C2-H and C4-H or C6-H), 7.17 (1H, dd, J=8
Hz, 8 Hz, C5-H).2*C-MNR: 55.1 (-OCHs), 57.0 (Ar-CH,-), 73.8 (ArCH,N=CH,), 112.6 (-Ar), 114.0 (-Ar),
121.1 (-Ar), 129.1 (-Ar), 140.1 (C1), 159.6 (C3).LRMS m/z: 149 (M"), 138 (base peak).HRMS: Calcd for
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CyH11NO : 149.0841. Found: 149.0867.

(3-Methoxyphenyl)-N-methylenemethanamine (81m) ®i% T

1) (3-Methoxyphenyl)-N-methylenemethanamine (81m) (500 mg, 1.0 mol eq) ®ii/K Et,0 (20 mL) &%
(KT8 #R T LiIAIH, (0.153 g, 1.2 mol eq) Z4RA IZHNZ 7214, rt.C 20 h i##E L7, SOSIEAMIC
Na,SO, % I X 7= # B F1D Na, SO, /KEEHR & I 2 CilFl 72 LiAIH, & 53 fiF U (Ls=HZ T8 L7 7
7R e BT THSINER L, AcOEt THeif &t P4 £ L. RiEE 7T 2
7y hrvrsa~ 8777 ¢ — (ACOEt : n-hexane=1:1) ([ZTH L7223, 8lm %
477 mg, 95%[E]U L 7=.

2) (3-Methoxyphenyl)-N-methylenemethanamine (81m) (200 mg, 1.0 mol eq) @ AcOH (20 mL) ik %
PtO, (61 mg, 0.2 mol eq) f#7E F 4 h #EfiuE L 21772 > 7. SUNEG WA T8 L PtO, & bR\ 72 1%
10%NaOH [Z THHME L CHCL I THl L7z, RiEE 7 I/ ey U hrvsa~v 7
Z 7 4 — (AOEt: n-hexane=1:1) |2 L VL L, 82m % 87 mg, 43%, 80 % 63 mg, 345 DYLHET

57=.

(3-Methoxyphenyl)-N-methylmethanamine (82m)

Yellow oil.IR: 3435.'"H-MNR: 2.45 (3H, s, ArCH,NHCHs>), 3.72 (2H, s, ArCH,NH-), 3.81 (3H, s, -OCHs),
6.78-6.81 (1H, m, C4-H or C6-H), 6.87-6.90 (2H, m, C2-H and C4-H or C6-H), 7.21-7.26 (1H, m,
C5-H).*C-MNR: 36.0 (ArCH,N=CHj), 55.2 (-OCHj3), 56.0 (Ar-CH,-), 112.5 (-Ar), 113.5 (-Ar), 120.4 (-Ar),
129.3 (-Ar), 141.7 (C1), 159.7 (C3).LRMS m/z: 151 (M"), 122 (base peak).HRMS: Calcd for CoH;3NO :
151.0994. Found: 151.0977.

N-(3-Methoxybenzyl)formamide (86) DiZ o

N-(3-Methoxybenzyl)formamide (86) (220 mg, 1.0 mol eq) Dfii/k Et,0 (20 mL) AR KM T
LiAIH,(0.610 g, 1.5 mol eq) &4 12Nz 7%, 3hNEGER L1z, BUSTEAWIZ Na,S0, & 2 7-1%
BIFN D NapSO, KV R 22 I A T 72 LiAIH, 23R L7z, MillliR=FIc R L7272/ ey
A7 A TS g L, ACOEt TURIf#% IR TSI B2 L, 82m % 199 mg, 99%, DU THH7-.

3,4-Dimethoxybenzylamine (70) & cyclopentanone (32d) @A </ {b O#eER: Method a

N-(3,4-Dimethoxybenzyl)cyclopentanamine (98d)

'H-MNR: 1.32-1.43 (2H, m, cyclopenthyl), 1.49-1.60 (2H, m, cyclopenthyl), 1.64-1.74 (2H, m,
cyclopenthyl), 1.81, 1.89 (2H, m, cyclopenthyl), 3.11 (1H, quin, J=7 Hz, cyclopenthyl), 3.71 (2H, s,
Ar-CH,NH-), 3.87 (3H, s, -OCHs), 3.90 (3H, s, -OCH), 6.81 (1H, d, J=8 Hz, C5-H), 6.85 (1H, dd, J=8 Hz, 2
Hz, C6-H), 6.90 (1H, d, J=2 Hz, C2-H)."*C-MNR: 24.1 (cyclopenthylx2), 33.1 (cyclopenthylx2), 52.6
(Ar-CH,NH-), 55.8 (-OCHj), 55.9 (-OCHj), 59.2 (cyclopenthyl), 111.0 (C5), 111.4 (C6), 120.2 (C2), 133.4
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(C1), 147.9 (C3 or C4), 148.9(C3 or C4).LRMS m/z: 235 (M), 151 (base peak).HRMS: Calcd for
C14H21NO,: 235.1570. Found: 235.1535.

3,4-Dimethoxybenzylamine (70) & cyclopentanone (32d) @V ix: Method B

1-(2-(3,4-Dimethoxybenzylamino)cyclopent-1-enyl)ethanone (114).

'H-MNR: 1.80-1.92 (2H, m, C4’-H), 2.06, 2.07 (total 3H, each s, C(O)CHs), 2.49, 2.56 (total 2H, each t, J=8
Hz, C3’-H or C5’-H), 2.60, 2.61 (total 2H, each t, J=7 Hz, C3’-H or C5’-H), 3.87 (3H, s, -OCHj3), 3.87 (3H,
s, -OCHj), 4.35 (2H, d, J=6 Hz, Ar-CH,NH-), 6.76-6.84 (3H, m, -Ar), 9.73 (1H, brs, -NH)."”*C-MNR: 21.1,
21.3 (C4), 28.0, 28.2 (C(O)CHs3), 30.1, 30.5 (C3’ or C5’), 31.6, 34.8 (C3’ or C5’), 48.2 (Ar-CH,NH-), 55.8
(-OCHs), 55.9 (-OCHj), 55.9 (-OCHs3), 105.2 (C27), 110.2 (C5), 111.3 (C6), 119.1 (C2), 131.3 (C1), 148.4
(C3 or C4), 149.2 (C3 or C4), 166.3 (C1°), 193.8 (-C(O)CHs).LRMS m/z: 275 (M*), 151 (base peak).HRMS:
Calcd for Ci6H21NO3: 275.1522. Found: 275.1550.

2-Formyl-1-phenyl-5-methoxy-2,3-dihydro-1H-isoindole (84a) & %IZ31F % mixed anhydride ® & D

&f: Method B

N-(3-Methoxybenzyl)-N-benzylformamide (117a)

Yellow oil.IR: 1672.'H-MNR: 3.79, 3.80 (total 3H, each s, -OMe), 4.23, 4.27 (total 2H, each s,
Ar-CHy-NH-CH,-Ph or Ar-CH,-NH-CH,-Ph), 4.38, 4.42 (total 2H, each s, Ar-CH,-NH-CH,-Ph or
Ar-CH,-NH-CH,-Ph), 6.68-6.95, 7.16-7.40 (total 9H, each m, -Ph and -Ar), 8.40, 8.41 (total 1H, each s,
-CHO).* C-MNR: 44.6, 44.7 (Ar-CH,-NH-CH,-Ph or Ar-CH,-NH-CH,-Ph), 50.2, 50.2 (Ar-CH,-NH-CH,-Ph
or Ar-CH,-NH-CH,-Ph), 55.2, 55.2 (-OCH3), 113.2, 113.3 (-Ar or -Ph), 113.4, 113.9 (-Ar or -Ph), 119.9,
120.8 (-Ar or -Ph), 127.6, 128.1 (-Ar or -Ph), 127.7, 128.5 (-Phx2), 128.7, 128.9 (-Phx2), 129.7, 130.0 (-Ar
or -Ph), 135.6, 136.0 (C1 or C1’)137.2, 137.5 (C1 or C1’), 159.9, 160.1 (C3’), 162.8 (-CHO).LRMS m/z:
255 (M™), 164 (base peak).HRMS: Calcd for CysH17NO, : 255.1260. Found: 255.1273.

N-(3’-Methoxybenzyl)-N-benzylformamide (117a) D&k

N-(3’-Methoxybenzyl)-N-benzylamine (82a) (500 mg, 1.0 mol eq) (2T rt. THEE: L CTHH% L 7= mixed
anhydride (Ac,0-HCOOH =100 mol eq: 100 mol eq) Z KR T T L, 70°C T 1 h N L7-.
FOGIRG ) 2 E T IAE L, 10%NaOH (2 THiEM: & L CHCL o Tl L7z, RiEa s UV vy
n~ 777 4 — (ACOEt : n-hexane=1:2) |Z THH L, N-(3’-methoxybenzyl)-N-benzylformamide
(117a) % 535 mg, 95% DU THH7-.
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