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HPLC
HRMS

AB quartet

acetyl

acetylacetonate

atmospheric pressure chemical ionization
aqueous

benzyl

tert-butoxycarbonyl

broad

butyl

benzoyl

catalyst

concentration

doublet
1,8-diazabicyclo[5.4.0Jundec-7-ene
doublet of doublets

doublet of doublets of doublets
doublet of doublets of triplets
diisobutylaluminium hydride
4-dimethylaminopyridine
N,N-dimethylformamide

dimethyl sulfoxide
1,1’-bis(diphenylphosphino)ferrocene
doublet of quartets

doublet of triplets

equivalent

electron ionization

electrospray ionization

ethyl

electron withdrawing group
generation

n-hexane

high-performance liquid chromatography

high resolution mass spectrum
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IR infrared

LRMS low resolution mass spectrum
m multiplet

Me methyl

Mp melting point

MS mass spectrum

n normal

NMR nuclear magnetic resonance
NOESY nuclear Overhauser enhancement and exchange spectroscopy
n.r. no reaction

Ph phenyl

Pr propyl

q quartet

qt quartet of triplets

quant. quantitative

quint quintet

r.t. room temperature

s singlet

sext sextet

t triplet

t tertiary

td triplet of doublets

tdd triplet of doublets of doublets
Tf trifluoromethanesulfonate
TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography
TMS trimethylsilyl

trig trigonal

tt triplet of triplets
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7 X N, REMZ I C O < OEMTEHALEITE FN 5 BERIMOMEED—D>Th
Do VIRDTYH, T X DK ERET I NI A I R E END (Figure 1), B %
X, 7228 UL, B U AT UMMEKB (B b OEEZREOE) MR o A A
#5045 Leuconodine E 2 <2, A431 (b b _bRoASHMAE: HSARIORR) ~D a4 A9
% 14,15-Dihydroxygelsenicine » | Ml FEMEF5 L OWLETENE % A 3 2 VEE R SX%) Haliclonin A ¥
REBMBNTND, £io, HHEET I FEE LTE, A VYHEEKT L H a4 K Kingamide A
R, PURBEREZ S O T 7 4 NV ATERAER OV — FMeEmE LTHHWLNR TN D
Oroidin 35 L OV OHifxlA © 72 EE BTN D

HO N— Me
N N-ome

O

Leuconodine E 14,15-Dihydroxygelsenicine

CHO Haliclonin A

H
N
OB r / \/O}/ \QA
1: }WH OH
o ) %\/ﬁj>ﬂw2

o .
HO/\\O Oroidin : R'=R2=Br
HO Hymenidin : R' = Br, R>=H
Kingamide A Clathrodin : R! = R2 = H

Figure 1. Biologically active compounds having amide.

ZFOH, T I MERKTIAEAERIERCB O TEERSTH D, ZOMEEL LT
HLDOEHWHNTWD VR EEFERE T I UV E OREARIGTET TR, "IV Y
LEAFEE T, —BLREFE LT IV EHWLF LT 4 DT 2 ) AR = RS ™9 7
EOT I ROFT- e RIEORBENEE ST D, ”

ZIT, BEHET 7 X DEBLONERT 2 FEOFT- 2 EEEOREEZBNE LT,
RF%— IR _HEAEG DIV R=VEOBEANZED T R VR = ALK IS DB I E T
L7z (Scheme 1), 3 7bb, G TRNIZT I VEHnEA VT 0 VEGERT HILEHDOT
I ANKREZNWACRINZ L0 77 Z DERE LIV, £727 I VB EFEFRILEMOT I /70
NAR=ZIALRIETIEEER T 2 NEXGOLND EHE X T,



aminocarbonylation o
- of C-C double bond M
N H ) by C4 insertion N~ W:’_\\

Scheme 1. Strategy for the synthesis of amide by aminocarbonylation.

IXLDIC, 27X T UVBREBDAERT T RaXx /) U 1lad T 7 % MG %
st L7z (Table 1), £9°. 7V AVBMAIE LT R =FART o2 HWT, ZBRFE T,
FRTT 7 Z MRS EHEF Lic, £OfER, DEO MY 7 ara XF VT 201 A 3a
LBz, IRV LRI OEAN—FICET L, BEEEEs AT 57enT
75 K 2a WEAERME LT A40%DIEETH LA (entry 1) (55 1 FE 1 §i), KIZ, o
TIIVEIGEEIE WT T 7 Z MERKISERE LT & 2 A, AT VEEEAWTEGAILY
0 a T AN 2a DHD 86%DILFHE, endo : exo=2: 1 DIAKZTRM: T O (entry 2) (GF
| =552 i),

Table 1. Chlorolactamization of spirocyclopentenyltetrahydroquinoline.

CCls
H S \/, ~Cl H
N radical initiator
> + N
O CHCls, Ny, air £ "
r.t.
1a 3a
¢ dical initiat yield (%)
entr
y radical initiator 22 3a
1 Et;B 40 12
2 Me,Zn 86 -b)
3 Et,Zn 36 -0

a) The ratios of stereoisomers were in the range of 1: 1 ~ 3 : 1 determined by "H NMR analysis.
b) Not detected.

Iz, Krvana 7 % MURIEDRIEEIBIZOWTELE LT, £9°. I AF /Ll e
ENORAELTEATFNTIOHNVEIEIA N TOHMICKY, 7ok bDOKERA

CHCl, MeH + MeOH
0
Me,Zn ——2= Me- + MeO- - -CCl,
0, MeyZn
‘CCl; —2» -00CCl; ——» MeZnOOCCl; —> COCl,
A B

Scheme 2. Plausible reaction pathway for generation of phosgene.



MBI EHEI, V7 aa AF AT AN ERT D, iy T, N rZmruaAFLIsohn
UMEEFER L O A F L RIS L, ~AF T PH0 A ZfRE L CER Lz
NEFRT RBDOGIRIZEY  RATUNERT D EEZXBND (Scheme 2), KRIZ, ¥ 71
NUTUVREBODAEYRT M T ReXx Uy 1la LV ATFVIERIZ K AR Lo #EER T
SRCHB, RRAFATLTOT I NALENAINNREAL LI Y R da L7320 HEFRTOR
BEICEDADBIOT VI AL A EDERE ALY A A DENELED Prlnsﬁ”/'ﬂﬂﬁ)i
IS BHEITL, zunT s 2anEbhiizlE 2505 (Scheme 3) (5 1 #4553 ),

e\

n COC|2 |||||||Zn
"Me
MeZZn MeZZn
acylat|on
+
0 |O| 0 0
i | R cl
. N+ ‘ N ‘ N Me,ZnCl N
Prins-type
cyclization
D E F 2a

Scheme 3. Possible reaction pathway for chlorolactamization.

WIZ, ARRISIZBT 5P U EOBEBRLEGRB LOEERE~T 0 RIS OROKE
SIZ K DL RF L2 (Scheme 4), ZOfEHR, NUEBUER FOBEHBIEKIZONTIX, 20
BFHMEEICEDL L TRIGHEIT L, T, BROZ v F 7 & A 2b-d NHFRE DIX
RBTHELNTZ, 2, A Y VK le WA, REL< Z7eun T 7 % MMl
FORREIT L 95%DINRT 7 aa T 7 X L 2e DELITZ, 2B, XUV 7 EBEUFHER
U YT UHEERIg I L COARKICEITT D2 Z RN E ol B E
55 4 iy, Y

H
R2 N ‘ Me,Zn
_— >
O CHC|3, N2, air
R! rt.

n

2b (R'=0OMe, R2=H,n=1):67%
2¢ (R'=H, R?>=Me, n=1): 54%

2d (R'=CI,R?2=H, n=1):62%

2e (R'=R?=H,n=0):95%

2f R'=R?=H,n=2):68%

1b-g 2b-g 2g (R'=R?=H, n =3): 60%

Scheme 4. Substituent effects on the benzene ring and the ring size effects.

WIZ, BkARAETIAT I VEEHAWTT 7 2 MuOh 5 L7 (Scheme 5), % ®
fE, SHREEZ AT HRET VAT I 5a, SbBLNSc iz ThrrRrT 7% MM
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BSOS HEIT L, < DBU %ﬂ%b\f:ﬂ?ﬁﬁ%{m@%a:i V. a,pB-NEEFIT7 7 Z L Ta, Tb BIW
Te W& HILT (BB 1 325 5 ),

1) Me,Zn
CHCly
§ No, air . 72 (R'=Ph, R? = R® = H): 68%
R1” NRC”W 7b (R1 Bn, R2 = Ph, R® = H): 50%
R2 CH2C|2 7¢ (R'=Ph, R? = H, R% = Bn): 46%
5a-c 6a -c 7a -c

Scheme 5. Lactamization of various acyclic homoallylic amines.

AIETCHR LIz an 7 7 % MERISIZIE, RAF U2 VBEERAE I DO &
DY AFNVHEEBNEL 25, £2C, LVRAKOE N aa T 7 ¥ MUKIG & LT
HHIT, FEEROKRATFVEMETHL NIRRT v Efniyr7aXv 7 U RBE DA
vrn7 hJeRkex /U rlanrnnZ 7 2 MRS Z 8 L7z (Scheme 6), 1la &, ¥
sup Ao BET R ARATF LRSS, SIRREEKFET N U U LOKIEK Z N Z
TR EEESE, 7 aaRL A\ VSO NTHAERD O KFEAT h X
D, INREA N7 Y R da OERPHER S, W CHARM Z oBuEE 7 v~ N7
T4 —ICTHERT DL, yun T XA 2a BEiEE RERIC endo IREEET L, IERL
AT HZEERH L B2 EFE 1HE 1H), 9 KESTIEIIANREAL L7 | 4a
DHRIFF OBEEN Y I F A XV RES D Z LI X - T, BiE & FERIC Prins HUEBRAL
FUSDEITL TS EEZ DD (52 T4 1 fiss 2 H), 0

1) (CCI30),CO, CH,Cly, rt.

H
N -
O 2) silica gel

1a 2a: 75%
endo:exo=2:1
l (CCl30),CO TCT

Cl 0 o}

O
N SiO; H+
oy A A
O O Prins-type

cyclization

4a D E - F
miz: 247 (M%)

Scheme 6. Triphosgene-mediated chlorolactamization.



WIZ, AROSO G #E SOV TR LTz, £7, XUBrREOBEBBELIZL D%
BA et LT hb 5, b\fh@%é}% HFREEDOINRTZar T 7 4 A 2bd BLO2h BNES
7= (Scheme 7), '

) 2b (R' = OMe, R? = H): 56%
/“ 2¢ (R'=H, R? = Me): 53%
2d (R'=CI,R? = H): 67%
2h (R'=Br, R? = H): 45%

1) (CCI30),CO

R2! ‘ _CHCbrt o

2) silica gel
R1
1b-d,h 2b-d,h

Scheme 7. Substituent effects on the benzene ring.

T, A uEEE A SBRWVEIROKRET VLT v Sa DEEITIE, T 7 X MuRIE%E
AT S WD T 0INA ZABEDTRNBUETHD ZERHLNE T, Thbb, SaDy
smanaRE WKy, PEFVERFAET, NIRRT U ERAW T Zrr T 7 2 MELTE
#%. DBU Z HWTHIIELAKREZITV, aB-NEFIT7 7 # A Ta & 2 BEFEIEE 48% TIE7-
(Scheme 8) (5 2 F5F 1 Hizh 3 1H), 'V

H 1) (CCI30),CO, Et,Zn O
Ph/NN CH2C|2, r.t. - /N

2) DBU, CH,Cly, r.t. Ph
5a 7a: 48%

Scheme 8. Lactamization of acyclic homoallylic amine.

WRIZ, REABIOEELE L TC=NIAVEHWDET I 727 % MERISEREF LT
(Scheme9), ¥ 7 u~ 7T UEZH DA FTZE Fefx /U 1ad07kthr=r) /LY

., NHCOR® R’=Me
ﬁ 8aA (R'=R?2 = H): 48%

8bA (R' = OMe, R? = H): 50%
8cA (R'=H, R? = Me): 50%
8dA (R'=Cl, R? = H): 48%

R3CN, r.t.
R‘l

2 H 2
R O N ‘ (CCl0),CO R

— =
R1

1a-d,h 8aA-dAhA,aB
acylation T 8hA (R'=Br, R? = H): 48%
ll and T 3_
_ Prins-type cyclization _ R Et1 )
- o,
0 e} gp— 8aB (R'=R“=H): 35%
+ N=
R2 N N=CR3 R2 N
—_—
R Ritter-?ype ]
reaction
L G H _

Scheme 9. Triphosgene-mediated aminolactamization.
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L<E7ad= M) WEEE NVRAF UV ERESED L, BIFREY hrR= L b
BHIZ= MU VHROERRFOHEANREIT L, e T 257/ 727 % L 8aA L1 8aB 73
TNENG LN, £lo, NUBUVR BICEBEEZFET 258100, FRICT I 7274
PMESIEREITT 2 Z ENB B E o7 (5 2 285 2 i 1 1), 'O KRS T, 73
fb& . %< Prins MEBRALEUSICE W BAE LI VR A F A e G ~D= kU LVED
Ritter BUATINSE D 2B L CHEITL, 7/ 774 L 8a N GbNiztE206ND (2
2 Hith 2 1), 0

W, REFOLE LTHL 7 0 OV IZHFFERZ MG L7z (Scheme 10), 372056,
72 =)VEF T R a-e HEKAFAE T/ n RV AR DA FVHEER E RS ED &
T UM DT Vb E | K< Friedel-Crafts 0T 7 % JMUS P 3SEIT L, Yk RaAa Y
X/ U v Na-e PHREDONRTHEOND Z A2 RM L (G 3 =5 1 i),

H Me,Zn OYCI o 11a (R=Ph): 72%
R/N\/\Ph cHOL N a N _— 11b (R=Bn): 79%
3 N8l [ RTPh N 11c (R = Me): 62%
9a-c 10a-c intramolecular 11a-c
acylation Friedel-Crafts-type
reaction

Scheme 10. Friedel-Crafts-type lactamization.

E BT, RGOOS5 TG ~DER A #F L7z (Scheme 11), T7cbb, 7 7k Fr
F/U U RaBEIRI-AF A 2 F—b (13A) ZHWTERHFET, Zookia, ¥
AF VR E HNTZT 2 ) INVR = MMERIS EEt Lic, £ ORER. RPCTEKT L1
NEANI78Y Rlda Ll 1-AF VA 2 F—/L (13A) D57 Friedel-Crafts ! 77 )L /3 A )L
EROEDS, A > R—/VERD 3 (LITAIEEIRANCHETT L, A & R— L L3 E A L{EIK 15aA
W PBUDIRETHELND Z & & A Le (5 3 %5 2 §itf 1 H),

MesZn

Me Cl N
@Ej @ CHCls, Ny, air @J N
rt. @j

intermolecular
12a 13A acylation 14a  Friedel-Crafts-type 15aA: 93%
reaction

Scheme 11. Friedel-Crafts-type carbamoylation.

I, ARBISOFEEFEHFHIZOWTHRFT 2720, lax0T7 I VEHEBLOA » F—b
¥0% H\C. Friedel-Crafts ! 1 )L/ NE A MALKG 21T > 72 (Scheme 12), £79°, BRIRT I
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JAZOWTHRGT LTI 2 A EARY VEREZAT D 1A (MBI T LG SN0 o 72D,
ZDOMDOEIRT I VFHIZHOWTIE, BROKE IO LT HFREDIGERTHM D L E

A WALIK 15bA-eA 235 BTz, 70, HIRT I VHEHIZCOW T, FHFET IV 12 BLOD
fEWiET X %8 12h-k DWW T DA Friedel-Crafts B L SE A LRSI EIT L, H

I 15hA-KA Z 52, mm W 1207 VAV EZ 67T 5 12m Z W HGEIT >N TH BRO

HNNFANMURBTEND Z ENRHLNE 5T, I, A ¥ R—=AEHIZ OV TR L

7= BARFED A F—/L (13B) A » R—ILEBRD 2B L5 MICE G EB LU

7% B D 13C-F ZHWTEHEICS, FNEN 3MLANNEA ABERE BT,

R3
H 4 lll MesZn
N . +R .
R R? 2\ / CHCl3, N, air, r.t.
5 R5
12a-m 13A-F 15bA-mA, 15aB-aF

! e
N N
OYEQ OY[@ %
N N [
éj 15bA: 68% [Mj 15cA (n = 1): 78% j 15fA: 24%

15dA (n = 0) 61%
15eA (n = 2): 55%

Me Me
N N
N N @o -
R™ "Me R™ 'R
15gA (R = Ph): 47%  15iA (R =Bn): 70% 15aB (R® = R* = R® = H): 53%
15hA (R =Bn): 53%  15jA (R = Et): 63% 15aC (R® = R* = Me, R5 = H): 43%

15kA (R = n-Pr): 68%  15aD (R% = Me, R* = H, R® = Me): 49%
15lA (R = i-Pr): 53% 15aE (R = Me, R* = H, R = OMe): 43%
15mA (R = Allyl): 63%  15aF (R® = Me, R* = H, R® = Br): 37%

Scheme 12. Scope and limitation.

BT, Br—/LHH 16A-D % T Friedel-Crafts &7 /L /3E A WALKER % BT L 72
(Scheme 13), ZDOFER, (MEEFIEICKEOSRHN S DL OO, BRI LIZE R
Z b A LISMTIT B AFIZ Friedel-Crafts 5 7 L8 A MALKSNHEIT L 17 B L V18 235
HILAZEBHLNE ST (B 3 B 2 {Hidh 2 1),



R\

R
N \ N
H FI{ MeyZn O%‘)Q o) \\\/@
+ N - +
@;j \\ // CHCl3, Ny, air, r.t. N : N

12a 16A-D 17aA-aD 18aA-aD
17aA + 18aA (R = Me): 70%, 17 : 18 =1 : 1
17aB + 18aB (R =H): 53%, 17 :18=5:1
17aC + 18aC (R = Bn): 56%, 17 : 18 =1 : 1
17aD + 18aD (R = Boc): not detected

Scheme 13. Friedel-Crafts-type carbamoylation of tetrahydroquinoline and pyrrole.

RBIC, RFEEEZ R X OEDIEELEDOERIZIEAT 5720, BEXT7 U
19a-¢ B LA > F—/VHH 13A, B, G Z W T PRS2 15t L7 (Scheme 14), & Dk
B, EXIVVHELAMSICHEISAEETH D ZERHLNE o T, 1-Q-A v T =
JNERT VY (19a) BEW 1-AF A R—b 13A) W20 FM7 2 IvR=
ERISIZ L0 A375 (b MEMERAEMAE) ~ofiamtEsF 54 F—ArT7rads
F20a"™ % 1 T, 22%DRTHED Z LTk Lz, £72. p38aMAP & —VFHHEEM:
EHT5200 " BIORARI U DEZEERT T=2 MNEEEZAT S 20 D b, e
JGTHERT UUHB L O v RN AT D Z SIS LT (5B 3 = 3 ),

R2
N
H
N R? o
[ j N Me,2Zn 20a (R' = 0-OMeCgH,, R? = Me): 22%
+ > 20b (R' =Bn, R? = H): 50%
. N )
N % CHClg, N, air, r.t. [ ] 20c (R' = Ph, R? = Bn): 45%
R1
N

19a-c  13A,B,G R' 20a-c

Scheme 14. Synthesis of biologically active indolyl-piperazinyl-methanones.

PLED X Hiz, BHFIIARARATZ VHEMAE LT e R ABLION ) ARAT &2
NN =NVHSEAOS DR AT o Tc, ZORER., TZVDNVIERMT, ZrafL bz
RAT RAEPRE LTHWD Z &I L, AET VAT I VDO ma 77 2 MUK
B L OIFENE Friedel-Crafts 8 V8T A WALRONZ KA HH T I RS GREEEZBR% LTz,
SHIZ, NIARRF UV ERWzzea 77 2 MBI 2 727 2 2MERICOBHEICH
R L7z,
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F1E 7unaRVhEINVERVIRBIRET DHHEET UL
TIVEOVauZ 7 MERISOBRE

c)ZvaaXAF T, < OERENLEEBTE DD, AEEHRIEFICB W THH
REREDO—>STHY | WEEEZ AN IILR XV EA~DEW (21-22) ' 0, KLY
T AERANEY 7 an AF LD (21-23) 1 R STV D (Scheme 15), '

22
R”>CCly —
21 KOH

R >ccl,

23

Scheme 15. Conversion of the trichloromethyl group to other functional groups.

F7=, M7 AF Ao Cl REFRE LTOERLTE EOEmWERENS, Y 7
0 AFVIEARSORBEPERZED TS, D flziE, ALv7 4 v~D Y 78 A
FNFEOEALE L LT, 7 mafL Az HEBEAERE T, KEBED ) 7L LSS
HZLICEY RN szuurAFAT=Ar L LTEAT S HE (24—25) 79 0, W LRFE
BT DT MMl HVITIEER LS ANV EHNT, R r7maaAF T VA ESE
ASTEATEHTE (26-27) 709 NE SN TUVW5 (Scheme 16),

CHCl,

KOH, nBu,NPFg o

EWG Y @ ———————————— > EwgT 8
24 | CHCl; =% CCly! 25

CCly, Pd(OAc),, PPhs, KoCO3
or
CC|4, 82202 Cl

Scheme 16. Introduction of the trichloromethyl group into olefin.
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Flo, UMRETIE, ZeafRL bl EHWEHZe M) Zaa AF T O hVRERE
DOBFEICEII LTS, KAFETIE, FVINLVEBRITHD ) ZFALRT R0 AF )L
FENC LD, 7 akVADORE—KRFE/EVHAEL, NV 7aaXF T VB ER
T5, BT, NV Z7aaAF LT PHNRNOTHhEL DT LT 0 ML T W &
ZRH L. 7ar7aXU A~ ) 7o A FRE AL (28—29) OBFRIZAKZI L T
% (Scheme 17), '¥

Et;B
CHCI; + or = - CCly
Me,Zn

CO,Et CO,Et
CHCI3, Et3B
_—
N,, air
R R
28 29

"/CCl,

Scheme 17. Generation and addition of trichloromethyl radical.

ZZT, ZORNY 7 aa RFNT I NNIRIGCE, HOLREOT AL DEZ X LI
LA LAY Y OFREMUIGEIE TE D LE X, £ < OHRFEWAEYTEELADIZLE
ENL7 b7 RaX ) oEg 0 237507 mXr 70 la ZHNT, ZrrkLA
ETTVHNVEHBAICEL D N s a AFALT UMM ERGTHZEE L
(Scheme 18),

CCly

H
N ‘ CHCl, radical initiator
[ ')

O N,, air

1a 3a

ZT

Scheme 18. Strategy for the addition of trichloromethyl radical to

spirocyclopentenyltetrahydroquinoline.
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W1 NY oo AFT IR AATINES

IZUDIC, B LA 7 uXoTFURBEabLoAtaT o Fax /Uy la DEKRE
1T-7,

WMHFFERE TR L=FE 2 HNT 1A%/ 30a) & O-AF Lk Faxi Ty
/W&W%MM%F)?AffT A& ) — /LT BiAKMES LT, A% L —7 1 31a

BRI, T, YrrrAZ o TIALTRxyATrI RO I 8
HM—%%*%&—HMﬁmmiw\20@7U»%%ﬁ#6%%?tFm#/UV%§
K 32a % 94%DIETHTZ, 7B, AR VARIGIE, BHFERICB W TT TR LT
W5, M X5z, H TR Grubbs EEEZ FWEEBR A XU R P 2TV, v aRuT
VERAEDBOAERT FTE FaX /U a % 93%DINETHE L7 (Scheme 19),

0 MeONH,+HCI NOMe MgBr /
AcONa AT N
MeOH, r.t. CH,Cly, r.t. —
quant. 94%
30a 31a 32a

H
N

Grubbs' cat. 2" gen. O ‘

CH,Cl,, reflux
93%
1a

Scheme 19. Preparation of spirocyclic cyclopentenyltetrahydroquinoline 1a.

WIZ, B LTy 7axXer 7 U RebDAen7 e Rex U s laz T, MY
suauaXAFIT Y H AR Z B L7Z (Scheme 20), 7 ¥ 7 /VBISAAI E LT 8 ¥ ED b
VT LRT P ZHWT, Zaafraf, BRAEF, BRCKISEITY & DED
N7 maAFNT7 A 3a & &b, BBREWZ Lo, R & DLV R= 15K
DENINTZEER T 7 5 1 2a D3 40% DI, SEARERIRMEDS endo : exo=3 : 1 DIREW &
LTHELNT, Zod, 7unr T 7 %5 2a ONARBYEEROIREWZ, VW TN T LR
~ NI 74— L OEGITBECX T,

y ccl,
Et.B (8 eq. H
N.’; tB (8eq) _ H ,
CHCl3, N, air »
rt. 24 h
1a 3a: 12% 2a: 40%

endo:exo=3:1

Scheme 20. Trichloromethylation of spirocyclic cyclopentenyltetrahydroquinoline 1a.
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SR 7 aa T 7 2 N 2a ONAREEIZE L ClE, NOESY A7 RUiZ X v L7z
(Figure 2), 2a (2B WT, 3MDOKFE 120D ATF LU AKRIZTZ B AE—7 BB LILT

REVEIRZ endo K THD EHEE LTZ, — 7. 2al2BWT, 3NDOKFEL RAOAFL
IKFIZ 7 B A= PNEBD LN PSR EMIRE exo KR THD EHEE LT,

H H 7 H H
12 12
(@) H (@) H
> >3l

endo-2a exo-2a

Figure 2. Stereochemistry of bicyclic chlorolactam 2a.

77 Z ME Tl ORBRINZ b EENDEHREHEDO > THD (Figure 3), ¥ il 213,
B 7 U RAF UMmE KB (b b OPEER ) MR O 3K 2 #2035 Leuconodine E
0. A431 (b b _ERRRMIORE R IARK) ~oOflld " 2 479 % 14,15-Dihydroxygelsenicine
MALNTWD, IHIT, BEMUT VX LBEERET LT VA RE LTI,
21-Oxogelsemine *¥ <> Scholarisine N . i faEEMER L OHLEIE M E2 A T 2 HEEERARY

Haliclonin A 23F1 H 31 CW 5,

HO N— _Me

N HO

o Me
Leuconodine E 14,15-Dihydroxygelsenicine =~ RN

Me
21-Oxogelsemine Scholarisine N

|
CHO Haliclonin A
Figure 3. Biologically active compounds and natural products containing lactam skeleton.

ZIZ T, ANVKR=NVEOFENZ LV RGNS 7 2 APERTE LA nn 7 7 4 MUK
SIS Z S5 FERICHRETT o Z & & LT,
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F2Hl v uvTr X MERIGDORESIE O

FP. run Ty 2 MUSIGEDEESARIOWTHEE L7- (Table 2), BIfiT, V4L
BEHIE LCRY = F LR T U EHWT, v 7aXr 7 Uigad b O2AEnT ok Fad
UV 1adD M) 7aa AFT VAN EITD & R 7aa XAF T AN
BK3allbicrmnm T %5208 40%DNEETHLNTWD (entry 1), KRIZ, FU=F
WRT USND T P HBREAAIE LT, § BEDY A FLEiE T ZHVCCREKICZ nu T
BRI EAT T8 2 A, BIRENZ &2, R 7 aa AF T VAR 3a 1345
ST, RGBT 7 # L 2a DR, 86%DINER T LT (entry 2), £7o. YV F/Ldigh?
WG EIZE T 7 % L 2a DHEBELNTZR, RINETHS72 (entry3), £Z T, 7
JIVEREGRAL & LTl Tdo o 72 A TV O B ORI A MET L7y, 4 Y EO T ATV
HEN & W25 1TIE, IR 26%F TIK T L7= (entry 4),

Table 2. Chlorolactamization of 1a with various radical initiators.

y CCl,
N ‘ radical initiator .
O CHC|3, N2, air
rt., 24 h
1a
entry dical initiator (eq.) yield (%)
radical initiator (eq.
2a 3a
1 Et;B (8) 40 12
2 Me,Zn (8) 86 -0
3 Et,Zn (8) 36 -P
4 Me,Zn (4) 26 .0

a) The ratios of stereoisomers were in the range of 1: 1 ~ 3 : 1 determined by "H NMR analysis.
b) Not detected.

RIZ, 8 HBED Y ATF )L & AW T, Il L OZERIC L 2 832 Et L7z (Table 3),
FT. Zrad L LUSNORE L U TIE(MIRR ARG Lz L 2 A, T 27 % L 2a DIUERN
3%FTIKF L (entry 1), F72, Y7 v XX E2HWEIEAIIET 7 % L 2a g5
RN ERP LN ER ST (entry 2), TIUDHDFERNDL, 7 B a RV ARKRKINZIEBNT
HERERHZH S TND T ENRBINT, S 6T, MERMBESRETTIE, 7rr 7
7 2 MESOEDEITE T, AONCIIBRELSMEATH S Z L DREB S L7z (entry 3),
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Table 3. Influence of solvent and atmosphere.

H (@)
N ‘ Me,Zn (8 eq.)
O solvent, atmosphere
rt,24h
1a
entry solvent atmosphere yield (%)

1 CC|4 N2, air 3
2 CH,Cl, N,, air -2
3” CHCl, Ar n.r.

a) Not detected.
b) The reaction was carried out under strictly deoxygenated conditions.

UEDELoz, vruaxXeTr U RBeEBTHAe7 hJe Rax /U 1lanpr/na7
2 MUBOG OB b 21T -7 & 2 A, Table 2, entry 2 /R L7 X 912, BERAFEF, 71
2RV L T UNNVEERITTH D T AT VEighE 8 Y EAWELEAIZ, EER s an T
7 252N 86%E. BINERRERIGONDLZEVHLMNE ST,
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i

FSHI MR D EER

..l

W2, RKrzvnF 782 MERIGEDKISFREIZOWTELE LT,

FF. M) AFLT AR 3a 2R LTI 7 & L 2a AT D 0% iR
THHMT, 3a ZHWTHRESIE T a7 7 2 2MuOihZ et L7z (Scheme 21), £ O
fER.Zur 7 72 K23 5007 .78 b7 X R3BaNMRINELNLHELNDL DA TH-
oo TOZEND, 3aldrrn T 7 2 AMURISOFRETIIRWEEZEZ HND,

CClj o)
Me,sZn (8 eq.)
e CHCl3, N, air, r.t., 24 h

Me CCl;

ZT

3a 33a: 26%

Scheme 21. Reaction of trichloromethylated spirocyclic tetrahydroquinoline 3a.

Wiz, KrvmvaZ 7 ¥ MUKISEDORIGRTH LT I VHnB LA L7 4 Ui EEn
ENHTe VWA {bEM 3T BL V38 ZHWT, UATFLHEE ORISERFT 5 Z &
L,

EP. kP oFEEBEIC, YruaXrTruREbLORERT T2 3T OEE
fTo7= (Scheme 22), 72 b, 1-7 b7 30f) ZKFLT MY U AFET, TV LT
B REMWTYTIUMEL, 200022 5O T VAV EEZETHT 5o U FEk 34 2 %
65%DILHETEH LTz, FEW T, H AR Grubbs iEZ WA A ¥ o A2k, &
7aXUT UBRERT S 357 B 99%DILR TR, £ D%, DIBAL # AW T7 by
ZIBUGLTTVa—36 &L, M) 7AARFBAFET. N =F Ay T 2 HnTER
L, ¥27uXoF U B boAtuT b T U237 %22 TR, R%ONRTEK LEZ, 2

0 /\/Br 0
Grubbs' cat. 2" gen. ‘
65% 99%
35

30f

Et3S|H

DIBAL ‘ TFA _ ‘
CH,Cl,, -78 °C O‘ CH,Clp, 0 °C o,
37

72% in 2 steps

Scheme 22. Preparation of spirocyclic cyclopentenyltetralin 37.
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W, v r7aXv 2 UBRPETAT NS FaXx U UFElK 38 o8k E2iT-o 12
(Scheme 23), T 72bb, BIffilCCAR LIy 7 uXr T U BE26T57 o Rax /U
vla %, KEHT A LON10% PA/C Z W THEfUKFEL L. 50%DILEET 38 2157,

H H H
2
N ‘ 10% Pd/C _ N
MeOH, r.t.
50%
1a 38

Scheme 23. Preparation of spirocyclic tetrahydroquinoline 38.

WIZ, B LA b EW 37T 8L V38 2T, 7 ru T ¥ MuRIG O S1
T, ZwafRvsf DAFLEERE ORIEEIT T2 (Scheme 24), EDFER, 7 I L E Sy
EbHlWAE T T U 2 3T OLEICIE, KIS EITETRERS ERMICEIL S D O
BTHoTm, =T, AV T4 V8N ELTERVWAERT v T Fax /U2 38 DA

2 3 FOAE LG D ERS LICIRFFENR 39 BLOT & M7 I FIFEEIK 40 8, £
LI 64%, 28% DR TR LN, ZIHDOREREMNS ., RIEOBIBERED 1 2137
R DOT LT D T E NIRRT,

‘ Me,sZn (8 eq.)
no reaction
CHCI3, N, air, r.t.,, 24 h

|

: @(D Oy
N Me,sZn (8 eq.) /EO N
CHCl3, Ny, air, r.t., 24h [ >

38 39: 64% 40: 28%

Scheme 24. Control experiments.

U EDZ EMS ARIETIZZ B adR v AnbR AL 30 pmghds2bicky ) K
SRR E LChnRES L7 m ) RdaBSERL TS EBZHND, P 22T, A
FANI Y Rda AR SEL720DI12, 7 aa i)V AHRAF VMR THD N U RARS
VI EHWT, vreXr T rBisbLoA R T o ReXx /Yy lanosans A
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DAUBUG 2 fEF L7z (Scheme 25), & O . BaFNERIEKFE T N U 0 LIKESHR 22 AT RO
ARIE SW2th, 7 v a AL AEIC X 0 S HAERY O "THNMR £ X TV GCMS AL
T RMZBWT, IAREA N7 Rda NV EOI/7nn 77202 b EHIcAERLT
WAHZ EDNHABLMNE ST, SHICHREN L, pluEEg 7 a~ 777 0 —I128 5
FERLB L2\ T Prins BBALSIG M HETT L, 7 kL A XA FLEihE AW T-5E
& RERIT . 7DD*77§'A2a7§)%E>hé ERBHGMMNETR ST, ZDO NV KRARF RN
TeROSIZEE LT, 26 2 ETHMIZR NS,

(0] Cl
H
N ) (eos0)00 2ea) Y silica gel
O CHC|3, N2, air
rt., 24 h
1a 4a 2a: 65%
miz: 247 (M%) endo:exo=3:1

Scheme 25. Chlorolactamization of 1a with triphosgene.

VL EDBZ % LT, REISOHEERISRREE 2 7 v 2 RV A D AR AT BRI ET 5 B
v s MERISD 2 B30T TR,

AEIGIZBNTZ B RV ANBR A U REATLEBICOWTE, LT X Hi1IcE
%2 L7 (Scheme 26), £, ¥ AF/VHENOBLA SR Y 12XV, ~ULAFT R Z#EH
LT, AFILTUHNLEBIORA MR T PONANERT D, HEWVTAFILT OHILVEIL
ARNFTTIOANNBT ARV LORFIRF 2GRS ZEIZED, MV AFLT
CANDERTDH, 6, N ZuaaAFT U EmED ﬁmbﬂwﬁ%/7/ﬁ
VA LR VAT L VIR SOV A T U R B BERT D, RIS W
FTWAFINTG DI E D Gl & IVTHRREL ., Txff/#éﬁkl/tk%z%zhé

generation of trichloromethyl radical
CHCl, MeH + MeOH

O 7 - -CCl

Mey,Zn — MeZnOOMe ﬁ: Me: + MeO- >

MeZnOO+ + MeZnO-

generation of phosgene

MesZn Me- Cl Me*: MeCl
0
‘CCl; —2»= -00CCl, ~ Mezn-0—0—~Cl cocl,
Cl
A B MeZnO -

Scheme 26. Plausible reaction pathway for generation of phosgene.
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W, T 7 X DMEDBEFEZHOWTIILL T D X 9 I12EE L7z (Scheme 27), £3°, 7 X
VT UBRELOAERT T ReXx Y rlal VATV O AR LZ#ERT I KC
D, IRATF ALY T b EN I REA L a ) Rda L7 b, fHWT, VA FHEh

DA T DBBBEL T DBIRT VI UAL AU E LD, EHIT, 431N Prins
RIBALSOGNZ L0 BIVAR D F A FNERR LT-t%. DRI T A kb3 2851 4
DEANEITL, BEH I/ ne T 7 2 LA2anfibhictBE2 65,

M
H Ve~ COCl CI----'-Zn
MeH O MeZnCl ‘/\j’
1a (o4 acylation
o o
H |
+
— N
w | O
Cl—2zr L
Me D
0 Me 0
Cl— Zn cl
- . N N
Prins-type i
cyclization Me,Zn
F 2a

Scheme 27. Plausible reaction pathway of chlorolactamization.

ek A Wi v ) REF LT ¢ v & ORISITE Kondakov-Darzens & * & L
THLNTEY, 7FL7a) R4 ZHWNTYZ e~y 227 8F /B X0
FIF T2 HAT LS HAE SN TWD (Scheme 28), **® & 512, A TFHREIG~DIHH b
WESN TS, ™ 4hbb, WLRVEE M 243V Lr7n) RBLXORRNY 74
AR AZNVKR UBRR TS B & B v U RPREA 45 OBR(LISNEIT L, A%/
VA6 NELNTWD, 2D X I, A7 4 U EREEN E LIZBIRT b DA RkE
IO TWDEN, T 7 X LEERT DRISTHREF N2, AKryaaF 7 &2 MMeOsn
MR OEITH %,
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O

o) AICI,
)J\ + —_— Me
Me” >Cl CS;
Cl

a1 42 43
0
COH _(coch, _AgOTf _
©[O/\/ CHCl, ©\)J\/\/ @@}
44 46

Scheme 28. Kondakov-Darzens reaction.

ED XS, RIS TIIESAET, Zaafi/Lhb A %/VEé"ﬁ%%éELf:n“\x
TFATLDT I UEHGOT Ak & BEIR A OB AN %D 431N Prins BB UG T
%%@?HH7&&Aﬂéﬁbtk%zTM5o&k\KﬁEM7HH$WA%ﬁW$:
JVIRFERIR & LTI Tl MRS A 4 e LCHRIAT et s,
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WA AL rul T o LT S AR DT B oSt

Wi, KrvwaZ 7 X MOz B T 5, XUB VR EOBBILERICOWTHRTTT S
e, vrmaXe T UREEbODAYRT Tk KX Uy 1b-d DA EIT -7 (Scheme
29), Thebb, RUB VB BICEREEZGETHA X /2 30b-d & O-AF/LE KX L
7R U A KRS L CAR Y A= —T 1 31lbd & L2t TV TR T LT
a3 RED R BRI — Bk — a0 — (A ISOSIZ L 0 2T UV IR 32b-d %1372, £ D
%, B A Grubbs IEZ I WTHEAZ B A ZITV, 7 a0 T U 2B OA R
ThIeRaX /Y 1bd AR LT,

O  MeONH,HCl NOMe MaB /
R2 AcONa A Y §
MeOH, r.t. CHyCly, r.t. -
R? R
30b-d 31b-d 32b-d

Grubbs' cat. 2" gen. ‘ 1b (R' = MeO, R? = H): 79% in 3 steps
1c (R1 H, R? = Me): 76% in 3 steps
toluene or CH,Cl,, reflux 1d (R' = CI R2 =H): 81% in 3 steps

Scheme 29. Preparation of spirocyclic cyclopentenyltetrahydroquinolines 1b-d.

Wiz, vrmaXvrroREsb DA T e Kasx /U v 1b-d %ﬁﬁb\f\ %2 HiTTH
L7 Bl sfhic k527 ma T 7 2 MUK A Et LT (Table 4), b E LT, A

Table 4. Chlorolactamization of spirocyclic cyclopentenyltetrahydroquinolines 1b-d.

ZT

R2 ‘ Me,Zn (8 eq.)
O CHCI3, N, air, r.t.,, 24 h
R1

1b-d 2b-d
entry substrate R R? product yield (%)a)
1 1b MeO H 2b 67
2 1c H Me 2c 54
3 1d Cl H 2d 62

a) The ratios of stereoisomers were in the range of 1: 1 ~ 4 : 1 determined by 'H NMR analysis.
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FEVHRAFNIERZATHAERT I Fax/ U b B0 e 2, ZZ5AMF1E T,
suanaR A DAFVEHGH TS S L TRENFREDONHETI/Irr T 7 % A 2b
BEW2e MG (entries 1 and 2), 72, WER 2O 1dOHEICL7uen T 7 X
PEBOGEITT 2 Z E BB E 72572 (entry 3),

WIZ, BEBATORIDOBORKE SICLDEELHRHFNTL2D, v 7uXv T U
AT DAL LAY le-g DA ETT > 72 (Scheme 30), X' v 774 )2 30e, 7 b
TryIfBION Yy ART L 30g ZENENLHNWT, BIEOTEICLY 3 TRT, A
YRUY, TR RRRUY T REVBLOAFYE Ra_uv Yy 7Y v a5 A
LAY le-g Z A LT,

O  MeONHyHCI NOMe MaB /
AcONa NS N H
MeOH, r.t. CH,Cly, r.t. __
n n n
30e-g 31e-g 32e-g

H
Grubbs' cat. 2" gen. O N ‘ 1e (n = 0): 59% in 3 steps

- 1f (n = 2): 86% in 3 steps
toluene or CH,Cly, reflux - 1g (n = 3): 66% in 3 steps

1e-g

Scheme 30. Preparation of spirocyclic cyclopentenes le-g.

KT, AR LA AW le-g Z VW CTr na T 7 % MERISZ R L72 (Table 5),
EFT, /RN TURELODAERA U R v le HWT, ZraRLad BT
T, VAFNLVHESRE ORI ERFT LI ZA, 4 Y EBEO VA F NV OAHRTHIOZ r

Table 5. Chlorolactamization of spirocyclic cyclopentenes 1le-g.

H
N ‘ Me,Zn (8 eq.)
O CHCI3, Ny, air, r.t., 24 h

n
1e-g 2e-g
entry substrate n product yield (%)a)
1% 1e 0 2e 95
2 1f 2 2f 68
3 19 3 2g 60

a) The ratios of stereoisomers were 1 : 1 determined by 'H NMR analysis.
b) Me,Zn (4 eq.) was used as the radical initiator.
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T B L2 B TH 2D ERHALMNERST (entry 1), /2, 7 a0 T UERE
HOAEET T KXY T REVBLXRA e~ ke7y Yy vrororzueas s
Z2 MUEBOS T, FREOINERETENENEMNO I aaZ 7 ¥ 52 BLO 28 NGO
(entries 2 and 3),

UEDXIIT, RUBVER BICEREZAT 270X T UV BRAZbDAERT FJE
FrXx /) VU BIUONTREREHBOSORESORRIAE R 7 a0 T e WG EIC
b ST H7ra T s ZARELNDLZ ERRALNERST,
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FHOHE XVHMALLIMEZATLRET VAT IVEOZeR T
7 2 DEEOG

W, Sk T 7 2 DEOGE BIE L CTHA RBET UAT I VO T 7 % MMEKE
R LT,

TP A oEEA SNy /a0 T =0T 2 50a BED 50b OAKEITo -
(Scheme 31), 7 b7 =/ v 4Taz BV DU H O-AF )k Raxi T I R & it
KA LT AF T AT—T 148 AR LTz, Flo XU AT AT RATh B AKX ) —
JUHR, FEER T BV U AFAE TR, O-AF Lk Rk T 2 R & BKEAS LT, A%
VAT —T )1 48b 7 BARK LIz, WIS, 1 ES 1S L RO TEEZRANT, M 2RI
JRIZE BT VLK 49a ¥ I L1 49b D DAL E . BB A XY A EITV, 48a B LY
48b /25 3 THE T, 50a % 73%35 KL OV 50b % 59% DI THF7=,

method A: MeONH,+HCI - )
o) pyridine, r.t. NOMe > V9Bl
> _— >
Ph/ﬂ\R method B: MeONH,+HCI Ph/ﬂ\R CHyCly, r.t. Ph =
AcONa R
47ab MeOH, r.t. 48a,b 49ab

H
Grubbs' cat. 2" gen. . Ph/N\Q 50a (R = Me, method A): 73% in 3 steps
toluene, reflux il 50b (R = H, method B): 59% in 3 steps

50a,b

Scheme 31. Preparation of cyclopentenylamines 50a and 50b.

WIZ B LTy 7 a_e T =T I VDT 7 2 MRS Z e L7z (Table 6), 37,
T X OBHEA N E LR E T D N-(1-A FL-3-2 7 a7 =)L)7 I 2 50a = W T,

Table 6. Chlorolactamization of cyclopentenylamines S0a and 50b.

0]
H Me,Zn (8 eq.) \/ ~~Cl
Ph” X > _N \/PN
R CHCI3, N,, air, r.t.,, 24 h Ph a
R
50a,b 51a,b
entry substrate R product yield (%)a)
1 50a Me 51a 74
2 50b H 51b 53

a) The ratios of stereoisomers were 1: 1 and 2 : 3 determined by 'H NMR analysis.
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BRGET. Z7aafr/V b CAFLVHERICL D7 un T 7 ¥ MUKIEEIToT28 2 A,
vruaXeTURELODAYRT Tk FaXx ) U UEOSE EFRIRIC, Juen T s 2 A
EEEDHETT L, BRIDZER T 7 2 & 51a 8 TA% DR TH LT (entry 1), 2D 2 &
Mo, REOSITIE, BT LH AT RBEENLETIIRNEW) ZERHLNERST-, &
oy T VOIS ZEBERRETH L7 a X T =T I 50b D7 un T 7 X2 AL
FIGTIE. BRIDZ a7 Z 5 51b 5 PFREE DR T S 172 (entry 2),

WIZ, KYEHMRT 7 2 DEOEREREHT 5720, HROFET VLT I VHOE
REAToT-, £, Xk 0 OFEESBIC, BT MY ULAEET, A X ) —LIKIERA
Wi, 2-= bR B A0k =rrual K (52) ZHW\WT, 7=V (583) DEFRFT
)UNETHR#EL TS L Lotk REED Y U LATFET, DMF 1, 47 0 %-1-7 7 U %
FAWT N-7 L UAb L 85 21572, WBICIREED U 7 LAF/E T, DMEHi, F47 = ) —)L
T UNEOBURELZ TV, BRER T 7 2= e b OFRETIALT IV 5a D % 3
TH2E 61% DU THEL L= (Scheme 32).

oOH
NaOAc
PhNH,  + - i N.
SOLl MeOH/H,0, rt. to 60 °C g~ Ph

NO, NO, O
52 53 54
"By Q\ o Ph PhSH
K2COs3 N K2CO3 H
> - N — £ Y = N
DMF, 40 °C 1 = DMF, 40 °C Ph" "
2 O
55 5a: 61% in 3 steps

Scheme 32. Preparation of homoallylic amine 5a.

WIZ, SR OFEE BB, BHEFT LGNV OLEB LT SV OBERIC 7 ==
NEEHRTLRETINT IV 5b DGREIToT, Thbb, XUULT IV (56) &
VAT TR R @b) & Mz BIKREALTA 257" L L%, THEH, 7Y
NS EFINTT UL L, BRF 7 EICRCONVERB I OT I VLIS 7 = = V5%
BTDHERETINT I 5™ &2 TR, 98%DIHETEAL LT (Scheme 33),

/\/Br
BnN_H Zn dust H
BnNH, + PhCHO - D Bn/NN
toluene, reflux Ph THF, r.t. Bh
56 47b 57 5b: 98% in 2 steps

Scheme 33. Preparation of homoallylic amine Sb.
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SIHIZ, WALV 7 4 v 2B THHRET VAT I VEOERKEZIT> 72 (Scheme 34), 772
bbb, ARLIEARETI LTI 5a &, TUARCEY (588a) £/21FAF L (58b) D
B AR Grubbs FUEKAZ WV AZERA XL X P AT, NEA L 7 4 BT HRET
ULT 22 5e BEUSEAY 2ENTN 13%, 67%DIETEHK LTz,

H PN Grubbs' cat. 2" gen. H 5¢ (R = Bn): 13%
N R > N — .
Ph” N CH,Cl, reflux ph” ~"NF" R 5d (R=Ph) 67%

5a 58a,b 5¢c,d

Scheme 34. Preparation of homoallylic amines S¢ and 5d.

WIZ B LIZEROBET VAT 2 85aB L ON5b DT 7 % MMUEG & Bt L7z (Table
Mo FT, BRI EIZT7 == VEERL, 7 IV OBEAN EHRIRFETHLFET U
NT IV Sa BZEGAAE R, Z7radR/L i, 8§ YEO VAT NVHEH RN SETE 2 A,
7 aadL A E 0SS NTHAERY O '"H NMR 227 LUz, BoZ oo
Z 72 MUK 6a & & HIT, BIELAKEDET LIAL B O A S S vz, £ 2T,
DBU % AW\ T RITBEALKFEEITV, AT 7 % 5 7a ™ % 2 TR, 68%DINETH:
7z (entry 1), F7o, BRI RV ONVEEFL, TIVOBEMIZT7 ==V EEEH D
S5b DA S, [ARRIZT 7 2 MUBJEDSETT 5 2 L BB E 72572 (entry 2), *

Table 7. Lactamization of homoallylic amines 5a and 5b.

Y 1) llij/lezz'n (8t eig,hCHCb o Cl @) N
N — 2, air, r.t.,
17 - _N _N
R :;:\\// 2)DBU (3 eq.) R R’

CH.Cl,, rt.,2h R?
5a,b 6a,b 7a,b

/

entry substrate R’ R2  product yield (%)®

1 5a Ph H 7a 68
2 5b Bn Ph 7b 50
a) 2 steps yield.

728, Grainger HIZXK T, BNET UIANANEA T VA NO55FNAHINERALE ST
S-exo-trig B CHEAT 2 Z L@ STV D, P I bbb, NN-UT XLV F 4
A—=F 89 %, I ua~FHUagEER, AEOLRN T 5 R TRET D IANRNEA LT
T J D S-exo-trig BMEBRACOL D EIT L, OV F A NN A — MDA LT BER T
72 60 3 5L TV D (Scheme 35),
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SY NEt, SyN Et,
! s

o hv
N _ cyclohexane, reflux
Bn~ & 96% N
Bn”
59 60

' f

A T
N -
Bn~ ~NF 5-exo-trig _N

i it Bn
J radical cyclization K

Scheme 35. Radical cyclization of homoallylic carbamoyl radical J.

ZOZ e, Kruu T s X MERISICBIT DI NAANEA L7 1Y R 6la DERILKIG
X, BRI 7 X LERMENT DT N TII R, A FUBETEITL VWD Z
EMIRIE XD (Scheme 36), T 72bbh, RET VAT IV 5anbRPTHERAET L EEZ
SNDHINNEA NI 1Y) K ela DERIALEIGIZBWNT, 7YV AL L ~DF LT 4 v

6-endo-trig O@ . O\\{/\j/CI
N4 -->
Ph Ph

* Radical pathway

5-exo-trig N
L Ph J Ph
N 62
* lonic pathway
0] + o Cl
T T
+ Ph Ph
O C |O| P 6a
5a — _ — R secondary carbocation
Ph™ N ph” N NF \ + Cl
61a o) \‘\ O}{> = O
N
Ph” Ph/N
Q 62

primary carbocation

Scheme 36. Plausible reaction pathway.
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W ORBEBCEN, HEBRT 7 X LOBRICEDE ROV RIT AL QDAEKLID b,
K ORERE RAINKITF P EERTDHEIITHETT A2, NREERT 7 % L0
REN-LEZLND,

WIZ, NI ALV Z 4 v 2B THRETIATIVEOT 7 2 MUKIEZERET LT
(Scheme 37), ZDRER, V7 4 VRIGIIRNVUNEEHETHHRET VLT IV 5¢c OEE
WZiE, INETERRIZZ rr T 7 2 MUBOE & REILKFRICK OV ARBRT 7 % 503556
Wiz, —H, AV 74 VRIICT7 == VEZ AT 5 5d DBEITIE, ZHLETORBRE TR
ROTEEBRT 7 Z 563 M38%UDINE, ST AT LI~ —tRn4: 1 TELNE, 235, 63
DIARFEEZ DWW TIIBHED & Z A BT > TR0,

1) MeoZn (8 eq.), CHCI,

Bn Bn
H N,, air, r.t., 48 h N o) Cl o) N
Ph "> F"Bn  2)DBU (3 eq) . !
CH.Cly, rt.,2h Ph™ Ph”
6¢c

5¢ 7c: 46% in 2 steps
Cl
Ph
H MesZn (8 eq.) 0
Ph™ "N ph  CHCly, Ny, air, rt., 24 h
N
Ph”
5d 63: 38%, 4 :1dr

Scheme 37. Lactamization of homoallylic amines Sc and 5d.

5d DT 7 X LMESURICEBWT, NERT7 7 X LTI BRI 7 X A0 -HH
WZOWTIE, IAREA L7 Y R 6ld DELKIGIZENT, LVLEELEZEZ LD
CNITFA S HERTDHEIITHEIT LI LB X TV D (Scheme 38),

Ph Ph

oﬁij+ Oﬁi:Tm
;S&ff ph o ph

5d —» ﬁ/ - R 5d

N secondary carbocation
Ph” N ppy Cl
61d qff; o
N
. N
Ph Ph”
63

S
secondary benzyl cation

Scheme 38. Possible reaction pathway of chlorolactamization of 5d.
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lEn X oz, BEIX, B5AFET. FVDNABRBRITHL O AF LMW 2 L
T, Z7BRBRIVLERAT VEMERE Lz, RET VAT I VEHOT VBB L0V N
Prins BV KD W NV A= VS ARG E R L, Z7uana o7 % DEARIEDRIIZ
B L7,
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Fo2rE NURART U EHWZT 7 X LIESEEDO TS

AITEE CRBHTE L7222 5AFTE T ?mmTwA$ VAFNLHEER WD s un T s 2 MM
BOSIZIX, RAT v LEEREIE D701, BREIEO Y A FLVHEEIRNNE TH T,
I Bz, VATFINHEORDD LI{ZIKODﬂ?X/f/%ﬂﬂﬂZIKT‘%é NUARRT 2 RAWTESE
WZHFERIC, 7au T 7 2 L8 2a 3 fGonDd 2 ERBHLE o7 (Scheme 39), & Z T,
FORHMEOEmWI ar T 7 2 MURISEHNLT H5HT, NIRRT U ZHW 7 nn
7 7 8 MU OWTEEMICHRETT 6 2 & & L,

Me,Zn, CHCI3, Ny, air, r.t.
or
(CCI30),C0O, CHCI3, r.t. then silica gel

O‘ CHO 8 ]

1a

Scheme 39. Chlorolactamization of 1a.

FURAGT AIHRAT L ODRFE LTESHWORTEY, TIVOHNWNREAL LT B
U R~DZEHL (64—65) ° 9 o, k7 /L a—/LORFEEIS (66—67) Y, HR/LLT
RDOA V= R U ~DEH (68—69)" 73 & NHA ST 5 (Scheme 40),

(CCl;0),CO
or
RNH (CCl30),CO, pyridine j\
R,N” ~Cl
64 65
(CCI;0),CO, EtzN
R OH > R >l
66 67
(CCl30),CO, Et;N
0O or
CCI3;0),CO, N-methyl morpholine
R\NJ\H ( 30)2 y p . R_NC
H
68 69

Scheme 40. Known reaction using triphosgene.

29



B1H MUERAFUERWZZoa T 7 2 MRS

H

5 1IH maE ST O RS

IXLDIZ, NIRRT EZHWD 7 an Z 7 % MU O B &IFIC OV TR L 72
(Table 8), HIFEIZIHWT, 7 XU TUVRZHODAERT N X/ laz/
2RV AR 2 HEO NV FRRASF Y ERIGSE, ZuafRL s, vBuEE s v~ b
777 4 =TT B & 65%DILER, endo i exo=3:1 DNARERWT, oo 74
L2a NFHNDZ ERHLNER ST (entry 1), 7 7 a2 AR/ ARIHIZ XV 15 5 072 FLAERK
P 'H NMR 8 LN GCMS A7 FLIZBWT, IARETAL L7l KdaBLODED
sunZ X N2k, FBEITHD la DFENER I N2, e 2 Ea2IHE
SHLHMT, NIVKRAF U Z3YEICHEEL T/ en T 7 ¥ MURIEEIT 72 (entry 2),
LU, la DEEENEMINTZHOO, 2a OIERITM E Loz, £2C, Zuaik
IV BN DTEPEZ DUV THRERT L7z (entries 3 and 4), ZDFER, XUBUHFTCldruan 77
H PSS ITBIFICEIT Lo 7o b 0D, V7 nu A X & AVTZHAIT 1la BEaicil
BIN, 7aaT 72 A2 OEENT5%ETH ELZ, i, YZaarZofh RUIR
A F 2 BRI ST ECRME T Lz (entry 5), LAEDFERNS | entry 4 IR L7255
HERA BN THRIE TH - 7=,

Table 8. Optimization of triphosgene-mediated chlorolactamization.

O.__Cl
§ ‘ (CC130),CO b silica gel
O solvent, r.t., 24 h O
1a L 4a i
miz: 247 (M*)
entry (CCI30),CO (eq.) solvent yield (%) endo : exo

1 2 CHCl3 65 3:1
2 3 CHCI; 66 3:1
3 3 benzene 30 3:1
4 3 CH,Cl, 75 2:1
5 2 CH,Cl, 41 3:1
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i

F 2T USRI DB 2R

..l

WIZ, ANVHR=NAVEBIOERAFRE LT NIRRT EHW AR aa 77 % MM
ﬁm@ﬁmﬁ& IZDOWTEE LT, REUSTZESAAAE T, 7 radR/VLf, A2 F viligh
WSS B 1 ES 2 8) CFRERC, I EAf 17l K 4a Zf8H L7 Prins BUER
BRI & U@ﬁbfwé EEZBND,

KrzwvawZ 75 LM DOHEE SR E % Scheme 41 (TR L7z, XU HIZ, 7 oty
TroRELOAERT T RrX Y 1ad NIRRT UNKINTHIZ XD, FA
BB X OMAA A OBEEE RN, BRI VRN Y Zaa AF L 2T L 70 DK

Bk A A2 & ORET VAVBBEKZ LV S 9 1 5 FOFRAT 8 L0 A A
UHRRBEL T, IANRNEA N Y R da BERT D, O k. BBELZARZX ATk
la D7 AL HEIT L, da DERT HRE LB 2 MDD, DANEAL L7 Y K da oK
EHODDEBEC L ZETH O, AR OB TIXIE E A ERILEAET L TR
WZ ENFFEART VI VERSIL. EDH%D5 E&%F? n~ 777 40— MWk
OB CERALKIGDHEIT LTz, 2O END, ANAREA LT Y K d4a 05 OHEAYA
T ORBEX. YV TSI Lo TRESH, DEXOT VY AL AU ERAERKRT D&
BEZbD, D%, 731N Prins BBRALIUG T X OMEAL A A DB LY | ZRER Y
neZ s HL2anGFonlBEIOND,

COCl,
\ 1
H
COCI2 + CI COCl, + CI
acylation
O @)

+

— N

:‘ Prins-type

- cyclization
Cl

0]
_ Cl
Cl N
—_—
2a

Scheme 41. Possible pathway of triphosgene-mediated chlorolactamization.
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o 3 HEE R IEORES

Wi, KrzaaZ 7 2 MENCBIT Y7 aXv T UiRELDAERT hJk Fad
) V@NV“EV{)%J:O)%Tﬁﬁ% \Z XL DB LT,

B, NBUVRBICRFRFEAT L2 A 2{LEW 1h 1L, Scheme 19 & [FERDOFiE%L
FAWTAR L7z (Scheme 42),

O  MeONH,+HCI NOMe MgBr /
AcONa A9 §
MeOH, r.t. CH2C|2, r.t. R
Br 92% %% g

30h 32h

N
Grubbs' cat. 2" gen.
CH,Cl,, reflux -

67% Br

1h

Scheme 42. Preparation of spirocyclic cyclopentenyltetrahydroquinoline 1h.

WIZ, v ormaXe T UoREL L, XUBVER BICEREZ AT H2AERT R Frd
/U 1b-d BLO 1h 2T, V?mm%§y¢\FU$XEVK£67BB?7§A
(LB 2 it L7 (Table 9), & DS, R L LTA MRV EERIIATFLEEL S
21 BEIWN1e, "aFrE2HOo1dBIN1Th OWTNOLEICHL 7 ea T 7 2 MG
IFHEITL, B nu 7 # L 2b-d BLU2h B3, endo (K& HEHE UHPRLE OISR THE S
niz,

Table 9. Chlorolactamization of spirocyclic cyclopentenyltetrahydroquinolines 1b-d, and 1h.

1) (CCI30),CO (3 eq.)

H .
R2 N ‘ CH,Cl,. r.t., 24 h
O 2) silica gel
R1

1b-d,h 2b-d,h
entry substrate R’ R? product yield (%) endo : exo
1 1b MeO H 2b 56 3:1
2 1c H Me 2c 53 6:1
3 1d Cl H 2d 67 5:1
4 1h Br H 2h 45 10:1
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WIZ, HB1EHESHTERLERET VAT I VHEERAWT, LOEHliRT 7 2 25K
DERE R LT,

IZUDIZ, HIROKRET I AT IV Sa ZHH W T 7 v o7 % MUK ZKE LT
(Scheme 43), 5a @ 0.05 M V7 mu AZ AEKIZ N RATZ Nz, HBIR TGS
ETA 2 TORET VAT I UNEAE LT RFFHER T DEENICHE SN,

Ph_
H CCl;0),CO (3 ° ° N/\/\>:\
eq.
Ph/N\M (CCl30), (3eq.) . N e)

CH,Cl,, r.t., 24 h Ph” ph” N NF
5a (0.05 M) 6a 71: quant.

Scheme 43. Reaction of homoallylic amine 5a.

Z 2T, RIS EIEIT 5 BT, RIS DOIREZ 0.01 M IZARL T, Sad 7 =
0oy 2 MU ERS L, LL, ZeodsiatickvEsn-mAeRYo 'H
NMR A7 MJUZEBWT, IANEA N7 R ela THEAR< ., IRFEFHER 71 OEN
flER8 S 4L7- (Table 10, entry 1), F72, BRILZEET 5 HI T, ARISEERSEE FITo72
2, B vr Z 7 2 MEISOEATIIMER S L7 > 72 (entry 2),

Table 10. Reaction of homoallylic amine Sa.

H (CCl50),C0 (3 eq.) OYC' Ph\N;_\O/\
b N NF CHClp, 24h | prrNa~F L N
5a 61a 71
entry temp. conc. (M) product @
1 r.t. 0.01 71
2 reflux 0.05 7

a) Products were detected by crude 'H NMR analysis.

WIZ, A ABRDOUIN & gt L7z (Table 11), flix DLA ABRIFEF, mRET VLT I
5a ? 0.01 M £72130.05M 7 mu A X EiRE YRR ERIGSE%, 7 rak
L AHHIC X0 B SN HAERS O 'TH NMR 227 R LICEWT, BUEIG DT A3 HERR
SINTZHDIZHOWT, DBU THUMELKEZITWART 7 % A 7a & LCHBELTZ, D
FER. Sliogks X O TATO AN A R T WD TEAL S OMEHEIZE LT 5 2 & 38
k7o (entries 1,2, 11, 12, 14, 15 and 16), 723 AL 7 VI =0 L& AW =5HEI2E,
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Friedel-Crafts 7 /L WALIUS EFi < 7 U ALREIT LT £ B 2 5L D 72 03 15% DR T
57z (entry 4), SVLLEDOFER LD 5ad 001 M P A X URKIC, 34RO UK
AT EBIZ3N ROV TOVEEN D ZRINT D RN RE TH D Z ERHLNE RS
72 (entry 16),

Table 11. Screening of Lewis acids for lactamization of homoallylic amine Sa.

method A
(CCI30),CO (3 eq.), additive (3 eq.)
H CHQC|2, rt., 24 h Oﬁ
_N = or -
Ph" " T thod B Ph/N

1) (CCI;0),CO (3 eq.), additive (3 eq.)
CH,Cl,, r.t., 24 h
2) DBU (3 eq.), CH,Cly, r.t., 2 h

5a 7a

entry additive (eq.) method vyield (%)®  entry additive (eq.) method yield (%)

1 FeCl, B 24 11 znCl, B 9
2 FeBr, B 29 12 znl, B 13
3 Fe(acac)s A .9 13 Zn(OTf), A o
49 AICI A -2 (75) 14 Meyzn B 39
5 AgOAc A - b) 15 Et,Zn B 47
6 BF ;OEt, A ) 16Y  Et,zn B 48
7 CuCl A .9 17 PhyZn A o
8 CuCl, A .0 o o
9 Sc(OTf); A o T
10 CaCl, A o

a) Recations were performed with 0.05 M of 5a in CH,Cl, 72 Me

b) Not detected.
c¢) Yield in parentheses was for 72.
d) Recation was performed with 0.01 M of 5a in CH,Cl,

WIZ, A OEEEZ L2027 a0 T =07 20 50a DY nna T 7 X MMUBISE R
L7z (Scheme 44), YT FI)VHEFIE T, MNUBRAT LD 7 vnn T 7 2 MUKISE
Tolzb ZA, HOBRLRISDNEB S ET L, 4UEH 7 ma Z 7 Z L Sla )% 72% DI
B endo: exo=2:3 DNLAKRIMETH LT,
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o

H (CCI30),CO (3 eq.), Et,Zn (3 eq.) e
Ph” - N b

Me CH2C|2, r.t., 24 h
Me

50a 51a: 72%
endo:exo0=2:3

Scheme 44. Chlorolactamization of cyclopentenylamine 50a.

LEDX 2, AV aEZ2HESRWRETYUAT IVEHO M) RAF U EZRAW-7 10
0 J 7 X IMUISICEBWNTIL, VA ABROIRINNBVNETHAZ ENHLMNE o7,
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B o e

o NURAAFUEHWET I T 7% MEKIG

NIRRT RN 7aXer T UREbDOAERT e ReXx /U 1la O/ 1
17 7 X PG OHEE SOGRISIZ BN T, VRS F A2 F BUGSHRIAR E UTAR L
TWbHEEBEZLND, 2T, ZOHVRLF AL F % Ritter RIS ' CFIH TE R,
777 F MERISOBFICER TE 5 £ F X7 (Scheme 45), 3725 IR KUK
Al LT= R VEERHOWIUEL, IVEDTFF U F~OMINMZED = ) U T AAF
v T WERRL, ZOROIMKGEZEI V= I LHRKDOT I ROBEAINT-T 7 XL 8a
WFEHND EE X T,

Q ° NECR
H p—
CClI;0),CO +| N=CR
Nl” ( 3? - N — N
ac?:gon Ritter-?ype
Prins-type cyclization L | reaction
1a F T
0]
NHCOR
N
 —
8a

Scheme 45. Strategy for triphosgene-mediated aminolactamization.
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FB1H vr7uXrTrruRisbHOAEr T NI e Rakx /U UHEHD
7T % MEKIG

IZUOI, BB XOREAIE LT = FIVEHNWT, 27X T UVREHD
AT b7 X /U 1lal 3YED NV FARRAST U ERRTRIGESHT (Scheme 46),
ZOREFR, B BRETOEANEZMNIT I ) T 7 Z MURIEHEITL, 7T IR
8aA 7% 48% DI, endo:exo=1:7 DNREIRMETIR Oz, s, WAL Ao 38N
Snfcrzmu 7 2 ALEIERDE L THLRT,

¢, ~NHCOMe

I

MeCN, r.t., 24 h

H ‘ (CC1;0),CO (B eq)

1a 8aA: 48%
endo:exo=1:7

Scheme 46. Aminolactamization of 1a with triphosgene and acetonitrile.

WIT, BWIEB X OSRERIE LT e A= ) AE2HANWT, FEEICT 2 T 7 % MUK
nEBELTE A, Ta AT 2 K 8aB M 35%DINER, endo : exo =1 : 4 ORI PE
THE LT (Scheme 47),

¢, ~NHCOEt

I

(CCl30),CO (3 eq.)

H
N
O EtCN, r.t., 24 h

1a 8aB: 35%
endo:exo=1:4

Scheme 47. Aminolactamization of 1a with triphosgene and propionitrile.

B, TEMNTIREBION T oA 7T I NEEETHT7I /)T 7% 5 8aA BLO
8aB DONAHEEIZE L Tid, ThENE 1 = 1 fiornnF 7 2 5 2a OYE L RERIC
NOESY A7 h Uz X 0 g8 L7z (Figure 4), 8aA L\ 8aB ([ZEBWT 3 (LD KFELE 12
NDRAF L KT 0 A E— 7 BNRD S ITNARENER % endo (K THD EHEE L. 3L
DKFEE R2MLD AT LU KFIZT 0 A —7 BB LR Do T SAREIMER % exo K TH
LHEHEE LT,
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N 3H N 3N7],|V|e
HN\”/Me H O
0]
endo-8aA exo-8aA
i HH7 H oK
2L sl
HN\”/Et H O
0]
endo-8aB exo-8aB

Figure 4. Stereochemistry of bicyclic aminolactams 8aA and 8aB.

WIZ, KT 772 MERISCB TS, 7~y TF U R2b2A8eT Tk Re
XV DORUE VB EOEWI X DB RE LTZ (Table 12), > 7 v X7 U RE S
SAvrT Rt FaXx /U 1bdBLRhZzHNT, 7= U, RUKRRS
NCXDBT T B MRS E T o, EOFER, BTG E L TR ICA PR UED
HUVNEIRINZATF I RN a e UUHRRIRTORER T2 /T 2880777
Z PMEBOE T, WTINOHREICOTREOIGETHRNOT X 7 77 % A 8bA-dA B LD
8hA b7z, B, NUB VR RICEMELZ 2206 S FERIC, WTNo%Ea b
exo IKDAERR AT LT I ) T 2 2MESHEIT LT,

Table 12. Aminolactamization of spirocyclic cyclopentenyltetrahydroquinolines 1b-d and 1h.

(@)
H 3
R2 N ‘ (CCI30),CO (3 eq.) ., ~NHCOMe
» R2 /ﬂ‘
MeCN, r.t., 24 h '
R1
R1
1b-d,h 8bA-dA,hA
entry substrate R' R? product yield (%) endo : exo
1 1b MeO H 8bA 50 1:4
2 1c H Me 8cA 50 1:15
3 1d Cl H 8dA 48 1:8
4 1h Br H 8hA 48 1:6

38



Lo Xz, BEBIORERE L= I AVEHAWSE, NIKRAFUHEDO DV
R L HIZ= NI VHROBRIFE DN EASNTET I ) 777 LR GEHNDH T LR
SN E 72577,
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i

F2TIH R DEER

..l

WIZ, KT 27T 278 MERIEDKISFREEIZDOWTELE LT,

XUDIZ, TEHXI REOEANRZ v T 7 X L 2anbOEBRKISIZED O TIERN
ZEEMRTAEMT, JunZ s A2arHNTTE =) A RUKRRT LD
RO % fEt L7z (Scheme 48), & OfE S B HASNTETE T R REIN S D DA TH -
2o ZOZENDL, TEHXI REOEANZTI o0 T 7 X AOBBKIGICL D HOTIERN
ZENHABMNERST,

/ /w (CCl30),CO (3 eq.)
MeCN, r.t., 24 h

no reaction

Scheme 48. Control experiment.

W2, 7277 % MMERISOHEEK)SH#E % Scheme 49 (2R L7=, 1ZL®HIZ, AEH
ThrZekRax/ U 1ab FIBRATURRISTHE 7un T 7 2 MURIS & RERIZT
VIALREIT L THNNEA L7 8 Y K da DAER L, WA A OBz X% D B X
W7 VT LA A EDOERE  Prins BUIBALEIS ST L CTHNVR A F AU FRAERT D,
N T, IVARIFA L F~= NI AT L2 LIk, = bV UV TAALF T &R

_ . _
Oo.__ClI (0]
H Y |
N (CCI30),CO
acylation 4 O
Cl
1a 4a -
0] o ltl _CR _ N
+ N=CR cl y-R
S N _— N — N 7/
Prins-type Ritter-type Cl
cyclization reaction
E T 73
(0]
work up NHCOR
H,O N
8a

Scheme 49. Plausible pathway of triphosgene-mediated aminolactamization.
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0. LA A O A I RAvra ) RT3NERT D, wE&IC, KGR
WHEIT L, T 772 L8N ELNTZEEZTND, 2B, Z7un 77 X Mt T
2 T U PMMEOSC B W T RERIRPE S Wil U2 B BB L ik, BED L Z A M)
(2725 TR0,

PUlkokXsic, FHEFIAEeT e RkaXx ) YV ey r/aa AL 0 N RAT Y
ERIGEED L, 7T FEAOMHEL L HICERFEFOEANOEITT S5 7 un T 7 2 MMb
FOSHEITT D2 2R Lz, £72, = MU VEEE L LESHATIE, 22507 2 FEA
AT LTI T 7 X MUBROGRETT S 2 LR R LTz,
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o5 3% Friedel-Crafts 8 535 77 )V NE A VAL i D B ¥

BLIET, RET VAT IVHZ, BZXAAE T, Zradvadf ATV L KOS
SHDHE RFTRELERATF AL DT I VGO T bl %< Prins BB LG
WZEOFVT7 40 DT I INREZALRIEREITL, 77 2 LB ENDLZ EH /L
Tco 2T, REICORBEENLE LTAL T 4 OROVIZHEEFREZ HOIUL, FHEERIC
7 X NEEDNE A WIBEZR Friedel-Crafts MG~ S B TE 5 & 270, £7. RIS E
ARTRIGHETT LT WEE X b0 FNRISEREFT 22 L, 7= F
NT 29 BESAAET., Zuakiath, DAFLHMTUET L L, TIUEB LD
Friedel-Crafts B VST A /ALRISHEIT L, B Fuag VXU ) N BHFLND &5
Z Hiv5 (Scheme 50),

H
Me,Zn
RN ' 2 5 o
CHCIj, air N
R
9 1
ﬂ acylation U
OYCI
H
/N [ > O
R intramolecular N
Friedel-Crafts-type R~
10 carbamoylation U

Scheme 50. Strategy for intramolecular Friedel-Crafts-type carbamoylation.

B, INANETAL VT Y RE W55 F W Friedel-Crafts BUISSZ K5 7 7 2 LREGLE
F2HEESNTEBY, WIFRbELT A I =T ABRHAWSR TS (Scheme 51),

@)

YCI R

N i'“ AlCl,
— 9

74
R =H, Me

Scheme 51. Intramolecular Friedel-Crafts type reaction of carbamoyl chloride.
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¥ 1H 4> W Friedel-Crafts % 5 /LR E A ALK

ZUDIZ, Z== L F T 2 DO A ETT -7 (Scheme 52),

kY OFEEBEIC, T2V (52) EAF L (58b) ZHWT, AU T LT RF
U REET., SR LTAH L7 0D Ra 7T 2 MRS EITW., BEFET-EC7 -
A EFETH T 2= F LT 292 & 45%DIR T, S50, TR ok
EBEL, 7=V T R RTATE R (76) £ 7 ==V F LT I (T7) il Y v
DEETF, Urmnr A& od BkfEE Lictk, KELAUHETFT M) U LEHWTGETL,
BRFA LR DONVIEERET L7 2=V F AT 22909 % 19%DILRTERK L7,

tBUOK
PhNH, +  “ph uo - /ﬂ¢«
THF, 120 °C, sealed tube Ph Ph
52 58b 45% 9a
1) N32804, CH2C|2, r.t. H
BnCHO + HoN__~ .~ y
Ph " 5) NaBH,, MeOH, r. Bn~ ~"“Ph

76 77 19% 9b

Scheme 52. Preparation of phenylethylamines 9a and 9b.

KICER L7 2= L2 F LT I 9abIB L ON-A F/L-N-7 = =)L =F /LT I (9¢)
MW THBIRE NV ASEA MESIS Z#ET L7z (Table 13), N-7 = =/L=F /L7 =V > 9a
.BIEFIGCRELE en T 7 % MG ERERIC, B5GFET, 7 eakib s
i, UAFEE ERIESE D &L BIFEE D AN EA LT v Y RO EFEROREBE
PHEIT L2 EEZEZDNDYE RuA VX0 7 a™ B 72%DIERTH LN (entry 1),

Table 13. Me,Zn-mediated intramolecular Friedel-Crafts-type carbamoylation of 9a-c.

H Me,sZn (8 eq.) 1)
N >
R ""Ph  CHCls, Ny, air, r.t., 24 h !
R
9a-c 11a-c
entry substrate R product yield (%)
1 9a Ph 11a 72
2 9b Bn 11b 79
3 9c Me 11c 62
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Ibl, BRFTF LRIV EBIOATFAEEETHTLXRALT I 9D BLU 9 %
AWEBEIC S, FREICER/ED L ANEA MEIEREIT L, ZREREROYE Ra A
V& U 11b® B e BNEWVILE T L7 (entries 2 and 3),

B, BI2EHEIHSTRHELE, Yrzaurx ok Do FAHEEEETR. R ARRS
YERWDZ7an T 78 MURIEOFIEICB W T, [AERIC Friedel-Crafts 5 L /3E A L
EBOSSETT 2 2 & 6D E 72 572 (Scheme 53),

H (CCl30),CO (3 eq.), Et,Zn (3 eq.) o
Ph N~ pn, >

CH,Cl,, r.t.,, 24 h N
2v12 Ph”

9a 11a: 75%

Scheme 53. Triphosgene-mediated intramolecular Friedel-Crafts-type carbamoylation of 9a.
UED LT REENL A A VT 4 B IFFRICER T 5 Z LT, 5 Friedel-Crafts

BITNNTEA VISR EITL, Y FaA Yx 2 U UNINRKREL GO Z 2 REL
770

44



26 4 Friedel-Crafts i 77 /L8 E A AL

AT, AL 74 ORDVICHEFRZHWIEGAEICH T X VR = UL RIS D EST
TLHLIEDBHAOENERSTZZ LD KRS %53 TS BB NV SF A USROS~ & BB
T&EDEEA, TIvELbio, KEMHOENA v P B IO s —VHZ Vil
X R TRAET DA NREA L7 1Y K14 & O Friedel-Crafts ! 77 /L3 A AV D31
17975 L#% 2545 (Scheme 54),

||Q3 R4 NR?’
H ReNG Me,Zn OYCI D
RN R2 + \U Ny, / N 0 > O \
N CHCl3, air | RT'""R2 intermolecular N f— )
RS Friedel-Crafts-type R1" "R2 h 5
carbamoylation R
12 78 14 79

Scheme 54. Strategy for intermolecular Friedel-Crafts-type carbamoylation.

ANNNEANIE SO R=/VEB IR 0 — VIR b & £ 5 EE o
D—2>THY, Figure 5 IZ;n LD, £ F—7 /LB A K Kingamide A,
Leptoclinidamine C *? 35 X O" Scholarisine N, £’ 12 —/L-A I #>'—)L 7 /L7714 K Oroidin 35
KO oHZREe EITEER TV D,

H H Me’\\l
Br / 0 Br /| MeS Q F CF,c00
2 OH N,
NH NH Me
O 3 \ o
HO
0]

HO—\
(6]
HO Kingamide A Leptoclinidamine C

pin e

Oroidin : R'=R2=Br
Hymenidin : R' = Br, R? = H
Scholarisine N Clathrodin : R'=R?=H

Figure 5. Natural products containing carbamoylated indole and pyrrole.

EDIT, ANNEANEE SO v B— VB L O 1 — VTR LIS O A WTEE
EEMIZHLEENTEY, Gal AT o —)VIMJEREKE L TR cHY LR TS
HMG-CoA & TlEFHEHLEH] Atorvastatin (U B b —/L %) D o EEKEGLEM TH D
RO5028442 % 2353 Cuv% (Figure 6),
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@ Atorvastatin RO5028442

Figure 6. Drug and drug candidate containing carbamoylated indole and pyrrole.

BB, A Y K= DI NISEA NMERINZIE, Scheme 55 IR L7z X D14 > R—LrD7
b, TR UK BREET VIVBEAG AT O Tk (80—81-82—83) P o, JRFEAY
K8 EZHND T ol ZLDHA, HOLMUDA L R—AHDLWNET IV ET v
b BBENDL, —F, AV F=ABLOT I OT7 bz ngE e LRy, LB
W72 NV AREA MEEDFTEE LT, T V0 AT, AP CRET S 3-3—F
AV R= LR FERB LT I V2B AT DU ENTND, P LaxLiaenb,
mfli 72 /N7 2 AL EME D < BUR W INEE R —F(LRFB LA WL MLER D D, ZD7
. FEFEDEIEICHRM L2 WV SE A WACRS & 57 FRIBOG~BIS T E UL, L0
FEBRIINASEA MEBIGEITD ZE D TEDLHTRFIEL R D,

NHR3R*
(COCly, EtsN
O°Ctor.t.
1
R R }
| AMe;, N7 TNy N
R4 \Q/ \ / N
\ /N 84 - 5 e
=5 R'=H,R3#H,R*#H R?
R2 /N\R4
80 R® 83
\ PdCl,(dppf), dppf, K,COs, I, CO, NHR3R* f
R'#£H

Scheme 55. Known methods for the synthesis of carbamoylated indole.
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55 1IH mE ST O RS

FLOIZ, T e X/ Uy 12a & 1-AF LA > F—/L (13A) 2T, 1
Friedel-Crafts 71 /L /36 A AV SR D EGESRAFIZ OV TRFT L 72 (Table 14), £3°, 7 b7
ERex/ Uy RaBINI-AT A2 F—L (13A) ZZNTh 1 B EHAWT, EXAFE
T.ZvaafR/V A 8 ¥EDVAF NI EDT X ) DIVKE = ERISEI T8 2 A,
HEJD 15aA 73 18% E AR N LG BT (entry 1), 7235, AT A WALRIGNIEA &~
R—/VERD 3 (LIZDAZEIT LTz, KRIT, 1-ATF A R— U L DREZEKEEZRET D
HET, 13A ORI L OISR OIER 253772 (entries 2-5), € DOFEHR, 4 H&ED 13A
ZHWT 48 IffH], & A FIVHgh & DRULZEAT 9 & L SE A JUKIK 15aA 2% 93% D IR
THOLNDZERHA LR ST (entry 5), 7ok, VAT /VHEEHE 6 YEITHT 5 &,
PERDILTAZ ST (entry 6), ML EORFRNG | entry 512K LIZRANARIGIZINT
KETHDLZENRHLNE T,

Table 14. Intermolecular Friedel-Crafts-type carbamoylation.

H Me / N
N N Me,Zn o}
+ >
@J @ CHClI3, Ny, air, r.t., time N

12a 13A 15aA

entry 12a (eq.) 13A(eq.) MeyZn (eq.) time (h) yield (%)

1 1 1 8 24 18
2 1 2 8 24 20
3 1 2 8 48 56
4 1 3 8 48 67
5 1 4 8 48 93
6 1 4 6 48 76

47



2 EE A RIEORES

WRIT ARGyF-Ti 71 V7S A AEBS DFEE —fPEIC SV TRRET LTz,

XL OIZ, Fx OBRIRT 22 12bf & [-AF /LA > F—/L 13A) 2T, BIE TR
U 7= feiti 551412 & 5 Friedel-Crafts % 77 /L3 E A WAL G Z G L7z (Scheme 56), £7°. 7
FZeRaAYx /70 12b ZflnizE 2 A, BHEO 15bA BHREEDILHE T bz,
REMIIEERIR T S & LTENY D 12 2T TR, el Yy 12d BELOANFTH AT L
VA 12e BFWEBRASICLT I AR UGN HEIT LTz, © X5, BEE T
EAETHENARY CAdA EHOVTARRIGERF LIz E 2 A, IANEAL LS T 156A P
DN 24% EARINRE N OELND Z ENRHLMNE R o7, ZHid, EAKRY VEBRNT VAL
FOSHRIFIZB W TR LT W ERHESNTNDH I Enn, EARY V 12f B
ISEA NAURISEA DT T L D RMERIEEOER TH L EBEZTnD, &

Me,Zn (8 eq.)
(\_@ CHCI3, Ny, air, r.t. 48h

12b-f 1 5bA-fA

FOEOE .

15bA: 68% 15cA: 78% 15dA: 61% 15eA: 55% 15fA: 24%

Scheme 56. Intermolecular Friedel-Crafts-type carbamoylation with various cyclic amines.

WIZ, Fix OFIRT I 12g-m & 1-AF LA > K—) (13A) & O Friedel-Crafts % 71 /1
NEA LG E G LT2 (Scheme 57), £79°. 7=V VFHEAK 128 IZOW TS L7z & 2
5. BEYD TV RT A AR 15gA ) 2 47%DINRTH -, wIZ, IEKT 2 12h-j
EBAEHAWTAMIEZBRFILIZE ZA, WTROHE L FREDIERTHDO AL E
A ALK 15hA P, 151A B L VISJA Y BME oz, £72, e ez L SEERO 12k
BLOEEWIESRO 121 2 W2 551C b B2 < BRI O RIS EIT L, 15kA B LD
1SIA DG LNADZ ERH LN oT-, SHIC, VT IAT I 12mEZHAWNWTCT I/ v
R MEBGEAT T8 A, AV T 4 VHGIC & 2 RIS, FERICK D
REKBEO LD HET L, WIS 3T A UBK 15mA 235 57z,
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Me N

H N Me,Zn (8 eq.) l

_N. + > O
rR1NR2 @ CHCly, Ny, air, r.t., 48 h
R1‘N\R2
12g-m 13A 15gA-mA
Me Me Me Me
N N N N
N. N. N. _N_
Ph” "Me Bn”~ "Me Bn” "Bn Et Et
15gA: 47% 15hA: 53% 15iA: 70% 15jA: 63%
i AIIyI/ SAllyl
15kA: 68% 15lA: 53% 15mA: 63%

Scheme 57. Intermolecular Friedel-Crafts-type carbamoylation with various acyclic amines.

WIZ, 4 R—=VB EOBEBBENREEZRTT D720, 4V F—VEOAEKEIT- 72
(Scheme 58), 9", K™ O FHIEEBBIC, SIICEBRLE O R—/LHH 85D B &
O 85F %, 1 E4 DMF 1, KEMT MU D LAHFEET, aUbAF AL ERIGSEDLZ &
TN-AF ML, 13D7 BIO1IF™ 2/ L, &Hi2, 7Y oFEESEBIL, &
R LTZ 1-AF 5T a2 K—/L (13F) ODRFF 1% A X~ EH L 13E ™ &

AR LT,

Me Na Me
H NaH N MeOH N
Mel Cul
_ Mel .
@ DMF, 0 °C @ DMF, reflux @
R R R=Br OMe
85D,F 13D,F 13E: 77%

85D (R = Me) 13D: 91%

85F (R = Br) 13F: 96%

Scheme 58. Preparation of 1,5-disubstituted indole derivatives.
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W2, T hoIbe Rax/ U 12a & A F—LH 13B-F & D45 +[8] Friedel-Crafts ! 77 /L
NEA NWAUKE & fET L72 (Scheme 59), 7, fELRFED A > F—/L (13B) &L DA NANE
A MESOG R LTz, ZORR, W@ Y A > F—IVBROD 3 (IO BB ST A ALK
IEAEIT L. BAYOD 15aB 7% 53%DILR TR LI, £o, A R—ILED 2 (LI A F L
HE2HTH1BCIZOVTHIRDE FIEALND DD, [l < RSN ETT 5 Z &
M BMNE IR 5T, I, A2 R—=/VEBROD 5 L OEBILIZ L DB W THRET L7z, &
THERETHLATFNVEEZAGTH1BDBLIOA X UEEZAT 5 13E 1L, WThoBHADL
HEYD 15aD 1 L N 15aE % TN ZH 49%, 43%DINRTH 27, £/, ~aFr L LTR
FIRF % b OHEIT S IS EA AN ITHETT L 15aF 725 37% D IR TH B iv7,

R3
H |
N_ , R \N Me,Zn (8eq) o
@;j \<—® CHCI3, Ny, air, r.t., 48 h N
R5 20

12a 13B-F 15aB-aF
Me
NH Me N
OY[@ e
15aB: 53% 15aC: 43%

Me Me

Me
N N N
@) I (@) I (@) I
N N N
w0 e OO S

15aD: 49% 15aE: 43% 15aF: 37%

Scheme 59. Intermolecular Friedel-Crafts-type carbamoylation with various indole derivatives.

EHIT, A R=VPSDOFEFR L L TE r— U E AW VT A ARG & Rt
T4, BRERFF LICEREEZ AT S 2 —/116C 33 L N16D D4 % %17 > 7= (Scheme
60), £9°. Tk P O FEEAZBEIC, B r— (16B) ZkFELT RV U LTFE(E R, DMF 1,
Rz u I ReEAOTN-U DL, 49%DINR CTEBFR LI OV kasF9
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% 16C 7™ %#157-, WIZ, k™ OFiEA S %I LT, 16B Z DMAP f#(£ . 7& F=Fh
UL Boc,0 & AVVT N-Boc fb L 63% DI CTEREIR T EIZ -7 FX v AR =%
H4 516D 7P #4157~

N BnBr . N
\ / DMF0°Ctort. § )
16B 16C: 49%
H DMAP Boc
N Boc,0O N
i\ /7 MeCN, r.t. \ /)
16B 16D: 63%

Scheme 60. Preparation of pyrrole derivatives.

WIZ, T FIe Rax /U 12a LB a—/L16A-D DT I J HIVR = LIS ZBE L
72 (Table 15), (ZU®IZ, T 7 kX /U 12at I-AF L r—/b (16A) ZHFAWNT
RIESGETT 2 IR = EEZ /e L7z (entry 1), = OFER, HIF5# Y Friedel-Crafts
BT NSFA A EIT L2 b DD EOAEEFIEIT BT, 2 (LEHIK 17aA 5
FOV3 ALEHR 18aA WA DHE T 70% DI, 17:18=1:1 TH LN, KT, BREDOE
2 —)L (16B) DO HNNEA NMUESIEEIT T2, ZOFER, HANEA ALK 17aB B L O

Table 15. Intermolecular Friedel-Crafts-type carbamoylation with various pyrrole derivatives.

R\

R
N\ / N
H R o =~
NG, N Me,Zn (8 eq.) - . OYE/
@) \ /| CHCIy N, air, rt, 48 h N @

12a 16A-D 17aA-aD 18aA-aD
entry substrate R product yield (%) 17 :18
1 16A Me 17aA, 18aA 70 1:1
2 16B H 17aB, 18aB 53 5:1
3 16C Bn 17aC, 18aC 56 1:1
4 16D Boc 17aD, 18aD -2

a) Not detected.
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18aB MG H AL, T ONE BMERIT 17:18=5:1 & 2 AL DT A ALK IMER L THED
iz, LU D, ZONEEREDOREBLL 2 M ~OELENRINC LD b D00, 5
W 18aB O FRIC K 2 b ONTBED & Z A BN TR, S HIT, BHRFET Rliov v
NIEEGT D 16C DI NISE A MESIGTIX, FREEDOIETH KO IV 3% A VALK
17aC B LU 18aC 3G 67, —Ji, B REMEDREL TH D -7 M T IR =K
BRI T EICHET 2 16D OHEITITENO KNI A ET LW ERH LN E o7,
IE, Be— L ORBMENERSIEBICEX VKT LEZZ CICRERT S EEX DD,
Lo X oz, a7 I8, 4 v F—=LEB IO e — UV EHA2 W= 5Ha8ICbL S+
[ Friedel-Crafts B 71 /LS A WACBOS IS EIT T2 Z LB N E R o T,
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% 3HT RARWMEB LOAEEMEEYE R A~DIEH

KFEEE AR R OEMTERACEWOEKRZ B E LT, BT U082 v
A R—=IVEHDT I VR =GRS & it L=,

F9°. A375 (b MEMERAEMRE) ~oMaEMEE A T S WEEH KRETE Aspergillus
sydowii SCSIO 00305 H3EA > R—/A TV aA K 20a " OB ZMF L7 (Scheme 61),
1-2-A FFT 7 2=/ ERT V2 19a) & 1-AF LA F—)b (13A) Z285MF(E T, 7
g uaR/L AR, DAFVERESERTRICIED &L T I IR = ARSI EIT L
20a & 22%DUNHETH D Z LTI LT,

Me

(@)
Me

H |
[ j lll Me,sZn (8 eq.) N
N + -
\ CHCl3, N, air, r.t., 72 h
OMe 3, N2
N

N
©/0Me

19a 13A 20a: 22%

Scheme 61. Synthesis of indole alkaloid 20a.

I p38aMAP F F— VP IHEIEEZ AT % 20b OS2 #3F L7= (Scheme 62), 77,
BRI 86) Hrrsmu AL R X7 a I REAWTE, T AFEL, N-
RUVNERT T 19b Y & 80% DU TRz, PV wIZ, AR LT 19b & VT, MR
HEDOA Y R—/L 13B) L DT X ) INVKR=UALRISERRET LT & 2 A, 20b % 50%D IR
THBDZ LTI LT,

H

&

, NH
H 13B
[ j BnBr [ ] Me,Zn (8 eq.) !
N CH,Cl,, 0°Ctor.t. ’T‘ CHClj3, Ny, air, r.t., 48 h [ ]
H 80% Bn T
Bn
86 19b 20b: 50%

Scheme 62. Synthesis of 20b.
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BT, RSV Dy BRIRT T=A MEWEFT 5 20> OEKEIT>7 (Scheme 63),
Thebb, 4 F—/L 13B) % DMSO H, KT VU AFET, X7 rm K
ANWTTAF AL N-RU DA v F—L (13G)™ % 93%DINEETER LTz, ™ wIZ,
TxoVEERTHERT D19 & N-_U DA v R—b (13G) 2T, ZNETE

FIRRICT 2 ) DAV R = bR s Z et L& 2 A, Wm0 BRORISHEIT L., 20¢ %
45% DL THFTZ,

»

Ph 1

N
H KOH Bn 19¢ o
N BnBr N Me,sZn (8 eq.)
—_— o N
\ DMSO, r.t.  \ CHCl3, N, air, r.t., 72 h
93%

N

13B 13G Ph  20c: 45%
Scheme 63. Synthesis of 20c.
UEDX T, 42 FR=LBIOERT YD Friedel-Crafts 77 L /3E A MALKISIZ X
D, 3 ROEMEHALEMOERUTHI LTc, AFZt4im L TR LZHEET I R4

EICHEETE 27 X/ VR =/ HERIGIE, AIERMPFRICB TR SN D Z L it sh
ZDO
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g2A
w ]|

EFIIRAF VEMEE LT e a RV AB LR NY KRR ROV R= LV ED
WMAZED T 2 ANR =AU DBRIFZE 21T\, 77 X DEB L OFEKET 2 NE
DHFIRERIEDBRFIRII U, EWiErE MmO & RIS L,

O RETIVAT I VEZESHFET., ZaaRLaf, DAFLHEMHERIESES L, &
TRAETARATANCELAT I VSO T U L EFRT-0OE A% LS Prins HlER{l
FISicky, 7aasg 72 33560 sZ 2 /AHE LT,

R3

H Me,Zn, CHCl,, air © cl

R1/NY\/\R3 > N

R2 R

@ vrueXrTFrREbOARYRT MRk U rEYsua A o RN Y RAS
VERGEE%, DB u~ N T T =TT DL s e T s X MEK
JEREITTHZ 2R LTz, 610, BB X OREAIE L= MY v EHWT >
WAk, Prins MER LS FS KON Ritter RS OEENT 257 I ) 77 7 2 MMERS DB
\ZHkEh Lz,

0
¢ h(cclz0),co
’f“ CH,Cl, N (CCl;0),CO
2) silica gel ¢ | R?CN

R1

@ TIVBIUOA Yy R—LEE I e — LA WS Friedel-Crafts % 77 /L3 A LAk
FOtzBIF Uiz, S 612, AOGZISHA LT, A375 (b MEMEAEMRRE) ~ofia
BEEHT DT A K 20a, p38aMAP FF—VHEEM 2 A9 5 20b BL U K8
LU DyERBRET A=A MNEEREA T D 20c DERIZARE LT,

3
'?3 R? NR Y[’\LQ
, )
H 4 N MeoZn, CHCl3, air |
R _ 240N, 3 -
.N. + D » O /4R
R1 R2 U \\) X N

, \ Y
SeozH .N et
‘55 R °R? [ j
R N

[ 20a-c
R

20a (R = 0-OMeCgH,, R = Me)
20b (R =Bn, R = H)
20c (R =Ph, R =Bn)
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EIEqE

AN RS U Tkt TORFE 70 R, fEiRE 2 0% 0 & L7 RGBT RER R IC K
DEVEBBELET, £/, KiaXrE v ichizv, Mg, HEELBY £ 1L721
ERAFIEEHLE L P E3, £70, xRl s iS4 E#EE L Lz
FHESRHERICE ERHB L E7, ERICEE LEA O )2 TEE £ Lol BHAdZER
WCESEHE L ET,

AW OFRLCERITHIZY | A2 E SHIEEZ 50 £ L7 H IR AT, R H
NHFIRH B L £,

EDICARMFRICEE L, 2R IE2TEE E LIEHEZRE L, FAREEF L, KHEE
it EF ARt TR & A7 b NS 3R K F IR LA S OFE I
B L9,

MS. NMR BLOTEHREMTZHE L TR IWE LRI, NS HEE=, #BH
THFEA L DO RY:, wHFEoft o 2 — O RIZEHE L £7,
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Melting points (uncorrected) were determined on BUCHI M-565 or Yanaco NP-S3. IR spectra were
obtained on a Parkin Elmer SpectrumOne A spectrometer. NMR spectra were recorded at 300
MHz/75 MHz (‘H NMR/"C NMR), 500 MHz/125 MHz (‘H NMR/"*C NMR) or 600 MHz/150
MHz ('H NMR/"C NMR) using Varian Gemini-300 (300 MHz), Varian MERCURY plus 300 (300
MHz), Varian NMR system AS 500 (500 MHz) or Bruker Avance III HD (600 MHz) spectrometers.
Chemical shifts (8) are reported in ppm with the solvent resonance or tetramethylsilane as the
internal standard. High-resolution mass spectra were obtained by EI, ESI or APCI methods on a
Hitachi M-4100 or Thermo Fisher Scientific Exactive. Low-resolution mass spectra were obtained
by EI method on a Shimadzu GCMS-QP2010. Flash column chromatography was performed using
E. Merck Kieselgel 60 (230-240 mesh). Medium-pressure column chromatography was performed
using Lobar grofle B (E. Merck 310-25, Lichroprep Si60). Preparative TLC separation was carried
out on precoated silica gel plates (E. Merck 60F,s,). CHCI; (stabilized by amylene for HPLC, Cat.
No. 07278-1B) and Me,Zn (1.0 M n-hexane solution, Cat. No. 11384-25) were purchased from
Kanto Chemical Co., Inc. Unless otherwise stated, all the reagents and solvents were used as

received from the manufacturer.
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General procedure for the preparation of oxime ether 31 (General procedure A). To a solution
of ketone 30 (10 mmol) in MeOH (100 mL) were added MeONH,-HCI (1.7 g, 20 mmol) and
AcONa (1.7 g, 20 mmol) under a nitrogen atmosphere at room temperature. After being stirred at
the same temperature for 3 h, the reaction mixture was concentrated under reduced pressure. The
residue was diluted with H,O and extracted with CHCI;. The organic phase was washed with H,0,
dried over MgSO, and concentrated under reduced pressure. Purification of the residue by flash
column chromatography (hexane : AcOEt = 20 : 1) afforded oxime ether 31 in yield shown in
Scheme 19, 29, 30, 42.

2,3-Dihydro-1H-inden-1-one O-Methyloxime (31a) [Scheme 19]. According to the general
procedure A, oxime ether 31a was prepared from l-indanone (30a). E-31a. A colorless oil; IR
(neat): 2938 cm™'; 'TH-NMR (300 MHz, CDCl) &: 7.69 (1H, d, J = 7.5 Hz), 7.35-7.20 (3H, m), 3.98
(3H, s), 3.05-2.95 (2H, m), 2.95-2.80 (2H, m); *C-NMR (75 MHz, CDCl;) &: 162.6, 148.1, 136.0,
130.1, 126.8, 125.4, 121.4, 61.9, 28.4, 26.2; HRMS (ESI) m/z: caled for C,qH,NO [M+H]
162.0913, found 162.0917. Z-31a. A colorless oil; IR (neat): 2936 cm’; '"H-NMR (300 MHz,
CDCly) 8: 8.30 (1H, d, J = 7.5 Hz), 7.39-7.21 (3H, m), 3.99 (3H, s), 3.10-3.00 (2H, m), 2.88-2.80
(2H, m); PC-NMR (75 MHz, CDCl;) &: 159.5, 149.3, 133.7, 130.9, 129.2, 126.6, 125.4, 62.1, 28.9,
28.5; HRMS (ESI) m/z: caled for C;oH;,NO [M+H]" 162.0913, found 162.0922.

General procedure for the preparation of diallylated compound 32 (General procedure B). To
a solution of oxime ether 31 in CH,Cl, (0.1 mol/L) was added allyl magnesium bromide (4 eq.) at
room temperature, and the reaction mixture was stirred at the same temperature under a nitrogen
atmosphere. After completion of the reaction (TLC monitoring), the reaction mixture was diluted
with H,O and extracted with CHCIl;, The organic phase was dried over MgSO, and concentrated
under reduced pressure. Purification of the residue by flash column chromatography (hexane :
AcOEt =20 : 1) afforded corresponding diallylated product 32 in yield shown in Scheme 19, 29, 30,
42,

1,2,3 4-Tetrahydro-2,2-di-(2-propen-1-yl)quinoline (32a) [Scheme 19]. According to the general
procedure B, diallyltetrahydroquinoline 32a was prepared from 2,3-dihydro-1H-inden-1-one
O-methyloxime (31a). A colorless oil; IR (neat): 3410, 3008, 1606, 1482 cm™; "H NMR (300 MHz,
CDCl;) 6: 6.97 (1H, br d, /= 7.0 Hz), 6.96 (1H, br t, J = 7.0 Hz), 6.60 (1H, br t, J = 7.0 Hz), 6.46
(1H, br d, J = 7.0 Hz), 5.95-5.78 (2H, m), 5.18-5.05 (4H, m), 3.80 (1H, br s), 2.75 2H, t, J = 7.0
Hz), 2.28 (2H, dd, J = 14.0, 7.0 Hz), 2.18 (2H, dd, J = 14.0, 7.0 Hz), 1.73 (2H, t, J = 7.0 Hz); °C
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NMR (75 MHz, CDCls) 3: 143.4, 133.3, 129.1, 126.6, 120.0, 118.5, 116.7, 114.3, 52.8, 42.5, 30.1,
23.2; HRMS (EI) m/z: caled for CsHoN [M]" 213.1517, found 213.1520.

General procedure for the preparation of spirotetrahydroquinoline 1 (General procedure C).
Grubbs second-generation catalyst (1.0 mol%) was added to a solution of diallylated product 32 in
CH,CI, or toluene (0.1 mol/L) under an argon atmosphere, and the reaction mixture was then heated
at reflux. After completion of the reaction (TLC monitoring), the solvent was removed under
reduced pressure and the residue was purified by flash column chromatography (hexane : AcOEt =

20 : 1) afforded corresponding spirotetrahydroquinoline 1 in yield shown in Scheme 19, 29, 30, 42.

3’,4’-Dihydro-spiro[cyclopent-3-ene-1,2’(1’H)-quinoline] (1a) [Scheme 19]. According to the
general procedure C, spirotetrahydroquinoline 1a was prepared from diallylated product 32a. A
colorless oil; IR (neat): 3379, 2922, 1607, 1477 cm™; '"H NMR (300 MHz, CDCl;) 8: 7.02-6.91 (2H,
m), 6.61 (1H, td, /= 7.5, 1.0 Hz), 6.42 (1H, dd, J = 7.5, 1.0 Hz), 5.72 (2H, br s), 4.05 (1H, br s),
2.83 (2H, t, J = 7.0, Hz), 2.50-2.35 (4H, m), 1.91 (2H, t, J = 7.0 Hz); "C NMR (75 MHz, CDCl;) &:
143.7, 129.1, 128.6, 126.5, 120.2, 116.8, 114.4, 59.8, 46.4, 32.4, 24.7; HRMS (ESI) m/z: calcd for
C13H ;N [M+H]" 186.1277, found 186.1271.

Trichloromethylation of 1a with Et;B [Scheme 20]. 1a (55.5 mg, 0.3 mmol) was dissolved in
CHCI; (3.0 mL) under air atmosphere. Et;B (1.0 M in hexane, 1.2 mL, 1.2 mmol) was added to the
solution of la in CHCI; under a nitrogen atmosphere at room temperature. After the reaction
mixture was stirred at the same temperature for 5 h, Et;B (1.0 M in hexane, 1.2 mL, 1.2 mmol) was
added. After being stirred at room temperature for 24 h, the reaction mixture was diluted with sat.
NH,CI and extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under
reduced pressure. Purification of the residue by preparative TLC (hexane : AcOEt =1 : 1) afforded
3a (10.8 mg, 12%) as a colorless oil, endo-2a (22.8 mg, 31%) as colorless crystals and exo-2a (7.0

mg, 9%) as a colorless oil.

3’,4’-Dihydro-3-trichloromethyl-spiro[cyclopentane-1,2°(1’H)-quinoline] (3a). A colorless oil;
IR (neat): 3397, 2927, 1607, 1484 cm™'; '"H NMR (300 MHz, CDCl3) &: 7.01 (1H, d, J = 7.5 Hz),
7.00 (1H, t, J=17.5 Hz), 6.65 (1H, t, J = 7.5 Hz), 6.48 (1H, d, J = 7.5 Hz), 3.81 (1H, br s), 3.50-3.37
(1H, m), 2.90-2.74 (2H, m), 2.29-1.74 (8H, m); >C NMR (75 MHz, CDCl;) &: 143.2, 129.4, 126.8,
120.6, 117.3, 114.6, 61.0, 60.1, 43.2, 39.1, 32.7, 28.0, 24.9; HRMS (APCI) m/z: calcd for
C4;H,7°CI;N [M+H]"304.0421, found 304.0414.
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(2R*,3R*,4aR*)-3-Chlor0-2,3,4,4a,5,6-hexahydro-2,4a-methan0-1H -benzo[c]quinolizin-1-one
(endo-2a). Colorless crystals; Mp: 130-133 °C (hexane-CHCI;). IR (CHCl;): 2929, 1710 cm™. 'H
NMR (500 MHz, CDCl;) &: 8.58 (1H, br d, J=8.0 Hz), 7.23 (1H, br t, /= 8.0 Hz), 7.14 (1H, br d, J
= 8.0 Hz), 7.00 (1H, br t, /= 8.0 Hz), 4.61 (1H, dt, J = 9.0, 5.0 Hz), 3.17-3.13 (1H, m), 2.92-2.77
(2H, m), 2.36 (1H, dd, J = 13.0, 9.0 Hz), 2.16-2.02 (4H, m), 1.77 (1H, d, J = 13.5 Hz); °C NMR
(125 MHz, CDCls) 6: 171.1, 135.2, 128.7, 127.6, 124.6, 123.0, 118.8, 67.5, 53.9, 53.8, 44.2, 43 .4,
27.3,25.5; HRMS (ESI) m/z: caled for C,4,H;sNO*C1 [M+H]" 248.0837, found 248.0837.

(2R*,3S*,4aR*)-3-Chlor0-2,3,4,4a,5,6-hexahydr0-2,4a-methano-1H-benzo[c]quinolizin-l-one
(exo-2a). A colorless oil; IR (neat): 2945, 1712 cm™; "H NMR (500 MHz, CDCl5) 8: 8.44 (1H, br d,
J=75Hz),7.21 (1H, brt, J=7.5 Hz), 7.14 (1H, br d, J = 7.5 Hz), 7.00 (1H, td, /= 7.5, 1.0 Hz),
4.34 (1H, br d, J = 8.0 Hz), 3.09 (1H, br s), 2.92-2.76 (2H, m), 2.63 (1H, ddd, J = 14.0, 8.0, 2.5 Hz),
2.34 (1H, dd, J = 10.0, 1.5 Hz), 2.21-2.15 (2H, m), 2.05-2.00 (1H, m), 1.95 (1H, dd, J = 14.0, 3.0
Hz); "C NMR (125 MHz, CDCly) &: 171.8, 135.0, 128.9, 127.5, 124.9, 123.3, 118.7, 68.5, 56.1,
55.6, 45.7, 41.9, 26.7, 25.5; HRMS (ESI) m/z: caled for Ci,H;sNO*Cl [M+H]" 248.0837, found
248.0838.
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Chlorolactamization of 1a with Me,Zn [Table 2, entry 2]. 1a (92.3 mg, 0.5 mmol) was dissolved
in CHCI; (5.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 1.0 mL, 1.0 mmol) was added 4
times at 2 h intervals to the solution of 1la in CHCIl; under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted
with sat. NH4CI and extracted with CHCI;. The organic phase was dried over MgSO4 and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =5 : 1) afforded endo-2a (80.5 mg, 65%) and exo-2a (25.8 mg, 21%).

Chlorolactamization of 1a with Et,Zn [Table 2, entry 3]. 1a (92.3 mg, 0.5 mmol) was dissolved
in CHCI; (5.0 mL) under air atmosphere. Et,Zn (1.0 M in hexane, 1.0 mL, 1.0 mmol) was added 4
times at 2 h intervals to the solution of 1la in CHCIl; under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted
with sat. NH4CI and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =5 : 1) afforded endo-2a (19.9 mg, 16%) and exo-2a (25.1 mg, 20%).

Chlorolactamization of 1a with Me,Zn [Table 2, entry 4]. 1a (55.5 mg, 0.3 mmol) was dissolved
in CHCl; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) was added 2
times at 5 h intervals to the solution of 1la in CHCIl; under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted
with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =5 : 1) afforded endo-2a (11.4 mg, 15%) and exo-2a (8.1 mg, 11%).

Chlorolactamization of 1a with Me,Zn in CCl,[Table 3, entry 1]. 1a (55.5 mg, 0.3 mmol) was
dissolved in CCly (3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) was
added 4 times at 2 h intervals to the solution of 1a in CCl, under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted
with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =5 : 1) afforded endo-2a (1.6 mg, 2%) and exo-2a (0.9 mg, 1%).

Chlorolactamization of 1a with Me,Zn in CH,Cl, [Table 3, entry 2]. 1a (55.5 mg, 0.3 mmol) was
dissolved in CH,Cl, (3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol)
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was added 4 times at 2 h intervals to the solution of 1a in CH,Cl, under a nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
diluted with sat. NH4ClI and extracted with CHCl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =5 : 1) afforded no desired product, with large amount of recovered 1a.

Reaction of 1a with Me,Zn under strictly deoxygenated condition [Table 3, entry 3]. A solution
of 1a (55.5 mg, 0.3 mmol) in CHCIl; (3.0 mL) was deoxygenated by three Freeze-Pump-Thaw
cycles under an argon atomosphere. Me,Zn (1.0 M in hexane, 1.0 mL, 1.0 mmol) was added 4 times
at 2 h intervals to the solution of 1a in CHCI; at room temperature. After being stirred at the same
temperature for 24 h, the reaction mixture was diluted with sat. NH,CI and extracted with CHCls.
The organic phase was dried over MgSO, and concentrated under reduced pressure. This reaction

resulted no reaction.
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Reaction of 3a under optimized condition (Table 2, entry 2) [Scheme 21]. 3a (15.2 mg, 0.05
mmol) was dissolved in CHCI; (0.5 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.1 mL,
0.1 mmol) was added 4 times at 2 h intervals to the solution of 3a in CHCI; under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction
mixture was diluted with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over
MgSO, and concentrated under reduced pressure. The residue was purified by preparative TLC

(hexane : AcOEt =5 : 1) to afford 33a (4.5 mg, 26%)).

1-(3’,4’-Dihydro-3-trichloromethylspiro[cyclopentane-1,2’-(1’ H)-quinolin]-1’-yl)ethanone
(33a). A white solid; IR (CHCI;): 1647, 1490 cm™; "H NMR (500 MHz, CDCls) &: 7.17 (1H, td, J =
4.5,1.0 Hz), 7.15 (1H, d, J = 4.5 Hz), 7.10 (1H, td, / = 4.5, 0.5 Hz), 6.99 (1H, d, J = 4.5 Hz), 3.93
(1H, dtd, J = 6.5, 5.5, 4.0 Hz), 2.79-2.71 (2H, m), 2.64 (2H, t, J = 3.5 Hz), 2.25 (1H, dt, J = 8.0, 4.0
Hz), 2.15 (3H, s), 2.01-1.96 (1H, m), 1.91-1.81 (3H, m), 1.73 (1H, ddd, J = 7.5, 4.5, 1.0 Hz); °C
NMR (125 MHz, CDCls) 6: 171.8, 139.5, 135.6, 127.2, 126.1, 125.3, 125.0, 103.7, 68.3, 60.8, 42.8,
41.2, 36.5, 29.7, 26.0; HRMS (ESI) m/z: caled for C;H;o2NO”Cl; [M+H]" 346.0527, found
346.0528.

2,2-Diallyl-3 4-dihydronaphthalen-1(2H)-one (34) [Scheme 22]. ¥ 1-Tetralone (30f) (500.0 mg,
3.42 mmol) and allyl bromide (0.72 mL, 8.55 mmol) were added to a solution of NaH (342.0 mg,
8.55 mmol) in dry THF (7.0 mL) under a nitrogen atmosphere at room temperature. After being
stirred at the same temperature for 3 h, NaH (170 mg, 4.3 mmol) was added to the reaction mixture.
The reaction mixture was allowed to stir at the same temperature for 24 h, the reaction mixture was
diluted with AcOEt and H,0, extracted with Et,O. The organic phase was washed with H,O and
brine, dried over MgSO, and concentrated under reduced pressure. Purification of the residue by
flash column chromatography (hexane : AcOEt = 20 : 1) afforded 34 (500.5 mg, 65%). The spectral

data were identical with those reported in the literature.**”

3’ 4’-Dihydro-spiro[3-cyclopentene-1,2°(1’H)-naphthalen]-1’-one (35) [Scheme 22]. 2% Grubbs
second-generation catalyst (3.8 mg, 1.0 mol%) was added to a solution of diallylated product 34
(101.7 mg, 0.45 mmol) in CH,Cl, (9.0 mL) under an argon atmosphere, and the reaction mixture
was then heated at reflux. After completion of the reaction (TLC monitoring, 1 h), the solvent was
removed under reduced pressure and the residue was purified by flash column chromatography
(AcOEY) afforded 35 (88.0 mg, 99%). The spectral data were identical with those reported in the

literature. >

63



3’ 4’-Dihydro-spiro[3-cyclopentene-1,2°(1’H)-naphthalene] (37) [Scheme 22]. ) To a solution
of ketone 35 (88.0 mg, 0.44 mmol) in CH,Cl, (9.0 mL) was added a solution of DIBAL (1.0 M in
hexane, 1.32 mL, 1.32 mmol) under a nitrogen atmosphere at -78°C. After being stirred at the same
temperature for 15 min, the reaction mixture was quenched with MeOH, then added a saturated
Rochelle’s salt solution. After being stirred at room temperature for 2 h, the reaction mixture was
extracted with AcOEt and washed with brine. The organic phase was dried over MgSO, and
concentrated under reduced pressure. To a solution of the residue in CH,Cl, (9.0 mL) was added
Et;SiH (0.58 ml, 3.65 mmol) followed by CF;CO,H (0.14 ml, 1.82 mmol) dropwise at 0 °C under a
nitrogen atmosphere. After being stirred at room temperature for 15 min, the reaction mixture was
diluted with a saturated aqueous NaHCO; solution with vigorous stirring, extracted with CH,Cl,
and washed with brine. The organic phase was dried over MgSQO, and concentrated under reduced
pressure. Purification of the residue by flash column chromatography (hexane : AcOEt = 20 : 1)
afforded 37 (58.3 mg, 72%). A colorless oil; IR (neat): 3052, 3013, 2918, 2836 cm™; '"H NMR (300
MHz, CDCl;) 6: 7.10-6.97 (4H, m), 5.64 (2H, s), 2.87 (2H, t, J = 6.5 Hz), 2.72 (2H, s), 2.33-2.12
(4H, m), 1.80 (2H, t, J = 6.5 Hz); "C NMR (75 MHz, CDCl5) &: 136.3, 135.9, 129.6, 129.0, 128.7,
125.44, 125.36, 44.8, 42.9, 40.9, 34.4, 27.3; LRMS (EI) m/z: 184 (M", 71), 130 (base, 100).

3’4’-dihydro-spiro[cyclopentene-1,2’(1’H)-quinoline] (38) [Scheme 23]. A solution of 1a (100.0
mg, 0.54 mmol) in MeOH (150 mL) was passed through a 10% Pd/C cartridge under hydrogen (1
atm) by means of H-cube (1.0 mL/min) at room temperature. The reaction mixture was concentrated
under reduced pressure. Purification of the residue by flash column chromatography (hexane :
AcOEt = 20 : 1) afforded 38 (50.9 mg, 50%). A colorless oil; IR (neat): 2957, 1606, 1481 cm™; 'H
NMR (300 MHz, CDCl,) ¢: 6.98 (1H, d, J = 8.0 Hz), 6.95 (1H, d, J = 8.0 Hz), 6.61 (1H, t,J = 7.5
Hz), 6.47 (1H, d, J = 7.5 Hz), 3.91 (1H, br s), 2.79 (2H, t, J = 6.5 Hz), 1.79 (2H, t, J = 6.5 Hz),
1.75-1.62 (8H, m); "C NMR (75 MHz, CDCl;) &: 143.8, 129.2, 126.6, 121.0, 116.9, 114.5, 60.8,
39.5, 32.5, 32.4, 25.0, 23.7; HRMS (ESI) m/z: caled for C;3H;sN [M+H]" 188.1434, found
188.1434.

Reaction of spirotetraline 37 with Me,Zn [Scheme 24]. 37 (39.3 mg, 0.21 mmol) was dissolved in
CHCI; (4.2 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.42 mL, 0.42 mmol) was added 4
times at 2 h intervals to the solution of 37 in CHCI; under a nitrogen atmosphere at room temperature.
After being stirred at the same temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl
and extracted with CHCl;. The organic phase was dried over MgSO, and concentrated under reduced

pressure. Resulted in no reaction.
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Reaction of spirotetrahydroquinoline 38 with Me,Zn [Scheme 24]. 38 (29.0 mg, 0.155 mmol)
was dissolved in CHCI; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.31 mL, 0.31
mmol) was added 4 times at 2 h intervals to the solution of 38 in CHCI; under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction
mixture was diluted with sat. NH,Cl and extracted with CHCI;. The organic phase was dried over
MgSO, and concentrated under reduced pressure. The residue was purified by preparative TLC
(hexane : AcOEt=20: 1) to afford 39 (19.9 mg, 64%) as a colorless oil and 40 (10.1 mg, 28%) as a

colorless oil.

Bis(3’,4’-dihydrospiro[cyclopentane-1,2’-(1’H)-quinolin]-1’-yl)-methanone (39). A colorless
oil; IR (neat): 2944, 1652, 1583, 1490 cm™; "H NMR (300 MHz, CDCl;) &: 6.96 (2H, d, J = 8.0 Hz),
6.83 (2H, dt, J = 8.0, 4.0 Hz), 6.63 (4H, d, J = 4.0 Hz), 2.80-2.60 (4H, m), 2.38-3.25 (4H, m),
2.14-1.96 (6H, m), 1.80-1.70 (2H, m), 1.68-1.58 (4H, m), 1.50-1.30 (4H, m); °C NMR (75 MHz,
CDCly) 6: 158.7, 141.0, 134.0, 126.0, 125.5, 122.3, 122.1, 68.0, 41.8, 39.8, 34.8, 25.9, 24.5; HRMS
(ESI) m/z: caled for Co;H33N,0 [M+H]" 401.2587, found 401.2585.

1-(3’,4’-Dihydrospiro[cyclopentane-1,2’-(1’H)-quinolin]-1’-yl)ethanone (40). A colorless oil; IR
(neat): 2944, 1660, 1488 cm™; 'H NMR (500 MHz, CDCl;) &: 7.16-7.07 (3H, m), 7.00 (1H, d, J =
5.0 Hz), 2.65 (2H, t, J = 3.5 Hz), 2.43-2.36 (2H, m), 2.09 (3H, s), 2.00-1.90 (2H, m), 1.85 2H, t, J
= 3.5 Hz), 1.62-1.56 (4H, m); °C NMR (125 MHz, CDCl5) &: 171.6, 140.8, 135.9, 127.2, 125.9,
125.7, 124.9, 69.2, 39.6, 37.5, 26.05, 26.00, 24.8; HRMS (ESI) m/z: calcd for C;sH,yNO [M+H]"
230.1540, found 230.1536.

Reaction of 1a with triphosgene [Scheme 25]. Triphosgene (130.6 mg, 0.44 mmol) was added to a
solution of 1la (41.0 mg, 0.22 mmol) in CHCI; (4.4 mL) under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted
with sat. NaHCO; and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure.

'H NMR and GCMS analyses of the crude product indicated the generation of carbamoyl chloride
intermediate 4a. 3°,4’-Dihydro-spiro[cyclopent-3-ene-1,2°(1’H)-quinoline]-1’-carbonyl chloride
(4a). 'H NMR (300 MHz, CDCl5) &: 7.40-7.35 (1H, m), 7.23-7.08 (1H, m), 5.64 (2H, s), 3.03 (2H, d,
J=16.0 Hz), 2.76 (2H, t, J = 6.0 Hz), 2.37 (2H, d, J = 15.0 Hz), 2.02 (2H, t, J = 6.0 Hz); LRMS
(ED) m/z: 247 (M", 13), 212 (base, 100).

Purification of the residue by flash column chromatography (hexane : AcOEt = 5 : 1) afforded
endo-2a (26.7 mg, 49%) and exo-2a (8.9 mg, 16%).
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Procedure for the preparation of 1b [Scheme 29]. According to the general procedure A, B and C,
1b was prepared from 30b via 31b and 32b in yields shown in Scheme 29.

2,3-Dihydro-5-methoxy-1H-inden-1-one O-Methyloxime (31b). E-31b/Z-31b=4/1. E-31b. White
powder; Mp: 72-76 °C (hexane-Et,0); IR (CHCI;): 2939 cm™; 'H-NMR (300 MHz, CDCl;) &: 7.60
(1H, br d, J = 9.0 Hz), 6.84-6.78 (2H, m), 3.96 (3H, s), 3.82 (3H, s), 3.03-2.95 (2H, m), 2.92-2.84
(2H, m); “C-NMR (75 MHz, CDCl;) &: 162.1, 161.6, 150.2, 128.6, 122.3, 114.1, 109.5, 61.6, 55.2,
28.5, 26.6; HRMS (ESI) m/z: calcd for C;{H;4NO, [M+H]+ 192.1019, found 192.1020; Anal. calcd
for C;1H3NO;: C, 69.09; H, 6.85; N, 7.32. found: C, 68.90; H, 6.56; N, 7.32. Z-31b. White powder;
Mp: 69-71 °C (hexane-Et,0); IR (CHCl;): 2939 cm™; '"H-NMR (300 MHz, CDCl5) §: 8.22 (1H, br d,
J =9.0 Hz), 6.83-6.75 (2H, m), 3.96 (3H, s), 3.83 (3H, m), 3.06-2.95 (2H, m), 2.88-2.80 (2H, m);
BC-NMR (75 MHz, CDCl;) &: 161.8, 158.8, 151.7, 130.3, 126.9, 113.1, 109.6, 61.7, 55.1, 29.1,
28.6; HRMS (ESI) m/z: caled for C;;H;4sNO, [M+H]" 192.1019, found 192.1020; Anal. calcd for
CHi3NOs: C, 69.09; H, 6.85; N, 7.32. found: C, 68.84; H, 6.55; N, 7.32.

1,2,3 4-Tetrahydro-6-methoxy-2,2-di-(2-propen-1-yl)quinoline (32b). A colorless oil; IR (neat):
3375, 2931, 1505 cm™; '"H NMR (300 MHz, CDCl3) §: 6.64-6.56 (2H, m), 6.42 (1H, br d, J = 8.0
Hz), 5.94-5.78 (2H, m), 5.18-5.04 (4H, m), 3.72 (3H, s), 3.56 (1H, br s), 2.73 (2H, t, J = 7.0 Hz),
2.26 (2H, dd, J = 14.0, 7.0 Hz), 2.17 (2H, dd, J = 14.0, 8.0 Hz), 1.72 (2H, t, J = 7.0 Hz); °C NMR
(75 MHz, CDCl;) 6: 151.6, 137.5, 133.4, 121.4, 118.5, 115.5, 114.4, 113.0, 55.6, 52.9, 42.2, 30.2,
23.6; HRMS (ESI) m/z: caled for C;¢H,,NO [M+H]" 244.1696, found 244.1693.

3’,4’-Dihydro-6’-methoxy-spiro[cyclopent-3-ene-1,2’(1’H)-quinoline] (1b). A colorless oil. IR
(neat): 3383, 2933, 1505, 1469 cm™.'H NMR (300 MHz, CDCl;) &: 6.63-6.56 (2H, m), 6.44-6.37
(1H, m), 5.72 (2H, br s), 3.73 (3H, s), 2.82 (2H, t, J/ = 7.0 Hz), 2.49-2.33 (4H, m), 1.91 2H, t, J =
7.0 Hz); °C NMR (75 MHz, CDCl;) &: 151.8, 137.9, 128.7, 121.8, 115.9, 114.4, 112.9, 60.1, 55.7,
46.1, 32.6, 25.1; HRMS (EI) m/z: caled for C4H,;NO [M]" 215.1309, found 215.1325.

Procedure for the preparation of 1c [Scheme 29]. According to the general procedure A, B and C,

1c was prepared from 30c¢ via 31¢ and 32¢ in yields shown in Scheme 29.

2,3-Dihydro-6-methyl-1H-inden-1-one O-Methyloxime (31c). E-31¢/Z-31c=6/1. E-31c. A
colorless oil; IR (neat): 2940 cm’; "H-NMR (300 MHz, CDCly) &: 7.51 (1H, s), 7.21-7.10 (2H, m),
3.98 (3H, s), 3.01-2.93 (2H, m), 2.90-2.83 (2H, m), 2.35 (3H, s); "C-NMR (75 MHz, CDCl;) &:
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162.8, 1454, 136.7, 136.2, 131.3, 125.2, 121.7, 61.9, 28.1, 26.6, 21.1; HRMS (ESI) m/z: calcd for
C;;H;4sNO [M+H]" 176.1070, found 176.1082. E-31c. White powder; Mp: 51-54 °C (Et,0); IR
(CHClL3): 2940 cm™; "H-NMR (300 MHz, CDCl;) &: 8.11 (1H, s), 7.21-7.13 (2H, m), 3.99 (3H, s),
3.01-2.94 (2H, m), 2.85-2.78 (2H, m), 2.36 (3H, s); "C-NMR (75 MHz, CDCl;) &: 159.7, 146.6,
136.3, 133.9, 132.0, 129.5, 125.1, 62.1, 29.3, 28.1, 21.3; HRMS (ESI) m/z: Caled for C;;H;sNO
[M+H]" 176.1070, found 176.1070; Anal. calcd for C,;HsNO: C, 75.40; H, 7.48; N, 7.99. found: C,
75.36; H, 7.52; N, 7.95.

1,2,3,4-Tetrahydro-7-methyl-2,2-di-(2-propen-1-yl)quinoline (32c¢). A colorless oil; IR (neat):
3392, 2922, 1619, 1477 cm™; '"H NMR (300 MHz, CDCl5) &: 6.86 (1H, br d, J = 8.0 Hz), 6.43 (1H,
br d, J= 8.0 Hz), 6.30 (1H, s), 5.94-5.76 (2H, m), 5.18-5.04 (4H, m), 3.74 (1H, br s), 2.70 2H, t, J
=7.0 Hz), 2.27 (2H, dd, J = 14.0, 7.0 Hz), 2.21 (3H, s, Me), 2.16 (2H, dd, J = 14.0, 7.0 Hz), 1.71
(2H, t, J = 7.0 Hz); "C NMR (75 MHz, CDCl3) &: 143.3, 136.3, 133.4, 129.1, 118.5, 117.8, 117.2,
114.9, 52.8, 42.6, 30.4, 23.0, 21.1; HRMS (ESI) m/z: calcd for C,sH,N [M+H]" 228.1747, found
228.1751.

3’,4’-Dihydro-7’-methyl-spiro[cyclopent-3-ene-1,2°(1’H)-quinoline] (1c). A colorless oil; IR
(neat): 3375, 2922, 1619, 1473 cm™; "H NMR (300 MHz, CDCl;) &: 6.88 (1H, d, J = 7.5 Hz), 6.44
(1H, brd, J=7.5 Hz), 6.27 (1H, s), 5.71 (2H, br s), 4.02 (1H, s), 2.79 (2H, t, J = 6.5 Hz), 2.49-2.34
(4H, m), 2.20 (3H, s), 1.90 (2H, t, J = 6.5 Hz); °C NMR (75 MHz, CDCl;) &: 143.6, 136.1, 129.0,
128.6, 117.9, 117.4, 115.0, 59.9, 46.4, 32.7, 24.4, 21.0; HRMS (ESI) m/z: calcd for C;4H;sN
[M+H]" 200.1434, found 200.1435.

Procedure for the preparation of 1d [Scheme 29]. According to the general procedure A, B and C,
1c¢ was prepared from 30d via 31d and 32d in yields shown in Scheme 29.

5-Chloro-2,3-dihydro-1H-inden-1-one O-Methyloxime (31d). E-31d/Z-31d=4/1. E-31d. White
powder; Mp: 85-88 °C (hexane-Et,0); IR (CHCl;): 2939 cm™; 'TH-NMR (300 MHz, CDCl5) &: 7.60
(1H, d, J = 8.0 Hz), 7.29 (1H, br s), 7.22 (1H, br d, J = 8.0 Hz), 3.98 (3H, s), 3.06-2.90 (2H, m),
2.92-2.85 (2H, m); "C-NMR (75 MHz, CDCl;) &: 161.3, 149.7, 135.9, 134.7, 127.4, 125.7, 122.4,
62.1, 28.4, 26.4; HRMS (ESI) m/z: caled for CioH;;NO*’Cl [M+H]" 196.0524, found 196.0528;
Anal. calcd for CoH;(NOCI: C, 61.39; H, 5.15; N, 7.16. found: C, 61.32; H, 5.34; N, 7.16. Z-31d. A
colorless oil; IR (neat): 2938 cm™; "H-NMR (300 MHz, CDCl5) &: 8.22 (1H, d, J = 8.0 Hz), 7.29
(1H, br s), 7.22 (1H, br d, J = 8.5 Hz), 3.98 (3H, s), 3.08-3.00 (2H, m), 2.90-2.83 (2H, m);
BC-NMR (75 MHz, CDCly) &: 158.1, 151.1, 136.7, 132.2, 130.1, 127.0, 125.5, 62.2, 29.0, 28.4;
HRMS (ESI) m/z: caled for CoH;;NO*’CI [M+H]" 196.0524. found 196.0524.
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6-Chloro-1,2,3 4-tetrahydro-2,2-di-(2-propen-1-yl)quinoline (32d). A colorless oil; IR (neat):
3410, 2931, 1490 cm™; '"H NMR (300 MHz, CDCl5) &: 6.95 (1H, br s), 6.91 (1H, br d, J = 8.0 Hz),
6.38 (1H, br d, J = 8.0 Hz), 5.93-5.70 (2H, m), 5.19-5.05 (4H, m), 3.81 (1H, br s), 2.72 2H, t, J =
7.0 Hz), 2.26 (2H, dd, J = 14.0, 7.0 Hz) 2.17 (2H, dd, J = 14.0, 8.0 Hz) 1.71 (2H, t, J = 7.0 Hz); °C
NMR (75 MHz, CDCl,) &: 142.1, 133.1, 128.8, 126.6, 121.8, 121.1, 118.9, 115.4, 53.0, 42.4, 29.9,
23.3; HRMS (EI) m/z: caled for C,sHxN*°Cl [M]" 247.1127. found 247.11309.

6’-Chloro-3’,4’-dihydro-spiro[cyclopent-3-ene-1,2°(1’H)-quinoline] (1d). A colorless oil; IR
(neat): 3392, 2926, 1605, 1490 cm™'; 'H NMR (300 MHz, CDCl;) &: 6.96 (1H, br s), 6.90 (1H, dd, J
= 9.0, 1.0 Hz), 6.35 (1H, d, J = 9.0 Hz), 5.72 (2H, br s), 4.08 (1H, s), 2.80 (2H, t, J = 6.5 Hz),
2.49-2.32 (4H, m), 1.89 (2H, t, J = 6.5 Hz); >C NMR (75 MHz, CDCl;) &: 142.5, 128.8, 128.7,
126.5, 122.0, 121.3, 115.6, 60.0, 46.4, 32.1, 24.8; HRMS (ESI) m/z: caled for C;3H sN*Cl [M+H]"
220.0888, found 220.0890.

Reaction of 1b with Me,Zn [Table 4, entry 1]. 1b (50.5 mg, 0.23 mmol) was dissolved in CHCl;
(2.3 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.92 mL, 0.92 mmol) was added to the
solution of 1b in CHCIl; under a nitrogen atmosphere at room temperature. After the reaction
mixture was stirred at the same temperature for 2 h, Me,Zn (1.0 M in hexane, 0.92 mL, 0.92 mmol)
was added. After being stirred at the same temperature for 24 h, the reaction mixture was diluted
with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :
AcOEt =5 : 1) afforded endo-2b (23.8 mg, 37%) as white crystals and exo-2b (18.9 mg, 30%) as
white crystals.

(2R* 3R’ 4aR")-3-Chloro-8-methoxy-2,3 ,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[ c]quinoliz
in-1-one (endo-2b). White crystals; Mp: 137-139 °C (hexane-CHCl;); IR (CHCI;): 2948, 1705
cm’; 'H NMR (300 MHz, CDCl;) &: 8.51 (1H, d, J = 9.0 Hz), 6.79 (1H, dd, J = 9.0, 3.0 Hz), 6.69
(1H, d, J = 3.0 Hz), 4.60 (1H, dt, J = 10.0, 3.0 Hz), 3.78 (3H, s), 3.13 (1H, br d, J = 4.5 Hz), 2.85
(1H, ddd, J = 16.5, 11.0, 6.0 Hz), 2.76 (1H, dt, J = 16.5, 4.5 Hz), 2.35 (1H, dd, J = 13.0, 9.0 Hz),
2.18-1.98 (4H, m), 1.75 (1H, br d, J = 9.0 Hz); C NMR (75 MHz, CDCl5) &: 170.5, 155.2, 128.7,
126.3, 120.0, 114.0, 112.5, 67.3, 55.4, 54.1, 53.7, 44.2, 43.3, 27.4, 25.7; HRMS (ESI) m/z: calcd for
CysH;NO,*Cl [M+H]" 278.0942, found 278.0941.

(2R’ 35" 4aR")-3-Chloro-8-methoxy-2,3 ,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[ c]quinoliz
in-1-one (exo-2b). White crystals; Mp: 98-102 °C (hexane-CHCl;); IR (CHCI;): 2944, 1701 cm™;
'H NMR (300 MHz, CDCl;) &: 8.37 (1H, d, J = 9.0 Hz), 6.76 (1H, dd, J = 9.0, 3.0 Hz), 6.68 (1H, d,

68



J=3.0 Hz), 433 (1H, br d, J = 7.5 Hz), 3.77 3H, s), 3.07 (1H, s), 2.93-2.70 (2H, m), 2.59 (1H, ddd,
J=13.5,7.5,3.0 Hz), 2.32 (1H, dd, J = 10.0, 1.5 Hz), 2.22-2.11 (2H, m), 2.05-1.97 (1H, m), 1.93
(1H, dd, J = 13.5, 3.0 Hz); °C NMR (75 MHz, CDCLy) &: 171.2, 155.3, 128.6, 126.6, 119.8, 114.1,
112.5, 68.3, 56.0, 55.8, 55.4, 45.5, 41.9, 26.8, 25.7; HRMS (ESI) m/z: caled for CisH;;NO,*Cl
[M+H]" 278.0942, found 278.0939.

Reaction of 1c¢ with Me,Zn [Table 4, entry 2]. 1c (59.7 mg, 0.3 mmol) was dissolved in CHCl;
(3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 1.2 mL, 1.2 mmol) was added to the
solution of 1c¢ in CHCI; under a nitrogen atmosphere at room temperature. After the reaction
mixture was stirred at the same temperature for 9 h, Me,Zn (1.0 M in hexane, 1.2 mL, 1.2 mmol)
was added. After being stirred at the same temperature for 24 h, the reaction mixture was diluted
with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :
AcOEt =5 : 1) afforded endo-2¢ (22.1 mg, 28%) as pale yellow crystals and exo-2¢ (20.3 mg, 26%)

as pale yellow crystals.

(2R’ 3R’ 4aR")-3-Chloro-9-methyl-2,3 4 4a,5 6-hexahydro-2 4a-methano-1H-benzo[ c]quinolizi
n-1-one (endo-2c). Pale yellow crystals; Mp: 165-171 °C (hexane); IR (CHCI;): 2944, 1708 cm’’;
'H NMR (500 MHz, CDCl;) &: 8.43 (1H, s), 7.02 (1H, d, J = 7.5 Hz), 6.82 (1H, br d, J = 8.0 Hz),
4.60 (1H, dt, J = 9.5, 4.0 Hz), 3.14 (1H, dt, J = 4.0, 1.5 Hz), 2.83 (1H, ddd, J = 16.0, 12.0, 6.0 Hz),
2.76 (1H, dt, J=16.0, 4.0 Hz), 2.35 (1H, dd, J = 13.5, 9.5 Hz), 2.33 (3H, s), 2.13-2.00 (4H, m), 1.76
(1H, br d, J = 9.0 Hz); "C NMR (125 MHz, CDCl3) &: 171.1, 137.5, 134.9, 128.5, 123.9, 121.7,
119.2, 67.6, 54.0, 53.8, 44.2, 43.4, 27.5, 25.1, 21.5; HRMS (ESI) m/z: caled for C;sH;;NO*’Cl
[M+H]" 262.0993, found 262.0996.

(ZR*,35*,4aR*)-3-Chlor0-9-methyl-2,3,4,4a,5,6-hexahydr0-2,4a-methan0-1H-benzo[c]quinolizin
-1-one (exo-2c). Pale yellow crystals; Mp: 131-134 °C (hexane); IR (CHCI;): 2944, 1705 cm™; 'H
NMR (500 MHz, CDCl,) 6: 8.28 (1H, s), 7.02 (1H, d, J = 7.5 Hz), 6.82 (1H, d, J = 7.5 Hz), 4.33
(1H, br d, J = 7.0 Hz), 3.08 (1H, s), 2.83 (1H, dd, J = 16.0, 8.5 Hz), 2.76 (1H, dt, J = 16.0, 4.5 Hz),
2.61 (1H, ddd, J = 14.0, 7.0, 2.5 Hz), 2.32 (3H, s), 2.34-2.30 (1H, m), 2.16 and 2.15 (2H, ABq, J =
4.5 Hz), 2.03-1.98 (1H, m), 1.93 (1H, dd, J = 14.0, 3.0 Hz); °C NMR (125 MHz, CDCl;) &: 171.8,
137.4, 134.8, 128.7, 124.1, 121.9, 119.0, 68.5, 56.1, 55.7, 45.6, 41.9, 26.9, 25.1, 21.4; HRMS (ESI)
m/z: caled for C1sH;;NO*CI [M+H]" 262.0993, found 262.0994.

Reaction of 1d with Me,Zn [Table 4, entry 2]. 1d (44.3 mg, 0.2 mmol) was dissolved in CHCl;
(2.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.8 mL, 0.8 mmol) was added to the
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solution of 1d in CHCI; under a nitrogen atmosphere at room temperature. After the reaction
mixture was stirred at the same temperature for 7 h, Me,Zn (1.0 M in hexane, 0.8 mL, 0.8 mmol)
was added. After being stirred at the same temperature for 24 h, the reaction mixture was diluted
with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over MgSO4 and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :
AcOEt =5 : 1) afforded endo-2d (27.7 mg, 49%) as a colorless oil and exo-2d (7.3 mg, 13%) as
white crystals.

(2R*,3R*,4aR*)-3,8-Dichlor0-2,3,4,4a,5,6-hexahydr0-2,4a-methan0-1H-benzo[c]quinolizin-l-on
e (endo-2d). A colorless oil; IR (neat): 2948, 1714 cm™; "H NMR (300 MHz, CDCl5) &: 8.55 (1H, d,
J=9.0Hz), 7.18 (1H, dd, /= 9.0, 2.5 Hz), 7.12 (1H, d, J = 2.5 Hz), 4.63-4.57 (1H, m), 3.15 (1H, br
d, J=4.0 Hz), 2.92-2.73 (2H, m), 2.36 (1H, dd, J = 14.5, 8.0 Hz), 2.13-1.98 (4H, m), 1.79 (1H, dd,
J =9.5, 1.5 Hz); ®C NMR (75 MHz, CDCl3) &: 171.0, 133.6, 128.4, 127.9, 127.5, 126.3, 119.9,
67.4, 53.8, 53.6, 44.0, 43.3, 26.9, 25.3; HRMS (APCI) m/z: caled for C4H,NO*Cl, [M+H]"
282.0447, found 282.0441.

(2R’ 35" 4aR")-3,8-Dichloro-2,3 4 4a,5,6-hexahydro-2,4a-methano-1H-benzo[ c]quinolizin-1-on
e (exo-2d). White crystals; Mp: 143-146 °C (hexane-CHCl3); IR (CHCl;): 2948, 1710 cm™; 'H
NMR (300 MHz, CDCl,) 6: 8.40 (1H, d, J=9.0 Hz), 7.16 (1H, dd, J =9.0, 1.0 Hz), 7.13 (1H, br s),
4.30 (1H, br d, J = 7.0 Hz), 3.09 (1H, s), 2.92-2.74 (2H, m), 2.60 (1H, ddd, J = 14.0, 7.0, 2.5 Hz),
2.35 (1H, br d, J=10.0 Hz), 2.21-2.13 (2H, m), 2.06-1.98 (1H, m), 1.94 (1H, dd, J = 14.0, 3.0 Hz);
C NMR (75 MHz, CDCl5) §: 171.7, 133.5, 128.6, 128.2, 127.4, 126.6, 119.9, 68.4, 55.9, 55.4, 45.6,
41.8,26.4,25.4; HRMS (APCI) m/z: caled for C1,H ,NOCl, [M+H]"282.0447, found 282.0444.

Procedure for the preparation of 1e [Scheme 30]. According to the general procedure A, B and C,

1e was prepared from 30e via 31e and 32e in yields shown in Scheme 30.

(E/Z)-Bicyclo[4.2.0]octa-1,3,5-trien-7-one O-Methyloxime (31e). E-31e/Z-31e=2/3. A colorless
oil; IR (neat): 2935 cm™; "H-NMR (300 MHz, CDCl;) &: 7.44-7.23 (4H, m), 4.01 (9/5H, s), 3.95
(6/5H, s), 3.86 (4/5H, m), 3.83 (6/5H, m); "C-NMR (75 MHz, CDCl5) &: 152.6, 149.7, 145.2, 144.2,
141.0, 139.5, 131.5, 131.1, 128.2, 128.0, 123.0, 122.8, 122.7, 119.2, 62.2, 62.0, 39.3, 39.0; HRMS
(ESI) m/z: caled for CoH (NO [M+H]" 148.0757, found 148.0753.

2,3-Dihydro-2,2-di-(2-propen-1-yl)-1H-indole (32¢). A colorless oil; IR (neat): 3366, 2913, 1611,
1486 cm™; '"H NMR (300 MHz, CDCl3) 8: 7.06-6.96 (2H, m), 6.66 (1H, brt, J = 7.5 Hz), 6.55 (1H,
brd, J=17.5Hz), 5.93-5.77 (2H, m), 5.16-5.05 (4H, m), 3.85 (1H, br s), 2.88 (2H, s), 2.40-2.25 (4H,
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m); °C NMR (75 MHz, CDCl;) &: 149.9, 133.8, 127.8, 127.2, 124.7, 118.3, 118.1, 108.8, 65.1, 43.5,
40.0; HRMS (ESI) m/z: caled for C4H;sN [M+H]" 200.1434, found 200.1431.

1°,3’-Dihydro-spiro[cyclopent-3-ene-1,2’-[2H]indole] (1e). A colorless oil; IR (neat): 3366, 3052,
2836, 1611, 1484 cm™; '"H NMR (300 MHz, CDCl;) &: 7.06 (1H, br d, J = 7.5 Hz), 7.00 (1H, br t, J
=7.5 Hz), 6.68 (1H, br t, J = 7.5 Hz), 6.60 (1H, br d, J = 7.5 Hz), 5.73 (2H, br s), 4.01 (1H, br s),
3.05 (2H, s), 2.56 (4H, br s); C NMR (75 MHz, CDCl5) &: 150.2, 129.4, 128.2, 127.2, 124.6, 118.3,
108.9, 71.3, 46.9, 42.7; HRMS (ESI) m/z: caled for C,H 4N [M+H]" 172.1121, found 172.1118.

Procedure for the preparation of 1f [Scheme 30]. According to the general procedure A, B and
C, 1f was prepared from 30f via 31f and 32f in yields shown in Scheme 30.

(E)-3,4-Dihydro-1(2H)-naphthalenone O-Methyloxime (31f). A colorless oil; IR (neat): 2935
cm™; "TH-NMR (300 MHz, CDCl;) 8: 7.97 (1H, d, J = 7.5 Hz), 7.27-7.08 (3H, m), 3.98 (3H, s), 2.72
(4H, t, J = 6.5 Hz), 1.88-1.76 (2H, m); "C-NMR (75 MHz, CDCl;) &: 153.9, 139.4, 130.6, 128.8,
128.4, 126.2, 124.1, 61.8, 29.7, 24.1, 21.4; HRMS (ESI) m/z: calcd for C;;H;,NO [M+H]" 176.1070,
found 176.1070.

2,3.4,5-Tetrahydro-2,2-di-(2-propen-1-yl)-1H-1-benzazepine (32f). A colorless oil; IR (neat):
3341, 2927, 1602, 1475 cm™; '"H NMR (300 MHz, CDCl5) &: 7.08-6.97 (2H, m), 6.83 (1H, brt, J =
7.5 Hz), 6.65 (1H, br d, J = 7.5 Hz), 5.92-5.76 (2H, m), 5.18-5.06 (4H, m), 3.61 (1H, br s),
2.76-2.69 (2H, m), 2.21 (2H, dd, J = 14.0, 7.0 Hz), 2.09 (2H, dd, J = 14.0, 8.0 Hz), 1.71-1.64 (4H,
m); °C NMR (75 MHz, CDCl;) &: 145.6, 133.94, 133.90, 129.9, 126.4, 121.3, 121.1, 118.6, 56.3,
42.6,39.2, 35.6, 22.0; HRMS (ESI) m/z: caled for CsH,N [M+H]" 228.1747, found 228.1745.

1,3.4,5-Tetrahydro-spiro[2H-1-benzazepin-2,1’-cyclopent-3’-ene] (1f). A colorless oil; IR (neat):
3353, 2929, 1591, 1474 cm™; '"H NMR (300 MHz, CDCl;) &: 7.06 (1H, br d, J = 7.5 Hz), 7.01 (1H,
brt,J=7.5Hz), 6.84 (1H, brt,J=7.5 Hz), 6.60 (1H, br d, J = 7.5 Hz), 5.69 (2H, br s), 3.64 (1H, br
s), 2.78-2.74 (2H, m), 2.30-2.20 (4H, m), 1.96-1.88 (2H, m), 1.70-1.58 (2H, m); °*C NMR (75 MHz,
CDCl;) 6: 146.7, 134.5, 130.1, 129.0, 126.6, 121.5, 121.3, 64.6, 45.6, 42.2, 35.8, 23.9; HRMS (EI)
mi/z: caled for C4,H;7N [M]" 199.1360, found 199.1364.

Procedure for the preparation of 1g [Scheme 30]. According to the general procedure A, B and
C, 1g was prepared from 30g via 31g and 32g in yields shown in Scheme 30.
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6,7,8,9-Tetrahydro-5SH-benzocyclohepten-5-one O-Methyloxime (31g). E-31g/Z-31g=4/1. E-31g.
A colorless oil; IR (neat): 2931 cm™; '"H-NMR (300 MHz, CDCl;) &: 7.28-7.12 (4H, m), 3.82 (3H,
s), 2.78-2.71 (2H, m), 2.48-2.40 (2H, m), 1.96-1.86 (2H, m), 1.79-1.68 (2H, m); *C-NMR (75 MHz,
CDCl;) &: 159.7,139.3, 135.3, 129.3, 128.4, 128.3, 125.4, 61.4, 35.9, 34.1, 30.6, 27.1; HRMS (ESI)
m/z: caled for C;H;iNO [M+H]" 190.1226, found 190.1223. Z-31g. A colorless oil; IR (neat): 2935
cm’; 'TH-NMR (300 MHz, CDCl5) &: 7.41 (1H, dd, J = 7.5 2.0 Hz), 7.27 (1H, td, J = 7.0, 1.0 Hz),
7.22 (1H,td, J=7.0), 7.11 (1H, dd, /= 7.0, 1.5 Hz), 3.98 (3H, s), 2.74 (2H, t, J = 6.5 Hz), 2.69-2.63
(2H, m), 1.81-1.71 (2H, m), 1.66-1.55 (2H, m); "C-NMR (75 MHz, CDCl;) &: 161.7, 139.1, 136.0,
129.0, 128.6, 127.4, 126.3, 61.6, 31.8, 26.3, 25.9, 21.6; HRMS (ESI) m/z: caled for C;,H;(NO
[M+H]" 190.1226, found 190.1226.

1,2,3.4,5,6-Hexahydro-2,2-di-(2-propen-1-yl)-1-benzazocine (32g). A colorless oil; IR (neat):
3320, 2930, 1455 cm™; '"H NMR (300 MHz, CDCl;) &: 7.16-7.00 (3H, m), 6.90-6.85 (1H, m),
6.00-5.84 (2H, m) 5.17-5.08 (4H, m), 2.91 (1H, br s), 2.81-2.74 (2H, m), 2.26-2.20 (4H, m),
1.74-1.64 (2H, m), 1.50-1.34 (4H, m); >C NMR (75 MHz, CDCls) &: 143.9, 140.0, 134.4, 130.1,
127.8, 125.9, 124.4, 118.2, 60.4, 42.2, 35.0, 31.6, 31.5, 20.9; HRMS (ESI) m/z: calcd for C;Hp4N
[M+H]" 242.1903, found 242.1899.

3.4,5,6-Tetrahydro-spiro[1H-1-benzazocine-2,1’-cyclopent-3-ene] (1g). A colorless oil; IR (neat):
3318, 2925 cm™; 'H NMR (300 MHz, CDCls) &: 7.18-7.01 (3H, m), 6.83 (1H, dd, J = 7.0, 2.0 Hz),
5.75 (2H, br s), 3.15 (1H, br s), 2.87-2.78 (2H, m), 2.57 (2H, br d, J = 15.0 Hz), 2.18 (2H, br d, J =
15.0 Hz), 1.77-1.66 (2H, m), 1.64-1.56 (2H, m), 1.53-1.41 (2H, m); °C NMR (75 MHz, CDCl;) &:
144.6, 139.7, 130.0, 129.1, 127.0, 125.9, 124.3, 68.4, 45.2, 37.5, 31.5, 31.4, 23.0; HRMS (ESI) m/z:
calced for C,sHyN [M+H]" 214.1590, found 214.1586.

Reaction of 1e with Me,Zn [Table 5, entry 1]. 1e (58.3 mg, 0.34 mmol) was dissolved in CHCl;
(3.4 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 1.36 mL, 1.36 mmol) was added to the
solution of 1e in CHCI; under a nitrogen atmosphere at room temperature. After being stirred at the
same temperature for 24 h, the reaction mixture was diluted with sat. NH,Cl and extracted with
CHCI;. The organic phase was dried over MgSO, and concentrated under reduced pressure.
Purification of the residue by preparative TLC (hexane : AcOEt =5 : 1) afforded endo-2e (34.0 mg,

43%) as a colorless oil and exo-2e (41.3 mg, 52%) as a colorless oil.

(2R*,3R*,4aR*)-3-Chlor0-2,3,4,4a,5-pentahydr0-2,4a-methano-1H-benzo[b]indolizin-1-0ne
(endo-2e). A colorless oil; IR (neat): 2945, 1712, 1605 cm™; '"H NMR (500 MHz, CDCl;) &: 7.58
(1H, d, J=7.5 Hz), 7.24 (1H, t, J = 7.5 Hz), 7.20 (1H, d, J = 7.5 Hz), 7.03 (1H, br t, J = 7.5 Hz),
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4.67 (1H, dt, J=9.5, 4.0 Hz), 3.28 and 3.10 (2H, ABq, J = 16.5 Hz), 3.27-3.25 (1H, m), 2.58 (1H,
dd, J=13.5,9.5 Hz), 2.21 (1H, ddd, /= 10.0, 3.5, 1.5 Hz), 2.12 (1H, dt, J = 13.5, 3.5 Hz), 1.98 (1H,
br d, J = 10.0 Hz); ®C NMR (125 MHz, CDCl3) &: 168.3, 137.2, 131.2, 128.2, 125.8, 123.7, 114.0,
73.2, 57.6, 53.9, 46.6, 44.7, 32.3; HRMS (ESI) m/z: caled for Ci3H;sNOCl [M+H]™ 234.0680,
found 234.0681.

(2R*,35*,4aR*)-3-Chlor0-2,3,4,4a,5-pentahydr0-2,4a-methano-1H-benz0[b]indolizin-l-one
(exo-2e). A colorless oil; IR (neat): 3012, 1710, 1604 cm’’; 'TH NMR (500 MHz, CDCls) &: 7.47 (1H,
d, J =8.0 Hz), 7.22 (1H, t, / = 8.0 Hz), 7.21 (1H, d, J = 8.0 Hz), 7.03 (1H, br t, J = 8.0 Hz), 4.44
(1H, br d, J = 7.0 Hz), 3.35 and 3.10 (2H, ABq, J = 16.5 Hz), 3.16 (1H, br s), 2.62 (1H, ddd, J =
14.0, 7.0, 3.0 Hz), 2.51 (1H, dd, J = 10.0, 1.5 Hz), 2.19 (1H, br d, J = 10.0 Hz), 2.15 (1H, dd, J =
14.0, 3.0 Hz); >C NMR (125 MHz, CDCl;) &: 168.1, 136.8, 131.8, 128.1, 126.0, 124.0, 113.8, 74.2,
59.8, 55.6, 46.9, 43.5, 31.5; HRMS (ESI) m/z: caled for C;3H;sNO”C1 [M+H]™ 234.0680, found
234.0682.

Reaction of 1f with Me,Zn [Table 5, entry 2]. 1f (72.4 mg, 0.35 mmol) was dissolved in CHCl;
(3.5 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 1.4 mL, 1.4 mmol) was added to the
solution of 1f in CHC]l; under a nitrogen atmosphere at room temperature. After the reaction mixture
was stirred at the same temperature for 9 h, Me,Zn (1.0 M in hexane, 1.4 mL, 1.4 mmol) was added.
After being stirred at the same temperature for 24 h, the reaction mixture was diluted with sat.
NH,CI and extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under
reduced pressure. Purification of the residue by preparative TLC (hexane : AcOEt =5 : 1) afforded
endo-2f (31.4 mg, 34%) as white crystals and exo-2f (30.6 mg, 34%) as white crystals.

(2R’ 3R 4aR")-3-Chloro-2,3 .4 ,4a,5,6,7-heptahydro-2,4a-methano-1H-benzo[d]pyrido[1,2-a]aze
pin-1-one (endo-2f). White crystals; Mp: 175-178 °C (hexane-CHCI3); IR (CHCl;): 2931, 1705
cm’; 'TH NMR (500 MHz, CDCl5) &: 7.34-7.27 (2H, m), 7.24-7.22 (2H, m), 4.63 (1H, dt, J = 9.5,
4.0 Hz), 3.24 (1H, br d, / = 4.0 Hz), 2.93 (1H, dt, J = 13.5, 10.0 Hz), 2.66 (1H, ddd, J = 13.5, 8.5,
2.0 Hz), 2.35-2.32 (1H, m), 2.33 (1H, dd, J = 13.5, 9.0 Hz), 1.88 (1H, dt, J = 14.0, 4.0 Hz),
1.93-1.83 (1H, m), 1.80-1.70 (1H, m), 1.68-1.56 (3H, m); °C NMR (125 MHz, CDCl;) &: 171.8,
136.5, 133.9, 129.7, 127.7, 127.5, 126.7, 69.6, 54.3, 53.5, 45.6, 42.5, 29.3, 26.9, 20.0; HRMS
(APCI) m/z: caled for CsH;;NO*C1 [M+H]" 262.0993, found 262.0989.

(2R’ 3S" 4aR")-3-Chloro-2,3 4 ,4a,5,6,7-heptahydro-2,4a-methano-1H-benzo[d]pyrido[1,2-a]aze
pin-1-one (exo-2f). White crystals; Mp: 190-194 °C (hexane-CHCl;); IR (CHCI3): 2935, 1703 cm’;
'H NMR (500 MHz, CDCl5) &: 7.29-7.20 (3H, m), 7.15 (1H, d, J = 7.5, 1.0 Hz), 4.45 (1H, br d, J =
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7.5 Hz), 3.16 (1H, s), 2.89 (1H, dt, J = 14.0, 9.0 Hz), 2.66 (1H, ddd, J = 14.0, 8.0, 2.0 Hz), 2.45 (1H,
ddd, J = 14.0, 7.5, 2.5 Hz), 2.31 (1H, ddt, J = 10.0, 2.5, 1.5 Hz), 2.15 (1H, dd, J = 10.0, 1.5 Hz),
1.93 (1H, dd, J = 14.0, 3.0 Hz), 1.94-1.86 (1H, m), 1.81-1.71 (2H, m), 1.62-1.55 (1H, m); °C NMR
(125 MHz, CDCly) 8: 172.6, 136.1, 133.9, 129.8, 127.6, 127.4, 125.6, 70.7, 56.1, 56.0, 48.1, 40.2,
29.3, 26.6, 20.4; HRMS (ESI) m/z: caled for CisH;;NO*CI [M+H]" 262.0993, found 262.0991.

Reaction of 1g with Me,Zn [Table 5, entry 3]. 1g (71.5 mg, 0.34 mmol) was dissolved in CHCl;
(3.4 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 2.72 mL, 2.72 mmol) was added to the
solution of 1g in CHCl; under a nitrogen atmosphere at room temperature. After being stirred at the
same temperature for 24 h, the reaction mixture was diluted with sat. NH,Cl and extracted with
CHCI;. The organic phase was dried over MgSO, and concentrated under reduced pressure.
Purification of the residue by preparative TLC (hexane : AcOEt =5 : 1) afforded endo-2g (22.9 mg,
23%) as white crystals and exo-2g (35.0 mg, 37%) as white crystals.

(2R’ 3R 4aR")-3-Chloro-2,3 .4 ,4a,5,6,7 8-octahydro-2 4a-methano-1H-benzo[ e]pyrido[1,2-alaz
ocin-1-one (endo-2g). White crystals; Mp: 195-198 °C (hexane); IR (CHCI;): 2935, 1708 em™; 'H
NMR (500 MHz, CDCl;) 6: 7.32-7.21 (4H, m), 4.67 (1H, dt, J = 9.0, 4.0 Hz), 3.29-3.25 (1H, m),
2.72 (1H, dd, J = 12.5, 8.0 Hz), 2.65 (1H, ddd, J = 12.5, 11.5, 1.5 Hz), 2.42 (1H, ddd, J = 10.0, 3.5,
2.5 Hz), 2.21 (1H, dd, J = 14.0, 9.0 Hz), 2.15-2.07 (1H, m), 2.07 (1H, dt, J = 14.0, 4.0 Hz),
1.92-1.84 (1H, m), 1.70-1.60 (1H, m), 1.66 (1H, dd, J = 16.0, 9.0 Hz), 1.55 (1H, br d, J = 10.0 Hz),
1.45 (1H, dd, J = 16.0, 11.0 Hz), 1.42-1.32 (1H, m); “C NMR (125 MHz, CDCl;) &: 174.6, 143.6,
134.0, 130.8, 129.3, 128.8, 127.3, 74.2, 55.3, 53.3, 44.0, 41.5, 33.2, 31.5, 30.4, 25.9; HRMS (ESI])
m/z: caled for C¢H;eNOCI [M+H]" 276.1150, found 276.1150.

(2R*,35*,4aR*)-3-Chlor0-2,3,4,4a,5,6,7,8-0ctahydro-2,4a-methano-1H-benzo[e]pyrid0[1,2-a]azo
cin-1-one (exo-2g). White crystals; Mp: 163-168 °C (hexane-CHCIl;); IR (CHCL;): 3013, 2931,
1703 cm™; "TH NMR (500 MHz, CDCl;) &: 7.31-7.21 (3H, m), 6.77 (1H, d, J = 7.5 Hz), 4.42 (1H, br
d, J=7.0 Hz), 3.20 (1H, s), 2.71 (1H, dd, J = 12.5, 7.5 Hz), 2.65-2.60 (1H, m), 2.59 (1H, ddd, J =
14.0, 7.5, 2.5 Hz), 2.40 (1H, br d, J = 10.0 Hz), 2.15-2.08 (1H, m), 2.11 (1H, dd, J = 10.0, 1.0 Hz),
1.98-1.90 (1H, m), 1.81 (1H, dd, J = 14.0, 3.0 Hz), 1.77 (1H, dd, J = 16.0, 9.0 Hz), 1.76-1.67 (1H,
m), 1.40 (1H, dd, J = 16.0, 10.5, Hz), 1.39-1.31 (1H, m); *C NMR (125 MHz, CDCl;) &: 175.7,
143.7,133.9, 131.0, 128.9, 127.9, 127.3, 75.6, 56.8, 55.8, 46.6, 39.1, 33.1, 31.6, 30.1, 26.7; HRMS
(ESI) m/z: caled for CigHoNO*C1 [M+H]" 276.1150, found 276.1147.
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Procedure for the preparation of 50a [Scheme 31]. To a solution of ketone 47a (1.0 g, 8.3 mmol)
in pyridine (10.0 mL) were added MeONH,-HCI (2.1 g, 25.0 mmol) under a nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
concentrated under reduced pressure. The residue was diluted with H,O and extracted with AcOEt.
The organic phase was washed with aqueous Cu(ll) sulfate solution, dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by flash column chromatography
(hexane : AcOEt = 30 : 1) afforded oxime ether 48a (1.02g, 82%). According to the general
procedure B with the purification of the residue by flash column chromatography (hexane : AcOEt
=30: 1), followed by the general procedure C, 50a was prepared from 48a via 49a in yield shown

in Scheme 31.

Acetophenone O-Methyloxime (48a). The spectral data were identical with those reported in the

literature. *%

N-(1-Methyl-1-[2-propen-1-yl]-3-buten-1-yl)benzenamine (49a). ** A yellow oil; IR (neat):
1598, 1495 cm™; '"H NMR (300 MHz, CDCl;) &: 7.20-7.15 (2H, m), 6.79-6.75 (3H, m), 5.98-5.82
(2H, m), 5.17-5.09 (4H, m), 3.49 (1H, br s), 2.49 (2H, dd, J = 14.0, 7.0 Hz), 2.37 (2H, dd, J = 14.0,
7.5 Hz), 1.32 (3H, s); "C NMR (75 MHz, CDCl;) &: 146.4, 134.1, 128.9, 118.3, 118.2, 117.0, 55.6,
44.1,25.6; HRMS (ESI) m/z: caled for C 4HyN [M+H]" 202.1590, found 202.1589.

N-[(1-Methylcyclopent-3-en)-1-yl]benzenamine (50a). A yellow oil; IR (neat): 3409, 3052, 2914,
1600, 1508 cm™; "H NMR (300 MHz, CDCl;) &: 7.26-7.17 (2H, m), 6.77-6.70 (1H, m), 6.61-6.57
(2H, m), 5.78 (2H, d, J = 1.5 Hz), 3.88 (1H, br s), 2.91 (2H, d, J = 16.0 Hz), 2.33 (2H, d, / = 16.0
Hz), 1.49 (3H, d, J = 1.5 Hz); °C NMR (75 MHz, CDCl5) &: 146.0, 129.04, 129.02, 116.8, 114.2,
59.5, 45.2,29.9; HRMS (ESI) m/z: caled for Cj,H (N [M+H]" 174.1277, found 174.1277.

Procedure for the preparation of S0b [Scheme 31]. According to the general procedure A, B and
C, 50b was prepared from 48b via 49b in yield shown in Scheme 31.

Benzaldehyde O-Methyloxime (48b). The spectral data were identical with those reported in the

literature. *%®

N-(1-[2-Propen-1-yl]-3-buten-1-yl)benzenamine (49b). **> A yellow oil; IR (neat): 3405, 3075,
2920, 1601, 1503 cm™; '"H NMR (300 MHz, CDCl5) &: 7.20-7.12 (2H, m), 6.68 (1H, t, J = 5.0 Hz),
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6.63-6.56 (2H, m), 5.91-5.75 (2H, m), 5.15-5.06 (4H, m), 3.59 (1H, br s), 3.55-3.45 (1H, m), 2.32
(4H, t, J = 6.5 Hz); BC NMR (75 MHz, CDCls) 6: 147.3, 134.8, 129.3, 117.7, 117.1, 113.3, 51.9,
38.1; HRMS (ESI) m/z : calcd for C;3H,;sN [M+H]" 188.1434, found 188.1435.

N-[(Cyclopent-3-en)-1-yl]benzenamine (50b). A yellow oil; IR (neat): 3379 cm™. '"H NMR (300
MHz, CDCl;) &: 7.19-7.13 (2H, m), 6.72-6.65 (1H, m), 6.60-6.57 (2H, m), 5.72 (2H, br s),
4.17-4.09 (1H, m), 3.67 (1H, br s), 2.79 (2H, dd, J = 17.0, 7.5 Hz), 2.24 (2H, dd, J = 17.0, 2.5 Hz);
C NMR (75 MHz, CDCl5) &: 147.5, 129.3, 129.0, 117.2, 113.3, 52.2, 40.4; HRMS (ESI) m/z: calcd
for C;;H 4N [M+H]" 160.1121, found 160.1121.

Chlorolactamization of 50a with Me,Zn [Table 6, entry 1]. 50a (52.0 mg, 0.3 mmol) was
dissolved in CHCI; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol)
was added 4 times at 2 h intervals to the solution of 50a in CHCI; under a nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
diluted with sat. NH4Cl and extracted with CHCIl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt
=1 :1) to afford endo-51a (22.8 mg, 32%) as a white solid and exo-51a (29.6 mg, 42%) as

colorless crystals.

(lR*,4R*,5R*)-5-Chloro-1-methyl-N-phenyl-2-azabicyclo[2.2.1]heptan-3-0ne (endo-51a). A
white solid; Mp: 141-143 °C (hexane-AcOEt); IR (CHCl;): 3009, 1707, 1495 cm’; "H NMR (500
MHz, CDCL,) o: 7.41 (2H, tt, J = 7.5, 2.0 Hz), 7.31 (1H, tt, J = 7.5, 2.0 Hz), 7.23 (2H, dd, J = 7.5,
2.0 Hz), 4.67 (1H, ddd, J = 9.0, 4.0, 3.5 Hz), 3.21 (1H, dt, J = 4.0, 1.5 Hz), 2.38 (1H, dd, J = 13.5,
9.5 Hz), 2.11 (1H, dt, J = 13.5, 3.5 Hz), 2.09 (1H, ddd, J = 9.5, 4.0, 2.0 Hz), 1.74 (1H, br d, /= 9.5
Hz), 13.5 (3H, s); °C NMR (125 MHz, CDCl;) &: 173.6, 135.3, 129.2, 128.1, 127.5, 68.6, 55.4,
53.4, 46.4, 44.6, 19.0; HRMS (ESI) m/z : caled for C;3sH;sNO*CI [M+H]" 236.0837, found
236.0839.

(1R" 4R’ 55)-5-Chloro-1-methyl-N-phenyl-2-azabicyclo[2.2.1]heptan-3-one (exo-51a).
Colorless crystals; Mp: 156-158 °C (hexane-AcOEt); IR (CHCl5): 3009, 1701, 1499 cm™; '"H NMR
(500 MHz, CDCl,) 6: 7.41-7.37 (2H, m), 7.29 (1H, tt, J = 7.5, 1.5 Hz), 7.09-7.06 (2H, m), 4.44-4.41
(1H, m), 3.14 (1H, s), 2.73 (1H, ddd, J = 14.0, 7.0, 2.5 Hz), 2.29 (1H, dd, J = 10.0, 1.0 Hz), 2.09
(1H, ddt, J = 10.0, 3.0, 1.5 Hz), 2.02 (1H, dd, J = 14.0, 3.0 Hz), 1.41 (3H, s); °C NMR (125 MHz,
CDCl;) &: 174.2, 135.2, 129.2, 127.3, 126.7, 69.7, 57.0, 55.8, 47.5, 44.3, 18.3; HRMS (ESI) m/z:
caled for C3H;sNO*C1 [M+H]" 236.0837, found : 236.0836.
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Chlorolactamization of 50b with Me,Zn [Table 6, entry 2]. 50b (47.8 mg, 0.3 mmol) was
dissolved in CHCI; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol)
was added 4 times at 2 h intervals to the solution of 50b in CHCIl; under a nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
diluted with sat. NH4ClI and extracted with CHCl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The residue was purified by preparative TLC (hexane : AcOEt
=10 : 1) to afford endo-51b (12.9 mg, 19%) as a white powder and exo-51b (22.2 mg, 33%) as a

white powder.

(1R" 4R’ 5R’)-5-Chloro-N-phenyl-2-azabicyclo[2.2.1]heptan-3-one (endo-51b). A white powder;
Mp: 93-95 °C (hexane-CHCI,); IR (CHCL): 3020, 2401, 1710 cm™'; "H NMR (300 MHz, CDCly) &:
7.52 (2H, br d, J = 7.5 Hz), 7.37 (2H, br t, J = 7.5 Hz), 7.14 (1H, br t, J = 7.5 Hz), 4.61 (1H, dt, J =
9.0, 4.0 Hz), 4.45 (1H, br s), 3.25-3.19 (1H, m), 2.62 (1H, ddd, J = 14.0, 9.0, 2.5 Hz), 2.30-2.20 (1H,
m), 2.11-2.01 (1H, m), 1.71 (1H, d, J = 10.0 Hz); *C NMR (75 MHz, CDCly) 3: 171.5, 137.5, 129.1,
124.5, 119.9, 60.3, 54.4, 54.2, 39.6, 39.4; HRMS (ESI) m/z: caled for CHsNO®CI [M+H]'
222.0680, found 222.0678.

(1R" 4R’ 55°)-5-Chloro-N-phenyl-2-azabicyclo[2.2.1]Theptan-3-one (exo-51b). A white powder;
Mp: 128-131 °C (hexane-CHCI;); IR (neat): 3020, 2401, 1705, 1599 c¢cm™; '"H NMR (300 MHz,
CDCLy) &: 7.44 (2H, br d, J = 7.0 Hz), 7.36 (2H, br t, J = 7.0 Hz), 7.13 (1H, br t, J = 7.0 Hz), 4.50
(1H, brt, J=2.0 Hz), 4.32 (1H, dd, J = 7.0, 3.0 Hz), 3.17 (1H, br s), 2.66 (1H, dd, J = 14.0, 7.5 Hz),
2.24-2.16 (3H, m); "C NMR (75 MHz, CDCl5) 8: 172.0, 137.5, 129.1, 124.4, 118.9, 60.7, 56.7, 55.2,
41.7,37.2; HRMS (ESI) m/z: caled for C1,H;;NO>CI [M+H]" 222.0680, found 222.0681.

Procedure for the preparation of 5a [Scheme 32]. *” According to the reported procedure in the

literature, Sa was prepared from 52 and 53 via 54 and S5 in yield shown in Scheme 32.

N-3-Buten-1-ylbenzenamine (5a). *" A yellow oil; IR (neat): 3409, 1602, 1510 cm™; "H NMR (300
MHz, CDCl3) &: 7.19-7.12 (2H, m), 6.71-6.64 (1H, m), 6.59-6.55 (2H, m), 5.86-5.71 (1H, m),
5.16-5.06 (2H, m), 3.60 (1H, br s), 3.13 (2H, t d, J = 6.5, 3.0 Hz), 2.37-2.29 (2H, m); *C NMR (75
MHz, CDCly) &: 148.1, 135.7, 129.1, 117.2, 117.0, 112.7, 42.6, 33.5; HRMS (ESI) m/z: calcd for
CioH 4N [M+H]" 148.1121, found 148.1124.

Procedure for the preparation of 5b [Scheme 33]. ** Toluene (50 mL) was added to benzylamine
(56, 5.5 mL, 50 mmol) and benzaldehyde (47b, 5.0 mL, 50 mmol) in a round-bottom flask fitted

with a condenser and a Dean-Stark trap under a nitrogen atmosphere, and the reaction mixture was
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then heated at reflux. After completion of the reaction (4 h), the solvent was removed under reduced
pressure and the crude product was purified by flash column chromatography (hexane : AcOEt =
20 : 1) to afford 57 (9.7 g, 99%, 1 : 4 mixture of geometrical isomers) as a colorless oil. Allyl
bromide (1.3 mL, 15 mmol) and Zn dust (981.0 mg, 15 mmol) were added to a solution of 57 (975.5
mg, 5.0 mmol) in THF (15 mL) under a nitrogen atmosphere. After being stirred at the same
temperature for 2 h, the reaction mixture was quenched with 1% HCI, filtered off with Celite® and
extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The residue was purified by flash column chromatography (hexane : AcOEt =3 : 1) to
afford 5b (1173.7 mg, 99%) as a colorless oil.

N-Benzylidenebenzylamine (57). The spectroscopic data is in consistent with reported in the

literature. **

N-(Phenylmethyl)-a-2-propenylbenzenemethanamine (5b). The physical and spectroscopic data

is in consistent with reported in the literature. ***

N-[5-Phenyl-3-penten-1-yl]benzenamine (5c¢) [Scheme 34]. Grubbs second-generation catalyst
(127.3 mg, 0.15 mmol) was added to a solution of 5a (441.0 mg, 3.0 mmol) and allylbenzene (58a,
4.0 mL, 30.0 mmol) in CH,Cl, (15 mL) under an argon atomosphere, and the reaction mixture was
then heated at reflux. After completion of the reaction (13 h), the solvent was removed under
reduced pressure and the residue was purified by flash column chromatography (hexane : AcOEt =
10 : 1) to afford 5¢ (94.9 mg, 13%, 1:4 mixture of geometrical isomers). A colorless oil; IR (neat):
3409, 3022, 1600, 1506 cm™; 'H NMR (300 MHz, CDCl;) &: 7.32-7.14 (7H, m), 6.70 (1H, td, J =
7.0, 1.0 Hz), 6.59 (2H, dt, J=7.5, 1.0 Hz), 5.77-5.67 (1H, m), 5.56-5.47 (1H, m), 3.42 (2/5H, d, J =
8.0 Hz), 3.36 (8/5H, d, J= 6.5 Hz), 3.20 (2/5H, t, J=7.0 Hz), 3.16 (8/5H, t, J = 6.5 Hz), 2.49 (2/5H,
q, J =7.0 Hz), 2.36 (8/5H, q, J = 6.5 Hz); °C NMR (75 MHz, CDCl;) &: 148.2, 140.5, 131.8, 130.7,
129.2, 128.47, 128.41, 128.40, 128.2, 127.4, 126.0, 117.29, 117.23, 112.8, 43.3, 43.1, 39.0, 33.5,
32.3,27.2; HRMS (ESI) m/z: calcd for C;H,0N [M+H]" 238.1590, found 238.1588.

N-[(3E)-4-Phenyl-3-buten-1-yl]benzenamine (5d) [Scheme 34]. Grubbs second-generation
catalyst (52.4 mg, 0.05 mmol) was added to a solution of 5a (147.2 mg, 1.0 mmol) and styrene (58b,
1.1 mL, 10.0 mmol) in CH,Cl, (5.0 mL) under an argon atomosphere, and the reaction mixture was
then heated at reflux. After completion of the reaction (12 h), the solvent was removed under
reduced pressure and the residue was purified by flash column chromatography (hexane : AcOEt =
5 : 1) to afford 5d (149.9 mg, 67%) as a colorless oil. The physical and spectroscopic data is in

consistent with reported in the literature. *”
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Lactamization of 5a with Me,Zn [Table 7, entry 1]. 5a (44.1 mg, 0.3 mmol) was dissolved in
CHCI; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to
the solution of Sa in CHCI; under a nitrogen atmosphere at room temperature. After being stirred at
the same temperature for 48 h, the reaction mixture was diluted with sat. NH,Cl and extracted with
CHCIl;. The organic phase was dried over MgSO, and concentrated under reduced pressure. To a
solution of the residue in CH,Cl, (3.0 mL) was added DBU (0.13 mL, 0.9 mmol) under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 2 h, the reaction
mixture was diluted with H,O and extracted with CHCIl;. The organic phase was dried over MgSO,4
and concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =1 : 1) afforded 7a (35.4 mg, 68%) as colorless crystals.

5,6-Dihydro-1-phenyl-2(1H)-pyridinone (7a). *’ Colorless crystals; Mp: 101-103 °C
(Hexane-AcOEt); IR (CHCLy): 1665, 1615, 1594, 1497 cm; 'H NMR (300 MHz, CDCl;) &:
7.39-7.27 (4H, m), 7.20 (1H, tt, J = 7.0, 1.5 Hz), 6.67 (1H, dt, J = 10.0, 4.0 Hz), 6.04 (1H, dt, J =
10.0, 1.5 Hz), 3.80 (2H, t, J = 7.0 Hz), 2.48 (2H, tdd, J = 7.0, 4.0, 1.5 Hz); °C NMR (75 MHz,
CDCl;) 8: 163.9, 142.4, 140.2, 128.6, 125.71, 125.70, 124.8, 48.3, 24.4; HRMS (ESI) m/z: calcd for
C;H;,NO [M+H]" 174.0913, found 174.0914.

Lactamization of 5b with Me,Zn [Table 7, entry 2]. 5b (71.2 mg, 0.3 mmol) was dissolved in
CHCI; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to
the solution of 5b in CHCIl; under a nitrogen atmosphere at room temperature. After being stirred at
the same temperature for 48 h, the reaction mixture was diluted with sat. NH,CI and extracted with
CHCI;. The organic phase was dried over MgSO, and concentrated under reduced pressure. To a
solution of the residue in CH,Cl, (3.0 mL) was added DBU (0.13 mL, 0.9 mmol) under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 2 h, the reaction
mixture was diluted with H,O and extracted with CHCI;. The organic phase was dried over MgSO,
and concentrated under reduced pressure. Purification of the residue by preparative TLC (toluene :

Et,0O =20 : 1) afforded 7b (39.5 mg, 50%) as a colorless oil.

1-Benzyl-6-phenyl-5,6-dihydropyridin-2(1H)-one (7b). *® A colorless oil; IR (neat): 3030, 1665,
1613 cm™; '"H NMR (300 MHz, CDCl5) &: 7.37-7.14 (10H, m), 6.34-6.28 (1H, m), 6.11 (1H, dd, J =
10.0, 2.5 Hz), 5.63 (1H, d, J = 15.0 Hz), 4.58 (1H, br d, J = 7.0 Hz), 3.50 (1H, d, J = 15.0 Hz), 2.91
(1H, ddt, J = 18.0, 8.0, 2.5 Hz), 2.45 (1H, ddd, J = 18.0, 6.0, 2.0 Hz); °C NMR (75 MHz, CDCl;) &:
164.5, 140.1, 137.6, 136.4, 128.6, 128.5, 127.9, 127.7, 127.3, 126.4, 125.2, 57.0, 47.6, 32.2; HRMS
(ESI) m/z: caled for CsH ;sNO [M+H]" 264.1383, found 264.1382.
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Lactamization of 5S¢ with Me,Zn [Scheme 37]. 5¢ (71.2 mg, 0.3 mmol) was dissolved in CHCl;
(3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to a
solution of Sc in CHCI; under a nitrogen atmosphere at room temperature. After being stirred at the
same temperature for 48 h, the reaction mixture was diluted with sat. NH,Cl and extracted with
CHCIl;. The organic phase was dried over MgSO, and concentrated under reduced pressure. To a
solution of residue in CH,Cl, (3.0 mL) was added DBU (0.13 mL, 0.9 mmol) under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 2 h, the reaction
mixture was diluted with H,O and extracted with CHCIl;. The organic phase was dried over MgSO,4
and concentrated under reduced pressure. The residue was purified by preparative TLC (hexane :
AcOEt =3 : 1) to afford 7c (36.4 mg, 46%) as a white solid.

1-Phenyl-3-phenylmethyl-5,6-dihydropyridin-2(1H)-one (7c¢). A white solid; IR (CHCl;): 3009,
1667 cm™; '"H NMR (300 MHz, CDCl;) &: 7.73 (2H, dt, J = 7.5, 1.0 Hz), 7.41-7.13 (8H, m),
6.84-6.79 (1H, m), 3.91 (2H, t, J = 7.0 Hz), 3.55 (2H, br d, J = 7.0 Hz), 2.89-2.85 (2H, m); "°C
NMR (75 MHz, CDCl;) 6: 167.3, 139.8, 138.7, 132.9, 132.5, 128.9, 128.7, 128.5, 126.5, 124.6,
119.7,45.2, 35.3, 21.5; HRMS (ESI) m/z: calcd for C;gH gNO [M+H]" 264.1383, found 264.1383.

Lactamization of 5d with Me,Zn [Scheme 37]. 5d (67.0 mg, 0.3 mmol) was dissolved in CHCl;
(3.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) was added 4 times at 2
h intervals to the solution of Sd in CHCI; under a nitrogen atmosphere at room temperature. After
being stirred at the same temperature for 24 h, the reaction mixture was diluted with sat. NH,Cl and
extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The residue was purified by preparative TLC (hexane : AcOEt = 3 : 1 and n-hexane :
CHCl; =1 : 1) to afford 63a (28.4 mg, 33%) as a white solid and 63b (4.3 mg, 5%) as a white solid.

3-(1’-Chloro-1’-phenylmethyl)-1-phenylpyrrolidin-2(1H)-one (63). Major diastereomer (63a).
A white solid; IR (CHCl5): 3017, 1693, 1600 cm™; 'H NMR (500 MHz, CDCl3) &: 7.66 (2H, br d, J
=8.0 Hz), 7.47 2H, d, J=7.5 Hz), 7.39 (4H, br t, J = 7.5 Hz), 7.33 (1H, br t, /= 7.5 Hz), 7.18 (1H,
brt, J=7.5Hz), 5.77 (1H, d, J = 3.0 Hz), 3.88 (1H, td, J = 9.5, 2.5 Hz), 3.81 (1H, dt, J = 9.5, 8.0
Hz), 3.22 (1H, tt, J = 9.0, 3.0 Hz), 2.56 (1H, dq, J = 12.5, 9.0 Hz), 2.20-2.12 (1H, m); "C NMR
(125 MHz, CDCls) 6: 171.7, 139.7, 139.2, 128.9, 128.7, 128.3, 127.0, 124.9, 120.1, 62.5, 51.6, 46.7,
18.9; HRMS (ESI) m/z: calcd for C,7H,,NO*’Cl [M+H]" 286.0993, found 286.0991. Minor
diastereomer (63b). A white solid; IR (CHCL;): 3022, 1690, 1600 cm'; '"H NMR (500 MHz,
CDCly) 6: 7.51 (2H, br d, J = 8.0 Hz), 7.38 (2H, br d, J = 8.0 Hz), 7.33-7.29 (5H, m), 7.13 (1H, br t,
J=17.5Hz),5.67 (1H, d, J = 4.0 Hz), 3.58 (1H, ddd, /= 9.0, 8.0, 6.0 Hz), 3.46 (1H, ddd, /=9.0, 7.0,
4.0 Hz), 3.13 (1H, td, J = 9.0, 4.0 Hz), 2.36-2.29 (1H, m), 2.18-2.11 (1H, m); "C NMR (125 MHz,
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CDCl;) 6: 171.5, 156.3, 138.8, 137.1, 128.8, 128.5, 128.2, 127.9, 125.0, 120.3, 61.7, 52.6, 46.7,
19.5; HRMS (ESI) m/z: caled for C,,H,;NO*Cl [M+H]" 286.0993, found 286.0991.
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Reaction of 1a with triphosgene [Table 8, entry 2]. Triphosgene (195.9 mg, 0.66 mmol) was
added to a solution of 1a (41.0 mg, 0.22 mmol) in CHCl; (4.4 mL) under a nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
diluted with sat. NaHCOj; and extracted with CHCl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =5 : 1) afforded endo-2a (27.7 mg, 51%) and exo-2a (8.3 mg, 15%).

Reaction of 1a with triphosgene [Table 8, entry 3]. Triphosgene (195.9 mg, 0.66 mmol) was
added to a solution of 1a (41.0 mg, 0.22 mmol) in benzene (4.4 mL) under a nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
diluted with sat. NaHCOj; and extracted with CHCl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =5 : 1) afforded endo-2a (12.2 mg, 22%) and exo-2a (4.1 mg, 8%).

Reaction of 1a with triphosgene [Table 8, entry 4]. Triphosgene (195.9 mg, 0.66 mmol) was
added to a solution of 1a (41.0 mg, 0.22 mmol) in CH,Cl, (4.4 mL) under a nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
diluted with sat. NaHCOj; and extracted with CHCl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =5 : 1) afforded endo-2a (27.8 mg, 51%) and exo-2a (13.0 mg, 24%),).

Reaction of 1a with triphosgene [Table 8, entry 5]. Triphosgene (130.6 mg, 0.44 mmol) was
added to a solution of 1a (41.0 mg, 0.22 mmol) in CH,Cl, (4.4 mL) under a nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
diluted with sat. NaHCOj; and extracted with CHCl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =5 : 1) afforded endo-2a (17.1 mg, 31%) and exo-2a (5.3 mg, 10%).
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Procedure for the preparation of 1h [Scheme 42]. According to the general procedure A, B and C,
1h was prepared from 30h (1.0g, 4.8 mmol) via 31h and 32h in yields shown in Scheme 42.

5-Bromo-23-dihydro-1H-inden-1-one O-Methyloxime (31h). E-31h/Z-31h=3/1. E-31c. White
powder; Mp: 66-68 °C (hexane-CHCI;); IR (CHCL5): 3017, 2940, 2819, 1594 cm™; '"H-NMR (300
MHz, CDCl,) 8: 7.49 (1H, d, J = 8.0 Hz), 7.40 (1H, d, J = 1.5 Hz), 7.32 (1H, dd, J = 8.0, 1.5 Hz),
3.96 (3H, s), 3.01-2.94 (2H, m), 2.87-2.80 (2H, m); *C-NMR (75 MHz, CDCl;) &: 161.1, 149.8,
135.1, 130.1, 128.6, 124.1, 122.6, 62.1, 28.4, 26.3; HRMS (ESI) m/z: caled for C,H;;NO"Br
[M+H]" 240.0019, found 240.0020; Z-31c. A colorless oil; IR (neat): 2935, 2897, 2819, 1589 cm™;
'H-NMR (300 MHz, CDCl5) &: 8.13 (1H, d, J = 8.5 Hz), 7.44 (1H, d, J = 1.0 Hz), 7.38-7.33 (1H, m),
3.97 (3H, s), 3.06-3.00 (2H, m), 2.87-2.81 (2H, m); "C-NMR (75 MHz, CDCl;) &: 158.1, 151.2,
132.6, 130.3, 129.9, 128.6, 125.2, 62.3, 29.1, 28.5; HRMS (ESI) m/z: caled for C,,H;;NO”Br
[M+H]" 240.0019, found 240.0021.

6-Bromo-1,2,3 4-tetrahydro-2,2-di-(2-propen-1-yl)quinoline (32h). A colorless oil; IR (neat):
3397, 2927, 1486 cm™; 'TH NMR (300 MHz, CDCls) &: 7.12-7.08 (1H, m), 7.08-7.02 (1H, m), 6.36
(1H, d, J = 8.5 Hz), 5.93-5.78 (2H, m), 5.20-5.07 (4H, m), 3.85 (1H, br s), 2.75 (2H, t, J = 7.0 Hz),
2.29 (2H, dd, J = 13.5, 7.0 Hz), 2.19 (2H, dd, J = 13.5, 8.0 Hz), 1.74 (2H, t, J = 7.0 Hz); °C NMR
(75 MHz, CDCl;) o: 142.4, 133.0, 131.5, 129.3, 122.2, 118.8, 115.8, 108.1, 53.0, 42.5, 29.9, 23.3;
HRMS (ESI) m/z: caled for C;sH;oN"Br [M+H]" 292.0695, found 292.0697.

6’-Bromo-3’,4’-dihydro-spiro[cyclopent-3-ene-1,2°(1’H)-quinoline] (1h). A colorless oil; IR
(neat): 3392, 2927, 1486 cm™; "H NMR (300 MHz, CDCl5) &: 7.12-7.06 (1H, m), 7.02 (1H, dd, J =
8.5, 2.5 Hz), 6.30 (1H, d, J = 8.5 Hz), 5.71 (2H, s), 4.08 (1H, br s), 2.79 (2H, t, J = 6.5 Hz),
2.50-2.32 (4H, m), 1.88 (2H, t, J = 6.5 Hz); °C NMR (75 MHz, CDCl;) &: 142.9, 131.7, 129.4,
128.7, 122.5, 116.0, 108.3, 60.0, 46.4, 32.1, 24.7; HRMS (ESI) m/z: calcd for C,3H;sN"’Br [M+H]"
264.0382, found 264.0382.

General procedure for chlorolactamization of 1b-e with Triphosgene (General procedure D)
[Table 9]. Triphosgene (178.1 mg, 0.6 mmol) was added to a solution of 1b-d,h (0.2 mmol) in
CH,Cl, (4.0 mL) under a nitrogen atmosphere at room temperature. After being stirred at the same
temperature for 24 h, the reaction mixture was diluted with sat. NaHCOj; and extracted with CHCIs.

The organic phase was dried over MgSO, and concentrated under reduced pressure. Purification of
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the residue by preparative TLC (hexane : AcOEt = 5 : 1) afforded corresponding products
endo-2b-d h and exo-2b-d h in the yields shown in Table 9.

(2R*,3R*,4aR*)-8-Brom0-3-chloro-2,3,4,4a,5,6-hexahydro-2,4a-methan0-1H-benz0[c]quinolizin
-1-one (endo-2h). A colorless oil; IR (neat): 2944, 1712, 1484 cm’; '"H NMR (300 MHz, CDCls) o:
8.49 (1H, d, J = 8.5 Hz), 7.31 (1H, d, J = 8.5 Hz), 7.27 (1H, s), 4.60 (1H, dt, J = 9.0, 4.0 Hz),
3.18-3.11 (1H, m), 2.92-2.71 (2H, m), 2.36 (1H, dd, J = 13.0, 9.5 Hz), 2.14-1.94 (4H, m), 1.79 (1H,
d, J=9.5 Hz); C NMR (75 MHz, CDCl5) &: 171.1, 134.1, 131.3, 130.3, 126.7, 120.2, 115.4, 67.3,
53.7, 53.6, 43.9, 43.2, 26.8, 25.2; HRMS (ESI) m/z: calcd for C,H;;NOBr*’Cl [M+H]" 325.9942,
found 324.9942.

(2R*,35*,4aR*)-8-Br0m0-3-chloro-2,3,4,4a,5,6-hexahydro-2,4a-methan0-lH-benzo[c]quinolizin

-1-one (exo-2h). Colorless crystals; Mp: 149-155 °C (hexane-CHCl;); IR (CHCl;): 2931, 2853,
1710, 1484 cm™; '"H NMR (300 MHz, CDCl;) &: 8.35 (1H, d, J = 8.5 Hz), 7.34-7.25 (2H, m),
4.36-4.29 (1H, m), 3.09 (1H, s), 2.92-2.72 (2H, m), 2.60 (1H, ddd, J = 14.0, 7.5, 2.5 Hz), 2.35 (1H,
dd, J=10.0, 1.0 Hz), 2.22-2.09 (2H, m), 2.02 (1H, ddt, J = 10.0, 2.5, 1.5 Hz), 1.94 (1H, dd, J = 14.0,
2.5 Hz); "C NMR (75 MHz, CDCls) &: 171.6, 133.9, 131.4, 130.2, 126.8, 120.1, 115.8, 68.4, 56.0,
55.4,45.6,41.8,26.5, 25.4; HRMS (ESI) m/z: caled for C4H,NOBr’°Cl [M+H]" 325.9942, found
325.9942.

Reaction of 5a with triphosgene [Scheme 43]. Triphosgene (267.1 mg, 0.9 mmol) was added to a
solution of 5a (44.1 mg, 0.3 mmol) in CH,Cl, (6.0 mL) under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 24 h, the reaction mixture was diluted
with sat. NaHCO; and extracted with CHCl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt=10: 1) afforded 71 quantitavely.

N,N’-di(but-3-en-1-yl)-N,N-diphenylurea (71). A colorless oil; IR (neat) 1740 cm™. '"H NMR
(500 MHz, CDCl;) &: 7.46-7.38 (6H, m), 7.23 (4H, d, J = 7.0 Hz), 5.75 (2H, ddt, J = 17.5, 10.5, 6.5
Hz), 5.13-5.08 (4H, m), 3.81 (4H, t, J = 7.0 Hz), 2.42-2.30 (4H, m); °C NMR (125 MHz, CDCl;) &:
149.2, 141.7, 134.1, 129.6, 128.6, 128.5, 117.7, 52.2, 31.9; HRMS (ESI) m/z: calcd for C5H,sN,0
[M+H]" 321.1961, found 321.1970.

Reaction of 5a with triphosgene [Table 10, entry 1]. Triphosgene (267.1 mg, 0.9 mmol) was
added to a solution of 5a (44.1 mg, 0.3 mmol) in CH,Cl, (30.0 mL) under a nitrogen atmosphere at

room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
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diluted with sat. NaHCOj; and extracted with CHCl;. The organic phase was dried over MgSO, and

concentrated under reduced pressure. 71 was detected by crude "H NMR analysis.

Reaction of 5a with triphosgene [Table 10, entry 2]. Triphosgene (267.1 mg, 0.9 mmol) was
added to a solution of 5a (44.1 mg, 0.3 mmol) in CH,Cl, (6.0 mL) under a nitrogen atmosphere, and
the reaction mixture was then heated at reflux. After being stirred at the same temperature for 24 h,
the reaction mixture was diluted with sat. NaHCO; and extracted with CHCIl;. The organic phase
was dried over MgSO, and concentrated under reduced pressure. 71 was detected by crude 'H NMR

analysis.

Lactamization of 5a with Triphosgene with Lewis acids (General procedure E) [Table 11,
entry 1, 2, 11, 12, 14, 15]. Triphosgene (267.1 mg, 0.9 mmol) and Lewis acid (0.9 mmol) were
added to a solution of 5a (44.1 mg, 0.3 mmol) in CH,Cl, (6.0 mL) under a nitrogen atmosphere, and
the reaction mixture was then heated at reflux. After being stirred at the same temperature for 24 h,
the reaction mixture was diluted with sat. NaHCO; and extracted with CHCI;. The organic phase
was dried over MgSO, and concentrated under reduced pressure. To a solution of the residue in
CH,Cl, (6.0 mL) was added DBU (0.13 mL, 0.9 mmol) under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 2 h, the reaction mixture was diluted
with H,O and extracted with CHCIl;. The organic phase was dried over MgSO, and concentrated
under reduced pressure. Purification of the residue by preparative TLC (hexane : AcOEt =1 : 1)
afforded 7a in yields shown in Table 11.

Reaction of 5a with Triphosgene with AICl;. [Table 11, entry 4]. Triphosgene (267.1 mg, 0.9
mmol) and AICI; (120.0 mg, 0.9 mmol) were added to a solution of 5a (44.1 mg, 0.3 mmol) in
CH,CI, (6.0 mL) under a nitrogen atmosphere, and the reaction mixture was then heated at reflux.
After being stirred at the same temperature for 24 h, the reaction mixture was diluted with sat.
NaHCOj; and extracted with CHCI;. The organic phase was dried over MgSO, and concentrated
under reduced pressure. Purification of the residue by preparative TLC (hexane : AcOEt = 10 : 1)
afforded 72 (47.3 mg, 75%).

3,4-Dihydro-4-methyl-1(2H)-quinolinecarbonyl chloride (72). A colorless oil; IR (neat): 2961,
2935, 1738 cm™. "H NMR (300 MHz, CDCl;) &: 7.59 (1H, br s), 7.24-7.13 (3H, m), 3.94 2H, t, J =
6.0 Hz), 2.92 (1H, sext, /= 7.0 Hz), 2.17 (1H, dq, J = 13.5, 5.5 Hz), 1.66 (1H, dq, J = 13.5, 7.0 Hz),
1.34 (3H, d, J = 7.0 Hz); >C NMR (75 MHz, CDCl) &: 148.6, 136.9, 126.7, 126.2, 126.0, 124.7,
474, 32.1, 30.9, 20.6; HRMS (ESI) m/z: caled for C;;H;;NO*CI [M+H]" 210.0680, found
210.0681.
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Lactamization of 5a with Triphosgene and Et,Zn [Table 11, entry 16]. Triphosgene (267.1 mg,
0.9 mmol) and Et,Zn (1.0 M in hexane, 0.9 mL, 0.9 mmol) were added to a solution of 5a (44.1 mg,
0.3 mmol) in CH,Cl, (30.0 mL) under a nitrogen atmosphere at room temperature. After being
stirred at the same temperature for 24 h, the reaction mixture was diluted with sat. NaHCO; and
extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced
pressure. To a solution of the residue in CH,Cl, (6.0 mL) was added DBU (0.13 mL, 0.9 mmol)
under a nitrogen atmosphere at room temperature. After being stirred at the same temperature for 2
h, the reaction mixture was diluted with H,O and extracted with CHCl;. The organic phase was
dried over MgSO, and concentrated under reduced pressure. Purification of the residue by

preparative TLC (hexane : AcOEt =1 : 1) afforded 7a (24.9 mg, 48%).

Chlorolactamization of 50a with triphosgene and Et,Zn [Scheme 44]. Triphosgene (267.1 mg,
0.9 mmol) and Et,Zn (1.0 M in hexane, 0.9 mL, 0.9 mmol) were added to a solution of 50a (52.0
mg, 0.3 mmol) in CH,Cl, (6.0 mL) under a nitrogen atmosphere at room temperature. After being
stirred at the same temperature for 24 h, the reaction mixture was diluted with sat. NaHCO; and
extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced
pressure. Purification of the residue by preparative TLC (hexane : AcOEt = 1 : 1) afforded
corresponding products endo-51a (19.3 mg, 27%) and exo-51a (31.6 mg, 45%).
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Aminolactamization of 1a with acetnitrile [Scheme 46]. Triphosgene (178.1 mg, 0.6 mmol) was
added to a solution of 1a (37.1 mg, 0.2 mmol) in MeCN (4.0 mL) under a nitrogen atmosphere at
room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
diluted with sat. NaHCOj; and extracted with CHCl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (AcOEt)
afforded corresponding products endo-8aA (3.0 mg, 6%) as a colorless oil and exo-8aA (22.5 mg,

42%) as a colorless foam.

N-[(2R* 3R" 4aR")-1-Ox0-2,3,4 4a,5,6-hexahydro-2 4a-methano-1H-benzo[ c]quinolizin-3-yl]ac-

etamide (endo-8aA). A colorless oil; IR (neat): 3293, 2940, 1701, 1658, 1549, 1493 cm™; '"H NMR
(600 MHz, CDCl,) ¢: 8.56 (1H, dd, J = 8.0, 0.5 Hz), 7.26 (1H, t, J = 8.0 Hz), 7.18 (1H, d, /= 7.0
Hz), 7.04 (1H, td, J/ = 7.0, 0.5 Hz), 5.79 (1H, br d, J = 5.0 Hz), 4.72 (1H, ddt, / = 9.5, 7.5, 4.0 Hz),
3.02 (1H, dt, J=4.0, 1.0 Hz), 2.91 (1H, ddd, J = 16.0, 12.0, 6.0 Hz), 2.83 (1H, dt, / = 16.0, 4.0 Hz),
2.27 (1H, dd, J=13.0, 9.5 Hz), 2.15-2.05 (2H, m), 1.96 (1H, ddd, / =9.5, 3.5, 2.0 Hz), 1.93 (3H, s),
1.80 (1H, dd, J = 9.5, 1.0 Hz), 1.60 (1H, dt, J = 13.0, 3.5 Hz); C NMR (150 MHz, CDCl;) &: 172.7,
170.3, 135.0, 129.0, 127.4, 124.9, 123.2, 118.7, 67.8, 50.6, 48.2, 43.4, 40.8, 27.2, 25.6, 23.1; HRMS
(ESI) m/z: caled for Ci¢H oN,O, [M+H]" 271.1441, found 271.1444.

N-[(2R’ 35" 4aR")-1-Ox0-2,3,4,4a,5,6-hexahydro-2 4a-methano-1H-benzo[ c]quinolizin-3-yl]ac-

etamide (exo-8aA). A colorless foam; IR (neat): 3289, 2944, 1686, 1654, 1546, 1493 cem™; 'H
NMR (600 MHz, CDCl,) 6: 8.46 (1H, dd, J = 8.0, 0.5 Hz), 7.19 (1H, t, J = 8.0 Hz), 7.12 (1H, d, J =
8.0 Hz), 6.98 (1H, td, J = 8.0, 1.0 Hz), 6.32 (1H, d, J = 6.0 Hz), 4.33-4.28 (1H, m), 2.92-2.85 (1H,
m), 2.91 (1H, s), 2.77 (1H, dt, J = 16.0, 4.0 Hz), 2.50 (1H, ddd, J = 13.0, 8.0, 2.5 Hz), 2.17 (1H, td,
J=13.0,5.0 Hz), 2.12 (1H, ddd, J = 13.0, 5.5, 3.5 Hz), 2.00 (3H, s), 2.03-1.94 (2H, m), 1.51 (1H,
dd, J = 13.0, 3.5); °C NMR (150 MHz, CDCls) &: 173.3, 170.1, 135.3, 128.9, 127.3, 125.0, 123.1,
118.6, 67.8,52.2,49.1,42.2, 41.9, 27.0, 25.6, 23.3; HRMS (ESI) m/z: caled for C,¢H;oN,O, [M+H]"
271.1441, found 271.1441.

Aminolactamization with propionitrile of 1a [Scheme 47]. Triphosgene (356.1 mg, 1.2 mmol)
was added to a solution of 1a (74.0 mg, 0.4 mmol) in EtCN (8.0 mL) under a nitrogen atmosphere
at room temperature. After being stirred at the same temperature for 24 h, the reaction mixture was
diluted with sat. NaHCOj; and extracted with CHCl;. The organic phase was dried over MgSO, and

concentrated under reduced pressure. Purification of the residue by preparative TLC (AcOEt)
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afforded corresponding products endo-8aB (8.3 mg, 7%) as colorless crystals and exo-8aB (31.4 mg,

28%) as a colorless oil.

N-[(2R*,3R*,4aR*)-1-Ox0-2,3,4,4a,5,6-hexahydr0-2,4a-methan0-1H-benzo[c]quinolizin-3-yl]pr-
opanamide (endo-8aB). Colorless crystals; Decomp. 174 °C (hexane-CHCI;); IR (CHCI;): 3302,
2940, 1686, 1650, 1542, 1493 cm™'; '"H NMR (600 MHz, CDCl3) &: 8.53 (1H, dd, J = 8.5, 1.0 Hz),
7.23 (1H, t,J=8.5 Hz), 7.15 (1H, d, /= 7.5 Hz), 7.01 (1H, td, J = 7.5, 1.0 Hz), 5.73 (1H, brd, J =
5.5 Hz), 4.70 (1H, ddt, J =9.0, 7.5, 4.0 Hz), 2.99 (1H, dt, J = 4.0, 1.5 Hz), 2.89 (1H, ddd, J = 16.0,
11.5, 6.0 Hz), 2.80 (1H, dt, J = 16.0, 4.0 Hz), 2.25 (1H, dd, J = 13.0, 9.5 Hz), 2.18-2.05 (4H, m),
1.94 (1H, ddd, /7 =9.5, 3.5, 1.5 Hz), 1.79 (1H, dd, /= 10.0, 1.5 Hz), 1.56 (1H, dt, J = 13.0, 3.5 Hz),
1.09 (3H, t, J = 7.5 Hz); >C NMR (150 MHz, CDCls) &: 174.0, 172.8, 135.0, 129.0, 127.4, 125.0,
123.2, 118.7, 67.8, 50.7, 48.1, 43.4, 40.9, 29.4, 27.2, 25.6, 9.6, HRMS (ESI) m/z: calced for
C17H,1N,0, [M+H]" 285.1598, found 285.1593.

N-[(2R’ 35" 4aR")-1-Ox0-2,3,4,4a,5,6-hexahydro-2 4a-methano-1H-benzo[c]quinolizin-3-yl]pr-
opanamide (exo-8aB). A colorless oil; IR (neat): 3293, 2940, 1684, 1647, 1542, 1493 em™; 'H
NMR (500 MHz, CDCl,) ¢: 8.47 (1H, dd, J = 8.5, 0.5 Hz), 7.19 (1H, t, J= 8.0 Hz), 7.12 (1H, d, J =
7.5 Hz), 6.98 (1H, td, J=7.5, 1.0 Hz), 5.86 (1H, br d, J = 5.5 Hz), 4.34-4.28 (1H, m), 2.892 (1H, s),
2.888 (1H, ddd, J = 16.0, 12.0, 5.0 Hz), 2.78 (1H, dt, J = 16.0, 4.0 Hz), 2.53 (1H, ddd, J = 13.0, 7.5,
2.0 Hz), 2.21 (2H, q, J = 7.5 Hz), 2.21-2.08 (2H, m), 2.02-1.94 (2H, m), 1.47 (1H, dd, J = 13.0, 3.5
Hz), 1.15 (3H, t, J = 7.5 Hz); °C NMR (125 MHz, CDCl3) &: 173.6, 173.1, 135.3, 128.8, 127.4,
124.9, 123.0, 118.6, 67.8, 52.2, 49.0, 42.6, 42.0, 29.6, 27.1, 25.6, 9.8; HRMS (ESI) m/z: calcd for
Cy7H,N,O, [M+H]" 285.1598, found 285.1597.

General procedure for the aminolactamization of 1b-d,h [Table 12]. Triphosgene (178.1 mg, 0.6
mmol) was added to a solution of 1b-d,h (0.2 mmol) in MeCN (4.0 mL) under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction
mixture was diluted with sat. NaHCO; and extracted with CHCIl;. The organic phase was dried over
MgSO, and concentrated under reduced pressure. Purification of the residue by preparative TLC
(AcOEt) afforded corresponding products endo-8bA-dA,hA and exo-8bA-dAhA in the yields
shown in Table 12.

N -[(2R*,3R*,4aR*)-8-Meth0xy-1-0X0-2,3,4,4a,5,6-hexahydro-2,4a-methan0-1H -benzo[c]quinoli

zin-3-yl]acetamide (endo-8bA). Colorless crystals; Decomp. 202 °C (hexane-CHCI3). IR (CHCIl;):
3422, 3009, 1678, 1499 cm™; "H NMR (300 MHz, CDCl;) &: 8.47 (1H, d, J = 9.0 Hz), 6.80 (1H, dd,
J=9.0,3.0Hz), 6.70 (1H, d, J=3.0 Hz), 5.77 (1H, br d, J = 7.5 Hz), 4.69 (1H, ddt, J=9.5,7.5, 4.0
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Hz), 3.79 (3H, s), 3.00-2.96 (1H, m), 2.95-2.70 (2H, m), 2.30 (1H, s), 2.24 (1H, dd, J = 130, 9.5 Hz),
2.12-2.04 (2H, m), 1.91 (3H, s), 1.76 (1H, dd, J = 10.0, 1.5 Hz), 1.60-1.48 (1H, m); °C NMR (75
MHz, CDCLy) &: 172.2, 170.3, 155.3, 128.6, 126.6, 119.8, 114.2, 112.5, 67.7, 55.4, 50.5, 48.4, 43 4,
40.6,27.2, 25.8, 23.1; HRMS (ESI) m/z: caled for C17H N, [M+H]" 301.1547, found 301.1548.

N—[(2R*,3S*,4aR*)-8-Meth0xy-1-0xo-2,3,4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinoliz
in-3-ylJacetamide (exo-8bA). A white powder; Mp: 91-95 °C (hexane-CHC]l;). IR (CHCI;): 3444,
3004, 1693, 1501 cm™; "H NMR (300 MHz, CDCl;) &: 8.39 (1H, d, J = 9.0 Hz), 6.76 (1H, dd, J =
9.0, 3.0 Hz), 6.67 (1H, d, J = 2.5 Hz), 5.81 (1H, br s), 4.34-4.26 (1H, m), 3.77 (3H, s), 2.89 (1H, s),
2.94-2.82 (1H, m), 2.74 (1H, dt, J = 16.5, 4.0 Hz), 2.50 (1H, dd, J = 13.0, 8.5 Hz), 2.23-2.04 (2H,
m), 2.00 (3H, s), 1.95 (2H, s), 1.46 (1H, dd, J = 13.0, 3.5 Hz); °C NMR (75 MHz, CDCl5) &: 172.8,
170.2, 155.1, 128.8, 126.6, 119.7, 114.1, 112.4, 67.7, 55.4, 52.1, 49.2, 41.9, 41.8, 27.0, 25.8, 23.2;
HRMS (ESI) m/z: caled for C,7H,;N,O5 [M+H]" 301.1547, found 301.1548.

N-[(2R* 3R 4aR")-9-Methyl-1-0x0-2,3 4 42,5 ,6-hexahydro-2 4a-methano-1H-benzo[ c]quinolizi

n-3-ylJacetamide (endo-8cA). Colorless crystals; Decomp. 165 °C (hexane-CHCL;); IR (CHCI;):
1682, 1602, 1508 cm™; '"H NMR (300 MHz, CDCls) &: 8.36 (1H, s), 7.02 (1H, d, J = 7.5 Hz), 6.81
(1H, dd, J=17.5, 1.0 Hz), 5.85-5.70 (1H, m), 4.67 (1H, ddt, J =9.5, 7.5, 4.0 Hz), 3.00-2.94 (1H, m),
2.90-2.70 (2H, m), 2.34 (3H, s), 2.23 (1H, dd, J = 13.0, 9.5 Hz), 2.12-2.02 (2H, m), 1.99-1.86 (1H,
m), 1.90 (3H, s), 1.76 (1H, dd, J = 9.5, 1.0 Hz), 1.56 (1H, dt, J = 13.0, 3.0 Hz); "C NMR (75 MHz,
CDCly) 6: 172.5, 170.1, 137.1, 134.7, 128.7, 123.9, 121.9, 119.0, 67.8, 50.7, 48.3, 43.4, 40.8, 27.4,
25.3,23.2,21.5; HRMS (ESI) m/z: calcd for C;7H;N,O, [M+H]" 285.1598, found 285.1599.

N-[(2R’ 35" 4aR")-9-Methyl-1-0x0-2,3 4 4a,5,6-hexahydro-2 4a-methano-1H-benzo[ c]quinolizi
n-3-yl]acetamide (exo-8cA). A colorless foam; IR (neat): 3293, 2940, 1686, 1546, 1508 cm™; 'H
NMR (300 MHz, CDCl;) é: 8.29 (1H, s), 7.05 (1H, d, J = 6.5 Hz), 7.01 (1H, d, J = 8.0 Hz), 6.80
(1H, d, J = 8.0 Hz), 4.33-4.23 (1H, m), 2.91 (1H, s), 2.82 (1H, dd, J = 16.0, 8.5 Hz), 2.71 (1H, dt, J
=16.0, 4.0 Hz), 2.56 (1H, br s), 2.43 (1H, ddd, J = 13.0, 8.0, 2.5 Hz), 2.30 (3H, s), 2.18-1.88 (3H,
m), 2.01 (3H, s), 1.56 (1H, dd, J = 13.0, 3.5 Hz); >C NMR (75 MHz, CDCl) &: 173.4, 170.2, 136.9,
134.9, 128.6, 123.8, 122.0, 118.8, 67.9, 52.3, 49.1, 41.8, 41.5, 27.2, 25.2, 23.2, 21.5; HRMS (ESI)
m/z: caled for C7Hy N,O, [M+H]" 285.1598, found 285.1597.

N-[(2R" 3R" 4aR")-8-Chloro-1-0x0-2,3,4 ,4a,5,6-hexahydro-2 4a-methano-1H-benzo[c]quinolizi
n-3-ylJacetamide (endo-8dA). Colorless crystals; Decomp. 160 °C (hexane-CHCl3); IR (CHCI):
3294, 1704, 1658, 1555, 1486 cm™; 'H NMR (300 MHz, CDCl;) &: 8.46 (1H, d, J = 9.0 Hz),
7.20-7.07 (2H, m), 5.90-5.75 (1H, m), 4.67 (1H, ddt, J = 9.5, 7.5, 4.0 Hz), 3.04-2.96 (1H, m),
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2.94-2.72 (2H, m), 2.24 (1H, dd, J = 13.0, 9.5 Hz), 2.16-1.84 (3H, m), 1.91 (3H, s), 1.79 (1H, d, J =
10.0 Hz), 1.54 (1H, dt, J = 13.0, 3.5 Hz); >C NMR (75 MHz, CDCl;) &: 172.5, 170.1, 133.4, 128.6,
127.9, 127.2, 126.5, 119.7, 67.7, 50.5, 48.3, 43.3, 40.6, 26.9, 25.5, 23.2; HRMS (ESI) m/z: calcd for
C16H7N,0, Na**Cl [M+Na]" 327.0871, found 327.0865.

N—[(2R*,3S*,4aR*)-8-Chlor0-1-0x0-2,3,4,4a,5,6-hexahydro-2,4a-methan0-1H-benzo[c]quinolizin
-3-yl]lacetamide (exo-8dA). A white powder; Mp: 218-220 °C (hexane-CHCl;); IR (CHCI;): 3288,
2946, 1704, 1655, 1554, 1486 cm™; '"H NMR (300 MHz, CDCl3) &: 8.41 (1H, d, J = 8.5 Hz),
7.16-7.08 (2H, m), 5.89-5.78 (1H, m), 4.35-4.24 (1H, m), 2.90 (1H, s), 2.84 (1H, dd, J = 10.5, 6.5
Hz), 2.75 (1H, dt, J = 16.5, 4.0 Hz) 2.54-2.44 (1H, m), 2.23-2.08 (2H, m), 2.00 (3H, s), 1.97 (1H, s),
1.74 (1H, s), 1.46 (1H, dd, J = 13.0, 3.5 Hz); °C NMR (75 MHz, CDCl;) &: 172.7, 169.6, 133.7,
128.4, 127.8, 127.2, 126.4, 119.7, 67.7, 52.0, 49.1, 42.5, 41.9, 26.8, 25.5, 23.4; HRMS (ESI) m/z:
caled for C¢H,;7N,0,Na*’C1 [M+Na]" 327.0871, found 327.0863.

N-[(2R* 3R" 4aR")-8-Bromo-1-0x0-2,3 4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizi
n-3-ylJacetamide (endo-8hA). Colorless crystals; Decomp. 170 °C (hexane-CHCI;); IR (CHCI;):
3288, 2938, 1704, 1656, 1555, 1484 cm™; "H NMR (300 MHz, CDCls) &: 8.40 (1H, d, J = 8.5 Hz),
7.33-7.24 (2H, m), 5.84-5.66 (1H, m), 4.67 (1H, ddt, J=9.5, 7.5, 4.0 Hz), 3.00 (1H, dt, /= 4.0, 1.5
Hz), 2.93-2.68 (2H, m), 2.24 (1H, dd, J = 13.0, 9.5 Hz), 2.16-1.98 (2H, m), 1.97-1.84 (1H, m), 1.91
(3H, s), 1.78 (1H, d, J = 10.0 Hz), 1.54 (1H, dt, J = 13.0, 3.5 Hz); °C NMR (75 MHz, CDCl5) &:
172.6, 170.1, 133.9, 131.5, 130.2, 126.9, 120.1, 115.7, 67.7, 50.6, 48.3, 43.3, 40.7, 26.9, 25.4, 23.2;
HRMS (ESI) m/z: caled for C16H;sN,O,”Br [M+H]" 349.0546, found 349.0542.

N-[(2R’ 35" 4aR")-8-Bromo-1-0x0-2,3 4,4a,5,6-hexahydro-2,4a-methano-1H-benzo[c]quinolizin
-3-yl]lacetamide (exo-8hA). Colorless crystals; Decomp. 190 °C (hexane-CHCls3); IR (CHCIs):
3288, 2947, 1706, 1550, 1485 cm; 'H NMR (300 MHz, CDCl;) &: 8.34 (1H, d, J = 9.5 Hz),
7.30-7.22 (2H, m), 6.61 (1H, br d, J = 6.5 Hz), 4.34-4.23 (1H, m), 2.90 (1H, s), 2.92-2.79 (1H, m),
2.74 (1H, dt, J = 16.5, 4.0 Hz), 2.44 (1H, ddd, J = 13.0, 8.5, 2.0 Hz), 2.20-2.08 (2H, m), 2.05 (1H, d,
J=10.0 Hz), 1.99 (3H, s), 1.94 (1H, d, J = 10.0 Hz), 1.53 (1H, dd, J = 13.0, 3.5 Hz); "C NMR (75
MHz, CDCls) &: 173.1, 169.9, 134.1, 131.4, 130.0, 126.9, 119.9, 115.4, 67.7, 52.2, 49.0, 41.84,
41.78, 26.7, 25.4, 23.3; HRMS (ESI) m/z: caled for CioH sN,O,”Br [M+H]" 349.0546, found
349.0540.
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Reaction of 2a with triphosgene and acetonitrile [Scheme 48]. Triphosgene (81.9 mg, 0.276
mmol) was added to a solution of 2a (22.8 mg, 0.092 mmol) in MeCN (1.84 mL) under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction
mixture was diluted with sat. NaHCOj; and extracted with CHCl;. The organic phase was dried over

MgSO, and concentrated under reduced pressure. Resulted in no reaction.
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Procedure for the preparation of N-phenylethylaniline (9a) [Scheme 52]. ***> According to the
reported procedure in the literature, > 9a was prepared from 52 and 58b in yield shown in Scheme

52. The spectral data were identical with those reported in the literature. >

Procedure for the preparation of N-benzyl-2-phenylethylamine (9b) [Scheme 52]. °® According
to the reported procedure in the literature, 9b was prepared from 76 and 77 in yield shown in

Scheme 52. The spectral data were identical with those reported in the literature.

Reaction of 9a with Me,Zn [Table 13, entry 1]. 9a (59.2 mg, 0.3 mmol) was dissolved in CHCl;
(30.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to the
solution of 9a in CHCl; under a nitrogen atmosphere at room temperature. After being stirred at the
same temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl and extracted with
CHCI;. The organic phase was dried over MgSO, and concentrated under reduced pressure.
Purification of the residue by preparative TLC (hexane : AcOEt = 1 : 1) afforded 11a (47.9 mg,
72%) as a white solid.

2-Phenyl-34-dihydroisoquinolin-1(2H)-one (11a). 3D Colorless crystals; Mp: 98-102 °C
(hexane-CHCI;); IR (CHCI;): 3009, 1652, 1495 cm™; '"H NMR (300 MHz, CDCl;) &: 8.15 (1H, d, J
= 7.5 Hz), 7.48-7.32 (6H, m), 7.28-7.16 (2H, m), 3.95 (2H, t, J = 6.5 Hz), 3.10 (2H, t, J = 6.5 Hz);
C NMR (75 MHz, CDCl;) &: 164.0, 143.0, 138.2, 131.9, 130.0, 128.7, 128.5, 127.0, 126.8, 126.1,
125.2,49.2, 28.4; HRMS (ESI) m/z: Calcd for C;sH;sNO [M+H]" 224.1070, Found 224.1069.

Reaction of 9b with Me,Zn [Table 13, entry 2]. 9b (31.7 mg, 0.15 mmol) was dissolved in CHCl;
(15.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 1.2 mL, 1.2 mmol) was added to the
solution of 9b in CHCI; under a nitrogen atmosphere at room temperature. After being stirred at the
same temperature for 24 h, the reaction mixture was diluted with sat. NH4Cl and extracted with
CHCI;. The organic phase was dried over MgSO, and concentrated under reduced pressure.
Purification of the residue by preparative TLC (hexane : AcOEt = 5 : 1) afforded 11b (28.1 mg,

79%) as a colorless oil.

2-Benzyl-3 4-dihydroisoquinolin-1(2H)-one (11b). *® A colorless oil; IR (neat): 3026, 2901, 1650,
1602 cm™; "H NMR (300 MHz, CDCl5) &: 8.15 (1H, dd, J = 7.5, 1.5 Hz), 7.45-7.24 (7H, m), 7.16
(1H, br d), 4.80 (2H, s), 3.49 (2H, t, J = 6.5 Hz), 2.93 (2H, t, J = 6.5 Hz); *C NMR (75 MHz,
CDClLy) &: 164.4, 137.9, 137.3, 131.6, 129.3, 128.5, 128.4, 127.9, 127.3, 126.9, 126.8, 50.5, 45.5,
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28.2; HRMS (ESI) m/z: Calcd for C;¢H ¢NO [M+H]" 238.1227, Found 238.1224.

Reaction of 9¢ with Me,Zn [Table 13, entry 3]. 9¢ (40.6 mg, 0.3 mmol) was dissolved in CHCl;
(30.0 mL) under air atmosphere. Me,Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to the
solution of 9¢ in CHCI; under a nitrogen atmosphere at room temperature. After being stirred at the
same temperature for 24 h, the reaction mixture was diluted with sat. NH,Cl and extracted with
CHCI;. The organic phase was dried over MgSO, and concentrated under reduced pressure.
Purification of the residue by preparative TLC (hexane : AcOEt = 1 : 1) afforded 11c¢ (29.8 mg,

62%) as a colorless oil.

2-Methyl-3 4-dihydroisoquinolin-1(2H)-one (11c). > A colorless oil; IR (neat): 3491, 2944, 2858,
1645, 1604, 1576 cm™; '"H NMR (300 MHz, CDCl5) &: 8.08 (1H, ddd, J = 7.5, 1.0, 0.5 Hz), 7.40
(1H, td, J = 7.0, 1.5 Hz), 7.36-7.28 (1H, m), 7.17 (1H, dt, J = 7.5, 0.5 Hz), 3.56 (2H, t, J = 6.5 Hz),
3.15 (3H, s), 3.00 (2H, t, J = 6.5 Hz); >C NMR (75 MHz, CDCl;) &: 164.7, 137.8, 131.4, 129.2,
127.9, 126.9, 126.8, 48.0, 35.1, 27.7; HRMS (ESI) m/z: Caled for C;gH,NO [M+H]™ 162.0913,
Found 162.0912.

Reaction of 9a with triphosgene and Et,Zn [Scheme 53]. Triphosgene (267.1 mg, 0.9 mmol) and
Et,Zn (1.0 M in n-hexane, 0.9 mL, 0.9 mmol) were added to a solution of 9a (59.2 mg, 0.3 mmol)
in CH,Cl, (30.0 mL) under a nitrogen atmosphere at room temperature. After being stirred at the
same temperature for 24 h, the reaction mixture was diluted with sat. NaHCO; and extracted with
CHCI;. The organic phase was dried over MgSO, and concentrated under reduced pressure.
Purification of the residue by preparative TLC (hexane : AcOEt = 1 : 1) afforded corresponding
products 11a (50.4 mg, 75%).
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Reaction of 12a and 13A with Me,Zn [Table 14, entry 1]. 12a (40.0 mg, 0.3 mmol) and 13A
(39.4 mg, 0.3 mmol) was dissolved in CHCI; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in
hexane, 0.6 mL, 0.6 mmol) was added 4 times at 2 h intervals to the mixture under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction
mixture was diluted with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over

MgSO, and concentrated under reduced pressure. Purification of the residue by preparative TLC

(hexane : AcOEt =2 : 1) afforded 15aA (15.6 mg, 18%).

Reaction of 12a and 13A with Me,Zn [Table 14, entry 2]. 12a (40.0 mg, 0.3 mmol) and 13A
(78.7 mg, 0.6 mmol) was dissolved in CHCI; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in
hexane, 0.6 mL, 0.6 mmol) was added 4 times at 2 h intervals to the mixture under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 24 h, the reaction
mixture was diluted with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over
MgSO, and concentrated under reduced pressure. Purification of the residue by preparative TLC

(hexane : AcOEt =2 : 1) afforded 15aA (17.7 mg, 20%).

Reaction of 12a and 13A with Me,Zn [Table 14, entry 3]. 12a (40.0 mg, 0.3 mmol) and 13A
(78.7 mg, 0.6 mmol) was dissolved in CHCI; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in
hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 48 h, the reaction mixture was diluted
with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =2 : 1) afforded 15aA (48.5 mg, 56%).

Reaction of 12a and 13A with Me,Zn [Table 14, entry 4]. 12a (40.0 mg, 0.3 mmol) and 13A
(118.1 mg, 0.9 mmol) was dissolved in CHCI; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in
hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 48 h, the reaction mixture was diluted
with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :
AcOEt=2: 1) afforded 15aA (58.1 mg, 67%).

Reaction of 12a and 13A with Me,Zn [Table 14, entry 5]. 12a (40.0 mg, 0.3 mmol) and 13A
(157.4 mg, 1.2 mmol) was dissolved in CHCI; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in
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hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 48 h, the reaction mixture was diluted
with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =2 : 1) afforded 15aA (80.8 mg, 93%)).

Reaction of 12a and 13A with Me,Zn [Table 14, entry 6]. 12a (40.0 mg, 0.3 mmol) and 13A
(157.4 mg, 1.2 mmol) was dissolved in CHCIl; (3.0 mL) under air atmosphere. Me,Zn (1.0 M in
hexane, 1.8 mL, 1.8 mmol) was added to the mixture under a nitrogen atmosphere at room
temperature. After being stirred at the same temperature for 48 h, the reaction mixture was diluted
with sat. NH4Cl and extracted with CHCI;. The organic phase was dried over MgSO,4 and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =2 : 1) afforded 15aA (66.4 mg, 76%)).

[3’,4’-Dihydro-1’(2’H)-quinolinyl](1-methyl-1H-indol-3-yl)-methanone ~ (15aA).  Colorless
crystals; Mp: 153-154 °C (hexane-CHCl3); IR (CHCl;): 3009, 2948, 1615, 1602, 1579, 1531 cm™;
'H NMR (300 MHz, CDCl;) 8: 7.62 (1H, d, J = 8.0 Hz), 7.30-7.04 (6H, m), 6.98 (1H, t, J = 7.0 Hz),
6.86 (1H, t, J = 7.0 Hz), 3.97 (2H, t, J = 6.5 Hz), 3.72 (3H, s), 2.87 (2H, t, J = 6.5 Hz), 2.05 (2H,
quint, J = 6.5 Hz); °C NMR (75 MHz, CDCL;) &: 166.2, 140.0, 136.4, 133.2, 131.3, 128.2, 126.5,
125.6, 124.9, 124.0, 122.2, 121.3, 121.0, 110.9, 109.3, 44.6, 33.2, 27.1, 24.4; HRMS (ESI) m/z:
calcd for CoH;oN,O [M+H]" 291.1492, fund 291.1483.
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General procedure for Friedel-Crafts-type carbamoylation (General procedure E) [Scheme 56,
57, 59]. 12a-m (0.3 mmol) and 13A-F (1.2 mmol) was dissolved in CHCl; (3.0 mL) under air
atmosphere. Me,Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 48 h, the reaction
mixture was diluted with sat. NH4Cl and extracted with CHCl;. The organic phase was dried over
MgSO, and concentrated under reduced pressure. Purification of the residue by preparative TLC

(hexane : AcOEt=2: 1) afforded 15bA-mA, 15aB-aF in the yields shown in Scheme 56, 57, 59.

[3’,4’-Dihydro-2’(1’H)-isoquinolinyl](1-methyl-1H-indol-3-yl)-methanone (15bA). A colorless
oil; IR (neat): 3000, 2931, 1611, 1533 cm™; '"H NMR (300 MHz, CDCl) &: 7.58 (1H, d, J = 8.0 Hz),
7.26 (1H, s), 7.22-6.96 (6H, m), 6.91 (1H, br s), 4.73 (2H, s), 3.78 (2H, t, J = 5.5 Hz), 3.66 (3H, s),
2.82 (2H, t, J = 5.5 Hz); ®C NMR (75 MHz, CDCl3) &: 166.6, 136.4, 134.5, 133.5, 131.0, 128.6,
126.4, 126.23, 126.16, 122.3, 120.75, 120.73, 110.6, 109.6, 109.3, 47.5, 43.2, 33.1, 29.3; HRMS
(ESI) m/z: caled for C1oH oN,O [M+H]" 291.1492, found 291.1488.

(1-Methyl-1H-indol-3-yl)(piperidin-1’-yl)-methanone (15cA). * A yellow solid; Mp: 99-101 °C
(hexane-CHCl;); IR (CHCI3): 3000, 2940, 1600, 1538 cm™; '"H NMR (300 MHz, CDCl;) &: 7.67
(1H, d, J=7.5 Hz), 7.34 (1H, s), 7.32-7.12 (3H, m), 3.75 (3H, s), 3.66-3.60 (4H, m), 1.73-1.54 (6H,
m); "C NMR (75 MHz, CDCl5) &: 166.1, 136.1, 130.8, 126.0, 122.0, 120.4 (2C), 110.8, 109.4, 46.1
(br), 32.9, 26.3, 24.7; HRMS (ESI) m/z: calcd for C;sHoN,O [M+H]" 243.1492, found 243.1488.

(1-Methyl-1H-indol-3-yl)(pyrrolidin-1’-yl)-methanone (15dA). °© A white solid; Mp: 105-108 °C
(hexane-CHCl;); IR (CHCI3): 3694, 2991, 1598, 1536 cm™; 'H NMR (300 MHz, CDCl;) §: 8.13
(1H, d, J = 7.5 Hz), 7.32 (1H, s), 7.30-7.16 (3H, m), 3.75 (3H, s), 3.65 (4H, br s), 1.92 (4H, m); "°C
NMR (75 MHz, CDCl;) &: 165.1, 136.2, 130.4, 127.3, 122.3, 122.0, 120.7, 111.1, 109.1, 47.5 (br),
33.1, 25.5 (br); HRMS (ESI) m/z: calcd for C;4H,7N,O [M+H]" 229.1335, found 229.1332.

(Azepan-1’-yl)(1-methyl-1H-indol-3-yl)-methanone (15eA). °® A white solid; Mp: 113-114 °C
(hexane-CHCl,); IR (CHCl5): 2935, 1600, 1538 cm™; '"H NMR (300 MHz, CDCl5) &: 7.79 (1H, d, J
= 8.0 Hz), 7.32-7.13 (4H, m), 3.77 (3H, s), 3.68 (4H, t, J = 6.0 Hz), 1.76 (4H, br s), 1.60 (4H, br s);
3C NMR (75 MHz, CDCly) &: 167.0, 136.3, 129.5, 126.7, 122.2, 121.1, 120.4, 112.2, 109.3, 48.1
(br), 33.0, 28.7 (br), 27.5 (br); HRMS (ESI) m/z: caled for C;¢H, N,O [M+H]" 257.1648, found
257.1664.
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(1-Methyl-1H-indol-3-yl)-4-morpholinyl-methanone (15fA). ® A colorless oil; IR (neat): 3478,
2966, 2914, 2853, 1611, 1536 cm™; '"H NMR (300 MHz, CDCl;) &: 7.70-7.65 (1H, m), 7.44 (1H, s),
7.35 (1H, dd, J = 8.5, 0.5 Hz), 7.32-7.19 (2H, m), 3.82 (3H, s), 3.74 (8H, s); °C NMR (75 MHz,
CDCl;) o: 166.6, 136.4, 131.6, 125.8, 122.4, 120.9, 120.4, 110.1, 109.7, 67.1, 45.8, 33.1; HRMS
(ESI) m/z: caled for C4H;,N,O, [M+H]" 245.1285, found 245.1283.

N,1-Dimethyl-N-phenyl-1H-indole-3-carboxamide (15gA). ®® Colorless crystals; Mp: 131-136 °C
(hexane-CHCl;); IR (CHCly): 3690, 1613, 1594, 1529 cm™; 'H NMR (300 MHz, CDCl;) &:
8.30-8.24 (1H, m), 7.39-7.16 (8H, m), 6.12 (1H, s), 3.52 (3H, s), 3.49 (3H, s); °C NMR (75 MHz,
CDCl;) 6: 165.9, 145.7, 136.0, 132.7, 129.4, 128.1, 127.7, 127.0, 122.43, 122.40, 121.2, 109.4,
109.0, 38.2, 33.0; HRMS (ESI) m/z: calcd for C,7H;7N,0 [M+H]" 265.1335, found 265.1332.

N,1-Dimethyl-N-(phenylmethyl)-1H-indole-3-carboxamide (15hA). ®® A colorless oil; IR (neat):
2914, 1611, 1533 cm™; "H NMR (300 MHz, CDCl5) 8: 7.85 (1H, dd, J = 7.0, 1.0 Hz), 7.38-7.15 (9H,
m), 4.78 (2H, s), 3.72 (3H, s), 3.05 (3H, s); °C NMR (75 MHz, CDCl;) &: 167.4, 137.5, 136.4,
130.4, 128.5, 127.3, 127.2, 126.9, 122.3, 121.1, 120.8, 110.2, 109.4, 53.1, 35.3, 33.0; HRMS (ESI)
m/z: caled for CsHoN,O [M+H]" 279.1492, found 279.1487.

1-Methyl-N,N-bis(phenylmethyl)-1H-indole-3-carboxamide (15iA). A colorless foam; IR (neat):
3026, 2914, 1710, 1615, 1531 cm™; '"H NMR (300 MHz, CDCl;) &: 7.96-7.92 (1H, m), 7.39-7.18
(14H, m), 4.72 (4H, s), 3.70 (3H, s); *C NMR (75 MHz, CDCly) &: 167.6, 137.3, 136.5, 129.9,
128.6, 127.5, 127.2, 127.1, 122.5, 121.1, 120.9, 109.8, 109.4, 49.6 (br), 33.1; HRMS (ESI) m/z:
caled for C,4H,3N,O [M+H]" 355.1805, found 335.1802.

N,N-Diethyl-1-methyl-1H-indole-3-carboxamide (15jA). ® A colorless oil; IR (neat): 2970, 2935,
1721, 1609, 1536 cm™; "H NMR (300 MHz, CDCl;) 8: 7.76 (1H, dd, J = 8.0, 1.0 Hz), 7.34-7.15 (4H,
m), 3.80 (3H, s), 3.57 (4H, q, J = 7.0 Hz), 1.22 (6H, t, J = 7.0 Hz); >C NMR (75 MHz, CDCl;) &:
166.7, 136.3, 129.3, 126.6, 122.3, 120.8, 120.5, 111.1, 109.4, 41.2 (br), 33.0, 13.8; HRMS (ESI)
miz: caled for C4HoN,O [M+H]" 231.1492, Found 231.1489.

1-Methyl-NV,N-dipropyl-1H-indole-3-carboxamide (15kA). A colorless oil; IR (neat): 2961, 2931,
2875, 1611, 1536 cm™; "H NMR (300 MHz, CDCl5) &: 7.73 (1H, d, J = 8.0 Hz), 7.33-7.14 (4H, m),
3.76 (3H, s), 3.48 (4H, t, J = 7.5 Hz), 1.72-1.55 (4H, m), 0.88 (6H, br t, J = 7.0 Hz); °C NMR (75
MHz, CDCl3) &: 167.2, 136.2, 129.6, 126.4, 122.1, 120.6, 120.4, 111.2, 109.4, 48.2, 32.9, 21.3,
11.1; HRMS (ESI) m/z: calced for C sHy3N,0 [M+H]" 259.1805, found 259.1803.

97



1-Methyl-N ,N-bis(1’-methylethyl)-1H-indole-3-carboxamide (151A). Colorless crystals; Mp:
162-165 °C (hexane-CHCL;); IR (CHCI): 3694, 1604, 1538 cm™; '"H NMR (300 MHz, CDCls) o:
7.72 (1H, d, J = 7.5 Hz), 7.29-7.18 (2H, m), 7.16-7.10 (2H, m), 3.95 (2H, br s), 3.74 (3H, s), 1.38
(12H, d, J = 6.5 Hz); °C NMR (75 MHz, CDCl;) &: 166.3, 136.2, 127.8, 126.7, 122.1, 120.4, 120.1,
113.0, 109.2, 48.1, 32.9, 21.3; HRMS (ESI) m/z: calcd for C;sHxN,O [M+H]™ 259.1805, found
259.1802.

1-Methyl-N,N-di-(2’-propen-1’-yl)-1H-indole-3-carboxamide (15mA). A colorless oil; IR (neat):
2918, 1615, 1531 cm™; 'TH NMR (300 MHz, CDCl5) &: 7.93 (1H, dt, J = 8.0, 1.0 Hz), 7.37 (1H, s),
7.35-7.18 (3H, m), 5.96-5.82 (2H, m), 5.27 (2H, s), 5.22 (2H, dd, J = 6.5, 1.5 Hz), 4.15 (4H, d, J =
5.5 Hz), 3.79 (3H, s); °C NMR (75 MHz, CDCl;) &: 167.0, 136.4, 133.7, 129.6, 127.1, 122.4, 121.2,
120.8, 117.0, 109.8, 109.3, 49.1 (br), 33.1; HRMS (ESI) m/z: caled for C;H;oN,O [M+H]"
255.1492, Found 255.1490.

Procedure for the preparation of 1,5-dimethyl-1H-indole (13D) [Scheme 58]. 0 According to
the reported procedure in the literature, "**® 13D was prepared from 85D in yield shown in Scheme

58. The spectral data were identical with those reported in the literature. *”

Procedure for the preparation of S5-bromo-1-methyl-1H-indole (13F) [Scheme 58]. 0
According to the reported procedure in the literature, "*® 13F was prepared from 85F in yield

shown in Scheme 58. The spectral data were identical with those reported in the literature. "

Procedure for the preparation of 1-methyl-5-methoxy-1H-indole (13E). [Scheme 58]. " 7"
According to the reported procedure in the literature, " 13E was prepared from 13F in yield shown

in Scheme 58. The spectral data were identical with those reported in the literature. ™"

[3’,4’-Dihydro-1’(2’H)-quinolinyl](1H-indol-3-yl)-methanone (15aB). A white powder; Mp:
187-192 °C (hexane-CHCl5); IR (CHCly): 3690, 3026, 1600 cm™; 'TH NMR (300 MHz, CDCl5) &:
9.23 (1H, br s), 7.61(1H, d, J = 8.0 Hz), 7.26-7.01 (6H, m), 6.95 (1H, td, J = 7.5, 1.5 Hz), 6.84 (1H,
td, J=7.5, 1.5 Hz), 3.95 (2H, t, J = 6.5 Hz), 2.84 (2H, t, J = 6.5 Hz), 2.02 (2H, quint, J = 6.5 Hz);
C NMR (75 MHz, CDCly) 8: 167.2, 139.7, 135.7, 131.5, 129.4, 128.4, 125.7, 125.6, 125.0, 124.3,
122.5, 121.1, 120.7, 111.6, 44.8, 26.9, 24.3; HRMS (ESI) m/z: caled for C;sH;;N,O [M+H]"
277.1335, found 277.1332.

[3’,4’-Dihydro-1’(2’H)-quinolinyl](1,2-dimethyl-1H-indol-3-yl)-methanone (15aC). Yellowish
crystals; Mp: 172-175 °C (hexane-CHCl); IR (CHCls): 3694, 2996, 2931, 2250, 1600, 1538 cm™;
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'H NMR (300 MHz, CDCl;) &: 7.45 (1H, d, J = 8.0 Hz), 7.23 (1H, d, J = 6.5 Hz), 7.18-6.98 (4H, m),
6.91 (1H, td, J="7.0, 1.0 Hz), 6.86-6.79 (1H, m), 4.08-3.96 (1H, m), 3.90-3.75 (1H, m), 3.63 (3H, s),
2.91-2.82 (2H, m), 2.32 (3H, s), 2.02 (2H, quint, J = 3.5 Hz); *C NMR (75 MHz, CDCl;) &: 167.4,
139.6, 139.5, 136.3, 130.4, 128.3, 125.9, 125.6, 123.8, 123.6, 121.3, 120.5, 119.7, 109.2, 108.8,
45.1, 29.6, 27.3, 24.3, 11.4; HRMS (ESI) m/z: caled for C,0H, N,O [M+H]" 305.1648, found
305.1642.

[3’,4’-Dihydro-1’(2’H)-quinolinyl](1,5-dimethyl-1H-indol-3-yl)-methanone (15aD). A colorless
oil; IR (neat): 2944, 1624, 1579, 1529 cm™; "H NMR (300 MHz, CDCl;) &: 7.48 (1H, d, J = 0.5 Hz),
7.19-6.94 (6H, m), 6.87 (1H, td, J = 7.5, 1.0 Hz), 3.96 (2H, t, J = 6.5 Hz), 3.66 (3H, s), 2.86 (2H, t,
J=6.5Hz), 2.37 (3H, s), 2.03 (2H, quint, J = 6.5 Hz); °C NMR (75 MHz, CDCl5) &: 166.4, 140.1,
134.9, 133.1, 131.4, 130.4, 128.1, 126.9, 125.5, 125.0, 123.9, 123.8, 121.1, 110.2, 109.0, 44.6, 33.1,
27.1,24.5,21.5; HRMS (ESI) m/z: calcd for C,0H;N,O [M+H]™ 305.1648, found 305.1645.

[3’,4’-Dihydro-1’(2’H)-quinolinyl](5-methoxy-1-methyl-1H-indol-3-yl)-methanone (15aE).
Colorless crystals; Mp: 128-130 °C (hexane-CHCl;); IR (CHCl): 1622, 1604, 1576, 1529 cm™; 'H
NMR (300 MHz, CDCly) 6: 7.20-7.04 (5H, m), 6.98 (1H, td, /= 7.5, 1.5 Hz), 6.88 (1H, dd, J=7.5,
1.5 Hz), 6.84 (1H, dd, J=9.0, 3.5 Hz), 3.98 (2H, t, / = 6.5 Hz), 3.73 (3H, s), 3.68 (3H, s), 2.86 (2H,
t, J = 6.5 Hz), 2.06 (2H, quint, J = 6.5 Hz); °C NMR (75 MHz, CDCl;) &: 166.3, 155.1, 140.2,
133.5, 131.6, 131.5, 128.1, 127.1, 125.7, 124.9, 124.0, 113.1, 110.3, 110.1, 102.6, 55.6, 44.4, 33.3,
27.2,24.5; HRMS (ESI) m/z: calcd for CyH,N,O, [M+H]+ 321.1598, found 321.1592.

[3’,4’-Dihydro-1’(2’H)-quinolinyl](5-bromo-1-methyl-1H-indol-3-yl)-methanone (15aF). A
colorless oil; IR (neat): 2944, 1622, 1579, 1527 cm™; '"H NMR (300 MHz, CDCl;) 6: 7.74 (1H, d, J
= 2.0 Hz), 7.28-6.95 (6H, m), 6.88-6.82 (1H, m), 3.94 (2H, t, J = 6.5 Hz), 3.66 (3H, s), 2.85 (2H, t,
J = 6.5 Hz), 2.04 (2H, quint, J = 6.5 Hz); "C NMR (75 MHz, CDCl;) &: 165.5, 139.8, 135.1, 133.9,
131.8, 128.3, 128.1, 125.6, 125.2, 124.8, 124.4, 124.0, 114.7, 110.8, 110.5, 44.4, 33.3, 27.1, 24.4;
HRMS (ESI) m/z: caled for CoH sN,O”Br [M+H]™ 369.0597, found 369.0597.

Procedure for the preparation of 1-(phenylmethyl)-1H-pyrrole (16C) [Scheme 60]. ™
According to the reported procedure in the literature, 16C was prepared from 16B in yield shown in

Scheme 60. The spectral data were identical with those reported in the literature.

Procedure for the preparation of 1H-pyrrole-1-carboxylic Acid 1,1-Dimethylethyl Ester (16D)
[Scheme 60]. ”® According to the reported procedure in the literature, 16D was prepared from 16B

in yield shown in Scheme 60. The spectral data were identical with those reported in the literature.
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General procedure for Friedel-Crafts-type carbamoylation (General procedure F) [Table 15].
12a (40.0 mg, 0.3 mmol) and 16A-D (1.2 mmol) was dissolved in CHCI; (3.0 mL) under air
atmosphere. Me,Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen
atmosphere at room temperature. After being stirred at the same temperature for 48 h, the reaction
mixture was diluted with sat. NH,Cl and extracted with CHCl;. The organic phase was dried over
MgSO, and concentrated under reduced pressure. Purification of the residue by preparative TLC

(hexane : AcOEt =2 : 1) afforded 17aA-aD and 18aA-aD in the yields shown in Table 15.

[3’,4’-Dihydro-1’(2’H)-quinolinyl](1-methyl-1H-pyrrol-2-yl)-methanone (17aA) [entry 1].
Colorless crystals; Mp: 108-111 °C (hexane-CHCl;); IR (CHCl;): 3690, 3017, 1602 cm’; '"H NMR
(300 MHz, CDCl,) &: 7.16-7.10 (1H, m), 7.04-6.94 (3H, m), 6.50 (1H, t, J/ = 2.0 Hz), 6.03 (1H, dd,
J=4.0,1.5Hz), 594 (1H, dd, J = 4.0, 2.5 Hz), 3.92 (2H, t, J = 6.5 Hz), 3.80 (3H, s), 2.81 (2H, t, J
= 6.5 Hz), 2.01 (2H, quint, J = 6.5 Hz); °C NMR (75 MHz, CDCl;) &: 163.2, 139.8, 130.9, 128.7,
128.3, 126.5, 126.3, 126.2, 125.5, 124.7, 124.2, 122.7, 121.0, 115.2, 107.1, 45.8, 44.8, 35.9, 27.0,
26.9, 24.3, 23.5; HRMS (ESI) m/z: caled for CsH;;N,O [M+H]" 241.1335, found 241.1333. °C

NMR signals were observed as a mixture of rotamers.

[3’,4’-Dihydro-1’(2’H)-quinolinyl](1-methyl-1H-pyrrol-3-yl)-methanone (18aA) [entry 1].
Colorless crystals; Mp: 93-96 °C (hexane-CHCls); IR (CHCls): 3690, 1602 cm™; '"H NMR (300
MHz, CDCl,) &: 7.14-7.04 (2H, m), 7.04-6.92 (2H, m), 6.87 (1H, s), 6.34 (1H, t, J = 2.0 Hz), 5.86
(1H, t,J=2.0 Hz), 3.88 (2H, t, J = 6.5 Hz), 3.56 (3H, s), 2.76 (2H, t, J = 6.5 Hz), 1.99 (2H, quint, J
= 6.5 Hz); "C NMR (75 MHz, CDCL3) &: 166.0, 140.1, 131.9, 127.9, 126.3, 125.6, 125.3, 124.1,
121.2, 119.5, 110.3, 44.1, 36.3, 26.9, 24.4; HRMS (ESI) m/z: caled for C;sH;;N,O [M+H]"
241.1335, found 241.1333.

[3’,4’-Dihydro-1’(2’H)-quinolinyl](1H-pyrrol-2-yl)-methanone (17aB) [entry 2]. A colorless oil;
IR (neat): 3267, 2948, 1613, 1596, 1576 cm™; '"H NMR (300 MHz, CDCls) &: 9.74 (1H, br s), 7.27
(1H, dd, J = 7.5, 1.0 Hz), 7.20-7.15 (1H, m), 7.07 (2H, tdd, J = 13.0, 7.5, 2.0 Hz), 6.85 (1H, td, J =
2.5, 1.0 Hz), 6.04 (1H, dt, J = 4.0, 2.5 Hz), 5.96-5.92 (1H, m), 3.95 (2H, t, J = 6.5 Hz), 2.77 (2H, t,
J = 6.5Hz), 2.01 (2H, quint, J = 6.5 Hz); *C NMR (75 MHz, CDCl;) &: 162.2, 139.3, 132.7, 128.9,
128.3, 126.3, 125.7, 125.6, 125.4, 125.2, 122.8, 121.2, 121.1, 114.0, 109.4, 45.7, 44.5, 26.9, 26.6,
24.3, 23.4; HRMS (ESI) m/z: caled for Ci4H sN,O [M+H]" 227.1179, found 227.1179. *C NMR

signals were observed as a mixture of rotamers.

[3’,4’-Dihydro-1’(2’H)-quinolinyl](1H-pyrrol-3-yl)-methanone (18aB) [entry 2]. A colorless oil;
IR (neat): 3237, 2948, 1710, 1613, 1598, 1576, 1544 cm™; "H NMR (300 MHz, CDCl5) &: 9.02 (1H,
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brs), 7.15 (1H, dd, J = 7.0, 1.0 Hz), 7.09-6.93 (4H, m), 6.54 (1H, dd, J = 5.0, 2.5 Hz), 5.98 (1H, dd,
J=4.0,2.5Hz),3.91 QH, t, J = 6.5 Hz), 2.78 (2H, t, J = 6.5 Hz), 2.00 (2H, quint, J = 6.5 Hz); *C
NMR (75 MHz, CDCly) &: 166.8, 140.0, 132.2, 128.0, 125.7, 125.5, 124.4, 122.9, 119.4, 117.6,
109.8, 4.2, 26.8, 24.4; HRMS (ESI) m/z: caled for C1,H;sN,O [M+H] 227.1179, found 227.1179.

(1-Benzyl-1H-pyrrol-2-yl)[3’ 4’-dihydro-1’(2’H)-quinolinyl]-methanone (17aC) [entry 3].
Colorless crystals; Mp: 129-131 °C (hexane-CHCl;); IR (CHCIs): 2994, 1630, 1581, 1527 cem;'H
NMR (300 MHz, CDCl;) 8: 7.32-7.01 (6H, m), 6.91 (2H, dt, J = 23.0, 7.5 Hz), 6.77 (1H, s), 6.65
(1H, d, J = 7.5 Hz), 6.04-6.01 (1H, m), 5.99-5.95 (1H, m), 5.40 (2H, s), 3.79 (2H, t, J = 6.5 Hz),
2.72 (2H, t, J = 6.5 Hz), 1.82 (2H, quint, J = 6.5 Hz); °C NMR (75 MHz, CDCl;) &: 163.3, 139.7,
138.4, 130.7, 128.5, 128.2, 127.5, 127.3, 126.1, 125.5, 124.8, 124.1, 115.7, 107.3, 51.7, 45.0, 26.8,
24.2; HRMS (ESI) m/z: caled for C, HyN,O [M+H]" 317.1648, found 317.1646."°C NMR signals

were observed as a mixture of rotamers.

(1-Benzyl-1H-pyrrol-3-y1)[3’ 4’-dihydro-1°’(2’H)-quinolinyl]-methanone (18aC) [entry 3]. A
colorless oil; IR (neat): 2944, 1626, 1579, 1531 cm™; 'TH NMR (300 MHz, CDCl;) &: 7.33-7.22 (2H,
m), 7.13-6.90 (7H, m), 6.87 (1H, t, J = 2.0 Hz), 6.42 (1H, t, J = 2.5 Hz), 5.99 (1H, dd, J = 3.0, 2.0
Hz), 4.93 (2H, s), 3.88 (2H, t, J = 6.5 Hz), 2.75 (2H, t, J = 6.5 Hz), 1.99 (2H, quint, J = 6.5 Hz); °C
NMR (75 MHz, CDCl;) 6: 166.0, 140.2, 136.8, 132.0, 128.7, 127.9, 127.8, 127.1, 125.7, 125.6,
125.4, 124.2, 120.6, 119.7, 110.7, 53.6, 44.1, 27.0, 24.5; HRMS (ESI) m/z: calcd for CyH,N,O
[M+H]" 317.1648, found 317.1641.
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Procedure for Friedel-Crafts-type carbamoylation of 19a and 13A [Scheme 61]. 19a (57.7 mg,
0.3 mmol) and 13A (157.4 mg, 1.2 mmol) was dissolved in CHCI; (3.0 mL) under air atmosphere.
Me,Zn (1.0 M in hexane, 2.4 mL, 2.4 mmol) was added to the mixture under a nitrogen atmosphere
at room temperature. After being stirred at the same temperature for 72 h, the reaction mixture was
diluted with sat. NH4Cl and extracted with CHCIl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :

AcOEt =1 : 1) afforded 20a (23.0 mg, 22%).

[4°-(2’-Methoxyphenyl)-piperazin-1’-yl](1-methyl-1H-indol-3-yl)-methanone (20a). P
Colorless crystals; Mp: 90-92 °C (hexane-CHCls); IR (CHCIl;): 3690, 3000, 2940, 2819, 1602, 1536
cm’'; '"H NMR (500 MHz, CD;0D) &: 7.71 (1H, dt, J = 7.5, 1.0 Hz), 7.60 (1H, s), 7.44 (1H, dt, J =
8.5, 1.0 Hz), 7.26 (1H, ddd, /= 8.0, 7.0, 1.0 Hz), 7.19 (1H, ddd, J = 8.0, 7.0, 1.0 Hz), 7.01 (1H, ddd,
J=28.0,7.0,2.0 Hz), 6.95 (2H, td, J = 8.0, 1.5 Hz), 6.89 (1H, ddd, J = 8.0, 7.0, 1.5 Hz), 3.90 (4H, t,
J = 5.0 Hz), 3.85 (6H, s), 3.05 (4H, t, J = 5.0 Hz); °C NMR (125 MHz, CD;0D) &: 168.8, 154.0,
142.1, 138.2, 133.1, 127.7, 124.9, 123.6, 122.2, 122.0, 121.3, 119.8, 112.9, 111.09, 111.05, 56.0,
52.4, 46.6 (br), 33.3; HRMS (ESI) m/z: calcd for C,;H,4N;0, [M+H]" 350.1863, found 350.1857.

Procedure for the preparation of N-(phenylmethyl)-piperazine (19b) [Scheme 62]. ™*
According to the reported procedure in the literature, ”® 19b was prepared from 86 in yield shown

in Scheme 62. The spectral data were identical with those reported in the literature. 7>

Procedure for Friedel-Crafts-type carbamoylation of 19b and 13B [Scheme 62]. 19b (52.8 mg,
0.3 mmol) and 13B (140.6 mg, 1.2 mmol) was dissolved in CHCI; (3.0 mL) under air atmosphere.
Me,Zn (1.0 M in hexane, 0.6 mL, 0.6 mmol) was added 4 times at 2 h intervals to the mixture under
a nitrogen atmosphere at room temperature. After being stirred at the same temperature for 48 h, the
reaction mixture was diluted with sat. NH4Cl and extracted with CHCl;. The organic phase was
dried over MgSO, and concentrated under reduced pressure. Purification of the residue by

preparative TLC (hexane : AcOEt =1 : 1) afforded 20b (47.5 mg, 50%).

(1H-Indol-3-yl)[4’-(phenylmethyl)-piperazin-1’-yl]-methanone (20b). '* Colorless crystals; Mp:
184-187 °C (hexane-CHCl,); IR (CHCls): 3694, 3470, 3004, 2815, 1604, 1540 cm™; "H NMR (500
MHz, DMSO-dg) : 11.56 (1H, br s), 7.67-7.64 (2H, m), 7.42 (1H, dt, J = 8.0, 1.0 Hz), 7.33-7.30
(4H, m), 7.28-7.22 (1H, m), 7.13 (1H, ddd, J = 8.0, 7.0, 1.5 Hz), 7.08 (1H, ddd, J = 8.0, 7.0, 1.5 Hz),
3.61 (4H, br t, J = 4.0 Hz), 3.51 (2H, s), 2.41 (4H, br t, J = 4.0 Hz); "C NMR (125 MHz,
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DMSO-dg) 6: 165.4, 137.8, 135.6, 128.9, 128.2, 127.9, 127.0, 125.9, 121.8, 120.09, 120.07, 111.9,
109.7, 61.9, 52.8, 44.4 (br); HRMS (ESI) m/z: caled for C,)H»,N;0 [M+H]" 320.1757, found
320.1750.

Procedure for the preparation of 1-(phenylmethyl)-1H-indole (13G) [Scheme 63]. 70, 749)
According to the reported procedure in the literature, " 13G was prepared from 13B in yield shown

in Scheme 63. The spectral data were identical with those reported in the literature.”*

Procedure for Friedel-Crafts-type carbamoylation of 19c and 13G [Scheme 63]. 19¢ (24.3 mg,
0.15 mmol) and 13G (124.4 mg, 0.6 mmol) was dissolved in CHCIl; (1.5 mL) under air atmosphere.
Me,Zn (1.0 M in hexane, 1.2 mL, 1.2 mmol) was added to the mixture under a nitrogen atmosphere
at room temperature. After being stirred at the same temperature for 72 h, the reaction mixture was
diluted with sat. NH4ClI and extracted with CHCl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. Purification of the residue by preparative TLC (hexane :
AcOEt =1 : 1) afforded 20c (26.9 mg, 45%).

9 Colorless

[1-(Phenylmethyl)-1H-Indol-3-yl](4’-phenypiperazin-1’-yl)-methanone (20c).
crystals; Mp: 135-138 °C (hexane-CHCl;); IR (CHCLy): 3621, 3017, 2974, 1611, 1598, 1538 cm™;
'H NMR (500 MHz, DMSO-d) : 7.97 (1H, s), 7.73 (1H, d, J = 7.5 Hz), 7.50 (1H, d, J = 8.0 Hz),
7.34-7.29 (2H, m), 7.28-7.20 (5H, m), 7.18-7.10 (2H, m), 6.97 (2H, d, J = 8.0 Hz), 6.80 (1H, t, J =
7.0 Hz), 547 (2H, s), 3.78 (4H, t, J = 5.0 Hz), 3.20 (4H, t, J = 5.0 Hz); °C NMR (125 MHz,
DMSO-dg) 6: 165.1, 150.9, 137.5, 135.5, 131.5, 129.0, 128.6, 127.5, 127.2, 126.6, 122.1, 120.6,
120.5, 119.2, 115.8, 110.8, 109.2, 49.3, 48.7, 48.2, 46.2, 44.5 (br); HRMS (ESI) m/z: caled for

C,6H,6N;0 [M+H]" 396.2070, found 396.2066.
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