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Abstract

In this study, the syntheses of 3,4-dihydroquinoline, 3-hydroxyquinoline and cyclic
imine were developed based on different types of nitrilium-ene cyclization. This strategy
utilized the in situ formation of reactive N-arylnitrilium intermediate, which then
undergoes tandem cyclization with the consecutive formation of C-N and C-C bonds.
Furthermore, unconventional oxidation of 3,4-dihydroquinolinium salts leading to 3-
hydroxyquinolines was revealed. Under basic conditions, 3,4-dihydroquinolinium salts
could be transformed into the 3-hydroxyquinoline in the presence of oxygen gas. Such
mild oxidation conditions and simple operation procedures provided this method a useful
synthetic approach. Through mechanism studies, it was confirmed that this strange
oxidation process may involve radicals. Lastly, a new type of nitrilium-ene cyclization
reaction as a novel synthetic approach toward azacyclic structure was presented.
Spirocyclic imine and 3-aza-bicyclo[3.3.1]nonene skeletons were prepared and isolated
easily. Considering that the skeletons of quinoline and cyclic imine were widely found in
compounds such as natural products and organic materials, this approach has the potential

to benefit the society of synthetic chemistry.

Keywords: nitrilium ion, cyclization, aryldiazonium salt, 3-hydroxyquinoline, cyclic
imine, Ritter reaction, organic methodology.
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22 34-F fbepspken B F LR chER

BEJL £ 4 Baaa chid iV EE > H A E R SRR Y ot s BB B
# H%& 47 (column chromatography) 4" 3 » 24 i &, ¢h 48 IR A4 L AR Y RT3 I g
% Er3 ou ¢ FRET I S Pie & F=(nuclear magnetic resonance © NMR) £ & ¢ (mass
spectrometry) ¥ 5 {5 - 1345 4717 $l odicdy > FE Nz 4 B L Saaa hi YA 4
2-7 Fh-4-%F 2 -3-75 A r$ epk (2-methyl-4-phenyl-3-hydroxyquinoline) 6aaa’ it & 4+ 6aaa
1 347 T 254 ¥ (ESI-mass) & ot 6aaa 2. A + F £ j7 £+t (M/z) = 236.1074 2
wEL o @ £[M-BFA]1E 3+ 5 > 6aaa 2 Pk R BIGEF L PE’Q}EJm@ - & 1o

% Elemental Composition

File Edit View Process Help

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5 max = 100.0

Elerment prediction: Off

Mumber of isotope peaks used for i-FIT = 2

Moncisotopic Mass, Odd and Even Electron lons

93 formulaie) evaluated with 1 results within limits {up to 3 best isotopic matches for each mass)

Elements Used:

C:16-16 H: 1-100 N: 1-10 0:1-20
Mass Calc.Mass | mDa | PPM_| DBE | Formuls [ifm [ c [ H [n]o]
231074 236.1075 0.1 04 105 CIBHIEANO 56 16 14 1 1

3-HD-quincling ‘ KE338
ME20180321_L109 28 (0,582
100+ 236.1074

181.025 Exact Mass:

236.1070
found:

C16H14N0+ 236.1074

1421937

+T2Z2
\ //
@)
I

100.1882 264.0039 ;UU.QSS#

3 776 2 3=
N L{,m 9776 381.8810435.1439 "9 430.9174

Figure 2-12-7 fh-4-% 4 -3-5 fA vE ojf 7 38 31 5. (ESI-TOF)

L - R Ak 340 sk SR F (0 R BBRE 4 (driving

—\

L

el
oy

i

2RAP o i TGl BAARZ 343 beEeh AP AR BRERERBRE
g~ ¢ p(diethyl ether)® > d 38 3,4-3 L oo A & g H I Gd T A RT A d 2 &

i M o o Y fow £ LIS 2 AR 344 eiokr £ ER
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FEd Scheme2-2 g &2 2 > (HARHFAALF 4 MER  FrET
W ehE s s VR E LS BRI ELGN34-3 b eE 5 AE e & * baaa-

Saea % #ic B & & & {7 {4 47 7 (Table 2-1) -

Nips BRAEFLH2 o BRIFEA ot - RFVEF N e R B
Bk L ehg it eEetk o 4o Table2-1 - 5afay 5% a8 F ¢ F 3> RIFRE 2 - 2-
7 A2 -4-% A e ok (2-methyl-4-phenylquinoling) 6 » 2B # 7 4448 4 & Sala » +

fs &d "4 F g (elimination) 2 = 6 (Scheme 2-4) -

Br
©/N2+BF4' MeCN
_
¥ 80 °C
2h
6 5ala
2a 3l 77%

4 Reaction conditions: a mixture of 2a (0.52 mmol) and 31 (1.04 mmol) were stirred in
anhydrous MeCN (2 mL) under 80 °C for 2h.

Scheme 2-4 o4 i ¥ ¢ 4 2 = vk
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Table 2-1 ## 7 2 3,4-3 it egeffen g = 8

ef
N,*BF, &
" 2 ™04 X RCN
2
2h N R

H
2 3 5
BF,’ BF, FsC BF,
L ® ®
N N N
H H H
5aaa, 81% 5caa, 68% 5daa, 41%
Br cl Cl
O BF4- O BF4- O BF4- O BF4-
CLAlL Cl ol O
N N N N
H H H H
5aba, 80% 5aca, 62% 5ada, 76% 5aea, 49%

4 Reaction conditions: a mixture of 2 (0.52 mmol) and 3a (1.04 mmol) were stirred in anhydrous
MeCN (2 mL) under 80 °C for 2h. b Isolated yield.

R ow - GRS Pom i p R T A S 34-4 1 egnk o BlAc R G AR
i eng B 5 aoedeg(pyridine) i 4 o v%lvﬁ(indole)."x RS RARRE F T
4 J» 02 2 pRpL I ¢ Y fia (vinylene carbonate) 3t % 2 & 2 ¥ T 4p #1 A 4 (Table 2-2> 3h-

E
3K)» FERIE A N F RFPEPPRIEF P E L AN I RI BT RF R
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Table 2-2 g & & & it rgofkinnd pei) 3+ °

R2
R3
N2+BF4- JJ\ MeCN
1/
r -
©/ * R* "R? 80°C NG gk
2h H
2a 3 5
z
=z H (0]
L o 5
NZ \—/
/0
3h 3i 3j 3k

# Reaction conditions: a mixture of 2a (0.52 mmol) and 3 (1.04 mmol) were stirred in
anhydrous MeCN (2 mL) under 80 °C for 2h.
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F=F 3-HmArgh2 £

BEC R HARE M 344 ek BT I AEgkend &> Hig kLt
b FEE] 0 8 ’éﬁlﬁ%“ BAG EERES - F0 o WA S 344 egegknt
o B R340 ey D 3-F AR R E S WS F AL 4

S IR I - ER R IO AR S

F MR ERREZ A B AARREDAEY Ry B A5 F LR bldeiE
% it & (hydrogen peroxide) ~Oxone~ & ¥ i*4x = f% (tert-butyl hydroperoxide » TBHP) ~
¥ A 0mE G ooy iv 2 - hegeko a L F e L 2 hF Y A 4 (entry 1,3,5)>
“3¥ 4 Tt &4 baaa B miEiETE I (entry6) o 7 +o Ak 4 (sodium carbonate)
m AR RILF ORI ARE T Pl ) BMERAD OCBRILZASFPARM 6 51L&
A4 > ¥ % T] 10-30% 7 & 7aaa 4 <+ (entry2,4,7) °

d B ERTD S-EE A e E A g AT A X2 ik 0 AP RAF
(silical gel)¥ av R s & i* F o e SiBF SR % 75— ¥ a(entry8)o 44 <
o =g :;a? R R R ERT o der - R Z Ry R RO TRk
= Taaa z & F(entry9-10) o d st A 4~ 7aaa ¥ oo A KA 64 = BT aIR
FOILERTRRAE BRI MAREINMG6 5L A P (entry 11-12) » #-entry 12 0
FIRePER e £ D24 Py AP RAFRL -

R b BB (TZEE RS VR cOBIER O B ILE I e g SR 6t &
(entry 13) » % 4c % § = £ ~ % (azobisisobutyronitrile » AIBN) {® 5 A o 2 erup|zg e »
FIAer— FRBPAIBN o befidzdi il A4 2 AR MTE RS 6 4 2

(entry 15) » 48P 5 7aaa 4 = = ¥ A p d Afsgmd & BED -
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‘ BF4s  Oxidant, Base, Additive

>

Table3-1 & 4% i* &2 & fiiiplE 2

Solvent, Temp, Time SN
e
N

([

H
5aaa 6 7Taaa
Oxidant Base Additive Temp. Time Yield® (%)
Entr Solvent i —
(Eq.) (Eq.) (Eq.) (°C) (h) 6 7aaa
1 H20: (2) - - MeCN rt 24 43 <5
2 H202 (2) Na2COs (1) - MeCN rt 24 55 30
3 Oxone (1) - - MeCN rt 24 58 10
4 Oxone (1) NaCOs3 (1) - MeCN rt 24 43 30
5 TBHP (2) - - MeCN rt 24 33 22
6° 02 - - MeCN rt 24 <5 <5
7° 02 Na>COs (1) - MeCN rt 24 51 11
8¢ 02 Na>COs (1) Silica gel MeCN rt 24 42 15
9° 02 Na>COs (1) Cu20 (1) MeCN rt 24 37 26
10° 02 Na>COs (1) Cu©Ac)2 (1) MeCN rt 24 56 8
NaWO4-2H20
11 H202(2) - MeCN rt 2 36 6
(10 mol%)
VO(acac)?2
12 TBHP (2) - MeCN rt 2 70 30
(20 mol%)
13 I> (1) /Air ~ NaxCOs (1) - MeCN rt 24 77 15
14 Ss (1) - - MeCN rt 24 76 <5
15 - - AIBN MeCN  reflux 24 93 <5

@ Reaction conditions: a mixture of 5aaa (0.16 mmol) in the solvent (2 mL) was treated with oxidant as indicated in

each entry. ® NMR yield: 1,3,5-trimethoxybenzene was used as internal standard. ¢ O, (1 atm) balloon was used.

2 AFFg o EITL Y R4

—

FIPEEF Lo RFARLF R

B R AT

#3

)
=

F4
SV BRE

RS R R £ SR
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Table3-2 ™% 7 f£5 § v Az g i

‘ BFs 0, (1 atm), Base, Additive O O

'

O Solvent, Temp, Time N N OH
(LA GG
5aaa 6 Taaa
i it i Yield® (%
e o
1 02 (1) Na2COs (1) - MeCN rt 24 ol 11
2 02(1) KOH (2) - MeCN rt 24 61 6
3 02 (1) Cs2C03 (1) - MeCN rt 24 47 12
4 02 (1) Na2COs (1) - MeCN 50 24 30 14
5° 02 (1) Na2COs (10) - DCM re 72 25 73 (72)¢
6 02 (1) Na2COz (10) - MeOH rt 72 60 12
7° 02 (1) Na2COz (10) - DCM 50 72 34 55
8¢ 02 (1) Na2COz (10) - DCM 0 72 46 53
9° 02 (1) Na2COz (10) 3A M.S. DCM rt 72 20 72
10¢ 02 (1) - 3A M.S. DCM rt 72 14 43
11° 02 (1) Na.CO3z (10) TEMPO DCM rt 72 11 18

@ Reaction conditions: a mixture of 5aaa (0.16 mmol) in the solvent (2 mL) was treated with oxidant as indicated in each
entry. ® NMR vyield: 1,3,5-trimethoxybenzene was used as internal standard. ¢ Neutralized with NaHCO3 aqueous

solution (5 mL). ¢ Isolated yield.

A Table3-1,entry7 s it » gk 2 4 § " U MBS HAT LD
(Table3-2,entry1-3) » #-F & = % ¥ 50°C » & P &g B2 5 (entry 4) - d >+ baaa # 4§

el
g
o+

& DCM ¥ i3 f2 R £ > %R aF ke fopd e & 40 K03 R ¥ £ {8 12 DCM 53> &
H o pa -y g ﬂ“f—i 5 4ok VLR T| 73%:0 Taaa £ & (entry 5) > #-F i
B U EERIA S B E T (entry 6) - 23 DCM i F i A 0 FHEF RIER
MBS0 Cariy|0 "Cov IR 7aaa A Gpng 'R 6 A 3 B+ = (entry
7-8) 0 F Ak ik s 4o x5V B2 3R A 3 & (molecular sieve » M.S) A & & P &
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R ER RPN A R r AT G RIAT ¢TI 43% F BRI g
M3 X 60% > - RN EAFRE E*@r;ﬁpw;rtﬁ S iFdg ek d 2t w4 T
A s KA A0 R fog @ FARGVK S F 0@ F R T e x pod IR
—uw 7 Avkegd (L 47 (2,2,6,6-tetramethylpiperidine-1-oxy » TEMPO) - B € 4 3R & 3
A 3-Fg Ak ek B gk end 230 ¢ AP

3.2 3-F A gk T i At X {LipJ3R

E* R i?;v‘ F e 34-a itepehinde 10§ B PR 2 - A F RIDE F
T o % DCM T2 a8 » A B TET2 Bk BRFR » W REE S BRILS
3-23 7K v£wk(7) A & (Table 3-3) -

JraeErk b 2 BB O ERT 'Ja‘fe*ﬁ 5837 + 2 -CF3 2 ¥ (7daa)#?
BIHRTI N A F(Toaa)tpt § WA T » e £9 At Bk A
(Taaa)ehAd 5 M o { 25BN A » BRI L JP IR E FTHEEA 0 A KT
W pcT "% (7Taab, 7aac) » { :B- HFEF 2 MWMRE] * Tz 57 ABREHE S (A7 R
332343 e F R AR BERBE T RZ R 2F - R F DAz B 00
2-% =7 A-A-FAcEgfbaad A X oip- LEHEF I ANE T FF 44 L 3-IgheE
P F F A F AR et 2 B 4 R A At B8R R o
2otk FEY AvEHF 2 e B E RNt T N EN SRR ARITE
FenhBafarg 7 R 7 vER R L Z BLI A B PR R RERT I
3-zmHepek 7T eh2 XA Fed 8> F REEZRIPFLEFAANFP Bpivard & o i
FHREETTVIHGNF CF BRI R AR ERIPE Y R

AR KB 0 F R i FARN

o
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Table 3-3 3,4-4 f“rgepk ¥ i T 3-23 HlefepkenF iy g st |4

R2
BF4- N32C03 (10 eq)
'

R3 0, (1 atm)
1 DCM
R , rt, 72 h
N R
H
5 8
Cl
&O“’ ” >e¢
Z Z
N N
7aaa. 72% 7aca. 50% 7ada. 69%

X OH
O —

N
7aab. 54% 7aac. 55% 7aad. trace®
o Reed

i ~

N N

7baa. 53% 7daa. 32% 8aea. 70%

@ Reaction conditions: 5 (0.3 mmol) was extracted with DCM (25 mL), washed with a saturated
aqueous solution of NaHCOj5 (5 mL). The organic layer was dried over MgSO, and filtered. To this
was added Na,COj; (10 equiv) and this mixture was stirred at room temperature for 3 Days. b Isolated

yield. ¢ Reaction mixture was stirred for 7 day.
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33~ &t £ 3R ekok 2 £

ERHEEE (LR ts s NP REE 34-4 ek 3-fm AeEekens A 4 A 4
- ORFAALTF A KRB EY 2T G- i &AL Bk A e 35 B e o s

- RPRBETT P it B K LN 3Tk A F B Y7
ZRB NS B2 T

HA KA R4 30-40%2 FF > B35 chg 5 34-4 bekef & XA Xk 5 LA
FM- g (@B A S B 81% X 73% =59% > @ — 4kt & & A E 5] 36%)
Table 3-4 — #hit & & 3-37 fhegoff it fh i % PLip]3k o0
RZ
+RE - (2) Na,CO;3 (10 eq) OH
N o _RCN " ojftam | g A
+ RES 80 °C DCM N7 R
2h rt, 72 h
2 3 7
Br Cl

2. C >
N/ Njo“ N\/OH

7aaa, 36% 7aba, 33% Taca, 34%

2 Reaction conditions: Same as Table 2-2, Table 3-3. ® Isolated yield.

#g‘?}g"rlll A g b iEE Y A MBIt~ pd A RS A
Jrdld iy LAY E T hF RPHET A AL Bare A
Fi o B A FIRIE P B IR F AT IFIEN S 4 34-4 1 eEef

baga ' 34-4 itefefkr+ t B pd AF B - BE AIF G BT L apd A
i8> A %] 5 azaallylic f- bisbenzylic - azaallylic <7p d A ¢ WMo % 5 5 it 2
= 3-oxoquinoline> £ gd &+ R4 it >4 =5 3 4 140 3-2¢ A e ek 7aaa- bisbenzylic

g d AR e gd md F RED A S g 6o
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Scheme 3-1 # = 34-3 f“ egeppss 3-32 L ook ek 54

<
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B RN E I YR F3 ST S )

BHEHF BFTLIERF B2 F B

FAEITE R S BRFEETAALE PG BHEF R AH ISP R

3G
VAR A 15,29 , s VOB TR - -',2&9:,’\4}; L% '\%gl,;gulii{,\-&r.g}wl%‘fé.l‘%%

4
3

¥ LL%?‘&' ézé'ﬁ‘& L enig * JA F 52 #%’KQ%?ié'ﬁﬁj%#’%?{iﬂﬁ
FHI MY R LR BEERE R F S gt 223 RREE

< i‘f’ﬁjgg_l_‘ 2

%»

R T S R P PSSy T
FRGAG SNL F R AEwpge b L pi(Lewis acid) 2 2 s 15 35+ > ¥ ¢ op
§ SR M AL e KR L SR B R R Y 2 AR L % 2

3

e
&

i;’f"’]r}&—;[,’lj TN ‘%’—@é—_’fﬁ’;“_@f—?ﬁ LR R - ;\K/Q\LA)F‘ ﬁ]ﬁ—,%‘;“% VY - %ﬁi‘?‘
RS FSIRTF o A ARG R e - Rt 67T - BRBRT
& 4o e i L (quench) st 15 3+ £_%-¢ & f<EL3E (Scheme 4-1) -

Ritter reaction:

(0]

OH [H;0%] dlL H,0 Y

—> —>
)V CH,;CN )V >(NH
Nitrilium ion
OH OH [H30+] |N|+A\OH J\
. ’
CH;CN M\
Nitrilium ion
Our design

|‘L J
OH [H;0*] or Lewis acid N N
---------------- b BT = 4
CH3CN

Nitrilium ion

"w) «€-------

Scheme 4-1 2 35 B 22 AT 7 2. & = Jvk b ji
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A2RFAABB IR RMEL S

R F et g 2+ 3 5 # 4§ 2k (homoallylicalcohol) » B a8 < gk

BESEE LS L A L PR S L RS S Y

[@fr%’%—ﬁ & — - F fis(Nozaki-Hiyama—Kishi reaction)® - i i 7 Ak o'z &7 4%
BBy R b s vt B gk Pl S EEAT 0 T G kNt S F G A AR -

o A~ G

11

Scheme 4-2 % i 3 b i3 ) RS P E
% Bz otk E Y L G ’T“,: e ss X R a-F i B (terpineol)16a iE 7 &

PR 2 PEEKE L - P f 4L F B(Diels—Alder reaction) 2 2. 2 R F 0 & =
FF AR B A et R TA  16

0 O

R
R
\/J\ + ﬁo/\ AICI; /O)J\o/\ RMgBr /OXQH

13 14 15 16

Scheme 4-3 x4 f% 74 # 16a 2 & = = &
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43 BFAAMBET BHERF BFEL G

1 B send B R Rdk (TIRE P e B IE LR R A 4o~ AR (R RIR

H %% s Table 4-10 fode » 5% B ergnfats » F b i onid & & 45 0 524 %
Feprenigs(entryl) o @ FEMp et £33 15 2P E Y 05§ EAEE > FlG
fad - T pR) o BRI TR B0t 5%enF R A = (entry 2) 0 SR T S AEELTR
LA 12604 &0 fF § IG5 25§ a7 U5 20%E F 0 F
FMERI-IOC P THRSBASFD 25%EY 1§ B hd AR B 71 12%0

Table 4-1 7 pi 7 Joi fE2 ipl3# ®

Lewis Acid/Acid

HO o
. Solvent
Q O MeCN eq, Temp.
1
Entry Lewis Acid/Acid Solvent MeCN Temp. Yield®¢

(eq.) (eq.) (°C) (%)
1 H2S04 (5) MeCN ~90 rt N.D.
2 H2S04(0.5) MeCN ~90 rt <5
3 H2S04(2.5) MeCN ~90 rt 20
4 H2S04(2.5) MeCN ~90 -10 25
5 HBF4 (1) MeCN ~90 rt 12

3 Reaction conditions: a mixture of 11 (0.84 mmol) in the solvent (2 mL) was stirred for 12 h. ® Isolated
yield. ¢ N. D. = Not detected.

§t 11 AT B A REMIRE TS TR AT B F R R
AReit o w §ERA K &ﬁﬁ«f”#ﬁ@%ﬂw PR TR E R A R H AT R
Rendt X RO EAPER IO o a BheodE b SRR TR T E
{ B AP BRI F i (Table 4-2) -

24



Table4-2 & fge b Lk sz plis e

Lewis Acid/Acid

HO >
FYT)  weckeatoms
11
Entry Lewis Acid/Acid Solvent MeCN T(imp. Yield®
(eq). (mL/mL) (eq.) (°C) (%)
1 BF3 Et,0 (3) DCM 2 rt N.D.¢d
2 FeCl3 (3) DCE 2 80 N.D.c
3 AICl3 (3) MeCN ~ 90 rt N.D.c
4 BF3 Et,0 (3) DCM 2 -78 N.D.cd
5 BF3 Et,0 (3) DCM 0 rt N.D.cd
6 BF3 Et,0 (3) DCM:MeCN (2:1) ~45 78 >t <5
7 BF3 Et,0 (1) DCM:MeCN (2:1) ~ 45 rt 19
8 BF3: Et.0 (1) Toluene:MeCN (2:1) ~ 45 rt 54
9 BF3 Et,0O (1) Et,0:MeCN (2:1) ~ 45 rt 30
10 BF, Et,0 (1) THF:MeCN (2:1) ~ 45 rt <5
11 BF, Et,0 (1) MeCN ~90 it 28

2 Reaction conditions: a mixture of 11 (0.84 mmol) in the solvent (2 mL) was stirred for 12 h. ® Isolated

yield. ¢ N. D. = Not detected. ¢ Solution turns into dark purple color right after adding lewis acid.

Mo g g A ERFE g REN A B H A DCM 2 - 7 ¢z
(dichloroethane, DCE) - ¥+ = 4 i #2-¢ f% & F (boron trifluoride-diethyl etherate) -
= % “4&(iron (1) trichloride)f-= # it 4&(aluminum (I11) trichloride) = f& % % #7p% &
FoRlzRS > B E PR A TR £ A R (entry 1-3) » 3T E_® % = & fLm- @R L
MFRREASEL A RR AT R TAARF A EAY > BB RFKI-T8

°C o FriF 3 e HRAg feen A fr (entry 4) > I F AR et » B A L e - E&Fé‘*fi*ug A4

r‘

pg%ﬁm | ’?J,EE;';,Z‘,;’ZFF" é@]bx—ﬁani éﬁ.—+m4g\;’ﬁﬁfsgl“’+7-,9‘4\;bﬂi

B b L erid S g o B bee M Blcn 9 45 FRPF S A-78°C T P ERE

d i

Suk AT 0 ¢ @I entry 1R T NMR GEH ~ JEE A 45 0 fapliedd B
TiE
FEiS A REEd AP R 2 3 ZEPFBIRE T BrbE > ¥ TR T

g - ]
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73] 5%2 124 5> Bz f it BEEFOT £ T 1 E s FI 19% A P
12(entry 7) > @ p A 5 {8 a7 8 8a B2 = & i & > B T R AR A (S
(entry 7-11)» A P L A7 ¥ o R &AM Y 7558 cha & (54% » entry 8) -

Table4-3 % 68t b J et ¥ e WiR &30 T F fuis bz plzE®

Lewis Acid/Acid

HO >
. Solvent
Q O MeCN eq, Temp.
11

Entry Lewis Acid/Acid Solvent MeCN  Temp. Yield®

(eq). (mL/mL) (eq.) (°C) (%)

1 FeCls (1) Toluene:MeCN (2:1) ~ 45 rt <5
2 Zn(OTf)2 (1) Toluene:MeCN (2:1) ~ 45 rt N.R.
3 Zn(OTf)2 (1) Toluene:MeCN (2:1) ~ 45 50 N.R.C
4 Cu(OTH):2 (1) Toluene:MeCN (2:1) ~ 45 rt N.D.¢
5 TMSOTT (1) Toluene:MeCN (2:1) ~ 45 rt N.D.¢
6 Tf0 (1) Toluene:MeCN (2:1) ~ 45 rt N.D.¢

7 FeClz (1) Toluene:MeCN (2:1) ~ 45 rt <5
8 Al(O-i-Pr)3 (1) Toluene:MeCN (2:1) ~ 45 rt N.R.

2 Reaction conditions: a mixture of 11 (0.84 mmol) in the solvent (2 mL) was stirred for 12 h. ® Isolated
yield. ¢ N. R. = No reaction. ¢ N. D. = Not detected.

2 Table 4-2 (8 3| ez &l v 0] ™ $ { 5 B 5 27p&:E 7 p)3#(Table 4-3 > entry 1-
8) » i

|
(dn

=

U

BEEFVAFDI2 A B Az F VBBV ERIDZE S EGA S

4 & i 9 B pask Zn(OTH), » fo B [ i 48 Al(O-i-Pr), » AlA=4adr 10 & 2

\\\

FE
EEE etz 7 R FLdr Cu(OTt‘)zlf’E.’i L9 Bz Y Aty TMSOTf fr= 4 ©

B REEETEO & pi 5k 5 B 5|45 e end 2 e o
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Table4-4 = & v /- B & 5§ £ B F BEME2Z PIFE?

Lewis Acid/Acid

HO >
. Solvent
Q O MeCN eq, Temp.
11
Entry Lewis Acid/Acid Solvent MeCN Temp. Yield®

(eq). (mL/mL) (eq) (°C) (%)
1 BF3 Et20 (0.75) Toluene:MeCN (2:1) ~ 45 rt 19
2 BFs Et20 (1.0) Toluene:MeCN (2:1) ~45 rt 54
3 BF3; Et20 (1.5) Toluene:MeCN (2:1) ~ 45 rt 43
4 BF3; Et20 (2.0) Toluene:MeCN (2:1) ~ 45 rt 24
5 BF3 Et,O (1+0.5) Toluene:MeCN (2:1) ~ 45 rt 37
6 BFs; Et.O (1.0) Toluene:MeCN (2:1) ~ 45 -78 33
7 BF: Et20 (1.0) Toluene:MeCN (2:1) ~ 45 -20 36
8 BFs; Et.O (1.0) Toluene:MeCN (2:1) ~ 45 0 43

2 Reaction conditions: a mixture of 11 (0.84 mmol) in the solvent (2 mL) was stirred for 12 h. ° Isolated

yield.

FAPZ E e R A e 7 BB E A i3 14 (Table 4-4) B &

Rz 4 P EEN A R FUHMFRER OMAFER AT 2R
H

A
D
-
—+
=

<

@
\‘
18
)

| wR DI F RS BAF B o d R E MigRlEa? F
BFBAF L > P BF Rz L e R L ZR R
R AR L Eagpd AF A e FavEd o ARz 4 e § SR A
A A A AAT AR A R BT T - A S e ¥
A @IHBNI2 A5 - LA F B G hentry2 (T b i 2FRFE
RFTE o
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44 BT RAEF 2L BHET

195 Table4-lentry5 i i2 > #1114 » 25 - § £ & P F RE R

Moo MR o B TE e B 1272 TR -

HBF,
HO >

Q.O MeCN, 12h

1"

Scheme 4-4 Tk T, vefe @ 1222 £ & 5 j2

B 1208 & F 2 P R ARESH P AT F BRSBTS € 4o
AL 0 Tt B - e - NMR ke (7 2R o o TH A Ee A
(splitting) ¥ 4v3% 12°f5F = B-CHg» x 2 d @ & %) 48 £ 3055 » = B-CHs o i
BFrsms BRI 8 a3 4 R0 7 R D] (fluorene) it gL a 2

NEA R ERE > AR A RE ] P AR B30 ) - BEE < o

13.302

1
1

—4.163
3.373
/2.925
/2.889
2.536
-2.490
290

253

832
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/g
\\2
\ 2
\
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{ e N _.'I_I\ I._
P~ wmq[m‘m r-?‘cw o D‘W‘ﬂ‘ | [o
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Figure 4-1 Tk 1y =@ 12°2 'H NMR 245
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Figure 4-2 Tk &y %8 12°2. 13C NMR 417

DEPT135
H
N\n/
*HN (0]
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12'
Total 21C
1C:3
2°C: 2
: 8 13¢
4°C: 8
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Figure 4-3 7 & "= 8 12°2 °C + DEPT NMR j#14%
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FEPC+DEPT sk # 8 & 7 F ¥4 M B 1224 F ¢ § 3 B-CH-> 2 &3
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120-140 i L -(downfield) st 4 A 49w Bt EL o R AR T R
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Figure 4-5 %% & =8 12°2 HMBC 3§ 217

12°2 @i £ 3=k # 4o Figure 4-1~5 #7177 » H - @B 5 5 § 5 4p b k3
(heteronuclear multiple quantum coherence, HMQC)® % § *t 2.2 ppm % 2.9 ppm
g AN B > B ABpatternc d 3tA BE 3G - k&Y w3 BEen
CEBRBIIHE AT AL Ve ER oA 81lppm - BE ¥ P FgE

A T R AF P -NHo P A 13.3 ppm 2 3B P A T MREE T i B
Fletw dem 12273 03 3 B F RS o R ¥ 5 4 4p B B3 heteronuclear multiple
bond correlation, HMBC) ¥ 1 {7 4= 1H Bl3% ¢ i+ 1.83 ppm ¢-CHz » ¥ § @42 % -

B 169.9ppm 2 = Bpt i w Sph ¥ — s -NH> ¥ & 2 © fpig ot gh
Pl - BRI A o TH B Y 253ppm 2 -CHs» 2 ¥ — B 4 17w
Bpe9189.4 ppm F Z B ARRE 0 2 - -CHo-3u5Ld%iT » 7 e 205 d W o 3+
4 22 IS en? Faso i H B¢ 1.44ppm -CHz evitif § — 1 230 47.9
w BB 0 12 i B-CHa ind & fpieene st s 2 AL T S
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AF

£ 12003 i TR T 1272 4
?‘FTL%}; / [M]+mf%é}ﬁ—+ H_FAQ

e

a—

@t (m/z) = 319.1812

’2 Elemental Composition
File Edit Yiew Process Help

Single Mass Analysis
Tolerance = 5.0 PPM /
Element pradiction: Off
Mumber of isotope peaks used for i-FIT = 2

Meonoisotopic Mass, Odd and Even Electron lons

146 formula(e) evaluated with 1 results within limits (up to 3 closest results for each mass)

Elements Used:

DBE: min =-1.5 max = 100.0

C 2121 H:1-100 N 1-10 0:1-20
Mass [calc, Mass [ mpa [Py [ Dee_ | Formula [ier [ ¢ [ H [ n] o|
319,812 312.1810 02 08 1.5 C2iHZMN2O 75 21 23 2
exp 181 KE339
S20160814_L B3 18 {0 378) Cm (18:19) 1: TOF WS ES+
2601435 3.70e+003
100+
H
N\n/
ool
HN (0]
- . Exact Mass:
319.1805
‘ found:
+
C,1Hp3N,0 319.1812
186.2366 261.1488 3101812
181.0730 PR 2201920 nep oane
NS P T s - 3592495 45070 4543088 489.3133 5270189 5427541  §12.2371
0—jperrey R ] L L L L L B e B L L L ) e B L B e B L ) e R L L M ) L L U L Ul ) W L) W L U L W L bt b s e a1 14
&0 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 480 480 500 520 540 560 580 600 620
. ’
Figure 4-4 12’ 57 331 5L (ESI-TOF)

D e 12}

ilbI%C ’ l—‘g K//t 7

RN S P I R s I +-%}fﬁ‘{iiﬁfb#§-__}—fﬁb Wb g3 ¥ - A3
FRFLHF o 4 AR M- S 2SI AT RIS B 4 AR
o FOALG W # - 2 #F F Js(nitrilium-ene Ritter reaction)
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IR BRI -FRBLHEIRT
5.1 Aristoteline énf§ ;¥ & =8 X2 3F 3

Aritoteline #_ %5 A& % (maqui » & % % Aristotelia chilensis) ¥ A4 - f&
aristotelia-type # 4 % - £ F - B sl gk 3§ e g R [331] 3 % (3
azabicyclo[3.3.1]nonane) 4 + % % (Figure 5-1) - Aritoteline 4t 2 5 $ 4p % 4 s
13334, fe g 3¢ Aritoteline 5 A % B A ¢ Gk R (9 5 0.00001%)% i i
d EB LRG0 Ftied § 4 2 Aritoteline EAp T (70 & S % 0 3t 1980

ERe 3 S REATEBENMNIRESREEFTES LT A4 2SR Aristoteline 2

Aristoteline Makonine

Aristotelinone

Figure 5-1 Aritoteline & H @ 345 4p 1T 2. aristotelia-type 2 4~ ke

Stevens and Kenney

Hg(NO3)2 H
H
" oom N
-30°C
(-)-p-pinene N
H
( )

NaBH,
—_— /l_r|

HN H

Aristoteline

. J/

stereoselective reduction
Scheme 5-1 Stevens {- Kenney 7 Aritoteline > & =
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Stevens fr Kenney ** 1983 & #& ! r4 = i A4 & # #-(-)-4- 7' (pinene) s
P RL R FR R B PEEE

R IR T oelefmd 2 Higr 5o &% 7
e REH B ER - 27 & 2 Aritoteline(Scheme 5-1)% o fe pt — 3 ;2 2 & 7
12 {8 L

AHo P L3 FET T MR ER

R 2 BARH ANE
WAz -

Darbre et al.
(1) Br,, Et,0 \b
—>

(2) HN3, BF3.Et20 CGHG Etzo

TN “T"NH,

OH

AW

(-)-a-terpineol

A /OJ(
A

N
/ H H

o]
\ + — L
: CeHe CH;CO,H u
N O \
H
N
H
20% aq. HCI

Aristoteline

Scheme 5-2 Darbre % « = Aritoteline > & =

Darbre % % »* 1984 # 4% ) Aritoteline =74 $ 7 # £ = (biomimetic synthesis) -
Aritoteline en2 3 & S 4841 > 12 (-)-a-Fr fF 5 ARhed o Heig A SRl il

WHET RTEFERT K GRS & = Aritoteline (Scheme 5-

3y fed b H Z m g afl

2 b
7
ca]v-r/{rrﬂl SRR SRS 0 KB

e
2)% e pt— £ AR E P AR E  2eh Aritoteline &

35



TR LS IR R B2 4118 0 X 13395 Stevens fr Kenney “TH 4} &

2 REH

F_k

L

Moo i de 4 Aristoteline 03 & 2 2 4740 o

18

Nitrilium-Ene
. .t . .
<N cyclization
| H
N S  —
H

SgAr

17 (-)-16a

Scheme 5-3 # & #r+ -4 '3k it 2 Aristoteline & = %

T3S e BT S PF 0 FAF B iR ? > BT ART e R4

RIS X2 C-Cht > {7 4k i— B F > f§ Kb Aristoteling & & = 2
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5.2 ¥t % %9 h Aristoteline £ = jplE

T Bsslehe o 17 g hed 0 2 50 S RSl L B SR
Fos i F RHP PR SEF o H R b B e R LS F IR F

AR BRIV LB 3-v51vﬁi—b 35 17 & = Aristoteline 2. & = -

OH

19 16 20

Scheme 5-4 ¥ ¢ 3% 2 % I 3+ g IRt 4 18

¢ Tabled-2entry 1l 2 i FplE > FRI A4 ST A 200 @
gD G T3%2 21 A4 & o

OH
=N N
BF3¢Et,0 1 eq. z
+ v, >
rt, 12h
19 16

73%

Scheme 5-5 3-% #& fF 3 [3.3.1] s 4 & 21 ehd =
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5.3 R BT FEROF REERKGED

Table5-1 % fo /3 ] ~ v B2 R T it F ek & it 2

OH
—N

BF3eEt,0 1 eq. N
+ > - O Hin»
rt, 12h N
H

19 16 21
Entr Solvent 19 Temp. Yield®¢ (%)
y (mL:mL) (eq.) (°C) 20 21
1 Benzyl cyanide 19 (2) ~18 rt N.D. 73
2 Benzyl cyanide 19 (2) ~18 80 N.D. 68
Toluene: Benzyl cyanide 19
3 5 rt N.D. -
(1.6:0.4)

4 Toluene (2) 1 rt N.D.¢ -

5 Toluene (2) 1 reflux N.D.¢ -

6 DCE (2) 5 80 N.D. -

7 DCE (4) 2 rt N.D. -

8 Toluene (4) 2 rt N.D. -

8 Reaction conditions: a mixture of 16 (0.65 mmol) and BF3-Et,O (0.65mmol) in the solve
for 12 h. ® Isolated yield. ¢ N.D. = Not detected. ¢ 16 decomposed.

‘ﬁv’tié’kﬁ R R % 180°C, Ra @2l 4 & & F& 3 T HiT(entry

2) o d ¥R FenF o 1985 4T S T 4pis 30 F %19
ITERAR NERD 21 02 Xentry3)cit- HEREFEI - F 2

4

AR Bt » 2 A i o Z‘ﬁ%ﬁb’f’” fs = _Liﬁafi\ﬁr'#"/\ﬁ*“”“

o
o
i<
—i
iy

(i

(entry 4-5) » { i34 5 % fits DCE - % e s 19 ci 1§
80 °C + i L7 3] 20(entry 6) » EEMB R AFRA B 0 LFETE
F4FeniE 2 & & 00 iv & 4 20(entry 7-8) o
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P igiB- kP2 R BRZEIES 200 d 0 AF BEIEHEE Y - B
Fo A AR I E LR A2 NFEBREI D R AR LT ARTEAER

OH P
=N N*~
f BF3.Et20 1 eq.

rt, 12h

19 16

Scheme 5-6 it & 4 21 ch4 = ¥4

e §_% Table5-1 (%13 entry ¢ j‘a’rs PR LT 21 ehd 2o Tt o 44500 -
MFEFEFWm I R FORTIEFRFP TR BT BARL
(transition state » TS) F 7L 2. % 4 % 4= i (conjugation energy)4p g >t esl - & ok {8 3
5 Fpler A g ot 3-calcﬁra LS I TR RS S i el K,%ﬁbi ko B-A
BT ) B 8 e deeh Aristoteline 2 i Tt g0 W A ened AR R[3,3,1]2
FALB31T % B AEERET HF R - BR o F G P 331X %
iR Fl 5 5k 4 (ring strain)m 7 M 4 Tk > £ 24 = 21(Scheme 5-7) -
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H Lower TS energy

Lower ring strain

Scheme 5-7 B k%4 et d

R FEARNEY E LY S AT A T SRR Sy
= p A3 Aristoteline c74 & > Ak ARE B M E o R oy s s
Frs 22BB L Skt "iﬁ,gp‘,—”ra’:?fr{'m AN e T K/%j 4 A
10 rH e~ MR [BILT FAF 2 v T LA B A kil
f

40



bhBH Y R IFEACT APEB FE G = A0 - iV E RE
* ) 34-4 fbegef o ¥ A EE 344 ek s N F 2 M Sl I VR R
B TRB AR E IR R OPE B F N AT F T F 0 34-3 (oo A 2 3-I el
ER S R R RN R Ll oh BRI F . S P LIS SV N S €=
FAEAEF LA 34-4 ek Z Bt 2R AB o bldok T A3 A
¥ B AeEegkend X o ARV U A - A FRZFF
fohy L F R o
SEH - F O F B PR R RB R AP ER AL R Y
Jytepod AR A TEMPO 6 > 3-2g b e Sgtdrd] > B2k 4 oo AR T 2
FeE2 BRFEVEO T UFRPLF L E Y RF TR pd At A0z
Fpp AR RETwepd RS o b - gt 2 A 344 gk g A
BT AALF AR RS- i £ S eRken s A2 02 o B4
R R TS NP NS RAEELE F- EEF - CRNUE I Al S Ak I I

R Btk B

';3

BT oiT- BARE R

1;0-:\]-

Ry

R2
. 2) Na,CO; (10 eq) OH
N,*BF (2) Na,CO4 X
R 2204 Iy (1) RCN - O, (1 atm) - R1 P
+ RES 80 °C DCM N~ 'R
2h rt, 72
h
2 3 7
oxidation up to 73%
one-pot up to 47%
A LS £ 34- et B o NN E o 113 2 EF i LA

|:T‘J
T P hwmy FP RN AGRIIET AL RERS B BREE S

FLAEFninsitu 2 2020 > TRGITRE R ATHARLRE R TFR

v

Mz A Th - BB B P B :l_ﬁ‘r;z"ﬁ& I JEE M o - F Rt B B
B A RE LR o o A SR Y B2 B E A BB P
LRF HREFHETE S ﬁ?%frﬁﬁ# °
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H

hg

|
>
Q.O Toluene:MeCN (2:1) 0.0
12h v
11 .
PR L S R K o AR S RIS R R T o BT
WL ApEY R IHBAY L AKF REAEY Y G RRF MRS B e

L3V f%:]“iax/%”; B— H ko d Hp A ko B
BT GEIR E SRR R AT ENL S

OH
=N N
BF3¢Et,0 1 eq. 2
" //// >
rt, 12h
19 16

73%
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5% oA

71 RERRE

1. & £ J& £ 3 (nuclear magnetic resonance spectroscopy)

AE WP R E P e dR & ¥ (*H NMR) #_r2 Bruker AVANCE-400
(400.13MHz) #7ip| 17 » i* & = 4% (chemical shift, )2 ppm 5 H i > r2 73 &2 5L
2 7 A 77 9% (tetramethylsilane, TMS)z. §=0 T 3 PE L R R PP R E ; PIRE
33 (1°C NMR) » .1 Bruker AVANCE-400 (100.62 MHz)#5ip] {7 » it # = #
vppm 3 ¥ = > 48 & ¥ #ic(coupling constant) 2 J k4 7 HE =5 Hzo @ 4 4
A5 7% (splitting pattern) #_#& 4= s - H % (singlet) ; d » g (doublet) ; t» = &£ %
(triplet) 5 g » = & %% (quartet) ; m > % & *# (multiplet) ; br » %% (broad) -

2. B 4 +5(mass spectrum analysis)

U

ESI-Mass 2 #3] 5 Water LCT Premier XE » #-F g4 &3 3t ¢ % > 2 » 2%
B ETG PP o
3. # 114 K A 47 (column chromatography)

- 43 4 enE 4§ 4k 45 1 Merck Silica gel 60 (40 — 63 pM)#. “u -
4. &k ¢ K %~ +7(thin layer chromatography, TLC)

Wtk 51 £ g 2R3 Merck Art. 5544 precoated sheet & # 2 22 E B Y o £

12 254 nm % ek Sk E AR o

712 HABKBED IL

1. A&z @it

(@) m-ke w4~ § i 4F(calcium hydride) » Sedw il PRI E F T A4
Bt FimgatiE B A A o

(b) &-k= % 7 %= :2p MBRAUN Solvent Purification Systems (MB-SPS-800) -

ERRRCRLE VRS NAR T

T

E

(c) m-k® F : B~ MBRAUN Solvent Purification Systems (MB-SPS-800) » I i

FE Bz 3A A o
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2. FW KR

Hop A @Es - 88 E &d 25 ERF (Sigma-Aldrich Co., Acros Organic Co.,

Alfa Aesar Co., Merck Co.and TCI Co.)#7 & i 2. iR & & 2 5. ~ A H/| % & 7. > 4o

SRR KB R PR SR

KRR ETY LT =

731 34-% fLrgsh2 &3P ET
34-% feefnfferiz XL - ST & X2 F A

#- aryldiazonium tetrafluoroborate 2 (0.52 mmol) ~ styrene derivative 3 ¥ ** 10 mL
2 ) 47~ Eokonitriled(2mL) > £80°C T R B2 )P F SRS L IR

£
B BRREF A e (B0 mML)T o A2 UK > S EpT e o EUT Rk

.
S
S RNBEZ TN T 34F epd2 T2 F 5

2-Methyl-4-phenyl-3,4-dihydroquinolinium tetrafluoroborate (5aaa)

C
o

H BF,
5aaa

o ¢ ¥4 130 mg > A& F 81% - mp: 185-186 °C
'H NMR (400 MHz, CD3CN): 6 12.46 (br, 1H, N-H), 7.52 - 7.32 (m, 6H, Ar-H), 7.22 (d,
J=7.2Hz, 2H, Ar-H), 7.02 (d, J = 7.2 Hz, 1H, Ar-H), 4.50 (t, J = 8.9 Hz, 1H, -CH), 3.48
—3.33(m, 2H, -CH>), 2.66 (s, 3H, -CH3) ppm.
13C NMR (100 MHz, CDsCN): 189.25, 141.84, 133.20, 132.66, 131.39, 130.51, 130.34,
130.11, 129.28, 129.16, 121.80, 38.72, 38.67, 25.72 ppm.
HRMS (ESI-TOF) calcd. for C16H1sN (M - BF4) m/z = 222.1283; found: 222.1281.
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6-(tert-butyl)-2-methyl-4-phenyl-3,4-dihydroquinolinium tetrafluoroborate (5caa)

lllil + A BF,
N 4

H

S5caa
#% ¢ HH 101 mg - A F 68% - mp: 190-191 °C
IH NMR (400 MHz, CD3CN): § 7.53 — 7.50 (m, 1H, Ar-H), 7.44 — 7.37 (m, 3H, Ar-H),
7.20—7.18 (m, 2H, Ar-H), 7.14 (s, 1H, Ar-H), 4.48 (t, J = 8.4 Hz, 1H, -CH), 3.47 - 3.30
(m, 2H, -CH>), 2.62 (s, 3H, -CH3), 1.22 (s, 9H, -C(CHz)s) ppm.
13C NMR (100 MHz, CDsCN): 187.54, 158.18, 141.93, 130.74, 130.59, 130.24, 128.83,
127.43, 126.82, 121.20, 38.68, 38.59, 35.86, 31.21, 25.40 ppm.
HRMS (ESI-TOF) calcd. for CooH24N (M - BF4) m/z = 278.1903; found 278.1914.

2-methyl-4-phenyl-6-(trifluoromethyl)-3,4-dihydroquinolinium tetrafluoroborate

(5daa)
F3C
O ;‘l/ BF4-

H

5daa
o ¢ FHWBImg A5 41%-
'H NMR (400 MHz, CDsCN): 8 7.79 (d, J = 8.2 Hz, 1H, Ar-H), 7.67 (d, J = 8.2 Hz, 1H,
Ar-H), 7.46 — 7.37 (m, 3H, Ar-H), 7.32 (s, 1H, Ar-H), 7.24 — 7.22 (m, 2H, Ar-H), 4.57 (t,
J=8.9Hz, 1H, -CH), 3.56 — 3.39 (m, 2H, -CH>), 2.70 (s, 3H, -CHz) ppm.
13C NMR (100 MHz, CDsCN): 192.42, 140.76, 135.59, 133.20, 132.87, 132.59, 130.48,
129.29, 129.13, 127.18, 127.13, 127.11, 127.07, 125.80, 123.10, 122.48, 38.50, 38.36,
25.89 ppm.
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4-(4-Bromophenyl)-2-methyl-3,4-dihydroquinolinium tetrafluoroborate (5aba)
Br

C

H BF4-
S5aba

F4E ¢ FH 162 mg - A 5 80% - mp: 145-147 °C

IH NMR (400 MHz, CDsCN): & 12.44 (br, 1H, N-H), 7.56 — 7.42 (m, 5H, Ar-H), 7.16-
7.13 (M, 2H, Ar-H), 7.02 (d, J = 7.4 Hz, 1H, Ar-H), 4.50 (t, J = 8.8 Hz, 1H, -CH), 3.47
—3.29 (m, 2H, -CH>), 2.65 (s, 3H, -CH3) ppm.

13C NMR (100 MHz, CD3CN): 188.70, 140.77, 133.01, 132.77, 132.31, 131.03, 130.32,
129.87, 122.06, 121.45, 38.06, 37.76, 25.31 ppm.

HRMS (ESI-TOF) calcd. for C16H1sN"°Br (M-BF4): m/z = 300.0388; found: 300.0379.
HRMS (ESI-TOF) calcd. for C1sH1sNEBr (M-BFa): m/z = 302.0368; found: 302.0359.

4-(4-Chlorophenyl)-2-methyl-3,4-dihydroquinolinium tetrafluoroborate (5aca)
cl

C

H BF4

Saca
#% 4 AW 1lImg A& F 62% - mp: 161-162 °C
IH NMR (400 MHz, CDsCN): § 7.51 — 7.39 (m, 5H, Ar-H), 7.22 — 7.19 (m, 2H, Ar-H),
7.03 (d, J = 7.2 Hz, 1H, Ar-H), 451 (t, J = 8.4 Hz, 1H, -CH), 3.48 — 3.29 (m, 2H, -CHy),
2.65 (s, 3H, -CHzs) ppm.
13C NMR (100 MHz, CDsCN): 188.66, 140.30, 134.00, 132.82, 132.34, 130.72, 130.43,
130.04, 129.92, 129.46, 121.46, 38.16, 37.71, 25.31 ppm.
HRMS (ESI-TOF) calcd. for C1sH1sN*CI (M - BFs) m/z = 256.0893; found: 256.0897.
HRMS (ESI-TOF) calcd. for C16H1sN3'CI (M - BF4) m/z = 302.0367; found: 302.0369.
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4-(4-(chloromethyl)phenyl)-2-methyl-3,4-dihydroquinolinium tetrafluoroborate
(5ada)
cl

L
N

H BF,

5ada
4 ¢ F4 120mg > A F 64% - mp: 146-147 °C
IH NMR (400 MHz, CD3CN): & 12.44 (br, 1H, N-H), 7.53 — 7.42 (m, 5H, Ar-H), 7.23 —
7.21 (m, 2H, Ar-H), 7.04 — 7.02 (d, J = 7.2 Hz, 1H, Ar-H), 4.67 (s, 2H, -CH:CI), 4.54 —
4.50 (t, J=8.8 Hz, 1H, -CH), 3.49 — 3.32 (m, 2H, -CH2), 2.66 (s, 3H, -CH3) ppm.
13C NMR (100 MHz, CDsCN): 188.71, 141.75, 138.49, 132.73, 132.29, 130.63, 130.42,
129.92, 129.30, 121.42, 46.53, 38.13, 37.99, 25.30 ppm.
HRMS (ESI-TOF) calcd. for C17H17N®CI ((M - BF4): = 270.1050; found: 270.1050.
HRMS (ESI-TOF) calcd. for C17H17N*’CI (M - BF4): = 272.1015; found: 272.1058.

2,4-dimethyl-4-phenyl-3,4-dihydroquinolinium tetrafluoroborate (5aea)

C

H BF,
S5aea

#v ¢ F48 white solid (60 mg, 49%).

IH NMR (400 MHz, CDsCN): & 7.55 — 7.51 (m, 3H, Ar-H), 7.37 — 7.29 (m, 4H, Ar-H),
7.21-7.19 (m, 2H, Ar-H), 3.71 - 3.66 (d, J = 18.8 Hz, 1H, -CHa(Hy)), 3.23 - 3.19 (d, J
= 18.8 Hz, 1H, -C(Ha)Hb), 2.63 (s, 3H, -CHz), 1.72 (s, 3H, -CH3) ppm.

13C NMR (100 MHz, CDsCN): 188.33, 144.81, 135.89, 132.53, 132.44, 129.74, 129.68,
128.65, 128.39, 127.36, 121.70, 44.85, 40.02, 27.39, 25.47 ppm.

mp: 171-172°C

HRMS (ESI-TOF) calcd. for C17H1sN ((M - BF4): = 236.1439; found: 236.1442.
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732 3-#mfrickl LA ET
34-& T vojr§ 1t 2 = 3-I5 A epoff N ool 2 & A I S
#- 3,4-dihydroquinolinium tetrafluoroborate 5 (0.3 mmol)+c » 42 fcpd it & 4 -k 7%

#GBmL) > 2 DCMGBMLX3)EE > & EH 5 8k T4 »EE & M‘ﬁ‘&i}-"*—i ¥k
sl A > 4e ~ sodium carbonate (3.0 mmol, 318 mg) & B T E B T2 ) BF 0 F
# 18 4 » 47 fr NH4Cl@ag)(5 mL) » 2 DCM(10 ML X 2) 5B~ » £ & § %% ¥ 4 ~ G #

RORRRERLEE 4 3 WA Ak A o BRI v LR AT A g i (silica gel, 20-
40% EtOAc in hexane) » ¥ (B Ap ¥l e 3-55 AL ootk A 3+ 7 &% eEefkfip 8 o

B-HACERhZ AL - R EFLF BHI

#- aryldiazonium tetrafluoroborate 2 (0.52 mmol) ~ styrene derivative 3 ¥ ** 10 mL
2 %At E p oo 3~ moknitrile4d 2mL) > 2 80°CTF B2 F R RIS
ERE O e~ fomphd kB RGmML) > 2 DCMGBMLX3) X B> £EH 5 8k ©
for iR ROREREREEE S G B8R vk~ o 4 sodium carbonate (3.0 mmol, 318 mg)
BERTEBT2 PP F iR iS4 » 47 fo NHaCleg(5mL) - 12 DCM(10 mL x 2)
EPo LEHG A e BR A RARFRAE R K R R RIS A AT A A T
(silica gel, 20-40% EtOAc in hexane) » ¥ {Fip ¥t e 3-55 Aok A 47 7 ©

2-methyl-4-phenylquinolin-3-ol (7aaa)

(

7Taaa
e ¢ FH52mg - A F 73% - mp:238-239 °C
IH NMR (400 MHz, DMSO-de): & 8.88 (br, 1H, O-H), 7.87 (d, J = 8.0 Hz, 1H, Ar-H),
7.56 — 7.46 (m, 4H, Ar-H), 7.36 — 7.32 (m, 3H, Ar-H), 7.24 (d, J = 8.0 Hz, 1H, Ar-H),
2.63 (s, 3H, -CH3) ppm.
13C NMR (100 MHz, DMSO-ds): & 152.52, 145.41, 142.10, 133.79, 130.33, 128.70,
128.50, 128.21, 127.85, 127.50, 125.79, 125.74, 124.13, 21.24 ppm.
HRMS (ESI-TOF) calcd. for C16H13NO (M+H*): = 236.1075; found: 236.1074.
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4-(4-chlorophenyl)-2-methylquinolin-3-ol (7aca)
cl

7aca
#REd FHWALmg A F 50% - mp: 272-274 °C
IH NMR (400 MHz, DMSO-ds): & 7.87 (d, J = 8.4 Hz, 1H, Ar-H), 7.59 (d, J = 8.4 Hz,
2H, Ar-H), 7.50 — 7.46 (m, 1H, Ar-H), 7.38 — 7.33 (m, 3H, Ar-H), 7.23 (d, J = 8.0 Hz,
1H, Ar-H), 2.61 (s, 3H, -CHs) ppm.
13C NMR (125 MHz, DMSO-ds): & 152.61, 145.68, 141.96, 132.71, 132.36, 128.64,
128.29, 127.28, 127.19, 125.96, 125.85, 123.88, 21.24 ppm.
HRMS (ESI-TOF) calcd. for C16H13*CINO (M+H*): = 270.0680; found: 270.0695.
HRMS (ESI-TOF) calcd. for C16H13*’CINO (M+H*): = 272.0651; found: 272.0692.

4-(4-(chloromethyl)phenyl)-2-methylquinolin-3-ol (7ada)
cl

7ada
#aE 4 FM5IMg > A F 69% -
IH NMR (400 MHz, DMSO-de): & 8.98 (br, 1H, O-H), 7.88 (d, J = 8.4 Hz, 1H, Ar-H),
7.60 (d, J = 8.0 Hz, 2H, Ar-H), 7.50 — 7.46 (m, 1H, Ar-H), 7.37 — 7.33 (m, 3H, Ar-H),
7.23(d, J = 8.4 Hz, 1H, Ar-H), 4.88 (s, 2H, -CH,Cl), 2.63 (s, 3H, -CH3) ppm.
13C NMR (100 MHz, DMSO-ds): & 152.56, 145.48, 142.08, 137.11, 133.90, 130.68,
128.99, 128.25, 128.19, 127.38, 125.84, 124.02, 46.00, 21.25 ppm.
HRMS (ESI-TOF) calcd. for C17H14°CINO (M+H*): = 284.0842; found: 284.0840.
HRMS (ESI-TOF) calcd. for C17H12*’CINO (M+H*): = 286.0813; found: 286.0807.
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2,4-diphenylquinolin-3-ol (7aab)

Ho ¢ 74 68mg, > A F 46% - mp: 123-124 °C

'H NMR (400 MHz, CDCls): 6 8.15 (d, J =8 .4 Hz, 1H), 8.01 — 7.93 (m, 2H), 7.62 — 7.58
(m, 2H), 7.58 — 7.53 (m, 2H), 7.52 — 7.48 (m, 2H), 7.48 — 7.42 (m, 3H), 7.42 — 7.37 (m,
2H), 5.45 (brs, 1H) ppm.

13C NMR (100 MHz, CDCls): § 150.0, 143.9, 143.3, 137.2, 132.2, 130.3,129.5, 129.4,
129.1, 128.4, 127.6, 126.8, 124.5 ppm.

HRMS (ESI-TOF) calcd. for C21H16NO (M+H™): = 298.1232; found: 298.1242.

2-cyclopropyl-4-phenylquinolin-3-ol (7aac)

>

7aac
#o & FHHW57mg, » A F 42% - mp: 127-128 °C
IH NMR (400 MHz, CDCls): 6 =7.97 (d, J = 8.4 Hz, 1H), 7.58 (t, J = 7.6 Hz, 2H), 7.54
—7.44 (m, 2H), 7.41 — 7.39 (m, 2H), 7.31 — 7.26 (m, 2H), 5.35 (brs, 1H), 2.63 (m, 1H),
1.36 — 1.35 (m, 2H), 1.10 — 1.06 (m, 2H)ppm.
13C NMR (100 MHz, CDCls): & 154.5, 144.4, 132.2, 130.3, 129.9 (2C), 129.6, 129.0,
128.4, 126.6, 126.3, 125.6, 124.3, 11.9, 9.5 ppm.
HRMS (ESI-TOF) calcd. for C1gH16NO (M+H"): = 262.1232; found 262.1232.
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2,6-dimethyl-4-phenylquinolin-3-ol (7baa)

®

7baa
#% ¢ 4 40 mg > 53% - mp: 205-206 °C
IH NMR (400 MHz, DMSO-de): & 8.78 (br, 1H, O-H), 7.76 (d, J = 8.4 Hz, 1H, Ar-H),
7.56 —7.52 (m, 2H, Ar-H), 7.48 — 7.45 (m, 1H, Ar-H), 7.33 - 7.29 (m, 3H, Ar-H), 6.99(s,
1H, Ar-H), 2.59 (s, 3H, -CHs3), 2.30 (s, 3H, -CH3) ppm.
13C NMR (100 MHz, DMSO-ds): & 151.37, 145.51, 140.70, 134.89, 133.94, 130.32,
128.50, 128.28, 127.86, 127.79, 127.45, 122.93, 21.34, 21.10 ppm.
HRMS (ESI-TOF) calcd. for C17H16NO (M+H"): = 250.1232; found 250.1239.

2-methyl-4-phenyl-6-(trifluoromethyl)quinolin-3-ol (7daa)

FsC A\ OH
~
‘ N

7daa
#% ¢ F42 30mg > 32% -
IH NMR (400 MHz, DMSO-de): & 9.28 (br, 1H, O-H), 8.10 (d, J = 8.8 Hz, 1H, Ar-H),
7.76 (d, J = 8.8 Hz, 1H, Ar-H), 7.63 — 7.54 (m, 4H, Ar-H), 7.41 — 7.39 (m, 2H, Ar-H),
2.70 (s, 3H, -CHzs) ppm.
F NMR (376 MHz, DMSO-dg): 6 -61.71 ppm.
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2,4-dimethyl-4-phenylquinolin-3(4H)-one (8aea)

8aea

@E ¢ Mk 52mg s 70% -

IH NMR (400 MHz, CDCls): 5 7.60 (d, J = 7.2 Hz, 1H, Ar-H), 7.46 — 7.42 (m, 1H, Ar-
H), 7.46 (m, 1H, Ar-H), 7.37 — 7.33 (m, 1H, Ar-H), 7.29 — 7.23(m, 4H, Ar-H), 7.03 —
7.01 (m, 2H, - Ar-H), 2.28 (s, 3H, -CHs), 1.89 (s, 3H, -CH3) ppm.

13C NMR (100 MHz, CDCls): § 196.44, 160.66, 140.69, 140.58, 136.82, 129.40, 128.77,
128.73, 127.85, 127.59, 127.17, 53.56, 23.26, 20.01 ppm.

HRMS (ESI-TOF) calcd. for C17H1aNO (M+H*): = 250.1232; found: 250.1243.

733 BYAABEAPRN RO
9-(2-methylallyl)-9H-fluoren-9-ol (11)

HO
O
1
#- magnesium turnings (1.5 g, 60 mmol) & ** %5 %45 % ke 100 mL Egpag e o
PEF F B s o+ moke m(10 mL) o £ 0 °C T iEjF 4 » methylallyl chloride
(5.54 g, 60 mmol) > P B 2 F-k4eF E ] Grignard A A AL G 0F 0 B-F RIAR
WL pkiE L 0°C o & F 4 » fluorenone (3.6 g, 20 mmol) s -k ¢ (30 mL)i% i% »
Brpokik o BEETF EL20] PEis o B F v ~ NHaClag) (B mL)i3x 4 & Ji - % ¢ f
(A0mMLX2)EB~15 » & H 5 K & g KEpeddac s » B3R adcte g k47 4
g s 1 (silica gel, 10% EtOAcC in hexane)=r+ ¥ v ¢ 48 11(4.7 g, 98%) -
IH NMR (400 MHz, CDCls): §7.61 (d, J = 7.2 Hz, 2H, Ar-H), 7.52 (d, J = 7.2 Hz, 2H,
Ar-H), 7.37 (ddd, J = 7.2, 7.2, 1.2 Hz, 2H, Ar-H), 7.31 (ddd, J = 7.2, 7.2, 1.2 Hz, 2H, Ar-
H), 4.65 (m, 1H, allyl-H), 4.42 (m, 1H, allyl-H), 2.86 (s, 2H, -C-CH>-C-), 2.32 (br, 1H, -
OH), 1.41 (s, 3H, -CHz3) ppm.
13C NMR (100 MHz, CDCls): 6 148.4, 140.8, 139.4, 128.8, 127.6, 124.1, 119.8, 115.3,
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82.0, 46.9, 24.0 ppm.

methyl 4-methylcyclohex-3-ene-1-carboxylate (15)
o)

O
15

B~ 3-methyl-1,2-butadiene (6.0 mL, 60 mmol)£ methyl acrylate(2.7 mL,30 mmol)
B~ 50mL HEgHg® o 4~ AICI3(402mg, 3mmol) A 0°C ™ &~ & 6 /| pFis » 11 =
£ 7 QoML Bid o B b 2 KA F o * Arfe s BOR(1OmML) F 15
VU CRERFAAR SR > MR R EECIS T E B ¢ 248 15 (3.86 g, 83%) -
'H NMR (400 MHz, CDCls): 4 5.32 (s, 1H), 3.62 (d, J = 1.2 Hz, 3H, -CH3), 2.47 — 2.40
(m, 1H), 2.17 — 2.16 (m, 2H), 1.94 (br, 1H), 1.55 — 1.45 (m, 5H) ppm.
13C NMR (100 MHz, CDCls): 6 176.1, 133.4, 119.1, 51.3, 38.9, 29.1, 27.5, 25.3, 23.2
ppm.

a-terpineol (16)

OH

16

B~ mthyl 4-methylcyclohex-3-ene-1-carboxylate 15 (2.3 g, 15 mmol) % » 50 mL
Hspsige » $iBF § 8=t = r»E ke @mA0mL) > & 0 °C T & jF 4 »
methylmagnesium bromide solution 3.0 M in dibutyl ether (10 mL, 30 mmol) » & % &
TR i 12 0] PEiS 0 1B jF 40 » NHaClag (GmL)i 4 F > * ¢ @40 mL x 2) 5 B 74 o
EE G AT L EOREIRR TR 0 BB R RIS M E LA 45 4 3L 1 (silica gel,
20% EtOAC in hexane) T+ 7 & ¢ /%% 16(2.1 g, 91%) -
IH NMR (400 MHz, CDCls): § 5.32 (s, 1H), 3.62 (d, J = 1.2 Hz, 3H, -CH3), 2.47 — 2.40
(m, 1H), 2.17 — 2.16 (m, 2H), 1.94 (br, 1H), 1.5 - 1.55 (m, 5H) ppm.
13C NMR (100 MHz, CDCls): & 134.0, 120.5, 72.7, 45.0, 31.0, 27.4, 26.8, 26.2, 23.9,
23.3 ppm.
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734 BFFABAPDHBLH LRI -FUR A

N-(4',6'-dimethyl-4",5'-dihydro-3"H-spiro[fluorene-9,2'-pyridin]-4'-yl)acetamide
(12)

12

#-9-(2-methylallyl)-9H-fluoren-9-ol 11 (100 mg, 0.42 mmol) % » 4 mL * & ¢
P REE F s v moke (A mb)fe&E kT F (1 mL) o # trifluoroborate
etherate(60 mg, 0.42 mmol)*t & -k ® ¥ (A mL)su3 e ERiF » F BF® o 3 ET
FoR 12 [ BEis o F ~ BF T @A F & 0 2 DCM (10 mL x 2)£7 NaHCOg3 (2 mL)
FBo BEG R T ECORERREEGE > BB R EEC L E Lk 44 3 i (silica
gel, EtOAc:hexane:triethylamine = 50:49:1) ¥ 3 ¢ ¢ #48 (72.8 mg, 54%).
IH NMR (400 MHz, CDCl3): § 7.73 - 7.69 (m, 2H, Ar-H), 7.38 — 7.32 (m, 4H, Ar-H),
7.26 — 7.22 (m, 2H, Ar-H), 5.60 (br, 1H, N-H), 3.63 - 3.58 (m, 1H, AB-H), 2.36 - 2.32
(m, 1H, AB-H), 2.14 (s, 3H, -CHs3), 2.08 — 2.02 (m, 2H, AB-H), 1.96 (s, 3H, -CHa), 1.49
(s, 3H, -CHz3) ppm.
13C NMR (100 MHz, CDCls): 6 169.7, 168.7, 152.3, 149.7, 140.8, 139.6, 128.4, 128.2,
128.0, 126.9, 125.0, 123.6, 120.5, 120.0, 70.6, 50.5, 43.3, 38.8, 28.7, 28.2, 24.6 ppm.
HRMS (ESI-TOF) calcd. for C21H23N20 (M+H™): = 319.1805; found: 319.1812.

N-((1S,5S)-4-benzyl-2,2,6-trimethyl-3-azabicyclo[3.3.1]non-3-en-6-yl)-2-
phenylacetamide (21)
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#-a-terpineol 16 (100 mg, 0.65mmol) ¥ » 4mL 7 figg ¢ i F F B (s
T gk Fe ¥ (A mL)fem -k ® F(1 mL) o 3 trifluoroborate etherate(92 mg, 0.65
mmol)*t & -k ® F(AmL) 3 R ERF»F BE? - 2z ETF K12 F >
BF P AL F s 0 2 DCM (10 mL x 2)#2 NaHCO3 (2 mL) 53~ » & & § 4 1
AORFREREE AT o BB R T M E LR 47 4 3l 1 (silica gel, EtOAC : hexane :
triethylamine = 50:49:1){¥ ¥ v ¢ #H4% (191 mg, 73%).
IH NMR (400 MHz, CDCla): § 7.37 — 7.20 (m, 10H, Ar-H), 5.37 — 3.59 (m, 2H), 3.51 (s,
2H), 5.60 (br, 1H, N-H), 3.06 (m, 1H), 1.66 — 1.32 (m, 8H), 1.28 (s, 6H, 2 x -CH3), 1.16
(m, 4H) ppm.
13C NMR (100 MHz, CDCls): 6 170.2, 168.4, 137.6, 135.2, 129.1, 129.0, 128.4, 127.3,
126.4,58.4, 55.7, 48.8, 44.9, 37.5, 33.8, 32.4, 31.5, 27.2, 26.1, 24.4, 24.3 ppm.
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'H NMR spectrum of compound 5caa (400 MHz, CDsCN)
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'H NMR spectrum of compound 5daa (400 MHz, CDsCN)
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'H NMR spectrum of compound 5aba (400 MHz, CDsCN)

Br

|

5aba

ppm

g

-
(=]
3]

<
=2}
(=]

13C NMR spectrum of compound 5aba (100 MHz, CD3CN)

950

260
E.-v
et/

65°1-/
o081/

g6 —

9L'.¢
90°'8¢ v

ST8LLY
TATAR\
90°ZZ1 -\
12621
ZEOEL-)
nq_nvww
LE'2EL

0L'88L—

ppm

63



'H NMR spectrum of compound 5aca (400 MHz, CD3CN)
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'H NMR spectrum of compound 5ada (400 MHz, CDsCN)
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'H NMR spectrum of compound 5aea (400 MHz, CD3CN)
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'H NMR spectrum of compound 7aaa (400 MHz, DMSO-ds)
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'H NMR spectrum of compound 7aca (400 MHz, DMSO-ds)
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'H NMR spectrum of compound 7ada (400 MHz, DMSO-ds)
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'H NMR spectrum of compound 7aab (400 MHz, CDCls)
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'H NMR spectrum of compound 7aac (400 MHz, CDCls)
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'H NMR spectrum of compound 7baa (400 MHz, DMSO-ds)
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'H NMR spectrum of compound 7daa (400 MHz, DMSO-ds
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'H NMR spectrum of compound 8aea (400 MHz, CDCl5)
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'H NMR spectrum of compound 11 (400 MHz, CDCls)
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'H NMR spectrum of compound 16 (400 MHz, CDCls)
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'H NMR spectrum of compound 12 (400 MHz, CDCls)
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'H NMR spectrum of compound 12’ (400 MHz, DMSO-ds)
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13C + DEPT NMR spectrum of compound 12° (100 MHz, DMSO-ds)

DEPT135

DEPT90

13C

S
240 220

400MHz HMQC

D T L D D L L L e
200 180 160 140 120 100 80 60 40 20 0 ppm

HMQC spectrum of compound 12’

| i |
J\ v S

10

@' ) 20

30

06

40

w
&

50

[ 60

£70

3.8 36 34 32 30 28 26 24 22 20 1.8 1.6 1.4 1.2 ppm



400MHz 13C HMQC | m‘|
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'H NMR spectrum of compound 21 (400 MHz, CDCls)
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13C + DEPT NMR spectrum of compound 21 (100 MHz, CDCls)

DEPT 90

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

DEPT 135
h -
Y rTl'l'
.......
170 160 150 140 130 120 110 100 a0 80 70 60 50 40 20 20 10 ppm

400MHz 13C

i /| ‘ b ‘ H““”ll

HMQC spectrum of compound 21

Jkt ! ALLI. AN _____ ppm

400MHz HSQC

Ll

100

~120

140

160

A

10 9 8 7 6 5 4 3 2 1 ppm

83



HMBC spectrum of compound 21
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Mass spectrum of compound 7aaa

% Flemental Composition

File Edit View

Process Help

Single Mass Analysis
Tolerance = 5.0 PPM
Elerment prediction: Off
MNumber of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Odd and Even Electran lons

93 formulaie) evaluated with 1 results within limits (up to 3 best isotopic matches for each mass)

DBE: min =-1.5. max = 100.0

Elements Used:

C:16-16 H: 1-100 MN:1-10 0:1-20
Mass Calc.Mass | mDa | PP | DBE [ Formula [iFm [ c [0 [n]o]
236.1074 2361075 01 404 105 CBHMAND 36 16 14 1 1
3-HO-quincline ‘
I 10321_L109 28
1004 236.1074
OH
X
181.9253 P Exact Mass:
. N 236.1070
+ found:
+
C1cH1NO 236.1074
100.1882 2640039 3009884
; 53.6014 301.9776 ES1.8810$35.1459/480_9174 906.2554 925 7095
- miz
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Mass spectrum of compound 12

lemental Composition

File Edit Yiew Process Help

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5 max = 1000

Element pradiction: Off

Mumber of isotope peaks used for i-FIT = 2

Meonoisotopic Mass, Odd and Even Electron lons

146 formula(e) evaluated with 1 results within limits (up to 3 closest results for each mass)

Elements Used:

o221 H:1-100 N:1-10 0:1-20
Mass [calc, Mass [ mpa [Py [ Dee_ | Formula [iFr [ c [ v [nJo]
3180812 31,0810 0.2 0.8  1L5 C2lHBM2O 75 20 23 2 1

14-Aug-2012

exp 181
10

100

Z I

| )@
Exact Mass:

* 319.1805

‘ found:
C,4Hy;3N,0* 319.1812

2G1.1488 2191812

186.2366
181.0730 PR 2201930 o _
545 . 262.1546 22U 4550 350 2405 - - - -
BEASA0 qp3q3a3 | e - 3592495 4430705 4543088 489.3133 527.2150.5427541 6122371
0 T T T T T T T T T T i T i T T 1 T T T T T T T T 1 T 1 T T T 1 T 1 T 1 T 1 T T T T T 1 1 T T T T T T T T T miz
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