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Abstract

Owing to the increasing environmental concerns, organic reactions in an aqueous medium with no use of
organic solvents have attracted continuing attention. Although water, as a reaction medium, is generally
recognized as a cheap, safe, and environmentally benign alternative to unnatural solvents, it has not yet been
widely accepted for synthetic purposes simply due to the poor solubility of organic compounds in it.

Thus many studies on organic reactions in water have been carried out in the presence of a small amount of
a surfactant which is known to provide an excellent hydrophobic reaction field. Moreover, combination of
surfactant abilities such as dispersion and protection of organic compounds with catalytic activity such as that
of a Lewis acid has been rigorously devised to result in the formation, for instance, of a Lewis acid-surfactant
combined catalyst. However, the reactivity dependence on the nature of surfactants has little been studied.

Herein we report dehydration reactions in water in the presence of a surfactant with both hydrophilic and
hydrophobic groups and one-pot synthesis of some azulene amide derivatives in water with the added
surfactants of either kinds, i.e. anion or cation ones for the comparison of their effects on the reactivity.

It has now been observed that the product yield in water has been improved in the presence of these
surfactants.

Key Words : water, surfactant, azulene
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1.1.
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1.1.1.

3
“ Anastas 12 8 (Table 1.1)

Table 1.1 12 Principles of Green Chemistry
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1.1.2.



1.1.3. 2)
C-C

Y pKh

Ln(OTf)3 (Scheme 1.1)

6 CF3SO5H reflux , 1h
(TfOH)

(50% (v/iv) TFOH / H,0)

Ln,O; + 2Ln(0Tf); + 3H,0

Ln=La,Pr,Nd,Sm,Eu,Gd, Dy, Ho,Er,Tm,Yb, Lu

Scheme 1.1 Synthesis of Ln(OTf)3

(Scheme 1.2)
43 10.08 3.2x 10° Mt st

0Si(Me)s 0
) Yb(OTH,
o+ I - OH
H”OH  H,0/ THF(L/4)  rt.

Scheme 1.2 Aldol Reaction Catalyzed by Yb(OTf);3

Ln(OTf)3
Ln(OTf)3
100%



1.1.4.

(SDS) (Fig. 1.1)

(SDS-Water)

Aldol K
88 (Scheme 1.3)
0
S

I
-0

DN Vo o
® Na
Sodium Dodecyl Sulfate

Fig. 1.1 SDS

i O OH
OSiMe
PhCHO + /‘\.-/’“3 Sc(OTf)3, SDS o on
Ph H,O,r.t., 4h
88%

Scheme 1.3 Aldol Reaction

% 3-formylguaiazulene(1)

SDS-Water
(Table 1.2)
1- -1- SDS-Wate
A 1-

SDS-Water

Aldol



Table 1.2 Aldol Reaction of 3-Formylguaiazulene with Silyl Enol Ether

OSiMe;
catalyst 0
O ¢
CHO

R2 solvent, r.t. _
Rl
a:R'=Ph, R?=H A:R!'=Ph,R*=H O
1 b : R1=R?= -(CH,),- B : RI=R?= -(CH,),-

Entry  Solvent Catalyst Product Reaction time (h) Yield (%)

1 SDS-Water 24
Sc(O f A 24

2 CH,C, © s 30

3 SDS-Water Yb(O ), B 48 42

4 Acetone 34
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1.2. 6)7)8)9)

Azulene

guaiazulene
(Fig. 1.2)

chamazulene

9o P

(42,62,82)-azulene  (3azZ,57,7Z)-7-isopropyl-1,4-dimethylazulene (3az,52,72)-7-ethyl-1,4-dimethylazulene

Azulene Guaiazulene Chamazulene

Fig. 1.2 Azulene Compounds

260
Guaiazulene (Guaiacum officinalis L.)
200 220
(Scheme 1.4)
OH
-H,0 N -H,
NaHSO, S OO
Guaiol Guaiene Guaiazulene

Scheme 1.4 Synthesis of Guaiazulene from Guaiol
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1.2.1.
Azulene CioHs

350

(Table 1.3)

310 mu

Platt

azulene

600 my

Table 1.3  Absorption Maximum of Azulene and Naphthalene

(mp) 670 400 270 240 190
Azulene

(loge) 250 3.60 4.65 4.35 4.25

(mp) 310 290 220 190 170
Naphthalene

(loge) 245 395 5.10 4.00 4.60

12

azulene
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1.2.2.
Bransted (

) (Fig. 1.3)

Fig. 1.3 Tropyliumion

(Scheme 1.5)

H0" H o

Azulene Azulenium ion

Scheme 1.5 Proton Addition of Azulene

1D (Fig. 1.4)

Co—0e

Fig. 1.4 Dipole Moment of Azulene

(Fig. 1.5)

|

|

VES
2 Y

—O—C0

Fig. 1.5 Resonance Structures of Azulene
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Brown
Friedel-Crafts Mannich
1- 1,3- @
(b) (Scheme 1.6) Friedel-Crafts
_ H X
00— o' —
(a) (b) ©
Scheme 1.6  Electrophilic Substitution
guaiazulene Vilsmeier
Friedel-Crafts 3
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1.2.3. NMR
Guaiazulene  'H-NMR 6.6 8.2 ppm

(Fig. 1.6) 1 5Hz
10 13 Hz Guaiazulene 3

2 6 8ppm

'H-NMR

Guaiazulene
H
1
! |
S S K | O A IO A

Fig. 1.6 'H-NMR Spectrum of Guaiazulene
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1.2.4.

Table 1.4 Pharmacological Effects of Azulene Compounds

Guaiazulene Chamazulene Sodium azulene sulfonate Egualen
1.
2 1
3.
4 2
5 3 4
6. 5
1
2
3
4
5
sodium
azulenesulfonate egualen
N-(azulene-1-carbonyl) glycineamide 10
11) 12)
(Fig. 1.7)
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o ﬁ# ﬁ#
H /\_\<O 2 O Tg\/COOH O \g\fCOOH

Antilipidemic action Antiulcer action

e

o

o e g 2

C o OR

s~ N\

Local anesthetic action

Fig. 1.7 Azulene Amide Derivatives

(Fig. 1.8)
R
N
e O
- N
e \
— ! O S
HNS-32 Gloxylpiperazine
Fig. 1.8 Azulene Compounds with New Pharmacological Effects
HNS-32 *¥
gloxylpiperazine )
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1.3.

18

SDS



Guaiazulene ( )
N,N-Dimethyl formamide (DMF) (99.5%) ( )
Phosphoryl chloride (99%) ( : )
Sodium hydroxide (93%) ( )
Benzene (1 )
Hydroxylamine hydrochloride (97%) ( )
1,4-Diazabicyclo[2.2.2]-octane (DABCO)  (Aldrich Chemical Co. INC.)
2-Chloro-1,3-dimethylimidazolinium Chloride (DMC) (97%) ( )
Dichloromethane ( )
2,3-Dichloro-5,6-Dicyano-p-Benzo Quinone (DDQ) (98%) (Aldrich Chemical Co. INC.)
Dichloromethane ( )
Diethyl Phosphite (95.0 ) ( )
Sodium dodecyl sulfate (SDS) (1 )
Tetrahydrofuran with stabilizer (THF) (1 )
Scandium Trifluoromethanesulfonate (Sc(OTf)3) (99%) (Aldrich Chemical Co. INC.)
Ethyl Acetate (1 )
Aniline  ( )
p-Chlorobenzaldehyde (98%) ( )
n-Propylamine ( : )
Isopropylamine  ( : )
Indium( ) Trifluoromethanesulfonate (In(OTf)3s)  (Aldrich Chemical Co. INC.)
2-Aminobenzamide (98+%) ( )
Iron( ) Chloride Hexahydrate (99.9%) ( )
Methanol  ( )
Ytterbium( ) Trifluoromethanesulfonate (Yb(OTf)3) (99.99%) (Aldrich Chemical Co. INC.)
Isobutyraldehyde (98%) (1 )
Acetic Acid (1 )
Cetyltrimethylammonium Bromide (CTAB) ( )
N-Hydroxysuccinimide (1 )
Formaldehyde (Formalin) (36-38%) (1 )
Benzaldehyde (98%) ( )
p-lsopropylbenzaldehyde (1 )
p-Chlorobenzaldehyde (98%) ( )
Cyclohexanone ( )
Decanoic Acid (1 )
p-Dimetylaminobenzaldehyde ( )
Butyric Acid  ( )
19



Benzoic Acid  ( )

Pivalic Acid ( )

S-Alanine (97%) ( )
o-Nitrophenol (98%) ( )
1-Phenyl-1-(trimethylsillyloxy)-ethylene  (Aldrich Chemical Co. INC.)
Dodecylbenzenesulfonic Acid (DBSA)  (Aldrich Chemical Co. INC.)
o-Anisidine (98%) ( )
Tetrafluoroboric Acid  ( )

p-Anisidine (1 )

o-Phenylenediamine ( )
o-Aminothiophenol  ( )
Palladium-Nanocage (Pd-Nanocage) ( )
1,3-Cyclohexadiene (97%) (Aldrich Chemical Co. INC.)
Palladium( ) Acetate ( )
Isoprene (1 )

Diethyl ether (1 )

Hexane (1 )

Acetone (1 )

Ethanol (99.5%) (1 )

Sodium sulfate (1 )

Wakogel C-200 (64 210um )

NMR  ( INM-LA400)

MS  ( JMS-SUN200)

IR ( FT-720)
(BUCHI  BUCHI 535)

20



3.1. 3-lsocyanoguaiazulene
N- Robinson  ®
6-aminoazulene

N-azulenylformamide (Scheme 2.1)

y N H(O)COC(O)CH3 OHCHN POC|3 , i-PerEt CN
2
20 ,94% 20 ,89%

Scheme 2.1 Synthesis of 6-Isocyanoazulene from 6-Aminoazulene

guaiazulene Vilsmeier 3-formylguaiazulene(1)
N-azulenylformamide(2) Isobe '® Keating " (Scheme
2.2) three-steps  3-isocyanoguaiazulene(3) (Scheme 2.3)
DMC, EtzN
OHCHN@ - CN@
rt., 78%
NCy NHCHO 1 tert-BuOK / THF e
ij 2. Triphosgene , DABCO / CH,Cl,
0 ,50%

Scheme 2.2  Synthesis of Isocyano Compounds

o — O — O — 0D
CHO NHCHO NC
Guaiazulene 1 2 3

Scheme 2.3  Synthesis of 3-Isocyanoguaiazulene(3)

21



3.11

(1-1) 3-Formylguaiazulene(1)

Guaiazulene 5.0 g (0.025 mol) (DMF)10 mL 50 mL
5.0 g (0.03 mol) 50
40
2 mol/L
- (1:1)
1 92 %

1: violet needles (ethanol), mp: 81.7-82.8

'H-NMR (CDCl;) §: 1.37 (6H, d, J = 6.8 Hz), 2.57 (3H, s), 3.13 (3H, s), 3.14 (1H, sept, J = 6.8 Hz), 7.41

(1H, d, J = 10.8 Hz), 7.56 (1H, dd, J = 2.2, 10.8 Hz), 8.21 (1H, s), 8.27 (1H, d, J = 2.2 Hz), 10.62 (1H, s).
IR (KBr) 1643 cm™ (v c=o).

EI-MS m/z: 226 (M, 40.22%), Calcd for C16H150: 225.8, Found: 226.1.

(1-2)
Guaiazulene DMF POCI; 40
3-formylguaiazulene(1)
92 % (Scheme 2.4)
1. DMF, POCI3 / Benzene
OO 2. NaOH ag. OO
) <50 ,40min CHO
Guaiazulene 1
Scheme 2.4  Synthesis of 3-Formylguaiazulene
1 MS m/z 226 "H-NMR 5 1.36
3.13-3.18 ppm 7 0 2.59 ppm 1
03.10 ppm 4 0 7.39-8.26 ppm
0 10.60 ppm IR
1643 cm* CHO (V c=0) 1
1 N-azulenylformamide(2)

22



(2-2) N-Azulenylformamide(2)
10.23 g (1.0 mmol) 0.21 g (3.0 mmol) 2 mol/L 4 mL
10 mL 1

] (4:1) 2 94 %

2: bluish green (ethanol), mp:138.8-140.2
'H-NMR (CDCls) 6:1.33 (6H, d, J = 6.8 Hz), 2.58 (3H,s), 2.95 (3H,s), 3.04 (1H, sept, J = 6.8 Hz), 7.01 (1H,
d, J = 10.6 Hz), 7.34 (1H, dd, J = 2.0, 10.6 Hz), 7.98 (1H,5), 8.07 (1H,d, J = 2.0 Hz), 9.01(1H,s)
IR (KBr) 3400cm™ (v n.1).
EI-MS m/z: 241 (M", 44.24%), Calcd for C16H1oNO: 241.2, Found : 214.1.

(2-2)
1 1
N-azulenylformamide (2) 94 % (Scheme 2.5)
1. NH,0OH HCI/ EtOH
OO 2. NaOH ag. OO
CHO reflux , 1h NHCHO
1 2
Scheme 2.5 Synthesis of N-Azulenylformamide
2 MS m/z 241 "H-NMR 1
0 10.60 ppm 0859ppm NH 09.03ppm CHO
IR 3400 cm™ NH (V nH)
2
2 3-isocyanoguaiazulene(3)

23



(3-1) 3-1socyanoguaiazulene(3)
2 0.07 g (0.3 mmol) 1,4-diazabicyclo[2.2.2]-octane (DABCO) 0.07 g (0.6 mmol) 6 mL
2-chloro-1,3-dimethylimidazolinium chloride (DMC) 0.05 g (0.3 mmol)

(4:1) 3 94 %

3: dark green needles (hexane), mp: 55.4
'H-NMR (CDCl;) ¢: 1.31 (6H, d, J = 6.8 Hz), 2.55 (3H, s), 3.00 (1H, sept, J = 6.8 Hz), 3.14 (3H, s), 6.97
(1H, d, J = 10.8Hz), 7.40 (1H, dd, J = 2.0, 10.8 Hz), 7.51 (1H, d, J = 2.0 Hz), 8.13 (1H, d, J = 2.0 Hz).
IR (KBr) 2100cm™ (v nc).
EI-MS m/z:223 (M", 58.3%), Calcd for C16H150: 223.2, Found : 223.1.

(3-2)
2 DABCO DMC 2
3-isocyanoguaiazulene(3) 94 % (Scheme 2.6)
DMC , DABCO / CH,Cl,
D e P
NHCHO NC
2 3
Scheme 2.6  Synthesis of 3-Isocyanoguaiazulene
3 MS m/z 223 "H-NMR 2 NH
CHO 68.59 9.03 ppm 2
IR 2100 cm™*

24



3.1.2

Guaiazulene three-step  3-isocyanoguaiazulene(3) (Scheme 2.7) 81%
1. DMF, POCly 1.NH,0H Hcl
Benzene O EtOH 0 DMC DABCO
2 NaOH aq. 2 NaOH ag. NHCHO CHZCIZ
guaiazulene

Scheme 2.7 Synthesis of 3-Isocyanoguaiazulene from Guaiazulene

40-50

3-cyanoguaiazulene

25



3.2.  7-lsopropyl-4-methylazulene-1,3-dicarbaldehyde (4)

3.2.1.
1 0.57 g (2.5 mmol)  2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ) 1.19 g (53 mmol) - (91
100mL 1

i (1) 4 60

4: red needles (ethanol), mp : 90.9-92.0
'H-NMR (CDCl3) 6: 1.41 (6H, d, J = 7.0 Hz), 3.21 (3H, s), 3.27 (1H, sept) , 7.78 (1H, d, J = 10.8 Hz), 7.84
(1H, dd, J = 2.2, 10.8 Hz), 8.74 (1H, s), 10.00 (1H, d, J = 2.2 Hz), 10.26 (1H, s), 10.59 (1H, s), 10.62 (1H, s).
EI-MS m/z: 240(M"), Calcd for C16H1605: 240.1, Found : 240.1.

3.2.2
Guaiazulene two-step  7-Isopropyl-4-methylazulene-1,3-dicarbaldehyde (4) (Scheme 2.8)

55%

CHO
1. DMF, POCl;
() e OO W
2. NaOH ag. Acetone Water
CHO

guaiazulene 4

Scheme 2.8 Synthesis of 7-Isopropyl-4-methylazulene-1,3-dicarbaldehyde (4)

26
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4.1. Azulenoid a -Amino Phosphonate

a -Amino phosphonate 19) 2) 21)

(Fig. 4.1.1)

v F.Co N (l'D)Me FONH:
HZNJ\”/N\./IID_OH 3 \ﬂ/ (“)\N
: OH oA
o - Ph
Alafosfalin

Antibacterial Agent Enzyme Inhibitor

Fig. 4.1.1 Biologically Active a -Amino Phosphonate Derivatives

o -Amino phosphonate 1
2 SnClz SnC|4
two-pot  two-step 22 (Scheme 4.1.1)
o Ph
oSy PM 4 H-P-ORt _SnClp or SnCly Ph\N)\(IP?—OEt
OEt H o Ort

Scheme 4.1.1 Synthesis of a -Amino Phosphonate using SnCl; or SnCl, as Catalysts

one-pot 3
SnClz SnC|4

o -amino phosphonate
) (Scheme 4.1.2)

Ph
? Yb(OTf); or Sc(OTH); o)
PhCHO + PhNH, + H-P-OEt = Phs B om
OEt CH,Cl,, r.t., 5h H (IJEt

Scheme 4.1.2 Synthesis of a -Amino Phosphonate Catalyzed by Yb(OTf); or Sc(OTf)3

o -amino phosphonate  one-pot 24)

%) 3-formylguaiazulene(1)
azulenoid o -amino phosphonate SDS (Fig. 4.1.2)

(Scheme 4.1.3)

28



I
NN 075709
o ©

Na
Fig. 4.1.2 Sodium Dodecyl Sulfate (SDS)

OEt Solvent, r.t., 24h

: O
1}
+ R- + H—-P- >
OO R-NH, + H-P-OEt O o

CHO HN  Oft
1 R

Scheme 4.1.3 Synthesis of Azulenoid a -Amino Phosphonates from 3-Formylguaiazulene

29



411

(1-1) a -Amino Phosphonate One-Pot
3-formylguaiazulene(1)  ** 0.17g (0.75 mmol) *2(0.75 mmol)
0.10g (0.75 mmol)  SDS 0.216g (0.75 mmol) 5mL THF
5 mL Sc(OTf); 0.03g (1 10mol%) 24
- (4:1) 1
5a 5b - (1:1) 6a 6b -
(1:2) 5¢ 5d - (4:1) 6¢
6d

1.
<2 .

5a: green needles (hexane), mp 122.1-124.1
'H-NMR (CDCls) 6:1.36 (6H, d, J = 6.8 Hz), 2.61 (3H, s), 3.06 (3H, s), 3.08 (1H, sept, J = 6.8 Hz),
7.13-7.23 (4H, m), 7.35-7.42 (3H, m), 8.16 (1H, d, J = 2.0 Hz), 8.41 (1H, s), 9.28 (1H, 3).
EI-MS m/z: 301 (M*, 5.6%), Calcd for Cy,HzsN : 300.5 Found : 301.2

6a: blue needles (ethanol), mp: 156.5-157.6
'H-NMR (CDCl;) ¢:0.87 (3H,t,J =7.1Hz), 1.28 (3H, t, J = 7.1 Hz), 1.32 (6H, d, J = 7.0 Hz), 2.54 (3H, 3),
3.02 (1H, sept, J = 7.0 Hz), 3.13 (3H, ), 3.22-3.28 (1H, m), 3.70-3.76 (1H, m), 4.04-4.15 (2H, m), 4.84 (1H, t,
J=7.8Hz),5.88 (1H, dd, J = 7.8, 15.2 Hz), 6.60-6.67 (3H,m), 6.94 (1H, d, J = 10.6 Hz), 7.03-7.07 (2H, m),
7.31 (1H, dd, J = 10.6, 2.0 Hz), 7.84 (1H, s), 8.05 (1H, d, J = 2.0 Hz).
IR (KBr) cm™: 3286.
EI-MS m/z: 439 (M", 3.87%), Calcd for C,gH34NO3P : 439.4, Found : 439.2.

5b: dark bluish green plate (ethanol), mp: 120.9
'H-NMR (CDCls) 6:1.36 (6H, d, J = 7.0 Hz), 2.61 (3H, s), 3.06 (3H, s), 3.09 (1H, sept, J = 7.0 Hz),
7.14-7.18 (3H, m), 7.30-7.33 (2H, m), 7.43 (1H, dd, J = 2.2, 10.7 Hz), 8.17 (1H, d, J = 2.2 Hz), 8.39 (1H, 9),
9.24 (1H, s).
EI-MS m/z: 335 (M", 3.94%), Calcd for C,,H»,CIN : 335.0, Found : 335.1.

30



6b: blue prisms (ethanol), mp: 153.5-155.2
'H-NMR (CDCl;) ¢:0.86 (3H,t,J =7.0 Hz), 1.27 (3H, t, J = 7.0 Hz), 1.32 (6H, d, J = 6.8 Hz), 2.53 (3H, 3),
3.02 (1H, sept, J = 6.8 Hz), 3.10 (3H, ), 3.19-3.29 (1H, m), 3.68-3.78 (1H, m), 4.04-4.15 (2H, m), 4.85 (1H, t,
J=8.1Hz),5.81 (1H, dd, J = 8.1, 22.8 Hz), 6.56-6.59 (2H, m), 6.97 (1H, dd, J = 1.6, 10.8 Hz), 6.97-6.99 (2H,
m), 7.32 (1H, dd, J = 2.2, 10.8 Hz), 7.79 (1H, s), 8.06 (1H, d, J = 2.2 Hz).
IR (KBr) cm™: 3286.
EI-MS m/z: 473 (M", 4.85%), Calcd for C,sH33CINO3P : 473.8, Found : 473.2.

5c¢: blue needles (hexane), mp: <25
'H-NMR (CDCls) 6:0.96 (3H, t, J = 7.4 Hz), 1.34 (6H, d, J = 6.8 Hz), 1.70-1.80 (2H, m), 2.57 (3H, s), 2.99
(3H, s), 3.05 (1H, sept, J = 6.8 Hz), 3.59 (2H, t, J = 7.0 Hz), 7.04 (1H, d, J = 10.6 Hz), 7.34 (1H. dd, J = 2.2,
10.6 Hz), 8.11 (1H, d, J = 2.2 Hz), 8.18 (1H, s), 9.09 (1H, 9).
EI-MS m/z: 267 (M"), 267, 252, 224, 209, Calcd for C1oH2sN : , Found : 267.2.

6¢: blue ail
'H-NMR (CDCls) 6:0.82 (3H, t,J = 7.5 Hz), 0.96 (3H, t, J = 7.0 Hz), 1.26 (3H, t, J = 7.0 Hz), 1.33 (6H, d,
J = 6.8 Hz), 1.37-1.47 (2H, m), 2.40-2.50 (2H, m), 2.60 (3H, s), 2.99 (3H, s), 3.02 (1H, sept, J = 6.8 Hz),
3.48-3.54 (1H, m), 3.80-3.86 (1H, m), 4.04-4.13 (2H, m), 5.13 (1H, d, J = 20.9 Hz), 6.88 (1H, d, J = 10.6 Hz),
7.28 (1H, dd, J = 2.2, 10.6 Hz), 7.86 (1H, s), 8.07 (1H, d, J = 2.2 Hz).
IR (KBr) cm™: 3305.

EI-MS m/z: 405 (M™), 268, 252, 224 , Calcd for C»3H3sNO5P : , Found : 405.2.

5d: blue needles (hexane), mp: <25

'H-NMR (CDCls) 6: 1.28 (6H, d, J = 6.2 Hz), 1.33 (6H, d, J = 7.0 Hz), 2.57 (3H, ), 2.97 (3H, s), 3.04 (1H,
sept, J = 7.0 Hz), 3,53 (1H, sept, J = 6.2 Hz), 7.03 (1H, d, J = 10.8 Hz), 7.33 (1H, dd, J = 1.8, 10.8 Hz), 8.10
(1H, d, J = 1.8 Hz), 8.18 (1H, s), 9.13 (1H, 9).

EI-MS m/z: 267 (M"), 252, 224, 209, 194 , Calcd for C1gHxsN :, Found : 267.2.

6d: blue oil
'H-NMR (CDCls) 6:0.92 (3H, t,J = 6.9 Hz), 0.98 (6H, d, J = 5.9 Hz), 1.28 (3H, t, J = 7.1 Hz), 1.32 (6H, d,
J = 6.8 Hz), 2.60 (3H, s), 2.67 (1H, sept, J = 6.9 Hz), 3.03 (3H, s), 3.03 (1H, sept, J = 7.1 Hz), 3.41-3.47 (1H,
m), 3.77-3.83 (1H, m), 4.07-4.21 (2H, m), 5.20 (1H, d, J = 22.5 Hz), 6.87 (1H, d, J = 10.7 Hz), 7.27 (1H, dd,
J=2.0,10.7 Hz), 7.82 (1H, s), 8.06 (1H, d, J = 2.0 Hz).
IR (KBr) cm™: 3303.

EI-MS m/z: 405 (M™), 268, 252, 224 , Calcd for C»3H3sNO5P : , Found : 405.2.
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(1-2)

1 Sc(0Tf);3 24 5a-5d
6a-6d (Table 4.1.1)
Table 4.1.1 One-Pot Synthesis of Azulenoid a -Amino Phosphonates
o]
ST S o PR
OFEt Solvent , r.t., 24h P—OEt
CHO W Okt N
R R
1 6a-6d 5a-5d
Product R-NH, Solvent Yield of 6(%) Yield of 5(%) Recovery of 1(%)
SDS-Water 3 trace trace
a NH,
@ THF 42 3 8
SDS-Water trace trace trace
b CI—<: i)*NHZ
THF 63 9 16
SDS-Water trace trace trace
C /\/NHZ
THF 53 5 7
SDS-Water 0 0 94
d NH
Dk THF 43 5 34
5a MS m/z 301 "H-NMR 1 3
0 10.62 ppm 0 7.13-7.23 ppm o
7.35-7.42 ppm 0 8.41 ppm
5a
6a MS m/z 439 IR
3302cm™  N-H "H-NMR 5a
2 03.22-3.28 ppm ¢ 3.70-3.76 ppm
0 4.04-4.15 ppm 00.87 ppm ¢ 1.28 ppm
05.88 ppm 6a
50  MS m/z 335 "H-NMR 1 3
0 10.62 ppm 0 7.14-7.18 ppm
0 7.30-7.33 ppm 0 8.39 ppm
5b
6b MS m/z 473 IR
3286 cm™  N-H "H-NMR 1 J
10.62 ppm 06.56-6.59 6.97-6.99 ppm
03.19-3.29 3.68-3.78 4.04-4.15 ppm 00.86
1.27 ppm 05.81 ppm 6b
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5c  MS m/z 267 'H-NMR

1 3
0 10.62 ppm n-
01.70-1.80 ppm ¢ 3.59 ppm 00.96 ppm
08.18 ppm 5¢c
6c MS m/z 405 IR
3305¢cm™  N-H "H-NMR 1 3
0 10.62 ppm n- 0
1.37-1.47 ppm ¢ 2.40-2.50 ppm 2 0 3.48-3.54 ppm o
3.80-3.86 ppm 0 4.04-4.13 ppm 00.96 ppm 0 1.26 ppm
05.13 ppm 6c
5d MS mlz 267 "H-NMR 1 3
0 10.62 ppm iso-
0 1.28 ppm ¢ 3.53 ppm 08.18 ppm
5d
6d MS m/z 405 IR
3303cm™  N-H "H-NMR 1 3
0 10.62 ppm iso- 00.98 ppm
03.03 ppm 2 03.41-3.47 ppm ¢ 3.77-3.83 ppm 0 4.07-4.21
ppm 00.92 ppm 6 1.28 ppm 05.20
ppm 6d
THF 6a-6d
6a 3% 6b 6C
CTAB
(Fig. 4.1.3) 1
/\/\/\/\/\/\/\/\,16
| ©g

Fig. 4.1.3 Cetyltrimethylammonium Bromide (CTAB)

two-pot
THF
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(2-1) a -Amino Phosphonate Two-Pot

(2-1-1)
10.17g (0.75 mmol) (0.75 mmol) (0.375 mmol) 5mL
THF 5 mL 24
- (4:1) 1 5a 5b
(2-1-2)
1 24 5a 5b (Table 4.1.2)
Table 4.1.2  Synthesis of Imines from 3-Formylguaiazulene and Amines
+ R-NH >
? Solvent , r.t., 24h
CHO _N\R
1 5a, 5b
Product R-NH, Solvent  Yield of 5(%) Recovery of 1(%)
SDS-Water 29 54
a ¢ > NH,
T THE A L
SDS-Water 59 19
b o= Y. CTABWater 14 85
THF 19 77
THF SDS-Water
Scheme 1.4.4 THF
SDS-Water SDS
CTAB SDS 5b

o -amino phosphonate

LC~H NHPh y
0 C-H
o HO Ph

9, e — wo (1
NH,Ph Ry
C-H
o)

Scheme 1.4.4 Reaction Mechanism
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(2-2-1)

(1:1)

(2-2-2)

two-pot

o -Amino Phosphonate

(0.15 mmol) 0.02g (0.15 mmol) (0.075 mmol)
3mL THF 3mL (1 10mol%)
24
(4:1) 1 5a 5b -
6a 6b
24
5a 5b 6a 6b (Table 4.1.3)

Table 4.1.3 Two-Pot Synthesis of Azulenoid a -Amino Phosphonate Derivatives

o Catalyst O
0 + H-P-OEt - 0 OO
1]
OEt Solvent, rt., 24h P—OEt
=N HN
\ |

OEt CHO
R R
5a, 5b 6a, 6b 1
Imine® Solvent Catalyst Yield of 6(%) Recovery of 5(%) Yield of 1(%)
G\:N© SDS-Water Sc(0TH), trace 73 0
5 THF 30 45 0
Sc(OTf), trace 49 4
. SDS-Water  In(OTf), 5 33 9
h g Yb(OTH),” 2 58 14
5b CTAB-Water Sc(OTf)3 2 66 8
THF Sc(0TH)3 33 trace
a) : G is Guaiazulene
b) : 20 mol%
one-pot THF
THF 1 6a 3% 6b 6% one-pot
One-pot
2

5b
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pH
pH
pH 2

1.5

SDS

SDS-Water
SDS

3 4
SDS

(pH 3

5b
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SDS-Water

pH 7

SDS-Water
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4.1.2.
3-Formylguaiazulene azulenoid o -amino phosphonate
6a-6¢ (Scheme 1.4.5)

(0]
Sc(OT
DR s L S P o

OFEt SDS-Water , r.t., 24h IIIDI—OEt
CHO HN  oft

R
1 6a-6¢

Scheme 1.4.5 Synthesis of Azulenoid a -Amino Phosphonate Derivatives in SDS-Water

THF SDS
SDS
SDS
azulenoid o -amino phosphonate
one-pot  two-step
one-pot
SDS-Water Aldol 1- -1-
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4.2. 2-Azulenoid 4(3H)-Quinazolinone

150 2- 4(3H)-
(Fig. 4.2.1)
26)
(0] (0]
CC CC
N/)\ Cl N/)\
Mecloqualone Methaqualone

Fig. 4.2.1 Psychotropic Drugs
2- 4(3H)-

(Scheme 4.2.1)

. H,NOCH,C
NH N\ vi N v 2 2 Z
| - NH X -
= = | X
N = N
N

Loutonin F (anti-tumor)

(i) NaBH,, MeOH (85%); (ii) SOCI,, benzene (96%); (iii) KCN, Kl, 80% EtOH (62%)
(iv) H,SO, (71%); (v) isatoic anhydride, 200-210  (43%); (vi) MnO,, CHClj, sunlight (36%)

Scheme 4.2.1

Wang *” 2-
() 2- 4(3H)-
(Scheme 4.2.2)

—~
~—

(0]
FeCl; 6H,0
NH, + RCHO — NH
H,0 , reflux
N 2 PR
Anthranilamide

Scheme 4.2.2 FeCl; 6H,0-Catalyzed Synthesis of 2-Substituted 4(3H)-Quinazolinines
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Wang 3-formylguaiazulene(1)
4(3H)-quinazolinone (Scheme 4.2.3)

0 HN

H,N
P ) e (1,
Solvent /\n/\©
1 o]
Scheme 4.2.3  Synthesis of 2-Azulenoid 4(3H)-Quinazolinone
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4.2.1.

(1-1)
10.045g (0.2 mmol)  2- 0.027g (0.2 mmol) FeCl; 6H,0 0.11g (0.4 mmol)
4 mL 90 1
- (2:1) 1
(1-2)
1 2 FeCl; 6H,0 90 1
(Scheme 4.2.4)

HN

p ok a0 _ ()
OO H,0,9 ,1h /)N‘;Q
o}
1 0% (Recovery of 1 : 73%)

Scheme 4.2.4  Synthesis of 2-Azulenoid 4(3H)-Quinazolinone in Water

1 FeC|3 6H,0 2-
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(2-1) One-Pot

10.045g (0.2 mmol)  2- 0.027g (0.2 mmol) SDS 0.029¢g (0.1 mmol)
4 mL MeOH  EtOH 4 mL FeCl; 6H,0 0.11g (0.4mmol)
(0.02 mmol)
- (2:1) 1 7

7: blue needles (ethanol, hexane)
'H-NMR (CDCls) ¢: 1.35 (6H, d, J = 6.8Hz), 2.64 (3H, s), 2.76 (3H, s), 3.09-3.15 (1H, m), 7.20 (1H, d, J =
10.8Hz), 7.45-7.50 (1H, m, Ph), 7.54 (1H, dd, J = 2.0, 2.0Hz), 7.76-7.77 (2H, m, Ph), 7.81 (1H, s), 8.28 (1H,
d, J = 2.0Hz), 8.30-8.32 (1H, m, Ph), 9.02 (NH, s).
EI-MS m/z : 342(M", 39.78%), Calcd for C,3H»,N,0 : 342.0, Found : 342.2.

(2-2)
1 2 7 (Table 4.2.1)
Table 4.2.1 Synthesis of 2-Azulenoid 4(3H)-Quinazolinone
HoN
D0 - e ) e T,
Solvent z
EHO o HN\”/\©
o)
1 7
Reaction Yield of Recovery
Entry Solvent Catalyst  Temperature( ) Time (h) 7 (%) of 1 (%)

1 r.t. 1 trace 43
2 FeCl; 6H,0 ! 2 3
3 80 2 8 28

4 24 1

. SDS-Water 100 5

In(OTf), 1
6 r.t. 0 87
7 Sc(OTf), . 1 0 57
8 Yb(OTHf), o 0 96
9 MeOH 0 0
FeCl; 6H,0 reflux 1
10 EtOH 0 0
7 MS m/z 342 "H-NMR 3 7.45-7.50
ppm ¢ 7.76-7.77 ppm 0 9.02 ppm NH
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Entry 1,2 7

9,10)

SDS-Water

SC(OTf)3

Yb 2
FeC|3

6H,0

MeOH EtOH
(Entry 5-8) 7
In
FeC|3 6H,0
(Entry 2-4)
2 7 1
7
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(3-1)
10.045g (0.2 mmol)  2- 0.027g (0.2 mmol) (0.1 mmol)
4 mL

- (2:1) 1 8

8: blue needles (ethanol, hexane), mp : 165.6
'H-NMR (CDCl3) 6: 1.36 (6H, d, J = 6.8Hz), 2.63 (3H, s), 2.98 (3H, ), 3.05-3.12 (1H, m), 4.44 (1H, ),
5.85 (1H, s), 6.68 (1H, d, J = 7.6Hz), 6.82 (1H, s), 6.89-6.92 (1H, m), 7.07 (1H, d, J = 10.8Hz), 7.31-7.35 (1H,
m, Ph), 7.43 (1H, dd, J = 2.0, 1.6Hz), 7.97-7.99 (1H, m, Ph), 8.09 (NH, s), 8.22 (1H, d, J = 2.0Hz).
EI-MS m/z : 344(M", 25.96%), Calcd for C,3H»4N,0 : 343.3, Found : 344.2.

(3-2)
1 2 8 (Table 4.2.2)
Table 4.2.2  Synthesis of Intermediate
H,N
¥ Hsz — OO N
Solvent
EHO o HN\”/\©
o]
1 8
Entry  Solvent  Temperature( ) R_eactlon Yield of 8 (%) Recovery of 1 (%)
Time (h)
1 r.t. 1 0 79
2 1 20 74
SDS-Water
3 100 3 5 74
4 o 24 0 20
5 CTAB-Water 100 1 2 92
8 MS m/z 344 'H-NMR 5 4.44 ppm
0585ppm 68.09ppm NH 0 6.86 ppm
06.89-6.92 ppm ¢ 7.31-7.35 ppm ¢ 7.97-7.99 ppm
8
(Entry 1,2) 8
8 (Entry 2-4)
azulenoid o -amino phosphonate CTAB

(Entry 2,5)
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(4-1) 2-Azulenoid 4(3H)-Quinazolinone

80.034g (0.1 mmol) SDS 2 mL FeCl; 6H,0 0.054g (0.2 mmol) 1
- (2:1)
7 8
(4-2)
8 FeCl; 6H,0 SDS-Water 1 7 (Table 4.2.3)

Table 4.2.3  Synthesis of 2-Azulenoid 4(3H)-Quinazolinone Derivative in SDS-Water

O H FeCI3 6H,0 O
N
SDS-Water, 1 h
HN

o} o}
8 7

Temperature( ) SDS (mmol) Yield of 7 (%) Recovery of 8 (%)

100 0.1 2 14
0.1 6 25
r.t.
0.2 5 25
SDS  0.1mmol
8 0.2mmol

o -amino phosphonate
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4.2.2.

FeCl; 6H,0 2-azulenoid 4(3H)-quinazolinone
2 1 one-pot
8 Wang
Scheme 4.2.5
o]
3+
i, _RCHO d _Fe
-H,0
NH,

Scheme 4.2.5 Reaction Mechanism

8 one-pot two-step

CTAB SDS 8
CTAB SDS
CTAB
SDS
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5.1. Passerini Azulene Amide
Passerini 3 a-
one-pot  one-step %)

(Scheme 5.1.1)

@) nonpolarsolvent g1 R?2R® O
> AN

RZ°R® R4 OH 0 tort. N 0~ "R
(0]
a - Acyloxycarboxamides

Scheme 5.1.1 Passerini Reaction

) (Scheme 5.1.2)

2
R MeOH RZ O 1. 10% CF4COOH O R2 O
RLNC + H 18h, r.t. CH.CI
BocHN —————— BocHN NHR! o -
o RY N NHR!
(o) 0] then o o 2. PS-N-methylmorpholin H
+ PS-TSNHNH, e CHLCl, OH
R®” “OH CH,Cl, R3 Nor-statine library
S
, <CN . \\
NC COOH 19 ¢t rt. 0 ¥ 1.Et;N, MeOH , r.t.
—_— f

0
s Et,0, 6h 0 N\O 2.6N HCI, MeOH , 10
+
\ /) CHO CN o]

N-cyclopentyl-3-thiophenyl-
4-cyano-2,5-dihydro-
5-oxofuran-2-carboxamides
Scheme 5.1.2 Passerini Reaction using Various Isocyanides
%0) 3-isocyanoguaiazulene(3)
Passerini (Scheme 5.1.3)
SDS CTAB

(Fig.. 5.1.1)

j.J\ JO]\ O z
+ + > O RL R
OO RISR2  R3OH  Solvent, r.t., 20h \\QLO R?
HN—(" O
NC o)
(0]
3

Scheme 5.1.3 Passerini Reaction using 3-lsocyanoguaiazulene
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Q
-5-00©
O Na

S Br
Sodium Dodecyl Sulfate (SDS) Cetyltrimethylammonium Bromide (CTAB)

Fig..5.1.1 SDSand CTAB
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5.1.1.

(1-1)
30.045g (0.2 mmol) 0.029g (0.4 mmol) * 0.024g (0.4 mmol)
(0.1 mmol) 4 mL 4 mL 20
(4:1) 3 - (4:1) %9a
- (2:1) 10a
*3 - Solvent-free 1.15g (16.0mmol)

9a: green prisms (ethanol), mp:134.6-149.4
'H-NMR (CDCl3) : 0.87-0.90 (6H, m), 1.32 (6H, d, J = 6.8 Hz), 2.24 (3H, s), 2.47 (1H,m), 2.60 (3H, ),
2.91 (3H, s), 2.98 (1H, sept, J = 6.8 Hz), 5.32 (1H, d, J = 4.4 Hz), 6.71 (1H, d, J = 10.8 Hz), 7.23 (1H, dd, J =
2.0, 10.8 Hz), 7.99 (1H, s), 8.04 (1H, d, J = 2.0 Hz), 8.39 (NH, s).
EI-MS m/z: 355(M", 40.60%), Calcd for C»,H»9NO3 : 355.7 , Found : 355.2.

10a: blue needles (hexane), mp:149.1
'H-NMR (CDCl;) 4: 0.90 (3H, d, J = 6.8 Hz, CH5), 1.04 (3H, d, J = 7.2 Hz, CHs), 1.25 (6H, d, J = 6.8 Hz),
2.28-2.44 (1H, sept, J = 3.2 Hz), 2.54 (3H, s), 2.85 (4H, s), 4.14 (1H, d, J = 2.8 Hz), 6.62 (1H, s), 7.13(1H, d,
J=11.2 Hz), 7.95 (1H, s), 8.00 (1H, s), 8.98 (NH, s).
EI-MS m/z: 313(M", 98.02%), Calcd for C»0H»7NO; : 313.1, Found : 313.2.

(1-2)
3 20 9a 10a
(Table 5.1.1)

Table 5.1.1 Comparison of Two Surfactants

+)\ + CH;COOH  Solvent OO o) OO o
OO cHo — . o I o
rt., 20h O HN
NC N

3 9a 10a

Solvent  Yield of 9a(%) Yield of 10a(%) Recovery of 3(%)

CTAB-Water 52 0 12
SDS-Water 9 27 28
Solvent-free 42

Benzene 85 0 4
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9a MS m/z 355 'H-NMR 50.87-0.90

ppm ¢ 2.47 ppm 02.24 ppm 05.32
ppm 08.39ppm NH
%9a
10a MS m/z 313 'H-NMR 5 1.25 ppm
0 4.14 ppm 0 8.98 ppm
NH 10a
CTAB-Water 9a 52% SDS-Water 9%
10a 27% 10a
CTAB %9a
8.0mmol 4.0mmol 9a13% 10a 1 0%
%9a
SDS CTAB
Mironov
Mironov Passerini
q -
(Scheme 5.1.4) SDS
10a
%9a 10a (2-1)
RLNG & fl\ ¢ o Lewis or Bronsted acid= Ri R2 R®
R2” RS Solvent N OH
o}

o - Hydroxycarboxamides

Scheme 5.1.4 Synthesis of a -Hydroxycarboxamides

Mironov N- (11) OH
(A)
(Scheme 5.1.5) CTAB OH
Passerini
(B) ©) (D)
(Scheme 5.1.6) (3-1)
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o R*OH OH R3-NC R “COOH Rl\)J\
R~ =—= R—XH > Oy
OR* 2 N. 3
H R R
A o)
0
R%-OH = H,0 HO-N:j
0
11

Scheme 5.1.5 Reaction Route Proposed by Mironov et al.

Rl
o) o) oM R4 N=G O R2 R3
+ O H—> N )QWNHR“
RlJ\OH RZJ\R \J\TQ/ R /)Y e o

Scheme 5.1.6  Widely-Accepted Reaction Route
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(2-1)

0}

30.045g (0.2 mmol) 0.029g (0.4 mmol) 0.024g (0.4 mmol) SDS
0.029g (0.1 mmol) CTAB 0.036g (0.1 mmol) 4 mL
(2-2)
Table 5.1.2
Table 5.1.2 Reaction Progress in SDS-Water or CTAB-Water
SDS | CTAB
0
5
10 3 10a 9a 3 9a 10a
30 3 9a 10a 3 %a 10a
3 9a
! 10a %
2 3 9a 10a 3 9a 10a
4 3 9a
6 3 9a
! 9a
19 3 10a 9a
20 9a 10a -
TLC SDS-Water 10 9a
10a 10a
CTAB-Water 10 9a
SDS-Water 9a
10a SDS-Water
SDS-Water 10a 3
(Scheme 5.1.7)
H0 + JI == (')___LRl — RZ —> HO NHR3
R” "R2 H \Rz\/ |
R® N

Scheme 5.1.7 Reaction Mechanism with Water Instead of Carboxylic Acid
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Mironov CTAB OH

1

(3-1)

30.045g (0.2 mmol) 0.029g (0.4 mmol) 0.024g (0.4 mmol)

4 mL 0.025¢g (1.4 mmol) 11 0.0469g (0.4 mmol)
20
- (4:1) 3 - (4:1)

%9a - (2:1) 10a
(3-2)

3 20 9a 10a
(Table 5.1.3)

Table 5.1.3 Effect of Nucleophiles

+)\ + CHsCOOH  Solvent OO 0 OO o
) e St o f on
rt., 20h O HN
NC H

3 9a 10a
Solvent Yield of 9a(%) Yield of 10a(%) Recovery of 3(%)
Solvent-free + 11 62 (42) 0(0) 0 (0)
Solvent-free + H,O 74 (42) 0(0) 0 (0)
Benzene + H,0 91 (85) 0(0) 0(4)
MeOH 32 7 22
THF 19 0 49

: () = Yield of product without H,O or 11

1 9a 42 62
74 10a

MeOH THF 9a MeOH
MeOH
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(4-1)

30.045g (0.2 mmol) (0.4 mmol) * (0.4 mmol)
(0.1 mmol) 4 mL 4 mL
20
(4:1) 3 - (4:1) od
- (2:1) 9 9c 9% 9f  10b-10f
** 1 HCHO 4.0 mmol

9b: green needles (ethanol), mp :137.8
'H-NMR (CDCl;) ¢ :1.31 (6H, d, J = 6.8 Hz), 2.22 (3H, s), 2.59 (3H, s), 2.91 (3H, S), 2.97 (1H, sept, J =
6.8 Hz), 4.77 (2H, s), 6.73 (1H, d, J = 10.8 Hz), 7.22-7.24 (1H, dd, J = 2.0, 10.4 Hz), 7.93 (1H, s), 8.04 (1H, d,
J = 2.0 Hz), 8.46 (NH, 9).
EI-MS m/z: 313(M", 52.62%), Calcd for C1oH»3NO3 : 313.2 , Found : 313.2.

10b: green powder (ethanol), mp :169.5
'H-NMR (DMSO-ds) 6 : 1.21 (6H, d, J = 6.8 Hz), 2.49 (3H, s), 2.78 (3H, s), 2.95 (1H, sept, J = 6.8 Hz),
3.95 (2H, d, J = 6.0 Hz), 5.76 (1H, t, J = 6.0 Hz), 6.70 (1H, d, J = 10.8 Hz), 7.24 (1H, dd, J = 2.0, 10.8 Hz),
7.63 (1H, s), 7.97 (1H, d, J = 2.0 Hz), 9.53 (NH, s).
EI-MS m/z: 271(M", 62.04%), Calcd for C17H21NO, : 271.2 , Found : 271.2.

9c: green prisms (ethanol), mp: 156.2
'H-NMR (CDCl;) ¢ :1.32 (6H, d, J = 6.8 Hz), 2.26 (3H, s), 2.77 (3H, s), 3.00 (1H, sept, J = 6.8 Hz), 6.32
(1H, s), 6.68 (1H, d, J = 10.8 Hz), 7.22 (1H, dd, J = 2.0, 10.8 Hz), 7.40-7.42 (3H, m), 7.53-7.55 (2H, m), 7.97
(1H, s), 8.02 (1H, d, J = 2.0 Hz), 8.44 (NH, 9).
EI-MS m/z: 389(M", 87.35%), Calcd for CasH2;NO3 : 389.3 , Found : 389.2.

10c: green powder (hexane), mp: 142.5
'H-NMR (CDCls) 6 : 1.28 (6H, d, J = 6.8 Hz), 2.15 (1H, d, J = 0.8 Hz, OH), 2.54 (3H, s), 2.57 (3H,9),
2.90-3.00 (1H, sept, J = 6.8 Hz), 5.25 (1H, d, J = 0.4 Hz), 6.62 (1H, d, J = 10.4 Hz), 7.16-7.19 (1H, dd, J =
1.2, 2.0 Hz), 7.35-7.44 (3H, m, Ph), 7.51 (2H, d, J = 7.2 Hz, Ph), 7.94 (1H, s), 7.99 (1H, d, J = 2 .0 HZ),
8.31(NH, s).
EI-MS m/z: 347(M", 100.00%), Calcd for Cy3HsNO, : 347.0 , Found : 347.2.

9d: blue prisms (hexane), mp: 193.5
'H-NMR (CDCls) 6:1.23 (6H, d, J = 6.8 Hz), 1.29-1.35 (6H, m), 2.23 (3H, s), 2.56 (3H, s, CH3), 2.72 (3H,
s, CH3), 2.89-2.96 (2H, sept, J = 6.8 Hz), 6.28 (1H, s), 6.65 (1H, d, J = 10.4 Hz), 7.17-7.20 (1H, dd, J = 2.0,
1.6Hz), 7.25 (2H, d, J = 6.4 Hz), 7.44 (2H, d, J = 8.0 Hz, Ph), 7.99 (2H, m, Ph), 8.39(NH, s).
EI-MS m/z: 431(M", 59.05%), Calcd for C,gH33NO3 : 430.7 , Found : 431.2.
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10d: green needles (ethanol, hexane), mp : 106.7
'H-NMR (CDCls) 6:1.24 (6H,d, J = 4.2 Hz), 1.29 (6H, d, J = 6.8 Hz), 2.53 (3H, 5), 2.57 (3H, 5), 2.88-2.97
(2H, sept, J = 7.2 Hz), 3.75 (1H, d, J = 2.4 Hz, OH), 5.20 (1H, d, J = 2.4 Hz), 6.61 (1H, d, J = 10.8 Hz),
7.15-7.18 (1H, dd, J = 2.0, 2.0 Hz), 7.26 (2H, d, J = 8.0 Hz, Ph), 7.41 (2H, d, J = 8.4 Hz, Ph), 7.96 (1H, s),
7.99 (1H, d, J = 2.0 Hz), 8.37 (NH,s).
EI-MS m/z: 389(M", 57.64%), Calcd for C»sH3:NO, : 389.3 , Found : 389.2.

9e: blue prisms (hexane), mp:154.2
H-NMR (acetone-dg) o:1.18 (6H, d, J =6.8 Hz), 2.44 (3H, d, J = 9.2 HZz), 2.65 (3H, s), 2.67 (3H, s), 2.91
(1H, m), 6.03 (1H, s), 6.67 (1H, d, J = 10.8 Hz), 7.20 (1H, m), 7.35-7.36 (2H, m, Ph), 7.44 (1H, d, J = 4.8 Hz),
7.52-7.54 (2H, m, Ph), 7.99 (1H, d, J = 2.0 Hz), 9.19 (NH, s).
EI-MS m/z: 423(M", 44.65%), Calcd for CpsH26CINO3 : 423.8, Found : 423.2.

10e: blue needles (acetone, hexane), mp : 126.3
'H-NMR (CDCls) 6:1.29 (6H, d, J = 6.8 Hz), 2.56 (3H, s), 2.63 (3H, ), 2.93-2.96 (1H, m), 3.74 (1H, d, J=
3.2 Hz), 5.23 (1H, d, J = 2.0 Hz), 6.65 (1H, d, J = 11.2 Hz), 7.17-7.20 (1H, dd, J = 2.0, 2.0 Hz), 7.37 (2H, d,
J=8.4 Hz, Ph), 7.45 (2H, d, J = 8.4 Hz, Ph), 7.91 (1H, s), 8.00 (1H, d, J = 2.0 Hz), 8.49 (NH, s).
EI-MS m/z: 381(M", 100.00%), Calcd for C,3H,4CINO; : 381.7, Found : 381.1.

of: blue needles (acetone), mp : 100.3
'H-NMR (CDCl;) ¢:0.85 (3H, t, J = 6.8 Hz, CH3), 1.22-1.30 (12H, CH,x 6, and 3H, m), 1.29 (6H, d, J =
7.2 Hz), 1.61-1.69 (2H, CH,, and 3H, m), 1.91 (2H, ddd, J = 4.0, 3.2, 3.2 Hz), 2.33-2.41 (2H, CH,, and 2H,
m), 2.56 (3H, s), 2.86 (3H, s), 2.92-2.99 (1H, m), 6.68 (1H, d, J = 10.4 Hz), 7.19 (1H, dd, J = 2.0, 2.4 Hz),
7.84 (1H, s), 7.92 (NH, s), 8.00 (1H, d, J = 2.0 Hz).
EI-MS m/z : 493(M*, 17.44%), Calcd for C,H4NO3 : 493.5 , Found : 493.4.

10f: green needles (acetone, hexane), mp : 190.5
'H-NMR (CDCl;) ¢ :1.30 (6H, d, J = 6.8Hz), 1.71-1.73 (7H, m), 2.07 (2H, ddd, J = 4.0, 4.0, 5.2 Hz), 2.32
(1H, s), 2.58 (3H, ), 2.91 (3H, s), 2.94-2.97 (1H, m), 6.66 (1H, d, J = 10.4Hz), 7.16-7.19 (1H, m), 7.99 (1H,
d, J = 1.6Hz), 8.05 (1H, s), 9.33 (NH, ).
EI-MS m/z : 339(M", 18.63%), Calcd for C,,H2NO, : 339.3 , Found : 339.2.
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(4-2)

3 20 9b-of
10b-10f (Table 5.1.4)
Table 5.1.4 Comparison of Various Reagents
o) Solvent
O + Jl _+ R¥-COOH ———» OO o) OO
RY” "R? r.t., 20h OJJ\ , o
NC N& R NJY
H gt R? H r1 R?
3 9b-9f 10b-10f
Yield of Yieldof  Recovery
1 2 3
Product R'COR R°COOH Solvent 9 (%) 10 (%) of 3 (%)
b HCHO CH,COOH CTAB-Water 53 30 trace
SDS-Water 0 11 0
CTAB-Water 25 61
C < >*CHO CH,COOH
= ’ SDS-Water trace 0
CTAB-Water 41 49
d >—< :FCHO CH,COOH
’ SDS-Water 0 17 35
CTAB-Water 72 0 16
e CI—< :FCHO CH,COOH
’ SDS-Water 0 26 0
CTAB-Water 82 trace 0
SDS-Water 52 13 0
THF 81 0 0
f CH3(CH,)sCOOH
{0 S(CHe)s MeOH 47 13 0
Benzene 46 0 32
Benzene + H,0* 70 0 0
:H,O 0.025g (1.4mmol)
9b MS m/z 313 'H-NMR 52.23 ppm
04.77 ppm 08.46 ppm NH
9b
10b  MS m/z 271 'H-NMR 5 3.95 ppm
0 5.76 ppm 0 9.53 ppm
NH 10b
9 MS m/z 389 'H-NMR 5 7.40-7.42
ppm ¢ 7.53-7.55 ppm 02.26 ppm
0 6.32 ppm 0844 ppm NH
9c
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10c MS m/z 347 'H-NMR 07.35-7.44
ppm ¢ 7.50-7.52 ppm 05.25 ppm
0 2.15 ppm 0831 ppm NH
10c
od MS m/z 431 'H-NMR 52.23 ppm
0123 ppm 6 1.29-1.35 ppm
o744 ppm  67.99 ppm 0839ppm NH
9d
10d  MS m/z 389 'H-NMR 5 1.24 ppm
0 1.29 ppm 07.26 ppm ¢ 7.41 ppm
0 837 ppm NH 10d
% MS m/z 423 'H-NMR 5 2.44 ppm
0 1.18 ppm 0 7.35-7.36
ppm  J 7.53 ppm 09.19 ppm NH
%e
10e  MS m/z 381 'H-NMR 5 1.29 ppm
07.37ppm o 7.45ppm
0849ppm NH 10e
of MS m/z 493 "H-NMR
0 0.85 ppm
01.91 ppm 01.22-1.30 ppm 6 1.61-1.69 ppm o
2.33-2.41 ppm 07.92ppm NH of
10f  MS m/z 339 "H-NMR
01.71-1.73 ppm ¢ 2.07 ppm ¢ 2.32 ppm 09.33

ppm  NH

10f



(Product ¢, d, &) CTAB-Water
9c-9e SDS-Water 10c-10e

46% 70%

(Product f)

CTAB 82% SDS-Water

Passerini
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(5-1)

30.045g (0.2 mmol) (0.4 mmol) * (0.4 mmol)
(0.1 mmol) 4 mL 20
- (4:1) 3
- (4:1) 9m-9r - (2:1) 9g-9i
9k 9l 10g 9j
** 1 HCHO 4.0 mmol

9g: blue needles (acetone, ethanol), mp : 182.2
'H-NMR (CDCl;) 6:0.97 (3H, t, J = 7.2 Hz, CH3), 1.23 (6H, d, J = 6.8Hz), 1.29 (6H, d, J = 7.2 Hz), 1.72
(2H, sixth, J = 14.8 Hz, CH,), 2.46 (2H, t, J = 7.6 Hz, CH,), 2.56 (3H, s), 2.72 (3H, s), 2.86-2.99 (2H, m, C-H
x 2), 6.29 (1H, s, C-H), 6.65 (1H, d, J = 10.4 Hz), 7.19 (1H, dd, J = 2.0, 2.0 Hz), 7.23-7.25 (2H, m, Ph), 7.43
(2H, d, J =8.0 Hz, Ph), 7.96 (1H, s), 8.00 (1H, d, J = 2.0Hz), 8.39 (NH, s).
EI-MS m/z : 459(M*, 0.57%), Calcd for CaoH37NO3 : 460.1 , Found : 459.3.

9h: blue needles (acetone, ethanol), mp : 199.5
'H-NMR (CDCl;) ¢:0.97 (3H, t, J = 7.2 Hz, CH3), 1.30 (6H, d, J = 6.8 Hz), 1.72 (2H, sixth, J = 14.8 Hz,
CH,), 2.46 (2H, t,J = 7.2 Hz, CH,), 2.56 (3H, s), 2.81 (3H, s), 2.93-3.00 (1H, m), 6.26 (1H, s, C-H), 6.70 (1H,
d, J = 10.8 Hz), 7.22 (1H, dd, J = 2.0, 1.6 Hz), 7.34-7.37 (2H, m, Ph), 7.44-7.47 (2H, m, Ph), 7.90(1H, s),
8.02 (1H, d, J = 2.0Hz), 8.12 (NH, s).
EI-MS m/z : 451(M*, 1.63%), Calcd for C,7H3oCINO3 : 452.5 , Found : 451.2.

9i: blue needles (ethanol), mp : 163.5
'H-NMR (CDCl;) ¢:0.97 (3H, t, J = 7.6 Hz, CH3), 1.29 (6H, d, J = 6.8 Hz), 1.73 (2H, sixth, J = 14.8 Hz,
CH,), 2.47 (2H, 1, J = 7.6 Hz, CH,), 2.56 (3H, s), 2.75 (3H, 5), 2.93-2.99 (1H, m), 6.31 (1H, s, C-H), 6.67 (1H,
d, J = 10.8 Hz), 7.20 (1H, dd, J = 2.0, 1.6 Hz), 7.34-7.41 (3H, m, Ph), 7.52 (2H, d, J = 6.8 Hz, Ph), 7.94(1H,
s), 8.01 (1H, d, J = 2.0Hz), 8.43 (NH, s)
EI-MS m/z : 417(M", 38.27%), Calcd for C,7H3;NO3 : 418.0 , Found : 417.2.

10g: green needles (ethanol, hexane), mp : 158.7
'H-NMR (CDCls) 6:1.29 (6H, d, J = 6.8 Hz), 2.57 (3H, ), 2.60 (3H, 5), 2.93-2.98 (1H and, 3Hx 2, CHsx
2, m), 3.63 (1H, d, J = 2.4 Hz), 5.14 (1H, d, J = 2.0Hz), 6.61 (1H, d, J = 10.8 Hz), 6.72-6.74 (2H, m, Ph), 7.16
(1H, dd, J = 2.0, 2.0 Hz), 7.32-7.34 (2H, m, Ph), 7.97 (1H, s), 7.99 (1H, d, J = 2.0 Hz), 8.38 (NH, s).
EI-MS m/z : 390(M", 13.67%), Calcd for CysH3N,05 : 390.2 , Found : 390.2.
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9k: dark blue needles (ethanol) mp:187.4
'H-NMR (CDCl3) 6 :1.30 (6H, d, J = 6.8 Hz), 2.59 (3H, s), 2.82 (3H, s), 2.94-3.01 (1H, m), 5.05 (2H, s,
CHy,), 6.68 (1H, d, J = 10.4 Hz), 7.21 (1H, dd, J = 2.0, 2.0 Hz), 7.50 (2H, t, J = 7.6 Hz, Ph), 7.61-7.66 (1H, m,
Ph), 7.94 (1H, s), 8.04 (1H, d, J = 2.4 Hz), 8.10-8.12 (2H, m, Ph), 8.48 (NH, s).
EI-MS m/z : 375(M", 6.49%), Calcd for C,4H»sNOs : 375.1 , Found : 375.2.

9l: Armenian blue plate (ethanol, hexane), mp : 145.8
'H-NMR (CDCl3) 6 :1.30 (6H, d, J = 0.8 Hz), 1.30 (3Hx 2, s, CH3x 2), 1.32 (3H, s, CH3), 2.60 (3H, ),
2.91 (3H, s), 2.97-3.00 (1H, m), 4.76 (2H, s, CH,), 6.75 (1H, d, J = 10.4 Hz), 7.24 (1H, dd, J = 2.0, 2.0 Hz),
7.86 (1H, s), 8.05 (1H, d, J = 1.6Hz), 8.27 (NH, 9).
EI-MS m/z : 355(M*, 1.80%), Calcd for C,5H2gNO3 : 355.9 , Found : 355.2.

9m: blue needles (ethanol, hexane), mp : 99.5
'H-NMR (CDCl;) ¢:0.85 (3H, t, J = 7.2 Hz, CH3), 1.03 (3H, d, CH5, and 3H, d, CHj), 1.23-1.31 (12H, m,
CHyx 6), 1.30 (6H, d, J = 6.8Hz), 1.65-1.73 (2H, m, CH,), 2.41-2.50 (2H, CH,, and 1H, C-H, m), 2.58 (3H,
s), 2.88 (3H, s), 2.93-3.00 (1H, m), 5.34 (1H, d, J = 4.4 Hz, C-H), 6.69 (1H, d, J = 10.8 Hz), 7.21(1H, dd, J =
2.0, 2.0 Hz), 7.95 (1H, ), 8.02 (1H, d, J = 2.4 Hz), 8.35 (NH, 3).
EI-MS m/z : 467(M", 28.33%), Calcd for C50H4sNO;3 : 467.6 , Found : 467.3.

9n: blue needles (acetone, ethanol), mp : 181.8
'H-NMR (CDCl3) 6 : 1.28 (6H, d, J = 6.8Hz), 2.56 (3H, s), 2.67 (3H, s), 2.91-2.98 (1H, m), 6.58 (1H, s,
C-H), 6.62 (1H, d, J = 10.4Hz), 7.17 (1H, dd, J = 1.6, 2.0 Hz), 7.38-7.45 (3H, m, Ph), 7.47-7.51 (2H, m, Ph),
7.60 (3H, m, Ph), 7.97 (1H, s), 8.00 (1H, d, J = 2.0 Hz), 8.14-8.16 (2H, m), 8.51 (NH, s).
EI-MS m/z : 451(M", 0.82%), Calcd for CaoH29NO3 : 452.1 , Found : 451.2.

90: blue needles (ethanol, hexane), mp : 72.1
'H-NMR (CDCl;) 6:0.86 (3H, t, J = 6.8 Hz, CH5), 1.23-1.31 (12H, m, CH,x 6), 1.30 (6H, d, J = 6.8 Hz),
1.69 (2H, quig, J = 11.2 Hz, CH,), 2.48 (2H, t, J = 7.6 Hz, CH,), 2.56 (3H, s), 2.75 (3H, s), 2.93-3.00 (1H, m),
6.31 (1H, s, C-H), 6.67 (1H, d, J = 10.4 Hz), 7.20 (1H, dd, J = 1.6, 1.6 Hz), 7.31-7.41 (3H, m, Ph), 7.51-7.53
(2H, m, Ph), 7.94 (1H, s), 8.01 (1H, d, J = 1.6 Hz), 8.46 (NH, s).
EI-MS m/z : 501(M*, 7.45%), Calcd for Ca3H43NOs : 501.9 , Found : 501.3.

9p: blue needles (acetone, ethanol), mp : 155.3
'H-NMR (CDCl3) 6 : 0.85 (3H, t, J =7.2 Hz, CHs), 1.22-1.30 (12H, m, CH,x 6), 1.23 (6H, d, J = 7.2 Hz,
CHax 2),1.29 (6H, d, J = 6.8 Hz), 1.68 (2H, quig, J = 11.2 Hz, CH,), 2.47 (2H, t, J = 7.6 Hz, CH,), 2.56 (3H,
s), 2.73 (3H, s), 2.86-3.01 (1H, C-H, and 1H, m), 6.29 (1H, s, C-H), 6.65 (1H, d, J = 10.8 Hz), 7.19 (1H, dd,
J=2.0, 2.0 Hz), 7.23-7.25 (2H, m), 7.42-7.44 (2H, m), 7.97 (1H, s), 8.00 (1H, d, J = 2.0 Hz), 8.41 (NH, s).
EI-MS m/z : 543(M", 34.25%), Calcd for CsH4oNO3 : 543.6 , Found : 543.4.
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9q: blue needles (acetone, ethanol), mp : 114.1
'H-NMR (CDCl;) 6:0.85 (3H, t, J = 7.2 Hz, CH5), 1.22-1.31 (12H, m, CH,x 6), 1.30 (6H, d, J = 6.8 Hz),
1.68 (2H, quig, J = 11.2 Hz, CH,), 2.47 (2H, t, J = 7.2 Hz, CH,), 2.56 (3H, s), 2.82 (3H, s), 2.93-3.00 (1H, m),
6.26 (1H, s, C-H), 6.70 (1H, d, J = 10.8 Hz), 7.22 (1H, dd, J = 1.6, 1.6 Hz), 7.35 (1H, d, J = 6.4 Hz, Ph), 7.36
(1H, d, J = 6.4 Hz, Ph), 7.45 (1H, d, J = 6.4 Hz, Ph), 7.46 (1H, d, J = 6.4 Hz, Ph), 7.91 (1H, s), 8.02 (1H, d,
J=2.0 Hz), 8.53 (NH, s).
EI-MS m/z : 535(M", 18.76%), Calcd for C53H4,CINO;3 : 536.2 , Found : 535.3.

9r: blue needles (acetone, ethanol), mp : 187.8
'H-NMR (CDCls) 6 : 1.24 (3Hx 2, d, J = 7.2 Hz), 1.28 (6H, d, J = 6.8 Hz), 2.56 (3H, s), 2.65 (3H, ),
2.88-2.98 (1Hx 2, m), 6.55 (1H, s, C-H), 6.61 (1H, d, J = 10.8 Hz), 7.16 (1H, dd, J = 2.0, 2.4 Hz), 7.28 (2H,
d, J = 8.4 Hz, Ph), 7.48 (2H, t, J = 7.6 Hz, Ph), 7.55 (2H, d, J = 8.4 Hz, Ph), 7.61 (1H, t, J = 7.6 Hz, Ph), 7.99
(1H, s), 8.00 (1H, d, J = 1.6 Hz), 8.14 (2H, d, J = 7.2 Hz, Ph), 8.48 (NH, 9).
EI-MS m/z : 493(M", 6.01%), Calcd for Ca3H3sNOs : 493.5 , Found : 493.3.
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(5-2)

3 20
9g-9r  10g-10r (Table 5.1.5)
Table 5.1.5 Library Synthesis in Water
0 Surfactant
+ + R3-COOH —
OO RlJLR2 H,0, r.t.,20h OO
OH
NC
3
RICOR? R3COOH Surfactant Target  Yieldof Yieldof  Recovery
Product 9 (%) 10 (%) of 3 (%)
)/ -cio CHy(CH,),COOH CTAB 84 0 8
SDS 3 14 0
CTAB 94 0
c—/ Y—cHo CH,(CH,),COOH 9h
o(CH DS 11 0
86 0
{ J-cio CH3(CH,),COOH CTAB i
I SDS 3 15 0
CTAB 0 89
W+ V-cwo  CHyCOOH oj
L SDS 10 0
CTAB 92 6 0
HCHO < } 9k
o SDS 13 25 0
CTAB 84 12 0
HCHO %—COOH ol
SDS 12 35 22
Py CHy(CH,),cooH CTAB g 84 4 0
cHO SDS 65 10 0
C C CTAB 89 0 0
CHO COOH gn
SDS 70 13 0
{Veomo  CHy(CH)COOH “TAB g 69 3 0
SDS 68 4 0
)y V-cro CHy(CH,)gCOOH CTAB o5 8 3 0
SDS 57 12 0
CTAB 75 3 0
m{ >7CHO CH,4(CH,),COOH 9
A(CHy sDS a 50 13 0
CTAB 82 0 0
>—®CHO @CWH or
SDS 19 24 0
9g MS m/z 459 'H-NMR 5 0.97 ppm
0172 ppm ¢ 2.46 ppm 0 1.23 ppm
0 6.29 ppm 07.23-7.25 ppm ¢ 7.43 ppm
0 839 ppm  NH 99
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10g MS m/z 390 'H-NMR 5 2.95 ppm
N- 03.63ppm J5.14 ppm OH
06.72-6.74 ppm ¢ 7.32-7.34 ppm 0 8.38 ppm
NH 10g
9h MS m/z 451 'H-NMR 5 0.97 ppm
0172 ppm ¢ 2.46 ppm 0 6.26 ppm 07.34-7.37
ppm o 7.44-7.47 ppm 0 8.52 ppm NH
9h
9 MS miz 417 'H-NMR 5 0.97 ppm
0173 ppm ¢ 2.47 ppm 07.34-7.41 ppm 6 7.52 ppm
0 8.43 ppm NH 9i
9k MS m/z 375 'H-NMR 5.00 ppm
07.45ppm ¢ 7.57-7.61 ppm
08.43ppm NH 9k
91 MS m/z 355 "H-NMR §1.30-1.32
ppm 0 4.76 ppm
08.27ppm  NH 9l
9m MS m/z 467 "H-NMR
00.85 ppm 0 1.23-1.31 ppm ¢ 1.65-1.73 ppm ¢ 2.41-2.50 ppm 0 1.01-1.04 ppm
0 5.34 ppm 0 8.35 ppm
NH 9m
9n MS m/z 451 'H-NMR 5 6.58 ppm

07.38-745 ppm ¢ 7.47-7.51 ppm ¢ 7.60-7.65 ppm ¢ 8.14-8.16 ppm

0 8.51 ppm NH
9n

% MS m/z 501 "H-NMR
00.86 ppm 01.23-1.31ppm ¢ 1.69 ppm ¢ 2.48 ppm 0 6.31 ppm

07.35-7.41 ppm ¢ 7.51-7.53 ppm
8.46 ppm NH %
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9Pp MS m/z 543 'H-NMR
00.85ppm 01.22-1.30 ppm ¢ 1.68 ppm o 2.47 ppm 06.29 ppm

07.23-71.25 ppm ¢ 7.42-7.44 ppm 0
8.41 ppm NH 9%
99 MS m/z 535 'H-NMR
00.85ppm 01.22-1.31ppm ¢ 1.68 ppm o 2.47 ppm 06.26 ppm
07.35-7.37 ppm ¢ 7.44-7.47 ppm 0
8.53 ppm NH 9q
ar MS m/z 493 'H-NMR 5 1.24 ppm
0 6.55 ppm 0 7.27-71.29 ppm ¢
7.46-7.50 ppm 0 7.54-7.58 ppm ¢ 7.59-7.63 ppm ¢ 8.14-8.15 ppm
0848ppm NH or

(Productg, h,i) CTAB

(Product j ) 2 SDS
SDS
(Product k, I, m) CTAB
HCHO CTAB-Water
3
(Product n-r ) SDS
(Product q ) SDS
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5.1.2.

3-Isocyanoguaiazulene Passerini
CTAB (Scheme
5.1.8)
(0] r.t., 20h
O + JIL_+ R-cOOH OO o ©
R TR2 CTAB-Water M
O 3
NC N&
H Rl R2
3 9a-9i, 9k-9r
Scheme 5.1.8 Passerini Reaction in CTAB-Water
3
Passerini
SDS CTAB
SDS CTAB
32)
HLB(Hydrophile-Lipophile Balance)
1949 W. D. Griffin HLB 0 20 0
20 (HLB=20x
/ ) SDS 8.26 CTAB 7.64 (7+log ( /
) SDS 5.22 CTAB 4.55 SDS CTAB
SDS (cmc)  0.008 mol / L 1.4 2.1 50
70 (a) 30% 16.0 CTAB cmc 0.00082 (0.00092)
mol / L 3 75~120 «a 25% 0%
21.0
SDS CTAB 2
CTAB-Water
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5.2. Ugi 3CC Azulenoid pg-Lactam
Ugi 3 Component Condensation (3CC)

a - one-step one-pot
Passerini (Scheme 5.2.1)
o]
R HO g R
R-NC + R3CHO + HN — = X N
RL  Solvent N R3 R

o - Aminocarboxamides

Scheme 5.2.1 Ugi 3 Component Condensation Reaction

33)

(Fig. 5.2.1)
Qm C%fﬁ C%f " oon Q%
COOH '1'0
Mepivacain Pyrrocain Lidofenin Bupivacain

Fig.5.2.1 Local Analgesic and Antiarrhythmic Agent

B-
(Fig. 5.2.2)
HH H
J/:‘\,H RN T ¢ R._NC -8
S T T T
o) N~(..coon ¢ S N~ OAc
— ol
Azetidin-2-one h COOH
B -Lactam ring Penicillin Cephalosporin
Fig.5.2.2 f-Lactam Derivatives
B-
( )
( )
B-
Mironov *” (Scheme 5.2.2) B-
p-
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I N
NC
(/\/'@/ 2 3 R O
+ RZCOR® + —_ > R2

) HzN)\/COOH MeOH , r.t. R®

R HN N
(0] R%
Scheme 5.2.2 S-Lactam Synthesis by Mironov et al.
3-isocyanoguaiazulene(3) SDS CTAB

(Scheme 5.2.3)

COOH - O
OO N " RCHO O o
Solvent, r.t. HN o

3 R

Scheme 5.2.3 Ugi 3CC Reaction using 3-1socyanoguaiazulene
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5.2.1

30.045 g (0.2 mmol) (0.4 mmol) * p- 0.036 g (0.4 mmol)
(0.1 mmol) 6 mL MeOH 6 mL
- (4:1)
3 - (2:1) 12b 12d -
(1:1) 12a 12c
**: HCHO 4.0 mmol
12a: blue oil

'H-NMR (CDCl;) ¢: 1.30 (6H, d, J = 6.8 Hz), 2.58 (3H, s), 2.88 (3H, ), 2.93-3.01 (1H, sept, J = 5.4 Hz),
3.07-3.09 (2H, t, J = 4.2 Hz), 3.47-3.49 (2H, t, J = 4.2 Hz), 4.08 (2H, s), 6.74 (1H, d, J = 10.8 Hz),7.22-7.25
(1H, m), 7.77 (1H, s), 8.04 (1H, d, J = 2.0 Hz), 8.28 (NH, 9).

EI-MS m/z: 324 (M", 52.41%), Calcd for C,3H30N20; : 324.2 , Found: 324.2.

12b: blue needles (ethanol), mp: 212
'H-NMR (CDCl;) ¢: 1.03-1.07 (6H, dd, J = 6.8, 6.8 Hz), 1.29 (6H, d, J = 7.2 Hz), 2.42-2.49 (1H, sept, J =
5.0 Hz), 2.57 (3H, s), 2.89 (3H, s), 2.95-3.00 (3H, m), 3.41-3.52 (2H, m), 3.81 (1H, d, J = 10.0 Hz), 6.73 (1H,
d, J = 10.8 Hz), 7.20-7.24 (1H, m), 8.02 (1H, d, J = 2.0 Hz), 8.42 (NH, s).
EI-MS m/z: 366 (M", 28.67%), Calcd for C,3H3N,0, : 366.3 , Found: 366.2.

12c: green oil
'H-NMR (CDCls) §: 1.27 (6H, d, J = 7.2 Hz), 2.47 (3H, s), 2.56 (3H, s), 2.92-2.96 (2H, m), 3.04-3.09 (1H,
s), 3.28 (1H, d, J= 2.8 Hz), 3.72 (1H, d, J = 2.4 Hz), 5.55 (1H, s), 6.61 (1H, d, J = 10.8 Hz), 7.17 (1H, dd, J =
1.6, 2.0 Hz), 7.39-7.46 (5H, m), 7.89 (1H, s), 7.99 (1H, d, J = 2.0 Mz), 8.03 (NH, s).
EI-MS m/z: 400 (M*, 31.87%), Calcd for C,3H30N20, : 400.3 , Found: 400.2.

12d: blue needles (ethanol), mp: 200
'H-NMR (CDCl;) ¢: 1.28 (6H, d, J = 6.8 Hz), 2.56 (3H, s), 2.58 (3H, s), 2.92-2.97 (2H, m), 3.02-3.08 (1H,
m), 3.24-3.28 (1H, m), 3.66-3.70 (1H, m), 5.52 (1H, s), 6.66 (1H, d, J = 10.8 Hz), 7.20 (1H, dd, J = 2.0, 2.0
Hz), 7.38-7.42 (4H, m), 7.82 (1H, s), 8.01 (1H, d, J = 2.0 Hz), 8.21 (NH, s).
EI-MS m/z: 434 (M", 34.03%), Calcd for Co3H30N20,: 434.9 , Found: 434.2.
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5.2.2.
3 - 12a-12d

Table 5.2.1 Synthesis of Azulenoid S-Lactam Derivatives

COOH _ O
OO N oRene Solvent , r.t o
olvent , r.t. HN o

R
3 12a-12d

Product R-CHO Solvent  Reaction Time(h) Yield (%) Recovery of 3(%)

2 58 22
CTAB-Water
24 73 0
2 33 14
12a HCHO SDS-Water
24 35 trace
2 27 0
MeOH
24 29 0
2 trace 85
CTAB-Water
24 26 64
12b >\CHO SDS-Water 2 22 31
24 67 0
MeOH 2 86
24 89 0
2 0 87
CTAB-Water
24 trace 82
2 26 66
12¢ < >*CHO SDS-Water
24 64 9
2 77 13
MeOH
24 88 0
2 0 97
CTAB-Water
24 1 85
2 2 78
12d CHi V—cHo  SDS-Water
24 9 28
MeOH 2 67 17
24 81 0
12a  MS m/z 324 'H-NMR
ppm 6 3.47-3.49 ppm  S-lactam 0 4.08 ppm
0 6.74-8.04 ppm 08.28 ppm NH

12a
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12b  MS m/z 366
ppm ¢ 2.42-2.49 ppm
p-lactam 03.81 ppm

0 842 ppm NH

12c  MS m/z 400
ppm 63.04-3.09 ppm 63.28 ppm §3.72ppm  p-lactam
0 6.61-7.99 ppm
12c

12d  MS m/z 434
ppm 6 3.02-3.08 ppm 6 3.24-3.28 ppm 0 3.66-3.70 ppm  fS-lactam
0 6.66-8.01 ppm
12d

Azulenoid g-lactam Scheme 5.2.4

(g + v oo

- @oa O
Nj\;ﬁ HNJgff\Ero

Scheme 5.2.4 Reaction Mechanism

MeOH SDS-Water
CTAB
CTAB-Water
SDS
CTAB-Water 3
SDS-Water
CTAB 3

Ugi
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"H-NMR 1.03-1.07
0 2.95-3.00 ppm ¢ 3.41-3.52 ppm
0 6.73-8.02 ppm

12b
'H-NMR 52.92-2.96
0 5.55 ppm
08.03ppm NH
'H-NMR 52.92-2.97
05.52 ppm

0821lppm NH

R

Passerini



5.3. Ugi 4CC Azulene Amide
Ugi 4 Component Condensation (4CC)

4 N-acyl one-step  one-pot (Scheme 5.3.1)
Ugi 3CC
tort.
R-NC + RX-CHO + R%NH, + R°-COOH i» m)\J\
Solvent

a- Acylammocarboxamldes

Scheme 5.3.1 Ugi 4 Component Condensation Reaction

Passerini
35)
(Scheme 5.3.2)
OAc OAc
HO HoN O H KNHBOC
AcO Y NHBoc + 2% \  — » Aco%l\I
AcO NC " cHo Th CH,Cl,  AcO Tﬁ
OAc

NC

CL
+ + CHaCOOH +
CHO NH,

Scheme 5.3.2 Ugi 4 Component Condensation Reaction using Various Isocyanides

3-isocyanoguaiazulene(3) Ugi 4CC
(Scheme 5.3.3)
SDS CTAB

o o]
+ R-CHO + R-NH, + OO R
P o -

OH Solvent, r.t., 18h

R Loy
‘ HN\(\N
NC R1
o)

Scheme 5.3.3 Ugi 4CC Reaction using 3-1socyanoguaiazulene

3

71



5.3.1L

3 0.045 g (0.2 mmol) (0.4 mmol) * (0.4 mmol) (0.4

mmol)*° (0.1 mmol) 4mL 18
- (4:1)
3 - (2:1) 13a 13b 13e 14a-1l4c

- (1:1) 13d - (1:2) 13c
**: HCHO 4.0 mmol
*5 :

13a: blue oil

'H-NMR (CDCl;) ¢:0.94 (3H,t, J = 7.2 Hz), 1.29 (6H, d, J = 6.8 Hz), 1.71 (2H, sixth, J = 7.2 Hz), 2.18
(3H, s), 2.55 (3H, s), 2.87 (3H, s), 2.96 (1H, sept, J = 6.8 Hz), 3.4 (2H, t, J = 7.2 Hz), 4.17 (2H, s), 6.67 (1H,
d, J = 10.4 Hz), 7.18 (1H, dd, J = 2.0, 10.4 Hz), 7.82 (1H, s), 7.95 (1H, d, J = 2.0Hz), 8.99 (NH, s).

EI-MS m/z: 354(M", 4.39%), Calcd for CHs3oN,0,: 354.5 , Found : 354.2.

13b: blue oil
'H-NMR (acetone-ds) & : 0.86-0.90 (3H, t, J = 6.8 Hz), 0.86-0.90 (3H, t, J = 6.8 Hz), 1.04 (3H, d, J = 6.8
Hz), 1.30 (3H, d, J = 6.8 Hz), 1.61-1.72 (2H, m), 2.17 (3H, s), 2.57 (3H, s), 2.62 (1H, m), 2.91 (3H, s), 3.03
(1H, sept, J = 6.8 Hz), 3.31-3.46 (2H, m), 4.29 (1H, d, J = 11.2 Hz), 6.74 (1H, d, J = 10.4 Hz), 7.28 (1H, dd,
J=2.0,10.4 Hz), 7.84 (1H, ), 8.13 (1H, d, J = 2.0 Hz) , 9.50 (NH, 3).
EI-MS m/z: 396(M", 5.7%), Calcd for CsH3sN,0, : 396.5 , Found : 396.3.

14a : blue oil
'H-NMR (acetone-dg) &:0.93 (3H, t, J = 7.6Hz, CHj), 0.98 (3H, d, J = 6.8 Hz, CH3), 1.08 (3H, d, J = 6.8Hz,
CHs3), 1.30 (6H, d, J = 6.8 Hz), 1.56-1.62 (2H, m), 2.58 (3H, s), 2.65 (2H, t, J = 7.2 Hz, CH)), 2.96 (3H, s),
2.97-3.02 (3H, m, C-Hx 3), 6.67 (1H, d, J = 10.4 Hz), 7.23 (1H, dd, J = 2.0, 1.6 Hz), 8.03 (1H, d, J = 2.0Hz),
8.19 (1H, s), 10.14 (NH, s).
EI-MS m/z : 354(M", 2.89%), Calcd for C,3H34N,0 : 355.0 , Found : 354.3.

13c: blue oil
'H-NMR (acetone-ds) ¢ : 0.66 (3H, t, J = 7.6 Hz), 0.98-1.16 (1H, m), 1.31 (6H, d, J = 6.8 Hz), 1.45-1.54
(1H, m), 2.16 (3H, s), 2.57 (3H, s), 2.85 (3H, s), 3.01 (1H, sept, J = 6.8 Hz), 3.33-3.38 (2H, m), 6.10 (1H, s),
6.69 (1H, d, J = 10.8 Hz), 7.26 (1H, d, J = 10.8 Hz), 7.38-7.45 (3H, m), 7.51 (2H, d, J = 6.8 Hz), 7.73 (1H, s),
8.05 (1H, s), 9.04 (NH, s).
EI-MS m/z : 430(M*, %), Calcd for CasH34N,05 :, Found : 430.3.
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14b: blue oil
'H-NMR (CDCl;) 6:0.93 (3H, t, J = 7.6 Hz, CHs), 1.29 (6H, d, J = 6.8 Hz), 2.01 (2H, m, CH,), 2.56 (3H,
s), 2.72 (3H,t,J = 7.2 Hz, CH,), 2.88 (3H, ), 2.92-2.97 (1H, m), 4.35 (1H, s, C-H), 6.62 (1H, d, J = 10.4 Hz),
7.15 (1H, dd, J = 2.4, 2.4 Hz), 7.30-7.36 (3H, m, Ph), 7.45-7.46 (2H, m, Ph), 7.96 (1H, d, J = 2.0 Hz), 8.16
(1H, s), 10.02 (NH, s).
EI-MS m/z : 388(M", 11.97%), Calcd for C6H3,N,O : 388.6 , Found : 388.3.

13d: blue prisms (ethanol, hexane), mp : 166.0
'H-NMR (CDCl;) 6:1.30 (6H, d, J = 6.8 Hz), 1.96 (3H, s, CHs), 2.59 (3H, s), 2.95 (3H, s), 2.94-2.97 (1H,
m), 4.49 (2H, s), 6.72 (1H, d, J = 11.2 Hz), 7.20-7.21 (1H, m), 7.27-7.30 (2H, m), 7.36-7.38 (1H, m),
7.40-7.42 (2H, m, Ph), 7.88 (1H, s), 8.02 (1H, d, J = 2.0 Hz), 8.86 (NH, s).
EI-MS m/z : 388(M", 7.08%), Calcd for C,5H2sN,0, : 388.7 , Found : 388.2.

14c: green prisms (ethanol, hexane)
'H-NMR (CDCls) 6:1.27 (6H, d, J = 7.2 Hz), 2.58 (3Hx 2, s), 2.91-2.95 (1H, m), 3.98 (2H, s), 6.55 (1H, d,
J = 10.4 Hz), 6.70-6.72 (2H, m), 6.81-6.85 (1H, m), 7.13 (1H, dd, J = 2.4, 1.6 Hz), 7.20-7.24 (2H, m), 7.98
(1H, d, J = 2.0 Hz), 8.10 (1H, s), 9.34 (NH, 9).
EI-MS m/z : 346(M", 41.94%), Calcd for Co3H»6N,0 : 345.5 , Found : 346.2.

13e: blue powder (ethanol), mp: 162.4
'H-NMR (CDCl;) ¢:0.78 (3H, t, J = 7.2 Hz), 1.30 (6H, d, J = 6.8 Hz), 1.70 (2H, sixth, J = 7.2 Hz), 2.59
(3H, s), 2.98 (3H, s), 2.97 (1H, sept, J = 6.8 Hz), 3.38 (2H, t, J = 7.2 Hz), 4.36 (2H, s), 6.72 (1H, d, J = 10.8
Hz), 7.21 (1H, dd, J = 2.0, 10.4 Hz), 7.40-7.43 (5H, m), 7.89 (1H, s), 8.02 (1H, d, J = 2.0 Hz), 9.30 (NH, s).
EI-MS m/z : 416(M*, %), Calcd for C7H3,N,0, :, Found : 416.2.
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5.3.2.

3 18
13a-13e  14a-14c (Table 5.3.1)
Table 5.3.1 Ugi 4CC Reaction in Water
OO + R-CHO + R%NH, + R3-COOH
NC
3 Surfactant
s (TN g () w
H,O,rt,18h \\(L R T(LNH
HN \ HN \
R2
o]
13a-13e 14a-14c
Target  Yieldof Yieldof Recovery
1 2_ 3
R*-CHO R°-NH,  R°-COOH Surfactant Product 13 (%) 14(%)  of 3 (%)
HCHO ~~NH.  CH,COOH CTAB 13a 38 0 S
SDS 6 0 4
Py N, CHCOOH CTAB 13b 29 0 A
T cHo SDS 5 trace 3
@cm ~—~~-NH,  CH;COOH CTAB 13c 0 0 I
= SDS trace trace 0
CTAB 7 7 51
HCHO  ( )-ww. CH;COOH 13d
? SDS trace 16 0
CTAB 24 0 10
HCHO A~ NH < i%COOH 13e
’ SDS 5 0 23
13a  MS m/z 354 'H-NMR 52.18 ppm
0094 ppm J1.71ppm ¢ 3.40 ppm 0
4.17 ppm 0899 ppm NH
13a
13b MS m/z 396 'H-NMR §2.17 ppm
00.86-0.9 ppm 6 1.61-1.72 ppm ¢ 3.31-3.46 ppm
0 0.86-0.90 ppm ¢ 1.04 ppm 0 4.29 ppm
0950 ppm NH 13b
14a MS m/z 354 'H-NMR 5 0.99 ppm

0 1.56-1.62 ppm ¢ 2.65 ppm
02.97-3.02 ppm

00.98 ppm ¢ 1.08 ppm
010.14ppm NH
1l4a
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13c  MS m/z 430 'H-NMR 5 0.66 ppm

00.98-1.16 ppm ¢ 1.45-1.54 ppm ¢ 3.33-3.38 ppm 02.16 ppm
0 6.10 ppm 0 7.38-7.51 ppm
0 9.04 ppm NH 13c

14b MS m/z 388 'H-NMR 5 0.93 ppm
02.01ppm 62.72 ppm 0 4.35 ppm 0
7.30-7.36 ppm ¢ 7.45-7.46 ppm 010.01 ppm NH

14b
13d  MS m/z 388 'H-NMR 5 1.96 ppm
04.49 ppm 0 7.20-7.42 ppm
08.86 ppm NH
13d
1l4c  MS m/z 346 'H-NMR 53.98 ppm
06.70-6.72 ppm 0 6.81-6.85 ppm ¢ 7.20-7.24 ppm
0934 ppm NH

14c

13e  MS m/z 416 'H-NMR 5 0.78 ppm
0 1.70 ppm ¢ 3.38 ppm 0 4.24 ppm 0
7.40-7.43 ppm 09.30ppm NH

13e
CTAB SDS
Ugi 4CC Scheme 5.3.4
. H H
Hi.Rl + R-NH, 129 RZ\IN . /z=<\03 Rzéj’?'\/Hl B=N-R¢ . Re-N_R!
W R R® .rcoo. M U Mo
R4
2—E R? F'QZ 1 Fuzz 1
R \C(/\ HO - H/N\(R +H,0 @&N R acyl transfer j.l\ R/\C’? _NHR?
(e o § — @L/C\%R“ HagH R3 @;C\f\)léR4 — R t ('C5
R* RN H N

Scheme 5.3.4 Reaction Mechanism of Ugi 4CC Reaction
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4CC

CTAB

4 one-pot  one-step
CTAB
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13c

Ugi
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5.4. Ugi-Smiles Azulene Amide

Ugi 4CC Ugi-Smiles %) Ugi-Smiles UgiaCC
Kaim 3 0- Ugi-Smiles
(Scheme 5.4.1)
OH
MeOH
RI-NC + RZCHO + NO: + RINH, — > S;
rt.,4-20h HN
Scheme 5.4.1 Ugi-Smiles Reaction
3-isocyanoguaiazulene
Scheme 5.4.1 3-isocyanoguaiazulene(3)
Ugi-Smiles (Scheme 5.4.2)
SDS CTAB

NC

OH
O + RLCHO + R2%NH, + NG > OO R! Q
Solvent, r.t., 2h N
HN -2 NO,
e}

3

Scheme 5.4.2 Ugi-Smiles Reaction using 3-lsocyanoguaiazulene
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5.4.1.

3 0.045 g (0.2 mmol) (0.4 mmol) (0.4 mmol) 0-
0.0569 (0.4 mmol) (0.1 mmol) 6 mL MeOH 6
mL 2
- (4:1) 15a 15b

15a: green prisms (hexane), mp : 102

'H-NMR (CDCl5) ¢: 0.84-0.90 (3H, m), 0.96 (3H, d, J = 6.4 Hz), 1.08-1.14 (6H, dd, J = 6.8, 6.8 Hz), 1.28
(6H, d, J = 7.2 Hz), 2.24-2.28 (1H, sixth, J = 3.6 Hz), 2.51 (3H, s), 2.87 (3H, s), 2.91-2.98 (1H, quint, J = 6.9
Hz), 3.49-3.55 (1H, quint, J = 6.5 Hz), 4.05 (1H, d, J = 4.4 Hz), 6.70 (1H, d, J = 10.4 Hz), 7.17-7.20 (1H, dd,
J=1.6, 1.6 Hz), 7.32-7.36 (1H, ddd, J = 0.8, 0.4, 1.2 Hz), 7.40 (1H, s), 7.45-7.48 (1H, dd, J = 0.8, 0.8 Hz),
7.55-7.60 (1H, ddd, J = 1.6, 1.6, 2.0 Hz), 7.65-7.67 (1H, dd, J = 1.2, 1.2 Hz), 7.95 (1H, d, J = 2.0 Hz), 9.05
(NH, s).

EI-MS m/z: 475 (M*, 40.59%), Calcd for CooH37N3O5: 475.2 , Found : 475.3.

15b: green prisms (hexane), mp: 85
H-NMR (acetone-ds) ¢ :1.26 (6H, d, J = 6.8 Hz), 2.44 (3H, s), 2.50 (3H, s), 2.85-2.92 (1H, m), 5.31 (1H, s,
C-H), 6.33 (1H, d, J = 11.2 Hz), 6.55-6.91 (4H, m, Ph), 7.03 (1H, dd, J = 2.0, 1.2 Hz), 7.07-7.22 (9H, m, Ph),
7.30 (1H, s, Ph), 7.85 (1H, d, J = 4.8 Hz), 7.87 (1H, s), 8.45 (NH, s).
EI-MS m/z: 543 (M", 1.76%), Calcd for C3sH33N3O5 : 543.2 , Found: 543.3.

78



5.4.2.

3 o- 2 15a
15b (Table 5.4.1)
Table 5.4.1 Synthesis of Azulene Amide Derivatives by Ugi-Smiles Reaction
OH
OO + RLCHO + R%NH, + @/NOZ —_— OO Rl Q
Solvent, r.t., 2h HN«\N o
NC Y R2 2
3 15a, 15b
R-CHO R%-NH, Solvent  Product Yield (%)
CTAB-Water 15
)\CHO )\NHZ SDS-Water 15a 5
MeOH 24
CTAB-Water 4
@—cm @—NHZ SDSWater  15b 56
MeOH 9
15a MS m/z 475 "H-NMR 9 0.84-0.90
ppm ¢ 0.96 ppm ¢ 3.49-3.55 ppm 01.08-1.14 ppm ¢ 2.24-2.28
ppm 04.05 ppm 0 6.70-7.95
ppm 0 9.05 ppm NH
15a
15b  MS m/z 543 'H-NMR 55.31 ppm
0 6.65-6.93 ppm ¢ 7.07-7.30 ppm
08.45ppm NH 15b
CTAB
MeOH 15a 3 71% o-
15a 14%
SDS 3 60%
24 158 4% 3 58%
SDS-Water 15b
MeOH 15b MeOH Ugi
CTAB o-
15b 12%
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6. Mannich

Mannich a
S-
Mannich (Scheme 6.1)
O 6 O R4 R5
o R acid or base (cat.
le\G/RZ + J]\ + HN ( HC) ( )= Rl%N,RB
RS R4 "R® R7 Solvent RZR3 R7

Mannich base

R!=H, alkyl, aryl, OR; R¥3 = H, alkyl, aryl; R*®=H, alkyl, aryl; R® = H, alkyl, OH, NH,; R” = H, alkyl
Solvent = ROH, H,0, AcOH

Scheme 6.1 Mannich Reaction

ﬂ_
(Scheme 6.2)
o o]
e A ea:oom | O ANE
(1:1) |
o}
|
N
NHBoc ~OHC Et H (¢ ) - Aspidospermidine
Scheme 6.2 Intramolecular Mannich-Type Cyclization Reaction
3 Mannich
Manabe %
(Scheme 6.3)
oM OMe
€ osim 9 ©:
BCHO + @E . /I\I €2 _DBSA (10mol%) o
NH Ph H,0,23 ,2h
’ Ph)\/u\Ph
83%
Scheme 6.3 Mannich-Type Reaction in Water
Manabe - DBSA
6.1)

(Scheme 6.4)
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(Fig.



Fig. 6.1 Dodecylbenzene Sulphonic Acid (DBSA)

4 6 R4 R6
R4 ® H R4 6 3., R _ R ©) /R )
O=< H. "l ’/—\R. r. A _|£\ >=N\ - ®>—N\
RS @ RS 7NH H RS RS R’ R® R’
R
hemizminal iminium ion aminocarbenium ion
oo R4 R6 ® o 4 55
[J . H\
(0] e H@ QOV?S N\®7 0 RY RS _H® R R -
ris Rl)\(R RS R . Re<He RSN
3 a 3 R N R2 R3 R7
- R R R’R3 R
enolizable enolized

Mannich base
carbonyl compound carbonyl compound

Scheme 6.4 Reaction Mechanism of Mannich-Type Reaction

3-formylguaiazulene(1) Mannich
(Scheme 6.5)

OSiMe Surfactant O
OO f R L 3 O Ph

Ph HZO rt.,
CHO l}lH o)
1 R

Scheme 6.5 Mannich-Type Reaction using 3-Formylguaiazulene
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6.1.

(1-1) DBSA
1 0.057g (0.25 mmol) (0.25 mmol) 1- -1-
0.07g (0.375 mmol) DBSA 0.01g (0.025 mmol) 4 mL 2
(1-2)
1 1- -1- DBSA-Water 2
Mannich (Scheme 6.6)
OO + R-NH, + ;\S::e?’ _ - OO on
e DBSAV%r.t.,Zh Y
1 OMe R
R-NH, = ©: C'@NHz
NH,
Scheme 6.6 Reaction in DBSA-Water
1
DBSA DBSA 1 1-
-1-
HLB DBSA
4.97 1.38 1 1
-1-
Akiyama > (Scheme 6.7)

OMe . PMP. PMP,
OSiMe N N
/©/ 3 HBF, ag. (0.1eq.) NH O NH O
N T 7 oMe g Ph/H)J\OM " Ph/'\)J\OM
i OTES H,0, SDS(0.4eq.) , r.t. , 1h e : €
Ph OTBS OTBS

83% (syn86 : anti14)

Scheme 6.7 Mannich-Type Reaction using HBF, ag.

83



(2-1) HBF4 aq.

10.045g (0.2 mmol) p- 0.02g (0.2 mmol)  1- -1-

0.06g (0.3 mmol)  SDS(0.1 mmol) CTAB(0.2 mmol) 4 mL 42%
6
2

*®: HBF, SDS-Water 0.Immol CTAB-Water 0.2mmol
(2-2)

1 p- 1- -1- HBF, aqg. SDS
CTAB 2 Mannich (Scheme 6.8)

OSiMes
¥ MeO—< >—NH2 ¥
OO /\Ph NAN
CHO
1

Scheme 6.8 Mannich-Type Reaction using HBF, ag. and SDS or CTAB

SDS-Water 1 35%
CTAB-Water 1 2
1 9%
SDS
SDS-Water
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(3-1) SDS-Water
1 1- -1- SDS

(3-2)

1 1- -1- SDS-Water 2

Mannich (Table 6.1)
p_

Table 6.1 Mannich-Type Reaction in SDS-Water

OSiMe, OO
+ R-NH, + -
OO e SDS-Wa\r\r.t. ,2h Ph

CHO ’\\IH o
1 R
OSiMe,
1 (mmol) A (mmol) R-NH,(mmol) SDS (mmol) Recovery of 1(%)
@iOMe
0.25 0.375 NH, 0.125 90
o 0.25
0.2 0.3 Meo <:> N 0.1 trace
0.2
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7. T7-1sopropyl-4-methylazulene-1,3-dicarbaldehyde(4)
% 7-lsopropyl-4-methylazulene-1,3-dicarb-

aldehyde(4) SDS 4

7.1. 1,3-Dibenzimidazolylazulene

TBZ HIV (Fig. 7.1.1)
H //O H //O
josS e v F
MeO N MeO N =
N N
7\ 7\ N
MeO
- Seve
MeO F3CH,CO N
Omeprazole Lansoprazole TBZ
Fig. 7.1.1 Benzimidazole Derivatives
ltoh ¥ 0- Sc(OTH);

(Scheme 7.1.1)

NH, Sc(0Th, H
PhCHO + - >—ph
NH, THF,under O, 44h N

97%

Scheme 7.1.1 Synthesis Process of Benzimidazole Derivatives Proposed by Itoh et al.

Itoh 4 1,3-dibenzimidazolylazulene
SDS (Scheme 7.1.2)

D
CHO \
©:NH2 Sc(OTf),
+ o
OO NH, SDS-Water , r.t., 48h OO
CHO =
HN
4

Scheme 7.1.2  Synthesis of Benzimidazole Derivative from 4
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7.1.1.

40.12g (0.5 mmol) o- 0.04g (0.38 mmol) SDS 0.07g (0.25 mmol)
4 mL Sc(OTf); 0.024g (10 mol%) 48
- (1:1)
7.1.2.
4 o Sc(OTf); 48

(Scheme 7.1.3)

©:NH2 Sc(OTf),
+ >
OO NH, SDS-Water,rt., 48h OO

4 0% (Recovery of 4 : 11%)

Scheme 7.1.3  Synthesis of 1,3-Dibenzimidazolylazulene in SDS-Water
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7.2. 1,3-Dibenzthiazolylazulene

(Fig. 7.2.1)
F3CO s
T
N
Riluzole
Fig. 7.2.1 Benzthiazole Derivatives
Itoh 0- Sc(0Tf);3

(Scheme 7.2.1)

NH, Sc(OTf S

PhCHO + @[ _ SO @[ )—Ph
SH THF, r.t., 2h N
21%

Scheme 7.2.1 Synthesis Process of Benzthiazole Derivatives Proposed by Itoh et al.

Itoh 4 1,3-dibenzthiazolylazulene

SDS (Scheme 7.2.2)
.
CHO s
NH
L o= O
sH  SDS-Water, r.t., 24h _N
CHO 5\©
4

Scheme 7.2.2 Synthesis of Benzthiazole Derivative from 4

89



7.2.1.
40.12g (0.5 mmol) o- 0.063g (0.5 mmol) SDS 0.07g (0.25 mmol)
4 mL Sc(OTf); 0.012g (5 mol%) 24

- (2:1) 16
- (1:1) 4

16 : dark green needles (ethanol), mp : 169.9
'H-NMR (acetone-dg) &: 1.51 (6H, d, J = 6.8 Hz), 3.31-3.45 (1H, m), 7.41 (1H, t, J = 7.6 Hz, Ph), 7.48-7.63
(4H, m), 7.94-7.97 (1H, m), 8.07 (3H, t, J = 7.6 Hz, Ph), 8.13 (1H, d, J = 8.4 Hz, Ph), 8.48 (1H, s), 10.56 (1H,
d, J = 2.0 Hz, Ph).
EI-MS m/z : 450(M*, 100.00%), Calcd for CsH2,N,S; : 450.3 , Found : 450.1.

7.2.2.
4 o- Sc(0TH); 24 16 (Scheme 7.2.3)
O
CHO s
NH
L o - O
SH SDS-Water , r.t. , 24h _N
CHO d \@
4 16
5% (Recovery of 4 : 9%)
Scheme 7.2.3  Synthesis of 1,3-Dibenzthiazolylazulene in SDS-Water
16 MS m/z 450 'H-NMR 5 7.43 ppm
0 7.48-7.50ppm ¢ 7.56-7.58 ppm 6 8.07 ppm 8.13 ppm ¢ 10.56 ppm

16

1,3-dibenzimidazolylazulene
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8. Diels-Alder

Diels-Alder [41T +211 ]
C-C (Scheme 8.1)
chiral OMe
OMe oxazaborolidine CO-Me
(0.5 equiv) 7 2
5, DCM , -78 Si_  steps R OH
Br R I
| N /j\ (5 equiv) | o
CHO - YCHO

B

R=(E,E)-farnesyl 80%

r Eunicenone A

98 : 2 =endo / exo

Scheme 8.1 Synthesis of Eunicenone A by Diels-Alder Cycloaddition Reaction

Diels-Alder
5
Pd-Nanocage )
“2) (Scheme 8.2)
N
| AN
=
6 (\’I\IHZ + 4 NN - =
HoN-Pd-ONO, |
ONO, N N | X
NNg% N
Fd
N N 12+
7 ) AN
N= NI N
= \ /) \\
N NS @@L
Ny pq N — —
P PN >Pd = =
SN
| ’/ N\\
@\2.\\\/0 N ]
\ Nk N 12 NOs
\ )/ (N
2
N\ /N Pd = HZN'PId—
Pd |

Scheme 8.2 Synthesis of Pd
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Pd-Nanocage 2 5nm 3

Pd-Nanocage
1.1 Pd-Nanocage
) Pd-Nanocage
Diels-Alder Yoshizawa
“ Tt 9 10
Pd-Nanocage 1 4

(Scheme 8.3)

OH 0
O Pd-Nanocage

+ N
OOO D,O0,25 ,5min

(0]

Scheme 8.3 Elective Diels-Alder Reaction using Anthracene in Pd-Nanocage

Pd-Nanocage
Diels-Alder Pd-Nanocage

Diels-Alder Kusukawa **

(Scheme 8.4) Pd-Nanocage

(0]
O‘ Pd-Nanocage (10 equiv)
—_— —_—
Hexane / H,0O rt., 24h
o 25 ,0.5h

Scheme 8.4 Diels-Alder Reaction in Pd-Nanocage
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8.1

(1-1) Guaiazulene
Guaiazulene 0.0079g (0.04 mmol)
1 mL 30
24

0.5 mL

(1-2)
Guaiazulene  1,3- Pd-Nanocage

(Scheme 8.5)

Pd-Nanocage

I

Pd-Nanocage 0.1496g (0.05 mmol)
1,3- 0.032g (0.4 mmol)

e,

Guaiazulene

H,O , Hexane, r.t., 0.5h r.t., 24h

L

H 7

Not Reaction

Scheme 8.5 Diels-Alder Reaction using Guaiazulene and 1,3-Cyclohexadiene

20
Pd-Nanocage

Pd-Nanocage

Pd-Nanocage

Kusukawa
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(2-1)

Guaiazulene  1,3- Pd-Nanocage 0.1496g (0.05 mmol)
6
(2-2)
Guaiazulene  1,3- Pd-Nanocage 6
(Table 8.1)

Table 8.1 Heating Experiment

Guaiazulene
G (mmol) Diene(mmol) Solvent(mL) Tempreture( ) Recovery of G(%)
0.08 0.4 H,0(1) , Hexane(0.5) 100 83
0.8 4 — 40 88

: G is Guaiazulene

100 6

Kusukawa 1,3-

guaiazulene  1,3- Pd(OAcC), SDS-Water
24 guaiazulene

Kusukawa 1,3-
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(3-1)

Guaiazulene 0.0158g (0.08 mmol) 0.5 mL
1mL 30
24
(3-2)
Guaiazulene Pd-Nanocage

(Scheme 8.6)

Pd-Nanocage

Pd-Nanocage 0.1496g (0.05 mmol)
0.027g (0.4 mmol)

P

Guaiazulene

)\% ‘
H,O , Hexane, r.t., 0.5h r.t., 24h Q

Not Reaction

Scheme 8.6 Diels-Alder Reaction using Guaiazulene and Isoprene

24
guaiazulene  98%

azulene
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(4-1) SDS-Water

(0.2 mmol) (2.0 mmol)  SDS (0.1 mmol) 4 mL
(4-2)
SDS-Water
(Table 8.2)
Table 8.2 Diels-Alder Reaction in SDS-Water
\@\Q‘W“ Diels-Alder
Azulenes + Dienes » Cycloaddition
SDS'W}W\“- Compounds
Azulene Diene  Catalyst (mmol) Reaction Time(h) Recovery of Azulene (%)
Pd(OAc),(0.25) 24 Not Reaction
OQ AL PdOA9);, (0.04) 2 73
Sc(OTf), (0.04) 24 0
@ PA(OAC), (0.25) 24 0
)\/ Pd(OAc), (0.25) 24 0
8.2.
Diels-Alder

Pd-Nanocage
Diels-Alder
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S-lactam o -amino
phosphonate  4(3H)-quinazolinone benzthiazole

Azulenoid o -amino phosphonate

2-Azulenoid 4(3H)-quinazolinone FeCl; 6H,0 3-
SDS

Passerini CTAB

Azulenoid p-Lactam

Ugi (4CC) 3- CTAB
Ugi-Smiles

7-Isopropyl-4-methylazulene-1,3-dicarbaldehyde benzthiazole
benzimidazole
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