« 414 DAL

100 ml 727 5 22T 413 (1.7073 g, 11.22 mmol)® DMF (12 mD#%#Z 0°C T Oxane®
(7.0860 g, 11.53 mmol) L K&z 2 AR L7z, TRE AR L 22w L, Hy s 6@
E{ED 4-14 1.2023 g (4.41 mmol, UL 78%) % 157~
1H-NMR (600 MHz, DMSO-dy): § 10.32 (s, 2H), 9.73 (s, 2H), 7.34-7.28 (m, 6H), 6.97-6.95
(m, 1H) ppm.

- 415 DAL

100ml —AF A7 Z2aTr7 VI RHAT, kEE S 7 24(1.5869 g, 4.87 mmol) & 3 ¥
b7V 7 2 (0.5664 g, 3.41 mmol) % DMF (60 mDiZ43# L. 4-9 (0.2885 g, 0.49 mmol) D
DMF (8.0 mDi&i% & 4-14 (0.1369 g, 0.50 mmol) @ DMF (8.0 mDi&E & % 80°C T 50 M 2>
JCRIFFHCIE N L, 6121 AR L7z, A RERE AL, KEMxEkAFL T3
EHh L. BB A K, fSafAEK T 1 RIS L, it~ 7 2> ACHE L, BB
JEEELTBEA A 04342g 2 HB7-, TNEV VWXV DT LI a~v N T T T 4—
(eluentIf{b A F LA & 7 —)L 1311, viv) TR L, #8411 02999 g 2157-, “h
EEAAT L AZEN L, P F LT —T @0 mIZIES E RN A Uiz, 2N EEE L,
BIZEH L, A G[EK 415 0.2058 g (0.26 mmol, ULR 52%) %157~
TH-NMR (400 MHz, DMSO-ds): § 10.52 (s, 2H), 8.51-8.48 (m, 6H), 8.35 (d, J = 8.4 Hz,
2H), 7.93 (s, 2H), 7.57-7.43 (m, 6H), 7.24-7.15 (m, 6H), 4.34-4.12 (m, 8H), 3.95-3.73 (m,
8H) ppm.
ESI-MS: Calcd for C46H,4N4Og; 777.2924, Found; m/z 777.2965 [M+H]"

* 4-3a DEFRDRAS:

100ml —AF A7 5 2a TP LI FEAT. RiEE S ™ 2(0.2138 g, 0.656 mmol) & =
7{tH Y 7 2(0.1264 g, 0.76 mmol) Z DMF (70 mDIZ43 B L. 4-10 (0.1366 g, 0.100 mmol)
@ DMF (3.4 mDI&#Z & 4-14 (0.0548 g, 0.201 mmol)® DMF (3.4 mD)#&i% % 80°C T 50 B
T TCRERFICHIH F L, &5 1 BT L, BEE2BIEEE L, KEMEA T L
T 3 EHH L7, AEEZ B~ 7 2V U LATHEL, WIEZBIEEE L TRES AV
0.1062 g #537=, Zi# % DMF (6 mD) & /K (0.5 mDDIRATRIRICIED L, 7 AbB Y w7 A
(0.1170 g, .79 mmoD & Mz 3 AMIEIE L7, WA BIEEEL, ZJea kL aziiz /o
2 AL LY 0.0974 g 21572,

- 4-16 DAL

100 ml > 27 Z 22T 4-9 (0.4526 g, 0.78 mmol) & KI (6.6012 g, 39.77)7> DMF (10 ml)
IR C 80C T4 AMRIE L 7o RUNEAM A /KQO0 mDICEFEE | £ Utk A4 I8 L . 4-16
% 0.5375 g (0.706 mmol, yield 90 %) DEAREIL L L THET-,
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TH-NMR (300 MHz, CDCls): 6 8.43 (d, /= 8.7 Hz, 4H), 8.28 (d, J= 8.5 Hz, 2H), 8.09 d, /
=8.5 Hz, 4H), 7.75 (s, 2H), 7.14 (d, J= 8.7 Hz, 4H), 4.29-4.26 (m, 4H), 3.96-3.86 (m, 8H),
3.35-3.30 (m, 4H) ppm.

« 417 DAL

50ml —F A7 7 2aT7 /NI HEHKAT. 4-16 (0.2595 g, 0.34 mmol) &
Cu(CH3CN)4PFs (0.0646 g, 0.17 mmol) D7 mm 2 % > (3.0 mD)IRiK % 1 BRI L,
RIS 2 )R 5 LEREAER 4-17 0.5860 g (0.34 mmol, IR 100%) % 157-.
TH-NMR (600 MHz, DMSO-ds): § 8.69 (d, J= 8.2 Hz, 4H), 8.17 (s, 4H), 8.00 (d, /= 8.2 Hz,
4H), 7.42 (d, J= 8.3 Hz, 8H), 6.08 (d, J= 8.3 Hz, 8H), 3.72 (t, /= 6.3 Hz, 8H), 3.70-3.62
(m,16H),3.40 (6.3 Hz, 8H) ppm.

- 4-3a DHL DRI

50ml “AF AT TR TT /LA LFHR T, KT ¥ £(0.2030 g, 0.62 mmol) % DMF
(26 mDIZ53E L., 4-17 (0.1055 g, 0.06 mmol)?®> DMF (1.0 mDiA#% & 4-14 (0.0333 g, 0.12
mmol) @ DMF (1.0 mDI&{ % 60°C T 50 B2 CRIBFCHE T L. & 512 1 ARE#E#E L,
BIRAZREREL, FEND 7 oo kL ARIERZ i Ui-, AHE IR 2 BIERZ = L,
Z ZIZKCN (0.0763 g, 1.17 mmoDIZ 7 & b=k U (0.2 mD) & k&M% 1 BEEEEL L7,
yauad)L LT 3 EHIE Lc, AHEEZIEE~ 7 XU ATHEBEL, BEE2BIERELT
wEERE 0.2417 g 157-,

- 4-18
200ml A7 ZRaTT I UEFERLAT., 412 (10.3409 g, 67.96 mmol)?> DMF (100.0
mDEWRIZIRER S U ™7 2(48.6436 g, 351.95 mmol) & 7 m % o (45 ml, 568.41 mmol)
ZM% 80°CT 3 HIEAE L7z, RAlE a4 sl L, RIS 2 ITERE = Lz, EiEE Y
Vhoniobrua~ 757 ¢ —(eluent: BEBET F)L-~FH 2 1/4, viv) TR L . HEE
F 4 /L3 4-18 13.0051 g (60.58 mmol, UK 89%) %157,
IH-NMR (CDCls, 600 MHz) § 7.68-7.67 (m, 1H), 7.57-7.56 (m, 1H), 7.38-7.35 (m, 1H),
7.14-7.13 (m, 1H), 4.29 (t, /= 5.8 Hz, 2H), 3.92 (s, 3H), 3.84 (t, J= 5.8 Hz, 2H) ppm.

- 4-19
50 ml 7275 22T 4-18 (7.2046 g, 33.56 mmol)?®» THF- 2 % / —/1(1/1, 20 mDiE&

%712 NaOH (6.8495 g, 171.23 mmol) & K&z 1 A Lz, B2 RE”ZEL, 7%

BaKIZENL, BEAF VT2l Lz, KBIZ3SMHCI 2z /-, £ U-kE%

AEL, BEZEREE L, BEEK 419 59804 g (29.81 mmol, IR 89%) %157~

TH-NMR (CDCls, 400 MHz) § 7.75-7.73 (m, 1H), 7.62-7.61 (m, 1H), 7.42-7.38 (m, 1H),
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7.20-7.18 (m, 1H), 4.30 (t, J= 5.8 Hz, 2H), 3.85 (t, J= 5.8 Hz, 2H) ppm.

4-20

50 ml 7 A7 7 2 2T 4-19 (2.8028 g, 13.97 mmoD) (2 (b F #+ =/1(16.0 ml, 215.1 mmol)
ZMA 1 BRI L7z, WA BERE Lz, iEo THF (20.0 mDFHRIZ 0 °C Tk KZ
¥ —KF#(0.30 ml, 5.99 mmol) & 'V (1.4 ml, 17.31 mmol)® THF (5.0 mD¥A#k %
Mz 1 BREEER Ue, W82 /0 LRUERE R L, K40.0 mDIciEWE, 4 Uz Atz ik
L, b E B L, =% /) — V- THF- KBS & B S L A GE K 4-20 1.7266 g
(4.34 mmol, ILF 72%) %1572,
IH-NMR (DMSO-ds, 600 MHz) § 10.54 (s, 2H), 7.53-7.42 (m, 6H), 7.20-7.16 (m, 2H), 4.33
(t, J= 4.5 Hz, 4H), 3.99 (t, J= 4.5 Hz, 4H) ppm.

- 4-21

50ml 7R 7 5 22T .4-20 (0.5778 g, 1.45 mmol) D 7 & k (20 mDiAi%Z Nal (7.3756
g, 8.54 mmol) Z /N % 12 FFFLEIE L7-, WA BIER E L, FiElckEmz, =—7 LT3
Bl L7c, AHEIEL 10%F A hilt ) b U 7 2OKEKR T L, BKfE~ 7 %> 7 AT
R L. IRBEA R A L, AAER 4-21 0.7488 g (0.1.29 mmol, UV 92%) % 157-,
TH-NMR (DMSO-ds, 600 MHz) § 10.52 (s, 2H), 7.56-7.43 (m, 6H), 7.19-7.17 (m, 2H), 4.33
(t, J=6.3 Hz, 4H), 3.56 (t, J= 6.3 Hz, 4H) ppm.

- 4-22

50 ml “AFA7FAaTT A FEHKT. 48 (05117 g, 1.40 mmol) &
Cu(CH3CN)4PFs (0.2711 g, 0.72 mmol)®> DMF (6.0 mD7ii % 3 BEfIHEEE L7-, RUSRA
PNV F NN —T L ERBICINAZ, £ U2 I8 L, EZwm L, Lok 4-22
0.6269 g (0.67 mmol, K 96 %) %157~
1H-NMR (DMSO-ds, 600 MHz) § 9.33 (s, 4H), 8.66 (d, J= 8.2 Hz, 4H), 8.16 (s, 4H), 7.96
(d, J=8.2 Hz, 4H), 7.35 (d, J= 8.3 Hz, 8H), 5.89 (d, J= 8.3 Hz, 4H) ppm.

- 4-3b

30ml —AFAT7ZRAaTT VI EFEREKIT., kgt 7 2(0.3449 g, 0.62 mmol) 2 DMF
(20 mDIZ 53 # L .4-22 ® DMF (1.0 mD)I&#Z & 4-21 (0.1426 g, 0.24 mmol) ¢ DMF (1.0 m))
¥ A 60°C T 50 FFfEINT CTRIBFICIH F L, 5121 BREIE#H L=, W2 RIEEEL,
PN~ DMF rlsE 200 L7z, AT 2 ERE = L, KCN (0.6711 g, 1.17 mmol)
% DMF (4.0 mDE:/AkZMzx 1 BRE#EHE L, 7 ook L-MeOH T 3[EHH L=, Ak
JEZmEE~ 72U LA CHE L, IFIEARIERE L L CTBAER 0.0464g 2572, Zha
U BTN HTLYa~< T T 7 ¢ —(eluent: 7 o/l DMFE, 30:1 )THHR L, Rf =04
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DRSS % 15.8 mg B, /7 mafRLiziz 1 BEDERL, 7 2 ofL AR REH s
AR LTz, AIRITEEHEAMEREE L, 0.0256 g OEAEKESEL, Nz r/rakLss
AZ )= NVREBH T I DTN RIA T —Y L, YISV T AIav NI T
4 —(eluent: 7 B ORIV LAK ) — 1 20:1)THRIL, Rf0.2 D4 & LT 4-3b 20.9 mg
(0.015 mmol, 6%) % 157=,

ESI-MS: Calcd for Cg4HgsN3O1,; 1377.4722, Found; m/z 1377.4810 [M+H]".

- 4-24 DETK

50 ml —_AF A7 T RAaTT NI HEHR T, 4-23 (1.7 ml, 13.82 mmol) Dk A F L v
(13 mDiARIZ-84°C TR FE(1.7 ml, 32.97 mmol) DL A F L (20 mDIFHE 2 M0 % 1 H R
L7, 10%F AT NV U LKEREMA, BlbAF LT 3 EiH L, A¥EZ
Wi~ 7 %> U LA THEBEL, BEEZBEREL, BRI NLE2E-, ZUI~FT 20
A VECT-BHAERAIEE L, A~ O L B2 L 4-24 % 3.7274 g (8.71 mmol,
yield 63%)D H @ E AR & L TH7=,
IH-NMR (CDCls, 400 MHz) § 4.77-4.76 (m, 2H), 4.58-4.56 (m, 2H), 2.82-2.81 (m, 2H),
2.56-2.23 (m, 2H), 2.44-2.38 (m, 2H), 2.14-2.08 (m, 2H) ppm.

- 4-25 DA DR

30 ml A7 7 2 =T 4-24 (1.8010 g, 4.21 mmol)?® DMF (6.0 mD¥AIRIZ S 7 1bHh U ¥
2(3.1305 g, 55.78 mmol) & /il x. 80°CC 2 ARME L 7=, K&z, Eifg—F /LT 3 [ElfhiH
Lz, @2~ 732 U LT L B2 BIER £ L, 86K 1.0508 g 157,

- 4-28 DEFK DA

50ml —OFRA77 22 T7 /N3 E5ER . NaH (0.2790 g, 6.97 mmol, 60 % in mineral
oil)Z DMF (2.0 mDiZ43# L., 0°CT 4-27 (1.5178 g, 7.01 mmol)?® DMF (3.0 mDi&E#E %
Z 30 /MR L=, 2 22, 4-24(0.4324 g, 1.01 mmol)® DMF (3.0 mDiA#& % iz 17 BF
RER L7z, RONRE ;m%:jm/z\ FERA— /L C 3 [alfhi L, fafn &K< 1 B35 L
7o, AHEEIXEHE iR~ 7 22T AT L, RIEA TR E L, BEEER 1.3595 g
R,

50ml —OF A7 7 2aTr a3 FEEK T, 4-24 (0.4306 g, 1.01 mmol), 4-27 (1.7794 g,
7.01 mmol), TBAC (0.1291 g, 0.46 mmol), h/Lt> (6.0 mD), 50 % NaOH (2.0 mDA#&
DifEWZ 60 CT 2 BRFEH Lic, RIGREMIIKEZMA, FHilg=F /LT 3 [ElfHH L7,
AR TR EEKRT 1 EIVEE L, Mk~ 72> v AT L, WEEZBEREL, e
[E K 1.6877 g #157=.,
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- 4-30 DAFK

50ml “AFAT7Z A2 TT /I FKHEK T Nal (2.7358 g, 20.60 mmol) D dry 7 & k=
K U L(11 mDIEHRIZ TMS-CI (1.2 ml, 11.8 mmoD %, 5 43# 127k (0.1 ml, 5.55 mmol) % /Il
Z. 5312 4-29 (1.0 ml, 9.55 mmol) Z I % 1 BRI #R L7z, RUSIRA WA EE KR
T R U LKEREMA=—7 /LT 3 B L7c, AREEIT 10%F AigT Y v LKE
BT 1, faf AT 1 EgS L, BOKMEE~ 7 2> U ACHEEREL, BIEREE LEAA
A ) 4-30 1.8762 g (8.14 mmol, I¥=R 85%) & 157-,
IH-NMR (CDCIls3, 600 MHz) § 6.12-6.11 (m, 1H), 5.77-5.76 (m, 1H), 3.55 (t, J= 6.3 Hz,
4H), 2.57 (t, J=6.46 Hz, 2H), 2.01-1.97 (m, 2H) ppm.

- 4-31 DAL

50ml —HF A7 5 A3 TT7 NI EHA T, CpeZrCls (0.2683 g, mmol) & Mn (2.0261 g,
36.87 mmol) & LiCl (1.6010 g, 37.76 mmol) & Mezphen-NiClz (0.1340 g, 0.40 mmol) %
DME (30 mDiZ43# L. 4-30 (4.1939 g, 18.19 mmol)® DME (2.0 ml) % il % 3 BER#HE#: L
7=o BUSIEEWIZ NHs aq.(20 mDZ MGk A F L > C 3 EIHhH Lz, AHEE I BKAREE
VTRV LTHREL, BWEBELBOA AL 16498 ¢ #187-, ZhEL VI FNVTT L
7u< N7T T 4 —(~FH ) TR LR A1 L 4-31 0.8525 g (4.12 mmol, VR 45%)
s
TH-NMR (CDCls, 600 MHz) § 5.14 (s, 2H), 5.02 (s, 2H), 3.55 (t, J= 6.4 Hz, 4H), 2.41 (t, J
=17.4 Hz, 4H), 1.93-1.81 (m, 4H) ppm.

- 4-32 DAL

30ml + 27 F 227 4-31(0.1396 g, 0.67 mmo) ® 7 & bk (10 mDIF#ZIZ Nal (1.2809
g, 8.54 mmol) & Nz 11 FEFLENE L7, WA BIER E L, FEICKEMZ, =—F LT3
B U7o, AR IXEOKREE~ 7 R >0 AT L, IRIEABIERE L L, EilEGA 118
0.2358 g (0.60 mmol, ¥ 90%) % 157-,
ITH-NMR (CDCls, 600 MHz) § 5.13 (s, 2H), 5.02 (s, 2H), 3.19 (t, J= 6.7 Hz, 4H), 2.36 (t, J
=6.7 Hz, 4H), 1.97-1.92 (m, 4H) ppm.

- 4-34 DAEFL
100 ml “AF A7 A2, 4-33 (4.3575 g, 39.57 mmol) & Cs2C0s (12.8924 g, 39.56
mmol) D7 & k 2 (40 mDIEKRIZ O°C T L7223 5, MOMCI (2.9 ml, 38.54 mmol) D7 &
K (30 mDiAER A 10 22T TR F L, 2 BREHE#R L7z, SIE2RIERE AL, FiEloks
Nz Bl FLC 3 B L7, BB ITEKAEE~ 7 1% 7 A CRole L, TR % B
ELBEFT AN 6.6428g 21837, ZhET VBTN BTLra~ s T 7 4 —(FiE=F L
[~ 1/9—1/4, viv) TR L, @A A /L 4-34 2.3232 g (15.07 mmol, IR 39%) %15
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Tl
1H-NMR (CDCls, 400 MHz) § 7.16-7.12 (m, 1H), 6.64-6.61 (m, 1H), 6.56-6.55 (m, 1H),
6.49-6.47 (m, 1H), 5.15 (s, 2H), 4.76 (s, 1H), 3.48 (s, 3H) ppm.

- 4-35 DAL

30 ml —AFAT7ZRAaTT AT EMA T, Cs2C0s (0.425 g, 1.30 mmol) & 4-34
(0.1219 g, 7.91 mmol) D7 & k (4.0 mDIFKIZ 4-32 (0.1364 g, 0.349 mmo) DT & k>
(5.0 mDiAKZ Mz 2 BREEER L, 60°CT 11 BRHEH Lz, B2 RER =R L, FBREIcK
Mz, BT /LT 3 [EHH Lo, AR ITMafmAEAT 1 EEkE L, 8Kk~ 7 %
VU LTHREL, EEARMEREL, B8R4 A1/1 05839 g 2B, TnEVU DS ET
Lrua~w zTT7 4 —HERT T IVI~FH 2, 14, viv) THRELL, AGEE 4-35 0.1078 g
(0.243 mmol, UL 69%) %157,
TH-NMR (CDCls, 400 MHz) § 7.19-7.15 (m, 2H), 6.63-6.54 (m, 6H), 5.16 (s, 6H), 5.00 (s,
2H), 3.95 (t, J= 6.2 Hz, 4H), 3.50 (s, 6H), 2.44 (t, J= 6.2 Hz, 4H), 1.96-1.92 (m, 4H) ppm.

- 4-36 DA

50 ml A7 F 22 C, 4-35(0.7334 g, 1.66 mmol)D 2 % / —/1(3.0 m])-THF (6.0 ml)
FEHRIZ 60 °C ¢ 12 M HC1 (0.5 ml, 6 mmol) & I % 1 BRI L7z, SOSIRA W Bk ie
KFEF MU U LKBKREMZ=—7/LC 3 B L7, AHEEITEKREB~ 72 7 LT
WL, WIEZRBERE L, Chz2y VA sarsa~s 757 —@EffgF L)
THR L, B4~/ 4-360.5714 g (1.61 mmol, IR 95%) % 17-,
TH-NMR (CDCls, 400 MHz) § 7.13-7.11 (m, 2H), 6.50-6.40 (m, 6H), 5.15(s, 2H), 5.00 (s,
2H), 3.93 (t, J= 6.2 Hz, 4H), 2.44 (t, J= 6.2 Hz, 4H), 1.96-1.89 (m, 4H) ppm.

- 4-5 DARL

30ml —HAF A7 2a Ty /NI EEK T, Cs2C03(1.0408 g, 3.19 mmol)® DMF (10
mDIZ 5L, 60 ‘CT 4-34 (0.2683 g, 0.77 mmol)® DMF (1.0 mDiA# & 4-32 (0.3021 g,
0.77 mmol) ® DMF (1.0 mD¥EE % 12 BT CRIFFICIHE T L. & 51T 2 BRI L7,
FIRAEPN K EMZ =—7 /L 3 Bl L7z, AHEBITAMAE KT 1 EE L, EAK
Wi~ 7 32> U LA CHIRL, WIEEZRERELEAAT (/L 08313 g #187-, hixi Vb
FNATERTa<w NI T7 4 —(—TFu~FH 2, 1/6, viv) TR L, AG[EEK 4-60.0183
g (0.037 mmol, UK 5%) % 157=,
TH-NMR (CDCls, 600 MHz) § 7.15-7.12 (m, 2H), 6.48-6.46 (m, 4H), 6.41-6.40 (m, 2H),
5.13 (s, 4H), 4.97 (s, 4H), 3.91 (t, J= 6.4 Hz, 8H), 2.45 (t, J= 7.3 Hz, 8H), 1.95-1.90 (m,
8H) ppm.
13C-NMR (CDCls, 150 MHz) § 160.40, 129.90, 112.83, 106.96, 67.07, 30.60, 27.72 ppm.
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ESI-MS: Calcd for C3,H40NaOy; 511.2824, Found; m/z 511.2876 [M+Na]".

- 4-5 DE R ORA (51 4-37 % N 0)

50ml “AF A7 7 22T A FREA T, Cs2003(1.0019 g, 3.08 mmol) % dry DMF
(40 mDIZ5yE L, & 4-37 (0.8645 g, 8.70 mmol) % iz .65 °C T 4-32 (0.3380 g, 0.87 mmol)
dry DMF (2.0 mD¥&#Z & 4-34 (0.3096 g, 0.87 mmol) @ dry DMF (2.0 mDA# % 24 W 7>
JCRFFICHE T L, S 51T 12 Fefi#e Lc, RINEAEWICKEZ M A, ether T 3 [EHhH L
Too AREEITEKMEE~ 72 U L CHE L, WIEEZRIERE L, 8411 0.8155 g %

7=l

- 4-5 DEREF S+ 4-38 & IV O)

50ml —OFA7Z72aT7 LI FEHKR T, Cs2003(0.8417 g, 2.65 mmol) % dry DMF
(10 mDiz%3Hc L, 4-38 (0.2975 g, 0.80 mmoD) # il %, 65 “C T 4-32 (0.3010 g, 0.77 mmol)
& 4-34(0.2735 g, 0.77 mmol) @ dry DMF (2.0 mDiEi& % 24 BT CRIFFICTE F L, &
HIZ 12 AR Lo, SUSIEAWICKEIZ, ether T 3 [\l L7z, AHE X HOKARER
NIRRT LTHEEREL, BEEZBEREL, 8641101930 g 2B, ik I By
NATETa~x T T 7 4 —(—TF)u~FH > 1/6,viv) TR L, EEARHEK 4-50.0821 g
(0.17 mmol, 22%) % 157~

- BRI K D 4-6 DA EELS T 4-38 & IV 0)

50ml —AF A7 723 T7 LI FHR T, Cs200s(0.8642 g, 2.65 mmol) > dry DMF
(10 mDIZ43H L, 4-38 (0.1364 g, 0.36 mmol) &Mz, 65 °C T 4-32 (0.2855 g, 0.73 mmol)
& 4-33 (0.0808 g, 0.73 mmol) @ dry DMF (1.0 mD)iRxiE % 24 BRI~ T F L. & 61
12 REfEfE R L7-, RUSNEEMIZ K Z Nz, ether T 3 [mlHiH L7=, AHE I E KR~ 7
AV LTHEL, BEZBEREEL, B4 11 0.0656 ¢ 257, TnET VTN h
Fhruw s ITT 4 —(m—T)~FH 2, 1/6, viv) TR L HEERE K 4-5 0.0281 g (0.06
mmol, 16%) %157~
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HHE DMF Z 3L I EHI L L7 R R TORIL LT I FEOAERK

|
2
=
il

FLT I RIE, AEEFEORRL 258 CHEREEIZF>—HokEmTh D, NV
PAFARNLLT IR (DMF) 13, BEERIFET v FoMEBERED 1 > THD 1, &L
LTI RDPOAMENDIENAYAS Y —RELETEEOR WS ERE ORISIL, HEE
TILTE FOAREL LTEETHS 2, FLLT I FOESHEEIL., Ex REELOA#E
it DI R 545 3,

WBE., 7IvET7TVMET AR, BB ) ROBEKRME WS4, LorL, AL
7aY) RROXFMEAKMITHBETE DIZELEIT RS T, FAIMEITHNWSZ LiIFTEZR
W, EDTD, B2 2RV IBIERRBE STV D, B edRL IueklE LT, X
DIRATREKRMN G 23, BEFRAKT H2VLERNSH D 5, BT, 7T I DR IML
LIELIEHAWSRDE N6, 7 I rDOFR/L I ALITIIMEARMLIETH Y, T F L DR
PEND T, BN IMEREERNZ ERH D,

DMF i3 b A< FHEN TV D FBFERTH Y | FLIHE LTHRIHSATW
% 6, DMF (ZRE MR DT, DMF % WV THRL U T B ISR 2 VB B
HBHMN, ENTHRISITIE—MRICMBNLETH S 7, i, AU EER DMF 2 H\W =7
U DRI IO R TH D Z E AR SN 8, RoiT 0 R0 A MBS
Th b, £7-. EtN TFE T, TMSCI = TBSOTf ZiEMEA LAl L L THWS & F20h 2 inEh
THREDRET, TIVNHFLIMETELZ LERHEINTHDA, BHATE 01X
BT IVICRONTEBY, ZEATRHIN TR,

JIIEiZ, TBSCL 2T 5-1a ® O+ U vfk (TBS {k) Z#EEt L7z 10, =R T DMF %
WY L ORISR T2 2 A, OV U MBERBRICHRALIMEREZY, 7 R
7V 5-2a N 52%DULETHE 57z (Scheme 5-1), TBSCI 7% DMF OiE (LAl & LT
BHTHDZ LITMBNTVWSM 9, TBSCl ZIEMHALAIE 35 LB H/T I DHNRFL I
METEDRLEENTWS, 61aldFE— 7 I B RIVP RTHY ., ZOfERITL TBSCI
EIEMELAIE T AR IR IV IS FATE SRR HH L 2R LTS, 22
T, VU NALAIZTEEERI S L, 72 ufbAlE LT DMF Z Wiz, BBoniz2fkbcoe R
TV RRLT 2 UDRN BN TR 21T -> T2,
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Scheme 5-1.

0]
N,NH2
H TBSCI, imidazole
DMF, RT
OH 52%
5-1a

76



BE MR LB

BN IO OSSR ERETT 572012, BffiZge K2V K THD 5-1b 2V, THHE(L
H O Z T L7, 5-1b ® DMF &iRIZIEME(LA 2RI L, iR T 20 RS S E 7,
FAIMRIC LV BN T e KTV 6-2b DILER% Table 5-1 1279, £, 5-1a
DBV I AEDOFERE IS, EHEEFIE LT1 48D TBSCL & 1 48O A I 4V — L& H
Wik Z A, B2b BMINE 33% THELNEntry 1), 1 I 2V — AR LTRIEEITo1-E D
AIEFKRE A ELEEntry 2), ZHvE T, TBSCI Z{EHE(LAIE LCDMF (2L 9 Av
T 55A . @EIO TBSClI BWMLET, £72, EsN ORMNASLE L S TE, L
L, TBSClIZ1¥&TH+H T, £z, HEIIAETHDHZ ENgho7-, TBSCl Nz 7
WERNMEEE Z Biino Tz, £ 2T, oA A& EM(LE] & L THiET L 72, BFs - OEt:
TIHEINE T 6-2b NN L7223, AlCI3X° TiCls, SnCly D X 5 7z #RIAG 72 L 4 AR Tl
5-2b (X1 A LB/ LN -T2, (Entries 3~6), DMF OiEFME(LAI & LTy VILROL
A AN BN ER o Tz, EEEF L LT, TMSCL D3R ITIKD - 7= (Entry 7), &M
{LAl%E TMSOTSE & L7z & Z A, WK LA L L7~ (Entry 8), & 512, TBSOTS ZiEME(LAI &
THE D IWVINET 6-2b B E5N7-(Entry 9), TBSOTf D&EAE O L1-L 2 A, 5-2b
DL T TBSOTE D& L IFIF A L 7= (Entry 10), 3725, TBSOTE 1IfEIZ 72 5720
ZEnghrol,

Table 5-1. Optimization of the activating agent for DMF.

o O

H
Lewis acid N__H

ﬁH/NHZ DMF, RT, 20 h /©)J\H Tg/

'Bu ‘Bu
5-1b 5-2b

Entry Lewis acid (equiv) Yield (%)2
1 TBSC1 (1.0) + imidazole (1.0) 33
2 TBSC1 (1.0) 86
3 BF;-OFEt: (1.0) 43
4 AlCl3 (1.0)
5 TiCls (1.0)
6 SnCl4 (1.0)
7 TMSCI (1.0) 18
8 TMSOTf (1.0) 95
9 TBSOTf (1.0) 97
10 TBSOT{ (0.4) 44
alsolated yield.
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izt RV REAWTHRLIMEERBE LTz, £OfER% Table 5-2 1T~ 3, SLIAME
EOHHE RTU R 2 ELHFHRBEBLOMEMEE K72 FIZWFbIEFIC KR
TYTUNVE RTIVU 825527, WANRYUET AT BAK b £ /- FAL I
fb &7z, Boc #X° Cbz 72 K OfRIZxt L CHUR/ARER 2 FFORE I LA T 72,

Table 5-2. Formylation of hydrazides 2.

j 2
1.0 equiv TBSOTf N__H
R/MNHNHZ - RN
DMF, RT, 20 h Ho 4
& 5-2
o) o) 0
/@/U\NHNHZ ﬁNHNHz /Q/MNHNHZ
eO | NC
- 0,
5-1c, 92 % 5-1d. 93 % S
0
NHNHz NHNH, N
5 | X NHNH2
20 s 1f 76 % =
COOEt 5-1h, 91 %
5-1g, 94 %
0 0 .
Ph/\/mNHNHZ %NHNHZ BnO)J\NHNH
5-1i 83 % 2
5-1j, 69 % 5-1k, 83 %
0 o)
NHNH; NHNH,
BocN CbzN
511,92 % 5-1m, 93 %
a[solated yield.

WIZ, T IV OB INMBIZOWT B RGN LT, ZOfEHR% Table 3 12779, SMKEED
RWVE—RT 2 5-3a-3¢ [TTPRREDINRTHNL I ALK E B 2 1~ @WK %
Fo7 I I TBSOTf # K s¥ 7 &EB 2 ohvd, ZHET, TBSOTf i35 —H%7T I D
BRI AL TITEEEA E L TE b D& SNTE N9, MEEZMZ T, A%
fﬁ?%’fiﬂﬁ%ﬂf“%é ZEWRGM ol BIRT I UOHGEIX. RERIER TR I RER

Boii, 7=V VEIIENET 2 v ERERICHA L I L& iz (6-3h, 5-3D), T I /&
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ERIIE—RT IR THTHENET MFLIbiEE2 5 27-. 4> F—/L NH O
I BIIR B o T,

Table 5-3. Formylation of amines 2.

1.0 equiv TBSOTf

R'R?N—H R'R’N—CH
DMF, RT, 24 h CHO
» 5-4
NH, NH,
5-3a, 40 % f 0
Sl 5-3¢, 45 %
NHMe /N
_/
-3d 94 ° g
5-3d, 94 % 5-3e, 89 % 5-3f 77 %
HNC>7c00Et
O e
5-3g, 88 % 5-3h, 67 %
! 5-3i, 82 %

_~_-COOMe
Ph™ \(\rcooa - c/\(COOB”

NH, NH,-HCI NH, HOTs
5-3j, 81 % 5-3k, 82 %P 5-31, 95 %P
COOMe
HN.
NH,HCI
5-3m, 95 %P

a[solated yield. P1.0 equiv of imidazole was added to neutralize the ammonium group.

E RZURET IVOBARISERE LT-, 1.0 Y&721F TBSOTE % AT 5-3n % /L
BRI L, RGO T 2/ 2% Boe THR#E L THEEL /-, TORE. 5-4n DMK
56% C1& 572 (Scheme 52), t KT Y ROEALI NIRRT, 7T/ HEidE
R REO S RIHEREWNZ ERmhoTz,
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Scheme 5-2

i Boc,O
HN/\:>-CONHNH2 (0AEQUIVETIES Ol 2 OHC—NC>*CONHNHBOC
DMF, RT, 20 h

5-3n

5-4n

TI/)TNa— LOBFRERBRMALIEIZ, 7IVOFETFTE FrX &N
TBSOTf I L > TV ML ENDTDITEMTH T, BHEISZRIT D201, 2 HED
TBSOTf & 1 YEBDA I XY —NEHAVTE FuxvEE2ETHE RTIY LT I DR
VI ERF L, TORE, B Fax RO TBSILICL 2R#ELE T IV ROk I
LEBBFICITY 2 &M TEZ, BART I /)7L a—LLe Fefdi bk FIYP FE2 UL
fb-FAN I b LTc#ER % Table 5-4 1273, B FeF I ERNT Y MbIlcALLAT IR
FIXTT U RTVUBRHFRENDEWVIETHE LI,

Table 5-4. Silylative formylation of aminoalcohol .

2.0 equiv TBSOTH,
HO-R-NH, 1.0 equiv imidazole

TBSO—R~-NHCHO

2 DMF, RT, 24 h 2
O O 0
NHNH, plaula /Ji::r)LNHNHZ
HO
ol HO 5-5¢, 90 %
5-1a 63 % 5-5b, 62 %
E COOMe
PR oH Ho/\YCOOt /Ii:j/xi/
NH, NHy-HCI HO NH,-HCI
5-5d, 70 % 5-5e, 90 %° 5-5f, 90 %"

a[solated yield. 2.0 equiv of imidazole was used.

A IF—=NEMZT, 5-1alZ DMF #C 2 480 TBSOTf 2 EH ¥/ 2 A, E&F
BINC 7 Z Y K57 557z, FEEIC, 5-5¢ 12 DMF #1C 2 2 &d TBSOTf #/Ef & ¥ 7=
EZAH, T2 ) ABTVIIHEERTWRWS T Vbe RT3V 5-8 LR 92% TH LN
7-(Scheme 5-3).

INOLO/RERIZ, MATEAIZ =P Fax LEDY ) bz RICIRET S
7, BEbiZk Faex AR REIN, £0%, 7I FELIEE RI Y RO VR =)L

80



23 TBSOTE 12 X » THEMAL SN T 66 BNAERTHZ EE2RLTWD, A IX Y —LEMx
412 6-1a I TBSOTf 2 1EH &85 & M b an/-t FI Y RId@EU 2B FETHE
FexoVREICK2RBE2ZT, RIELLEZEBZ6N5,

Scheme 5-3
o)
' o)
NHNH, 2.0 equiv TBSOTf
DMF, RT,. 20 h O
97 %
OH 5-7
5-1a
0 0
@NHNHZ 2.0 equiv TBSOTf /©/U\NHNH2
DMF, RT, 20 h
HO » RT, 20 TBSO
92 %
5-5¢ ° 5.8

DMF O 0 12 DMAc 2t s L= & &, 51b 1EZxkad 27 B F LIk 5-9 2 {En7-
IR TH 2 7-(Scheme 5-4), L7=23-> T, TBSOTf I3tk~ 727 I FojFEHELAIE LR

TEXHLEZADND,

Scheme 5-4. Acetylation of hydrazide.

(@] 0] H
_NH 1.0 equiv TBSOTf / M
N 2 N NT e
t DMAc, RT,20h H o
Bu 5-1b 95% Bu 5.0

TBSOT @ @&V EME(LREIL, £ DmVv LA AEEMER X OSBRI AEIZ K - TR
5 LRTE D, TBSOTEIZ & 2 A/ I/LRUS DHEE FUGHEE % Scheme 5-5 (2779, K
DT I 7 EOFET TH, TBSOTE iZEv LA REENM: 2> DMF O 7 ViR = Vs
BRI U T 5, IEME LS DMF 137 X 0 ORBHEZ =T, hRAICT I R
RS DNETT D, Y VIR DMF 43 FIZBEI L, ARG NDbDEEZXDL

o,
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Scheme 5-5. Plausible reaction mechanism of the TBSOTf-promoted formylation

reaction.
o) TBS
Ji§ TBSOTF O R-NH, o TBS
H” “NMe, PR + ey
H™ “NMe; H” NHR
T DMF |
X
H” “NHR
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L LEAlE LT DMF 2, f&EE(EHI L LT TBSOTE 2 vy, kkx 727 X 8T
F LAV IbEnTe, DMF X TBSOTf IZIAFES TH Y | fBHIZ, 2R TR
ST THIENET IV ORLVIMUEL LTARATH L LEZDND,
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BIUET  FEEROER
Benzyl Carbazate (6-1k) was purchased from Tokyo Chemical Industry Co., Ltd.

Preparation of hydrazide: A typical procedure”

A solution of methyl 4-fert-butylbenzoate (5.15 g, 26.8 mmol) and hydrazine monohydrate (1.50 ml,
30.0 mmol) in MeOH (15 mL) was stirred for 2 d. After removal of the solvent in vacuo, the residue
was recrystallized from MeOH to give 4-fert-butylbenzohydrazide (5-1b) (2.94 g, 15.3 mmol, 57%)
as a colorless crystal.

'H-NMR (300 MHz, DMSO-dq): 6 9.68 (s, 1H), 7.75 (d, J = 8.5 Hz, 2H), 7.45 (d, J = 8.5 Hz, 2H),
4.44 (s, 2H), 1.28 (s, 9H) ppm.

5-1a
Yield 70 %, 'H-NMR (600 MHz, DMSO-dq): & 9.53 (s, 1H), 7.54-7.53 (m, 1H), 7.45-7.42 (m,1H),
7.37-7.36 (m, 1H), 7.30-7.28 (m, 1H), 5.25 (s, 1H), 4.59 (s, 2H), 4.47 (s, 2H) ppm.

51c
Yield 92 %, 'H-NMR (600 MHz, DMSO-dg): 6 9.60 (s, 1H), 7.80 (d, J = 7.6 Hz, 2H), 6.97 (d, J =
8.5 Hz, 2H), 4.41 (s, 2H), 3.79 (s, 3H) ppm.

5-1d
Yield 86 %, 'H-NMR (400 MHz, DMSO-dy): & 9.83 (s, 1H), 7.83 (d, J = 8.5 Hz, 2H), 7.59 (d, J =
8.5 Hz, 2H), 4.49 (s, 2H) ppm.

5-1e
Yield 91 %, '"H-NMR (600 MHz, DMSO-dy): & 10.04 (s, 1H), 8.00-7.86 (m, 4H), 4.60 (s, 2H) ppm.

5-1f
Yield 87 %, '"H-NMR (600 MHz, DMSO-d): & 9.68 (s, 1H), 7.75 (d, J = 8.5 Hz, 2H), 7.45 (d, J =
8.5 Hz, 2H), 4.44 (s, 2H) ppm.

5-1¢g

Yield 28 %, 'H-NMR (600 MHz, DMSO-dp): & 10.01 (s, 1H), 8.24 (s, 1H), 8.12 (s, 1H), 8.06 (s, 1H),
4.55 (s, 2H), 4.34 (q, J= 7.0 Hz, 2H), 1.35-1.33 (m, 12H) ppm.

84



5-1h
Yield 93 %, 'H-NMR (600 MHz, DMSO-d): 5 9.86 (s, 1H), 8.61-8.60 (m, 1H), 7.98-7.97 (m, 2H),
7.58-7.55 (m, 1H), 4.55 (s, 2H) ppm.

5-1i
Yield 92 %, 'H-NMR (600 MHz, DMSO-dj): 6 8.96 (s, 1H), 7.30-7.16 (m, 5H), 4.15 (s, 2H), 2.80 (t,
J=69Hz, 2H), 2.31 (t, /= 6.9 Hz, 2H) ppm.

5-1j
Yield 30 %, "H-NMR (600 MHz, DMSO-ds): & 8.77 (s, 1H), 4.12 (s, 2H), 1.07 (s, 9H) ppm.

51|
Yield 66 %, 'H-NMR (600 MHz, DMSO-ds): 8 8.99 (s, 1H), 4.15 (s, 2H), 3.98-3.88 (m, 2H),
2.78-2.60 (m, 2H), 2.25-2.18 (m, 1H), 1.60-1.58 (m, 2H), 1.43-1.39 (m, 11H) ppm.

5-1m
Yield 71 %, 'H-NMR (600 MHz, DMSO-dq): 8 9.00 (s, 1H), 7.38-7.31 (m, 5H), 5.07 (s, 2H), 4.15 (s,
2H), 4.00-3.98 (m, 2H), 2.85-2.77 (m, 2H), 2.27-2.23 (m, 1H), 1.63-1.61 (m, 2H), 1.47-1.41 (m, 2H)
ppm.

5-5b Yield 80 %, 'H-NMR (600 MHz, DMSO-dj): & 9.51 (s, 1H), 7.36-7.34 (m, 1H), 7.30-7.27 (m,
2H), 7.24-7.22 (m, 1H), 4.83 (t, J = 4.7 Hz, 1H), 4.46 (s, 2H), 3.61-3.58 (m, 2H), 2.83 (t, 7.0 Hz,
2H) ppm.

Formylation of hydrazide in DMF : A general procedure

To a solution of 5-1 (1.0 mmol) in DMF (1.0 mL), TBSOTf (1.0 mmol) was added at room
temperature. After stirring for 20 h, the volatiles were evacuated, and the residue was directly
chromatographed (eluent: dichloromethane:methanol, 20:1, v/v) to obtain 5-2 as a white solid.
5-2b
Yield 97 %, '"H-NMR (600 MHz, DMSO-dq): 8 10.23 (br, 2H), 8.12 (s, 1H), 7.81 (d, J = 8.5 Hz, 2H),
7.51 (d, J=8.5 Hz, 4H), 1.30 (s, 9H) ppm.

ESI-MS: Calcd for C;,H;7N>0,; 221.1237, Found; m/z 221.1285 [M+H]".

5-2¢
Yield 92 %, 'H-NMR (600 MHz, DMSO-dg): 6 10.15 (br, 2H), 8.12 (s, 1H), 7.86 (d, J = 8.8 Hz, 2H),
7.03 (d, J= 8.8 Hz, 2H), 3.81 (s, 3H) ppm.
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BC-NMR (150 MHz, DMSO-dj) : 6 164.73, 162.05, 160.01, 129.40, 124.41, 113.97, 55.40 ppm.
ESI-MS: Calcd for CoH;;N,O3; 195.0764, Found; m/z 195.0785 [M+H]".

5-2d

Yield 93 %, 'H-NMR (600 MHz, DMSO-ds): § 10.50 (s, 1H), 10.07 (s, 1H), 8.13 (s, 1H), 7.89 (d, J
= 8.3 Hz, 2H), 7.65 (d, J= 8.3 Hz, 2H) ppm.

3C-NMR (150 MHz, DMSO-dy) : § 164.62, 159.87, 137.41, 131.68, 129.36, 99.72 ppm.

ESI-MS: Calcd for CsHsIN>0,;290.9575, Found; m/z 290.9608 [M+H]'.

5-2e

Yield 75 %, 'H-NMR (600 MHz, DMSO-d):6 10.71 (s, 1H), 10.17 (s, 1H), 8.14 (s, 1H), 8.02-8.01
(m, 4H) ppm.

BC-NMR (150 MHz, DMSO-dg) : 6 163.89, 159.86, 136.25, 132.64, 128.32, 118.21, 114.28 ppm

5-2f

Yield 76 %, 'H-NMR (600 MHz, CDCl5): & 10.83 (s, 1H), 10.21 (s, 1H), 8.35 (d, J = 8.6 Hz, 2H),
8.16 (s, 1H), 8.10 (d, J = 8.6 Hz, 2H) ppm.

3C-NMR (150 MHz, DMSO-dy) : § 163.68, 159.84, 149.42, 137.90, 129.04, 123.75 ppm.
ESI-MS: Calcd for CsHsN;Oy4; 210.0509, Found; m/z 210.0482 [M+H]"

5-2g

Yield 94 %, '"H-NMR (600 MHz, CDCls): & 10.71 (s, 1H), 10.13 (s, 1H), 8.30 (s, 1H), 8.17 (s, 1H),
8.15 (s, 1H), 8.13 (s, 1H), 4.36 (q, /= 7.0 Hz, 2H), 1.36-1.34 (m, 12H) ppm.

PC-NMR (150 MHz, DMSO-dq) : § 165.40, 164.50, 159.87, 151.83, 132.65, 130.12, 128.95, 128.75,
125.75, 61.08, 34.77,30.84, 14.18 ppm.

ESI-MS: Calcd for C;sH,1N,Oy; 293.1496, Found; m/z 293.1490 [M+H]"

5-2h

Yield 91 %, 'H-NMR (400 MHz, CDCls): § 10.41 (s, 2H), 8.69-8.67 (m, 1H), 8.10 (s, 1H), 8.06-8.00
(m, 2H), 7.67-7.62 (m, 1H) ppm.

C-NMR (150 MHz, DMSO-dq) : 8 166.92, 162.59, 159.54, 148.64, 137.88, 127.04, 122.40 ppm.
ESI-MS: Caled for C;HgN30»; 166.0611, Found; m/z 166.0579 [M+H]"

5-2i
Yield 83%, 'H-NMR (600 MHz, CDCL3): § 9.94 (s, 2H), 7.98 (s, 1H), 7.29-7.17 (m, 5H), 2.83 (t, J =

7.9 Hz, 2H), 2.44 (t, J= 7.9 Hz, 2H) ppm.
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PC-NMR (150 MHz, DMSO-dj) : 8 169.86, 159.12, 140.97, 128.31, 128.22, 125.97, 34.68, 30.67

ppm.
ESI-MS: Calcd for CoH;3N>0,; 193.0961, Found; m/z 193.0972 [M+H]"

5-2j

Yield 69%, 'H-NMR (600 MHz, DMSO-ds): 6 9.73 (s, 1H), 9.43 (s, 1H), 8.01 (s, 1H), 1.13 (s, 9H)
ppm.

BC-NMR (150 MHz, DMSO-dq) : 6 178.34,176.29, 37.52, 27.20 ppm.

ESI-MS: Calcd for C¢H3N,0,; 145.0921, Found; m/z 145.0935 [M+H]"

5-2k

Yield 76 %, 'H-NMR (600 MHz, DMSO-dq): 8 9.56 (br, 2H), 8.02 (s, 1H), 7.45-7.30 (m, 5H), 5.09
(s, 2H) ppm.

PC-NMR (150 MHz, DMSO-dj) : & 160.42, 155.79, 136.56, 128.42, 128.03, 127.94, 66.03 ppm.
ESI-MS: Caled for CoHoN,NaOs; 217.0589, Found; m/z 217.0573 [M+Na]”

5-21

Yield 92 %, 'H-NMR (600 MHz, DMSO-dq): 8 10.00 (s, 1H), 9.00 (s, 1H), 7.99 (s, 1H), 3.97-3.92
(m, 2H), 2.84-2.62 (m, 2H), 2.42-2.33 (m, 1H), 1.69-1.65 (m, 2H), 1.44-1.38 (m, 2H), 1.39 (s, 9H)
ppm.

C-NMR (150 MHz, DMSO-dj) : & 172.64, 159.30, 153.85, 78.64, 43.06, 34.47, 28.08 ppm.
ESI-MS: Calcd for C1,H;N3NaO,; 294.1430, Found; m/z 294.1430 [M+Na] .

5-2m

Yield 93 %, 'H-NMR (600 MHz, DMSO-dq): 8 9.88 (br, 2H), 7.99 (s, 1H), 7.39-7.32 (m, 5H), 5.07
(s, 2H), 4.02-3.99 (m, 2H), 2.89-2.82 (m, 2H), 2.43-2.39 (m, 1H), 1.70-1.68 (m, 2H), 1.48-1.43 (m,
2H) ppm.

PC-NMR (150 MHz, DMSO-dy) : § 172.52, 159.27, 154.8, 137.01, 128.43, 127.82, 127.50, 66.13,
42.93, 30.69, 28.02 ppm.

ESI-MS: Calcd for C;sH;9N3NaOy; 328.1273, Found; m/z 328.1299 [M+Na]'".

Formylation of amine in DMF : A general procedure

To a solution of 5-3 (1.0 mmol) in DMF (1.0 mL), TBSOTf (1.0 mmol) was added at room
temperature. After stirring for 24 h, the volatiles were evacuated, and the residue was directly

chromatographed (eluent: dichloromethane:methanol, 20:1, v/v) to obtain 5-4.
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5-4a'
Yield 40 %, 'H-NMR (600 MHz, CDCl5): & 8.29 (s, 1H), 7.6-7.26 (m, 5H), 5.76 (br, 1H), 5.51 (d, J
=5.9 Hz, 2H) ppm.

5-4b"
Yield 59 %, '"H-NMR (600 MHz, CDCls): § 8.15 (s, 1H), 7.34-7.20 (m, 5H), 5.49 (s, 1H), 3.59 (q, J
= 6.9 Hz, 2H), 2.85 (t, J= 6.9 Hz, 2H) ppm.

5-4¢'
Yield 45 %, '"H-NMR (600 MHz, CDCl5): & 8.17 (s, 1H), 7.32-7.16 (m, 5H), 5.45 (br, 1H), 3.37-3.23
(m, 2H), 2.69-2.66 (m, 2H), 1.90-1.85 (m, 2H) ppm.

5-4d"
Yield 94 %, '"H-NMR (600 MHz, CDCl5): & 8.29 and 8.17 (s, 1H), 7.39-7.20 (m, 5H), 4.53 and 4.40
(s, 2H), 2.85 and 2.79 (s, 3H) ppm.

5-4e"
Yield 89 %, 'H-NMR (600 MHz, CDCls): & 8.43 (s, 1H), 7.39-7.17 (m, 10H), 4.42 (s, 2H), 4.27 (s,
2H) ppm.

5-4f*
Yield 77 %, '"H-NMR (600 MHz, CDCl): § 8.07 (s, 1H), 3.71-3.69 (m, 2H), 3.68-3.66 (m, 2H),
3.59-3.56 (m, 2H), 3.41-3.39 (m, 2H) ppm.

5-4g

Yield 88 %, 'H-NMR (600 MHz, CDCls): & 8.02 (s, 1H), 4.23-4.21 (m, 1H), 4.16 (q, J= 7.1 Hz, 2H),
3.63-3.60 (m, 1H), 3.17-3.12 (m, 1H), 2.90-2.86 (m, 1H), 2.59-2.54 (m, 1H), 2.00-1.94 (m, 1H),
1.72-1.60 (m, 1H), 1.27 (t, J= 7.1 Hz, 3H) ppm.

PC-NMR (150 MHz, DMSO-dj) : 6 174.00, 160.95, 60.89, 45.18, 41.33, 39.08, 28.74, 27.49, 14.32

ppm.
ESI-MS: Calcd for CoH;sNOs; 186.1125, Found; m/z 186.1117 [M+H]".

5-4h'

Yield 67 %, '"H-NMR (600 MHz, CDCls): Observed as the mixture of rotamers in the ratio of 52:48.
6 8.69 (d, J=11.5 Hz, 1H) and 8.40 (s) (1H), 7.55-7.07 (m, 6H) ppm.
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5-4i'
Yield 82 %, '"H-NMR (600 MHz, CDCl;): & 8.48 (s, 1H), 7.43-7.41 (m, 2H), 7.29-7.26 (m, 1H),
7.19-7.17 (m, 2H), 3.33 (s, 3H) ppm.

5-4j"
Yield 81 %, 'H-NMR (600 MHz, CDCl5): § 8.18 (s, 1H), 7.32-7.10 (m, 5H), 6.01 (br, 1H), 5.00-4.96
(m, 1H), 3.76 (s, 3H), 3.21-3.12 (m, 2H) ppm.

5-4k'°

Yield 82 %, 'H-NMR (600 MHz, CDCl;): & 8.22 (s, 1H), 5.93 (br, 1H), 4.75-4.73 (m, 1H), 3.76 (s,
3H), 1.69-1.67 (m, 2H), 0.97-0.94 (m, 6H) ppm.

ESI-MS: Calcd for CgH ¢NOs; 174.1125, Found; m/z 174.1088 [M+H]".

5-41

Yield 95 %, 'H-NMR (600 MHz, CDCl5): & 8.20 (s, 1H), 7.36-7.26 (m, 10H), 6.60 (br, 1H), 5.16 (s,
2H), 5.06 (s, 2H), 4.99-4.96 (m, 1H), 3.14-3.11 (m, 1H), 2.96-2.8 (m, 1H) ppm.

PC-NMR (150 MHz, CDCls) : & 170.80, 170.15, 160.72, 135.33, 135.08, 128.80, 128.79, 128.73,
128.69, 128.52, 67.93, 67.10, 47.34, 36.40 ppm.

ESI-MS: Calcd for C;9H;gNNaOs; 364.1161, Found; m/z 364.1160 [M+Na]+.

5-4m"’

Yield 95 %, '"H-NMR (600 MHz, CDCl): § 8.19 (s, 1H), 8.10 (br, 1H), 7.55-7.54 (m, 1H), 7.38-7.36
(m, 1H), 7.22-7.19 (m, 1H), 7.14-7.12 (m, 1H), 7.01 (s, 1H), 6.10 (br, 1H), 5.05-5.02 (s, 1H), 3.72 (s,
3H), 3.40-3.33 (m, 2H) ppm.

ESI-MS: Calcd for Cy3H;3N>NaOs; 26.0902, Found; m/z 269.0893 [M+Na]+.

5-4n

Yield 56 %, '"H-NMR (600 MHz, DMSO-d): & 9.55 (s, 1H), 8.70 (s, 1H), 7.97 (s, 1H), 4.13-4.10 (m,
1H), 3.69-3.67 (m, 1H), 3.07-3.02 (m, 1H), 2.68-2.63 (m, 1H), 2.43-2.38 (m, 1H), 1.73-1.67 (m, 2H),
1.47-1.42 (m, 2H), 1.39 (s, 9H) ppm.

PC-NMR (150 MHz, CDCl;): & 173.70, 161.01, 155.81, 81.66, 45.12, 40.58, 38.97, 28.79, 28.17,
27.66 ppm.

ESI-MS: Calcd for C1,H»N3NaOy; 294.1430, Found; m/z 294.1418 [M+Na]+.

Formylation of aminoalcohol: A general procedure

To a solution of 5-56 (1.0 mmol) in DMF (1.0 mL), TBSOT{ (2.0 mmol) and imidazole (1.0 mmol)

89



were added at room temperature. After stirring for 24 h, the volatiles were evacuated, and the residue

was directly chromatographed (eluent: dichloromethane:methanol, 20:1, v/v) to obtain 5-6.

5-2a

Yield 63 %, 'H-NMR (600 MHz, CDCl5): & 10.13 (br, 2H), 8.10 (s, 1H), 7.61-7.60 (m, 1H),
7.54-7.51 (m, 1H), 7.47-7.46 (m, 1H), 7.37-7.33 (m, 1H), 4.88 (s, 2H), 0.91 (s, 9H), 0.07 (s, 6H)
ppm.

PC-NMR (150 MHz, DMSO-dy): 8 167.01, 159.77, 139.90, 131.77, 130.38, 127.25, 126.59, 126.24,
61.81, 25.83, 18.02, -5.39 ppm.

ESI-MS: Calcd for C;5sH2sN,NaO;Si; 331.1454, Found; m/z 331.1442 [M+Na]".

5-6b
Yield 62 %, 'H-NMR (600 MHz, CDCl5): & 10.12 (s, 1H), 10.05 (s, 1H), 8.10 (s, 1H), 7.42-7.38 (m,
2H), 7.34-7.28 (m, 2H), 3.79 (t, J = 6.9 Hz, 2H), 2.3 (t, J= 6.9 Hz, 2H), 0.82 (s, 9H), -0.05 (s, 6H)

ppm.
ESI-MS: Calcd for C14H,¢N,NaO;Si; 345.1610, Found; m/z 345.1626 [M+H]".

5-6¢

Yield 90 %, 'H-NMR (600 MHz, DMSO-dj): & 10.20 (br, 2H), 8.11 (s, 1H), 7.82 (d, J = 8.5 Hz, 2H),
6.94 (d, J= 8.5 Hz, 2H), 0.95 (s, 9H), 0.22 (s, 6H) ppm.

C-NMR (150 MHz, DMSO-d;): & 164.67, 159.99, 158.33, 129.52, 125.44, 119.71, 25.52, 18.00,
-4.55 ppm.

ESI-MS: Calcd for C,4H,,N,NaO;Si; 317.1297, Found; m/z 317.1299 [M+Na]".

5-6d

Yield 70 %, 'H-NMR (600 MHz, CDCl;): 6 8.16 (s, 1H), 7.31-7.15 (m, 5H), 5.83 (br, 1H), 4.32-4.27
(m, 1H), 3.54-3.53 (m, 2H), 2.8-2.87 (m, 2H), 0.93 (s, 9H), 0.07-0.05 (m, 6H) ppm.

ESI-MS: Calcd for C4H,¢N,NaOsSi; 345.1610, Found; m/z 345.1626 [M+Na]'".

5-6e

Yield 90 %, '"H-NMR (600 MHz, CDCls): § 8.27 (s, 1H), 6.43 (br, 1H), 4.75-4.72 (m, 1H), 4.25-4.20
(m, 2H), 4.11-4.09 (m, 1H), 3.86-3.84 (m, 1H), 1.29 (t, /= 7.1 Hz, 3H), 0.86 (s, 9H),0.04 (s, 3H),
0.03 (s, 3H) ppm.

PC-NMR (150 MHz, DMSO-d;): 8 170.03, 160.75, 63.58, 61.88, 53.02, 25.82, 18.30, 14.32, -5.43
ESI-MS: Calcd for C;,H,sNNaO,4Si; 298.1451, Found; m/z 298.1432 [M+Na]+.
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5-6f
Yield 90 %, 'H-NMR (600 MHz, CDCl3): & 8.18 (s, 1H), 6.96 (d, J = 8.3 Hz, 2H), 6.76 (d, J = 8.3
Hz, 2H), 6.07 (br, 1H), 4.93-4.90 (m, 1H), 3.73 (s, 3H), 3.09-3.07 (m, 2H), 0.97 (s, 9H), 0.18 (s, 6H)

ppm.
ESI-MS: Calcd for C,7H»7NNaQ,4Si; 360.1607, Found; m/z 360.1605 [M+Na]+.

5-8

Yield 92 %, 'H-NMR (600 MHz, DMSO-de): 8 10.02 (br, 2H), 8.23 (br, 1H), 8.10 (s, 1H), 7.74 (d, J
=8.6 Hz, 2H), 6.82 (d, /= 8.6 Hz, 2H) ppm.

PC-NMR (150 MHz, DMSO-de): 8 165.00, 160.73, 160.04, 129.54, 121.79, 115.03 ppm.

ESI-MS: Calcd for CsHgN,NaOs; 203.0433, Found; m/z 203.0413 [M+Na]".

5-9

Yield 90 %, 'H-NMR (600 MHz, CDCl3): & 10.19 (s, 1H), 9.85 (s, 1H), 7.80 (d, J = 8.5 Hz, 2H),
7.50 (d, J= 8.5 Hz, 2H), 1.91 (s, 3H), 1.29 (s, 9H) ppm.

PC-NMR (150 MHz, CDCls): 6 168.51, 165.38, 154.62, 129.79, 127.29, 125.22, 34.69, 30.94 ppm.
ESI-MS: Calcd for C;3H;sN,NaO,; 257.1266, Found; m/z 257.1274 [M+Na]".
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6-12

6-11

Figure 6-1. [2]catenane monomer 6-11 and macrocyclic diene monomer 6-12.
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(300MHz): JOEL JNM-ECP-300 FT-NMR-system
(400MHz): JOEL JNM-ECA-400 FT-NMR-system
(500MHz): JOEL JNM-ECP-500 FT-NMR-system
(600MHz): JOEL JNM-ECZ-600 FT-NMR-system

S L
Nippon ozone OT-31R-2 generator

o R E
Yanaco., MP-500D

RS
EI-MS : JOEL JMS-AX-505H MASS SPECTROMETER
ESI-MS : JOEL JMS-T-100LC AccuTOF

* FRINIIL o3 A
JASCO FT/IR-4100 spectrometer

- YUY A 7 438 HPLC
H AR TS (JALD) LC-908 GEL 201F columns

- GPC
Shimadzu LC-10AT system equipped with TOSOH TSKgel GMHHR-M, RID-10A detector, and
SPD-10AV detector. Molecular weight was calibrated using Agilent Technologies EASICAL PS-1
and PS-2 as the polystyrene standards.

- TGA
Rigaku ThermoPlus TG8120

* DSC
Rigaku ThermoPlus DSC8230
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magnesium sulfate (W) sodium sulfate (W)

Gallium(Ill) trifluoromethanesulfonate (S)

Indium () trifluoromethanesulfonate (A)

Scandium (I Trifluoromethanesulfonate (W)
Yttrium(II) trifluoromethanesulfonate (T)
Lanthanum(II) Trifluoromethane sulfonate (T)
Ytterbium(II) trifuoromethanesulfonate hydrate (T)

Zirconocene bis(trifluoromethanesulfonate) (T)
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Hafnium(IV)trifluoromethanesulfonate (A)

Niobium(V) chloride (A)

Hydrazine Monohydrate (T)
Triethylamine (W)
4-tert-Butylbenzoic Acid (W)

Oxone ® Monopersulfate Compound (W)
Dimethyl terephthalate (T)
4-Fluorobenzoic Acid (T)

m-Anisic acid (T)

3-Methoxybenzoyl chloride (T)
1,2-diacetylhydrazine (W)
Di-tert-buthyl hydrazodicarboxylate (T)
Benzyl Chloride (W)

p-Toluenesulfonyl chloride (W)
tert-Butyl alcohol (W)

Dimethyl sulfide (T)
cis-1,2-cyclohexanedicarboxylic acid (T)
5-tert-Butylisophthalic Acid (W)
N-bromosuccinimide (W)
4,4'"-Biphenyldicarboxilic Acid (T)
4,4"-Dicarboxydiphenyl Ether (T)
potassium carbonate (W)

Tributyl Phosphine (W)

4-bromoanisole (T)

manganese(IV) oxide (M)

Silver trifluoromethanesulfonate (T)

2,3-Dimethyl-1,3-butadiene (T)
Pyridine (W)
tert-Buthyl Hypochlorite (T)
3,5-Dimethylbenzoic Acid (W)
4-Fluorobenzoyl Chloride (T)
4-Chlorobenzoyl Chloride (T)
p-anisic acid (T)
o-Methoxybenzoyl Chloride (T)
3-Phenylpropionic acid (W)
Benzyl carbazate (A)
p-Toluenesulfonyl hydrazide (W)
samarium(II) iodide solution (A)
Hexamethylphosphoramide (A)
2,4-Hexadiene (T)
lithium aluminum hydride (W)
thionyl chloride (W)
terephthalic acid (W)
2,2"-Biphenyldicarboxylic acid (T)
Adipic acid (W)
Hydroquinone (W)

1,10-phenanthroline monohydrate (W)

pyridine hydrochloride (T)

Bis(2-chloroethyl) ether (T) Tetrakis(acetonitrile)copper(I) hexafluorophosphate (T)

3-Hydroxybenzoic Acid (T)
potassium iodide (W)
sodium iodide (W)
Sodium hydroxide (W)
Bromine (W)

Sodium p-Toluenesulfinate (W)
sodium hydride (T)

acetic acid (W)
Chlorotrimethylsilane (T)
Nickel(IT) chloride (W)
Zirconocene Dichloride (T)

Chloromethyl methyl ether (T)

potassium cyanide (W)
Cesium carbonate (W)
1,2-Dichloroethane (W)
1,5-Cyclooctadiene (T)
dimethyl sulfoxide (W)
Acetic anhydride (W)

Tetrabutylammonium Chloride (W)

5-Chloro-1-pentyne (T)

2,9-Dimethyl-1,10-phenanthroline Hemihydrate (W)

Manganese, Powder (K)
Lithium chloride (W)

Hexafluorobenzene (W)



Resorcinol (W) Ethyl viologen dibromide (A)

Imidazole (T) tert-Butyldimethylchlorosilane (T)
Boron Trifluoride Dethyl Ether Complex (W) alminium(IIl) chloride (K)
Titanium(IV) chloride (W) Tin(II) chloride (W)
trimethylsilyl trifluoromethanesulfonate (W)

tButyldimethylsilyl Trifluoromethanesulfonate (T) Phthalide (T)

4-Todobenzoic acid (W) Methyl 4-cyanobenzoate (T)
p-Nitrobenzoic acid (W) Methyl Pyridine-2-carboxylate (T)
pivalic anhydride (T) Ethyl 4-Piperidinecarboxylate (T)
Di-tert-butyl dicarbonate (-<7"F K) Benzyl chloroformate (W)
Dibenzylamine (W) benzylamine (T)
N-Methylbenzylamine (T) 2-Phenylethylamine (W)
3-Phenyl-1-propylamine (W) Morpholine (W)
Aniline (K) N-Methylaniline (T)
D-Phenylalanine (W) L-Leucine Methyl Ester Hydrochloride (W)
L-Aspartic acid dibenzyl ester p-toluenesulfonate salt (Fine)

L-Tryptophan (W) 1-Isochromanone (T)

L-phenylalaninol (T) 4-hydroxybenzohydrazide (T)

L-Tyrosine (W) L-Serine ethyl ester hydrochloride (Kousan)
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