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Abstract

This thesis mainly described the application of visible light to
promote the cyclization of 3-nitro-4-(quinazolin-4-ylmethyl)coumarin to
give an alkaloid lamellarin core-like compound in the absence of
photosensitizer. A series of 2-aminopyridine- and coumarin-fused
derivatives were synthesized via visible light-mediated cyclization of
3-nitro-4-(quinazolin-4-ylmethyl)coumarins  and  their = molecular
structures were characterized by 'H and "C spectra and X-ray crystal
analysis. A possible mechanism for this visible light-mediated cyclization
was proposed on the basis of experimental results. In addition, if the
3-nitro-4-(pyridin-2-ylamino)coumarins bear two nitrogen atoms on
2-aminoheterocyclic ring system, the resulting compounds were found to
be highly sensitive to visible light and the cyclized products generally

exhibit high fluorescent.
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(TCI) ~ # & Fisher -~ # & Lancaster ~ # i Aldrich 2 Janssen %
o B~ ZBE PR Y A Aldrz Lok ¥ A% ~ ¢ g~k 1t

el e g~ 2 & PRI Kdrs o pp # W Tedia # R o

AR AR Tf““«'f =R R =) A - A 3 S

105 e BBl LR * 2 BT b2 7 HP 8453 A% btk 2 ¢ ¥

lem fE&nF & cell » £ HT & Plermza HEFHF F L o

114 kb k2 p| £ 2 F L3 2 Fent g

= -t

WOk O B ok % § o HITACHI F-4500 fluorescence
spectrophotometer #7ip|_> ¥ & * lcm & chE & cell; i &
7 1432 15hF kg F A FEES FEF 29 rvter (0.1 M AR
FRART =06 F XEFAFHd it &5 142 1512 2-
ket e BAp e ST R AR P e L R D ke T enfg A

SAEC S SFE LS F L R e

a 2
14-&r solvent—1
®, = o x®D .
5 2
x nsoh’em 2
¢
F: %%%;—gm;ﬁ& A T BTk S R T
R EEEE O F BT AT

solvent-1: Fp|4= 72 & solvent-2: 1% & o e727% H

a: #Fipl4 s: 1B 4
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5.2 v &g X
2-Acetylformanilide (19)

H o # 2-actylaniline (3 g, 0.022 mol) £ % i* 4 (0.9 g, 0.011

e

i "'hH 3 2y N 2
[, mol) £ (555 ml) 50 e T (255

Ty ekz s0CE BT 4 e ST
F U fokie FEB o B K R KRGS K > SEIR  E
R F TS @Y A ASF 82% 0 R = 0.8 (50%
EtOAc/hexanes) ; 'H NMR (CDCls, 300 MHz ) § 11.63 (s, 1H), 8.75 (d,

J=7.8 Hz, 1H), 8.50 (s, 1H), 7.93 (dd, J = 7.8, 1.5 Hz, 1H), 7.57 (t, J =
7.8 Hz, 1H), 7.18 (t, J = 7.8 Hz, 1H), 2.68 (s, 1H).

4-Methylquinazoline (20)

PR #-iv & F 19 (500 mg, 3.07 mmol) ~ 25%z% -k (2.5ml) %
T'N B AfE (2.5ml) B~ %3fF (scaled tube) » & 90 °C T it
FE 10 [ pF o BE LIS BB UAFRE - A foREEE & RIB IR
M A {e @ BOREE R T e B R R K T 8
o~ RERE R FHATSCERINGS R AF T1% 0 Ri=0.4
(50% EtOAc/hexanes) ; 'H NMR (CDCls, 300 MHz ) & 9.18 (s, 1H),

8.11 (dd, J=8.1, 1.5 Hz, 1H), 8.04 (d, J = 8.1 Hz, 1H), 7.90 (td, J = 8.1,
1.5 Hz, 1H), 7.65 (td, J = 8.1, 1.5 Hz, 1H), 2.97 (s, 3H).
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W4 59142 42eng &

#-it £ 4 20 (0.53 mmol) & 2-"=frtegig 474 $ (0.53 mmol)
Ao s Sml) &A 4~ = 2 32 (0.85mmol) 2 3-8 fA-4-F A A
2% (0.53mmol) 4c# 3 85°C » F fs2-12 ] p% » 5 d 8 TLC % 5
WF R D RMERICIRIR 0 D F PR kBT R Py B

R ERRAR K 0 iR RERIE R Y BT @R A

3-Nitro-4-(quinazolin-4-ylmethyl)coumarin (5)

Uf'%l ¥ ¢ F4 > R = 0.2 (30% EtOAc/hexanes) ; 'H NMR

T ) (cDCl, 300 MHz ) § 9.06 (s, 1H), 8.18 (d, J =8.1 Hz, 1H),

ﬂ-f“w <N 813 (d, = 8.1 Hz, 1H), 8.01 (td, J = 8.0, 1.2 Hz, 1H), 7.79

(td, J = 8.0, 1.2 Hz, 1H), 7.67 (td, J = 8.1, 1.2 Hz, 1H), 7.48
(dd, J=8.1, 1.2 Hz, 1H), 7.43 (dd, J = 8.1, 1.2 Hz, 1H), 7.26 (td, J = 8.0,
1.2 Hz, 1H), 4.91 (s, 2H).

3-Nitro-4-(pyridin-2-ylamino)coumarin (9)

rﬂi‘x” + ¢ HMW o A F 77%  Ri=0.3 (50% EtOAc/hexanes) °

T -

HN M
No, Mp 238-240 °C : 'H NMR (CDCl;, 300 MHz ) 8

[“‘11

~ "0 8.34-8.33 (m, J = 3.9 Hz, 1H), 7.80 (td, J = 7.8, 1.5 Hz,
1H), 7.62 (td, J = 7.8, 1.5 Hz, 1H), 7.38-7.35 (m, 1H), 7.34-7.31 (m,

1H), 7.23-7.16 (m, 2H), 7.10 (td, J = 7.8, 1.5 Hz, 1H); C NMR

(DMSO-dg, 150 MHz ) 6154.9, 151.8, 147.3, 144.1, 138.9, 134.4, 125 .4,
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124.6, 120.0, 117.1, 115.8, 114.8.

3-Nitro-4-(pyrimidin-2-ylamino)coumarin (14)

Tfr-a” £ 4 M A% 62% 0 Ry = 0.7 (100% EtOAc) » mp

P

HM ’
___L__no, 246-248 °C ; 'H NMR (CDCls, 400 MHz ) & 8.60 (bs,

(I

~0"S0  1H), 8.53 (d, J = 4.8 Hz, 2H), 7.71 (td, J = 8.4, 1.2 Hz,
1H), 7.67 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 8.4 Hz, 1H), 7.33 (td, J = 8.4,

1.2 Hz, 1H), 7.05 (t, J = 4.8 Hz, 1H) ; °C NMR (CDCl;,150 MHz )3

158.38, 158.37, 157.9, 153.9, 152.7, 144.0, 134.9, 125.3, 124.7, 118.1,
116.9, 114.2.

3-Nitro-4-(quinolin-2-ylamino)coumarin (42)
i HA o A F 50% 0 R = 04 (50%

EtOAc/hexanes) > mp 212-214 °C ; "H NMR (CDCls,

’iﬁhb - -.:_:b - D,
»

[“*5”[‘0 "L“t} 300 MHz ) § 7.99 (d, J = 9.0 Hz, 1H), 7.77-7.70 (m,
2H), 7.66-7.54 (m, 2H), 7.43 (t, J = 7.8 Hz, 1H), 7.31 (d, J = 7.8 Hz,

1H), 7.20-7.18 (m, 2H), 6.91 (d, J = 9.0 Hz, 1H).
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3-Nitro-4-(pyrazin-2-ylamino)coumarin (43)

>~

n. # 2-aminopyrazin (100 mg, 1.05 mmol) ;3 >t ¢ % (10

L]

HNT N7 ml) {6 > 4er 3-pA-4-5 A4 23 (236.6 mg, 1.05

. ,Jﬁ_ _NO,

(L L

~F 0 =0 mmol) FETF B 24 ) BF ;,}a‘{ﬁné o oE Lk
TS FIE 4 FHH o A F 57% 0 Ry = 0.3 (50% EtOAc/hexanes) »

mp 239-241 °C ; 'H NMR (CDCls, 400 MHz ) § 9.72 (bs, 1H), 8.55 (d, J

= 1.2 Hz, 1H), 8.44 (d, J = 2.8 Hz, 1H), 8.28 (dd, J = 2.8, 1.2 Hz, 1H),
7.67 (td, J = 8.4, 1.2 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.32 (dd, J = 8.4,

1.2 Hz, 1H), 7.17 (td, J = 8.4, 0.4 Hz, 1H) ; °C NMR (DMSO-ds, 150

MHz ) 6 154.4, 151.8, 148.5, 143.8, 141.5, 139.9, 138.0, 134.9, 1254,
124.9,120.8, 117.3, 114.5.

4-((5-Methylthiazol-2-yl)amino)-3-nitrocoumarin (51)

/ #2-Amino-5-methylthiazole (50 mg, 0.438 mmol) /3

s,
LY
HNTNT 2 DMF (3ml) 4c#% 85°C > & A& 40 ~ = & (71 mg,
.-'"‘-\:::_ 'l‘:b ND;
[H;; RO.LO 0.702 mmol) % 3-# 35-4-% A4 &% (118.4 mg, 1.05

mmol) > F & 1 /] FF > * ¢ Rz fgt K5 B b5 84 & KA
FRdkifok o Hilig c AU R T PR EITS M EIE S AW A S
86% ; 'H NMR (DMSO-dg, 400 MHz ) § 8.06 (dd, J = 8.4, 1.6 Hz, 1H),

7.70 (td, J = 8.4, 1.6 Hz, 1H), 7.40-7.37 (m, 2H), 7.13 (d, J = 1.2 Hz,
1H), 2.25 (d, J = 1.2 Hz, 1H).
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L4 6-11-~15+45-47 2.7 B %k WIEF Mehs <&
Bipd L BAH SR o A SRR Y P

30-35M> 3B T5d 23 rRF R Bie ket 1-2 % > iFiEEL TLC
PEERE R 2 SRR IR 0 N Z F 7 sfokieF F o B

B KRR K i RS R F R R BT

R
o

6H-Chromeno[4',3":4,5]pyrrolo[1,2-c]quinazolin-6-one (6)
/% ¢ E48 > Re=0.6 (30% EtOAc/hexanes) ; 'H NMR

— _*~N (CDCls, 300 MHz ) 5 9.91 (s, 1H), 8.18 (dd, J = 7.5,
(1 Y 1.5 Hz, 1H), 7.98 (d, J = 7.5 Hz, 1H), 7.75-7.63 (m,
| ” 2H), 7.53-7.47 (m, 2H), 7.42 (d, I = 7. 5 Hz, 1H), 7.39

6H-Chromeno[4',3':4,5]imidazo[1,2-a]pyridin-6-one (11)

s/~ = ¢ FH A 80% Ri= 0.6 (50% EtOAc/hexanes);
[" ‘ I I ~ '"HNMR (CDCl;, 300 MHz ) § 9.23 (dd, J =54, 1.5
T0T0  Hy 1H), 832 (dd, J = 7.8, 1.2 Hz, 1H), 7.90 (dd, J =
7.8, 1.2 Hz, 1H), 7.67 (td, J = 7.8, 1.2 Hz, 1H), 7.58 (dd, J = 6.9, 1.5 Hz,
1H), 7.53-7.51 (m, 1H), 7.45 (td, J = 7.8, 1.2 Hz, 1H), 7.21 (td, J = 6.9,
1.5 Hz, 1H).
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6H-Chromeno[4’,3’:4,5]imidazo[1,2-a]pyrimidin-6-one (15)

Ney T ¢ B0 A5 99% 0 Re = 0.6 (100% EtOAc) ; 'H
g %

.
e
S,

NMR (CDCls, 300 MHz ) 6 9.44 (dd, J = 6.6, 2.1 Hz,

[

e S

070 1H), 8.92 (dd, J = 4.2, 2.1 Hz, 1H), 8.41 (dd, J = 7.8,
1.5 Hz, 1H), 7.64 (td, J = 7.8, 1.5 Hz, 1H), 7.53 (d, J = 7.8 Hz, 1H),

7.48 (td, J=7.8, 1.5 Hz, 1H), 7.28 (dd, J = 6.6, 4.2 Hz, 1H) ; >C NMR

(DMSO-dg, 150 MHz ) 8155.9, 153.5, 152.8, 152.3, 149.7, 136.4, 131.5,
125.1,123.5, 117.4, 116.1, 111.6, 108.0.

6H-Chromeno[4',3":4,5]imidazo[1,2-a]Jquinolin-6-one (45)

V' + ¢ HM > R = 0.5 (50% EtOAc/hexanes) ; 'H
M= ——
A

AN NMR (CDCL, 300 MHz ) 8 10.17 (d, J = 9.0 Hz,
7070 1H), 8.35 (dd, J = 7.5, 1.2 Hz, 1H), 7.94 (d, J = 9.0
Hz, 1H), 7.89 (d, J = 7.5 Hz, 1H), 7.84 (td, = 7.5, 1.2 Hz, 1H), 7.77 (d,
3=9.0 Hz, 1H), 7.61 (td, J = 7.2, 1.2 Hz, 1H), 7.57 (dd, J=7.2, 1.2 Hz,
1H), 7.52-7.49 (m, 1H), 7.43 (td, = 7.5, 1.2 Hz, 1H).

6H-Chromeno[4',3":4,5]imidazo[1,2-a]pyrazin-6-one (46)

v TN F ¢ FRE A S 95% Re= 0.6 (50% EtOAc/hexanes):
o ..-"llﬂ'-C?h. ;N__-f-:f

I T [ mp276-278°C ; 'HNMR (CDCls, 400 MHz )  9.41
-~ "-\._O

Hm:’.-':'-'-’ ‘“*D
(d,J = 1.6 Hz, 1H), 9.06 (dd, J = 4.4, 1.6 Hz, 1H), 8.35 (dd, J = 8.4, 1.6
Hz, 1H), 8.33 (d, J = 4.4 Hz, 1H), 7.64 (td, J = 8.4, 1.6 Hz, 1H), 7.54 (d,

J=8.4Hz, 1H), 7.48 (td, J = 8.4, 0.8 Hz, 1H).
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6H-Chromeno[4',3":4,5]imidazo[1,2-b]pyridazin-6-one (47)

=, © ¢ F4E > Ry=0.2 (50% EtOAc/hexanes) ; 'H NMR
r;d—:&t P

o Jm‘::h N_N

T I

[ (CDCls, 400 MHz ) & 8.79 (dd, J = 8.4, 1.6 Hz, 1H),
U070 866 (dd, J = 4.4, 1.6 Hz, 1H), 8.21 (dd, J = 9.6, 1.6

Hz, 1H), 7.57 (td, J = 6.4, 1.6 Hz, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.45 (td,
J=6.4,1.6 Hz, 1H), 7.34 (dd, J = 9.6, 4.4 Hz, 1H).

(2)/(E)-4-((1-Methylpyrimidin-2(1H)-ylidene)amino)-3-nitr

ocoumarin (33a or 33b)-H 3.14(a)

S e, it £ 4 14 (50 mg, 0.176 mmol) 73
1) 1]
N7 N NZ "N= .
- 1 NO. 1 no, e ml) 4 it4 (42 mg,
e '\-\.O - o ""-\._{-—J_- -:-O 0176 mmol) 1 z E}; v {%(1249 mg’
£ form E form
33a 33b

0.88 mmol) ** F 8 & fi5 12 ] pF > 1
FARF AT o kMO F T R REBERE Bog A LK
FRRAEE Ok IR  RAFRE R Y FALE TS IS S AN 'H
NMR (CDCl;, 400 MHz ) § 8.44 (dd, J = 4.4, 2.4 Hz, 1H), 8.05 (dd, J =
8.0, 1.6 Hz, 1H), 7.86 (dd, J = 6.8, 2.4 Hz, 1H), 7.59 (td, J = 8.0, 1.6 Hz,

1H), 7.32 (d, J = 8.0 Hz, 1H), 7.28 (t, J = 8.0 Hz, 1H), 6.50 (td, J = 6.8,
4.4 Yz, 1H), 3.84 (s, 3H).
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(2)/(E)-4-((1-methylpyrimidin-2(1H)-ylidene)amino)-3-nitr

ocoumarin(33a or 33b)-®] 3.14(b)

SN NF  #-14 &4 14 (30 mg, 0.106 mmol) %
L ,,J 1)
N N™ "N=— ~

NO, L no, *DMF@ml): 4 » & 4 (10 m,

070 0417 mmol) 1A 9 (1249 mg,

0.88 mmol) >t FH F & 15 » 45 > 4=

Wb 2SRRI D E T Rfe k@R Y o e iy #k
Beo fc B p B R L ECRERERER K o A R Y F A
155 L 9 5|£ ¢ TR 'H NMR (CDCLs, 400 MHz ) § 8.45 (dd, J = 6.4,

4.0 Hz, 1H),8.03 (dd, J = 8.0, 1.2 Hz, 1H), 7.79 (dd, J = 6.4, 2.4 Hz,
1H), 7.60 (td, J = 8.0, 1.2 Hz, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.28 (t, J =
8.0 Hz, 1H), 6.47 (td, J = 4.0, 2.4 Hz, 1H), 3.84 (s, 3H).

iv £ 3 34a, 34b, 34c or 34d & 32 =14 =

12 Mini Diazald® apparatus %% ## € § 7 *2(% 0.528 mmol)# >
#-1v & 4 14 (150 mg, 0.528 mmol) 3>+ = & 2 2= (50 ml) » &F] » ;3>
CREUBRY ZEF TR FERTF LR SRR P

CECRURCEOF
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4-((1,6-Dimethyl-1,2-dihydropyrimidin-2-yl)amino)-3-nitro

coumarin(34a, 34b, 34c or 34d)

.h__N,,LH “HN«’:::I £ ¢ B4 'H NMR (CDCls, 400
J __::-J '.".-':'N"- = e,
E:o ' _EDZ MHz ) & 8.14 (dd, J = 8.0, 1.2 Hz, 1H),
PN a S T
I T (L L 7.65 (d, J = 6.8 Hz, 1H), 7.58 (td, J =
""“-..\_\_,_ﬁ""' "\wo-"'-'::bD o D HD
3da 34b 8.0, 1.2 Hz, 1H), 7.34-7.26 (m, 2H),
. 640 (d,J = 6.8 Hz, 1H), 3.82 (s, 3H),
2y NTON
NCD f;.h-N’ 2.37 (s, 3H).
N N
N Y
-'"“*-\-h ,.- i __.NDZ
| L ,I
\,v.-' HD-" :?D
Jdc Jdd

4-(Methyl(pyrimidin-2-yl)amino)-3-nitrocoumarin (32)
"ﬂ’ l ¥ ¢ FH > A2 54 4% ; '"HNMR (CDCly, 400 MHz ) &

9
N0, 837(d,J=4.0,2H), 7.68 (td, J = 8.0, 1.6 Hz, 1H), 7.48
NS

IO o (dd, J=8.0, 1.6 Hz, 1H), 7.45 (dd, J = 8.0, 0.8 Hz, 1H),
7.33 (td, J = 8.0, 0.8 Hz, 1H), 6.80 (t, J = 4.0 Hz, 1H), 3.52 (s, 1H).
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N—=

o*iuz__ww

expé  stdlh
SAMPLE DEC. & VT
date Sep 25 2014 dfrq 300.065
solvent CDC13  dn H1 Z—l_
file exp dpwr 30
ACQUISITION dof o
sfrq 300.066 dm nnn
tn H1 dmm c
at 3.413  dmf 200
np 32768 dseq D
W 4800.8 dres 1.0
fb 2600 homo n
bs 4 PROCESSING
tpwr 58 wtfile
pw 5.5 proc ft
dl 1.000 fn 65536
tof 723.5 math T
nt- 4 ___m
ct 4 werr
alock n wexp
gain not used whs
FLAGS wnt
i n
in n
dp ¥
hs nn
DISPLAY
sp =-587.5
wp 4800.8
vE 22
5C o
we 250
hzma 19.20
is 500.00
rfl 587.5
rfp [}
th 2
ins 100.000
nm cdc ph
-
= 3
° o 4
D -
PR T
wagend N e g
Sru e~ N e
@8 [N ~" H
A .
|
s oo L({: it
— T — T T T —r T T —
13 12 11 10 9 8 7 6 -0 -1 ppm
oy W v w
10.51 5.98 5.59 26.13
5.07 13.911.30 13.45
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g2
expf stdlh ~e
N~
SAMPLE DEC. & VT M
date Oct 2 2014 dfrq 300.068 ! F_
solvent CoC1¥ dn H1
file exp dpwr 30 _
ACQUISITION dof L] Z
sfrq 300.088 dm nnn e
tn Hl  dam €
at 3.413 daf 200
np 32768 deeq
L 4800.8 dres 1.0
b 2600 homo n
bs 4 PROCESSING E
tpwr 58 wtfile
v 5.5 proc ft
dl 1.000 fn 65536
tof 723.5 math  §
nt q
ct 4 werr
alock n  wexp
gain not used wbs
FLAGS wnt
1 n
in n
dp ¥
hs nn
DISPLAY
wo
wp
vs 142
L °
we 50
hznm 18.20
Is 500.00
rfl 595.6
rfp L]
th 4
ins 100.000
e cd¢ ph
-+
-4 T
e ]
- w ll“
-~ b4 - -
. o J -
L ]
L}
T T T T T T =T Ty
13 12 11 10 9 8 7 3 2 1 -0 -1 ppm
- i W (™ ey gt
9.19 $.31 1.38 11.51
20.435.00 29.64 9.54
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exp6 stdlh
SANPLE DEC. & VT
date Oct 9 2014 dfrg 300.065
solvent CDC13  dn H1
file exp  dpwr 30
ACQUISITION dof 0
sfrg 300.066 dm nnn
tn H1  dmm [
at 3.413 dmf 200
np 32768 dseg
W 4800.8 dres 1.0
fb 2600 homo n
bs a PROCESSING
tpwr 58 wtfile
[ad 5.5 proc ft
dl 1.000 fn 65536
tof 723.5 math T
nt 4
ct 4 werr
alock N wWexp
gain not used wbs
FLAGS wnt
i1 n
in n
dp ¥
hs nn
DISPLAY
sp -588.7
wp 4800.8
vE 31
sC 0
we 250
hzmes 18.20
is 500.00
«.“_ m-a.“
rfp
th a ol
ins 100.000 uﬂz
nm cdc ph o
...”\_...._\_
w
-
w
w -
=
B
- o
b=3
e
o
o e
— T T ™ YT T T B — T T —r
13 12 11 10 9 8 7 5 -0 -1 ppm
v i il L ¥ Y
5.2 3.85.803597 13.05
B8.8599 . 022LE01 20.12
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expé stdlh \l\.
SANPLE DEC. & VT
date Oct 9 2014 dfrg 300.065
w.w“.__-;-. cDc13 “3 ““
e exp dpwr
ACQUISITION dof ] HRK I+
sfrg 300.066 dm nnn
tn H1  dmm [
at WMMMW uiﬁ 200 Z_“U_M
n seq
b 4B00.8 dres 1.0 e
fb 2600 homo n
bs a PROCESSING
tpwr mmm wtfile P
roc
& 1.000 n 65536 ] o0
tof 723.5 math T
nt q
ct 4 werr w
alock N wWexp
gain not used wbs
FLAGS wnt
i1 n
in n
dp ¥
hs nn
DISPLAY
sp -589.7
wp 4800.8
vE 31
sC 0
we 250
hzmes 18.20
is 500.00
«.“._ m-a.“
rfp
th 1 ol
ins 100.000 uﬂz
nm cdc ph o
e
"
w
2 -
B
d. =3
2
z
o e
LA B B e e e e e e e e e | B —r —7 T T —
13 12 11 10 5 2 -0 -1 ppm
¥ Y
13.05 Tert]
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65

e mm om oW s weooko o~y =
28 an o & RS manmbecD ~
PHOOLIC ek Mo a m E R e ennapmao -
- - mw @ W Ve oE e connalnee L]
expl CARBON nwn ww B R BN smmmhamm -
SAMPLE PRESATURATION o
date Mar 17 2017 satmode n
solvent daso  wet n
file exp SPECIAL
ACQUISITION teap 25.0 o
W arara.a gain i
at 0.865 spin not used _I_ _.,.._ 2
“n mwwuw hst 0.008
B 17000 pwio 9.400
bs & alfa 10,000 Z_U_M
d1 2,000 FLAGS e
nt 30000 11 n
£t 3ge00  in n
TRANSHITTER dp y
tn Ci3 hs nn
afrq 150.853 PROCESSING
tof 2296.8 1b 3.00 D _..“._
tpwr 56 fn 262144
pw 4.700 DISPLAY
DECOUPLER sp ~1508.6 m
dn HI wp 34692.4
dof 0 rfl B8377.0
dm yyy rfp 5958.1
decwave w rp =59.7
dpwr 41 1p 0
daf 11698 PLOT
we 268
£ 14 L]
vE 234391 |
th 2
ai cdc ph
|
selm
A
S
> _
S
N
- . ) i "
. | )\ \
AR LLCC{I\(_.. RVWAVLLY -l . e )
B e o e e e R R T T T =T T—TT=TT
% 200 180 160 140 120 100 80 60 40 20 0 ppm
)



DYYPHO61

NAME DYYPHOEL OO MO O 0O 0O NONMOWW
EXPNO 1 OMANNNOONDMODNNNNWNON WSO Z\.
PROCNO IO LECECVOVOUTITOMNNO oo
Date_ 20170120 Sl £ 5 E . G _
Tine 10,53 @0 G [0 00000 \\_0,.2
INSTRUM spect
PROBHD 5 mm BABBO BB/ .%%.\ \:\i&_\\k H M M
PULPRCG zg30
D 32768
SOLVENT cDCl3 S Z_U_M
NS 32
DS 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec ﬁu ﬁu
RG 205.92
DW 62.400 usec .—L.
DE 16.68 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 13.30 usec
ST 16384
SF 400.1300098 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB Q
EC 1.00
L k
] I I T T T I T I
11 10 9 8 7 6 4 3 2 ppm
| M |H|O
[=3o] s | |[S
[eX}[ =] —|O|H||S
O N ||
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- - 0 ne mew -~ - ~
PHOBAC ER A1 S H mR 832X bE b - 2
~ ~ : .
exp20  CARBON 2593 : » an 253 =3= H -
SAMDLE PRESATURATION
date Feb 13 2017 satmode n
solvent cdcld  wet n
file exp SPECIAL
ACQUISITION tesp 25.0
W arara.8 gain a0
at 0.865 spin not used
np 65536 hst 0.008
fb 17000 pwid §.400
bs a8 alfa 1p.000
dl 2.000 FLAGS
nt 3000808 11 n
ct Z8744  1n n
TRANSMITTER dp y
tn ClX hs nn
sfrg 150.853 PROCESSING
tof 2296.8 b 3.00
tpwr 56 fn 262144 —...._ _...“.._
v 4,700 DISPLAY i 2
DECOUPLER sp -1508.5
dn HI wp 346982.1
dof [ 13560.9
m- yyy rfp 11614.4
ecwave ~ rp -61.3
dpwr 41 1p [} _H_ _H_
daf 11696 PLOT
wE 268
1 ]
Ve 951 ___L.
th 4
na  cdc ph
| | {
PR L anl _ il P RO bes
4 15 4 o el it i 8 it bt i Al bt s 1 b, i s n s 1 L Lt s L
200 120 100 80 60 a0 0 ppm
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expf stdlh

SAMPLE
date Aug 12 2014
solvent cocl3
file - exp

ACQUISITION
sfrq 300.066
tn H1
at 5.415
np 32768
W 4800.8
fb 2600
bs mn
tpwr
[ 5.5
dl 1.000
tof 723.5
nt 16
ct 16
n_wnw not sed
n u

o FLAGS
(A n
in n
dp Y
hs nn

DISPLAY
sp =-600.3
wp 4B00.8
vE 108
sC 0
we 260
hzmm 18.20
is 230.89
rfl 600.3
rfp o
th 4
ins 100.000

DEC. & VT
dfrg 300.065
dn “_.
dpwr 0
dof 0
dm nnn
dmm [
dmf 200
dseq
dres 1.0
homo n
PROCESSING

wifile
proc ft
fn 65536
math T
werr
wexp
whs
wnt

T T

11 10

1.596

68

7.199

7.175
6.928

6.898

1.254

0.882




DYY-PHO57

OO AT A N0 AN N NNAHNN Z
NAME Ummmmoﬂ4443877987542033119975
EXPNG H._.3..34...A-..AAn/_n/_rOrOrO6rO4.ﬂ_...:J:JQJQJAIA.I_.I_.I_ o
PROCNC G 00 00 M~ = [~ _
Date_ monpmli///j ey
Time 10.42 %Z\i&&k
INSTRUM spect I—..,_ _...,_
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 32768 i Z_H_M
SOLVENT CDCl3
NS 64
DS 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz ﬁu ﬁu
AQ 2.0447731 sec
RG 205.92
DW 62.400 usec ﬁ
DE 16.68 usec
TE 298.0 K
D1 2.00000000 sec
DO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 11
Pl 13.30 usec
SI 16384
SF 400.1300096 MHz
WDW EM
55B 0
LB 0.00 Hz
GB 0
PC 1.00
I T T [
11 10 9 8 7 6 3 ppm
o o= O[O~
™~ oo = |
0] (s>} [s)} )] [e)le){e]w]
o — oo — |
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@ A maumEma ow a wa ceDolbanw
oN oW Eww Na n owm Rl T
PHES7C i B e St i g el L ERLMESNS
v W Meme we e o~ cnmohenn
expld CARBON wmanw wwsEs - i et ?_ L
SAMPLE PRESATURATION L
date Jan 24 2017 satmode n T
solvent daso wet n
file exp SPECIAL
:nocuw:_wz; . tesp .—.u..‘“ e
B arars. ain
at a.anw.mo_: not used _I__.,_._ E
np E5536 hst o.ooa
fb 17000 -pwid s.400
bs B alfa 10.000 Z_H_M
d1 2.000 FLAGS faiee
nt 2048 11 n
ct 048 1in "
TRANSMITTER dp y
tn Ci13 hs nn
sfrg 150.853 PROCESSING
tof 2296.8 1b 3.00 D D
tpwr 56 fn 262144
Pw 4.700 DISPLAY b
DECOUPLER p =-1508.6 ﬁ
dn Hl wp 38892.4
dof g rf 8376.7
dm yyy rfp 5558.1
decwave ‘W TR 27.3
dpwr 41 1p 8
daf 11696 PLOT .
e 268
sc ]
vE 55855
th 4

P

=

54 43

2z

‘|

200 180 160 140 120 100 80 60 40 20 0 ppm
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- N A dONWDME-M OO0 o
o nu nU nu 7/ 7/ ﬂf rb cO n1 ?J QJ QJ OJ QQ ?J WL 1¢
NAME DYYPHO034 .
EXPNO 1 888877777777777777
PROCNOC 1
Date_ 20160301 %gp %\\\\_
Time 21.22
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 32768
SOLVENT DMSO
NS 16
Ds o]
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 115.33
DW 62.400 usec
DE 16.68 usec
TE 300.0 K
D1 2.00000000 sec
D0 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 13.30 usec
ST 16384
SF 400.1300029 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0
BC 1.00
T T T I T I T
12 11 10 9 8 7 6
(=20 Al RS (=]
Q| | O
[« (=] §{e] | [e)]
— | N[O

3.002
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DYYPHOLO

1.253

1.591

0.000

exp? stdlh
SAMPLE DEC. & VT
date Dct 16 2014 dfrg 300.065
solvent CDC13  dn H1
file exp dpwr 30
ACQUISITION dof o
sfrg 300.066 dm nnn
tn H1 dmm c
at 5.413 dmf 200
np 32768 dseq
W 4800.8 dres 1.0
fb 2600 homo n
bs q PROCESSING
tpwr 58 wtfile
[ 5.5 proc ft
dl 1.000 fn 65536
tof 723.5 math T
nt 4
ct 4 werr
alock nowexp
gain not used whs
FLAGS wnt
i1 n
in n
dp ¥
hs nn
DISPLAY
sp -598.9
wp 4800.8
vE 28
5C L]
we 250
hzmm 18.20
is 500.00
rfl 598.9
rfp 0
th 3
ins 100.000
nm  cdc ph
-
=3
-
-
T T — T —T
13 12 11 10
[a—
5.38
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L 11 2 e HE K

i

DYYPHOOZ

DEC. & VT

dfry 300.065
dn H1
dpwr 30
dof 0
dm nnn
dmm c
dmf 200
dseq

dres 1.0
homo n

PROCESSING

wifile

proc Tt
fn 65536
math f
werre

WeXE

whs

wnt

expé  stdlh
SANPLE
date Jul 29 2014
solvent coCi3
file exp
ACQUISITION
sfrg 300.066
tn H1
at 3.412
np 32768
sW 4800.8
fb 2600
bs 4
tpwr 58
pw 5.5
dl 1.000
tof 723.5
nt 4
ct 4
B_qnx . ]
gain not use
FLAGS
i n
in n
dp ¥
hs nn
DISPLAY
sp -587.5
wp 4800.8
vE 32
sC 0
we 250
hzmm 15.20
is 500.00
rfl 587.5
rip ]
th 3
ins 100.000
nm cdc ph
T
13 12

q.81

I
8
Y o
5.191386%

653829.27
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A

+|
Y

2 B AR

A
23y,

£ ¥ 15

)

expé stdlh
SAMPLE DEC. & VT
date Jan 6 2015 dfrq 300.065
solvent CDC13  dn HL
file exp dpwr 30
ACQUISITION dof 0
sfrg 300.066 dm nnn
tn Hi  dmm <
at 3.413 daf 200
np 32768 dseq
W 4800.8 dres 1.0
fb 2600 homo n
bs 4 PROCESSING
tpwr 58 wtfile
pw 5.5 proc Tt
dl 1.000 fn 65536
tof 723.5 math T
nt. 1
ct 4 werr
alock n o wexp
gain not used wbs
FLAGS wnt
11 n
in n
dp ¥
hs nn
DISPLAY
sp -597.5
wp 4800.8
vs 43
5C [
hz 19720 L T u=
zmm . r 3
: I
rf . = @
rfp o
th 1 FL
ins 100.000
nm cdc ph
2
Na
~7
~
~
n o w
- 0N me
o 0D oy = - o
o TN . mam | gyo w e b4
Tetes%a (Tg| =2 o
- o * |lo ~ w
FFQ/ Flﬁ i
—T T T
13 12 11 10

1.672
1.253

0.880
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P

=

&4 15

2z

‘|

~nw @ w B NE mw oaom wanolbonn
nho®D MM m=m o@m Ao® Mo e|neaD
PHOLTC 0w o~ v w Sw we & om enralpmne
" "o @ = Am Aw - N conanlhe s
exp20 CARBON : wwnnny B A NN AN = Zfr wmmmipmam
SAMPLE PRESATURATIUN L
date Feb 13 2017 satmode n W ==
solvent deso  wet n \\.
file exp SPECIAL
ACQUISITION tesp 25.0 ]
sw 37878.8 gain a0 o
at 0.865 spin not used
np 65536 hst 0.008
b 17000 pwil 10.250
bs & alfa 10.000
dl 2.000 FLAGS
nt 30000 1) n _H_ _H_
ct 20672 in n
TRANSMITTER dp ¥
tn Cl13 hs nn .—m
sfrg 150.869 PROCESSING
tof 2297.0 b 3.00
Lpwr 58 fn 262144
pw 5.125 DISPLAY
DECOUPLER sp -1508.6
dn HI wp 34696.1
dof 8 rri 8375.0
da yyy rfp 5858.7
decwave w rp 62.2
dpwr 4 p ]
daf 11656 PLOT
wE 268
%C ]
vE 2691
th 4
na cdc ph
e e _.__f T _ﬁ,".h.: " - A i
200 180 160 140 120 100 80 60 a0 20 0 ppm
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expE stdlh
SAMPLE
date Sep 2 2014
solvent coc13
file exp
ACQUISITION
sfrg 300.066
tn H1
at 3.4913
np 32768
5w 4800.8
fb 2600
i X
tpwr
_.tut 5.5
dl 1.000
tof 723.5
nt L]
ct 4
n:_un: % u
gain not use
FLAGS
i n
in n
dp ¥
hs nn
DISPLAY
sp -587.9
wp 4800.8
Vs 32
sC [}
we 250
hzma 19.20
is 500.00
rfl 597.9
rfp ]
th a
ins 100.000

nm cde ph

10.187
10.157

DEC. & VT
dfrg 300.085
dn H1
dpwr 30
dof o
dm nnn
dmm c
dmf zo0
dseg
dres 1.0
home n
PROCESSING
wtfile
proc Tt
fn 65536
math T
werr
wesp
whs
wnt

1.252

1.638
1.293

]
18.285710
3.95 91683 06

L
1.37
18.888.69
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DYY-PHO58

ONOF M AN A0 NS N WO
NAME DyypHOSg T H OO OLLWOVN O NOTMONATNOO®DWOW If_...,_
EXPNG 1 44000033336666665555444
PROCNO I G oo OO @ D00~~~ M= (I\w
Date_ 20161223
Time 10.50 /%%Z&s% M
INSTRUM spect Jf!
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 32768
SOLVENT CDCl3
NS 64 0] 8]
DS 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz hm
AQ 2.0447731 sec
RG 205.92
DW 62.400 usec
DE 16.68 usec
TE 298.0 K
D1 2.00000000 sec
DO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 11
Pl 13.30 usec
SI 16384
SF 400.1300096 MHz
WDW EM
55B 0
LB 0.00 Hz
GB 0
BC 1.00
J e _ _
I I T I T I I
12 11 10 9 8 7 6 3 2 ppm

of (3] OO XN

(=11l ) N | |co

ol o — ||

—| [ o] |
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8.805
8.801
8.784
8.668

%%%#\

<
el
fD
Qo

8 657
8.653
8.225
8.221

8.201
8.197
7.588
7.584
7.572
7.567
T.563
7 ..051
7.547
Tu531
7.473
7.468
7.457
7.453
7.447

DYYPHO65
NAME DYYPHO65
EXPNO 1
PROCNO 1
Date_ 20170224
Time 10.40
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CcDC13
NS 16
DS 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 205.92
oW 62.400 usec
DE 16.68 usec
TE 294.5 K
D1 2.00000000 sec
TDO 1
mzmzuzzs CHANNEL f] =ssszas==
SFO1 400.1324008 MHz
NUC1 1H
Pl 13.30 usec
SI 16384
SF 400.1300096 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
I
10 9

1.000
0.991

1.042

.094
1.042

2

.063

1

0 ppm
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DYYPHO63 MO NOVWOWVWITVEANDMAOMOS= O ®ME OO O ™
TIFOMONTNEONN—ACOANO~OCNOO OO G <
NAME DYPHOER 9 ' $ OO0 0 S @0 0000 NNNNINMINNDDNDT © s n
EXPNO . I+
PROCNO e e S R R - O ™
Date_ moiowi%%%/%\\_& 7 k&
Time 10.19
INSTRUM spect 7._ = ?._ —._r_
PROBHD 5 mm PABBO BB/
PULPROG 2930
™ 32768 M _H_M
SOLVENT cpCl3 5 =
NS 32
DS 0
swH 8012.820 Hz
FIDRES 0.244532 Hz i i
AQ 2.0447731 sec
RG 205.92
DW 62.400 usec 2 form E form
DE 16.68 usec
1E 294.8 K 33a 33b
D1 2.00000000 sec
TDO 1
mmmmmmss CHANNEL f] sm=sszmm=
sFo1 400.1324008 MHz
NUC1 1H
Pl 13.30 usec
s1 16384
SF 400.1300096 MHz
WDW EM
s5B 0
LB 0.00 Hz
GB 0
PC 1.00
-E _ e
T T T T T I I T T T T
12 Il 10 9 8 i 6 B 4 2 ppm
o) [eo|c)em] o ) 0
of |evfsr ||| ) <
IsIRt=1t=] =E o o
Al ==l - ™
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NAME
EXPNO
PROCNOQ
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT

DYYPHO91

20170324
10.30
spect

5 mm PABBO BB/

zg30
32768
CDC13
16
0
8012.820 Hz
0.244532 Hz
2.0447731 sec
205.92
62.400 usec
16.68 usec
300.0 K
2.00000000 sec

CHANNEL fl ========

400.1324008 MHz

;!
13.30 usec

16384

400.1300096 MHz
EM
0

0.00 Hz
0

1.00

3

3.836

Z forrm
33a

2 il
I M=
MO

E form
33b

O
o -

1.000
1.122

1.026
1.285

1
1

931
.275

1.014

3.189

0 ppm
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TLTNNOSTONO-~ O FNO NS ® ] w0 NO = 2
HHA L0 NNV MOONTO w© o = 2
DD DO~~~ O O ™ ™ Q o]
_%J/,%/X;\&\ 070
3da 34b
DYYPHO71
NAME DYYPHO71
EXPNO 1 7 Y
PROCNO 1 n? N
Date_ 20170414 N
Time 10.57 vr:z 7
INSTRUM spect Z\ \ M \
PROBHD 5 mm PABBO BB/ NO,
PULPROG z2g30 NO i
D 32768 o 2
SOLVENT cDC13
NS 128 (8]}
DS 0 0" "0
SWH 8012.820 Hz
FIDRES 0.244532 Hz 34c 3ad
AQ 2.0447731 sec
RG 205.92
DW 62.400 usec
DE 16.68 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
mmmmmmss CHANNEL fl =ssssmm=
sFOl 400.1324008 MHz
NUC1 1H
Pl 13.30 usec
51 16384
SF 400.1300096 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0
BC 1.00
5 E : \,_ = Lt .
I T T T I T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
T} o|o][+ ™ o) o)
-~ (@] [ea) | (e o] O Tg} 0
()] O | [s0] fe] (d
o Al o ™ ™~
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8.374
8.364
7.704
7.700
7.685
7.682
7.680
7.665
7.661
7.495

/%%ﬂ%xﬂ&

DYYPHO73

NAME DYYPHO73
EXPNO 1
PROCNC 1
Date_ 20170418

Time 10.26
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT cDC13

NS 16

Ds 0

SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 101.51

DwW 62.400 usec
DE 16.68 usec
TE 300.0 K

D1 2.00000000 sec
TDO 1
sz CHANNEL f] ==sszms=
SFO1 400.1324008 MHz
NUC1 1H

Pl 13.30 usec
SI 16384

SF 400.1300096 MHz
WDW EM

SSB 0

LB 0.00 Hz
GB 0

BC 1.00

J

7 475
7.471
7.465
7.463
7.444
7.443
7.349
7.347
7.329
7+311
7.309
6.809

6 785

3.523

_,,_Q
xz\Fz

NO,

8O

0 —

1.833

1.000
1.941
0.993

0.963

2.786

0 ppm
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