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Experimental section
" General Information

Electrospray ionization and tandem mass spectrometry experiments were performed using
a triple quadrupole mass spectrometer (PE Sciex model API 3000). The positive and
negative electrospray data were obtained by switching the capillary voltage between +5000
and —4500 V, respectively. For HRMS, UPLC-TOF-MS system consisted of an
ACQUITY™ Ultra Performance Liquid Chromatography system and Micromass LCT
Premier XE Mass Spectrometer (High sensitivity orthogonal time-of-flight instrument;
Waters, Milford, USA) equipped with an ESI lock spray source for accurate mass values.
Leucine-enkephalin was used as reference compound and introduced via the lock spray

channel.

The NMR experiments were performed on Varian spectrometers operating at 400 and 500
MHz in DMSO (Ds) and CDCl;3 at 30 °C. The 'H chemical shift values were reported on
the & scale in ppm, relative to TMS (8 = 0.00) and the '*C chemical shift values were
reported relative to DMSO (8 = 40 ppm), CDCls (6 = 77 ppm) as internal standards.

For the compounds 9b, 9f and 9g *C NMR could not be recorded due to low solubility

in selective NMR solvents.

X-ray reflections for compound 9h were collected at 290 K on an Oxford Xcalibur Mova E
diffractometer equipped with an EOS CCD detector and a microfocus sealed tube using Mo Ka.
radiation (A= 0.7107 A). Data collection and reduction was performed using CrysAlisPro
(version 1.171.36.32) and OLEX2 (version 1.2) was used to solve and refine the crystal
structures. All non-hydrogen atoms were refined anisotropically. All C-H atoms were fixed
geometrically. The final CIF files were validated in PLATON and doesn’t resulted in any missed

symmetry. General procedure for McMurry coupling of 4-oxo0-4H-chromen-2-carbaldehydes 7a-i

Zn powder (4 mmol) was added to 15 volumes of dry THF under stirring at 0-5°C followed by
TiCls (2 mmol). Reaction temperature was raised 60-65°C, maintained for about 3 h and then
cooled to 0-5°C. Pyridine (2.5 mmol) and corresponding chromone-2-carbaldehyde (7a-i) (1.0
mmol) in 15 volumes of dry THF were then added to the mixture. Reaction temperature was raised
to 60-65°C and maintained for 3-4 h. Reaction mass was cooled to 10-15°C and quenched with

10% KoCO; solution. After filtering the inorganic salts product was extracted into
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dichloromethane, which was concentrated under reduced pressure to get the product in crude form.
Pure products (9a-h, 9j) were obtained by passing the crude products through silica column

(ethylacetate : petether, 40 : 60).
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Characterization data for products 9 a-i, 11-12

2,2'-(Ethane-1,2-diyl)bis(4H-chromen-4-one) (9a)

O 0

O O

7 N\

Pale yellow crystalin solid (165 mg, 52%), mp: 190-193 °C: 'H NMR (400 MHz, DMSO-ds, ppm):
3=28.01(dd, 1H, J=8.4, 2.0 Hz, H-5), 7.79 (dt, 1H, J = 8.8, 2.0 Hz, H-7), 7.56 (d, 1H, J= 8.4 Hz,
H-8), 7.48 (t, 1H, J= 7.6 Hz, H-6), 6.35 (s, 1H, H-3) and 3.15 (s, 2H, H-2a). *C NMR (100 MHz,
DMSO-ds, ppm): 8 = 30.3 (CH3), 109.8 (C-3), 118.0 (C-Ar), 123.0 (C-Ar), 124.8 (C-Ar), 125.3
(C-Ar), 134.1 (C-Ar), 155.8 (C-8a), 167.6 (C-2), 176.7 (C-4, CO). IR (KBr): v=1650, 1380 cm”
!, HRMS (ESI-TOF/MS): m/z calcd. for C2H 504 [M+H]*: 319.0970; found: 319.0956.

2,2’~(Ethane-1,2-diyl)bis(3-bromo-4 H-chromen-4-one) (9b)

(9] (@)
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Pale yellow crystalline powder (240 mg, 51%), mp: 266-288 °C. 'H NMR (400 MHz, DMSO-ds,

ppm): 6 = 8.00 (dd, 1H, J=17.6, 1.2 Hz, H-5), 7.79-7.83 (m, 1H, H-7), 7.56 (d, 1H, J= 8.0 Hz, H-
8),7.52 (t, 1H, J=6.8 Hz, H-6) and 3.50 (s, 2H, H-2a). FT-IR (KBr): v = 1646 cm™' (C=0), HRMS
(ESI-TOF/MS): m/z caled. for C20Hi304Br, [M+H]": 474.9181; found: 474.9202.

2,2’-(Ethane-1,2-diyl)bis(3-chloro-4 H-chromen-4-one) (9¢)

O O

Off white crystalline powder (232 mg, 60%). mp: 254-256 °C: '"H NMR (400MHz, DMSO-ds,
ppm): 6 =8.07 (d, 1H, J= 8.0 Hz, H-5), 7.84 (t, |H, J= 7.6 Hz, H-7), 7.58 (d, 1H, J= 8.8 Hz, H-
8), 7.54 (t, 1H, J = 7.6 Hz, H-6) and 3.47 (s, 2H, H-2a). '3C NMR (100 MHz, CDCl3, ppm): § =
29.1 (C-2a), 117.6 (C-3), 118.8 (C-Ar), 122.3 (C-Ar), 125.7 (C-Ar), 126.3 (C-Ar), 134.1 (C-Ar),
155.2 (C-8a), 162.6 (C-2), 172.0 (C-4, CO). FT-IR (KBr): v = 1648 cm™' (C=0). HRMS (ESI-
TOF/MS): m/z caled. for C2oH1304C, [M+H]": 387.0191; found: 387.0178.

2,2’-(Ethane-1,2-diyl)bis(3-bromo-6-methyl-4 H-chromen-4-one) (9d)

(0] (8]
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Off white crystalline powder (300 mg, 60%), mp: 250-253 °C: 'H NMR (400 MHz, CDClI;,
ppm): 6 = 7.99 (s, 1H, H-5), 7.47 (dd, 1H, J= 8.8, 2.0 Hz, H-7), 7.25 (d, 1H, J= 8.8 Hz, H-8),
3.49 (s, 2H, H-2a) and 2.45 (s, 3H, 6-CH3). *C NMR (100 MHz , CDCls, ppm): 8 = 20.8 (6-CHs),
31.5 (C-2a), 110.0 (C-3), 117.2 (C-Ar), 121.4 (C-Ar), 125.6 (C-Ar), 135.3 (C-Ar), 135.8 (C-Ar),
153.5 (C-8a), 163.5 (C-2), 172.2 (C-4, CO). FT-IR (KBr): v = 1643 cm™! (C=0). HRMS (ESI-
TOF/MS): m/z calcd. for C22H1704Br; [M+H]": 502.9494, found: 502.9487.

2,2’-(Ethane-1,2-diyl)bis(6-bromo-4 H-chromen-4-one) (9¢)
YT XX
Br” 7 gy
(6] (0]

Yellow crystalline powder (240 mg, 50%), mp: 245-247 °C; 'H NMR (400 MHz, CDCls, ppm): &
=8.30 (d, 1H, J= 2.4 Hz, H-5), 7.75 (dd, 1H, J = 2.4 Hz, 8.8 Hz, H-7), 7.28 (d, 1H, J= 10.4 Hz,
H-8), 6.23 (s, 1H, H-3) and 3.09 (s, 2H, H-2a). '*C NMR (100 MHz, CDCls, ppm): § = 31.5 (C-
2a), 110.5 (C-3), 118.8 (C-Ar), 119.6 (C-Ar), 124.9 (C-Ar), 128.4 (C-Ar), 136.8 (C-Ar), 155.0 (C-



8a), 166.5 (C-2), 176.5 (C-4, CO). FT-IR (KBr): v = 1649 cm™'(C=0). HRMS (ESI-TOF/MS):
m/z caled. for C2oH1304Br2 [M+H]": 474.9181; found: 474.9182.

2,2’-(Ethane-1,2-diyl)bis(6-chloro-4 H-chromen-4-one) (9f)
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Brown crystalline powder (235 mg, 60%), mp: 233-236 °C; 'H NMR (400 MHz, CDCl3+DMSO-
ds, ppm): 6 = 7.93 (d, 1H, J= 3.2 Hz, H-5), 7.82 (dd, 1H, J = 8.8, 2.8 Hz, H-7), 7.60 (d, 1H, J =
8.8 Hz, H-8), 6.40 (s, 1H, H-3) and 3.15 (s, 1H, H-2a). FT-IR (KBr): v = 1651 cm’'(C=0). HRMS
(ESI-TOF/MS): m/z caled. for Co0H1304Cr, [M+H]": 387.0191; found: 387.0198.

2,2’-(Ethane-1,2-diyl)bis(6-nitro-4 H-chromen-4-one) (9g)
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Yellow crystalline powder (210 mg, 50%), mp: 199-201 °C; 'H NMR (400 MHz, CDCl3, ppm): §
=9.06 (dd, 1H, J= 6.8, 2.4 Hz, Ar-H), 8.45-8.52 (m, 2H, Ar-H), 8.33 (t, 1H, J= 6.4 Hz, Ar-H),
7.51-7.58 (m, 2H, Ar-H), 6.32 (dd, 1H, J=6.4, 1.6 Hz, H-3) and 3.25 (d, 2H, J=15.4 Hz, H-2a).
FT-IR (KBr): v = 1656 cm™! (C=0). HRMS (ESI-TOF/MS): m/z calcd. for CooH13N20s [M+H]*:
409.0672; found: 409.0661.

2,2°-(Ethane-1,2-diyl)bis(6-methyl-4 H-chromen-4-one) (9h).

0 )

Off white crystalline powder (210 mg, 60%). mp: 195-197 °C: 'H NMR (400 MHz, DMSO-ds,
ppm): 8 = 7.78 (d, 1H, J= 1.2 Hz, H-5), 7.59 (dd, 1H, J= 8.0, 1.6 Hz, H-7), 7.43 (d, 1H, J=8.4
Hz, H-8), 6.30 (s, 1H, H-3), 3.12 (s, 2H, H-2a) and 2.40 (s, 3H, 6-CH3). *C NMR (100 MHz,
CDCl; + DMSO-ds, ppm): 8 = 20.4 (6-CH3), 30.4 (C-2a), 109.6 (C-3), 117.8 (C-Ar), 122.7 (C-
Ar), 124.1 (C-Ar), 134.8 (C-Ar), 135.1(C-Ar), 154.1 (C-8a), 167.4 (C-2), 176.7 (C-4, CO). FT-IR
(KBr): v = 1643 cm™! (C=0). HRMS (ESI-TOF/MS): m/z calcd. for C22Hi904 [M+H]": 347.1283;
found: 347.1278.

2,2’-(Ethane-1,2-diyl)bis(6-(chloromethyl)-4 H-chromen-4-one) (9i)
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Pale yellow crystalline solid (215 mg, 52%). mp: 119-122 °C: 'H NMR (400 MHz, CDCl3, ppm):
6 =8.16 (s, 1H, H-5), 7.70 (d, 1H, J=8.8 Hz, H-7), 7.40 (d, 1H, J= 8.8 Hz, H-8), 6.23 (s, 1H, H-
3), 4.66 (s, 2H, 6-CH,Cl) and 3.10 (s, 2H, H-2a).13C NMR (100 MHz, CDCl3, ppm): 6 = 31.4 (C-
2a), 45.0 (C-6a), 110.6 (C-3), 118.5 (C-Ar), 123.5 (C-Ar), 125.6 (C-Ar), 134.1 (C-Ar), 134.9 (C-
Ar), 155.1 (C-2), 166.4 (C-8a), 177.8 (C-4, CO). FT-IR (KBr): v = 1644 cm™! (C=0). HRMS (ESI-
TOF/MS): m/z calcd. for C2H17C1,04 [M+H]*: 415.0504; found: 415.0512.

2,2'-(1,2-Dihydroxyethane-1,2-diyl)bis(4 H-chromen-4-one) (11).

HO OH

White crystalline solid (217 mg, 62%). mp: 219-221 °C. 'H NMR (400 MHz, DMSO-d¢, ppm): 3
= 8.04 (dd, 1H, J= 8.4, 1.2 Hz, H-5), 7.80 (dt, 1H, J= 8.8, 1.6 Hz, H-7), 7.57 (d, 1H, J= 8.4 Hz,
H-8), 7.50 (t, 1H, J= 8.0 Hz, H-6), 6.46 (s, 1H, H-3), 6.22 (d, 1H, J= 6.0 Hz, 2a-OH) and 4.97 (d,
1H, J = 6.4 Hz, H-2a).1*C NMR (100 MHz, DMSO-d¢, ppm): = 71.2 (C-2a), 109.0 (C-3), 118.2
(C-8), 123.9 (C-6), 124.8 (C-4a), 125.3 (C-5), 134.1 (C-7), 155.6 (C-8a), 168.6 (C-2a), 176.7 ( C-
4, CO). FT-IR (KBR): v = 3345 cm’! (OH), 1650 cm! (C=0). ESI-MS: m/z 351.2 [M+H]*.

3-Bromo-6-methyl-2-(2-(4-ox0-4 H-chromen-2-yl)ethyl)-4 H-chromen-4-one (12).

0] 0]
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B
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Pale yellow crystalline solid (290 mg, 70%). mp: 141-143 °C.'"H NMR (400 MHz, CDCl3, ppm):
0 =28.18 (dd, 1H, J=17.6, 1.6 Hz, H-5), 8.01 (s, 1H, H-7), 7.66 (dt, 1H, J= 8.0, 1.2 Hz, Ar-H),
7.46 (dd, 1H, J=8.0, 1.2 Hz, Ar-H), 7.35-7.40 (m, 3H, Ar-H), 7.23 (s, 1H, Ar-H), 6.24 (s, 1H, H-
3), 3.44 (t, 2H, J= 7.6 Hz, H-2a), 3.16 (t, 2H, J = 8.0 Hz, H-2a") and 2.46 (s, 3H, 6-CH3). 3C
NMR (100 MHz, CDCl3, ppm): & = 20.9 (6'-CH3), 32.1- 32.0 (C-2a, C-2'a), 110.0 (C-3"), 110.5
(C-3), 117.2 (C-Ar), 117.7 (C-Ar), 121.5 (C-Ar), 123.6 (C-Ar), 125.2 (C-Ar), 125.7 (C-Ar),
133.7 (C-Ar), 135.4 (C-Ar), 135.9 (C-Ar), 153.5 (C-Ar), 156.3 (C-Ar), 163.6 (C-8a), 166.3 (C-
2a), 178.0 (C-4, CO), 172.2 (C-4', CO). FT-IR (KBr): v =1644 cm’! (C=0). HRMS (ESI-
TOF/MS): m/z calcd. for C21H1604Br [M+H]*: 411.0232; found: 411.0238.



Single Crystal Data (Crystallographic parameters of compound 9h).

Temperature / K 290K
Compound %h
Formula weight 346.36
Crystal system Orthorhombic
Space group C2cb

al A 7.4743(5)
b/A 15.2098(8)
c/A 14.2562(8)
al® 90

pl° 90

y!° 90
Volume / A3 1620.68(2)
Z 4
Density / (g cm™) 1.42
u/mm! 0.097
Fooo 728
Nmin, Amax -8, 8
kmin, kmax -18, 18
Imin, Jmax -16, 16
No. of measured reflections 11806
No. of unique reflections 1427
No. of reflections used 1133
Rall, Robs 0.095, 0.075
WR2,a11, WR2,0bs 0.202, 0.186
Aprinmax/ (€ A7) -0.518, 0.408
GooF 1.082
CCDC No. 1818348

Ortep diagram of 2,2'-(ethane-1,2-diyl)bis(6-methyl-4 H-chromen-4-one) (9h)




For
Frex
[ Feee
Foe-e
—® Fng

0

(86) (Suo-p-usworgd-Hi)sIq(AIp-7° [-owema)-,2°7 30 (9P-OSWA) TN H;



w3d oz ov 03 a8 06T (+}.4 8 OFT 09T 08T 00z

IRy I 0 L T L O T O A 1 O ) 1 0T T 4 VT T Y ] L T U T o o o, o S| Lo O O (o 1 A o B (O i ) (B

P TN T O YO O |

68 56T
¥EL 9T

LY 24T

o
ot s

\
\
"o 64T
T T —,
80T 5

PO ELT
£t

0 |

( 3 0
\xﬂr&.ﬁz _/ \\//
LX)

(8g6) (Suo-p-uowmoIgd-Hi)SIqAIP-Z 1-0ueid)-,2 7 JO (CP-OSINA) AN Dy




#> STH 0Z2 Bl STET Tl M= DL50°€TE RGEQ767F

TITRIAR LId-3 ZEC Wdd wpul SSW 3T LRGN
0°0p oS 7S DR TR
079~ PURETUIN

000L 0S8 008 o oop oL Q0L 09 008 058 00 OE 9b

Tnn Le I 3 Py | sl Bepgalaing ahegaalanbilia i bbbt s i iiis 2 L TETES S IS FEFES EESTEET S

: 7106 QLGE NS 684 : 7z 7P )y ik R B
982 =77 BLSTOCL |op -t uﬁ, 805z iss FEIOTS  gegpind 0 n_.

7|
19207158

7
OBSZTYE

gesdele

9ZZL 0% ¢

0 0
COL £0)
AN 0

(B6) (puo-p-usmorgd-Hi)siq(AIp-z° 1-sueqid)-,7°7 IO SWHH




(a6) (suo-p-uswonyd>-Hi-0woiq-¢)siq(Ap-7°1-2uema)-,2°Z Jo (P-OSWA) TN H;



Zad  ¥0 ¢€TE Q20 "1 STET vy T TBT6" 7Ly COEE Wik

LR Set LIg-T Jea Wl 'aw SseN "OTRD sSER
0°G8 0 5 0°% SMDMRTXPN
0°6- TWNMTTTR

0018 0865 0008 0’56y 01065 ooy 0 §. 5Ly 0oLy 058t 005y
N_\Cu. ._nkv\J_ \_ __ __ _-. »-‘. 1 | i .«.__._.. ol _‘.._‘__.. F.._..,_._. i 2 __ .__.. F L . J 1 .w.._._-__ ___4._.f_~..... - c
R X . _ : o0z 1Lb _ .
2652805 671905 LLOCPOS  ypeq: umv sv6z 0oy OVIEBEY eiLe Qv | sz o:N.E“ veazzgy OV6208Y
5168t | ZOZBVLY
1Zye'sey | ESYELEY PEIE'OLY !

Sty6 E6Y

(q6) (suo-p-uawomd-Hi-0woiq-¢)SIq(AIp-7° 1-3uepa)-,7°7 JO SIWIH



]_

]‘“nt
i ]"r:‘:
" Teee

(36) (suc

- -UAWOIYD-H-0I0[-£)SIq(IAIP-Z [-SUeH)-,Z 7 JO (9p-OSWA) AN H;



wdd 0T

oF 09 08 o0t DZT i gt (-3 081

,u__:._________*_______.___,____.____.________w:___________________.____________._______.______—._.________

2 TS R -t e

Gat 6T

-

e

T T i e

BT ;T
LTG¢' BLX

249 29T

TET #ET

sts‘nt—\
597911

ST
see szt —

689
000
ETE AL

(26) (UO-p-USWOTD-LIH-0I0[Y2-£)SIqKIP-Z° T-omema)-,7°Z JO (OAD) NN Dgp



20 ¥0 €18 0EZo SM9; STET bPre- £°T- 1610 L8¢€ 8LT0"LBE

2ITWIOA IIA-% Tagq Wad BaW S8R "oTed 55T
0°c8 Q9’5 05 STITHRE T 00
0°G- TWRTUTR

oogl amm oam omm 008 omh 004 058 ooo 055 005 sy 0aw 0st ooe SN 002 Qm_.

N_PE Litaux - _ P »»-.. 'y g lls ..__ _. .....-,...- |4 .ﬂ_ sl Lispnlaas 4 u__uﬁ_. »hm—.-ﬂ Q
«....11.......... T L 11§ af .
VEPLSYE 11T dmmwnﬂmsmﬂm 108 wmmwmﬁ. 2008 290657 106 8192518 YPIT 1SS LIV ENG el : T :_ i _‘ ]
52005y oyl
e 0Z6LEIE  jgg)er  ESEFSIZ *
PEVO08 1 _
J L5
83.84
p
85050y | g
101 §210°28¢c 9P60°SPl —00l

(26) (aUO-p-UsWIOd-H-0I0[YD-£)SIq(IAIp-7 1-0UB}R)-,7°T JO SINMH



Lo
Fus
F et
Foer
—® oo

(P6) (Fuo-p-usworyd-Hi-Aew-9-0woIq-¢)sIqAIp-Z [ -2ueqd)-,Z°Z JO (7DAD) WAN H;



wdd 0Z o¥ 05 G8 DOT OZT OFT 03T GBI
___.___________:_______,._______________________h:__..___:__._______h_.______..____.___._l—______.ﬁm__
B e A R e S e e AR A R Sy NS IR e S A R = Sham o Hpa e i
[ E
- E | L | :
> & i+ & o]
- I M ” ]
m v w “
; §
5 :
8
" -]
o
w g8 & T
@ ¥ § &
= w
g
Lal
o83
LI

(P6) (SUO-H-UAWOIYI-H-]AISW-9-0W0Iq-£)SIQAIP-Z " [-2URH)-,Z°Z JO ((10AD) TNN D¢



&xg v0 LTH  TEo 624 S°ET VI- LG~ $6¥6° 205 LB8V6ZOS

BTRKIOL LIA-T i Wed equ sseW "oTeD sgup

008 ] 0's SWCNE TR

0°s- Pt

oy os9  oz9 ﬁm_oﬁ_um_cmm_&m_as 0% 08, 0 _omm T U OBLLLADIOL JO . W

....... aagliaie lussaloy : L il Yogisly Lidalusiils ot paaly deagliyy i seedlisy aasdapiglogac byl o S P |
7560708 ) d ‘ ! TN =t
vz $Y90'%09  SELO0BS gorle . Mmmﬁwm 1E0BZYS C__ _: Syyossy L6829V OUTLivogezvey o L
assved| | | vere08 ,

iTie nNm | 8646'GIS L

| SsvE £8¥6°205
82.6°125

4
S
T

g CLVE V0S 0t

~




-
| —

- ﬁu O )
1 % _ ig
(T 1
~ "0 O

(36) (s0-p-URWOII-H-0W0Iq-9)SIq(AIP-Z [ -0 )~ 7°Z JO (FOAD) AN H;




BC NMR (CDClIs) of 2,2'-(Ethane-1,2-diyl)bis(6-bromo-4H-chromen-4-one) (9¢)

£00'1

Y
rac e
o
O O
Q @
s

U tE—

LS 0TR

118 81T~

2961t —
TEE 2T

Sip g2t

2E89EY

20 S3T

§FS ‘591

{58 Tk

IIIIII[IIIIIIIII]IIIIlIlII|[III|IIl[[llllllll_l|llllIIItl|IIII|II!I|II1I|IIII[II]!|II1I|IIIllIIII|IIIIf|

20

40

60

80

100

120

140

160

180

200



719 50 €IH 02D CRE I 3 z'0 -0 T6T6 Ly EBTEBLY
BTIWIOT 3d-T gHd Wad B asEd "OTED soeu
9708 G'5 0°% TR TReW
9°s- FUTATUTR
cey OUw  Susv  Oce  S2e  UOW  Suv  OSy  Swy OO wiw oS T OGey  gusy 09w STy 0O%
Zra Irﬂ..x,ﬂ“mw@v ~?m_ﬁm,w,m.w o H,,mum_u.“v it _MM. y J_.__.ﬂ_.__.__ T ——— _ oot F P Y _: . .L.__..J. i \“:_ = _ i _H._ 0
o 2 S08¥BLY _ BBQOZLY 5o pggy PLOVEH IO oiaey Suszesy EONETSY A0S
| 0245 N _
ZL1§0LY wIG VLY s i
4%
soLELy [
|
BveE 16t ool

0 0
1 g
| |
0 0

(36) (aUO-H-UAWOIYD-Hp-0W0Iq-9)SIqIAIP-7 1-0Ueld)-,7°7 JO SINIH




Lo o mﬁ - »

8 L g 9 ]

= . ENOE N

1 z € ¥ < 9 L 8
| e g |

(16) (Suo-t-UwWONd-Hi-0I0[Y2-9)SIqJAIP-Z [ -2UeH)-,Z°7 JO (FP-OSWA + TOAD) NN H;



ZI3 ¥O0 STH 0% €9 G €1 8T L0 t6T0°LE8E  §6TOLEE
BIDUIIOS 113-T qEAC Wdd egu SSEW '2TeD ssen
0°08 [ 0°g U E MRl
0°49- TWDBWTUTR
oozy O0S  00W 0%y 000y 0Qg6C 006C 0%eE  00BE OGE 006 0% 0'09¢
Ziw __ mat % s H_-.n-._!._— J guh.f L_.n - _4 .ﬂ._ 'u_—._.._. r .ﬁ .E J. rf..u...._.r ._.T. —. ST ._....1_<.|.w_.~ T e .H.J_ ity _a—.l_......__qn i _.. ....nu_
SIPZBLPZI0Z SLY _ _ | _‘VWv.vmmﬂN - ! ' ZELLVLE L
: . 0T SOZT PLE i
crebely  ELZE 8&_ | e T - 1061'69E 91LLL9E .
G352 90% | €621 168 l 2€ . "
CORO'I0H 9610°28S LLZZ0BE ]
8E178LE vezZHoE
P6ZZZEE _
_ 8Lze'sie feiziEse. -
o0t

(36) (Quo-1-uwOoId-Hi-0102-9)sIQ(AIP-7 1-0Uefd)-,7°7 JO SIARIH



o ® » o "
£ g B is
L ~ o b

1) 8

—
I'_‘—‘—'--..

‘H‘_‘_‘_‘_“‘ 5
Sy ﬁ :—"" Fece

(86) (FUO-{-TRWOIYD-H-0Nu-9)sIq(JAIp-7 [-ueyid)-,7°7 Jo (9P-OSNA) TN H;



Zjw -

80 TH £TH 02D € ET S-&T L'l T ZL80"60F 1920 °&0Y

CETWAOA LIA-T po4-ie 251 equ BEEN “OTWD HEEYN
o -08 05 0'g FEIMITXEY
0°s- *OMWFUTH
uwm_.@mm_nm._m.og aw. nmu. g chv_mmi § o:_& oﬂv_n.w an_n o.nn os aﬂﬂ ﬁ#ﬂ.ﬂmn_g ﬂ_.m
1 f it 5, Uaung N __.IJ__ T :..d dewiidid 43 e Bt e i
meToS_ T gmstels Seceos  usress SOYOSOY __ I ssﬁm, | ﬁw ;_ :LEBR“ ToRamie chereic |
8860'12¥ srvozy | 998TT6E o9t
| LvRT 168 %
LPEN0SY )
1990'60% -0

(86) (suo-p-uswomd-Hi-0nm-9)sIqJAIP-7" 1-0ueqid)- 7T JO SINIH



(16) (suo-p-uswom>-Hi-[Aew-9)sIq(JAp-z° [-2ueyid)~Z T JO (9P-OSWQ@) NN Hy



0 001 00C

pielaoggalig syl

x
Of o..wm o._mﬁ 00L 008 O0& 0001 O0LT o.o_ﬁ 00eL o.ﬂw

£uoqm)) - woqppq Bd g
1 0°0ST 0°091 0'OLT 0'08T 0061 00T

Eia L1 it abaayr bessv tepna b us Bonny Dagag oy

o

(46) (suo-H-uawoIyd-Hi

153 3 (74
fog 5E¢
IPERSE
CLFISE
TELOLE

TEFEGE

-IAqIew-0)SIqQAIP-Z° T-eued)-,2°7 30 (OP-OSINQA) JAN D¢




¥0 6TIH 220 £ PIT SET vT- S 0- £8CT "L¥E BLZT L¥E

BTIWIOS LIA-T q24a Wdd equ SSeW "O1ed 55BN
0°08 U] 0'g TWNUTXRN
[ PUNNTTETR

0i5 095 0S5 OvS n_nm cwm ois oom nmv am_v 0w cmv omv vi omv omv owv ooy 80 0g8e 04t owm 0se cvm c_m.n 0z 0OLe o@m n_mN 082 ohm

bJ TV QTS PSS PR o) JR ___.. silipieleneilas analasialioneles 124 aesdevanbipralisaglaglgeats, | FOFr FPVES PRTTL MV scbiveafiyid aadvapiligfosselocialyy liulicnlinlis oy
i
Shv28es €641 665 momums 8IS ezezess &5t v cozz oz 2b9106E|| PZLBIE  vygy gyl 0BEL ER 2 visozes Svyl SOT 1960 6L [
ZEELBYE
909L'68e

BLZLYE

é—ﬁ—i !—BTE—V—I' "

4951°88¢€

(46) (QUO-F-USWOND-IH-[AFIem-0)SIq(JAIP-7 1 -oUed)-,7°7 JO SINIH



2k €L ¥ Sl

il ._...—...._.-.- By ..ﬂ..,nn—-_._.......-._..—»..-.-_

(1) (suo-p-usmoiyd-gi-(JAqewo

1O[Y2)-9)SIQAIP-Z T-2ued)-,Z°T JO (0aD) AN Hy




wdd 114 oy 09 o8 00T OET oPT 091

______F__________________________________________________q_______________.____-____________

65y ‘921

290 50
£09 "9TY
(233 141
TR EZT—
(24383 S

106 ¥ET—

a3 BT
9P TE—
T YT —

$66 "

65—
/

EW'LL

(16) (suo-p-usword-H-(JAyIewoIoN2)-9)SIq(AIP-7° -3 )-,Z2 ' JO (F1DAD) YN g



o W LIH ZZO LW S'%1 6 1 29 #0500 51w TS0 STP
|TmRIOL LEE~T =g W B sees OTeD ©  saeR

L i 0°s 6°s SWRUR TR

9 5~ FURUETUETN

ggggohvmﬂosgggovvmmvgﬂnvonvﬂv?vmmvnovmﬂmemmmmngmmnﬁnmmmgm

a

! &uﬂN. .rv.. MG (1B [0 1 i M Ty ] 1] i i ) i B RN T
oy SLSURLY ¥ 5060'15% .1 7 e o Lpioedy Z8118SE | || zoszose seezvee -
080 65¥ 7
W eELL 52y Z1S0Sly vrsLeet e
_ .
622005k $880°18S |
Lai0esy JIInS . S 901

(16) (Suo-p-uewoIyO-Hi-(JAISWOION2)-9)SIq(AIP-7 [-oued)-,2°7 JO SWRIH



I i & &
wdd £ 4 5 9 L 8 6 o1 Tt
_ ] 1 1 1 _ 1 L ] L] _ 1 1 1 1 _ 1 1 1 1 — 1 i 1 ] __ 1 1 1 1 _ 1 1 1 1 _ 1 1 1 1 _ 1 i 1 1 —
1 MERTA ' ‘ >‘
] ] i
( a 8) )
\ N |
,/,\)f: {
HO OH
[TT) (SUo-1-uomomyd-Hi)SIq(AIP-Z [ -0UeRAX0IpAMP-7* 1,277 JO (DAD) AN H;




(11) (suo-p-uswoId{HY)SIQ(AIP-7 T-SUBRAXOIPAIP-Z ‘T2 T JO (SP-OSINA TN D




(z/w) abieyD-o3-ssepy "SA (%) SJUNCD

I0L 056 006 0S8 008 O0SL 00L 0S9 009 0SS 00S 0S¥ 00V 0SE 00E 0SC 00C 0S5 OC
BN o e i R )
0C'10L | 1 or'sLL !

0Z°Lse

{1)1eaans p'£001Z80S| {(sueds g ‘ulw Zg'0-L2°0) UBdS +

(11) (SUO~p-UatnOIO-H)SIqAIP-7° 1 -SURIRAXCIPARP-7 1)~ 7°T JO SSVIA



" ~ » 5 QIR bl
2 ¥y s £ 2 |
rh o Al A
mdd I Z € ¥ ] 9 Lt 8
| | | | | | | | g g JL g ow g |
T YT " 3 i
i r [
i A

(Z1) suo-p-uewond-Hi-(Ape(JA-7-Uswom2-H-0X0-1)-7)-7-JAgem-g-omwoig-¢ Jo (Sp-OSINA + S0dD) AN H;



13C NMR (CDCL) of 3-Bromo-6-methyl-2-(2-(4-ox0-4H-chromen-2-yDethyl)-4H-chromen-4-one (12)
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