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Abstract

This thesis is divided into three chapters. The first Chapter illustrates a
convenient procedure for the one-pot synthesis of pyrazole derivatives. In this
strategy, the initial step is the Michael addition of morpholine to 1,3-
diphenylprop-2-yn-1-one to form an intermediate, and followed by the
cycloaddition with phenylhydrazine under acidic condition. Here, we disclosed the
reaction in traditional heating as well as microwave heating method.

Chapter two, discribes the method for the synthesis of pyrazole under “on
water” condition, supported by microwave heating method under 150 °C.

Chapter three deals with the synthesis of naphthofuran derivatives. This
reaction involves two steps. In the first step, the reaction of of 1,3-diphenylprop-
2-yn-1-one and 2- naphthol catalyzed by Lewis acid. And the the second step is
the intramolecular cycloaddition catalyzed by base and copper(ll) reagents to
afford naphthofuran derivatives in good yields.

Keywords: 1,3-diphenylprop-2-yn-1-one ~ pyrazole -~ naphothofuran -
Microwave-mediated ~ one-pot synthesis.
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fe 3k i & $~ (Heterocyclic compound) 45 ih &4 + ¢ 2 5 fedk g it £
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5 BAPHReNE R oorAs R ehd A FRe B OARIRE Y IR R Rtk it £
Powd 2l JHEAFEE S PERT BB FFLF DL REE
hEERCEZ BPEMEROR LD ek T BV RS FE I (anti-
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dod g it o etk 2 B fEd p 8 G R At 0 2 B L E
B4 ol TP ARIRB Y A L F etk A B TG B RStk
Pens XEEFT I LT ehAzdit 2 F R TR (Telek T fo il

PRGN EEARE Y F AT E L Ak fFd b oo

74 d R FF 7oLudig Knorr >t 1883 & 2 & 7 rtek g it & 4o
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EFE B 13- A & 4 (1,3-dicarbonyl compound) 14 % 3F AT A Fe
(hydrazines )it 5 424547 » AP TR (T 342 chERF BT7 FEw

BB Fawied 4 $ooo o] 15 27 o

H o o RN N'R
A\ 3 -
M - R I e o= N
2 R! 1
R2 R2 R

R2
Bl L5~ week e 4o 0l -

PEL P ot fmd ot DEFEFF TE DG FEHBYHE
Feled fimd Fpend 2 E 2 4 g 0 2014 & > Togo ®k#: % H B rg4F H 0
ok =R gE (terminal alkynes), fz#g (aldehydes) 2 94 5 (hydrazines):g 7 — &%

s E ek @]tk fTA B 3 hoB) 1.6 Hrw o

1) n-BuLi
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1-2, L P H2 H#E

hF 2B E Lk p ot 2004 £ Bishop #3275 1o Bishop #c#% i@
PR AR AR R AP R Tl T Feing S o SR HY N E BEFR 3-
4 [ EEF T 50-91% A > R AALY BPEG AFES BREES  AoT R
1.10 #f 77

Ar
0 2 /
NH, Ar1\N/N\ 2 2NN

1 + R + R2

R J\ , HNSAr EtOH, reflux R1J§)§ 1J'\/)5_

R 3-4h 5 4 R'3 4
50-91%

major minor

1 6 2 5

@ 1.10 Bishop #cfert ek ji7 4 4 el =

ARRETIEG AT RADEFAAKMEAFZF B N F BFREA
) iR 3] 95% I NMR A& 5 » 8 ¢ 7718 3] 5%<hB 44+ » 4o B L1177 o

95% 5%
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® O dededs 1R R ST o g A4t 1217 Michael 4e =0 F & 0 &

Li»

HOAB - 13 RTRAT (TS - BAFonagd AE o L - dBit chiE T 4
fa 28 2 % 95 (phenylhydrazing)B~ i B L= % F egpd A > Y R Sd @&
SR T ARE A ek B A S 20 dol 112 907 o AR ERE K i
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O
Michael addition o R Ar—N-NH, A
(s 5-C
Z o g
O O a B O acid-catalyzed
condensation
1 2

R= nitrogen cyclic group
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Azdedr 1 et > 23 R4 E £ ke o s 2006 & 4 Srinivasan
K2 APy MR Ean s 23S L7 B A ehfig & E A (acyl
chloride)f= % 2 z % (phenylacetylene) i i & &4 > £ 12 = ¢ 3i(triethylamine)
=R eniE T o prpass palladium(ll) acetate Bt EFMEF o RAF &
H_ra g % A ehig i (neat reaction)it (7 F & o EARE EABEES T e
FRATE g R ERHEET > ERIZIRBARETAFTE > I 2K
F g G o Bt fdsdode el i e 2 1 &K= & 7 = (CH2ClR) i & 7% 1
GE R 0 UAIF i 7 0 4oB 113 #1oF o

o] Pd(OAc), (0.2 mol%) o
)J\ * \\\Ar' : Ar)\
Ar”Cl NEts (1 eq.), CHoCly, r.t. N

Ar'

1eq. 1 eq. 1

B 113 4zdet 1 enill &

G E A L SREF T BRI E e~ 12§ uki ) F
SeTh A Gl hort ek RS 2 F 0 g8 1A-F T bR F o A E Ay

PEST— g1t ik 2T L de » BRI ER Gl4e HCL > B ¢ # F4c = T et 10
R FeTRETOKEE A d o FREaARESEY 30 BE R AF X
ray % 40T §) 1.14 957 o
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0 AT OLELRD] S CUB R G K R o Aoty { R
PR TR AR Y o Bek s - B A o A PR ER R
3 4e o~ F %4 (phenylhydrazine) sl & SRR A PF 0 - SRt iE 2T AR IR
TH LAl BRAFEERP S F o £ RFTERE B Ltk
BHAA 2 o RS AP B2 § Bl B0k L1ATE o
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F L1 %7 I enfa ¥ & Ik F e 7 B3

(0] ;3
1)phenylhydrazine (1.5 eq.)
[ j MeOH 2)acid N-N
(4] |
s} ®

15 m|n
1 .2 eq
1 2
Entry? acid acid (eq.) time (h) Yield (%)?
1 none - 2 N.R.
2 HC1/MeOH 2.4 2 78
3 HC1/MeOH 3.6 1.5 68
4 HCl (aq) 3.6 1 20
5 HOAc 3.6 1 83
6 TFA 3.6 2 95
7 TFA added before adding phenylhydrazine 3.6 6 67

“ All the reactions were conducted on 1.0 mmol scale. ? Isolated yields.

Ak o ERAME BHO AR LFTE 0 £ BER G M F

B P ABET BRI ek A BEETREE B F BA

Fob(entries 2, 3) > FI E 4 36 F EH A P A RF BARE o R
7 fechpi 2o (6 0 B I = & ¢ Fa(trifluoroacetic acid) st gk BdF 0 K B PF R
£ DT 95%F AF A > APRPIAF BB ST R ? At e
558 0 0 FRenlE o R gk Ben g e b1 R hFE > 2 4 ¢ iRk A
WEAE F SR > Tt AR BF S gk > 2 TFA R

S)m

LA o X TR E I Ao T E Z ) SR SOT A TR



TE Lo r Z L O A~ FHEH O PF BEuL T
3 67%(entry 7) > dwiplE ¢ B AL Ao iER AN A 30 L o ¥ 0 iEA
FRpE > @18F REFFEL? 25T Fpte Aogpdt & 3 0¥
HEHE TFATEFEF R F RFRFZFEET 26 8

B 1.15-

Qo NF2 TRA (3.6 eq.) @ N
_ . NH NN
O O MeOH, r.t. ~ O
26 h O

1.0 mmol NMR vyield: 88% 1.15
3 .

)

A At 1 FHRAFRAAR A BAL AL 0 F WA
RIB~ X A =3tetek 5B g $e 250 11 & RIBAN A 2 3twlek 38 - ng 4 5

B H A BIF AR B AR R0 M EEE R RREENE R ok 12977 o

%12 BB N A et 1 ?5@

o H
[ ] . N, TFA A (36 eq)
N MeOH ©/ \
H rt., t1 r.t., t2
1.2 eq. 1.5eq.
1
Entry? R! t; (h) t, (h) 2(%)" 5(%)
1 4-OMe (1i) 1 0.5 45 17
2 4-NO, (1g) 0.25 5 28 44
3 4-CI (1d) 0.5 2 57 35

4 All the reactions were conducted on 1.0 mmol. ? Yields were dtermined from crude 'H NMR

with dibromomethane as an internal standard.
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27 11F DABAEET AN E RE FMA S ERF RITE TRFR
FART I A 4T F A PRI A A A 4R AHA A F R
PRFF AR o R AwmP R Aol Mg RN AF AL A B RO
EHp o EAPHE TR RNDFASF > FEF L E SRS E G TLR
FIL R B MR R DE R EEE B S RO > BER

H#BIT0C RETE o M A4-F R Aededn P GE iS40 £ 1397

7‘[“ o}
3135 Mk e E i 7 B el 3
(0] phenylhydrazine (1.5 eq) @
morpholine (1.2 eq) TFA N-N
A [4d] < O
MeOH (2 mL) reflux
Cl r.t.
30 min Cl
1d 2d
Entry? TFA (eq.) Time (h) Yield (%)°
1 2 drop (0.26 eq.) overnight 84
2 1 3 97
3 2 0.75 94

@ All the reactions were condutced on 0.5 mmol scale. ® Isolated yields.
BPARZLoREEST 11 2 FRCEF TRF EFFLEEL D
overnight » 2% E 47 nEFH 4 > A crude NMR 2 & % 1t {2 2. NMR sk 3%
PAALINY-HAFAL PR AFFAF 84% K4 e KA 1y
£22 25 £ VR RF BFE G HFEadgd o FRAS Y S 1 94%2
97% (entries 1-3) -

BEFPAATHL 4742 35004 PIRLERr 440N g
4B o7 A 142 15497
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% 1A% 4-7 JAP-dede it TRy R

0] phenylhydrazine (1.5 eq.) @
morpholine (1.2 eq.) TFA N”\{
o 50
O MeOH (2 mL) reflux O

r.t.
1h 30 min 2h
Entry? TFA (eq.) Time(h) Yield(%)?
1 2 drop (0.26 eq.) overnight 84
2 1 1 91
3 2 1 86

@ All the reaction were condutced on 0.5 mmol scale.  Isolated yields.

% 15 33 R Adede B TR Y £ R

o phenylhydrazine (1.5 eq.) @
TFA

morpholine (1.2 eq.) N”\{
O A [4c]
O MeOH (2 mL) reflux
r.t.
Cl 30 min
1c
Entry? TFA (eq.) Time (h) Yield (%)”

1 2 drop (0.26 eq.) overnight 87°

2 1 4 94

3 2 0.66 100

2 All the reactions were conducted on 0.5 mmol scale. ® Isolated yields. ¢ Yields were
determined from crude '"H NMR with dibromomethane as an internal standard.
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1

SREF T E o A b e R T Y

PR R#ES D 70°C iR 5 Bt 0E 2

jooRinEE s R
? I s ﬂ’s M—ﬁ;ﬁ”g L'E_g{
F i Fdednt 12

A 2 B LB A g M ek 16 A1

WE
P ERFF ERY S FRABROPF S FRPFT UL
AR LR P BN

216 E 2Rz - FARFLMEFF B

° Q
O .
. henylhydrazine (1.5 eq.
morpholine (1.2 eq.) [ ] pheny TyFA @ eq.() q.) NN
R X o N
MeOH (2 mL) _ =~
rt. O O 70°C R’ O
R4
ty t,
1 L 4 _ 2
Entry? Substrate Product ty (h) t, (h) Yield(%)?
N
1 O 2a 0.16 0.25 100
i @
-N
2 O X N7 O 2b 0.16 45 99
NS
* 0 C
cl
1b
0 Q
NN
O X ~ O 2¢ 1 0.33 100
o] E :
1c al
N -N
4 B O 2d 0.5 0.75 94
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2e

2f

2g

2j

0.16

0.5

0.25

0.5

0.25

0.25

1/6

2.5

0.25

0.08

1.5

0.25

98

88¢

85

83

97

84°¢

88

90

“ All the reactions were conducted on 0.5 mmol scale. ” Isolated yields. ¢ The reaction was performed by using 1 eq. TFA.
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BRI F ol 5 2501 235 & Ade 2-Cl, 2-Br (entries 2,
5) Fk = H PR ETRF BTR AR AR BB AP R L o BEor
Flg? 282§ B A= BBy » R AF T AT T 0 KA A
RPN A g A E RE e A BN S 4-Br 2 kv
(entries6, 10)» » s A 2 7 3 ERHEY o Fl R iE @ eni g o ML
WHEd S FEEME-FEF A AR ROERBLEIE- L
A cABrBRrAS - ok RREFREL TS )F R ER B AP 9uE
BH T UET 88%NE - L 2fAl ; AN AR E N AT S HE R
PR A4 - A ET 84%E - M 2j A o

BHA T o HHIAERATERY YR A B R BERF S )
P F 5] 80%% 99%:E A 0 ¥ pkHY A AT V- AR A 0 A

v% rm (furan), rgrs (thiophene)sge sk~ + T 2 B~iv 2L » » % (93] 84%% 88%

2 EE N RLAY LR A §F R L s
AP gy A Tsal kP E Ry MR 2009 AR Feans 2% gy
acyl chloride 2 % I <0 terminal alkyne » % trimethylamine i & enig it ™ >
FU* g pade fe & 2% 1 I 4r (copper iodide)# 2 = ¥ A #k(triphenylphosphine) i
L4 E R R 0 4B 1.16 P o

Pd(OAc), (0.1 mol%)

PPhs (0.2 mol%) o
0] 0
)J\ . \\Rz Cul (0.2 mol%) Ar)\
Ar Cl AN 5
NEt,, 50°C R

B 1.16 M4s Em it s F R

21



BER A REMAgddnd 118 FE U RHRDTHS )
W14 E = 4 T R,

-~

FUHEF- M F o PEAER RPEG 3 R
ek 7Aoo K R ES AT L LT Ao
317 {#RBRAAEEFF B
0 morpholine (1.2 eq.) phenylf)l_ylgpr\a(zzlr;eq.(;ﬁ edq.) @N/N
4
., MeOH @2mL) 4 R
R rt, t 70°C, t,
1 2
Entry” Substrate Product ty (h) ty (h) Yield(%)
b
; C
-N
1 A N7 2m
O x OMe
OMe O
Im
(6]

0.5 97
()= "
~
In
(0]

0.5 0.25 87
: ’\ N
3 AN N\ N 20 0.5 0.08 83
1o
; Q1
-N
4 ©)\Q N\ N 2p 1 0.66 79
1p
; Q1
N
5 ©)\O N\ N\ 2q 1 0.25 75
1q
; Q1
. )1\

-N
SO~
N
1r

2r
@ All the reactions were conducted on 0.5 mmol scale. ? Isofded yields.
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P RE R RFR AAAHF BB ERET L R
2 ¥ Lo skok(entries 3, 4, B)PEF > A Fwk 5 TR vl RdF A 75%3
83% - il T it Hd 2t R2iL G ¥4 Theniip > R 70 B A R

AARE A AR o @ oentry 6 st B R RF 0 A R2RF YRS

Acdede > F RPFERFRE £ S5/ pF o wivg 75%hA K 0 B AR P Ee

USRI ST TN

A\

BA R TE BT AR A g P pr g BB
BROFH O SRESRL THPERLFERSD A AR K- B D%
*H%i”ihﬁﬂﬁﬁmﬁ&ﬁifﬁﬁsFU“\Wiﬁs&%ﬂﬁﬁh
AL FHBARBEREF- M F B BTG 47 F AR OdiEFERS
BP0 B 4o £ 1.8 475

218 {#HRBAARFAF R

0 MeO

() v Q)
(@] N TFA (X e
P + NH . Hal a) N-N
MeOH (2mL) ~
MeO reflux MeO
MeO MeO

1.5 eq.
4 3i 2ib
Entry* X (eq.) time (h) 3i (%) 2ib (%)°
1 none 3¢ 9 76
2 2 0.33 39 19

4 All the reactions were conducted on 0.5 mmol scale.” Yields were determined from crude
1H NMR with dibromomethane as an internal standard. € Reaction uncompleted until added 2
eq. TFA
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D ABREERRE RN TEHARALY T AP 4G F R
EAARAY 3> TY FAY 4i DREBPEBREFKEF R AP

RIRFIEDE R FHPRBE T s ERF BB iR L o 7

BBz s > J{P FAP 4 FRfEF o Flb entry 1 ¢ K4 x = 4 ¢ e
MUFHBRB IR RO R L E ) F P A B R4 SR

Bl it & - 93] 76%:2ib 2 0% 3i A o entry 24 0 F fu- Bhigk
4‘1;\‘{943’@

AR Z L e Fl Y BAY 4 5B B{rpR B RAF
Bom A2 39%:A P 3 B ¥ D 19%3E 8 A 4 2ib

AN F AR NE AR 0 FI e R R R A N L
Ve FRBHMEmFEE > A NADS I OB G EEEF-HCE R

F % 4oT 4 1.9 957

219 RUBRAPERIEFFE R

; ~ 4 ",

[ j o NH TFA (1 eq.) DN O
/ & =
O MeOH (2 mL) MeOH (2 mL) R!
R R 70°C

1.2 eq. 1.5 eq. t

Entry? Substrate 1 R3 Product ty (h) Yield(%)”

1 y
1 a 4-OMe 2ab 6 83
o8
5 1i 4-OMe 2ib 25 100
O
MeO
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0.33 93

2ac

2,4-Cl

1a

0.16 95

2ic

2,4-Cl

1i

0.16 77¢

2ke

1k

0.33 100

2ad

2-Cl

la

0.33 100

2ae

3-Cl

1a

0.5 95

2af

4-Cl

la
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9 la 4-Br 77

N’N\ 2ag 0.5
ey

10 la 4-F

N”‘{ 2ah 0.5 72
)

1 la 4-Me 2ai 0.5 92
O

N’N\ 2aj 2.5 N.D.
SV

13 la 2,4-NO, 2ak 0.25 N.D.
Sl

¢ All the reactions were conducted on 0.5 mmol scale. b Isolated Yields.” The reaction was perfromed by using 2eq. TFA.

BRI ET I RO FALAEERERF B T2 €5 A
WA g e e d HFR A F A RNT S BERL > E A § B
Pl LAl ¢ WAP 4B R G RR Y S A 3 B R R
FERASE AL E R FRROFEEI - FREGF ko5 PR

chg B BRI 3 A K pdoentries 1, 297 chF REFERRE o @ B
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e B L e Bk (entry 6) A S 0 B3 T7% o JEPV A AvEer 5 fRIR X

B F R EEH FATR o

i E - R3TE P enP~ (% P de S A A (enteries 13, 14) 0 B € d A A en
P T FME o REF ROENEL o A2 DAY S EREF KRR B &
P30 P TR RERAFF BURL Nk - Ffa 2 » {3 R
R AF S A T0%E 99%7 % 0 P E A A AT o T4 RIBA A
s 0 F etiis B AP R e E s A3 E P E G R

ll‘io
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1-3-2, M e R WREREFTE R

By -NpakE M ER FRIVS S F BERF DL EEK)F
FIpb AT R R R EE R D A E R 5 YR Ok R R
oo, M RATA R RE L GEF RFR, K3 P A DA T
2P e Fpt B Ml e BB E AT T ek BSR40 & 11047

T

F 110 M e A B (Tetek £ 2 F iy

R3
i ) - 3
i 2
“ morpholine (1.2 eq.) o N NH TFA 2 eq.) NN
R' N 2 \
MeOH (2 mL) _ ~
MW 60°C,ty | g, O @ MW<70°C, t, R O
R2 R2 R3

1 - 4 — 6 2

Entry” Product t; (min) t, (min) Yield(%)*

L
Cl

N-N
\\ O 2¢ 2 3 99
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824¢

2d

7V

270

2d

91

70

2e

86

30

2f

58"

60

2g

80
100

2h
2i
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11

1009

15

2j

12

2k

94

13

21

95

25

14

2m

OMe

93

15

2n

89

16

20

100

30



17 /'\L)\/ 2r 2 30 88¢
NS

-N
18 N7 O 2ac 1 2 774
S8

Cl
9%
-N
19 N \ 2ke 1 2 99
S NS

Cl
N’N
20 2ac 1 10 88¢
O

N O 2af 1 5 88
~

21

@ 200W, CEM Discover S-Class. ?All the reactions were conducted on 0.5 mmol scale. “Isolated yields. ¢ The reaction
was performed by using 1 eq. TFA.€ Yields were determined from crude 1H NMR with dibromomethane as an internal
standard, included 71% 2d and 11% 5d./ The reaction was performed by using 1~2 drop TFA.
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BHREEFIRE A S AR A A E BRSNS
it F > W R' A28 2 T F A andsk(entries 2, 6) 0 F BFEFER I R
kenw 32 o el 1Pt Ed TR AFRALDFAF o L R!

w45 BT+ Ade4-Cl 2 4-NOg(entries 4, 5, 7)FF » if ¢ & 2 & P&

7
~

E\ﬂ

**Y

TR atelek B P inE 2 BAER o BN EHEREZ L L Ry Rk

AR E 1L 2F 0 PRERERRS I 1000C A F BiEE o F R F
R o F BINPIEFE 4R B Ao & LLL A e
% 111l:esgpphz § Bl 4g 2 %
(0]
; ) v
@) 0 N NH
x + *
N MWCI /
O,N H 60 °C O O
1 min OoN
1.2 eq.
1g N -
4g
TFA (X eq.) N-N ;) N-N
RICT N < 0
MW 100 °C, t, O O
02N 02N
2g S5g
Entry® X (eq.) t; (min) 4g (%) 5g(%)°
1 2 45 48¢ 9
2 2 20 40 20
3 1 40 86 7
4 0.5 45 73 9
5 1-2 drop 40 58 0

4200W, CEM Discover S-Class. ? All the reactions were conducted on 0.5 mmol scale. © Yields were determined from crude 1H NMR
with dibromomethane as an internal standard. ¢ The reaction was performed at 70 °C
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—\

ot WHrF 0 FOREIA AP 20 2 5g oph b EAE B i
WIHE-thad > LrPFRFREL > 2 A5 TSR
ECRI AN T R o SRl AL iR N SR o) S I R S g

B R ERER BE I ERF i > 2 2 AR S > 7

LIPS B BT AR F AR EFREF RS LS o
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1-3-3, F R it g s

ZF ez kORI M R Ao o 4L 54 2004 & Bishop s

Lo gdded LEREFHEBEHN6EFF R I LHF R+ AR
WEFHRAPEZ 25F P RFF ARG g irdzded 14 B2 E 14-8
12-%c 3 F g o 27 14-3c 3 F Ji ¢ 2% & B~ feh chalcone 4% 0 »* pFE
BO2BF T I HAARA L AF o R - BoRAF BT EI Sk B
gt 25 @it 12-%c = F R ¢ A4 & C-N Fr4Een hydrazone &4 > ¢
PFRd 25F T R ABLE TR F B R AL 5o gt a R iR
T B 1.17 #or e

. N

1,4-addition 0 M/NH toncat 1 sz
conaensation =~

e — R1k/\R2 —_— R1 3

5 4
o dehydration
“NH, 2
R1J\ + !

S HN. o :
R 6 R R®
N’NH condensation 2 [\rN1 R
. & N | \ NG M
1,2-addition R ™ R"3 7, °
R2
5

W L7 i &4 LERA S &4 4, 52 F s

-

Mot reB ekt dndnde 1 F RS A 4 AREMEIRE LT
B ABGAF o AT AL T Bl PR Rk 1

NS

(HHF P XM Pk Ep 3 A A feF i 14 ek ko B
AFHRL ST ERER e F B R 255 LT FR g oRARR
e F o R - BoRAF R ER S B Ay 20 F T B
1.18 #77 o
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R3

H |

H,N-N-R® OHN‘NH condensation R?’\N/N
(@) — A} —_— )\>_R2
[ ] [O] R1MR2 dehydration R =
H;0* H 2
SN | .
R1 = RZ R’IJJ\%RZ
H,0 O OH
4 2
R1/U\AR2
3

B 118 rushophed @ 5o 20 F 2 F s g

bk fe ¥ i 2T o 4 50 EE 1R 1 RS b

A

L‘gl%i,’f\?% TP FREFF R  RELMEF 23508 FF 0 KRa 5
BeF O hE R e e F e AR R P TSR Rl gRE K

FRePB AP AN FE > AL EPF X IRAP o

Mg F AT~ DERIE S PE S d NERAER S R o R BRI € B
ﬁém$@+’%2%#mﬁ£¢iéﬁﬁ?ﬁ’éﬁ§¥ﬁéﬁl&ﬁ4

Fls o Lie- % A% Lot SRR 50 F o™ B 119 95 o

4?;\\/: Y el R [] [] .

: ) @] N 2
R1MR2 R‘]MRZ )\)\ R‘IMR
-H,0
4 5

B 119 1 &4 337 1,24e 3 F i £ IR 3 A4 5 8 g

R F P AP L 47§ Aadede s 1o R
benzohydrazide ¥ 5 jE M MenF i EREFT A F B> 7 ORI EF R A m
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KA G P FAS K Xeray S kAT S H S HEF4eT B 1.20
BER o
O

_NH
N 2
0 H

(] ¢
o) N TFA (2 eq.) N-N

\
=
O O MeOH, reflux O OH
~ ~
(@] (@)

B 1.20 1 benzohydrazide ¥ 3| & %t -k ¢ B & $-

B fe 0 NMR GEZ# i B s R4z - Borr i % addlec o § RO R
PP a0 R i BEF iAo By 28 120 R F BV UMK

U HE it 70 3 % e BT
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o o min BTN 1 1 C:\BrukerVWIN-MR data Calvinl—| ?
Seale - 2053 | =
1 [ <
[7 o
o 0 min 201504 2 1 CoBrukerVUIN-WHRNdata Calvink— <
ENj Srale @ 0.7462
H
[ L=1
— o
o . ~55ec AN 3 1 ¢ Bruker NN MR s tasCalvinl |
ED)&\ Scale - 3.2887 |
.l_,JdL - . :
i
o
. ;
. L
B IWTH-NHR da ta o Lr
fj w80 °C 1 min SN 4 1 €= \Bruker WWIN-WHR s tarCalvinl
oy Scale - 2.3832 °
o0 8
MH TIN5 1 CoEruker NN MR st Calvinl |-
T 2nd step 0 min Le
Q/ Scale @ 1.5213 =+
BN 6 1 ¢ Bruker WHTH- MR s taCalvin DI &
WH. - 2nd step 0 min L
@,NH Scale : 1.5513

] 6 2 tppm]

_F,].iijz_: %’Esﬁ’i\‘ﬁﬁ” 13“%%“#&\“7'?"?‘] NMR st 2 [ > H#-3 Fl‘, é\'
o BERTTUE L S EEHYIR A ST Bl 40 ¥R EIRRR] T

NMR E3# 5 > 219 Bg 438 &

[Gj Mker HIN-NIR dsta s lvin | B
o "n HH =
o dH L
SRS
uker\XWIN-NMR\data\Calvinl:
mw 7000 B
20 min -2
70O uker\x'ﬁ'lN-NMH\data\Calvm[—
30min
o
1 L
I 201504 8M 1 ke TV NN st Lyin
45 min N
- w
|
o 201504900 1 uker\x'ﬁ'IN—NMR\data\Calvin[
M 7000 |
50 min J
A o
T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T
8 7 6 5 4 3 2 [ppm]
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FOHEA Y BT 4R LGS S x L2 TRA o X ek de L e
% ) fg F'B'hr',_._ ";}'ﬂm;}'ﬂ"ﬁ{-]é y AP '— %]t‘ ]Lglﬁﬁ)"ﬁkrg—»p%%&u s 1 10 15,4,-,\
-~ HiEYHE R VHUBRAS S E RN > oa P B 4k
4z 0] o

&{r_

'—lé v

=)
E'D

(%

%

Y
=

ZMS050IN 11 C:\Bruker\){'ﬁ'IN-NMR\data\CalvinI—_ ﬁ'
mn 7050 =
60 rmin add mere 2dmp 4 TRA L
L w
o
LHJJ\ k (7N N
01505010 4 1 C:\Bruker\)(WIN-NMR\data\Calvin.; o
o
mn 7000 L
05 min
l J N -®
Lo il -
20150501 2 1 CosBrokerHWIN-MMEMdata'Calvin E_
ma 000 Scale - 0.D8S1 L
128min -
Lo
I Mﬁh L L [
tDlSUSU ] 1 C:\Bruker\XWIN-NMR\data\CalvinE—
mn70 %
150 min e
&, -
R k i
J i o
T T T T T T T T T T T T T T T T

2 5 ) 4 2 [ppm]
WF T 60 A 4PF 0 e~ 3-55F TFA L IGEF it 7 § K
Tefr sy 150 A dapF > ¢ B 4ot 2 2 4 0 AT Z A K
RRF e F o o

#e NMR 638 5 & F i BL% > F A7 1GEP & F Y R f
B dend &> ¥ 0 B 40 FRE fpemfiey o AFME G iAo
WP IR LTRhiEAEIR G AL H B Y B 2 B 4075 $ T LR

FOHRAE g BRI b S S ERERY S e BN £ 20
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1‘3'3\ .-5:“;'%
ABmT AT AHEFREGRFEG BR m’ﬁ WE AR ek

BT LA-AeR KR A - BAFendpd A F U FEBRIRMERE T 7

PeleBek ik o Xd 255 RFERAREHEEF o A+ 135 ik
B ik etk 4 o
AER D FNPFEELNE R, AFFUERFER O REAFR

b ARE IR H

FRIAS AL i BRARET R

LR T S
% I pkL p/l’ g ;l'n 41“]‘%" |2

Mo 4r B iE R TR FAF DR B WL BOERR

E"TJ*AE}E‘J/”%‘I%\E" J*'Ztlgi Bo 8% ’ig"p‘zt;_’xm‘zé‘% '*'zﬂb [ xgg'ﬁ:)"ﬁ”%‘-‘;: °
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1'4\ ?%%K/"\
1-4-1, - BR%> 2

1.¥% % + 4= £ 3# (Nuclear Magnetic Reasonance Spectroscopy) * #§ #(NMR): 4
Brucker Avance 400 ¢ Bruker Avance Il HD 400 %z £ & & 38 % 5 P TR
B R&E2BME T NE #(CDCl)E 3 vz 7 A T (DMSO-d6) - it & i
# (chemical shift)2 ppm 2 HE = » IH-NMR k2§ v & = # 12 % # (chloroform)
APMERE S T EHLE R L §=7.26 ppm - H-NMR k3% 4 %] 35 5% (splitting
pattern)shz_& s> H & # (singlet) ; d » g & 4% (doublet) ; t » = & ' (triplet) ;
q-° H &% (quartet) ; quint > 7 & (quintet) ; m > % & 4 (multiplet) - & & ¥
#c(couple constant) )4 J % 77 » B =5 Hz o B3 Hdp2 cérx R I P F 2
(AH255% > B & F# &) BC-NMR k3T 3 K B i L5 H
"y & #(CDClg) & p #-2F » 2 & H i & =4 5 6=77.23ppm -

2. R ¢ K ~ 47 % (Thin Layer Chromatography - # # TLC) : # * Merck

silica gel 60 Fosqcigs &g F BB {3 » B P FA R R RIgARE K ¢ K~ 47

B

3.% £ ¢ & 4~ +7 (Column Chromatography) : #& * Merck Geduran® Si 60
(0.063-0.200 nm) % 5 & Su 4= » * 4o R3¢ K 47 (flash column chromatography) >
% Still erdfe 177 /2 ko 3 o i Bk (eluent) B A5 f505 &)k sb > SR E

B R o jed ik 5 8RB ML M &

4. % 3 (Mass spectroscopy > i # MS) @ ™ f# 45 F 3% (Low Resolution Mass
Spectroscopy > # - LRMS) © & £ 3<f7 « § #4224 32 Finnigan TSQ 700 El,
LCQ advantage ESI spectrometer - f# +7 & % (High Resolution Mass

3
Spectroscopy > # i HRMS) @ & 32 (% < § w4284 32 JEOL JIMS 700 > 12 % ¥
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etk & 50 4202 JEOL JMS 700, Applied Biosystem, DE-PRO g Waters,

LCT # 5 il %o % 407528 2 7 £ /% i (/)

5. X--kH & Y5k 2% ¢ 8 * Nonius Kappa CCD %2 Bruker Kappa APEX 11 i %
RETRE - AL FFRFHREPHEN AT ERER Y ¥ o ilip] e

6.4 BL(melting point » f§ £ mp) : &4 Mel-Temp 3 8RR 2 &k T 7R 2 2t &

A ARD -

T E R e A R R AR S F R H S A e 0 Bl

AR L

8. % E ;i & = ik (Microwave reactor)$ * CEM Discover S-Class °
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BF F EBT o 425 10 mmol (1 eq.)sh ¥ fpd > EF 4 r 10 mL chi
Kz F 9% > L4~ 10 mmol (Leq)¥e % BEFAKBZTEES > 10
mmol (1 eq.)= ¢ %> & {& £ 4 » 0.2 mmol (0.02 eq.) iy k&2 >z R Tk
B o 72 TLC Hrgsns B d - 1% = & 9 %55 = (3*10 mL) » Jc &} 18
%?ﬁﬁm&&%$’%¥ﬁﬁﬁﬁﬁ%§m’%@ﬁg%ugﬁ%ﬁ
(EA/Hex = 1:20) ~ 38 3] A 4~ 1la-1n o

2. &A1 L4 BT SRH T

B~ 1 mmol(1 eq.)cdz4a4 1> 2 1 mL «n® fgi% % > £ 4 1.2 mmol (1.2

eq.) B ek I AA S L mL e ? FE P o B2 rB ek A R e » F ARt LA R

PR TR 0 TLC PrEAclet 1 F R 22 P B 3 g 4 o

P rBEREHTCZETER L TLC FEREF RS L > MO e ig 5 P=

% (3*10 mL) > e f K Y EORARERAE S K 0 R T e SRR R R 0 AT
@R & 4 28 41 47 (EA/Hex = 1:20) A 388 5 & 4~ 3 -

3. & & it &4 2a-2ak hF S A

B~ 0.5 mmol(1 eq.)sd2 44 la-1r > 2 1 mL 0® fR3 7% > £ # 0.6
mmol (1.2 eq.) 55 ek 32 &4 3> 1 mL 0% fE ¢ > 82 eh ek 03 e 40 » 7 A4
F la-lr ez > 38T F R 2 TLC $rrindeded la-lr F gz & 2
Y dadr enEg 4 oo L ik B 4e ~ 0.75 mmol(1.5 eq.) F rHE A 2 0.5-1.0

mmol(leq.-2eq.) = &
PO ERF B2 i i frE B B0 mL) o e o

L YR RFLT o BRERBEZ T T0C B TLC
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%*ﬁ«ﬁﬁ&%ﬁ’%?ﬁﬁﬁﬁﬁ%ﬁw’%wz Efrig 1R
(EA/Hex = 1:20)~ #rt¥ 7] & 4~ 2a-2ak -

4. vk AR £ T £ 4 2a-20, 2r, 2ac, 2kc, 2ae, 2af o B 3

B~ 0.5 mmol(1 eq.) 4244 la-1o, 1r > 2 1 mL 0¥ fRi% i3 > £ 3-0.6

mmol (1.2 eq.)ervd epf & &3 3 L mL en?® 8¢ > -7 eBeph i3 R 4 » 7 4240
Pola-lr e % ® > M Se B EST 60 °C TEF R 0 2 TLC 5 rraadsds
P la-lr F g2 2 ¢ B4 da-dr cng 4 o h- it anif 2T kK 4o r 0.75
mmol(1.5 eq.) ¥ %33 #& 2 0.5-1.0 mmol(leq.-2eq.)= & ¢ Fa*t F JBig® > Uik
RSB BREREREDL T TC, FiFFr TLC P HO ERFRETIER
g fae Bz A (3*10mL) > Je B F A * & ’kmﬁ‘rﬁé%“,ﬁ% koo i

Uk S A “,f A ariER B g 1k 17 (EA/Hex = 1:20) 4 38 5] A 4
2a-2ak -
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1-(furan-2-yl)-3-phenylprop-2-yn-1-one (1j)

Brown oil; *H NMR (400 MHz, CDCls): & 7.64 (s, 1H), 7.59-
7.57 (m, 2H), 7.44-7.33 (m, 4H), 6.56-6.55 (m, 1H) ; C
NMR (100 MHz, CDCls): 6 164.9, 153.3, 148.2, 133.2, 131.1,
128.8, 121.2, 120.0, 112.9, 92.1, 86.4 ; HRMS(EI) m/z calcd.
for C13HsO2 (M+H) 167.0602, found 197.0608.

1-phenyl-3-p-tolylprop-2-yn-1-one (1n)

1-phenylhept-2-yn-1-one (10)

o
4

1o

Brown solid with the melting point 59-60 °C; 'H NMR
(400 MHz, CDCls): 6 8.23 (d, J = 7.5 Hz, 2H), 7.65-7.58
(m, 3H), 7.52 (t, J = 7.7 Hz, 2H), 7.23 (d, J = 8.2 Hz, 2H),
241 (s, 3H), ; ®C NMR (100 MHz, CDCls): & 178.3,
141.8, 137.2, 134.2, 133.3, 129.8, 129.7, 128.8, 117.2,
94.0, 87.0, 22.0; HRMS(EI) m/z calcd. for CisH120 (M")
220.0888, found 220.0890.

Yellow oil; *H NMR (400 MHz, CDCl5): 5 8.13 (d, J= 7.5
Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.46 (t, = 7.7 Hz, 2H),
2.49 (t, J = 7.1 Hz, 2H), 1.68-1.61 (m, 2H), 1.54-1.44 (m,
2H), 0.95 (t, J = 7.3 Hz, 3H) ; C NMR (100 MHz,
CDCls): § 178.4, 137.1, 134.0, 19.7, 128.6, 97.0, 79.8,
30.0, 22.2, 19.0, 13.6;HRMS(EI) m/z calcd. for Ci3HwO
(M*) 186.1045, found 186.1039.

3-cyclopentyl-1-phenylprop-2-yn-1-one (1p)

o
o //

1

Yellow oil; *H NMR (400 MHz, CDCls): & 8.13-8.10 (m,
2H), 7.60-7.56 (m, 1H), 7.48-7.44 (m, 2H), 2.91 (quin, J =
7.1 Hz, 1H), 2.08-2.02 (m, 2H), 1.85-1.76 (m, 4H), 1.68-
1.61 (m, 2H) ; **C NMR (100 MHz, CDCls): & 178.5,
137.2, 134.0, 129.7, 128.6, 101.1, 79.3, 33.5, 30.4, 25.4;
HRMS(EI) m/z calcd. for C14H140 (M*) 198.1045, found
198.1051.
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3-cyclohexyl-1-phenylprop-2-yn-1-one (1q)

Vi

1q

1,3,5-triphenyl-1H-pyrazole (2a)

Yellow oil; *H NMR (400 MHz, CDCls): § 8.15-8.13 (m,
2H), 7.58 (dd, J = 7.3 Hz, J = 7.3 Hz, 1H), 7.49-7.45 (m,
2H), 2.73-2.66 (m, 1H), 1.94-1.92 (m, 2H), 1.79-1.75 (m,
2H), 1.66-1.53 (m, 2H), 1.42-1.37 (m, 2H), 1.29-1.25(m,
2H) ; *C NMR (100 MHz, CDCls): 4 178.5, 137.2, 134.0,
129.7, 128.6, 100.6, 79.7, 31.9, 29.6, 25.8, 24.9 HRMS(EI)
m/z calcd. for C1sH160 (M*) 212.1201, found 212.1202.

Brown solid with melting point of 142-143 °C; 'H
NMR (400 MHz, CDCls): 6 7.95 (d, J = 7.5 Hz, 2H),
7.45 (t, J = 7.5 Hz, 2H), 7.40-7.28 (m, 11H), 6.84 (s,
1H) ; ¥*C NMR (100 MHz, CDCls): & 152.2, 144.6,
140.4, 133.2, 130.8, 129.1, 128.9, 128.8, 128.7,128.5,
128.2, 127.6, 126.0, 125.5, 105.4; HRMS(EI) m/z calcd.
for C2:HisN2Na (M*+Na) 319.1212, found 319.1224.

5-(2-chlorophenyl)-1,3-diphenyl-1H-pyrazole (2b)

Brown oil ; *H NMR (400 MHz, CDCls): & 7.96(d, J =
7.5 Hz, 2H), 7.46-7.24 (m, 12H), 6.85(s, 1H) ; **C NMR
(100 MHz, CDCls): 6 151.2, 141.3, 140.2, 134.2, 133.1,
132.3, 130.5, 130.4, 130.2, 129.0, 128.8, 127.3, 126.9,
126.0, 124.2, 107.0; HRMS(EI) m/z calcd. for
C12H15CIN2Na (M*+Na) 353.0822, found 353.0839.

5-(3-chlorophenyl)-1,3-diphenyl-1H-pyrazole (2c¢)

Brown oil; *H NMR (400 MHz, CDCls): & 7.93 (d, J =
7.9 Hz, 2H), 7.44 (t, J = 15.2 Hz, 3H), 7.39-7.30(m, 9H),
7.23 (t, J = 15.6 Hz, 1H), 6.85 (s, 1H) ; 3C NMR (100
MHz, CDCls): § 152.3, 143.1, 140.0, 134.6, 133.0,
132.5, 129.9, 129.3, 128.9, 128.9, 128.6, 128.3, 128.0,
127.1, 126.0, 125.5, 105.7; HRMS(EI) m/z calcd. for
Ci12H16CIN, (M*+H) 330.0923, found 330.0938.

46



5-(4-chlorophenyl)-1,3-diphenyl-1H-pyrazole (2d)

Yellow solid with melting point of 109-111 °C; H
NMR (400 MHz, CDCls): & 7.94 (d, J = 7.44 Hz, 2H),
7.45, (t, J = 7.6 Hz, 2H), 7.38-7.29 (m, 8H), 7.23-7.21
(m, 2H), 6.83(s, 1H) ; *C NMR (100 MHz, CDCls): &
152.3, 143.4, 140.1, 134.6, 133.1, 130.1, 129.2, 129.2,
129.0, 128.9, 129.3, 127.8, 126.0, 125.5, 105.5;
HRMS(EI) m/z calcd. for C12H16CIN2 (M*+H) 331.1002,
found 331.1012.

5-(2-bromophenyl)-1,3-diphenyl-1H-pyrazole (2e)

Yellow oil; *H NMR (400 MHz, CDCls): 5 7.86(d, J =
7.8Hz, 2H), 7.51 (d, J = 7.8 Hz, 1H), 7.34(t, J = 7.3Hz,
2H), 7.26-7.11 (m, 9H), 6.74 (s, 1H) ; *C NMR (100
MHz, CDCls):  151.8, 142.8, 140.2, 133.3, 133.1,
132.6, 132.4, 130.5, 128.9, 128.8, 128.2, 127.4, 127.2,
126.0, 124.2, 106.9 ; HRMS(EI) m/z calcd. for
C1oH1sBrN2Na (M*+Na) 397.0316, found 397.0329.

5-(4-bromophenyl)-1,3-diphenyl-1H-pyrazole (2f)

Orange solid with melting point of 127-129 °C; 'H
NMR (400 MHz, CDCls): & 7.93 (d, J = 7.7Hz, 2H),
7.47-7.42 (m, 4H), 7.38-7.34(m, 6H), 7.17-7.13 (m, 2H),
6.83 (s, 1H) ; *C NMR (100 MHz, CDCls): & 152.3,
143.4, 140.1, 133.1, 131.9, 130.4, 129.7, 129.3, 128.9,
128.3, 127.9, 126.0, 125.5, 122.8, 105.5 ; HRMS(EI)

m/z calcd. for C12HisBrN2Na (M*+Na) 397.0316, found
397.0328.
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5-(4-nitrophenyl)-1,3-diphenyl-1H-pyrazole (29)

Black solid with melting point 161-163 °C; *H NMR
(400 MHz, CDCla): 6 8.12(d, J = 8.7 Hz, 2H), 7.92(d, J
= 7.1 Hz, 2H), 7.47-7.34 (m, 10H), 6.95 (s, 1H) ; **C
NMR (100 MHz, CDCls): 6 152.6, 147.5, 142.2, 139.8,
136.9, 132.7, 129.5, 129.5, 129.0, 128.4, 126.0 ,125.6,
124.0, 106.4 ; HRMS(EI) m/z calcd. for Cz1HisNsO2Na
(M*+Na) 342.1242, found 342.1253.

1,3-diphenyl-5-p-tolyl-1H-pyrazole (2h)

Yellow solid with melting point of 118-119°C; 'H NMR
(400 MHz, CDCls): 6 7.96 (d, J =7.6 Hz, 2H), 7.48-7.30
(m, 8H), 7.17 (dd, J =22.1Hz, J = 8.1 Hz, 4H), 6.82 (s,
1H), 2.38 (s, 1H) ; *C NMR (100 MHz, CDCls): &
152.1, 144.7, 140.4, 138.4, 133.3, 129.4, 129.1, 128.8,
128.1, 127.9, 127.5, 126.0, 125.5, 105.1, 105.1, 21.4 ;
HRMS(EI) m/z calcd. for CxHisNoNa (M*+Na)
333.1368, found 333.1382.

5-(4-methoxyphenyl)-1,3-diphenyl-1H-pyrazole (2i)

Brown solid with melting point of 76-78 °C ; 'H NMR
(400 MHz, CDCls): 6 7.94 (d, J = 7.6 Hz, 2H), 7.46-
7.29(m, 8H), 6.86 (d, J = 8.76 Hz, 2H), 6.78(s, 1H),
3.81 (s, 3H) ; BC NMR (100 MHz, CDCls): & 159.8,
152.1, 144.4, 140.4, 133.3, 130.2, 129.1, 128.8, 128.1,
127.5, 126.0, 125.5, 123.2, 114.1, 104.9, 55.4 HRMS(EI)
m/z calcd. for CH1sN,ONa (M*+Na) 349.1317, found
349.1328.
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5-(furan-2-yl)-1,3-diphenyl-1H-pyrazole (2j)

QL

Brown oil; *H NMR (400 MHz, CDCls): § 7.95 (d, J =
7.6 Hz, 2H), 7.53-7.43 (m, 8H), 7.36 (t, J = 7.32, 1H),
7.02 (s, 1H), 6.36 (dd, J = 3.3 Hz, J = 1.8 Hz, 1H),
6.01(d, J = 3.4 Hz, 1H) ; *C NMR (100 MHz, CDCls):
8 152.2, 144.6, 142.7, 140.4, 135.9, 133.0, 129.2, 128.8,
128.7, 1282, 126.2, 126.0, 1144, 109.1,
103.5 ;HRMS(EIl) m/z calcd. for CigHisN,O (M*+H)
287.1179, found 287.1180.

1,3-diphenyl-5-(thiophen-2-yl)-1H-pyrazole (2k)

Orange solid with the melting point 109-111 °C; 'H
NMR (400 MHz, CDCls): & 7.94(d, J = 7.8Hz, 2H),
7.50-7.34 (m, 8H), 7.30(d, J = 4.9 Hz, 1H ), 6.97(dd, J =
5.0 Hz, J = 3.7 Hz. 1H), 6.90 (s, 1H), 6.87(d, J = 3.6Hz,
1H) ; BC NMR (100 MHz, CDCls): & 151.8, 142.8,
140.2, 133.3, 133.1, 132.6, 132.4, 130.5, 128.9, 128.8,
128.2, 127.4, 127.2, 126.0 ,124.2, 106.99 ; HRMS(EI)
m/z calcd. for Ci9H14NSNa (M*+Na) 325.0776, found
325.0788.

5-(3,4-dichlorophenyl)-1,3-diphenyl-1H-pyrazole (2I)

Brown oil; *H NMR (400 MHz, CDCls): § 7.92 (d, J =
7.5 Hz, 2H), 7.47-7.35 (m, 10H), 7.02 (d, J = 8.1Hz,
1H), 6.84 (s, 1H) ; ¥C NMR (100 MHz, CDCls): &
152.3, 142.0, 139.8, 132.9, 132.8, 132.7, 130.6, 130.5,
129.3, 129.3, 128.9, 128.4, 128.1, 128.0, 126.0, 125.5,
105.7 ;HRMS(EI) m/z calcd. for CyiHi4CI:N2 (M*)
364.0534, found 364.0536.
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3-(4-methoxyphenyl)-1,5-diphenyl-1H-pyrazole (2m)

Brown solid with melting point of 141-142 °C; *H NMR
(400 MHz, CDCls): 6 7.87 (d, J= 7.1 Hz, 2H), 7.39-7.28
(m, 10H), 6.98 (d, 7.7 Hz, 2H), 6.76 (s, 1H) ; **C NMR

-N
N7 y (100 MHz, CDCls): § 159.8, 152.0, 144.5, 140.4, 130.9,
X O 129.1, 128.9, 12837, 128.4, 127.5, 127.3, 126.1, 125.5,
114.3, 105.0, 55.5; HRMS(EI) m/z calcd. for CazH1sN,O

(M*+H) 327.1497, found 327.1506.

1,5-diphenyl-3-p-tolyl-1H-pyrazole (2n)

Brown solid with the melting point 132-134 °C; H
NMR (400 MHz, CDCls): § 7.85 (d, J = 8.2 Hz, 2H),
@ 7.41-7.28 (m, 12H), 6.82 (s, 1H), 2.42 (s, 3H) ; C
NMR (100 MHz, CDCl3): & 152.2, 1445, 1404,

N-N
\\ O 138.0 ,130.9, 13.4, 129.5, 129.1, 128.9, 128.6, 128.4,
O 127.5, 125.9, 125.5, 105.3, 21.5; HRMS(EI) m/z calcd.
for CzHisN2 (M*) 310.1470, found 310.1465.
2n

3-butyl-1,5-diphenyl-1H-pyrazole (20)

Brown oil; *H NMR (400 MHz, CDCls): § 7.22-7.13 (m,
10H), 6.24 (s, 1H), 2.65 (t, J = 15.6 Hz, 2H), 1.65 (quin,
@ J = 7.7 Hz, 2H), 1.38 (sex, J = 7.4Hz, 2H), 0.89 (t, J =
7.3 Hz, 3H) ; C NMR (100 MHz, CDCls): & 152.3,

-N
N\\ 142.0 ,139.8, 132.9, 132.8, 132.7, 130.6, 130.5, 129.3,
129.3, 128.9, 128.4, 128.1, 128.0 ,126.0 ,125.5, 105.7 ;
HRMS(EI) m/z calcd. for CiHoN, (M*) 276.1621,
20 found 276.1629.
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3-cyclopentyl-1,5-diphenyl-1H-pyrazole (2p)

Q

Yellow solid with the melting point 65-67 °C; *H NMR
(400 MHz, CDCls): 6 7.28-7.20 (m, 10H), 6.33 (s, 1H),
3.20 (quin, J = 7.9 Hz, 1H), 2.12 (t, J = 7.3 Hz, 2H),
1.82-1.67 (m, 6H) ; C NMR (100 MHz, CDCls): &
158.4, 143.6, 140.4, 131.1, 129.9, 128.8, 128.5, 128.1,
127.1, 125.3, 105.5, 39.3, 33.7, 25.7; HRMS(EI) m/z
calcd. for CH21N, (M*+H) 289.1699, found 289.1699.

3-cyclohexyl-1,5-diphenyl-1H-pyrazole (2q)

Brown oil; *H NMR (400 MHz, CDCls): & 7.22-7.12 (m,
10H), 6.24 (s, 1H), 2.68 (tt, J = 11.5Hz, J = 3.5 Hz, 1H),
2.01-1.98 (m, 2H), 1.75 (dt, J = 12.4 Hz, J = 3.0Hz, 4H),
1.67-1.63 (m, 4H), 1.48-1.18 (m, 6H) ; *C NMR (100
MHz, CDCls): & 159.2, 143.4, 140.4, 131.2, 129.0,
128.8, 128.5, 128.1, 127.1, 125.3, 105.2, 37.9, 33.5,
26.6, 26.3; HRMS(EI) m/z calcd. for CaiH2sN2 (M*+H)
303.1856, found 303.1860.

3-ethyl-5-methyl-1-phenyl-1H-pyrazole (2r)

Brown oil; 'H NMR (400 MHz, CDCl3): 6 7.43 (d, J =
4.4 Hz, 4H), 7.33 (sex, J = 4.4 Hz, 1H), 6.03 (s, 1H),
2.68 (q,J =7.6 Hz, 2H), 2.31 (s, 1H), 1.28 (t, J = 7.6 Hz,
3H) ; ¥C NMR (100 MHz, CDCl3): § 155.1, 140.1,
139.4, 129.1, 127.3, 124.9, 1055, 21.6, 14.1, 12.6;
HRMS(EI) m/z calcd. for CiHuN2 (M*) 186.1157,
found 186.1156.
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1-(4-methoxyphenyl)-3,5-diphenyl-1H-pyrazole (2ab)

Brown solid with the melting point 117-118 °C; 'H
NMR (400 MHz, CDCls): & 7.91 (d, J = 7.0 Hz, 2H),
7.43 (t, J = 7.5 Hz, 2H), 7.36-7.27 (m, 8H), 6.87 (d, J =
9.0 Hz, 2H), 6.81 (s, 1H), 3.82(s, 3H) ; *C NMR (100
MHz, CDCls): 6 158.9, 151.7, 144.4, 1335, 133.3,
130.7, 128.7, 128.7, 128.5, 128.2, 128.0 ,126.8, 125.8,
114.2, 104.7, 55.8; HRMS(EI) m/z calcd. for C22H1sN2O
(M*) 326.1419, found 326.1425.

1,5-bis(4-methoxyphenyl)-3-phenyl-1H-pyrazole (2ib)

Brown solid with the melting point 93-94 °C'H NMR
(400 MHz, CDCls): § 7.91 (d, J = 7.2 Hz, 2H), 7.42 (t, J
= 7.5 Hz, 2H), 7.34 (d, J = 7.3 Hz, 1H), 7.29 (d, J = 9.0
Hz, 2H), 7.20 (d, J = 8.7 Hz, 2H), 4.09 (dd, J = 12.2 Hz,
J =8.8 Hz, 4H), 6.75 (s, 1H), 3.82 (s, 1H), 3.81 (s, 1H) ;
3C NMR (100 MHz, CDCl;): & 159.7, 158.9, 151.7,
144.4, 133.7, 133.4, 130.2, 128.8, 128.0, 126.9, 125.9,
123.2, 114.3, 114.1, 104.3, 55.7, 55.4; HRMS(EI) m/z
calcd. for Ca3H20N202 (M+) 356.1525, found 356.1522.

1-(2,4-dichlorophenyl)-3,5-diphenyl-1H-pyrazole (2ac)

Cl

v

Yellow solid with the melting point 124-126 °C; H
NMR (400 MHz, CDCl3): & 7.90 (d, J = 7.7 Hz, 2H),
7.46-7.23 (m, 11H), 6.86 (s, 1H) ; *C NMR (100 MHz,
CDCl3): 6 153.0 ,146.6, 137.2, 135.7, 133.6, 133.0,
131.0, 130.5, 130.1, 128.9, 128.8, 128.7, 128.4, 128.2,
128.1, 126.1, 104.2; HRMS(EI) m/z calcd. for
C21H14CIoN2 (M*) 364.0534, found 364.0536.
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1-(2,4-dichlorophenyl)-5-(4-methoxyphenyl)-3-phenyl-1H-pyrazole (2ic)

Cl

O
o

N
\

2ic

White solid with the melting point 130-133 °C; *H NMR
(400 MHz, CDCls): 6 7.90 (d, J = 7.20, 2H), 7.47-7.41
(m, 4H), 7.36-7.32 (m, 2H), 7.16 (d, J = 8.8 Hz, 2H),
6.84-6.80 (m, 3H) ; ¥C NMR (100 MHz, CDCls): &
159.9, 152.9, 146.4, 137.2, 135.5, 133.6, 133.1, 131.1,
130.5, 129.5, 128.9, 128.3, 128.1, 126.1, 122.5, 114.2,
103.5, 55.4; HRMS(EI) m/z calcd. for CxHi16C2N2O
(M) 394.0640, found 394.0634.

1-(2,4-dichlorophenyl)-3-phenyl-5-(thiophen-2-yl)-1H-pyrazole (2kc)

cl
O
_N
N \
s ~
\ |
2ke

White solid with the melting point 141-142 °C; *H NMR
(400 MHz, CDCls): & 7.90-7.88 (m, 2H), 7.54 (d, J =
2.2 Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.45-7.39 (m, 3H),
7.28-7.26 (m, 1H), 6.96 (dd, J =5.1 Hz, J = 3.7 Hz, 1H),
6.93(s, 1H), 6.87-6.85 (m, 1H) ; *C NMR (100 MHz,
CDCl3): 6 153.0, 140.3, 136.7, 136.5, 134.6, 132.7,
131.4, 130.9, 130., 128.9, 128.5, 128.2, 127.7, 126.7,
126.6, 126.1, 103.6; HRMS(EI) m/z calcd. for
C19H12CIoN,S (M) 370.0098, found 370.0096.

1-(2-chlorophenyl)-3,5-diphenyl-1H-pyrazole (2ad)

Red oil; 'H NMR (400 MHz, CDCl3): $ 7.94 (d, J = 7.2
Hz, 2H), 7.54-7.52 (m, 1H), 7.46-7.42 (m, 3H), 7.39-
7.34 (m, 3H), 7.30-7.26 (m,5H), 6.89 (s, 1H) ; °C NMR
(150 MHz, CDCls): 6 152.6, 146.5, 138.4, 133.2, 132.6,
130.6, 130.4, 130.3, 130.3, 128.8, 128.6, 128.5, 128.3,
128.1, 127.7, 126.1, 103.9; HRMS(EI) m/z calcd. for
C21H15CIN2 (M*) 330.0924, found 330.0925.
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1-(3-chlorophenyl)-3,5-diphenyl-1H-pyrazole (2ae)

Yellow oil; '"H NMR (400 MHz, CDCls): & 7.81 (d, J =
7.3 Hz, 2H), 7.41 (dd, J= 1.7, J = 1.7, 1H), 7.32 (t, J =
7.5 Hz ), 7.25-7.01(m, 9H), 6.69(s, 1H) ; °C NMR (150
MHz, CDCls): & 152.5, 144.7, 1413, 134.7, 132.9,
N-N 130.4, 129.9, 128.9, 128.9, 128.8, 128.8, 128.4, 127.6,
126.0, 125.4, 123.3, 105.9; HRMS(EI) m/z calcd. for
Ca1H1sCIN2 (M*) 330.0924, found 330.0925

i
;

1-(4-chlorophenyl)-3,5-diphenyl-1H-pyrazole (2af)

Yellow solid with the melting point 113-115 °C; H

cl NMR (400 MHz, CDCls): § 7.91 (d, J = 8.0 Hz, 2H),

7.44 (t, ) = 7.6 Hz , 2H), 7.37-7.27 (m, 10H), 6.82 (s,

N 1H) ; BC NMR (100 MHz, CDCls): & 152.5, 144.6,

N \ O 138.9, 133.2, 133.0, 130.5, 129.2, 129.0 ,128.9, 128.9,

\ 128.8, 128.4, 126.5, 126.0, 105.8; HRMS(EI) m/z calcd.

O for C21H1sCIN2 (M*) 330.0924, found 330.0916.

2af

1-(4-bromophenyl)-3,5-diphenyl-1H-pyrazole (2ag)

Orange solid with the melting point 141-142 °C; H
NMR (400 MHz, CDCls): § 7.94 (d, J = 7.1 Hz, 2H),

\@ 7.51-7.44 (m, 4H), 7.40-7.35 (m, 4H), 7.33-7.27 (m,
. 4H), 6.84 (s, 1H) ; 3C NMR (100 MHz, CDCls): &

N~ \ 152.5, 144.6, 139.4, 133.0, 132.2, 130.5, 129.0, 128.9,

O O 128.9, 128.7, 128.4, 126.8, 126.0, 121.1, 105.9;

HRMS(EI) m/z calcd. for CziH1sBrN, (M*) 374.0419,
found 374.0411.
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1-(4-fluorophenyl)-3,5-diphenyl-1H-pyrazole (2ah)

Yellow solid with the melting point 108-110 °C; H
F NMR (400 MHz, CDCls): § 7.92 (d, J = 7.4 Hz, 2H),
\@ 7.44 (t, J = 7.5 Hz, 2H), 7.37-7.34 (m, 6H), 7.29-7.26

NN (m, 2H), 7.05 (t, J = 8.5 Hz, 2H), 6.83 (s, 1H) ) ; 3C

NMR (100 MHz, CDClz): 6 163.1, 160.6, 152.3, 144.7,
= 136.6, 136.5, 133.1, 130.6, 128.9, 128.9, 128.8, 128.6,
128.3, 127.3, 127.2, 126.0, 116.1, 115.9, 1054;

\
2ah HRMS(EI) m/z calcd. for CxnHisFN2 (M*) 314.1219,
found 314.1215.

3
O

3,5-diphenyl-1-p-tolyl-1H-pyrazole (2ai)

Wihte solid with the melting point 108-110 °C; *H NMR
(400 MHz, CDCls): § 7.97-7.93 (m, 2H), 7.45 (t, J = 7.5

\O\ Hz, 2H), 7.37-7.26 (m, 8H), 7.17 (d, J = 8.3 Hz, 2H),
N 6.84 (s, 1H), 2.38 (s, 3H); 3C NMR (100 MHz, CDCly):

N \ O 6 151.9, 1445, 178.0, 137.5, 133.4, 130.9, 129.7, 128.9,

128.8, 128.6, 128.4, 128.1, 126.0, 125.4, 105.1, 21.3;

HRMS(EI) m/z calcd. for CxHigN2 (M*) 310.1470,
2ai found 310.1469.
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1-7, X-ray

Single-Crystal X-ray diffraction of 3

O OH
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Table 1. Crystal data and structure refinement for 15109.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.26°

Absorption correction

15109
C15H12 02
224.25

200(2) K
0.71073 A
Monoclinic

P 21/c

a = 12.5499(5) A
b =11.8072(5) A
c=7.8676(3) A
1134.28(8) A3

4

1.313 Mg/m3
0.086 mm-1

472

o= 90°.
8=103.356(3)°.

y=90°.

0.59 x 0.31 x 0.14 mm3

1.67 to 25.26°.

-13<=h<=15, -14<=k<=12, -9<=I<=7

7116

2049 [R(int) = 0.0386]

99.8 %

multi-scan

57



Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

0.9880 and 0.9508

Full-matrix least-squares on F2

2049/0/ 154

1.105

R1=0.0484, wR2 = 0.1397
R1=0.0720, wR2 = 0.1748

0.250 and -0.392 e.A -3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A 2x 103)

for 15109. U(eq) is defined as one third of the trace of the orthogonalized Ul]
tensor.

X y z U(eq)
c() 9311(2)  7960(2)  1408(2) 33(1)
C(2) 10349(2)  7594(2) 995(2) 33(1)
c@3) 10651(2)  6462(2) 999(3) 40(1)
C(4) 11630(2)  6151(2) 621(3) 46(1)
C(5) 12326(2)  6969(2) 235(3) 46(1)
C(6) 12036(2)  8093(2) 231(3) 48(1)
C(7) 11058(2)  8409(2) 608(3) 42(1)
C(8) 8525(2)  7216(2)  1751(2) 34(1)
C(9) 7560(2)  7621(2)  2128(2) 34(1)
C(10) 6679(2)  6864(2)  2445(3) 34(1)
C(11) 5814(2)  7322(2)  3031(3) 43(1)
C(12) 4965(2)  6652(2)  3276(3) 49(1)
C(13) 4952(2)  5519(2)  2923(3) 49(1)
C(14) 5813(2)  5045(2)  2358(4) 66(1)
C(15) 6667(2)  5714(2)  2121(3) 58(1)
o(1) 9151(1)  9042(1)  1430(2) 50(1)
0(2) 7387(1)  8695(1)  2200(2) 47(1)
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Table 3. Bond lengths [A] and angles [°] for 15109.

C(1)-0(1) 1.294(2)
C(1)-C(8) 1.392(3)
C(1)-C(2) 1.478(3)
C(2)-C(3) 1.389(3)
C(2)-C(7) 1.391(3)
C(3)-C(4) 1.380(3)
C(3)-H(3) 0.9500

C(4)-C(5) 1.382(3)
C(4)-H(4) 0.9500

C(5)-C(6) 1.376(3)
C(5)-H(5) 0.9500

C(6)-C(7) 1.379(3)
C(6)-H(6) 0.9500

C(7)-H(7) 0.9500

C(8)-C(9) 1.396(3)
C(8)-H(8) 0.9500

C(9)-0(2) 1.290(2)
C(9)-C(10) 1.486(3)
C(10)-C(15) 1.381(3)
C(10)-C(11) 1.383(3)

C(11)-C(12) 1.376(3)
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C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-H(15)

O(1)-H(1)

0(1)-C(1)-C(8)
O(1)-C(1)-C(2)
C(8)-C(1)-C(2)
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3)
C(2)-C(3)-H({3)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)

C(6)-C(5)-C(4)

0.9500
1.366(3)
0.9500
1.379(3)
0.9500
1.378(3)
0.9500
0.9500

0.8400

120.07(18)
116.01(17)
123.92(17)
118.55(19)
122.32(17)
119.13(18)
120.80(19)
119.6
119.6
120.1(2)
120.0
120.0

119.6(2)
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C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(6)-C(7)-C(2)
C(6)-C(7)-H(7)
C(2)-C(7)-H(7)
C(1)-C(8)-C(9)
C(1)-C(8)-H(8)
C(9)-C(8)-H(8)
0(2)-C(9)-C(8)
0(2)-C(9)-C(10)
C(8)-C(9)-C(10)
C(15)-C(10)-C(11)
C(15)-C(10)-C(9)
C(11)-C(10)-C(9)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)

C(11)-C(12)-H(12)

120.2
120.2
120.55(19)
119.7
119.7
120.4(2)
119.8
119.8
120.90(17)
119.6
119.6
120.56(18)
116.42(17)
123.02(16)
117.96(19)
122.51(18)
119.50(17)
121.04(19)
119.5
119.5
120.5(2)
119.8

119.8
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C(12)-C(13)-C(14)
C(12)-C(13)-H(13)
C(14)-C(13)-H(13)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(14)-C(15)-C(10)
C(14)-C(15)-H(15)
C(10)-C(15)-H(15)
C(1)-0(2)-H(1)

119.3(2)
120.4
120.4
120.2(2)
119.9
119.9
121.0(2)
119.5
119.5

109.5

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A 2x 103)for 15109. The
anisotropic

displacement factor exponent takes the form: -2 2[ h2a*2Ull + . + 2 h k a* b*
ul2]

ull u22 u33 u23 ul3 ul2
C(1) 38(1) 28(1) 33(1) 2(1) 6(1) 2(1)
C(2) 34(1) 32(1) 33(1) 3(1) 6(1) -1(1)
C(3) 42(3) 33(1) 48(1) 3(1) 17(1) -1(1)

C(4) 46(1)  41(1) 53(1) 2(1) 18(1) 7(1)

C(5) 36(1)  59(1)  46(1) 2(1) 14(1) 3(1)

C(6) 41(1)  51(1)  54(1) 7(1) 16(1)  -9(1)
C(7) 42(1)  34(1)  49(1) 6(1) 101)  -3(1)
C(8 37(1)  25(1)  40(1) 1(1) 9(1) 0(1)
C9) 38(1)  29(1)  34(1)  -1(D) 6(1) 1(1)
C(10) 32(1)  34(1)  36(1)  -1(D) 7(1) 1(1)
C(11) 43(1)  36(1)  52(1)  -1(1)  15Q1) A(1)

C(12) 39(1)  52(1)  61(2 0(1) 23(1) 5(1)
C(13) 38(1)  49(1)  62(2) A(1) 18(1)  -6(1)
C(14) 55(2)  38(1) 117(2)  -12(1) 432  -11(D)
C(15) 49(1)  38(1)  98(2)  -12(1)  41(1)  -5(1)
O(1) 50(1)  25(1)  82(1) 3(1) 28(1) 1(1)
0@ 47(1)  27(1)  70(1)  -21)  22(1) A(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters
(A 2x 103)

for 15109.
X y z U(eq)

H(3) 10177 5895 1265 48
H(4) 11827 5373 625 55
H(5) 13001 6756 -27 56
H(6) 12513 8657 -34 57
H(7) 10867 9188 604 50
H(8) 8647 6423 1729 41
H(11) 5807 8110 3268 51
H(12) 4383 6981 3693 58
H(13) 4356 5061 3066 59
H(14) 5818 4255 2130 79
H(15) 7256 5379 1730 69

H(1) 8545 9171 1671 75
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Single-Crystal X-ray Diffraction of (5-hydroxy-5-(4-methoxyphenyl)-3-
phenyl-4,5-dihydro-1H-pyrazol-1-yl)(phenyl)methanone
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Table 1. Crystal data and structure refinement for a15850.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Index ranges

a15850

C23 H20 N2 O3
372.41

200(2) K
0.71073 A
Monoclinic

P 21/c
a=11.586(2) A
b = 16.568(3) A
¢ =10.025(2) A
1899.8(6) A3

4

1.302 Mg/m3
0.087 mm-1

784

0.32 x 0.18 x 0.06 mm3

1.78 t0 25.13°.

a= 90°.
B=99.168(9)°.

v = 90°.

-13<=h<=13, -19<=k<=19, -11<=I<=10
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Reflections collected
Independent reflections
Completeness to theta = 25.13°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

11857

3312 [R(int) = 0.0515]

98.0 %

multi-scan

0.9948 and 0.9727

Full-matrix least-squares on F2
3312/0/ 253

1.035

R1=0.0504, wR2 =0.1234
R1=0.0871, wR2 = 0.1500

0.398 and -0.503 e.A -3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A 2x 103)

for a15850. U(eq) is defined as one third of the trace of the orthogonalized uij
tensor.

X y z U(eq)
c() 4391(2)  1232(1)  6118(2) 27(1)
C(2) 4848(2) 485(1)  6920(3) 30(1)
c@3) 6108(2) 703(1)  7393(2) 27(1)
C(4) 7042(2) 134(1)  7919(2) 30(1)
C(5) 6776(2)  -606(1)  8447(3) 35(1)
C(6) 7656(2)  -1135(2)  8960(3) 43(1)
C(7) 8804(2)  -934(2)  8924(3) 48(1)
C(8) 9078(2)  -210(2)  8384(3) 46(1)
C(9) 8206(2) 324(2)  7881(3) 38(1)
C(10) 5301(2)  2602(1)  6226(2) 28(1)
C(11) 6220(2)  3166(1)  6881(2) 26(1)
C(12) 6622(2)  3165(1)  8260(3) 32(1)
C(13) 7425(2)  3736(1)  8820(3) 39(1)
C(14) 7841(2)  4303(2)  8004(3) 43(1)
C(15) 7459(2)  4306(2)  6637(3) 44(1)
C(16) 6640(2)  3748(1)  6076(3) 36(1)
C(17) 3144(2)  1452(1)  6241(2) 26(1)

71



C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
N(1)
N(2)
0(1)
0(2)
0(@3)

2858(2)
1708(2)

826(2)
1087(2)
2237(2)
-646(2)
6318(2)
5267(1)
4535(1)
4563(1)
-342(1)

1809(1)
1975(2)
1775(1)
1393(2)
1241(1)
2371(2)
1461(1)
1838(1)
1098(1)
2814(1)

1917(1)

7382(3)
7521(3)
6480(3)
5339(3)
5210(3)
7581(3)
7314(2)
6736(2)
4764(2)
5276(2)

6487(2)

33(1)
35(1)
32(1)
37(1)
34(1)
56(1)
29(1)
27(1)
36(1)
38(1)
48(1)
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Table 3. Bond lengths [A] and angles [°] for a15850.

C(1)-0(1) 1.412(3)
C(1)-N(2) 1.491(3)
C(1)-C(17) 1.514(3)
C(1)-C(2) 1.523(3)
C(2)-C(3) 1.505(3)
C(2)-H(2A) 0.9900
C(2)-H(2B) 0.9900
C(3)-N(1) 1.284(3)
C(3)-C(4) 1.468(3)
C(4)-C(5) 1.389(3)
C(4)-C(9) 1.391(3)
C(5)-C(6) 1.380(3)
C(5)-H(5) 0.9500
C(6)-C(7) 1.378(4)
C(6)-H(6) 0.9500
C(7)-C(8) 1.374(4)
C(7)-H(7) 0.9500
C(8)-C(9) 1.377(3)
C(8)-H(8) 0.9500
C(9)-H(9) 0.9500

C(10)-0(2) 1.226(3)
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C(10)-N(2)

C(10)-C(11)
C(11)-C(12)
C(11)-C(16)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(16)-H(16)
C(17)-C(18)
C(17)-C(22)
C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(19)-H(19)
C(20)-0(3)

C(20)-C(21)
C(21)-C(22)

C(21)-H(21)

1.369(3)
1.488(3)
1.386(3)
1.393(3)
1.381(3)
0.9500
1.382(4)
0.9500
1.371(4)
0.9500
1.378(3)
0.9500
0.9500
1.374(3)
1.397(3)
1.390(3)
0.9500
1.380(3)
0.9500
1.374(3)
1.382(3)
1.383(3)

0.9500
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C(22)-H(22)
C(23)-0(3)
C(23)-H(23A)
C(23)-H(23B)
C(23)-H(23C)
N(1)-N(2)

O(1)-H(1)

O(1)-C(1)-N(2)
0(1)-C(1)-C(17)
N(2)-C(1)-C(17)
O(1)-C(1)-C(2)
N(2)-C(1)-C(2)
C(17)-C(1)-C(2)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2B)
C(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
N(1)-C(3)-C(4)
N(1)-C(3)-C(2)
C(4)-C(3)-C(2)

0.9500
1.419(3)
0.9926
0.9869
1.0118
1.409(2)

0.8590

109.14(17)
112.15(18)
113.49(18)
107.23(18)
99.84(16)
114.16(19)
102.14(17)
111.3
111.3
111.3
111.3
109.2
120.9(2)
113.53(19)

125.6(2)
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C(5)-C(4)-C(9)
C(5)-C(4)-C(3)
C(9)-C(4)-C(3)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(7)-C(8)-C(9)
C(7)-C(8)-H(8)
C(9)-C(8)-H(8)
C(8)-C(9)-C(4)
C(8)-C(9)-H(9)

C(4)-C(9)-H(9)

0(2)-C(10)-N(2)
0(2)-C(10)-C(11)
N(2)-C(10)-C(11)
C(12)-C(11)-C(16)
C(12)-C(11)-C(10)

119.0(2)
120.5(2)
120.5(2)
120.5(2)
119.8
119.8
119.7(2)
120.1
120.1
120.4(2)
119.8
119.8
120.2(2)
119.9
119.9
120.2(2)
119.9
119.9
119.8(2)
121.7(2)
118.5(2)
119.02)

122.8(2)

76



C(16)-C(11)-C(10)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13)
C(14)-C(13)-H(13)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(15)-C(16)-C(11)
C(15)-C(16)-H(16)
C(11)-C(16)-H(16)
C(18)-C(17)-C(22)
C(18)-C(17)-C(1)

C(22)-C(17)-C(1)

C(17)-C(18)-C(19)
C(17)-C(18)-H(18)
C(19)-C(18)-H(18)
C(20)-C(19)-C(18)

118.0(2)
120.1(2)
119.9
119.9
120.0(3)
120.0
120.0
120.4(2)
119.8
119.8
119.8(2)
120.1
120.1
120.6(3)
119.7
119.7
118.1(2)
122.1(2)
119.6(2)
122.1(2)
119.0
119.0

118.9(2)
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C(20)-C(19)-H(19)
C(18)-C(19)-H(19)
0(3)-C(20)-C(19)
0(3)-C(20)-C(21)
C(19)-C(20)-C(21)
C(20)-C(21)-C(22)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(21)-C(22)-C(17)
C(21)-C(22)-H(22)
C(17)-C(22)-H(22)
0(3)-C(23)-H(23A)

0(3)-C(23)-H(23B)

120.6
120.6
124.4(2)
115.4(2)
120.2(2)
120.1(2)
119.9
119.9
120.5(2)
119.7
119.7
114.4

110.7

H(23A)-C(23)-H(23B) 107.3

0(3)-C(23)-H(23C)

102.9

H(23A)-C(23)-H(23C) 107.9

H(23B)-C(23)-H(23C) 113.9

C(3)-N(1)-N(2)
C(10)-N(2)-N(1)
C(10)-N(2)-C(1)
N(1)-N(2)-C(1)
C(1)-0(1)-H(1)
C(20)-0(3)-C(23)

107.33(18)
119.27(17)
121.78(18)
111.09(16)
106.7

117.5(2)
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Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A 2x 103)for a15850. The
anisotropic

displacement factor exponent takes the form: -2 2[ h2a*2Ull + . + 2 h k a* b*
ul2]

ull U22 U33 U23 ul3 ul2
C(l) 26(1)  31(1) 2420  -6(1) 1(1) -1(1)
C(2) 24(1)  28(1) 382  -41) 1(1) 1(1)
C@) 26(1)  28(1) 272  -1(D) 2(1) 1(1)
C@@) 28(1)  30(1) 292  -41) -1(1) 3(1)
C() 36(1)  29(1) 382  -1() 0(1) -1(1)
C(6) 492)  31(1)  46(2) 5(1) -4(1) A(1)
C(7) 46(2)  38(2)  53(2) 12)  -10(1)  15(1)
C@) 28(1)  48(2) 592)  -3(2) -4(1) 6(1)
CO) 32(1)  34(1)  45(2) 1(1) 1(1) 0(1)
C(10) 26(1)  30(1)  28(2) 1(1) A(1) 5(1)
C(1l) 24(1)  26(1)  29(2) 0(1) 5(1) A(1)
C(12) 32(1)  33(1)  31(2 0(1) 8(1) 5(1)
C(13) 37(1)  432) 342  -11(1)  -2(D) 2(1)
C(14) 33(1)  36(1) 57(2)  -122)  2(1) -4(1)
C(15) 40(2)  38(1)  53(2) 5(2) 7(1) -9(1)
C(16) 38(1)  38(1)  33(2 A(1) 2(1) -2(1)
C(17) 24(1)  25(1)  26(2)  -2(1) 1(1) -1(1)
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C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
N(1)
N(2)
0(1)
0(2)
0(@3)

25(1)
30(1)
21(1)
28(1)
31(1)
33(1)
22(1)
21(1)
36(1)
37(1)

23(1)

42(1)
42(1)
32(1)
42(1)
38(1)
57(2)
30(1)
27(1)
41(1)
41(1)

57(1)

30(2)
35(2)
41(2)
37(2)
30(2)
80(3)
32(1)
31(1)
30(1)
34(1)
62(1)

-6(1)
-8(1)
1(2)
-3(1)
-6(1)

-19(2)
1(2)
1(1)
-4(1)
5(1)
-8(1)

-2(1)
8(1)
2(1)
-7(1)
0(1)
16(2)
1(2)
-2(1)
4(1)
-6(1)
4(1)

2(1)

2(1)

1(1)

“1(1)

1(1)
5(1)
3(1)
2(1)
3(1)
2(1)

4(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters
(A 2x 103)

for a15850.
X y z U(eq)

H(2A) 4427 394 7692 37
H(2B) 4779 -2 6341 37
H(5) 5983 -748 8455 42
H(6) 7470 -1636 9336 52
H(7) 9410 -1299 9274 57
H(8) 9872 =77 8359 55
H(9) 8399 823 7506 45
H(12) 6345 2771 8820 38
H(13) 7692 3738 9766 47
H(14) 8395 4693 8392 ol
H(15) 7757 4691 6078 52
H(16) 6360 3760 5133 44
H(18) 3466 1946 8098 39
H(19) 1531 2223 8320 42
H(21) 474 1236 4641 45

H(22) 2412 990 4413 40
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H(23A) -408 2119 8481
H(23B) -289 2912 7614
H(23C) -1530 2376 7385

H(L) 4333 1537 4332
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Tl AN R N %S VB BRAAEEL # QTR - § L RITL %
AR, kipiEEy 3 m, FVFE R, A A SR EF o R
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http://zh.wikipedia.org/w/index.php?title=%E8%B6%85%E4%B8%B4%E7%95%8C%E4%BA%8C%E6%B0%A7%E5%8C%96%E7%A2%B3&action=edit&redlink=1
http://zh.wikipedia.org/w/index.php?title=%E6%B0%B4%E7%9B%B8&action=edit&redlink=1
http://zh.wikipedia.org/w/index.php?title=%E6%B0%B4%E7%9B%B8&action=edit&redlink=1
http://zh.wikipedia.org/wiki/%E6%B0%A7%E5%8C%96%E5%8F%8D%E5%BA%94
http://zh.wikipedia.org/wiki/%E4%B8%8D%E5%AF%B9%E7%A7%B0%E5%90%88%E6%88%90
http://zh.wikipedia.org/wiki/%E6%B0%AB%E6%B0%A3

2-1-1, %d P F L X3 2

G M E g A RHERRDE LAY FLPETIERIEE 2 B
BrG B DE A3 blde® * g3 % (jonic I|qU|ds, ILS)f{ s 2%
FEF R RIT - o B RAAPEOT G BB AT S R DlgS R
M WA G WD ZEF R F0 72 2L > &3 #ﬁi’x\mﬁ 175 A48
IR 5 A S T T R T TR AR > FlA T L ILE R
Bev A M AT R S A RAMOT T Ao IR 0 ¥ U F B
#ﬁ/wgﬂ ¥ 2 F et e

BB L E R RS ARF o TSI R AR
B MR A d o FI P E FEER I e d S R
R ERBS R Y B R R 5 W T Al
(supported ionic liquid phase, SILP) - 2013 # Rashinkar #$23F % 7 11 § 3%
# B4 3 5 ;% 48 (aerogel supported ionic liquid phase, ASILP) > & & & J§ & #l
(Cp2ZrCly) % it &) » :2¢3 1,5-%F = § T end 225 40T B 2.1 9557 o

@[NHZ o ASILP @ j
+ g
R EtOH, r.t.
NH; 8-10 h
70-90%

B 2.0 ©F GRR e AT R § 5 Bl S

Mk e AT 2 BLCEw T U o R R C R RR P
7 e T E R PEFIRET ER LA RH > HY - E
R FRE AT R EBEBEGFRE LY > AF Y X ZREFT
ALV E B @ Ak BERETT IS BI%R @%F%ﬂ,f T EAFRF o F R
F R A B AR @ 45 5 & P (silica gel), # % (zeolites), {24~ ' (magnetic -
materials) 2 2 R & # % o 2013 & > Varma & #£ 3 ¥ 7 0 F L o %
(phenylacetylene) 2 % fp § f* 4 a5 Azdode o 4o » 4P 3R B LY B2 (7 & TR
FR A, =wkit 54 3. 4 ¢ Varma #4014 if‘ﬁxﬁﬁ(chitosan)f;& Wes
S-H R PE A *&ifﬁ’;ﬁ?"l\ B o AR REL o] BF 1S P e 4 g -k Rt
FRABRPEL L B s B 2 by éfﬁﬂ gk %’/\ﬁﬁ/»b SRR e 13
eSS fg T iZ R fe2 LAV o SRR chr d BN g iR A e e i
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LR AV ERNC e A fRAY A BRI ARG A
Hefs 0 ME Z IR T EAFR ’3’%&%&9—1‘&5@ i
Zg

#%* 5= ? g RdE OT% > 4o T B 2.2 % o
chit-CuSO, NN
// + Rz/\N N—\
R * H,O0,rt,4h I~

~100%
B 2.2 v FIRGG L A T e e b iR A LT F T

AEFHE N 2006 EARE I CEPLE A3 S R oaryl 1,2-
diamine 12 2 1,2-dicarbonyl compounds i 42448 T E R F & 0 & 2 rEYE
#(quinoxaline) srj= 4 4= o @ kL= % LR % o iR Ak RS B A 0 St
FIRETREF o G PE TR F B Mk e B \65“%"%”51155 OIS
Wi F i o R ’g: A F XA RABE > ¥ AF Y TRY g
B S B F D R A E A B F 0 % EY R R R
Bximpikenm ﬂ“?f'.%ibﬁﬁiaﬁﬁ 2 0 AR S i ® e CAN A
(cerium(IV) ammonium nitrate) T Bt & > T * KRz 3 A 3 REFF

CRCCHBBR BT oA AR PEFLaRERT T FI 80-98%
é_’—?" » he T B] 2.3 P1oT e

@:NW CAN (5 mol%) N A
"L X
tap water @[N/ Ar!
Ar?

25°C
80-98%

Bl23 *9%kzgidnsed PHELEAF R
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P S L F TR i ER S S PP ST T
HAT ”*%#?ﬁkmﬁmﬁﬁ’%Hﬁﬁﬁ%’%éwﬁﬁ@ﬁﬁﬁﬁ
QJ}EF)%Q Rend o B SHhE 55 R Y G RY sk 0 S K e

B AR AR R AEAR 0 3 ek P (inwater) iE F iR TR o

$R@ fe 2005 # > % F 0 Sharpless #4247 % 7 -k (on water) & f 4
BA S0 g upt i garkd 3408 o ok F ehF i a3 F &Y 5
WApedzhede o T AL B TRk oA EAF R AEER > BT
3 N A EE B OF Bk SN o 2 Sharpless 423t v ¢ R o
wmmWMmﬁggﬁw@ﬁ@ﬁpﬂA&;%pm,ﬁjﬁﬁﬁﬁi{u
ok AR R R Y BB AR ) S RIS T B R
AR A SRR IR 0 4o B 2.4 97 o

N /C02Me
<é§+ﬁ
“CO,Me

F_*:

Stirring

B 2.4kt F g7 LW

’ﬁtﬁLF Be? o ARESTBILR Y T IR A A H AR FAEE R
H ko K F e AR A K SERF S 0 p 24-48 /) pRETE R
15/ 2 255 3 BaFende = > p 74-85%3% = 1 93% -

KPR RN F R B kDI 323 R HRBAYF F B Y
KA E G R E G A d FATEHE BRSPS E 4 MR AT

87



FeE it i R g Bk JARF TR F P AR B TR kY
VLA RELR S KA TR Adele 3 AR B FIE 0 T F iR
R 2 F M FRL T RRE R RBRR G o B
Bl4c™ B 2.5 #77

HC _H H H-H Hl/

o~ ~~-H o~ ‘
On water condition In water condition

B 25 R FREAKY KR R

et &% & F Js(neat condition) 5 -k b F e E gk B AR $HECIL
3 .

i BB G ks MFE RPFIDIAENAT > RIEBF BALFRE £d 35
BpEREE D A2 BAP LIS IMAA ot A2 o d 3R T A § 815
Wi 3 g pH i AbangaEY o RS ok A AR B
SRR R RIS CE RO READT I R P

AR AREE R F iodp i & 2 2 2% 2009 £ AR % R AR ED
E G B eaE e WA o AR FBEEET o % B $ 2-hydroxy-
1,4-naphthoquinone 2. 3 5L i=:& 7= 4L i* & & (alkylation) » F 3|2 2R 5 1 &
BHOZFBREFAARADES o228 S 3 F i LR R %4\3 »E
it AR H AR T S RACR R R RIEE Y BE R o AEF
Bt F et o kAU 0 e otibenp b Sg ko 1 gReER T A B
b 2T A Bzt oS o RIEE L FEEFFF RO ARNEEFR
e e ™ B 2.6 #1on

0o O R
NO, water NO,
-7 1
OH R 80 °C OH
o o}

88



/N—O\ © proton
@o H transfer
\ \9® H-O
O--H e
H O H

B126 29 %z F Akt F 2 2 F RS
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-2, P RHZEH#E

AR %A kA 2004 & Bishop e $905 344 %22 ¢ Bishop
?fi}”ﬁﬂfr—%¢}_kﬁ VR B EEIERA O F Y o Ll B4 e D 70 °C
iR T 32wk IR F o FOEPFR K 340 P o @ i (8 3] 50-91%:0 2
FowAARNAS Y B G Ak A 0 AU L h 352 BEEE G 4
FO S etk T oo 4o | 27 45T

Ar
o) 2 !
NH; A:\N,N\ , 2 N
1 + R + R2
R J\ ) HN\Ar EtOH, reflux R1)§)§ 1J|\/)5_
R 3-4h 5 4 R'3 4
50-91%
major minor
1 6 2 5

8] 2.7 Bishop #c32 % # 2 & = &

& J5 Bishop 42T 3 > M E ¥ - IR UG Ao 2 & R eted Tl B
SR o NP RE B RBSRIEE e RO LR R %"ﬁiﬂﬁtiﬁ» SeAuE R
2

YRR e U A T A BFER > B2 F Renif 2/ D 3T B L% B am
BTEDNBAFDAES  AEBAT B 28 975w o

2 Ar
T NH, AN AN 2. N1
R1J\ fOMN HoR + )
X, “Ar H,0 RIS 3 1%
R MW 4 R'3 4
major minor
1 6 2 5
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2-3, RAERFEHS

Avdedr LRl B % - 304 0 S SRREE K kv 0 s 2006 £
J Srinivasan 422 Ry AR E L A KA N EHT AP A
fi# 3#%|(acid chloride)fr ¥ 2 ¢ 2 (phenylacetylene) # % & Jigd » £ 121 = ¢ 2
(triethylamine) & sk <% 2 = - i fisfcde palladium(ll) acetate #Lit i& {748 & &
o A F RAE_ &R A iE 2 (neat reaction)it (7 A i 0 e Efigd A
Flbds o 4ok Rt g crig IR E S ERAIE ST g R B T A ST
R X IR ek ihp R o FI Ak R H b~ T kS
(CHCl) ks 73 A% Mk & » IR fpehie (7 > 4o @] 2.9 #F7 o

i

o}

o Pd(OAc), (0.2 mol%)
e\, —— N
Ar~ Cl EtsN (1 eq.), CHyCly, r.t. A

1eq. 1 eq. 1

Bl 29 4zdetr 1 ehil &

Aoty ALkedr 1R PR AR > R R Y P Tsal Rz 2
T B 2009 #4RE s 312, % % acyl chloride 2 # Fe & terminal
alkyne » % trimethylamine # 5 dg chik = 7 o % A pLds e £ @ 1 I 4

(copper iodide) 2 %2 = ¥ & (triphenylphosphine) e it i& 7 48 & & J& » 4 B

2.10 #7151 o
Pd(OAc), (0.1 mol%)
0 R PPh; (0.2 mol%) 0
+ Cul (0.2 mol%)
NEt,, 50°C
52%

B) 2.10 12 4s 2F R ML F R
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BEIEG LA PR ARz AR 118 0 AP LA e A R S
T4f Bishop & s &3 2 5 10 E 4o » U EBETF Bt o BT
T HFE s R RE 4o B 211 91 e

0 NH,
+ |
O X HN EtOH
O \© MW, 80°C
8 min
0.5 mmol 1.5eq.
la 6 NMR yield: 98%

H
N

0] N~
NH, TFA (1 eq.) |
+ ! [
s s e (S
O MW, 80°C

1 min

0.5 mmol 1.5 eq.
1a 6 7
NMR vyield: 80%

200 o i e B L e 7RI

ﬂi@”ﬁ’?Uﬁ?ﬂiﬁ@%&%ﬁ%Aaaﬁ%ﬁ%ﬁﬁ@;
Bl F PR 34 [ il 8 AR EF o 6 A S i 08%
F AT o A fde r AR F@%Wﬁv¢14P$%’E{W@

3 C-N g4t ez(hydrazone)sg & 4 » R EF F ot 1§ R
FRECERTIBESREIRASRRFI AT LT A WG ¥ L b h
A

THARRR EFF AL RS S S FHAS > F BT
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-H,O

X
proton transfer O

B 212 *Fagic £ 4 22 F s

618 T Mk AR R MR JRIRE A {1t 4 & o
BBESwmS 0 BRI UM SRR KRR F RBREFE e A AF
o, - *’Egr‘g, Afk R F R AR m{u%ﬁ;:};;f%mﬂf FOFE Rk
B o grE ok (onwaten)E g o @ S P I F Rt g /ea;ﬁv iy
Wadedetr b AF R > FILERBEARES %”tﬁaﬁ Ty KA
hed R R > dodk 21407 o

21 g REKY FREFHE

MW¢, Temp.
15 min

+ | N
H,0 'D / ‘D
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Entry® Temp. (°C) 1¢ 2¢

1 80 15 62
2 100 10 78
3 120 10 79
4 150 - 88

4 200W, CEM Discover S-Class. ? All the reactions were conducted on 0.5 mmol scale for 15 minutes.
“Yields were determined from crude IlH NMR with dibromomethane as an internal standard.

B R 80 °C i {7 F g PF(entry 1) » 3+ 15 A 4815 15 4 15%chdsdpts o
BF) 62% A 20 HP R BEEF AR F BT > A ABE RS F O
#@Aze > v 100 °C 2 120°C i& {7 & Jg(entries 2> 3) » % 5 10%:rde4n4= A
FRerE o £ ¢ E5 80% A o RS R FpEARS T 150 °C 12
FRE 15 »4apF > & NMR k3¢ dedodr cnddpicd = 200 4 > 7 93] 88%
BAF A 2a-

Mo a3 Pt F e 2 150 °C T 0 R By e 2 H B ERER T
F s 15 A 415 9] 88%:rd A% b B4 LA bk B R BB R A

SIE T R B £ AR ek o BB b i 2 B E A
7Bk A AR L RE 0 F R R e T £ 2.2 07 o

—\

F 22 107 o Bt A Asdn e $ok R RE T RIG

0 NH, @\ </:>
1
R J\Rz + ©/NH N-N . N-N

H20 R1/§>\ R 1Jl\/)\ R®
2

MW¢ 150 °C
15 min
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5(%)

29(%)

Entry”

88
73
79
56
94

a o LQAD Y S
2 V4 2 Vi 2 o / = /
o © o ° ) §
O O O 5 Ou O

le

84

Br

1f

70

Vi

ON

1g
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o)
10 QO R 80 -

11 QO R 92 -

12 O A 82 3

In
(0]
13 69 trace
©)\/\/

14 50 trace

o
4

1r

4200W, CEM discover S-Class. ? All the reactions were conducted on 0.5 mmol scale. ¢ Yields were determined from
crude 1HNMR with dibromomethane as an internal standard.
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W 47 BT > k) R i ek A s A 0 T 1 F )
3%50—94%5’1’?12;' F]JL %F}’@ y TwmErrENNE - AP 285, 8
E
.

)
o
o
~
it
W
wn
=
o

©

s

A—]‘.
o)
*\3

¥

i
,‘m

o °
ﬁf‘
T
(8
A
|
%..
N

3

il-?

o
3

=
|

RIRE A J S e

B 2 5L B g MR B A esdsk(entries 2, 5) AL A3 H P
BHUPRARRG R IS AR AF B B 5 -3 2528 RN
ATERADPERF 72 o Rl E3tA229 > F BEAC %% 2 150 °C>
ERETHRED FRRS DR R o FIR R 2R RIFF BRSO
5 RERGE-

Bt 45 BH AT AN E38 7T 5 A(entries 4, 6-9) o
Fap~ % ALt 2 BLim 2 3 Biix(entries 2, 3)F 2 A2 B 5 HRIR T A
302, BELEE GNP ¥ 1B D A I BANT LIRS Y
redde~ > SRR R 3 150°C v sgmh ool > L F pEHME L > Y
AP AR 4B it 280 FP 20 35 g B Ak o B
T REBBEIIE RS b G R A f 2 LB A LR S PE(entry 5) -
PRET] 6%A S 5o HRRFIARFERAILT A LR DRF
AB> Ed WERRI DT FIRARS 0 HAHERLT IV EFRA S overlap >

LT FREH BRIV ELFIRARLF[ASF B R FFE L5
z‘?ﬂ TSI EFARAMZERLTE A RFAL A FBRAEY -

MAFEIRIRRTE kAL VOB LT kg 2 Ar Rekem iR (7 F R (entries 10,
11) > i 5318 7| 80-92%:% A % » BB R AT AL 222 @
®AEF E’ﬁ AFF i o R@ % B A L g s pF (entries 13, 14) 0 F
JeRe R may e 15 A4 v R A vk 5 T % 3 50-69% 0 BRET AL G B IRA

TR Y 5o fRIALE P R0RPC B A ihdedede (Lo, 1) Re K g5 o

FEEAL AT o

3t 2004 & Bishop &#:cFy @ » g g * 7 & 240 A hFEE(s
Bo il A ipiE o F P B R 248 KRR A Bk P E 0 B
it % 4o B 2.13 #1 7 o
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NO, NH,
\\ + NH
messy
O,N H,O
MW, 150 °C
15 min

B 2.13 1 2,4-F ALz FEE AR SR F R

b} ?]*—‘“rﬁ PN 2A4-F R F R AR R E o T aE ST

B oplpd »g&\ Af o WA AL 240 AFrHoF REER B2 FA

fﬂ?ﬁ% o P S R TSP B X B 0 24-A A FH AR
c ¥
2_F

fd "M
,11
”%‘é

E‘ﬁ?‘ii@ﬁﬁ@mﬁ*’*h" piEsfdoaAddn <~ ESplAy o & TL
2 ONMR L3¢ 3L 2I8TA 2 m A 4 o et BB RS 0 248 42
qu]lﬁyﬁé\.‘%\"’,tﬁ.f "L‘\i’l’,{rT"“#’ﬂmL\%\'O

-~

m %:Q'%yfl %v"‘ ’K/n\m};;rw ’ I,(V%Pﬁcpéﬁﬂ ;—,'a - ZJ!'—‘]% ﬁih;i%:r??%c:,k
F}I@;Il}%\;‘:‘ #‘7’ ﬂ‘fr’—ﬁ’iﬂ- éﬁfl];@.—rB’s’LL‘I%\);ﬁ& ﬁ};%’*“ }i‘);).@i'?ﬁi}i’
Bl B R ERCRAESAAEETE B F B R AT & 23407 o

23 MRREZBHEFEHRERF R

morpholine [ j NH, @
S (1.2 eq.) o N NH Acid (2 eq.) N’N\
H,0 (2 mL) _ ' © S O
MW¢ 60 OC O O MwW¢ 70°C O

15 min 10 min
Entry? Acid (2 eq.) Yield(%)©

1 TFA 47

2 PTSA 45

4 200W, CEM Discover S-Class. ?All the reactions were conducted on 0.5 mmol scale. € Yields were
determined from crude 1H NMR with dibromomethane as an internal standard.
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ot R OATR 0 TUORRAG IR RGEFT S - e R F RehF BERL O F R
PERd 1admaef T 1544 ¥ A% HF R AZFd A5 100%%% <3
AT%(entry 1) - @ gél%]:i&—ﬁfrg'ﬂ EAH LT FER(PTSA) 7 8 i @ 5] 45%
A fr(entry 2) o FEBIA S T E R F] o AN KE P AT 2 F R R GE
Fo gL R ]\%xe‘.f—rﬁgﬁﬁt‘fr};}'@ﬂ A “J\c* RS-V (i i 3
f A3tk bo(on water) i F ehE e R EF AT P AT R > Fptdaip
AE R G TRFERR T o
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2-4, i

AEASDEAF T R PR AR E R P ERRER 0 D FA
ﬁ ﬁﬁg& Eqpér’)‘}l]xg‘. L‘I%\F )@ff,’__‘fl v!“bv’l' \Flﬁ;}’ﬂ Ej_‘f’ é_;}’%ﬁ & Aﬁﬁln\ﬂ’f#
Foed F SR Rk F ML 1544 0 A F 420 54-00% 0 k£ b

=

B¢

*%ﬁﬁﬁp*ﬁfpw»@m@%’fz er AR RAEEE o R
P 4e B2 R0 0 F BT hpEE R s A A R & A bTé_i&?L%‘f
%ﬁ%mwi’Pﬁ%M@%i#mgﬁ’&%5@?@&%@6%

< H o
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2-5, R A&I;™AE

2-5-1, - BRZ% i

1.¥% % + 4= £ 3# (Nuclear Magnetic Reasonance Spectroscopy) * #§ #(NMR): 4
Brucker Avance 400 ¢ Bruker Avance Il HD 400 %z £ & & 38 % 5 P TR
B R&E2BME T NE #(CDCl)E 3 vz 7 A T (DMSO-d6) - it & i
# (chemical shift)2 ppm 2 HE = » IH-NMR k2§ v & = # 12 % # (chloroform)
APMERE S T EHLE R L §=7.26 ppm - H-NMR k3% 4 %] 35 5% (splitting
pattern)shz_& s> H & # (singlet) ; d » g & 4% (doublet) ; t » = & ' (triplet) ;
q-° H &% (quartet) ; quint > 7 & (quintet) ; m > % & 4 (multiplet) - & & ¥
#c(couple constant) )4 J % 77 » B =5 Hz o B3 Hdp2 cérx R I P F 2
(AH255% > B & F# &) BC-NMR k3T 3 K B i L5 H
"y & #(CDClg) & p #-2F » 2 & H i & =4 5 6=77.23ppm -

2. R ¢ K ~ 47 % (Thin Layer Chromatography - # # TLC) : # * Merck

silica gel 60 Fosqcigs &g F BB {3 » B P FA R R RIgARE K ¢ K~ 47

B

3.% £ ¢ & 4~ +7 (Column Chromatography) : #& * Merck Geduran® Si 60
(0.063-0.200 nm) ¥ 5 3 v 4~ » * 4o B E-ig K 47 (flash column chromatography)

-

% Still erdfe 177 /2 ko 3 o i Bk (eluent) B A5 f505 &)k sb > SR E

B R o jed ik 5 8RB ML M &

4. % 3 (Mass spectroscopy > i # MS) @ ™ f# 45 F 3% (Low Resolution Mass
Spectroscopy > # - LRMS) © & £ <7 « & #4225 32 Finnigan TSQ 700 El,
LCQ advantage ESI spectrometer - f# +7 & % (High Resolution Mass

3
Spectroscopy > # i HRMS) @ & 32 (% < § w4284 32 JEOL JIMS 700 > 12 % ¥
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etk & 50 4202 JEOL JMS 700, Applied Biosystem, DE-PRO g Waters,

LCT # 5 il %o % 407528 2 7 £ /% i (/)

5. X--kH & Y5k 2% ¢ 8 * Nonius Kappa CCD %2 Bruker Kappa APEX 11 i %
RETRE - AL FFRFHREPHEN AT ERER T ¥ o ilip] o

6.4 BL(melting point » f§ £ mp) : &4 Mel-Temp 3 8RR 2 &k T 7R 2 2t &

A ARD -

T E R e A R R AR S F R H S A e 0 Bl

AR L

8. % E ;i & = ik (Microwave reactor)$ * CEM Discover S-Class °
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2‘5'2\ ? '%ﬁ ’%
Lotk bk e gk £ 0 & 8 22K, 20, 20, 2 R S 3 ¢

B~ 0.5 mmol(1 eq.)ed=4-4 la-1k, 1n, 1o, 1r > 4c > 2 mL ek > 12
% 0.75 mmol(1.5 eq.) ¥ *# & H] » 1 i Se B 160 °C i {7 K iy 15 4 4d
Flegdhism e e ig 3P~ 53*10mL) » 87 8k * & J»Fﬁ‘&i}-‘f
koo s Rk M A % BB TE A Z ST R PRI

NMR & & il T} A 5 o
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2-6, 2% 2 ;fle
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31, =3

3-1-1, % § etk enff 4

Sedk - § 20§ 7§ eTk(nitrogen heterocylic ring)§ + & 5 ieip M
*t > 7 F 323k (oxygen heterocyllc ring) ™ i 32Tk 1 T 7 i Az - o
BT AR AR AT WHRGR M Y o RRGREHE O RR S
B3 &% vm (furan), =twm (pyran), = fs(4c

koS

3
R
d F RIS FRTE RS
18-%-6). I fia(lactone) 1t 2 = &’z (dioxane) ¥ it & 4 > 4o ] 3.1

) ()

(@] @]
furan pyran

( [SEHSO

18-crown-6 lactone 1,4-dioxane

B3l z3seRitet

SE SRR LS TR KGR Y o hod E*/;Tz_ﬁ (Galaxolide) = % *

s XA A, B4 & % (Dicoumarol) ¥ L Fgd Ed, S ER AT P U0n
/%mf?”i@ﬁ:ﬁ oM o T EFRFNCEFL T AHELAFESET heAg i
I gL B % (2,3,7,8-tetrachlorodibenzo-p-

R R RBAFREE HA P

T ez 4 023782 % =

4 - %
dioxin, TCDD) » 7/ 7 ¥ 37k 725 = ﬁ

TN R
=+ ',gﬁ—gg—iﬁ"_ﬁ °
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Galaoxlide
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3-1-2 ¥ rekwd prd 2 i 4

BEFE Gk Y R FRAPERE o B &L FHvke o F
Tekvmh 5 @md F G A /Fbﬁ*/l’?@ ’ KL—%J#%"‘ N R gAY T

FEFBERE R FEp TR T R Wk
kfRAL o @ ?i’“*?ézﬂ\f/iAx‘?"# G xm;&ﬁ* ’x‘i_' YRR 0 d
WEFEIAmTARHL AN E EfRAE R E
Aig o R SEIE AL E %”i’*#vég %‘rf@}%.& FER, N § LR E
BT A A R AMY A ERAMORHFL > F FEm A A
CSIRE FLRERE - R

o

+
i
=
T,
%%
>«
%
.zbk

AP E BN L2 F vk 2 L X Ry o EBRK A FE T
ek Pl E 5 2 45 1 0 4o 2-acetyl-7-methoxynaphtho[2,3-b]furan-4-yl acetate
¥ s b N 488 (Trypanosoma cruzi)er4 & ¢+ (growth inhibitory) » ¥t
*v #7755 (Chagas’ disease).'rﬁié’}%‘”ﬁ ok g4 25 1-(3°,4°,5°-trimethoxy) phenyl
naphtho[2,1b]furan B|45#= % L ‘*iﬂml%}imﬂ‘ & 1+3 benzobromarone
¥OOT L RUR LR %#(UI’ICOSUI’IC agent) ISR R i) W AN s E NS SR A
z—tem p AR FUERE G F Ak X A4 4o Anigopreissin A ¥
d B iR o e (Albany cat’s paw) F #7(Musa cavendish) =42 5 ¢ & g am 415

OCH,

0 0 H3CO
7 %
H3CO
\”/O
. OO

2-acetyl-7-methoxynaphtho[2,3-b]furan-4-yl acetate 1-(3',4',5'-trimethoxy) phenyl naphtho[2,1b]furan

L
O N\ Br
O  CHs

Benzbromarone Anigopreissin A

B33 ER2fiEMHz Frekmjmd i




P By FE ke A deng AR GG kel s 2

Fida RIEE S S SRS R L
Frdg R Fradmdm 8- H R ABHFZ IR AFT P o

AR PR B enipio kg 2t 2010 AR 0 T HLm L Bt
Etkmfj\ffﬁ“‘lpz\? ﬂ—\-ﬁr.,fﬂ =W E REDOF Aok b f#G B ,J,*;PL
PRANE R R B PR AT A EN s B F Tk B F
T B 3.4 57T o

o

@*@

NaBH PPh3o HBr r

_Nabrs OH PPh3 8o RE >~ i
EtOH OH Acetonitrile

reflux

Bl 3.4 % 1 vk v e 2 40 el

AR FREFHRE 0+ 3T 2011 ﬂé’ﬁ%‘r A G o Wittig-reaction
R A SRS F D FALS FBCE ARG RASF T R g
ﬁu&%%€$m¥i¢%ﬁ$ﬁ°%%mgiui Pz AL $ 2
£2 (Michael acceptor) » 2 = = AEE R AEFT 12-4e = F i > T4 > fpF F
Al(aryl chloride):g it & BiEFIZF B2 ¥ B> & F BRHEEP Eﬂﬁ zc

AR I E T o G fgkade A+ 22 Wittig-reaction 27 £k A 0 @ F
I F T ek ’]‘#7 AL s KR E40T B 3.5 1o
(0]
O
0]
R o} PBus, NEt; O)J\ R®  intramolecular O/Z(R3
H 1 @ R!
R3J\CI R PBu3@CI Wittig reaction N_Rs
OCOR3 S
R2 OCOR?
R2 R?
50-76%
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O

o)
(0]
R o) PBus, NEt; O)J\R3 intramolecular OJ(R3
H R! ® o R!
on R3JJ\CI PBu, Cl Wittig reaction N\_R3
OCOR3 0o
R2 R?

B) 3.5 ¥ & vk T4 Pl #

Pt 2010 # > W RGF2 A7 F Feengr@=nid 1 > R E 7w =9 22
xﬂ?f@%wﬂkﬂﬂb*”*&"2$@anmmmﬁwi%#’ﬁi
& i 4 (sodium hydride)$f25 e 74 H+ & & > ## 7 = (iodomethane)i&
FENE o @5 2-7 F A% o & fo¥ AfE# (benzoylchloride) 2 = # i 4%
xaﬁFMdOﬁmF@ﬁfB?ﬁhbﬂﬁwﬁ’&w%7zw%$LmQ'
bromoacetophenone):i& = & & ¥ 31| 8% % T vk it 4 F 0 4@ 3.6 #1o7 o

PhCOCI PhCOCH,Br O
NaH 2
OH OCH; - O
~

B 3.6 £ X vk fmd do el

2012 & » ¢ BT A EF R BRI RRAF R L 2-F 2 A kB
% i 4~ (chalcone epoxide) e & 42 45 4 > %ﬁ“ d  tris(4-bromophenyl)-aminium
hexachloro-antimonate(TBPA*'SbCle") it = Friedel-Crafts sd= 45 &:8 7 & & &
B AF 2L 4Ny ~ 3§ ek B2 232 %-56-- F ¥ FpR(2,3-
dichloro-5,6-dicyano-1,4-benzoquinone, DDQ):& {7 — 4 i & & » #-jeTk 2 H 42

F v AR # H A zk-yéxkpﬁa E Xovkem it % FANE 6/ EEIY
53-83%m}§_#7v » Y@ 3.7 #11 o
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OH
TBPA*e SbCI6 ;
+
0
R’I/Aﬁ(RZ

B 3.7 2 T vekvm 72 fo B B

2013 # > B Osyanin # L H# 477 ~ 7% fehit b
2 195 @ #  1-[(dimethylamino)methyl]-2-naphthol 12 2 N-phenacylpyridinium
bromide * & 4=4n 4 > DBU 1F S s M F A&7 F B 7 & 1-
[(dimethylamino)methyl]-2-naphthol - {= DBU ¥ J& # = o-quinone methides -
£ 4c N-phenacylpyridinium bromide i& {7 4c & & fri% JESEE LS S & AR
PIEFAFTARDT A7 FRB I RFE BAGERE A ;xﬁ%ﬂﬂ
Fid DDQ i#Alie (7§ £ o A d F AR L F Lok frd f
34-90% > 4rfB) 3.8 #7r o

x\«

OH
O DBU
X
-HX
Ar(H)

@ S} . .
X =NMe,, NMes| o-quinone methides

B 3.8 2 Tk jitd @

2013 & > =2 & Anil Kumar #4214 2-%2 s 2 % 7k ¢ A (phenylacetynene)
e AZdndr 0 7 A Z & P AR pedr]Indium(Ill) trifluoromethanesulfonate) f4
RE S LR Mk e BB R 0 2 & a— 25 F ¢ % (a—hydroxy
styrenes) - & ¥ 14 fiy ik 4= (I1) 21 22 @ ¥ (lodobenzene) - P& i& {7 A% 5. F
(Heck-reaction) 2 3 2k £ % & Jis(oxyarylation)m # 3| % 5 % X vkvm G2 it
1 & %% 32-76% » 4B 3.9 #17 o
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Pd(OAC)z R2
PPh,

R In(OTf)s Cs,COs
+ _—
mw DMA
=
R2

B 3.9 2 T rekvm 74 o B B

2013 £ > ARRIR LIS RE G - 47 JMH'}@?&% (nitroallylic
acetates) # = 4= 4~ 4 o F & 7 Friedel-Crafts, oxa-Michael , aromatic
annulation & g 1s a5 F Fekem 1 & & Toekem 72 4 125 4o B 3.10 91T o

CO,Et

97\
0 Ph MezN )
\ Y,
EtO,C \ CO,Et
R

X

R CO,Et NO,

— CO,E
g Ay
@ e

CO,Et
0]
\
R
sCay
A\

B 3.10 ¥ Frekvwm 2 & Toekvem 72 Pl
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AR g IR o 4om 2 273 I e Anigopreissin A 0 3t 2012 & o
Chiummiento ¥ L4 %7 > & = {v& > p &4 & = Anigopreissin A ji72 4 >
F 8 BHIET T 28%:0E A F 0 4o F 311 4 .

Sonogashira
cross-coupling  MeO

Suzuki

Wittig olefination _ -~ cross-coupling

heteroannulation

B 3.11 ¥ & vk % 284 Anigopreissin A =% &
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32, M RPHREHE

AR RZERT AR FRET R 2B B RSN AT RER

il M FARKR LR AP B 25802422 1§25
DBU 12 ¢ % (Acetonitrile) it 2 +» BiAH » 27— i F RBis » V38 F RFF
ol PER S BIF A S & 4(81%) - 3% F e E L E DBU T
A IRBS 24-NZfk 2000 d 0 BT L4 R FAERL 0 FDY FA

FPRAEARFLEEREFTS - HF B DBU LB EF 3 mAhkag
i RF AT HRAL A Ak BRI RS RTUHF A G N B

WA 4o HE f4oT B 3.12 2 3.13 #1r

OH O

80 °C O
(70
in two steps

O (@]
MM @eq)
2

O DBU (1 eq)., MeCN
r.t.

(9
o
%

B 312 Asdndr L £ 3 AP 4 - it 32
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O O

AN 5 5
LT RO
At

©

O
proton transfer

O O
LA
OH O O O
4

W 313 ridcdhedr 1 &322 A5 42 F RS

AW T HESFTRE AFTREEFE S FAP AR 1 Fidshd o
B 2-ER 5T E R AT 144 A 618 LAHER D
FHARFEI IR AR ALEFERF B WL B DRE T
% v (naphthofuran) =4 ¥ o 4c™ B 3.14 #177

i HO OO
1,4-addition condensation
N ’
\ + B — e _—
O O HO

B 31400 FHAP A LiEH & 8 F drdwm g P
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33, RAERR:EHH

M F AP CRE L RG AR aAsdet > 2z p 2006 £ 4 Srinivasan
K2 By MBS RENE S HIY S L AR B S A S R
(acyl chloride) 4= ¥ 2L z ‘2 (phenylacetylene) i 3 42 4= 4 » 0 = ¢ =&
(triethylamine) & # if 2 T > i@ * fisfid 4= (palladium(Il) acetate) i it i& {7 5 &
F s o A%A & g Er2 3 &) enif i+ (neat reaction)ie (7 F 50t B R K P
BEARERET o G RT A RFAEFTEE R F pehp e o F 4

P @K & PR (CHCR) R s i3 Al > Al F et 7 T3 F KA S
4] 3.15 #777 o

0
(@) Pd(OAc), (0.2 mol%
)k N \A ' (OAC), ( ) Ar)\
Ar” Cl 4 A N

NEt3 (1 eq) 0 CH2C|2, r.t. Ar

1eq. 1eq. 1
B 3.15 Az 44 1 et

Faldzdetr 1150 54 8 JOREE £ o7 JF 0 prilie R A 225
wmd B3 F 0 # 2 s Michael donor » #4= F AR Ak L7 &7 4e ik
Moo BREADRY [ g AR TR 240k 31 9T

%3101 H R AL F A s

o o)
O SN R _base (1 eq.), MeCly 0
® g
1eq. O O

1 5 6
Entry? Base Tmperature(°C) Time(min) Yield(%)
1 DBU r.t. 10 S.M. decomposed
2 DMAP r.t. 120 messy”
3 DMAP 60 30 messy
4 DABCO 60 overnight messy

@ All the reactions were conducted on 0.5 mmol scald $ Srace of S.M. was recovered in 2 h.



d R AR T UE R A E A e geip et ¥ th DBU it 5
S ERMPE > AAIERT € WRAI Y - FAP KM L A fE o Flptedr*
B fadich 4-2 7 § Aetex(DMAP) » 2% 14-- § 3= 7&[2,2,2]% *(DABCO)
%5 de i8R 0 7L r DMAP 1% 5 32 ®20 F R pF - 305 | BRI A4 g 1933
GOTF ez @ o TR RS T 60 °C - £ v DAMP AL F R 0 2]
BEF B d o R EE A XY 14 b S A @%Dmmomg
s gig % DMAP 4pfe o A% P F eng % o iP5 & ahp R dn e 3
WA MIEBEEF B FIrEREF R LS N F"*E#’mb
A o

[a]

|

S+ p w2 ot Anil Kumar #c3ens & 3 21 qglmpe b L p
F R R F o A g b LA B REARFAY
3 .

O % . OH
O Lewis acid (1eq.) O = O

1 eq.
1 5 6
Entry“ Lewis acid Solvent Temperature (°C) Time (day) S.M. (%)? Yield (%)°
1 I, DCM 1D 1 N.R. N.R.
2 FeCl, DCM r.t. 3 6 244
3 FeCly toluene 80°C 2 20 22
4 FeCl, toluene reflux 2 33 22
5 AlCl; DCM r.t. 5 trace 11
6 BF;e Et,0 DCM r.t. 2 - 53
7 BF;e Et,0 toluene reflux overnight - 92
8 BF;e Et,0 toluene reflux overnight - 100¢

“ All the rections were conducted on 0.5 mmol scale. ? Yields were determined from crude "H NMR spectra with dibromometha
as an internal standard. ° Isolated yield. ¥ One mole equivelent of F eCl; was added after 12 h. ¢ 5 mol% CSA was used.

116



Rypt 2% % 7 UFRDF TR Y it b LAk &R 33 4oik (1)
" E = Y4 (FeCly)zE Al (entries 1-4) » F BPFR £ 28 > P &2dnP w2 &
BRE > FEARERD GO E EHRF > T RZITLF BT R 2R
oM B RERI NS LA EEAF o FIP o R 3R B R S
1 pe o dr= & M 4E(AICK) 2 = & it o BUR R (BFSELO)EF » £ 4 3 &
EF BT 2R A0 2 F VEEFRTE O RE D A FE N T

O Z & CPRERRUR R R B FIRAD - & TR a T 0 B
BARKRFID 120°C winp > T ARREEINASF 2% Ak BT o Az
ol VARG LG R EREL “?f*%ﬁ’%’l% 1,?%15'”’ BE T AR Y

Fohoor ARG Ky o BA AP DAES > FIFEE S~ HGA R
(CSA) T 4 i 4c Al » LT 11 RLEF Jchit (7 0 g ﬁ—'l F fscnA & 3 100% ;
Rt @I enA S ind TSRS Hild Xeray SESPRFE TR 0 s
£ 4 6 A B AT ] 3.16 4 ¢

W] 3.16 12 X-ray sEs+ % 3 g2 dsdadr B4R
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AN ERHE > F kGt aniE R - F oz & C A
#FHe S mol% ity fukg ik > 74T F TSR A 0 AT e R T ARt 125
BED RPN ARTRESR > F S 40T 4 33477

3, = 4 H de bs B o 2
o 4 337 H PR Adednd ¥l § Ho OO

BF4eEt,0 (1 eq.) °
o,
Ar)\ . CSA (5 mol%) P
Ar' HO Ar Ar'

toluene, reflux
overnight

1 eq.

1 5 6

Entrya Substrate 1 Product Yel d(% )b

100

1a 6a

73

1b 6b

S
Cl
1c

&9
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1i

6f

6i

119

83

89

88

84

83



10

11

12

13

14

15

11

W
\
W

6k

6l

7T
Cl OMe

120

91

73

100

82

81

77



16 O A O _ O 85
l OMe OMe

1p 6p
0 o [ 1)
s o)
17 \ | X S = 90
J T
1q 6q

18 A

O = messy

 All the reactons were conducted on 5 mmol scale. ? Isolated yields.

RESEHT o A RN FRAR LR Lo 2-5 /5 5 @74
FORPE > @% 2 & M RRG RS L R R R RS TR L
R B E S 0 A5 70-100% o T £ eIk 5 Suehwges Bk 4 (entry 17)
o E] 90%:hA oo TR g A g B AR 1B G % R B 1% A (entry
18)fF » P&z ERAPE B eh 1443 A% > HRR T Ast4dd Ir &
TN F P A a0 - B FIRBR A RIFRIRBHR O A A
Yo B LN S AR FI R E I 2-E B L S PE S 6ro

A PR Bk i e G xS o BRI 2l
ST RF T RS HBRR AR SF L A2 B FE
A Bheh i B oA F REREFRGELHE > F RS
o £ 344977 o
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%34 ERHER R e 7 G

HO OO Base (1 eq.)

Solvent (2mL)

=
O O Temperature (°C)

6 7
Entry” Base Solvent Temperature (°C) Time (h) Yield (%)
1 DMAP MeCN 80°C overnight N.R.
2 DBU MeCN 80°C overnight N.R
3 K2CO3 MeCN 800C 6 N.R.
4 K,CO;4 DMF 120°C overnight 49

@ All the reactions were conducted on 0.5 mmol scale. ” Isolated Yields.

73

—_

Hohd -k 2-FE e pKa K 9-10 2 o T EINA o HskiE

-\‘Pi‘*““?‘»

FR o FR AR LR 5 84k de DMAP 2 DBU ##| > 112w i S g
3+ 80 °C i {7 F P m RO R A o TR E R BE B A
; Exds o

BN E ) R B0 C S K R 2 IR
S A S DMF 5 %8 g R RS 3 120 °C» Pl f) W14 % 49%
g fe  FT m)ﬁ*’” FhBi s HAd X- -ray 23%3’1”10 ‘EfF' CARINPE -

e
i‘f@ﬁ;ﬁ’;ig&:}&iﬁ' é_#ﬂi ]“f U | *fﬁ&r‘f B] 3.17 #7771 -

»
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B 3.17 12 X-ray $eot L E XA 52 B

% 35U kg AR E PR

o (I
Base (1 eq.
o (1eq.)
= DMF, 120 °C
O O overnight

A

6 7
Entry® Base Yield (%)”
1 K;PO, 40
2 K,CO, 49
3 KOH 50
4 t-BuOK 58
5 t-BuOK 37¢
6 Na,CO, 58
7 Cs,CO4 60

@ All the reactions were conducted on 0.5 mmol scale. ? Isolated Yields. “reaction under nitrogen
condition, recovered 2% S.M.

123



AT BT A s AR P R A Y 0 F R 1 DMF 1T 4
AR R 120°C T 0 R T I JEAR e ke B (T de 2 E R e EE
F iS4t 4 35 #1734 @ % DMF i% 53 &3 120°C &7 F P> F &
FERYF 7 overnight » % & 184k 5 7 49 B dopipidn, Bifidr, 40§ (LU Z
AT R4 0 A 40-58% o @ i * A B MR TR BB PR
Pl pass e B nA 5 60% 5 BB AT o

236 R UERA AL FEGE

032003 (1 eq )

= Solvent ( 2mL)
O O Temperature(°C)
5 6
Entry? Solvent Temperature (°C) Time (h) Yield (%)?
1 DMF r.t.,))) 9 N.R.
2 DMF 80 overnight N.R.
3 DMF 100 overnight 5p¢d
4 DMF 120 overngiht 60
5 DMF rt.—120 overnight 67
6 DMF 140 overnight 20
7 DMSO 120 overnight 52
8 DMAc 120 18 56
9 PEG 120—140 overnight 25
10 DMAc 140 overnight 44
1" DMF 120 9 49¢

@ All the reactons were conducted on 0.5 mmol scale. ? Isolated yields. ¢ The reaction was

uncompleted, recovered 11% S.M. Yields were determined from crude 'H NMR with
dibromomethane as an internal standard. “The reaction was perfromed by using 2eq Cs,COs;.
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fOA s ALY BAF I R i E o Y Bk Ac & 3.6 1T o

BALEHF RATFEREFHE > § F BIEA M 100 °C pF o (entries 1,
2) "RIF R 2H 82 0 BA R 100 °C BRI F & 5| 52%hA Y o b
¥ 11%de 44 5 o B A KRS 3 140 °C PRI F & 5 5] 20%hA e 0 T i
AP LI RN ERAESFT afﬁ%m?%a%#aﬁwq

=&, gd g EAED 120°C(entry5) s QT L E T 67% A P o

o

¥ooby ¥ FE RENARETEE 0 2 DMSO 2 DMAC iF &

°C 2 140 °C & 7 F f& > R & # ¥ ¥ 44-56% = % h & F

PEG(polyethylene glycol) i 2 2% » # B R 5 120°C pFrm 28 4 F & » 7
BA B RET 140 °C (4 F REcd > 2 fa 75 25%chA P o Flpt A9 5%
entryS s B IE MR F R RIEEaHE o

2014 & Liu %322 R 7 BHE 2 0 — £ iR A fe b v & B

B L WA BT E Skl S F BB F R4cT B 3.18 o

B 318 LiukgF 22 Fivkm & 2 & Ji
C32CO3 (2 eq )

x_COOH  CuCl,e2H,0 (50 mol%)
OH o

DMF
100 °C

Li, H.S. ;Liu, G. J. Org. Chem. 2014, 79, 509-516

S+ B Liu FFeaEp i > ¥ E4e M A £ G TRV ERGE 7R R U
Fleni k4o 4 37 S
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% 3.7 40 » g (I)RAE 7 F il

CSzCOg, (1 GQ)
CuCl,e2H,0 (X eq.)

=
O O DMF (2mL)
5 6
Entry? X (eq.) Temperature (°C) Time (h) Yield (%)°
1 0.25 r.t.—120 35 19
2 0.5 r.t.—120 5.5 34
3 0.5 r.t.—100 overnight 45
3 0.5 r.t.—80 overnight 24
4 0.5 r.t.—>80—100 overnight 48¢
5 0.5 r.t.—80 overnight 204

a All the reactions were conductd on 0.5 mmol scale. b Isolated yields. ¢ Reaction was performed under
N, atmosphere,and completed at 100 °C. 4 Reaction was performed under O, atmosphere.
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d PR 2SRV BRI BAEERAer T R AR R BiER K
FPER € 4 overnight x> & 3-6 -] % > @ & F4r*s 1 20-35% (entries 1,
2) R REEIDIF B AERY TE R g FIRE RER R

100 °C 2 80 °C :&{7plz&(entris 3-5) » B IE BV ARMNIGE R T 87 »
REAEEHRDT100°CH i F BRBERMEF REFPEF > P A F FIEET R
WA T LI/ T 48% 0 Tl E-entry 4 B B IR 0 EiE 7 e adv iR

BT £ 38471

.38 @ * % b erdp ()G F
C32C03 (1 eq)
HO OO copper reagent (0.5 eq.)
o]
=
DMF (4 mL)
N,, r.t. & 100°C

overnight
5 6
Entry® Copper reagent yield (%)

1 = 52¢
2 Cu(acac), messy
3 CuCl,2H,0 45

4 Cu(NO3),2.5H,0 49

5 CuO 50

6 CuSO4 5H20 58

7 Cu(OAc), H,0 66

8 Cu(OAc), 68

9 CuCl 21
10 Cul 594
11 MnCl, 42

“ All the reactions were conducted on 1 mmol scale. ? Isolated yields. °The reaction was uncompleted,
and 11% S.M was recovered. © The reaction Wi:"zhlncompleted, and 14% S.M. was recovered.



Rygt2%% > %172 poadp():EH > 5@ % pep ik padr (entry
2= F Fl.‘%-ﬁ%%%éi‘; @ EDAPOPIRAL S R R Z ke b
4 (1) 2 o Be 4k (1) (entries 3-4) » ¥ (B 3] 45-49% A $ 5 @ * 5 “ 4 (I1) % &
fadr o v ¥ 5] 58-66%hA 0 HY & FHBAFaE i@ gf'ﬁﬁﬁiﬁk(ll)éﬁiﬁd
VOLEFIRE 5 66%A F 0 mANiEs LA 2K ﬁ?ﬁ%"ﬁﬁ{s}?(ll)é#é’?déﬁﬁ & &
RO FRAFAFALRAG o AP R @ () 2 ()R AL
o g (entries 9-11) 0 & B4R A ok (l]) 0 A F HF 3 20-59% - A FE B

-

BB ey BT AR Fokm A ()RS B o (1) - s g
ERERAE ’lz’iir'f%l3.9b'“r7r\°
%89 NERMAFEMERI FESEEE R
C32C03
HO Cu(OAc),eH,0
O
= DMF 4 mL
SRA® .
r.t.— 100 °C
5 6
Entry?  C$:CO03(eq)  Cu(OAc), HyO (eq.) Gas time (h) yield (%)?
1 1 0.5 N, overnight 67
2 1 0.5 Ar 11 57
3 1 0.5 atmosphere 1.5 59
4 1 1 N, 2 52¢
5 1 1 N, overnight 59
6 0.5 1 N, 24 67
7 0 1 N, 16 57
8 1 1 atmosphere 1.5 57
9 0.5 2 atmosphere 5 62
10 1 2 atmosphere 4 66

@ All the reactions were conducted on 1 mmol scale. ? Isolated yields.© 23% S.M. was recovered after column

chromatography.
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YL OB AR GG AFEAIRE » F AR R RiOt g F TR
(entry 4) » Be2R F EPE R S5 > A F AT R D B7% 0 FIM R AU F TG
TR AR T A RN R R AR B o Gy B 1 15 £
P Asdnde it 20 R TLC 2 i 4 (entry 2) » & 55 P2 ¥ 4k 4754
v is > Fre 3] 52% A F o B REw YT 23%dzdn g o JRplF R F A
iﬁ%MﬁﬁWuﬁf@ﬁ@W’F@ﬁﬂm%ﬁﬂ%wfﬁéﬁﬂ,mjﬂ
A Y AR BERE S FP AWM w e DA o

Ao #F fePEFAE £ 3 overnight(entry 3) » ¥ it f5 024 8 Fldzdnde
AR DT 59%E A oo i R LT B IEEAIE § & e B
Eooita g3 A o T Has A eh £ g (73 & (entries 5, 6) -
R F PR A S b RAL AT @] endo kiR .

g (I)EA 2 g Bid e 5 15 2EFF P FRH#EF & AEZ
FEx(entry7) @ A% BP KANE FIR o FWMIF B 15 FR D

Fle= o 2 5@H R i Eeadednd » 73] 55%mZt-$ v BEAR 4L
ORI e F F kf”F B i@ adFad F o ik BREFER
bl EmE R AL o AT entry 7 ng & 0 F F BNIFAL G OeDE ME RhpERF oo
Flpteo g ar (INEAenig * £ 3 05 2 2 5 £ (entries 3, 10) > #HF it &
155/ pFigak mx2d > B9 entry 106 TAD @D 3 ASF > a F B
PRd IR AEHET 4 )M PRAF BREFEF G AR A 13

i
entry 6 cni % > Bk EH i r £ 3 05 F BB LT K2 A F(entry
9) eAp¥ R FI 62% A 5 o Flpt R A R 1§ &R AE 2
ii% mﬁ“;(”)vé’?’f' ’ I’i—_:r_ *} TORE R E] TR HEZ 3T 100°C | s B IE I o

FIRS AR AF(DER S entry 7 BF O F Iﬁbé_#“éf T &3 6 ¢
ﬂ@ﬂ?M%ﬁiﬁiﬁézﬁiﬁﬁz#’ﬁg#%ﬁ?éﬁéﬁﬁﬂ@
oo K d Xeray Hes4seHpl oo M ER SRR A 2 LAt o B E RS
% X-ray $ed4 5k 3 Bl 4o B 3.18 #1oT o
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HO OO Cu(OAc),*H,0 (1 eq.)
0
F DMF 4 mL
DA R
r.t.— 100 °C

16 h

Bl 3.18 rodw(l)#A H p it 73] ehs kA 4

AFE 2 AREH A HBIT () g R T > md ¥ - K
M is > SEA I B A2 g%g.%ﬁ(u)gﬁg}qggﬁéu s R F BRI
-i 3 Kiﬁjf 4 % mjmﬁjﬁ})*f” ’ ‘H’%" 3 1‘]’ 'F)‘r/{ lg'f_i;ﬁ—— d-l}m,{;ﬂ;i: ji'%;?g— o

E?T*Q g S R E R R T ER R A A
bedr e 7R s 0 JEP R R Pk 1 dok 310 414
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%310 WA BERARRAAFEAE B

Cu(OAc),eH,0 (2 eq.) o Ar
HO Cs,CO5 (1 eq.)
0]
DMF, air
/ )
Ar Ar r.t.—100 °C
6 7
Entry“ Substrate Product Time(h) Yield(%)”
o I
1 Q Ta 4 66
OO
6a
wo I
(e}
2 O = O Tc 3 68
Cl 6c
o () O
(@] (0]
(6]
Cl Cl Q
6d
o I
O
4 7t 3.5 71
7 C
Br
6f
o [T
O
5 _ g 2 81
O,N I I

(=)
[ E]



6 7h 1.5 64
7 7i 2 75
8 7 1.25 79
9 7q 1.25 44
@ All the reactions were conducted on 1 mmol scale. ? Isolated yields.
P A i o d B 1 iE TR B e 6 B 44-81% 0 A I B

RAg FRERG S At o RS REgl A 4 PP o v A
g i REEsgea o AApi(entry 9) 0 A 5 € "% K1 44% > iRl EpeTk kit
R R - SR TRP AT R AR

AEERR Y BT 0E D] 44-81%0A F o G e g B oo F
Awtﬁﬁ Gk A Ak R TR R AR 0 K A &%ﬁﬁé%
REORERE o d v E prr R g (AR 20§ & Tt ok Ao gk st
FE R raEg()ss Bk H 2 %40 £ 3119757 -
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2 311 pd e B2 et by R A ()R AE 75 &

HO Cu(OAc),eH,0 (X eq.)
o Cs,CO5 (1eq.)

DMF

=
O O MW 100 °C
15 min
6a Ta
Entry® Cu(OAc), H,0 (X eq.) Time (min) Yield (%)°
1 0.5 90 57
2 1 60 55
3 2 15 66

@ 200 MW, CEM Discover S-Class. ? All the reactions were conducted on 1 mmol scale.Isolated yields.

ot dotrr o g pEpaar (1)@ Ay 8" 1 05 % 14 £ (Entries 1 -
2)» #TEFIehA F 5 55-57% > @ K RPFR 5 60-90 &~ 45 o @ o * Ao AriF I

g TR 0 2 B par()RAE F R o BlE AR REER 15 A
!f%fg i F 66%@& G %o Fpt s Entry 3 gah E AR S @ % ikt
ppe 2 4 B F()ERE AR o b EnF PR b

é_” o 8 wwucz&/w 15 f63 B i fhehit & g it 7R R hiRlE 0 F T
R AeT 4 312 #5F o
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312 Mk e B2 HA BB AA S E G R R

HO Cu(OAc),#eH,0 (2 eq.)
o Cs,CO3 (1 eq.) Ar

DMF
AT MW?® 100 °C
6 7
Entry? Substrate Product Time(min)  Yield(%)”

1 T7a 15 68
2 Tc 20 51
3 7d 15 65
4 7 25 66
5 7g 35 72
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7h

7i

7j

7k

71

7m

15

15

20

30

30

20

64

67

72

70

61

71



7n 10 67
13 ) 20 71
OMe
o (1 o
0
) 7p 20 64
=
DRA® <)
6p
o I
15 Q 7q 20 62

@ All the reactions were conducted on 1 mmol scale. ? Isolated Yields. ¢ 200MW, CEM Discover S-Class.

Ript28%  R*PMABRBESTAFTRZF B i ruhdr i
PR B2l 3@, M 0BRSS RAEAF R 0 T

1 = R
AF P R e o 7 5% B1-T2% 20 Y o d N S A iE B 01 Bl end

FRE o PP AR AFACINAFIRY b 2R AR T 0 Ao » B R

54-7 KU Z 47 F K 2 BERRAGHE AR S S L Sdednpisae
* & Jis(entries 8-14) » & R PF R 30 4 45 5 3] 64-71%0 2 3

o

’—

f

)
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AEF A BN ARk A PRI ’#Q##%%g%ﬁéﬁ;
2R EBAE S FREAAAFAS > H g %4oT £ 3139757 o

2303 1 2B AN A2 Asdib e T b

Cu(OAC),eH,0 (2 eq.)

Cs,CO3 (1 eq.) / .\

X=Cl, Br
6 7 8
Entry® Substrate Product condition 7(%)" 8(%)"
o (I
O "
1 P r.t.—>100 °C 45¢ 17¢
I Cl
6b 7b
(o]
2 6b 7b 100°C 31 36
Microwave
3 rt—>100 °C trace 64
6e Te
(o]
4 6e Te _100 C ¥ trace 75
Microwave
“ All the reaction were conducted on 1 mmol scale. ® Isolated yields.  NMR yields. ¢ MW; 200W, CEM Discover D-
Class. I AR BB A L
SRRy S R R

2

A fEAS 0 AU ERATFHEF g f 7o
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PRSI * ) T RO E zqw 8 B AEd 1 3
ﬂ>ww%&ﬂ CATF LS ﬁAﬁ%T@3wa

o

B 3.19 ~ ~ Ik A& I 2. X-ray $Eit B

¥ 2% dE 5 & pF(entries 1, 3) 0 M Bk & ¥
5 17%H 8 A4 » @ Mk 4o £E R g 3] 31%:H 7h A 4~
fRR Flatd X 8 AP AT & R BRE 0 A Mok o B2
Fag o @A B AP At B -

3] 45%:h 7b A 4~

% 36%_5’18)7})3%;'
- PR R ORI

¥ 25 F LiLPE(entries 2, 4) R E AT E@IHE - L ehFd 8

A Te W2 trace ehA F 33 o MG ALD 2 2 e o R TR Bl enA 5 e )
-

= 64%% 75% > ¥
Hr AL SRR

*mlh

ST
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FrtiEp T R B pANTRRAE BT T R AR
BF o T A Y A~ b AdrdlH Galvinoxyl 0 72 #-F Bt F
FRBTF L F % 4o B 320 4

Cs,CO5 (1 €eq.)

Cu(OAc),*H,0 (2 eq.)
HO Galvinoxyl (50 mol%)

@)
= DMF 4 mL
J O g
r.t.—100 °C
1 mmol 6h
Cs,CO3 (1 eq.)
HO Cu(OAc),#H,0 (2 eq.)
O
¥ DMF (4 mL)
J 70 0
r.t.—100 °C )
1 mmol 25h NMR yield: 56%

B 3202 kiR EE2pd AF R

BT OUFERT] > BEfR 4 » Galvinoxyl &3 F F ¢ F B ehpE Rt £ o
e F BB ipbefis f Biefed > ¥ 3 BFHRTET DA F A B S 56, 57% o
41 'gmgﬁl}i% Ao Bl pIEREeTE R e S kiR 0 AF BT ZEE
AE T e
%% B Liu Fcfeahe 18 Pl Ak e 7ok f@;ﬁﬁ%# v B A A g
MR At 6 PR AREFIF IR REF RIAF AL PR
r(I)EH 2 P EHEE BRI 25 ML THF R LZ
BAS g () EFRFERLEE R X ETF Cu(lll)ege & 5
BT RAN I F R T @R OE I Ekm Ay 7 & f@%}ﬁﬁéﬁr‘f
B] 3.21 #171 o

,

i
pod
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ok

- AcO[Cu"]
5 Base C[U]O
/ /
O O O O Rz O

[Cu'"|(OAc), * Base — [CulOAc

o Reductive elimination /O ! !
O = O AcO[Cu"l___
P v

B 321 4Rl & & sz F 1R

FAMFF 2 5IRdF A BT F R B AR R AL s
CEE T SRS R S (OF LY IORE N R 2
¥ G E M R 69 F f AT (oxide) 1 2 ¥R B a(NEFEE R
W EefFerikErFRRAY 2 F B QEI SN ~FRAY 8 RIS &
o 4f 4o B 3.22 677 o
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[Cu"[(OAc), * Base —= [CuOAc X

Bl 32242 & ~ 2Tk A& 12 F sy

e bR st SR g R AR DE Fekea 4 A8 g 4 GRL
F2E R A AR o d SNLAR RO R SR A 2o gl
a1 FEF o F R Z BB (N ihdedede Be TR R F
EEIANARAP 8 @ BTG @R ALY HE Ak A S Teo
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3'4\ .-5:“;'%

AR JE I GRS Dt s R AR R RS A A
2-F A 2 A L RREA R T LA e S R 0 £ URRS 2 7oKk (1)
A S B BT AR 5 B A I IIL G PR g Ak
A4 e

R R g NI SN AR Lt S
7 7] 60-80% # 4% chA & o
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3-5, R&;M™A

3-5-1, - HRH%>Z

1.¥% % + 4= £ 3# (Nuclear Magnetic Reasonance Spectroscopy) * #§ #(NMR): 4
Brucker Avance 400 ¢ Bruker Avance Il HD 400 %z £ & & 38 % 5 P TR
B RS2 E 7 A& 7(CDCly) 7 it = 7 A s (DMSO-d6) - i+ 5 i~
# (chemical shift)2 ppm 2 HE = » IH-NMR k2§ v & = # 12 % # (chloroform)
APMERE S FEHCE S L 5= 7.26 ppm - H-NMR sk 3 4 %] 35 5% (splitting
pattern)shz_& s> H & # (singlet) ; d » g & 4% (doublet) ; t » = & ' (triplet) ;
q-° H &% (quartet) ; quint > 7 & (quintet) ; m > % & 4 (multiplet) - & & ¥
#c(couple constant) )4 J % 77 » B =5 Hz o B3 Hdp2 cérx R I P F 2
(AH255% > B & F# &) BC-NMR k3T 3 K B i L5 H
113 it & #(CDClg) & p #-2F » 2 & B it & =4 5 6=77.23ppm -

2. R ¢ K ~ 47 % (Thin Layer Chromatography - # # TLC) : # * Merck

silica gel 60 Fosqcigs &g F BB {3 » B P FA R R RIgARE K ¢ K~ 47

B

3.% £ ¢ & 4~ +7 (Column Chromatography) : #& * Merck Geduran® Si 60
(0.063-0.200 nm) ¥ 5 3 v 4~ » * 4o B E-ig K 47 (flash column chromatography)

-

% Still erdfe 177 /2 ko 3 o i Bk (eluent) B A5 f505 &)k sb > SR E

B R o jed ik 5 8RB ML M &

4. % 3 (Mass spectroscopy > i # MS) @ ™ f# 45 F 3% (Low Resolution Mass
Spectroscopy > # - LRMS) © & £ <7 « & #4224 32 Finnigan TSQ 700 El,
LCQ advantage ESI spectrometer - f# +7 & % (High Resolution Mass

3
Spectroscopy > # i HRMS) @ & 32 (% < § w4284 32 JEOL JIMS 700 > 12 % ¥
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etk & 50 4202 JEOL JMS 700, Applied Biosystem, DE-PRO g Waters,

LCT # 5 il %o % 407528 2 7 £ /% i (/)

5. X--kH & Y5k 2k 1 8 * Nonius Kappa CCD %2 Bruker Kappa APEX 11 i %
RETRE - AL FFRFHREPHEN AT ERER T ¥ o ilip] o

6.4 BL(melting point » f§ £ mp) : &4 Mel-Temp 3 8RR 2 &k T 7R 2 2t &

A ARD -

T E R e A R R AR S F R H S A e 0 Bl

AR L

8. % E ;i & = ik (Microwave reactor)$ * CEM Discover S-Class °

144



BF F EBT o 425 10 mmol (1 eq.)sh ¥ fpd > EF 4 r 10 mL chi
Kz F 9% > L4~ 10 mmol (Leq)¥e % BEFAKBZTEES > 10
mmol (1 eq.)= ¢ %> & {& £ 4 » 0.2 mmol (0.02 eq.) iy k&2 >z R Tk
B o 72 TLC Hrgsns B d - 1% = & 9 %55 = (3*10 mL) » Jc &} 18
%?ﬁﬁm&&%$’%¥ﬁﬁﬁﬁﬁ%§m’%@ﬁg%ugﬁ%ﬁ
(EA/Hex = 1:20) ~ 38 3] A 4~ 1la-1n o

2.5 & Az dadr 6a-6q chd & I ¢

F=2~ 5mmol(1 eq.)=7i & 4+ la-1q > #% % 4 » Smmol(1 eq.):H 2-% fis %
0.25mmol(5 mol%) s "ok fs » 4 » 25mL e7? ¥ i 53 % > £ 4 » 5mmol
(leq)enz= & i“ /A » B B#% - 3 120°C @& 2% ;i > 2 TLC P rran s &
ko R kSRR A U E AL GRS BT S AR H s
YRR L R figiie 2 S (3*10 mL) o R-FRE gL 18 B 3] A 4 6a-6q -

9y

3.& *dzdn e Ta-7q 0 & %\'ﬁ% :

F=B~ Immol(l eq.) it & la-lq > #&¥F 4 » 2 mmol (2 eq) 3 -k

(1) > 4c > A mLenDMF 15 2% > & 4~ 1 mmol (1 eq.)srwd fié4¢ > 12

Mgt B BRERFEAT 100°C2FF B TLC Pt r B d o I

e e fia P2 X (3¥10 mL) > £ ARG R ke = (3*10 mL) 0 T 5

%%*@«m&ﬁ%«’%%ﬂﬁ%ﬁﬁ%@w,w@mg%ugﬁ%ﬁ
(EA/Hex = 1:20) 4 318 ) & 4 7a-7q o
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1-(4-chlorophenyl)-3-p-tolylprop-2-yn-1-one (1k)

O
s
AT S
1k

Brown solid with the melting point 114-115 °C; 'H NMR
(400 MHz, CDCl3): 6 8.15 (dt, J = 9.0 Hz, J = 2.1 Hz,2H),
7.58 (dt, J = 8.2 Hz, J = 1.7 Hz, 1H), 7.48 (dt, J = 9.2 Hz,
J = 2.2 Hz, 2H), 7.24-7.22 (m, 2H), 2.41 (s, 3H ) ; C
NMR (100 MHz, CDCls): 6 176.9, 142.0, 140.8, 135.6,
133.4, 131.0, 129.8, 129.2, 117.0, 94.6, 86.7, 22.0
HRMS(EI) m/z calcd. for CiH110Cl (M*) 254.0498,
found 254.0504.

1-(4-nitrophenyl)-3-p-tolylprop-2-yn-1-one (11)

o
o
ol 0
11

1,3-dip-tolylprop-2-yn-1-one (1m)

O
> C
1m

Brown solid with the melting point 161-162 °C ;*H NMR
(400 MHz, CDCls): 6 8.36 (s, 4H), 7.60 (d, J = 8.1 Hz,
2H), 7.26 (d, J = 8.0 Hz, 2H), 2.42 (s, 3H) ) ; *C NMR
(100 MHz, CDCl3): & 176.1, 151.0, 142.6, 141.3, 133.6,
130.6, 129.9, 124.0, 116.5, 96.4, 86.7, 22.0; HRMS(EI)
m/z calcd. for C1sH1:NO3 (M) 265.0739, found 265.0742.

Yellow solid with the melting point 86-88 °C ; 'H NMR
(400 MHz, CDCls): 6 8.11 (d, J=8.2 Hz, 2H), 7.57 (d, J =
8.0 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 7.22 (d, J = 8.0
Hz ,2H), 2.44 (s, 3H), 2.41 (s, 3H) ; *C NMR (100 MHz,
CDCls): 8178.0, 145.3, 141.6, 134.9, 133.3, 129.9, 129.7,
129.5, 117.4, 93.5, 87.1, 22.0, 21.9; HRMS(EI) m/z calcd.
for C17H150 (M*+H) 235.1123, found 235.1123.

1-(4-chlorophenyl)-3-(4-methoxyphenyl)prop-2-yn-1-one (10)

(0]
S
T
OMe

1o

Brown solid with the melting point 118-119 °C ;'H NMR
(400 MHz, CDCl3): & 8.15 (d, J = 8.5 Hz, 2H), 7.64 (d, J =
8.7 Hz, 2H), 7.49 (d, J = 85 Hz, 2H), 6.94 (d, J = 8.8
Hz ,2H), 3.87 (s, 3H); *C NMR (100 MHz, CDCl5):176.9,
162.1, 140.7, 135.7, 135.4, 131.0, 129.1, 114.7, 111.8, 95.1,
86.8, 55.7; HRMS(EI) m/z calcd. for CisH120.Cl (M*+H)
271.0526, found 271.0526.
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3-(4-methoxyphenyl)-1-p-tolylprop-2-yn-1-one (1p)

Brown solid with the melting point 100-102 °C ;'H NMR
(400 MHz, CDCl3): 6 8.11 (d, J = 8.1 Hz, 2H), 7.64 (d, J =
8.8 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 6.93 (d, J = 8.8
Hz ,2H), 3.85 (s, 3H), 2.44 (s, 3H); C NMR (100 MHz,
CDCls): 178.0, 161.8, 145.2, 135.3, 135.0, 129.8, 129.5,
114.6, 112.2, 94.0, 87.1, 55.6, 22.0; HRMS(EI) m/z calcd.
for C17H150, (M*+H) 251.1072, found 251.1072.

(2)-3-(2-hydroxynaphthalen-1-y1)-1,3-diphenylprop-2-en-1-one (6a)

Orange solid with the melting point 265-267 °C; 'H
NMR (400 MHz, DMSO-ds): 6 7.90 (d, J = 7.2 Hz, 2H),
7.84 (s, 1H), 7.78-7.76 (m, 1H), 7.73 (d, J = 8.9 Hz,
1H), 7.54 (t, J = 7.3 Hz, 1H), 7.48-7.33 (m, 8H), 7.24-
7.18 (m, 2H), 7.14 (d, J = 8.8 Hz, 1H) ; C NMR (100
MHz, DMSO-ds): 6 190.0, 151.4, 18.7, 139.9, 138.1,
132.9, 132.7, 129.3, 128.9, 128.7, 128.5, 128.2, 128.0,
127.8, 127.2, 126.2, 125.2, 123.9, 122.4, 118.7, 118.2;
HRMS(EI) m/z calcd. for CxsH170, (M-H) 349.1229,
found 349.1225.

(2)-1-(2-chlorophenyl)-3-(2-hydroxynaphthalen-1-yl)-3-phenylprop-2-en-1-one (6b)

Orange solid with melting point 175-177 °C; *H NMR
(400 MHz, CDCls): & 8.66 (d, J = 9.2 Hz, 1H), 8.42-8.40
(m, 2H), 8.20 (d, J = 9.2 Hz, 1H), 8.09 (d, J = 7.9 Hz,
1H), 7.83 (d, J = 8.6 Hz, 1H), 7.74-7.68 (m, 4H), 7.66-
7.59 (m, 5H), 7.46-7.42 (m, 1H) ; 3C NMR (100 MHz,
CDCls): 6 168.8, 167.9, 161.7, 144.9, 138.0, 135.6,
134.4, 133.9, 133.0, 132.5, 131.7, 130.9, 130.5, 130.3,
129.9, 129.0, 128.3, 128.2, 128.2, 128.0, 124.5, 122.7,
117.9; HRMS(EI) m/z calcd. for CuzHi6ClIO; (M™-H)
383.0839, found 383.0836.
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(2)-1-(3-chlorophenyl)-3-(2-hydroxynaphthalen-1-yl)-3-phenylprop-2-en-1-one (6¢)

Orange solid with the melting point 250-252 °C; 'H
NMR (400 MHz, DMSO-de): 6 9.56 (s, 1H), 7.82-
7.71(m, 5H), 7.57-7.55 (m, 1H), 7.49-7.47 (m, 2H),
7.42-7.33 (m, 5H), 7.26-7.18 (m, 2H), 7.13(d, J = 8.9
Hz) ; *C NMR (100 MHz, DMSO-dg): § 189.4, 151.5,
1495, 139.9, 139..7, 133.3, 132.8, 132.2, 130.3, 129.5,
129.1, 128.7, 128.0, 127.8, 127.7, 127.3, 126.6, 126.3,
125.1, 123.8, 122.5, 118.3, 118.1; HRMS(EI) m/z calcd.
for CzsH17,CIO; (M*) 384.0917, found 384.0914.

(Z2)-1-(4-chlorophenyl)-3-(2-hydroxynaphthalen-1-yl)-3-phenylprop-2-en-1-one (6d)

Orange solid with the melting point 290-292 °C; 'H
NMR (400 MHz, DMSO-ds): & 7.89 (d, J = 8.6 Hz, 2H),
7.81 (s, 1H), 7.75 (t, J = 9.6 Hz, 2H), 7.46 (t, J = 7.9 Hz,
4H), 7.39-7.33 (m, 4H), 7.24-7.18 (m , 2H), 7.15 (d, J =
8.8 Hz, 1H) ; *C NMR (100 MHz, DMSO-ds): 6 189.2,
151.5, 149.2, 139.8, 137.5, 136.8, 132.8, 130.0, 129.4,
129.0, 128.7, 128.5, 128.0, 127.8, 127.2, 126.3, 125.0,
123.9, 122.5, 118.5, 118.2; HRMS(EI) m/z calcd. for
C2s5H16CIO; (M™-H) 383.0839, found 383.0839.

(2)-1-(2-bromophenyl)-3-(2-hydroxynaphthalen-1-yl)-3-phenylprop-2-en-1-one (6¢)

Orange solid with the melting point 138-140 °C; H
NMR (400 MHz, CDCls): 6 7.65-7.61 (m, 2H), 7.49 (s,
1H), 7.45-7.43 (m, 3H), 7.37-7.21 (m, 6H), 7.06 (d, J =
8.8 Hz, 2H), 6.97-6.87 (m, 3H), 5.61 (s, 1H) ; *C NMR
(100 MHz, CDCls): 6 195.1, 151.1, 147.1, 140.9, 138.8,
132.8, 132.8, 131.4, 130.6, 130.4, 130.2, 129.4, 129.2,
129.2, 128.1, 127.6, 126.9, 126.9, 125.1, 123.7, 119.3,
118.1, 118.0 ; HRMS(EI) m/z calcd. for CsH16BrO, (M-
H) 427.0334, found 427.0332.
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(2)-1-(4-bromophenyl)-3-(2-hydroxynaphthalen-1-yl)-3-phenylprop-2-en-1-one (6f)

Orange solid with the melting point 304-306 °C; 'H
NMR (400 MHz, DMSO-de): 6 7.83-7.73 (m, 5H), 7.48-
7.46 (m, 2H), 7.39-7.32 (m, 4H), 7.25-7.18 (m, 4H),
7.14 (d, J = 8.8 Hz, 1H) ; *C NMR (100 MHz, DMSO-
de): 6 189.4, 151.4, 149.2, 139.7, 137.1, 132.8, 131.5,
130.2, 129.4, 129.0, 128.7, 128.0, 127.8, 127.2, 126.6,
126.3, 125.0, 123.9, 122.4, 118.5, 118.2; HRMS(EI) m/z
calcd. for CysH16BrO, (M-H) 427.0334, found 427.0336.

(2)-3-(2-hydroxynaphthalen-1-yl)-1-(4-nitrophenyl)-3-phenylprop-2-en-1-one (6g)

Orange solid with the melting point 383.1-383.8 °C; 'H
NMR (400 MHz, DMSO-ds): 6 8.12 (d, J = 8.4 Hz, 2H),
7.97 (d, J = 8.2 Hz, 2H), 7.77-7.69 (m, 4H), 7.50-7.48
(m, 2H), 7.37-7.35 (m, 4H), 7.27-7.18 (m, 2H), 7.10 (d,
J = 8.9 Hz, 2H) ; ¥C NMR (100 MHz, DMSO-d¢): &
190.2, 151.7, 150.3, 149.3, 143.2, 139.5, 132.8, 129.8,
129.4, 129.1, 128.8, 128.1, 127.8, 127.4, 126.5, 1254,
123.9, 123.4, 122.6, 118.1, 118.1; HRMS(EI) m/z calcd.
for CosH1;NO, (M*) 395.1158, found 395.1158.

(2)-3-(2-hydroxynaphthalen-1-yl)-1-(4-methoxyphenyl)-3-phenylprop-2-en-1-one (6h)

o 1
(0]
OTC
MeO

6h

Orange solid with the melting point 304-305°C; *H NMR
(400 MHz, DMSO-ds): 6 7.97 (d, J = 8.8 Hz, 2H), 7.78-
7.70 (m, 3H), 7.46-7.40 (m, 3H), 7.33-7.31 (m, 4H), 7.32-
7.20 (m, 2H), 6.88 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H) ; 13C
NMR (100 MHz, DMSO-de): 6 192.3, 164.1, 151.9,
147.1, 140.2, 132.8, 131.4, 130.4, 130.3, 129.6, 129.5,
129.0, 128.3, 127.7, 127.4, 126.6, 125.1, 123.5, 119.9,
119.6, 114.0, 55.7; HRMS(EI) m/z calcd. for CosH2003
(M) 380.1412, found 380.1405.
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(2)-3-(2-hydroxynaphthalen-1-yI)-3-phenyl-1-p-tolylprop-2-en-1-one (6i)

Orange solid with the melting point 278-290 °C; *H NMR
(400 MHz, CDCl3): 6 7.88 (d, J = 8.1 Hz, 2H), 7.78-7.71
(m, 3H), 7.46-7.72 (m, 3H), 7.34-7.30 (m, 4H), 7.23-7.19
(m, 4H), 6.69 (s, 1H), 2.37 (s, 3H) ; ®C NMR (100 MHz,
CDCls): 6 193.1, 151.8, 147.7, 147.6, 144.6, 140.0, 134.9,
132.7, 130.4, 129.8, 1295, 129.1, 129.1, 128.3, 127.6,
127.4,126.7, 125.0, 123.5, 119.7, 119.4, 21.9; HRMS(EI)
m/z calcd. for Co6H2002 (M*) 364.1463, found 364.1459.

(2)-3-(2-hydroxynaphthalen-1-yl)-1-phenyl-3-p-tolylprop-2-en-1-one (6j)

Orange solid with the melting point 278-280 °C; H
NMR (400 MHz, DMSO-ds): & 9.46 (s, 1H), 7.90-7.88
(m, 2H), 7.82 (s, 1H), 7.78-7.75 (m, 1H), 7.73 (d, J = 8.9
Hz, 1H), 7.56-7.52 (m, 1H), 7.42 (t, J = 4.2 Hz, 2H),
7.38-7.36 (m, 3H), 7.24-7.18 (m, 2H), 7.16-7.13 (m, 3H),
7.29 (s, 3H) ; C NMR (100 MHz, DMSO-ds): & 189.8,
15.13, 148.9, 139.1, 138.2, 137.0, 132.8, 132.5, 129.2,
128.7, 128.4, 128.1, 127.9, 127.8, 127.2, 126.1, 123.9,
123.9, 122.3, 118.8, 118.2, 20.8; HRMS(EI) m/z calcd.
for Cz6H200, (M*) 364.1463, found 364.1459.

(2)-1-(4-chlorophenyl)-3-(2-hydroxynaphthalen-1-yl)-3-p-tolylprop-2-en-1-one (6k)

Orange solid with the melting point 311-313 °C; H
NMR (400 MHz, DMSO-dg): 6 7.88 (dt , J =9.2 Hz, J =
2.2 Hz, 2H), 7.88 (s, 1H), 7.77-7.45 (m, 1H), 7.73 (d, J =
8.9 Hz, 1H), 7.46 (dt, J = 9.2 Hz, J = 2.2 Hz, 2H), 7.38-
7.33 (m, 3H), 7.24-7.18 (m, 2H), 7.16-7.13 (m, 3H),
2.29 (s, 3H) ; *C NMR (100 MHz, DMSO-dg): 5 188.9,
151.3, 149.3, 139.2, 137.3, 136.9, 136.8, 132.8, 129.9,
129.2, 128.8, 128.4, 127.9, 128.8, 127.2, 126.1, 123.8,
123.7, 122.3, 118.6, 118.1, 20.8; HRMS(EI) m/z calcd.
for Cy6H19sCIO; (M*) 398.1074, found 398.1074.
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(2)-3-(2-hydroxynaphthalen-1-y1)-1-(4-nitrophenyl)-3-p-tolylprop-2-en-1-one (61)

Orange solid with the melting point 302-304 °C; *H NMR
(400 MHz, DMSO-de): 6 9.58 (s, 1H), 8.12 (d, J = 8.7 Hz,

HO OO 2H), 7.96 (d, J = 8.7 Hz, 2H), 7.40-7.33 (m, 3H), 7.25-

o 7.09 (m, 6H), 2.30 (s, 3H) ; ®C NMR (100 MHz,

_ DMSO-ds): 6 189.8, 151.5, 150.4, 149.1, 143.3, 139.5,

O O 136.5, 132.7, 129.3, 129.2, 129.0, 127.9, 127.7, 127.3,

O,N 126.3, 124.1, 123.8, 123.2, 122.4, 118.1, 118.0, 20.8;

HRMS(EI) m/z calcd. for CasHioNOs (M*) 409.1314,
found 409.1314.

(2)-3-(2-hydroxynaphthalen-1-yl)-1,3-dip-tolylprop-2-en-1-one (6m)

Orange solid with the melting point 293-294 °C; H

NMR (400 MHz, DMSO-de): & 9.42 (s, 1H), 7.83-7.81

HO OO (m, 3H), 7.78-7.75 (m, 1H), 7.73 (d, J = 8.9 Hz, 1H),

Q 7.37-7.34 (m, 3H), 7.25 (d, J = 8.1 Hz, 2H), 7.22-7.18

= (m, 2H), 7.15-7.13 (m, 3H), 2.34 (s, 3H), 2.29 (s, 3H) ;

O O 13C NMR (100 MHz, DMSO-de): & 189.1, 151.3, 148.5,
6m 142.9, 139.0 ,137.0, 135.7, 132.8, 129.2, 129.0, 129.6,

128.3, 127.9, 127.8, 127.1, 126.0, 123.9, 123.9, 122.3,

118.2, 21.1, 20.8; HRMS(EI) m/z calcd. for CyH2 02
(M-H) 377.1542, found 377.1540.

(2)-3-(2-hydroxynaphthalen-1-yl)-3-(4-methoxyphenyl)-1-phenylprop-2-en-1-one (6n)

Orange solid with the melting point 257-259 °C; 'H

NMR (400 MHz, CDCls): & 7.93-7.91 (m, 2H), 7.77-
7.71 (m, 3H), 7.50-7.43 (m, 2H), 7.39-7.35 (m, 4H),

HO OO 7.27 (d, J = 8.9 Hz, 1H), 7.26-7.22 (m, 3H), 6.84-6.81

O (m, 2H), 6.31 (s, 1H), 3.78 (s, 3H) ; 3C NMR (100 MHz,

% CDCly): & 192.9, 161.3, 151.5, 148.0, 137.9, 133.3,

O O _ 132.8, 132.0, 130.4, 129.4, 129.1, 128.7, 128.7, 128.3,
6n o 126.7, 125.0, 124.9, 1235, 119.6, 119.1, 1145, 55.6;

HRMS(EI) m/z calcd. for CxHi190s (M™-H) 379.1334,
found 379.1334.
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(2)-1-(4-chlorophenyl)-3-(2-hydroxynaphthalen-1-yl)-3-(4-methoxyphenyl)prop-2-en-1-one
(60)

Orange solid with the melting point 295-296 °C; H
NMR (400 MHz, CDCly):  9.43 (s, 1H), 7.89 (d, J = 8.4
HO OO Hz, 2H), 7.77-7.73 (m, 3H), 748-7.34 (m, 5H), 7.24-7.13
o (m, 3H), 6.90 (d, J = 8.8 Hz, 2H), 3.75 (s, 3H) ; 1°C
P NMR (100 MHz, CDCly): & 188.5, 160.5, 151.2, 149.4,
O O 137.2, 137.1, 132.8, 131.7, 129.9, 128.9, 128.7, 128.4,
- o | 1279 1278 1261, 1238, 1223, 122.2, 1187, 1181,
114.1, 55.3; HRMS(EI) m/z calcd. for CsH1s03Cl (M™-H)
413.0943, found 413.0944.

(2)-3-(2-hydroxynaphthalen-1-yl)-3-(4-methoxyphenyl)-1-p-tolylprop-2-en-1-one (6p)

Orange solid with the melting point 225-227 °C; H
NMR (400 MHz, DMSO-dg): & 9.40 (s, 1H), 7.83-7.73

HO OO (m, 5H), 7.42-7.36 (m, 3H), 7.26-7.15 (m, 5H), 6.90-
6.88 (m, 2H), 3.74 (s, 3H), 2.34 (s, 3H) ; *C NMR (100

_— MHz, DMSO-ds): 6 188.8, 160.3, 151.2, 148.5, 142.7,

O O 135.9, 132.8, 132.0, 129.0, 128.8, 128.5, 128.2, 127.9,
o~ 127.8, 126.0, 123.9, 122.4, 122.3, 119.1, 118.2, 114.0,

55.2, 21.1 HRMS(EI) m/z calcd. for C»;H2105 (M™-H)
393.1491, found 393.1491.

(2)-3-(2-hydroxynaphthalen-1-yl)-3-phenyl-1-(thiophen-2-yl)prop-2-en-1-one (6q)

Orange solid with the melting point 264-266 °C;'H NMR

(400 MHz, CDCls): § 7.87-7.86 (m, 1H), 7.80 (d, J = 8.9
Hz, 1H), 7.75-7.73 (m, 2H), 7.62-7.61 (m, 1H), 7.44-7.40

HO OO (m, 3H), 7.35-7.29 (m, 4H), 7.24-7.21 (m, 2H), 7.13-7.10
(m, 1H), 6.26 (s, 1H) ) ; **C NMR (100 MHz, DMSO-ds):
S = 5 184.1, 151.5, 149.2, 145.2, 139.9, 134.7, 132.7, 132.6,
O 130.5, 130.2, 129.5, 129.1, 128.5, 128.4, 127.6, 126.7,

6q 125.7, 125.0, 123.6, 119.6, 119.2; HRMS(EI) m/z calcd.
for 356.0871 C23H1602S (M) 356.0871, found 356.0874.
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phenyl(1-phenylnaphtho[2,1-b]furan-2-yl)methanone (7a)

Yellow solid with the melting point 142-144 °C; ‘H
NMR (400 MHz, CDCls): § 7.97-7.92 (m, 4H), 7.75 (d,
J=9.0 Hz, 1H), 7.69 (d, J = 8.3 Hz, 1H), 7.52-7.45 (m,
7H), 7.40-7.33 (m, 3H) ; *C NMR (100 MHz, CDCls):
6 184.9, 153.2, 148.0, 137.7, 133.0 ,132.6, 131.7, 131.3,
130.5, 130.1, 129.9, 129.4, 129.0 ,128.8, 128.5, 128.3,
127.2,125.4, 123.5, 122.2, 112.9; HRMS(EI) m/z calcd.
for CasH1602 (M*) 348.1150, found 348.1144.

(2-chlorophenyl)(1-phenylnaphtho[2,1-b]furan-2-yl)methanone (7b)

Yellow solid with the melting point 167-169 °C; 'H

NMR (400 MHz, CDClz): 7.94 (d, J = 9.0 Hz, 1H), 7.93
(d,J =79 Hz, 1H)7.74 (d, J = 9.1 Hz, 1H), 7.51 (d, J =
8.5 Hz, 1H), 7.47-7.43 (m, 1H), 7.38-7.35 (m, 2H), 7.32-
7.24 (m, 5H), 7.20-7.14 (m, 2H), 7.18-7.08 (m, 1H) ; *C
NMR (100 MHz, CDCls): 6 184.4, 154.0, 147.7, 138.5,
132.8, 131.0, 131.6, 131.4, 131.3, 131.2, 129.8, 129.7,
129.5, 129.4, 129.1, 128.5, 128.5, 127.4, 126.5, 125.5,
123.2, 1224, 113.0; HRMS(EI) m/z calcd. for
Ca2sH16CIO, (M*+H) 383.0839, found 383.0832.

(3-chlorophenyl)(1-phenylnaphtho[2,1-b]furan-2-yl)methanone (7c)

Yellow solid solid with the melting point 155-157 °C; 'H
NMR (400 MHz, CDCls): 6 7.96 (d, J = 8.8 Hz, d), 7.86(t,
J = 1.8 Hz, 1H), 7.80-7.75 (m, 2H), 7.70 (d, J = 8.3Hz,
1H), 7.50-7.43 (m, 7H), 7.38-7.29 (m, 2H) ; C NMR
(100 MHz, CDCls): 6 183.4, 153.4, 147.5, 139.2, 134.3,
132.7, 132.4, 131.3, 131.0, 130.0, 129.9, 129.6, 129.5,
128.9, 128.8, 128.7, 127.8, 127.3, 1255, 123.4, 122.1,
112.9 ; HRMS(EI) m/z calcd. for CzsHisClIO, (M)

382.0761, found 382.0761.
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(4-chlorophenyl)(1-phenylnaphtho[2,1-b]furan-2-yl)methanone (7d)

Yellow solid solid with the melting point 146-148 °C;
'H NMR (400 MHz, CDCls): § 7.96 (d, J = 8.9 Hz, 2H),
7.92-7.88(m, 2H), 7.74 (d,J =9.0 Hz, 2H), 7.70 (d, J =
8.2Hz, 1H), 7.52-7.46 (m, 6H), 7.38-7.34 (m, 3H) ; **C
NMR (100 MHz, CDCls): 6 183.4, 153.2, 147.7, 138.9,
136.0, 132.9, 132.1, 131.3, 130.8, 130.0, 129.5, 128.9,
128.8, 128.7, 128.6, 127.3, 125.5, 1235, 122.2, 112.8 ;
HRMS(EI) m/z calcd. for CasHisCIO, (M*) 382.0761,
found 382.0760.

(4-bromophenyl)(1-phenylnaphtho[2,1-b]furan-2-yl)methanonel-b]furan-2-yl)methanone

(77)

Yellow solid solid with the melting point 152-155 °C;
'H NMR (400 MHz, CDCls): 6 7.96 (d, J = 8.8 Hz, 2H),
7.82 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 9.0 Hz, 1H), 7.69
(d, J = 8.3 Hz, 1H), 7.54-7.46 (m, 8H), 7.38-7.34 (m,
1H) ; **C NMR (100 MHz, CDCls): & 183.6, 153.3,
147.7, 136.4, 132.9, 132.2, 131.6, 131.4, 131.3, 130.9,
130.0, 129.5, 128.9, 128.8, 128.7, 127.6, 127.3, 125.5,
123.5, 122.2, 112.8; HRMS(EI) m/z calcd. for
C2sH1sBrO, (M*) 426.0255, found 426.0250.

(4-nitrophenyl)(1-phenylnaphtho[2,1-b]furan-2-yl)methanone (79)

Yellow solid with the melting point 177-179 °C; 'H
NMR (400 MHz, CDCls): & 8.20-8.18 (m, 2H), 8.01-
7.95 (m, 4H), 7.74 (d, J = 9.0 Hz), 7.68 (d, J = 8.4 Hz),
7.51-7.47 (m, 6H), 7.38-7.35 (m, 1H) ; 3C NMR (100
MHz, CDCls): & 182.9, 153.8, 149.7, 147.2, 142.9, 133.3,
132.5, 131.6, 131.4, 130.5, 130.0, 129.6, 128.9, 128.9,
127.6, 125.8, 123.4, 123.3, 122.2, 112.8 HRMS(EI) m/z
calcd. for CzsH1504N (M*) 392.1001, found 392.1001.
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(4-methoxyphenyl)(1-phenylnaphtho[2,1-b]furan-2-yl)methanone (7h)

Yellow solid solid with the melting point 139-141 °C; 'H
NMR (400 MHz, CDCl3): 6 8.02 (d, J = 8.8 Hz, 2H),
7.94 (t, J = 8.5 Hz, 2H), 7.75 (d, J = 9.0 Hz, 1H), 7.70 (d,
J = 8.4 Hz, 1H), 7.55-7.45 (m, 6H), 7.35 (t, J = 7.6 Hz,
1H), 6.91 (d, J = 8.8 Hz, 2H), 3.87 (s, 3H) ; *C NMR
(100 MHz, CDCls): 6 183.3, 163.4, 152.9, 148.3, 133.3,
132.5, 131.3, 130.9, 130.4, 130.1, 130.1, 129.4, 129.0,
128.8, 128.4, 127.1, 125.3, 123.5, 122.2, 113.7, 112.9,
55.6; HRMS(EI) m/z calcd. for CysH1s03 (M*) 378.1256,
found 378.1255.

(1-phenylnaphtho[2,1-b]furan-2-yI)(p-tolyl)methanone (7i)

Yellow solid solid with the melting point 127-129 °C; *H
NMR (400 MHz, CDCl3): & 7.95 (t, J = 8.1 Hz, 2H),
7.90 (d, J = 8.2 Hz, 2H), 7.75(d, J = 9.0 Hz,1H), 7.71 (d,
J = 8.4 Hz, 1H), 7.55-7.46 (m, 6H), 7.37-7.33 (m, 1H),
7.22 (d, J = 8.0 Hz, 2H), 2.41 (s, 3H) ; **C NMR (100
MHz, CDCls): 6 184.5, 153.0, 148.2, 143.4, 135.0,
133.2, 1313, 130.3, 130.1, 130.0, 129.4,
129.0 ,129.0 ,128.7, 128.4, 127.1, 125.4, 123.5, 122.2,
112.9, 21.9; HRMS(EI) m/z calcd. for CyHis02 (MY)
362.1307, found 362.1297.

phenyl(1-p-tolylnaphtho[2,1-b]furan-2-yl)methanone (7j)

Yellow solid with the melting point 129-130 °C; 'H
NMR (400 MHz, CDCls): 6 7.96-7.93 (m, 4H), 7.77 (d,
J=8.4 Hz, 1H), 7.74 (d, J = 9.0 Hz, 1H), 7.53-7.46 (m,
2H), 7.41-7.34 (m, 5H), 7.28-7.26 (m, 2H), 2.45 (s, 3H) ;
13C NMR (100 MHz, CDCls): & 184.9, 153.1, 148.0,
138.3, 137.7, 132.5, 131.8, 131.2, 130.4, 129.9, 129.9,
129.9, 129.5, 129.4, 129.1, 128.2, 127.1, 125.4, 123.5,
122.2, 112.9, 21.7; HRMS(EI) m/z calcd. for CasHi502
(M*) 362.1307, found 362.1297.
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(4-chlorophenyl)(1-p-tolylnaphtho[2,1-b]furan-2-yl)methanone (7k)

Yellow solid with the melting point 145-147 °C ; 'H
NMR (600 MHz, CDCls): § 7.95 (d, J= 7.9 Hz, 1H),
7.95 (d, J = 9.0, 1H), 7.90-7.88 (m, 2H), 7.78 (d, J = 8.2
Hz, 1H), 7.73 (d, J = 9.1 Hz, 1H), 7.48 (td, J = 11.0 Hz,
J =1.1 Hz, 1H), 7.39-7.35 (m, 5H), 7.29 (d, J = 7.9 Hz,
2H), 2.48 (s, 3H) ; *C NMR (150 MHz, CDCls): 5 183.5,
153.3, 147.8, 138.9, 138.5, 136.1, 132.3, 131.3, 131.3,
130.8, 129.9, 129.7, 129.6, 129.5, 129.1, 128.6, 127.3,
125.5, 123.5, 122.2, 112.8, 21.7; HRMS(EI) m/z calcd.
for C26H17CI02 (M¥) 396.0917, found 396.0921.

(4-nitrophenyl)(1-p-tolylnaphtho[2,1-b]furan-2-yl)methanone (71)

Brown solid with melting point 188-190 °C ; *H NMR
(600 MHz, CDCls): & 8.18 (d, J = 8.6 Hz, 2H), 7.99-
7.95 (m, 4H), 7.76-7.72 (m, 2H), 7.51-7.47 (m, 1H),
7.40-7.33 (m, 3H), 7.26-7.24 (m, 2H), 2.43 (s, 1H) ; °C
NMR (150 MHz, CDCls): & 183.0, 153.8, 149.6, 147.3,
143.0, 139.0, 133.6, 131.6, 131.4, 130.6, 129.9, 129.6,
129.6, 129.4, 129.3, 129.0, 127.5, 125.8, 123.5, 123.3,
122.2, 112.8; HRMS(EI) m/z calcd. for C2sH17NO4 (M¥)
407.1158, found 407.1163.

p-tolyl(1-p-tolylnaphtho[2,1-b]furan-2-yl)methanone (7m)

Yellow oil °C;*H NMR (400 MHz, CDCls): § 7.96-7.90
(m, 4H), 7.80 (d, J = 8.2 Hz, 1H), 7.74 (d, J = 9.0 Hz,
1H), 7.50-7.35 (m, 4H), 7.31-7.29 (d, J = 7.6 Hz, 2H),
7.23 (d, J = 7.9 Hz, 2H), 2.48 (s, 3H), 2.42 (s, 3H) ; *C
NMR (100 MHz, CDCls): § 184.4, 152.9, 148.2, 143.3,
138.2, 135.1, 131.4, 131.2, 130.2, 130.1, 130.0, 129.9,
129.5, 129.3, 129.0, 129.0, 127.1, 125.3, 123.5, 122.3,
112.9; HRMS(EI) m/z calcd. for CyH»O. (M*+H)
377.1542, found 377.1540.
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(1-(4-methoxyphenyl)naphtho[2,1-b]furan-2-yl)(phenyl)methanone (7n)

Yellow solid with the melting point 147-148 °C; H
NMR (400 MHz, CDCls): § 7.96-7.92 (m, 4H), 7.81 (d,
J=8.4Hz, 1H), 7.74 (d, J = 9.0 Hz, 1H), 7.53-7.46 (m,
2H), 7.44-7.36 (m, 5H), 7.00 (d, J = 8.5 Hz, 2H), 3.89 (s,
3H) ; ¥C NMR (100 MHz, CDCls): & 185.0, 159.8,
153.2, 148.1, 137.8, 132.5, 131.5, 131.4, 131.3, 130.5,
129.9, 129.4, 129.1, 128.2, 127.2, 125.4, 124.9, 123.5,
122.3, 114.3, 1129, 55.5; HRMS(El) m/z calcd.
CasH1903 (M*+H) 379.1334, found 379.1336.

(4-chlorophenyl)(1-(4-methoxyphenyl)naphtho[2,1-b]furan-2-yl)methanone (70)

Yellow solid with the melting point 156-158 °C; H
NMR (400 MHz, CDCls): 6 7.96-7.87 (m, 4H), 7.80 (d,
J =8.3Hz, 1H), 7.73 (d, J = 9.0 Hz, 1H), 7.50-7.36 (m,
6H), 7.02-7.00 (m, 2H), 3.90 (s, 3H) ) ; *C NMR (100
MHz, CDClz): 6 183.6, 160.0, 153.3, 147.8, 138.8, 136.1,
132.0, 131.3, 131.3, 130.8, 129.5, 129.1, 128.6, 127.3,
125.5, 124.7, 123.5, 122.3, 114.4, 112.9, 55.6; HRMS(EI)
m/z calcd. for CaHisClOs (M™+H) 413.0944, found
413.0942.

(1-(4-methoxyphenyl)naphtho[2,1-b]furan-2-yl)(p-tolyl)methanone (7p)

Yellow solid with the melting point 100-101 °C; H

N NMR (400 MHz, CDCls): § 7.94(t, J = 9.3 Hz, 2H), 7.88
(d, J = 8.1 Hz, 2H), 7.80 (d, J = 8.2 Hz, 1H), 7.73 (d, J =

9.0 Hz, 1H), 7.49-7.43 (m, 3H), 7.39-7.35 (m, 1H),
o O 7.23-7.20 (m, 2H), 7.02-6.99(m, 2H), 3.90 (s, 3H),
2.41(s, 3H) : C NMR (100 MHz, CDCls): & 184.6,

O = O 159.8, 153.0, 148.3, 143.4, 135.1, 131.3, 131.3, 131.2,
0 O 130.3, 130.2, 129.4, 129.1, 129.0. 127.1, 125.4, 125.0,

p 1235, 1224, 114.2, 112.9, 55.5, 21.9; HRMS(EI) m/z
calcd. for Cy7H2103 (M*+H) 393.1491, found 393.1494.
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(1-phenylnaphtho[2,1-b]furan-2-yl)(thiophen-2-yl)methanone (7q)

Brown solid solid with the melting point 150-152 °C; *H
NMR (400 MHz, CDClz): 6 8.38 (d, J = 3.8 Hz, 1H),
7.97-7.95 (m, 2H), 7.78 (d, J = 9.0 Hz, 1H), 7.72 (d, J =
5.0 Hz, 1H), 7.66 (d, J = 8.3 Hz, 1H), 7.62-7.52 (m, 5H),
7.48 (t,J =7.5Hz, 1H), 7.36 (t, J = 7.7 Hz, 1H), 7.23 (t,
J = 4.4 Hz, 1H); *C NMR (100 MHz, CDCls): 6 174.9,
152.9, 147.1, 143.6, 134.5, 134.5, 133.1, 131.8, 131.3,
130.6, 129.7, 129.4, 128.9, 128.6, 128.5, 128.4, 127.3,
125.5, 123.6, 122.5, 112.7; HRMS(EI) m/z calcd. for
C23H140.S (M*) 354.0715, found 354.0715.

(2)-12-phenyl-14H-benzo[b]naphtho[1,2-g]oxocin-14-one (8)

Yellow solid with the melting point 186-188 °C; 'H
NMR (400 MHz, CDCls): 6 7.92 (d, J = 7.8 Hz, 1H),
7.78 (d, J = 8.9 Hz, 1H), 7.75 (d, J = 8.1 Hz, 1H), 7.60-
7.56 (m, 1H), 7.53-7.51 (m, 1H), 7.47-7.44 (m, 1H),
7.42-7.40 (m, 2H), 7.37-7.20 (m, 7H), 6.88 (s, 1H); *3C
NMR (100 MHz, CDCls): 6 193.6, 131.8, 155.0, 139.8,
139.7, 135.0, 131.9, 131.9, 131.8, 131.3, 130.4, 129.1,
129.0, 128.9, 128.3, 127.2, 127.1, 127.0, 127.0, 125.9,
125.1, 122.8, 120.9; HRMS(EI) m/z calcd. for CzsH170;
(M*+H) 349.1229, found 349.1229.
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Table 1. Crystal data and structure refinement for ch16041.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.07°

Absorption correction

ch16041

C25 H18 02
350.39

200(2) K
0.71073 A
Monoclinic

P 21/n

a = 9.4840(3) A
b =20.2580(6) A
c =10.3453(3) A
1835.35(10) A 3
4

1.268 Mg/m3
0.079 mm-1

736

0.65 x 0.54 x 0.48 mm3

2.01to 25.07°.

a= 90°,
B=112.572(2)°.

v = 90°,

-11<=h<=11, -20<=k<=24, -12<=I<=10

12724

3250 [R(int) = 0.0347]

99.5 %

multi-scan
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Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

0.9629 and 0.9503

Full-matrix least-squares on F2

3250/0/ 244

1.109

R1=0.0401, wR2 = 0.1147
R1=0.0567, wR2 = 0.1414

0.226 and -0.273 e.A -3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A 2x 103)

for ch16041. U(eq) is defined as one third of the trace of the orthogonalized ulj
tensor.

X y z U(eq)
c() 5930(2)  9709(1)  8938(2) 27(1)
C(2) 7439(2)  9891(1)  9776(2) 35(1)
c@3) 8551(2)  9424(1)  10237(2) 39(1)
C(4) 8239(2)  8750(1)  9896(2) 35(1)
C(5) 9400(2)  8264(1)  10334(2) 46(1)
C(6) 9084(2)  7617(1)  9967(2) 49(1)
C(7) 7581(2)  7430(1)  9146(2) 43(1)
C(8) 6431(2)  7884(1)  8704(2) 34(1)
C(9) 6710(2)  8561(1)  9063(2) 29(1)
C(10) 5543(2)  9056(1)  8601(2) 26(1)
C(11) 3918(2)  8888(1)  7722(2) 26(1)
C(12) 3311(2)  9112(1)  6242(2) 26(1)
C(13) 4301(2)  9180(1)  5543(2) 31(1)
C(14) 3761(2)  9356(1)  4148(2) 37(1)
C(15) 2230(2)  9474(1)  3434(2) 41(1)
C(16) 1222(2)  9413(1)  4103(2) 41(1)
C(17) 1763(2)  9233(1)  5500(2) 35(1)
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C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
0(1)

0(2)

3059(2)
3556(2)
3249(2)
3557(2)
3322(2)
2790(2)
2490(2)
2713(2)
4810(1)

4215(2)

8504(1)
8223(1)
7512(1)
7249(1)
6586(1)
6181(1)
6433(1)
7097(1)
10174(1)

8557(1)

8192(2)
9613(2)
9743(2)
11071(2)
11220(2)
10056(3)
8741(2)
8580(2)
8454(1)

10667(1)

30(1)
31(1)
32(1)
40(1)
49(1)
52(1)
49(1)
40(1)
33(1)

42(1)
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Table 3. Bond lengths [A] and angles [] for ch16041.

C(1)-0(1) 1.3634(19)
C(1)-C(10) 1.382(2)
C(1)-C(2) 1.409(2)
C(2)-C(3) 1.359(3)
C(2)-H(2) 0.9500
C(3)-C(4) 1.412(3)
C(3)-H(3) 0.9500
C(4)-C(5) 1.417(3)
C(4)-C(9) 1.426(2)
C(5)-C(6) 1.364(3)
C(5)-H(5) 0.9500
C(6)-C(7) 1.403(3)
C(6)-H(6) 0.9500
C(7)-C(8) 1.364(2)
C(7)-H(7) 0.9500
C(8)-C(9) 1.421(2)
C(8)-H(8) 0.9500
C(9)-C(10) 1.431(2)
C(10)-C(11) 1.497(2)
C(11)-C(18) 1.346(2)

C(11)-C(12) 1.486(2)
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C(12)-C(17)
C(12)-C(13)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(16)-C(17)
C(16)-H(16)
C(17)-H(17)
C(18)-C(19)
C(18)-H(18)
C(19)-0(2)

C(19)-C(20)
C(20)-C(25)
C(20)-C(21)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(22)-H(22)
C(23)-C(24)
C(23)-H(23)

1.393(2)
1.394(2)
1.381(2)
0.9500
1.373(3)
0.9500
1.384(3)
0.9500
1.384(2)
0.9500
0.9500
1.474(2)
0.9500
1.231(2)
1.485(2)
1.395(2)
1.396(2)
1.381(3)
0.9500
1.383(3)
0.9500
1.377(3)

0.9500
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C(24)-C(25)
C(24)-H(24)
C(25)-H(25)

O(1)-H(1)

0(1)-C(1)-C(10)
0(1)-C(1)-C(2)
C(10)-C(1)-C(2)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H(?3)
C(4)-C(3)-H(3)
C(3)-C(4)-C(5)
C(3)-C(4)-C(9)
C(5)-C(4)-C(9)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)

1.380(3)
0.9500
0.9500

0.9450

118.39(14)
120.59(15)
121.01(16)
120.10(16)
120.0
120.0
121.69(17)
119.2
119.2
122.04(17)
118.47(16)
119.48(17)
121.21(18)
119.4
119.4
119.44(18)
120.3

120.3

168



C(8)-C(7)-C(6)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(7)-C(8)-C(9)
C(7)-C(8)-H(8)
C(9)-C(8)-H(8)
C(8)-C(9)-C(4)
C(8)-C(9)-C(10)
C(4)-C(9)-C(10)
C(1)-C(10)-C(9)
C(1)-C(10)-C(11)
C(9)-C(10)-C(11)
C(18)-C(11)-C(12)
C(18)-C(11)-C(10)
C(12)-C(11)-C(10)
C(17)-C(12)-C(13)
C(17)-C(12)-C(11)
C(13)-C(12)-C(11)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(15)-C(14)-C(13)

C(15)-C(14)-H(14)

121.17(18)
119.4

119.4

121.22(17)
119.4

119.4

117.47(16)
123.10(15)
119.41(15)
119.27(15)
118.85(14)
121.86(14)
120.06(15)
122.45(15)
117.26(13)
118.34(15)
122.05(14)
119.55(14)
120.96(16)
1195

1195

119.84(16)

120.1
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C(13)-C(14)-H(14)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(15)-C(16)-C(17)
C(15)-C(16)-H(16)
C(17)-C(16)-H(16)
C(16)-C(17)-C(12)
C(16)-C(17)-H(17)
C(12)-C(17)-H(17)
C(11)-C(18)-C(19)
C(11)-C(18)-H(18)
C(19)-C(18)-H(18)
0(2)-C(19)-C(18)

0(2)-C(19)-C(20)

C(18)-C(19)-C(20)
C(25)-C(20)-C(21)
C(25)-C(20)-C(19)
C(21)-C(20)-C(19)
C(22)-C(21)-C(20)
C(22)-C(21)-H(21)
C(20)-C(21)-H(21)

C(21)-C(22)-C(23)

120.1
120.45(16)
119.8
119.8
119.68(17)
120.2
120.2
120.72(16)
119.6
119.6
125.25(15)
117.4
117.4
122.04(15)
120.23(15)
117.73(15)
119.23(16)
121.75(15)
118.99(16)
119.98(19)
120.0
120.0

120.01(18)
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C(21)-C(22)-H(22)
C(23)-C(22)-H(22)
C(24)-C(23)-C(22)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
C(23)-C(24)-C(25)
C(23)-C(24)-H(24)
C(25)-C(24)-H(24)
C(24)-C(25)-C(20)
C(24)-C(25)-H(25)
C(20)-C(25)-H(25)

C(1)-0(1)-H(1)

120.0
120.0
120.57(18)
119.7
119.7
119.8(2)
120.1
120.1
120.37(18)
119.8
119.8

105.7

Symmetry transformations used to generate equivalent atoms:

171



Table 4. Anisotropic displacement parameters (A 2x 103)for ch16041. The
anisotropic

displacement factor exponent takes the form: -2 2[ h2a*2Ull + . + 2 h k a* b*
ul2]

ull U22 U33 U23 ul3 ul2
C(l) 331)  30(1)  19(1) 3(1) 9(1) -2(1)
C(2 38(1)  36(1)  26(1)  -2(1) 70 -10Q1)
C@3) 32(1)  49(1)  29(1) 1(1) 2(1)  -10(1)
C@) 31(1)  43(1)  25(1) 6(1) A(1) 0(1)
C(5) 32(1)  55(1)  42(1)  10(1) 3(1) 5(1)

c(6) 41(1)  51(1)  49(1) 12(1) 10(1) 15(1)
C(7) 47(1)  35(1)  46(1) 6(1) 16(1) 7(1)

c(8)  35(1) 33(1) 32(1) 2(1) 10(1) 0(1)

CO) 29(1)  34(1)  21(1) 5(1) 8(1) 2(1)
C(10) 27(1)  30(1)  19(1) 3(1) 7(1) -2(1)
C(1l) 28(1)  23(1)  27(1)  -1(1)  10(1) 0(1)

C(12) 25(1)  23(1)  25(1)  -1(D) 6(1) -4(1)
C(13) 28(1)  36(1)  27(1)  -1(D) 8(1) -5(1)
C(14) 38(1)  46(1)  27(1) 0(1) 12(1)  -12(1)
C(15) 44(1)  46(1)  23(1) 5(1) 2(1)  -14(1)
C(16) 29(1)  47(1)  36(1) 9(1) 0(1) -2(1)
C(17) 29(1)  39(1)  34(1) 6(1) 11(1)  -2(1)
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C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
0(1)

0(2)

28(1)
30(1)
27(1)
39(1)
48(1)
40(1)
39(1)
38(1)
37(1)

59(1)

32(1)
32(1)
33(1)
44(1)
44(1)
32(1)
35(1)
34(1)
26(1)

34(1)

29(1)
32(1)
36(1)
42(1)
62(1)
89(2)
65(2)
42(1)
31(1)

31(1)

1(1)
2(1)
4(1)
11(1)
24(1)
15(1)
-5(1)
0(1)
-1(1)
-3(1)

8(1)
13(1)
14(1)
22(1)
30(1)
30(1)
12(1)

9(1)

8(1)

14(1)

-4(1)
2(1)

-4(1)

3(1)
6(1)

1(1)

-7(1)
-7(1)
“1(1)

-11(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters
(A 2x 103)

for ch16041.
X y z U(eq)

H(2) 7681 10341 10019 42
H(3) 9563 9554 10802 47
H(5) 10418 8390 10893 56
H(6) 9875 7297 10264 59
H(7) 7360 6980 8895 52
H(8) 5424 7743 8144 41
H(13) 5362 9104 6035 37
H(14) 4447 9396 3682 44
H(15) 1861 9597 2476 49
H(16) 164 9494 3605 50
H(17) 1070 9191 5958 41
H(18) 2051 8405 7557 36
H(21) 3928 7527 11872 48
H(22) 3527 6407 12124 59
H(23) 2630 5725 10164 63

H(24) 2130 6152 7946 59
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H(25) 2500 7271 7672 48

H(1") 5250 10570 8919 39
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Single-Crystal X-ray Diffraction of 7a
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Table 1. Crystal data and structure refinement for a16220.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.09°

Absorption correction

a16220
C25 H16 O2
348.38

200(2) K

0.71073 A

Monoclinic

Cc

a=9.0163(3) A a= 90°.

b =22.0882(7) A B=108.314(2)°.
c=9.2893(3) A y = 90°,
1756.29(10) A 3

4

1.318 Mg/m3

0.083 mm-1

728

0.23 x 0.14 x 0.08 mm3

1.84 to 25.09°.

-6<=h<=10, -23<=k<=25, -10<=I<=11
4804

2005 [R(int) = 0.0214]

99.0 %

multi-scan
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Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

0.9934 and 0.9813

Full-matrix least-squares on F2

2005/ 2 / 244

1.028

R1 = 0.0287, wR2 = 0.0653
R1 = 0.0323, wR2 = 0.0676
0.5(12)

0.111 and -0.111 e.A-3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A 2x 103)

for a16220. U(eq) is defined as one third of the trace of the orthogonalized uij
tensor.

X y z U(eq)
c() 432(2)  4206(1)  5755(2) 33(1)
C() 1286(2)  3641(1)  6419(2) 28(1)
c@3) 2064(2)  3569(1)  7955(2) 32(1)
C(4) 2754(2)  3018(1)  8508(2) 37(1)
C(5) 2679(3)  2544(1)  7524(3) 41(1)
C(6) 1923(3)  2614(1)  5989(3) 42(1)
C(7) 1215(2)  3156(1)  5443(2) 36(1)
C(8) 1151(2)  4797(1)  6268(2) 32(1)
C(9) 577(2)  5377(1)  6037(2) 28(1)
C(10) -1031(2)  5559(1)  5122(2) 27(1)
C(11) -1468(2)  5526(1)  3556(2) 32(1)
C(12) -2928(2)  5726(1)  2670(2) 38(1)
C(13) -3966(2)  5954(1)  3349(3) 40(1)
C(14) -3561(2)  5976(1)  4907(3) 39(1)
C(15) -2089(2)  5782(1)  5806(2) 34(1)
C(16) 1865(2)  5767(1)  6801(2) 28(1)
c(17) 2095(2)  6408(1)  6960(2) 28(1)
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C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
0(1)

0(2)

918(2)
1243(3)
2771(3)
3945(2)
3647(2)
4884(2)
4654(2)
3127(2)
-847(2)

2719(2)

6848(1)
7453(1)
7653(1)
7241(1)
6610(1)
6189(1)
5580(1)
5389(1)
4179(1)

4794(1)

6401(2)
6606(2)
7339(3)
7899(2)
7750(2)
8365(2)
8229(2)
7430(2)
4782(2)

7137(2)

31(1)
35(1)
38(1)
35(1)
30(1)
36(1)
39(1)
32(1)
48(1)

35(1)
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Table 3. Bond lengths [A] and angles [°] for a16220.

C(1)-0(1) 1.223(2)
C(1)-C(8) 1.469(3)
C(1)-C(2) 1.494(3)
C(2)-C(3) 1.388(3)
C(2)-C(7) 1.391(3)
C(3)-C(4) 1.389(3)
C(3)-H(3) 0.9500

C(4)-C(5) 1.379(3)
C(4)-H(4) 0.9500

C(5)-C(6) 1.382(3)
C(5)-H(5) 0.9500

C(6)-C(7) 1.377(3)
C(6)-H(6) 0.9500

C(7)-H(7) 0.9500

C(8)-C(9) 1.373(3)
C(8)-0(2) 1.390(2)
C(9)-C(16) 1.441(3)
C(9)-C(10) 1.488(3)
C(10)-C(11) 1.385(3)
C(10)-C(15) 1.392(3)

C(11)-C(12) 1.387(3)
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C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-H(15)
C(16)-C(25)
C(16)-C(17)
C(17)-C(18)
C(17)-C(22)
C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(19)-H(19)
C(20)-C(21)
C(20)-H(20)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(23)-C(24)
C(23)-H(23)

0.9500
1.378(3)
0.9500
1.377(3)
0.9500
1.395(3)
0.9500
0.9500
1.384(3)
1.433(3)
1.411(3)
1.432(3)
1.369(3)
0.9500
1.402(3)
0.9500
1.369(3)
0.9500
1.418(3)
0.9500
1.427(3)
1.360(3)

0.9500
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C(24)-C(25)
C(24)-H(24)

C(25)-0(2)

0(1)-C(1)-C(8)
0(1)-C(1)-C(2)
C(8)-C(1)-C(2)
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H({3)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(6)-C(7)-C(2)

1.408(3)
0.9500

1.368(2)

120.00(19)
120.60(18)
119.40(16)
119.14(18)
123.29(17)
117.48(17)
120.26(19)
119.9
119.9
119.84(19)
120.1
120.1
120.2(2)
119.9
119.9
120.0(2)
120.0
120.0

120.6(2)
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C(6)-C(7)-H(7)
C(2)-C(7)-H(7)
C(9)-C(8)-0(2)
C(9)-C(8)-C(1)
0(2)-C(8)-C(2)
C(8)-C(9)-C(16)
C(8)-C(9)-C(10)
C(16)-C(9)-C(10)
C(11)-C(10)-C(15)
C(11)-C(10)-C(9)
C(15)-C(10)-C(9)
C(10)-C(11)-C(12)
C(10)-C(11)-H(11)
C(12)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)

C(15)-C(14)-H(14)

119.7
119.7
111.08(17)
132.27(18)
116.64(17)
105.97(17)
126.42(17)
127.56(16)
119.29(18)
119.34(17)
121.33(17)
120.61(19)
119.7
119.7
120.0(2)
120.0
120.0
119.98(19)
120.0
120.0
120.5(2)
119.8

119.8
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C(10)-C(15)-C(14)
C(10)-C(15)-H(15)
C(14)-C(15)-H(15)
C(25)-C(16)-C(17)
C(25)-C(16)-C(9)

C(17)-C(16)-C(9)

C(18)-C(17)-C(22)
C(18)-C(17)-C(16)
C(22)-C(17)-C(16)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(18)-C(19)-C(20)
C(18)-C(19)-H(19)
C(20)-C(19)-H(19)
C(21)-C(20)-C(19)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
C(20)-C(21)-C(22)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(21)-C(22)-C(23)
C(21)-C(22)-C(17)

119.6(2)
120.2
120.2
118.74(18)
105.95(15)
135.23(18)
118.44(17)
125.07(18)
116.49(17)
121.11(19)
119.4
119.4
120.66(19)
119.7
119.7
119.96(19)
120.0
120.0
121.10(19)
119.4
119.4
120.11(18)

118.67(17)
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C(23)-C(22)-C(17)  121.22(17)
C(24)-C(23)-C(22) ~ 121.99(19)
C(24)-C(23)-H(23)  119.0
C(22)-C(23)-H(23)  119.0
C(23)-C(24)-C(25)  116.19(19)
C(23)-C(24)-H(24)  121.9
C(25)-C(24)-H(24)  121.9
0(2)-C(25)-C(16)  111.22(16)
0(2)-C(25)-C(24)  123.39(18)
C(16)-C(25)-C(24)  125.36(19)

C(25)-0(2)-C(8) 105.77(16)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A 2x 103)for a16220. The
anisotropic

displacement factor exponent takes the form: -2 2[ h2a*2Ull + . + 2 h k a* b*
ul2]

ull u22 u33 u23 ul3 ul2
C(1) 35(1) 31(1) 30(1) 0(1) 6(1) -3(1)
C2 27(3) 28(1) 30(1) -1(1) 9(1) -5(1)
C(3) 32(3) 32(1) 31(1) -2(1) 10(1) -2(1)
C4) 29(1) 42(1) 38(1) 9(1) 7(1) -3(1)

C(5) 341  34(1)  56(2) 10(1) 18(1) 6(1)

C(6) 45(1)  31(1)  53(1)  -9(1)  22(1)  -1()
C(7) 38(1)  37(1)  32(1)  -41)  10(1) = -8(1)
C®) 26(1)  33(1)  32(1) 2(1) 3(1) 0(1)
C9) 28(1)  29(1)  26(1) 2(1) 7(1) -2(1)
C(10) 26(1)  23(1)  31(1) 1(1) 6(1) -4(1)
C(1l) 32(1)  33(1)  32(1) 0(1) 100)  -2(1)
C(12) 40(1)  35(1)  31(1) 3(1) 2(1) -5(1)
C(13) 25(1)  30(1)  56(2) 7(1) 0(1) -2(1)
C(14) 29(1)  32(1) 592  -1(1)  17(1) 0(1)
C(15) 35(1)  34(1)  35(1)  -1(1)  12(1)  -1Q)
C(16) 27(1)  30(1)  26(1) 0(1) 6(1) 0(1)
C(17) 28(1)  31(1)  24(1) 0(1) 9(1) -1(1)
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C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
0(1)

0(2)

29(1)
39(1)
46(1)
35(1)
31(1)
27(1)
31(1)
30(1)
41(1)
28(1)

34(1)
32(1)
27(1)
34(1)
30(1)
39(1)
35(1)
28(1)
39(1)
26(1)

29(1)
37(1)
43(1)
35(1)
29(1)
36(1)
42(1)
34(1)
47(1)

43(1)

2(1)

1(1)

5(1)
7(2)
-4(1)

-4(1)

1(2)
0(1)
1(1)
0(1)

8(1)
15(1)
17(1)
10(1)
9(1)
2(1)
1(1)
5(1)
-9(1)

1(1)

-1(1)
6(1)
-3(1)
-5(1)
-3(1)
-3(1)
5(1)
0(1)
-4(1)
2(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters
(A 2x 103)

for a16220.
X y z U(eq)

H(3) 2125 3897 8632 38
H(4) 3277 2969 9562 45
H(5) 3149 2167 7901 49
H(6) 1892 2289 5312 50
H(7) 672 3200 4392 43
H(11) -761 5365 3083 39
H(12) -3213 5706 1596 45
H(13) -4960 6097 2743 48
H(14) -4290 6124 5371 47
H(15) -1811 5803 6880 41
H(18) -118 6721 5873 37
H(19) 426 7740 6248 42
H(20) 2991 8074 7448 46
H(21) 4977 7380 8394 42
H(23) 5900 6338 8885 43

H(24) 5476 5300 8649 46
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Single-Crystal X-ray Diffraction of 1,3-diphenyl-3H-benzo[f]chromene
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Table 1. Crystal data and structure refinement for 16481.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.25°

Absorption correction

16481
C25H18 0
334.39

200(2) K
0.71073 A
Monoclinic

P 21/c
a=18.442(4) A
b =5.9132(14) A
c=16.712(4) A
1724.2(7) A3

4

1.288 Mg/m3
0.077 mm-1

704

0.34 x 0.24 x 0.03 mm3

2.46 t0 25.25°.

NG

7T

a= 90°.
B= 108.905(12)°.

v = 90°,

-22<=h<=21, -7<=k<=7, -20<=1<=19

11452

3067 [R(int) = 0.0910]

98.3 %

multi-scan
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Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

0.9977 and 0.9743
Full-matrix least-squares on F2
3067 /0/235

2.165

R1 =0.0959, wR2 = 0.25608
R1=0.1601, wR2 = 0.25717

0.747 and -0.670 e.A -3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A 2x 103)

for 16481. U(eq) is defined as one third of the trace of the orthogonalized Ul]
tensor.

X y z U(eq)
c() 1738(5)  6166(16)  2595(6) 27(2)
C(2) 1226(5)  6327(18)  3121(6) 33(3)
c@3) 688(6)  4687(19)  3106(7) 37(3)
C(4) 224(7)  4850(20)  3598(6) 46(3)
C(5) 3006)  6670(20)  4149(7) 44(3)
C(6) 831(6)  8320(20)  4175(7) 43(3)
C(7) 1300(6)  8142(19)  3674(7) 41(3)
C(8) 2230(6)  7750(18)  2522(7) 35(3)
C(9) 2767(5)  7397(16)  2023(6) 29(2)
C(10) 3587(5)  7172(16)  2608(6) 27(2)
C(11) 4115(6)  8915(18)  2689(7) 38(3)
C(12) 4858(6)  8720(20)  3255(8) 51(3)
C(13) 5089(7)  6820(20)  3738(7) 47(3)
C(14) 4564(6)  5060(20)  3653(7) 45(3)
C(15) 3832(6)  5255(18)  3096(6) 36(3)
C(16) 2514(5)  5454(17)  1428(6) 29(2)
c(17) 2794(5)  5031(16)  747(5) 27(2)
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C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)

0(1)

3314(6)
3592(6)
3361(6)
2870(6)
2558(6)
2022(6)
1738(6)
1990(6)

1649(4)

6587(17)
6200(20)
4207(18)
2713(19)
3095(17)
1609(18)
2012(17)
3903(16)

4116(11)

548(6)
-110(6)
-607(6)
-443(6)

214(6)

370(6)
1029(6)
1548(6)

2172(4)

32(2)
42(3)
37(3)
36(3)
31(2)
34(2)
34(3)
32(2)

35(2)
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Table 3. Bond lengths [A] and angles [°] for 16481.

C(1)-C(8) 1.337(14)
C(1)-0(1) 1.386(11)
C(1)-C(2) 1.487(13)
C(2)-C(3) 1.382(14)
C(2)-C(7) 1.394(14)
C(3)-C(4) 1.368(15)
C(3)-H(3) 0.9500
C(4)-C(5) 1.392(16)
C(4)-H(4) 0.9500
C(5)-C(6) 1.374(15)
C(5)-H(5) 0.9500
C(6)-C(7) 1.389(14)
C(6)-H(6) 0.9500
C(7)-H(7) 0.9500
C(8)-C(9) 1.500(13)
C(8)-H(8) 0.9500
C(9)-C(16) 1.491(13)
C(9)-C(10) 1.517(13)
C(9)-H(9) 1.0000
C(10)-C(15) 1.385(14)

C(10)-C(11) 1.394(13)

196



C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-H(15)
C(16)-C(25)
C(16)-C(17)
C(17)-C(22)
C(17)-C(18)
C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(19)-H(19)
C(20)-C(21)
C(20)-H(20)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(23)-C(24)

1.395(16)
0.9500
1.372(17)
0.9500
1.396(16)
0.9500
1.373(15)
0.9500
0.9500
1.393(14)
1.417(13)
1.429(13)
1.445(13)
1.374(14)
0.9500
1.425(15)
0.9500
1.355(14)
0.9500
1.412(14)
0.9500
1.410(14)

1.383(14)
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C(23)-H(23)
C(24)-C(25)
C(24)-H(24)
C(25)-0(1)

C(8)-C(1)-0(1)
C(8)-C(1)-C(2)
0(1)-C(1)-C(2)
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H({3)
C(2)-C(3)-H(3)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)

0.9500
1.399(14)
0.9500

1.388(12)

122.5(9)
126.1(9)
111.3(8)
117.9(9)
122.3(9)
119.7(9)
121.6(10)
119.2
119.2
120.2(11)
119.9
119.9
119.2(10)
120.4
120.4
120.3(11)
119.9

119.9
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C(6)-C(7)-C(2)
C(6)-C(7)-H(7)
C(2)-C(7)-H(7)
C(1)-C(8)-C(9)
C(1)-C(8)-H(8)
C(9)-C(8)-H(8)
C(16)-C(9)-C(8)
C(16)-C(9)-C(10)
C(8)-C(9)-C(10)
C(16)-C(9)-H(9)
C(8)-C(9)-H(9)
C(10)-C(9)-H(9)
C(15)-C(10)-C(11)
C(15)-C(10)-C(9)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)
C(10)-C(11)-H(11)
C(12)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13)

120.7(10)
119.7
119.7
122.9(9)
118.6
118.6
110.9(8)
113.2(8)
110.7(8)
107.3
107.3
107.3
117.6(9)
121.3(9)
121.1(9)
120.6(11)
119.7
119.7
121.0(11)
1195
1195
118.6(11)

120.7
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C(14)-C(13)-H(13)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(14)-C(15)-C(10)
C(14)-C(15)-H(15)
C(10)-C(15)-H(15)
C(25)-C(16)-C(17)
C(25)-C(16)-C(9)

C(17)-C(16)-C(9)

C(16)-C(17)-C(22)
C(16)-C(17)-C(18)
C(22)-C(17)-C(18)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(18)-C(19)-C(20)
C(18)-C(19)-H(19)
C(20)-C(19)-H(19)
C(21)-C(20)-C(19)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
C(20)-C(21)-C(22)

120.7
120.3(11)
119.9
119.9
122.0(11)
119.0
119.0
116.7(9)
119.6(8)
123.7(9)
121.8(9)
121.0(9)
117.2(9)
121.7(10)
119.2
119.2
119.2(10)
120.4
120.4
120.9(9)
119.6
119.6

121.4(10)
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C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(23)-C(22)-C(21)
C(23)-C(22)-C(17)
C(21)-C(22)-C(17)
C(24)-C(23)-C(22)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
C(23)-C(24)-C(25)
C(23)-C(24)-H(24)
C(25)-C(24)-H(24)
0(1)-C(25)-C(16)

0(1)-C(25)-C(24)

C(16)-C(25)-C(24)

C(1)-0(1)-C(25)

119.3
119.3
122.1(9)
118.3(9)
119.6(9)
120.6(10)
119.7
119.7
119.8(10)
120.1
120.1
123.6(9)
113.5(9)
122.9(9)

117.0(7)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A 2x 103)for 16481. The
anisotropic

displacement factor exponent takes the form: -2 2[ h2a*2Ull + . + 2 h k a* b*

ul2]

ull U22 U33 U23 ul3 ul2
C(l) 26(5) 29(5)  28(5) 0(4) 9(4) 2(4)
C(2 23(6)  46(7)  30(5)  -3(5) 9(4) -3(5)
C(3) 26(6)  46(7)  37(6)  -8(5) 8(4) -7(5)
C@d) 43(7) 628  31(6)  -16)  11(5)  -8(6)
C(5) 33(6)  58(8)  45(7)  -2(6) 2005  -3(6)
C(6) 36(7)  59(8)  36(6) -12(5)  14(5) 1(6)
C(7) 44(7)  40(6)  45(6)  -6(5)  23(5)  -13(5)
C(8) 29(6)  27(6)  496)  -75)  12(5) 0(5)
C(9) 31(6)  30(5)  27(5) A(4) 114)  -2(4)
C(10) 23(5)  34(6)  28(5)  -2(4)  12(4)  -A(4)
C(11) 41(7)  34(6)  44(66) -12(5) 21(5)  -7(5)
C(12) 31(7)  57(8)  70(8)  -24(7)  22(6)  -22(6)
C(13) 40(7)  63(8)  38(6)  -14(6)  10(5) 0(6)
C(14) 34(7)  51(7)  446)  -2(6) A(5) 7(6)
C(15) 40(7)  33(6)  36(6) 2(5) 13(5) 8(5)
C(16) 28(6)  32(6)  29(5) 2(4) 11(4) 6(4)
C(17) 24(5)  30(5)  24(5) 3(4) 2(4) -5(4)
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C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)

0(1)

34(6)
41(7)
44(6)
35(6)
26(6)
35(6)
35(6)
34(6)

41(4)

34(6)
56(7)
48(7)
38(6)
32(6)
34(6)
37(6)
30(5)

35(4)

31(5)
35(6)
26(5)
33(6)
29(5)
32(5)
31(5)
33(5)

36(4)

2(4)
1(5)
-1(5)
-2(5)
6(4)
3(4)
-1(5)
4(4)

-3(3)

14(4)
20(5)
22(5)
10(5)
1(4)
10(5)
10(4)
14(5)

22(3)

5(5)
0(6)
8(5)
4(5)
7(4)
11(5)
-7(5)
9(5)

-1(3)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters
(A 2x 103)

for 16481.
X y z U(eq)

H(3) 639 3415 2745 44
H(4) -150 3718 3563 55
H(5) -12 6762 4502 53
H(6) 878 9584 4538 52
H(7) 1675 9273 3708 49
H(8) 2241 9161 2797 42
H(9) 2741 8784 1673 35
H(11) 3967 10243 2356 45
H(12) 5210 9934 3306 61
H(13) 5596 6697 4123 S7
H(14) 4713 3725 3981 54
H(15) 3484 4036 3044 44
H(18) 3469 7914 880 39
H(19) 3934 7243 -231 50
H(20) 3554 3923 -1061 45
H(21) 2732 1383 -776 43
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H(23) 1853 320 20 41

H(24) 1375 1008 1128 41
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Single-Crystal X-ray Diffraction of 8
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Table 1. Crystal data and structure refinement for a16822.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 24.99°

Absorption correction

216822
C25 H16 02
348.38

200(2) K
0.71073 A
Monoclinic
P21/c
a=6.9119(3) A
b =19.2077(8) A
c = 13.5619(6) A
1762.10(13) A 3
4

1.313 Mg/m3
0.082 mm-1

728

0.69 x 0.43 x 0.10 mm3

1.86 to 25.00°.

a=90°.

B= 101.854(2)°.

= 90°.

-4<=h<=8, -22<=k<=19, -16<=I<=15

11926

3088 [R(int) = 0.0416]

99.4 %

multi-scan
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Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

0.9918 and 0.9454

Full-matrix least-squares on F2

3088/0/244

1.103

R1=0.0384, wR2 = 0.1045
R1=0.0527, wR2 = 0.1249

0.217 and -0.227 e.A -3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A 2x 103)

for a16822. U(eq) is defined as one third of the trace of the orthogonalized uij
tensor.

X y z U(eq)
c() 4411(2)  6377(1)  7086(1) 27(1)
c() 5816(2)  6842(1)  6892(1) 34(1)
c@3) 5618(3)  7546(1)  7062(1) 39(1)
C(4) 4031(3)  7788(1)  7431(1) 40(1)
C(5) 2635(2)  7326(1)  7630(1) 34(1)
C(6) 2777(2)  6612(1)  7446(1) 27(1)
C(7) 1087(2)  6172(1)  7594(1) 29(1)
C(8) 386(2)  5587(1)  6891(1) 29(1)
C(9) 1203(2)  4956(1)  6976(1) 27(1)
C(10) 328(2)  4361(1)  6335(1) 30(1)
C(11) 1712(3)  4297(1)  6004(1) 39(1)
C(12) -2508(3)  3734(1)  5421(1) 47(1)
C(13) -1304(3)  3228(1)  5159(1) 51(1)
C(14) 716(3)  3287(1)  5472(2) 52(1)
C(15) 1533(3)  3849(1)  6064(1) 42(1)
C(16) 3065(2)  4840(1)  7736(1) 25(1)
C(17) 3167(2)  4352(1)  8546(1) 25(1)
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C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
0(1)

0(2)

1471(2)
1607(3)
3444(3)
5103(3)
5006(2)
6685(2)
6550(2)
4736(2)
4689(2)

161(2)

4003(1)
3562(1)
3428(1)
3751(1)
4235(1)
4623(1)
5108(1)
5209(1)
5679(1)
6326(1)

8733(1)
9536(1)
10177(1)
10014(1)
9218(1)
9095(1)
8350(1)
7677(1)
6878(1)
8236(1)

29(1)
35(1)
37(1)
33(1)
26(1)
30(1)
30(1)
26(1)
31(1)

44(1)
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Table 3. Bond lengths [A] and angles [°] for a16822.

C(1)-C(2) 1.384(2)
C(1)-0(1) 1.3920(19)
C(1)-C(6) 1.395(2)
C(2)-C(3) 1.383(2)
C(2)-H(2) 0.9500
C(3)-C(4) 1.376(3)
C(3)-H(3) 0.9500
C(4)-C(5) 1.377(2)
C(4)-H(4) 0.9500
C(5)-C(6) 1.401(2)
C(5)-H(5) 0.9500
C(6)-C(7) 1.488(2)
C(71)-0(2) 1.218(2)
C(7)-C(8) 1.490(2)
C(8)-C(9) 1.331(2)
C(8)-H(8) 0.9500
C(9)-C(10) 1.487(2)
C(9)-C(16) 1.491(2)
C(10)-C(15) 1.386(2)
C(10)-C(11) 1.395(2)
C(11)-C(12) 1.385(3)
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C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-H(15)
C(16)-C(25)
C(16)-C(17)
C(17)-C(18)
C(17)-C(22)
C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(19)-H(19)
C(20)-C(21)
C(20)-H(20)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(23)-C(24)
C(23)-H(23)

0.9500
1.374(3)
0.9500
1.378(3)
0.9500
1.394(3)
0.9500
0.9500
1.372(2)
1.435(2)
1.417(2)
1.422(2)
1.367(2)
0.9500
1.407(2)
0.9500
1.362(2)
0.9500
1.415(2)
0.9500
1.417(2)
1.363(2)

0.9500
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C(24)-C(25)
C(24)-H(24)

C(25)-0(1)

C(2)-C(1)-0(2)
C(2)-C(1)-C(6)
0(1)-C(1)-C(6)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3)
C(2)-C(3)-H(?3)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(1)-C(6)-C(5)
C(1)-C(6)-C(7)
C(5)-C(6)-C(7)
0(2)-C(7)-C(6)

1.405(2)

0.9500

1.4053(18)

116.84(14)
120.52(15)
122.62(14)
120.11(16)
119.9
119.9
120.30(16)
119.8
119.8
119.75(17)
120.1
120.1
121.18(16)
119.4
119.4
118.10(15)
125.27(14)
116.51(14)

120.09(15)
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0(2)-C(7)-C(8)
C(6)-C(7)-C(8)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8)
C(7)-C(8)-H(8)
C(8)-C(9)-C(10)
C(8)-C(9)-C(16)
C(10)-C(9)-C(16)
C(15)-C(10)-C(11)
C(15)-C(10)-C(9)
C(11)-C(10)-C(9)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13)
C(14)-C(13)-H(13)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)

C(15)-C(14)-H(14)

119.36(15)
120.24(14)
123.72(14)
118.1
118.1
122.29(14)
119.14(14)
118.57(13)
118.36(16)
120.39(15)
121.24(15)
120.59(18)
119.7
119.7
120.68(18)
119.7
119.7
119.39(18)
120.3
120.3
120.44(19)
119.8

119.8
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C(10)-C(15)-C(14)
C(10)-C(15)-H(15)
C(14)-C(15)-H(15)
C(25)-C(16)-C(17)
C(25)-C(16)-C(9)

C(17)-C(16)-C(9)

C(18)-C(17)-C(22)
C(18)-C(17)-C(16)
C(22)-C(17)-C(16)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(18)-C(19)-C(20)
C(18)-C(19)-H(19)
C(20)-C(19)-H(19)
C(21)-C(20)-C(19)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
C(20)-C(21)-C(22)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(21)-C(22)-C(23)
C(21)-C(22)-C(17)

120.53(18)
119.7
119.7
118.25(14)
119.94(14)
121.81(13)
118.31(14)
122.25(14)
119.37(14)
120.73(15)
119.6
119.6
120.78(15)
119.6
119.6
119.90(15)
120.0
120.0
120.93(15)
119.5
119.5
121.53(15)

119.24(14)
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C(23)-C(22)-C(17)  119.19(14)
C(24)-C(23)-C(22) ~ 120.90(14)
C(24)-C(23)-H(23)  119.6
C(22)-C(23)-H(23)  119.6
C(23)-C(24)-C(25)  119.49(14)
C(23)-C(24)-H(24)  120.3
C(25)-C(24)-H(24)  120.3
C(16)-C(25)-C(24)  122.69(14)
C(16)-C(25)-O(1)  119.38(14)
C(24)-C(25)-0(1)  117.81(13)

C(1)-O(1)-C(25) 116.35(12)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A 2x 103)for a16822. The
anisotropic

displacement factor exponent takes the form: -2 2[ h2a*2Ull + . + 2 h k a* b*

ul2]

ull U22 U33 U23 ul3 ul2
C(l) 33(1)  24(1)  23(1) A(1) 3(1) 0(1)
C(2 33(1)  37(1)  31(1) 7(1) 7(1) -3(1)
C(3) 44(1)  32(1)  40(1) 9(1) 7(1) -9(1)
C@) 54(1)  25(1)  41(1) 2(1) 8(1) -4(1)
C(5) 42(1)  30(1)  31(1) 0(1) 7(1) 1(1)
C(6) 33(1)  26(1)  23(1) 1(1) 3(1) -1(1)
C(7) 28(1)  29(1)  31(1) 3(1) 5(1) A(1)
C@8) 26(1)  30(1)  29(1) 3(1) 2(1) 0(1)
C9) 30(1)  27(1)  26(1) 3(1) 6(1) 0(1)
C(10) 41(1)  25(1)  23(1) A(1) 3(1) -1(1)
C(ll) 41(1)  42(1)  32(1)  -3(D) A(1) -5(1)
C(12) 54(1)  49(1)  33(1)  -4(D) A1) -16(1)
C(13) 80(2)  34(1)  30(1)  -2(1) 51 -11(1)
C(14) 78(2)  29(1)  44(1)  -5(1) 0(1) 11(1)
C(15) 51(1)  32(1)  39(1)  -2(1) -1(1) 8(1)
C(16) 28(1)  21(1)  26(1) 0(1) 7(1) 2(1)
c(l7) 31(1)  21(1)  25(1)  -3(D) 7(1) 2(1)
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C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
0(1)

0(2)

32(1)
41(1)
54(1)
41(1)
34(1)
27(1)
26(1)
32(1)
37(1)

42(1)

23(1)
29(1)
28(1)
28(1)
21(1)
32(1)
29(1)
21(1)
25(1)

42(1)

32(1)
38(1)
28(1)
26(1)
24(1)
31(1)
36(1)
27(1)
32(1)

53(1)

1(2)
2(1)
5(1)
0(1)

-3(1)
-3(1)
-3(1)

2(1)

5(1)

-11(1)

8(1)
14(1)
8(1)
0(1)
6(1)
3(1)
10(1)
11(1)
13(1)
22(1)

0(1)

-4(1)

-3(1)

3(1)
2(1)

4(1)

“1(1)

4(1)

2(1)

-7(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters
(A 2x 103)

for a16822.
X y z U(eq)

H(2) 6918 6677 6641 40
H(3) 6582 7863 6924 46
H(4) 3900 8272 7547 48
H(5) 1557 7495 7896 41
H(8) -706 5668 6351 35
H(11) -2564 4643 6181 47
H(12) -3901 3698 5201 56
H(13) -1859 2840 4764 61
H(14) 1557 2943 5283 63
H(15) 2926 3881 6284 51
H(18) 226 4076 8296 35
H(19) 449 3345 9663 42
H(20) 3526 3111 10722 44
H(21) 6343 3651 10440 39
H(23) 7921 4543 9538 37

H(24) 7675 5375 8287 36
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