Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2015

Supporting Information

Silver Salts and DBU Cooperatively Catalyzed Nucleophilic
Addition / Cyclization of Propargylic Alcohols with

Trifluoromethyl Ketones
Jingjing Wang,* Wei-Guang Kong, Feng Li, Jie Liu, Qin Shen, Lantao Liu, and
Wen-Xian Zhao*

College of Chemistry and Chemical Engineering, Shangqiu Normal University, 298

Wenhua Road, Shangqiu, Henan 476000, China
Email: wangjingjing0918@163.com

Table of Contents
Copies of NMR Spectra 2-43

Crystallographic data for 3ia 44-51


mailto:wangjingjing0918@163.com

Copies of NMR spectra of the products

5000¢

0

5000¢

40000

3000¢

[m]

20000

1000C

GLEL
9L

re's

0612
6022
2284
0se' L
69E°L
aee’s
SBE’L
0r L
bivd
zy' L
A
(3=
629°.L
GB9'L
€044
rhid

S

1

3308
+3.00

T 1.00

+1.20

el
T30

0.0

5.0

10.0
ppm (t1)

€0Ees-

FaC

3aa

T
200

T
-150

T
-100

ppm (t1)




— 40000

3000¢

1000(

08922 —~_

IEE'BE

289'8s
000722
AELL
= rA=te]
20026
=
Lr9rs0L
846'501
Z0E°801
FAGLLL
L2 0EL
ZBTEC)
LrLazl
L6V 8eTh
264°8C)
U=t
654°8Ch
05T
aee'sgl
215'velL
08L°vEL

W=

[3:2%=13

FaC

s

3aa

50

T
100

T
150

T
200
ppm (1)

1500(

1000(]

5000C

0ov'L
eril

Sty

a0e's

€922
[4=TAr
Zoe's

£zrs
S H/
zop s ——I%

89 ——

292
£89°2
10472

Me

T 306

3302

T 100

302
T+ 2.09

Jaoz

0.0

50

\
10.0
ppm (t1)




5000(]

9BE"ER-

Me

T
-200

T
-150

T
-100

ppm (t1)

6000¢
5000¢

— 40000

— 20000
1000(
0

5TV ——

08922 —__
ZEE'6T

f==k=T

00022

2LELL

€8ls8

jei=i=ge ]
2EF 501
0247501
680°501
9Zy 801
[A3=ran
28y 0gL
EZEETL
LEVBTL
SB9°9TL
rLeLEL
FeragL
658'82L
Zliel
LZEVEL
Leoork

W22

Me

052°551

I

3ba

T
100

T
150

T
200

ppm (1)




5000(

4000(

3000(

2000(
1000(

6525

glgs
Zeg’s
05z’ 2
[0=TAF 2
PLEL
£6EL
[45
vy
9y
e
0984

P

L

3 1.00

=102
F2H8

T 4.00

T
10.0
ppm (t1)

5000C
— 4000

3000

— 200062

1000(

rEC'ER -

T

3ca

T
-200

T
-150

T
-100

pem (t1)




6000
5000

4000(

3000(
20000
1000(

6000
5000(
40000
3000(
2000
1000(

SeLlL

SZVEE —\

)

0ZZ' 1
168 PE ——

899,
00022
LELL
(A=t
£58'96
025501
[E==R=0 ]
021801
605801
Br9LLL
S0S0EL
L9E'ET)

0oL'szlh

=
GLEBEL
0ip8EL

pleiel
SipREL
65k LEL
SrE'FEL
PrOESE
PLEBGL

A s

50

i

100

150

200
ppm (t1)

ose' ) —— -

W'Y

S69° ) ———— -

aegE -

EES — I

Er6a
G869
alg'd
Sez's
€5z’ )
0sg's
9EL
96E° L
Sy

GED'L
ore’s
§58°2
€902

OMe

+ 303
T3

T3.00

=+ 1.00

T 2.00

= 1.02
T2

T 4.00

00

50

10.0
ppm (t1)



70000
6000
5000(]
4000
30006
2000C
1000(
1000
7000
6000

50000
4000
3000

2000
1000(

T
-200

09822 —__

0E8e

BTG

T
-150

289'84
00022
alE L
B fAsA=tE]

8/8'98
89e°501
669°50L
B 8Z0°80L
£5€°80L

EZSELL
a9 2Ll
zip0zh
£8p'es- - 1ZEET)
9€1'9zh
565°9Z4
gL —F
zizezh

pap'azL

o 0E9'PEL

T
-100

e

N

SBE°8SL
L LE'09L

ppm (1)

50

100

150

OMe

3da

200
ppm (t1)

[m;
[m:



1000(

5000C

ave’l

64571

PLLE

=l

£58'9
658'9
=il
89
9/8'9
c8e'e
vE0°L
s
LEL'L
=190
00z
ez’
ove' L
€524
€4
o6e s
FAR=p
5SS

e

OMe

=+ 3.00

T 3.00

I|i T 1.00

=t T 1.00

=it

= I 200

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

ppm (t1)

[w;

— 40000

3000¢

— 20000

1000(

291'es-

OMe

ju

3ea

T
-200

T
-150

I
-100

-50

ppm (t1)




= = = = = =
(=] (=] (=] [=] (=1 [ =]
(=] (=] = (=] (=1 (=]
w o =t Larl ™~ — (=]
3 - o
80928 —~__ 1
L o
09258 ——~__ @
789'9;
000°22 r
LIELL
042'58 L
5.0°26
521°504 = L
505°50}
568°504
991°90} r
Era°ziL _
59E°SH -2
LTG5 AL "
SELELL L
£88°0ZL % - 3
oz ET) - — L
26052} RN _—
961 971 — = _ 3
0z8 22} K I
28r°8z) =
Z0€°62) r
V2L PEL
. o 2
LI6°EEL = @
B90°95) —— o _
16Z'65) - -
o
o S
Q T 0
© o

T
200

ppm (1)

6000

5000(

98E°L
089'L

9e6'E

EEC'S
068
468
2869
256
5002
=1
ne's
[FAr
(U=
PrEs
PoE L
€8E/
28es
Z6E' L
Liwd
s
Ler's
989
(TS
S0LL
[

e NPt

FaC

O ome

3fa

3 3.03
F|3.00

> 3.06

T 1.00

F 202
> 1.04
F 304

T304

0.0

T
10.0

ppm (t1)




— 40000

3000¢

— 20000

1000C

Briee-

FiC

O OMe

I

3fa

T
-200

T
-150

T
-100

ppm (t1)

[m;

8000
7000(

6000

5000C

— 4000C
3000
— 2000¢
1000(

£69°42
[ArA A

/

298°56
£89°92
000°22
ale il
GOG'PR
FL5°96
£ER'50L
821801
PZ5e0L
228001

Jf

86Z°Z11 /

6L AL

0002k

0990z

L9EZT) [/
—\
—

SZSECL
PEE'SEL
0BE'BZL
U= pA
PEEBEL
SOr'eTlL
LEQLEL

Zz0'sEL

SLEO5 ——

260°851

OMe

F3C
o]

3fa

T
100

I
150

T
200

ppm (1)




— 7000
[ g s s T s Ty R e B = = [Fe R -
WD — @b — o O e 1 =] QW
Ml 0 BN e e = - ™ oo o
[ e e ST S S (=) W ™~ - = L
— 6000C

00} L (r——
e
=
T
=

oy o C
N rpes o r
O OO (=]
(= N R [a3] -
| . . . . | . . . . |
10.0 5.0 0.0
ppm (t1)
=} 4
[ ]
2 - 8000¢
2 i
L 7000¢
Me B
L 6000C
FaC C
Me L
(o] .
o r
L 5000
\ L
H :
3ga L 4000
I 300007
L 2000
L 1000
. Mo
L1000
T | T T T T ‘ T ‘ T T T | T T T T | T ]
0 100 50 200
| ppm (1) i

10



8000
70000

6000
5000

5000(
4000(
3000¢
2000(
1000(

vl —

6508 —~__

lee'ez

f==k=T
00022
8LELL
=l =t]
Z60°26

281501
[AR=g=
=g
€21°801
0oL

£9r0gL

ZE'Ezl '
564621
LIVEZL
£84°9Z1
LB LZL 1/
o) gy —=
Zveezl ——

GES'PEL
FEYPEL

=i

Ope'ssl

50

100

150

Me

200
ppm (t1)

95z

LELL

PTG
S0z 2
9z
vres
69z,
68z
SiEL
SeE.
2
e
[ot=] 4
el
Zay's
bSL
558/
££9°7
ora's
U=
a6
akess
886,
PG
sog
£E08

1 3.04

FH3.00

T 1.00

oD B am—

WY
has P Lbo—
o0D O =M

0.0

11

5.0

10.0
ppm (t1)



4000
3000
20000
1000(
6000¢
5000¢

3000¢
1000C

I
-200

geL il —__

vZy 6z

£99'9;
000°24
Y]
Sr2'Se
50'96
25501
Z58'501
£81'90}
15901
B2EGH
10502}
PIEETI
- 00L G2l
(AR}
r 22T 9zl
b2p9ZI
. F EYNrA)
918221
3 9/v'8z)

Q £51 08}
O B £or IEL

i Bra'bel
£ .

Oz " HOESE ——
91£'951

T
-150

T
-100

=l -

Sl

-50

FiC
O
H

ppm (t1)

50

12

100

150

3ha

200
ppm (t1)




50000

0

leet
629°L

2525

S04
960°2
akbs
SBLs
vies
[4>ars
6rE’ L
62E°2
a8e’s
s
bed
629°2
£89°2
5=
0L L

=

in

F3Mm
FH3.00

> 1.01

T1%

F 202

128

00

10.0
ppm (t1)

4000(

3000¢

2000(

1000(

BZOFLL-

CLr'ER-

I

FiC

T
-200

T
-150

T
-100

pem (t1)

13



5000C

98548 —~__

L0E'BE

£89°94
00022
less
0Zp'se

A A
5601
£82°501
919501
Ap6'50L
9L
PEESLL
6l LLL
POEDEL
65} ECh
=T
a0e'sgL
98 LT
EES'BTL
968821
286821
SIS 0EL
L=t
ZZ9PEL

626 551

[F3=i=13
600591

A

3ia

I

T
100

T
150

T
200

ppm (t1)

— 40000
3000¢

— 20000

10000

0ze'L
289°)

95Z'5

a8lLd
P
SET .
(U=
0/e4
£8E°.
a8e’s
6EE°L
v
5854
£09°4
9294
FAZ=l

Cl

o]
\
3ja

+ 305
3.00

= 1.00

110
F4.02

F4.04

0.0

5.0

10.0
ppm (1)

14



5000

4000

3000C

1000(]

LOr'ES-

Cl

H

3ja

I
-200

I
-150

I
-100

ppm (t1)

5000
4000
3000

[m]

20000
1000(]

SI5 4T~

60E'62

Z89'92
00022
LIELL
Z5i's8
el ]
898'r0L
L0Z's0L
ZES'E0L
£98°501

£ra’Lel
66282

205°8EL
GES'REL

LELEEL
L5SrEL
Z6E'8eL

TR /

VET0ZH

9B0'EgL

Sre'sEL

Lreazl %
=

Cl

£08'551

3ja

H

I
100

I
150

I
200

ppm (1)

15



0 — {1
=@k Om O R WO w w @ L
ONOD TN DO F 0D [ty] o o= — 8000C]
D W HE e &6 NN & o @
P P P P PP P e P P e w — — :
. — 6000(
07, ! - s000¢
\ C
H L 20000
3ka [
L !
- 3000(
! L 20000
L 1000
JU.JR AL g
"r' b L
= bl L
(=] o o —
= S| = - 1000
| T T T T | |
10.0 5.0 0.0
ppm (1)
=, |
[m: u
~ L
-
2 L
8 - 6000C
- 5000(
Er r
o L
9] I~ 4000(
\ L
W L
3ka - 3000(
: r
- 2000(
- 1000(
o
- -1000
T | T T T T | T T | T T T | T T T T | T ;)
50 100 150 -200
| ppm (1) i

16



6000¢
5000¢

— 40000

29—

28E'6E

b9l

65022

L84

21558

A
656'v0L
£62'501
929'50L
856501
ELELLL
ez 0k
BOEEL
6R9'vEL
[Adsp=ras
90F 8T
206" 2L
GBS 'BEL
EES'LEL
60L°EEL
285 vEL

N

prazgesiy

Er

50

T
100

T
150

T
200

ppm (t1)

7000

6000

50000

4000

3000¢
2000(
1000(

62E°L
Ay

98Z'G

ETTL
A
GG/
09z'2
S9E,
vaE s
ror2
34 42
o o
et A
rars
082
azes
ares
99972
el
roRs

Fh

0.0

5.0

3 1.00

F1
T3
F6
F2

[=Y=Ta =l
B =la NN

10.0
ppm (t1)

17



7000

6000¢

5000(

4000

3000@

2000(

1000(

-1000

alges-

Ph

T
-200

T
-150

T
-100

-50

ppm (t1)

5000(

4000(

3000
2000
1000(
0

P99UL ——

ore ————

€899
00022
lELL
Sre's8
98026
65E'501
280°501
210801
05E'80L

fBE AL /

GEF0ZL

CIEETL

EL1°9Z1

ECTOTL

LEEOTL
—7
|\

51 L2
0gg LelL
EELLEL
6ra’ it
s
geR'eglL
GEEEEL
5L PEL
=5
0sezrl
BELBGL

Ph

50

T
100

T
150

I
200

ppm (t1)

18



7.609
7.591
7.421
7.409
7.387
7.368
g —— 7348
7.260
7.254
7.250
7.238
7.219
7.201
7.079
7.089
7.058
5.286
1,676
1.490

3ma

00} € p————————
L
fam

10.0 5.0
ppm (t1)
[,

-83.357

ppm (1)
_L‘.

19



4000

30000

2000C

1000(

B —
20veZ

£e0'gs

00024

BlELL

504'ca

SE9'Gh
€250l
05250}
840901
£0v'901
BEILLL
86t 0Z 1
15E°E2)
3V VT
1219zl
51292}

L ——
e6r ezl ——
Tha' el
96Z PEL
€98 rEL
vEL LEL

e

A

062851

FaC

T
100

T
150

T
200

ppm (t1)

50000

0

LPEL
L0£TL

ZB8E'Z

£5C'5

6022
6224
0sgs
1N
azy's
BEV' L
rrv s
=i
=i
SPSs
5854
0eL s
8eLs
51 7]

Ll

1)

Me

7} 303
T 302

J1.01

1200

1 387

T 200

0.0

T
10.0
ppm (t1)

20



— 40000

3000¢

— 20000

1000(

06Z'£8-

Me

-200

-150

-100

-50

ppm (t1)

[m;

5000(

5=
Lz

82942 —.__

LEE'ET

%

89'8s

00022

2L

Zelse

el ]

PEG'96
951 501
£8F'50L
rlas0L
4=
009 LLL
L5021
SIEECL
[s=ly=A
00a'9gL
LELLEL
0ElLBEL
l0Z'6zk
9E6'BEL
6/8'LEL
SZOPEL
£68'5€1

==

Pl ESL

T
100

T
150

T
200
ppm (t1)

21



5000
4000C
3000q
2000C
1000(]

= = = = = 2
(=] (=] = = f=] (=]
(=] (=] =2 = {=] =]
L =t o™ o — [=] w
.
- =
e ——— - u = 3.02
S ——— - = +3.03
pRE ——— - = T3.00
o
[ w
s —— - 3100
2 682'€9-
660 Q L
196'0
0922
6P L v
0sr'; O =L_ &
. (&) I
vER' L =Y -
b s
b
UG ———
9651 — f
oL +
Sz
oEL s
oF
— < &
— Qo

-200

-150

22

-100

OMe

Jac

FiC

pem (t1)




6000

50000
4000
3000¢

2000C
1000(

5000¢

€694 —__

avE'sz

rress

289'82
00022

LIELL
£E0'SE
0ES'26

8E0'50L
99E°501
S69°501
£20°801
FEEELL
9L
LIPOEL
FECECL
[1-1%=r1%
LB49EL
GEP LEL
LZLREL
ZI0'BEL
9Z6'6EL
099'vEL

GEP'PSLE
256°451

—

)

OMe

F1C
3ac

50

100

150

200
ppm (t1)

[3=rA
9ED'L

£lge

96L's
€EL8
6EL'8
£5.9
8549
6L
6EL L
Fis{
LET'L
4
6222
PET L
ore's
[A=TAF
a5es
[R<10
=104
QLEL
£BE.
a8e s
PeE'L
G66E°L
arg’s
S58°4
90

OMe

FaC

il

F+305

F3.00

+1.00

F1.00

FiE

3308
F205

0.0

23

50

10.0
ppm (t1)



6000

5000C

4000

3000

2000C

1000(

0sEes-

OMe

T
-200

T
-150

I

3ad

T
-100

ppm (t1)

5000¢

— 4000

3000¢
— 2000C
1000C

ST~

962'62

080°85 e
£89'82
000722
alE L
60E'S8
V6696
6LE50L
059°501
086°501
a0e"80L
EreZlL
96T
8557 LLL

Pl
GZS0EL

0LECH
A=
arlegl
SLLBEL
66E°6EL
00°0eL
LoFrel
S50°9EL
FEE8SL
GES'GSL

N\

FaC

OMe

3ad

T

T
100

T
150

T
200

ppm (t1)

24



5000(

40000

3000g

2000(

1000(

AP
F09°L

lELE

EF9'G
rala
2849
orGa
9669
S/6'9
¥a0°L
2802
oLz
£ChL
FrA
LEV'L
stV
a0es
[AR
boe's
SZEL
£09°2
£19°
€79,
¥e6L
266,
rL0'8
aloa

A

N

T 3.02
T 3.02

3.00

F .00

T 1.00

T 1.00
3 1.08

F 31
F2.07

> 1.04

I
100
ppm (t1)

6000¢

£000¢

3000¢

1000(

952°Es-

T
-200

T
-150

T
-100

-50

ppm (t1)

25



= = = = = =

[=] (=] (=] = (=] =

(=] (=] (=] (=3 (=] =

w Lo =t [yr] 3] — (=]
88242 —~_

e ———— —-=

LZPEE ———
[4=i=R=T
000722
LIELL
0op'se
00L'os
Rd=11
69501
86,501
azlh a0l

\
7

APEEZL
LSS ECLE
0z9zl
riaazl
agzicl
Shiazlk
PESBZL
ELGBTE
E/9°FEL

pagssl
95095} T

50

I
100

I
150

I
200

ppm (t1)

= = S S = = g = S i
2 2 2 2 = 2 = 2 =
8 S 8 8 S 2 & S o =
=
= =
802} 3.00
BBE'T - —=— 1600
=
[ w
8ET'S ——f— }1.00
6169 L
0922
]
9082 = ®
S5 =
JEPL
o . Fioo |
95¢L =L_
89y L i
rivd Jz03
Ops'2 F
Birs L
852
oE
S8

26



7000¢

6000¢

5000¢

40000

3000¢

20000

1000(

o Es

Me

Me

3af

T
-200

T
-150

T
-100

ppm (t1)

8000(
7000(

6000

5000(

4000

3000¢

2000(
1000(

e —

1860 —__

lee'ae

=i=R=T

00022

aLELs

98158

28026
4=1=]
Zh5'50L
£ra's0L
£21°801
909 2L
£9r 021
0ZE'ECH
G54'52L
LLLBEL
£84°821L
iz
9l BZL

ZrGeel

595 vEL
PZ9FEL

g fel

N2

Ora'ssh

Me
Me

3af

H

T
100

T
150

T
200

ppm (t1)

27



5000¢

3000¢

ivh
zea’t

£56°5
[o=TAr s
olys
CEV'L
ary's
(=
rovs
(3
P
ETA=s
5572
A4
=
8572
8652
21974
[AYS
FAYAS
LELL
8L s
608’2
==t
(L=
668°2
506°2
606°2
2s50'8
ro0a
el0e
008
Ze0'e
%]

¥ 3.02
F{3.00

T 1.00

5.0

10.0

ppm (t1)

— 40000

3000¢

— 20000

1000C

6| £8-

T
-200

T
-150

T
-100

-50

ppm (t1)

28



6000(

50000

4000C

3000¢

6L8.Z
EED'BZ

/

€899
00022
8LELL
=]

85228
b2sol
ErSE0L
/8501
002201
FO9LLL
28 0gL
0ZEETL
SO9ETL
SISSCL
9ZL5EL
LE45CL
==
=
£C8'9CL
prizg=rA
FELBEL
Z048EL
06621
e090eL
b0 el
Z0LEEL
625 PEL
FZE LS

e

T
100

T
150

T
200
ppm (t1)

4000

3000(

2000(

1000(
0

LPE'L
L69°L

SEZ'G
as0 s
0802
26072
A3
09z'2
Elrs
2y
vl
azrs
=151
A
1
vSbrs
a5y
28572
Ses.
0L
[A%= 3
PRI
0L
60472
LeLd

)

1

L

J

T 3.00
F3.00

F1.00

0.0

50

29



1000(

50000

299G}

SEE'ER-

T
-200

T
-150

T
-100

T
50

pem (t1)

5000C

l8g Lz ——

a0e'eg

Z89'94

00024

2ELL

=]

000'96
60E"50L
BEQ'E0L
046°501
682801
pi=ta={1
0irELL
ESG AL
L0F0EL
rECECL
A=A
6pLBEL
rELBEL
98262k
A=t =T
SrO0gL
£98°0E1
£68°0E1L

LZVPEL
aLL551 -
R 7=

ZEG'BSL
S/E'Z9L

S

\

50

T
100

T
150

T
200
ppm (t1)

30



5000¢

— 40000

3000¢

1000C
0

QEEL
S89'L

S0z’

09z'2
(413 4¥2
ozy's
oy
EEPL
ory'2
Fio )
Lab L
a5y
02
£6f'L
Sls.
S8
1692
S0LY

Br

T 1.00

Jros
T 202

0.0

5.0

T
10.0
ppm (t1)

5000C

6EEER-

Br

T
-200

T
-150

T
-100

ppm (t1)

31



5000

18842 —__

arc'ez

£80°94
00022
8LELL
PEE'S8

SE0'96

A8F'S01 [/

612501

arl a0l

Lar a0l

LiF ALl

ECLELL

LEE QT
2\
—

BLEEL
PrOSEL
6LLBEL
[ArA=A
Zresel
4B0°0EL
855 LEL
0L EelL
982 vEL

62951

Br

3ai

50

T
100

T
150

T
200

ppm (t1)

5000¢
— 40000

1000(

8LEL
989°L

R
0e s
9ze s
vzl
QlEs
Lee's
geE.
S6EL
20
alysl
A
LEF' L
e
(3=
(3=
9484
ez
i
9LLs
0zLs
veld

F1.00

0.0

5.0

T
10.0

ppm (t1)

32



8000

7000

6000

5000

4000

2000C

1000(

-1000

ZTEER-

Br

-200

-150

-100

ppm (t1)

[m;

7000
6000

4000
30008
2000cC

1000(

OES JC ——_

GlZeg

£89'84

00022

aless

SEp'SR

28456
£09°501
9E6°501
992°801
265801
FOpLLL
2le gk
6Z5°ZEL
PLVEEL
LEOBEL
CZEHEL
022921
GEZREL
ZZ0'6el

8.6'6EL
20L'0eL

FELDEL

ZZErEL
09a'8eL

GDE"JSL

S

—

Br

50

T
100

T
150

T
200

ppm (t1)

33



5000C

4000
3000¢
2000(
1000(

ol
LELL

269°5
25072
[4=0F
22002
0802
980° L
oove
0sg' L
BoE°L
LEL
6RE°L
olys
ozy' L
A
EEV' L
ary's
(=0
0ev'2
LivL
bar's
94572
615°2
965°L
6652
reg L
629°L
E0L2
re0'e
880'8
riia
giie

F3.04
H3.00

3100

T 1.00
T 4.08

208

T 1.00

0.0

5.0

T
10.0
ppm (t1)

50000

40000

3000¢

200001

1000(

lagea-

T
-200

T
-150

T
-100

ppm (t1)

34



5000¢

— 40000
3000¢
— 20000
1000(

i9'4C E—

alvez

Z89'9.

000724

LIELL

5958

9EV'S6

£05'56
2L5°501
Z06'50k
rEZ 801
Fes'e0L
LBV LLL
EPEDEL
LB0°EEL
o0z'ETh
SE0°9EL
LELBEL
F0S LEL
Log'eel
2BE'6EL
5e00EL
669°ZEL
E60'vEL
2.E°vEL

N

LED'LSL

50

T
100

T
150

1
200
ppm (t1)

5000

S5E°L
E0L7L

1825

09z’
1
azy' s
ger' s
A
254
65p'2
gyl
1=
6ar' s
[9z9' s
6r9'
€49/
s

\

N

CN

3al

|

F 302
F3.00

T 1.00

T 3.02
Tem

0.0

10.0
ppm (1)

35



7000¢

6000¢

5000¢

3000¢

1000(

[R155

Fa1C

CN

I

3al

T
-200

T
-150

T
-100

-50

ppm (t1)

— 7000C
6000¢

5000¢

— 4000C
3000¢),
— 2000C
1000C

61162

£89'92
000°22
e Ll

L2858

L1856
9z0901
65901
069901
£20°201
2507601
LCELLL
z6l
[ FANAY
G6C0ET
SBR'GZL
ATH9EL
020821
Gez ezl
ST 0EL
£5Z°CEL
Z5B'EEL
LS 6EL

N

561651

— e

CN

\
3al

I

50

I
100

I
150

I
200

ppm (t1)

36



1000C

5000,

£8EL
6CLL

09E's
29z
vEr L
Errs
arys
=]
Zirs
Siv'l
€8y
28y
£69°2
692
[T
A3
6244
[3=7AF
4228
Zez'e
0sz'e
SeZ'e

e

FaC

NOy

3am

F1.00

T 303
T 408

Tzoz2

0.0

5.0

10.0

ppm (t1)

[,

6000C

5000

4000

3000¢

2000(

1000(

a5Een-

NO;

3am

T
-200

T
-150

T
-100

T
-50

ppm (t1)

37



= 3 =] =] = = = = = =2 = S
(=] = (=] (=] [ =] f=] f==] (=] [=] (=] (=] =
= =} = = = = = = = = = -
=t o~ o~ ~— L=] ~ w Loy =t o~ (3] — = 1
L =
{
oy iz ——.__
- ¥
b6 ——— e S § L
oo ———— - u > 3.03
L 008’} ——— - — 300
L =
3
za9'0! I
00024 4
BlELL 1 -
70668 _
£55'56 [/ :
161901 _
925 801 L
658 901 .
_ 59
881 201 | s i
VOE 2L - 0BG
851 02l — = 2669
L OEZ) r 6002
ZIBEZL ] 0902
798 STl 1/ __3 L 080°2
Emmﬁ% _ — - e F1o0
50821 = -= = = L 2002
vZE 821 |\ N 8/
ZIE0EL K i
89.°€€) - i 0eyL .
089 1l % - serd Ty i
85F Sl o -2 BIGL Yy c T30
2 T <z oY=, 8 T 202
665/ X
ara 651 - - Syl L o
855/
z
o L § \ ot e
. = 089'L
s
. - 689'L
99t'8
L S/t'8

0.0

38

50

ppm (t1)

10.0




5000¢

3000¢

1000C

9z} ea-

T
-200

T
-150

I
-100

-50

ppm (t1)

6000¢

5000¢

20000

1000¢

6L ——

LBE'BZ

TRo'0L
000 44
8lE 4L
£06'Ce
955 /6

8LZ' POl

=R

S06'F01

8rZ 501

Z0Z LhL

550°021

606°Z2 1

£8.4°521

zZee'ozl

852 421

004 21
106 21

8Lp 821

I

B89p FEL

116°BEL

TrO'BEl

glgssl ——

N

%

FaC

7 c
o __ =
I
e}

50

T
100

T
150

I
200

ppm (t1)

39



5000¢

rre'r
avs'y
6Z0'S
EEOD'S
6ES'S
ErE's
re0'8
=1
=13
=1
Sle'd
Gegs
A
S8C°4
6822
98z
60E°,
SIE'S
aze’s
EEE'S
Qee’,
rrE' s
£5E°7
A
62y’
opy's
05y
98y’
Livs
£8r's
68y’
iy
05,
A2
o=l
€952
985°,
Spid
0sLs
88ss
8L

770 T6E0 TA0 T40 730 720

7.80
ppm (t1)

0.0

5.0

10.0

ppm (t1)

ralza

relie

[m;

5000
4000C
30000
1000

0 -34.0 -85.0

-83

-82.0

40

81.0

-80.0

-719.0

-78.0

ppm (1)



0.0

5.0

41

0

ppm (t1)

= = L1 = 1 =, = T
= = = = =
(=] (=] (=] (=] =
(=] (=] (=] (=] =
=t o o — f=] el (=]
IR RSN P T T R R R \ L \ I I I 1 1 1 1
] o GELl
9861
| LSS
| 9'S
709'9. 669
000° 22 F £86'9
QgL 1 0004
Hoze ] L £00'2
0698 WWK
185001 1 L avls _
054001 29v4 _ -
628501 - Nmﬁ M
Sal'e0l S Pty
867901 0z
128901 L Sz
arl 0l 1771
Ziv 0l meuh -
8zr il r mwwm £, &
LEE'BH — ’ BrZ L o Pz
992021 L \0es o ~
ede el - S0E £ W -——=—{ T4
E0VET) glE.
80121 i |Zed T
HIESTL . B2E 4
£zy'9zL £ o & _ s mmmm .
67921 o= ; — =
789°9Z1 QL Twn = prEL R =
966'9Z) - . - Mwmm F
90z 21 a gegs I
12621 =1 | o S
966' L2} Il |~
P - et I
- = L TP L
BYY BEL iy 208 ||
0LF'8Z) el mmm
JAZN-TA) - ary . ’ L
678821 e 108
62621 - el L %m.om L
09621 I = 662 T 1.04
P02 0El 904 a7 |- 8
Por' gl | (13- + ~
PIO'EEL hess +
LalEel 9r9'2 T 2.04
L 992 -
EBE PEL 0.76
EWFEL WMM |
156'5E L - vl 2.00 =)
Z05 LEL = 1T r E
oFb 151 | € 6.4 a
T84 1Sl g 2082
| LF



4000

3000

2000C

1000

L96Ze-
coTe

T
-95.0

T
-90.0

T
-85.0

T
-80.0

ppm (1)

— 4000
3000

[—2000d,
1000(
0

£59°42
00£°0e
289°9.
000°22
e sl
£09°82

Z9g'08
28858
250°98
lalie
154748
610°66
Liv6E

890°201
LOP 201
64¢°001
SELB0L
rLa'e0l
007401
BELL01
98z AL
0EL0z)
6BE°0Z)
EEQ' LTI
rea’iel
LIBEC)
952°ET)
[ra=yera)
SEQ'OZL
529°021
E0e’ 421
9z0'8z)
6L18ZI
SeZ'eTl
LPS Bzl
SZ9°BTI
ZEG'BTI
2010l
olz'oel
0ES"LEL
E66°LEL
GLLEEL
B6L°EEL
ez rel
GLEVEL
P Est
5la'esl

L

m_h;

\

|

|

I
100

T
150

ppm (1)

42



X-Ray Analysis for the product 3ia:
CCDC 1045554-1045555 contains the supplementary crystallographic data for the
product 3ia. These data can be obtained free of charge from The Cambridge

Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif.

Table 1 Crystal data and structure refinement for 20150104.

Identification code 20150104
Empirical formula Ci9H6F40,
Formula weight 352.32
Temperature/K 291.15
Crystal system orthorhombic
Space group P212121
a/A 8.7578(4)
b/A 10.8532(6)
c/A 18.2457(9)
a/° 90.00

B/° 90.00
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Y/

Volume/A3

Z

p calcg/cm3

1 /mm-1

F(000)

Crystal size/mm3

Radiation

2 ® range for data collection/*
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [[>=2 0 ()]
Final R indexes [all data]
Largest diff. peak/hole / e A-3

Flack parameter

90.00

1734.27(15)

4

1.349

0.996

728.0

0.2 X 0.17 X 0.16

CuK a (A =1.54184)

9.48 to 144.64
A0<h<9,-11<k<13,-2<1<22
10669

3423 [Rip = 0.0335, Ryigma = 0.0336]
3423/0/229

1.038

R1 =0.0390, wR2 = 0.0970
R1=0.0438, wR2 = 0.1014
0.14/-0.16

-0.06(17)

Table 2 Fractional Atomic Coordinates (X 10%) and Equivalent Isotropic Displacement

Parameters (A2X10%) for 20150104. Ueqis defined as 1/3 of of the trace of the

orthogonalised UlJ tensor.

Atom x y z U(eq)
F1 6726(2) 5846.6(19) 6764.0(9) 108.8(6)
F2  5009.3(16) 4892.9(19) 7371.3(10) 105.4(6)
F3  6145(2) 6442.3(15) 7846.6(9) 99.7(5)
F4  5888(3) 2872(2) 10519.8(9) 138.5(9)
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Ol  7744.4(15) 3607.5(13) 7238.8(7) 58.6(3)

02  8922.3(16) 5269.1(13) 7750.7(8) 63.7(4)
Cl  9339(3) 1764(2) 5233.5(12) 69.1(5)
C2  8618(3) 860(2) 4820.4(13) 81.3(7)
3 726903) 363(2) 5049.1(12) 77.8(6)
C4  6612(3) 784(2) 5684.2(12) 69.7(6)
C5  7303(2) 1691.3(19) 6096.7(10) 60.1(5)
Cc6  8701(2) 2192.0(16) 5883.7(10) 53.1(4)
C7  9561(2) 3096.6(17) 6318.1(10) 54.5(4)
C8  9155.4(19) 3711.9(16) 6913.0(9) 48.6(4)
Cc9  10097(2) 4569.1(17) 7376.5(10) 51.6(4)
C10  7576(2) 4593.7(18) 7748(1) 54.2(4)
Cll 7122(2) 4104.9(18) 8496(1) 54.1(4)
Cl2  7634(3) 4705(3) 9112.9(12) 74.7(6)
C13 7207(4) 4292(3) 9801.7(13) 88.6(8)
Cl4 6303(4) 3283(3) 9851.0(13) 86.8(8)
C15 5780(4) 2677(2) 9252.6(15) 91.0(9)
Cl6 6192(3) 3099(2) 8563.0(12) 72.9(6)
C17 11064(2) 5482(2) 6956.0(12) 66.2(5)
C18 11033(3) 3855(2) 7936.4(14) 78.1(6)
C19 6342(3) 5446(3) 7429.6(13) 76.5(6)

Table 3 Anisotropic Displacement Parameters (A2X 103) for 20150104. The Anisotropic
displacement factor exponent takes the form: -2 © 2[h?a*>U!!+2hka*b*U!+---].
AtomUl11 u22 U33 U23 Ul3 Ul12

F1  117.0(13)  136.4(15)  73.1(9) 39.2(10)  13.1(9) 28.4(11)

F2  60.0(7) 148.3(16)  107.9(12)  22.2(11)  -12.5(8)  6.9(9)
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F3  1132(12)  84.4(9) 101.5(11)  8.1(9) 19.6(10)  36.1(9)

F4  207(2) 142.8(16)  65.3(9) 33.8(10)  352(13)  21.9(17)
Ol  53.4(6) 69.7(8) 52.7(7) 13.9(6) 4505 -12.7(6)
02 62.3(7) 59.3(7) 69.4(8) 152(7)  9.7(6) -9.1(6)
Cl 77.6(14)  68.8(12)  60.9(11)  -5.8(9) 7.7(10) 0(1)

C2  103.4(18)  83.9(15)  56.8(12)  -20.9(11)  -0.7(12)  4.6(15)

C3 96.4(16)  71.5(13)  65.5(12)  -13(1) 20.1(12)  -6.4(13)
C4 754(13)  728(13)  60.9(12)  -3.3(9) -12.2(10)  -13.3(11)
C5 67.6(11)  658(11)  46.8(9) -1.6(8) -4.0(8) -6.7(9)
C6  625(10)  50.6(9) 46.1(8) -0.4(7) -3.7(8) 2.6(8)
C7  52.69) 552(10)  55.6(9) -0.5(8) 6.0(8) -2.2(8)
C8  48.6(8) 48.3(8) 48.9(8) 2.9(7) -1.4(7) -2.4(7)
9 51.8(9) 47.4(9) 55.7(10)  -1.1(7) -3.3(7) -2.9(7)
C10 53.8(9) 58.4(10)  50.5(9) -5.7(8) 2.8(7) -2.7(8)
C11 56.09) 58(1) 48.3(9) -2.9(7) 0.6(7) 6.5(8)

Cl2 743(13)  92.2(15)  57.5(11)  -102(11)  -5.1(10)  -9.9(12)

C13 1003(18)  117(2) 49.011)  -84(12)  -7.9(12)  9.1(17)
Cl4 113(2) 94.0(17)  53.5(12)  15.0(12)  17.5(13)  23.0(17)
C15 128(2) 65.713)  79.5(16)  6.6(11) 31.9(16)  -12.3(14)
Cl6 94.5(16)  65.0(12)  59.0(11)  -82(9) 11.9(11)  -13.0(11)
C17 659(11)  64.9(11)  67.6(12)  -2.7(9) 7.09) -15.8(9)
CI8 85.4(15)  67.4(12)  81.4(14)  3.7(11) 31.6(13)  -4.7(11)
C19 74.4(14)  89.9(15)  65.1(13)  153(12)  7.6(10) 13.1(13)

Table 4 Bond Lengths for 20150104.

Atom  Atom  Length/A Atom Atom Length/A
F1 C19  133303) 6 7 1.470(3)
F2 Clo 131703 c7 s 1323(3)
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F3

F4

01

01

02

02

Cl

Cl

C2

C3

C4

C5

Table 5 Bond Angles for 20150104.

C19

Cl4

C8

C10

9

C10

C2

Co6

C3

C4

Cs

Co6

1.333(3)
1.349(3)
1.376(2)
1.425(2)
1.450(2)
1.388(2)
1.389(3)
1.391(3)
1.365(4)
1.372(3)
1.379(3)

1.395(3)

Atom Atom Atom Angle/

C8

C10

C2

C3

C2

C3

C4

Cl

Cl

C5

C8

01

Cc7

01

02

Cl

C2

C3

C4

C5

C6

C6

C6

Cc7

C8

C8

C10

9

Co

Cl

C4

Cs

Co

C5

C7

C7

Co

C9

01

108.23(14)
108.91(13)
121.1(2)
120.5(2)
119.3(2)
121.0(2)
120.7(2)
117.39(19)
118.49(19)
124.07(17)
129.94(18)
107.48(14)

123.65(16)

C8

C9

C9

C10

Cl10

Cll1

Cl1

Cl12

C13

Cl4

C15

C9

C17

C18

Cl1

C19

Cl12

Cl6

C13

Cl4

C15

Cl6

Atom Atom Atom

01

02

02

02

Cl11

Cl12

Cl6

Cl6

Cl11

Cl4

F4

F4

C13

47

C10

C10

C10

C10

C10

Cll1

Cl1

Cl1

Cl12

Cl13

Cl4

Cl4

C14

C19

Ol

Cl1

C19

C19

C10

C10

Cl12

C13

C12

C13

CI15

CI15

1.503(2)
1.513(3)
1.522(3)
1.517(2)
1.537(3)
1.375(3)
1.368(3)
1.386(3)
1.354(4)
1.354(4)

1.387(3)

Angle/
106.18(16)
108.12(14)
113.81(16)
106.30(17)
111.49(16)
119.03(19)
121.02(18)
119.9(2)
120.0(2)
118.7(2)
119.0(3)
118.5(3)

122.5(2)



Cc7

02

02

02

C8

C8

C17

01

Table 6 Torsion Angles for 20150104.

A

F4

(0]

01

01

01

(0]

01

01

01

02

02

02

02

02

Cl

Cl1

C2

C8

C9

C9

C9

C9

C9

C9

C10

B

Cl14

C8

C8

C8

C10

C10

C10

Cl10

C10

C10

C10

Cl10

C10

C10

C2

C6

Cl

9

C8

C17

C18

C17

C18

C18

Cl1

128.80(16)
101.55(14)
107.04(16)
109.45(17)
115.28(16)
110.96(16)
111.86(18)

110.55(15)

C

CI15

c9

Cc9

C9

Cl11

Cll1

C19

C19

C19

Cll1

Cl1

C19

C19

C19

C3

Cc7

Cé

D

Cl6

02

C17

C18

C12

Clé6

F1

F2

F3

Cl12

Cl6

F1

F2

F3

C4

C8

Cs

Angle/
179.6(3)
-23.39(18)
-138.68(17)
92.9(2)
146.84(19)
-34.6(3)
-57.8(3)
62.6(2)
-176.80(17)
24.9(3)
-156.49(19)
57.2(3)
177.56(19)
-61.8(2)
1.4(4)
173.7(2)

-1.03)

C14

Cll1

F1

F1

F2

F2

F2

F3

C7

C7

C8

C8

C8

C9

c9

C9

C10

C10

C10

C10

C10

C10

C10

Cl1

Cl1
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CI15

Cleé

C19

C19

C19

C19

C19

C19

C8

C8

01

01

01

02

02

02

01

Ol

02

02

02

Cll1

Cl1

C10

C10

Cl6  118.9(3)

Cl5  120.02)

F3 106.8(2)

Cl10  111.29(19)

FI  107.4(2)

F3  107.502)

Cl0  1123(2)

Cl0  111.32)
C D  Angle/
C9 C17 44.4(03)
C9 CI8 -84.1(3)
Cl0 02 -2.4(2)
Cl10 CI11 -127.61(16)
C10 C19 111.31(17)
Cl0 Ol -133(2)
C10 C11 109.96(17)
Cl10 C19 -126.93(16)
C8 C7 -166.40(18)
C8 C9 16.48(19)
Cc9 C8 22.01(19)
C9 C17 143.24(16)
C9 Cl18 -95.34(19)
Cl12 CI3 178.602)
Cl6 Cl15 -179.3(2)
Cl19 F1 -1783(2)
Cl9 F2 -57.903)



C2 C1 Co6 C7 176.5(2) Cll1 C10 C19 F3 62.7(2)

C2 C3 C4 C5 -0.7(4) Cll Cl2 Cl13 Cl4 09(4)
C3 C4 C5 C6 -0.903) Cl2 Cll Cl6 C15 -0.7(4)
c4 C5 C6 Cl 1.703) Cl2 CI3 Cl4 F4 179.7(3)
C4 C5 C6 C7 -175.55(19) Cl2 CI3 Cl4 CI5 -1.2(5)
c5 C6 C7 C8 -9.13) CI3 Cl4 C15 Cl6 04(5)
C6 C1 C2 C3 -0.6(4) Cl4 C15 Cl6 Cl1 0.5(4)
C6 C7 C8 Ol -1.13) Cl6 Cll1 Cl2 CI3 0.0(4)
C6 C7T C8 C9 175.41(18) Cl19 C10 Cl1 CI2 -953(2)
C7 C8 C9 02 159.69(19) Cl19 Cl10 Cl1 Cl6 83.3(2)

Table 7 Hydrogen Atom Coordinates (A X10%) and Isotropic Displacement Parameters

(A2X 10%) for 20150104.

Atom X y V4 U(eq)
H1 10262 2089 5073 83
H2 9058 592 4385 98
H3 6799 -255 4777 93
H4 5688 453 5839 84
H5 6831 1972 6522 72
H7 10542 3262 6149 65
H12 8266 5389 9068 90
H13 7534 4699 10222 106
H15 5154 1990 9303 109
H16 5836 2698 8146 87
H17A 10443 5894 6598 99
H17B 11879 5054 6714 99
H17C 11483 6077 7289 99
HI8A 11457 4417 8288 117
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H18B 11844 3426 7691 117

HI8C 10388 3272 8183 117
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