C-H Bond Functionalization via Hydride Transfer: Direct Coupling of
Unactivated Alkynes and sp® C-H Bonds Catalyzed by Platinum Tetraiodide

Paul A. Vadola and Dalibor Sames*

Department of Chemistry, Columbia University,

3000 Broadway, New York, New York, 10027

Supporting Information



00070 ——

99L"
98L"
LeL-
908"
L18"
IRAH
8€8”
868"
8€0°
870"
190°
890°
vLO®
L8O
960°
10T°
60T"
6TT"
068"
LG8"
680°
60T"
8¢CT”
LVT”
L9T"
929°
L79-"
G99~
989°
8rL"
1oL"
008°
118"
€18°
0€8”
LES”
A
126°
440
G96°

MM NANNNNNNNNNNN A A A A A A A A

SN =

™

W%

MMM MM MMM MONO™M

GCe L——

mol L

ppm

3

€00°T

PL6 T

0€0°¢

000°T

—160°T

9L6°S
— @Noum
—9L0°T



LEC VT —
289" L7——
908 TFh —
09L°2G
P8l 76—
€69°85 —
LT8°L9
wmm.mwuuuu
€L TL—0
FE8 9L
wmﬂ.ﬁwwww
NPW.PF\\\\
€99°8L

6€8 69T ~__

8GT 0LT—

A

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



800 "0— —_
97" 1T
067" T
¢0G° T
91G6°T
TeS T
ST
LSS T
98G°1T
re" 1T
[4°I
096°T
cLe" T
€86° 1T
Te6e T
¢00°¢
€10°¢

vZ0° 2
Nmo.mv

€vo- ¢
809°¢

299°¢2
Sﬁ.m/
TLT"€

LT €
STz ¢
vce ¢
6cC ¢
8EC € —=

0TV &€~
8ev € ———=
Go9v "¢
vebv ¢
909°¢
GZ9-°¢
Geo-¢
7G9-¢
G99°¢
789°¢
60L" €
eEvL ¢
8L8B"¢
068°¢
G06°¢
916" ¢
2€6°¢€
€ve-¢
€L ¥
LZL™ Y
LOT" S
06T°G
€61 G
L6T"S

—_—

19¢° L——

ppm

2.5

I90°T

_L0T°T

¢90° T

190°T

8G0"'T
/920" 1
= 6LT ¢
\OLT" €

I0T°T

T~— - -

000°T

LLO"T
L00"T

—_—= =



€L8°6C—
8T0°8€ —
70" 8% —
90L" 28 ~__
€€ s —
9L6°T9 —
L7989 —
G08 9L
RN
€cT ww\
Vv LL
68978 ——
€9C ECTT —
P90 LV T ——
08T " 0OLT ——

906 " TLT —

WWWWWWWWWWW

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



. 6 = 0O O O O O oo oo
R U v A NS -l A N RS
~ MM MmO MmO m®m®Om®m NN N o oo
| =\l /¥
MeO,C CO,Me
A\
N
3 CO,Me

4%

2.000

-0.000




0ST "7 ~—~_

96697 ——
6EV LT

697" 0%
wmﬂ.ﬂvy//
06T 57~
€67 67—\
106797 —~
vy Ly

€9z°2s—7
pm».mmt\\w
9€T 86—

9007 2L ~_
TEL 9L
@mﬁ.wthWw
185" LL
wﬁm.wht\\w

¢0€°GGT —

009°69T —

WMWWWJWWWmewWWW

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



970" 0 —

088" ¥~
geE8 P
£80°§ ——

99¢" 5§ ——

0o L—

ppm

|

L e

EPO°T

¥S0°T

€00°T

700°T
YEQ'T
S90°¢

e - ALY

L6T 6




999

L29

v
L6T"

4374
8L

§G9
LST

8€L

91"
886"

6€G”

96¢€”

9€6°

LO6
veL”

‘9 —

9%
PWV

S—7
.Nm\
09 ——

9 ——

CIT ——

LY T ——

GGT —

69T ——

TLT—

WWMWWWWWMWWWWMW I W

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



000°0-——

457
T19°

ri8-°
€L6”
666"
0¢0-
€v0-”
890"
L8Z"
Tce”
9ve”
(N4
LLY®
€06
L09”
ze9”
169°
189"
8EL”
6GL"

.

N S4

BOC

J

ppm

GL6°8
6T0°T

I180°T

€86°0

000°T

—_— oA

726°0
=160"T
9v0°T
0€6°0
¢10°9



£
Q,
Q,
[ ©
20070 — < F o
[Te]
o
o
I
€SP T L
G9L"T L G86°8
06L°T I —
mﬁw.ﬁ/ L -
€10°2 t G86°0
m:o.w/ [o ———
. - SL6°0
260° 7~ [ ——=——
G0T 'z —7 [ __0T0°T
LTIT°2 I
658°¢ .
€66°¢ M
€10°¢€ i
Se0°¢€ [
mmo.m/ . 000°¢
. B —
eoz e m o 810 1
822 m// PO
Secie—= I £00°2
wmm.m\ =
m»m.m\ [ w 910 T
wa.m\ [ oo —
AT Al i 860 T
mZ.m\ J 1 LV6°G
879 ¢ o
€L9°¢ -
S69°¢
geL €
LvL € o
[«
o
[ o
fe}
[ o
Z 0
7] o
LU m ©
w Z-m
[Te]
e
o
[
097" L —— —
[Te]
=




£6€ 7T ——
GLELE ——r
65L°8E —
955 TF —
7S SF ~—u
BEV LV ——
£€9° 25 ——
£08° 85—
86L°TL
078 9L~
LSTLL
CSLY LL—"_
mmm.mp\
£SE°6L
R
ELB 69T —
=z %
L m
w Z-Mm

ppm

150 180 170 160 i150 140 130 120 110 100 90 80 70 60 50 490 30 20 10

200



ppm

¢00"0—

A

900°1

Iv6°T

Sl

990°T
666°T

i Ay
W

[+4]
un
(3]
PSP SIS IO NNNNNNNNN NN A - A

£SZ°L

$8Z°L
mom.b/
ZEE L
mmm.bv
hmm.h\
50%° L
LES L

mom.n\.
9FLL

L

LTO 2
[ w €ET0°¢C

—_f LY &

P Lv0 ¢
000°2

Jb
i
|




vLT®
€9¢°
989"
LTIG”

[4°3°n
€1v”
GGe”
€LS”
10¢”
cLE”
jA4°H
G88°
781"

89T~
cee”
180°
€€8”
IG6T"
697"
Svv”

166" 6TT —
8TT" 62T
907 crT
L€0° 12T —F
e
67E THT —
LGT ¥PT ——
60L° ST —
L5969 ——
=
N “
@)
O
@)
N
@)
()
=

Ppm

30 20 10 0

40

50

60

70

100 90 80

110

120

130

140

190 180 170 160 150

200

WMWWWWMWLMM




10070 —

957 T ——
0%S°T
695°1T

009 T —X
LT9°T
$59°T
906 T—"

4

\

oSz L
8LT L

962" L
mHm.ﬁ/
Toc L X
omm....\
86E "L~ »
Nmm.ﬁ.\.
oom.p\.

LEL'L

ppm

4.

5.

J\J\-/V\ANUU“‘*ALJJ“\_J\_/\

9%6°0

2981
L00°¢

696°S

S66°0
€86 T

¥

¥96°2

L56°T

w _0E0°E

L0T°2
900°2

——



L86"

7S9°
96L"
L8Y"
9€8”

[4%N

6G€"
L9c"

or8-
8GT"
9LV "

9¢0°
24
0€T”
LeL:

€29°
68€"
TLO"

8V 6
LTL®

9 —

T —
T ——
LY T ——

GG T ——

69T ——

LT —

OV VO 1R 3 Y g B W

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



ppm

000°0—— ) B

€86°T
»oo.ﬁ/ L2
69 T\ G~
0991 —= 0860
-_
EG.H\
LOLT o
20 7 —— f o e
87101
€60° 22— _
518°2
5e8°2 o
7582 Mo
€L8°¢
so.m/ I
mmo.m/ o 2
@:.m/ L=
€pT e N\t © 51670
0ze e~ -
Sve € ——= TL6°T
_ =
gLete " [0 =
615 € © €201
owm.m\ e —

8GG°¢
8LG"
666"
8¢CL”
EvL”

€T S — 000°¢

08¢”
S6c”
roe”
60€"
91¢”
Gece”
Sre”
T6¢e”
8G¢”

!

910°§S

M~~~

~\
E
CBz




160°6C —~_
60662 —
GzG'LE
Nom.mmuuuu
TZT°S¥
m@q.mwuuyw
TZV 6%
wmm.mwwuv
999°2S
mﬁ».mmx\\
€67 7S
L9L 99 —
€787 9L
N@H.P»www
08V LL
888 LTI
Bm.»ﬁw
65V 82T
788 9€T ——
LG9 ¥ST ——
Ly 89T —
L
L

CBz
S7

WNWWWMWWWWWWW

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



T00°0-——

[47
LLL®
708"
Te8”
968"
010"
GT0°
1c¢0°
780"
[40
6TT"
€eT”
0GT"”
878-°
S8’
€66°
710°
9€0~
LSO
080"
182"
80¢”
8ce”
€ee”
0se”
09¢”
TI1G”
reES”
8€G”
096~
G69°
669"
LTL®
ceL”
8EL”
8GL”
GoL”
G8L”
STIT”

9€¢C”
we:
rac*
[
992"
oLe:
88¢"
80¢”
Lece:
8re”

LMmOMMMMMMHOMOOMHOOMOMOMOMOMNOMMMMHMOMOOMOOMONNNNNNNNNNN A A A A A

I S L

S A —— T —

S\

e

I

ppm

LOO"T
868°0
9v0°T

cv0°¢

ce0"T

960°¢

9¢0°T
690°L

000°¢

0T0"S



WWWWWWWMWWWWWWMWWWW

182 77 ——
802 L7 —
Ao A A —
PEG Gh —
5SS Ly ——
AR 2 p—
6£9°85 ——
68L°99 ——
798 TL~_
£F8 9L
29T LL
omw.ix
6vL 8L
168°L71T
wmméﬁw
S9b-8ZT
98€°LET —
£8L°PST ——
GE9 69T ——
Z
w N
[a8]
L Zz-0

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



T00°0-——

res”
8GG”
28G9°
Z19°
9€9°
L68"
ri6°

zeL”
SoL”
9ce”
69¢C"
€oe”
rece:
sve”
Loe”
ovv”
297"
787
116"
L69"
9T1L"
91L”

€e8”
678"
LED®
FOoT”
9¢T”
LVT"
6LT"
6CE”

z9¢”
8LT”
v6c”
€re”
cee”
[430

Mo NN

SNy

MMMmMHMMMMOMMM

NN

O WwLwwLwLw s <

A

A o

|

ppm

I €E0°T

o 000°T

796°0

€86°0
166°0
1680°¢

€50°9

|

7S6°0
6L6°0
0L0"¢

l

1o) T16°0



169°92——

190° 88—

FTL 9P~
0L8 LY ——

9% TG —
LEL TS~

L8909 —
e8T v ——
CLO L9 —

£€8° 9L
Hmd‘nhmwww
697" LL

8CL CTT —

7107821

CYe LYT —

F16' 69T ——
CCL TLT —

ppm

190 180 170 160 1150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 0

200



LLO”
801"
LIT”
6V1”

86¢
9L

S8¢”
LeT’

0gg”

‘0

MMM NN A A A S A A A A A el e A

| NN m——

S9

N
1

CBz

M

ppm

¥80°T
FI0°T
Z80°1
670" T

196°0

8T6°T
9%6°0

96T"9
950" T
£20°T

000°¢

096" ¥



9LE"

(43N

969"
ToL”

voC”
659"

068"

0€s

6EE"
[4°34

8¢ —

G€—

Py —
Ly ——

58—
7S —

9L
.iw
LL

LTI~

LZT—=

gzt

TLET——

= GG T ——

891
‘591>

WWWWMWMWWMMMWMWWWWWWWWWWWWMWWW

S9

N
1

CBz

ppm

10

20

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
200

T
210




L00"0-——

9vz
692

62S

€L9

9¥6°

p—

LL6

€ee”
19¢°
06€"

N

909
€9

659"
889"
£€8°

269"

€VT°

cp——

PLT

88¢"
0Zw "

2Lo”
voT”
6€T"
oLT"

[y
652

682"
80€"
9ze”
6€€”

.H/
T
008 T
1e€”
59p°
Leb "
=
196"
=
s0L"

11—

T~_
11—

T—

T~
7~
"

—

—

F—
p——

CBz 9

ppm

f

f

€0T°S



580" €7 —
£65°67—

669°97—

596768 —

R —

92995 —

£1€° 26—

219765 ——

060°L9

569" TL——

ze8° 9L

FA#»W

697" LL

s0T 6L~

28" LET ~

615" 82T —

0LZ LET—

2027651 —

079691

0£9°691

L
L nmu
Z-0

e L

ppm

10

20

T
100

T
110

T
2

T
130

T
140

T
150

T
160

T
170

T
180

T
200

T
210




910~
820"
090~
TLO®
SoT”
78e”
Lee”
ecr”
097"
LLS”
S19°

169"
oeL”
TaL”
cLL”
818"
188°
08¢”
88¢"
[47450
0ge”

€oL”

666"
9€0*

LvL”
GeL”
910~
€c0”
69T"
6LC"

Lve:
oLC”
98¢"
g1e”
rece”
cee”

ppm

JMM .

10

L

CBz

G00°T

90T°¢
980°T

6G0°¢

900°T

T12°9

0L0°T

000°T
8¢0°T

760°¢
8¢0°T

9vec-"s



———— WWNJMMMWWWW s

LE9 TT —r
z0€ vz ——
182 G —
G8Z 6 —
pS6 Ty —
68725 ~__
87825 —
8Ch "8G ——
8Z€°09 —
€TE L9 —
9€L 9L
mmﬂ.»»mwwW
€8S LL
TI8°LOT —
vz8 LTI

SoT N
z56 FNHL\\W
bPPS 8CT
GTE LET—
I8 €T —
PP0 96T ——
PPL 69T —
L8L TLT—

o
w -
LL

CBz

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



ppm

200" 0- r
000"
168"
£€6°
8LT"
€6¢€”
L6€E"
€TV *
1Zv"
gev”
£hy”
LSY"
Gop "
L8Y"
GTG”
0%G*
zss”
LLG"
Gv8-
v98-
z88"
968"
G06°
096"
066"
G00°
8ve”
voz”
LLT®
€62°
9z¢g”
9v¢”
gge”
gLe”
ovL”
pSL” — s
0oL 026°0
cLL- ,,” Mo €8L°C
osL" |

s6L”
LS8"
GL8"
v68”
vi6°
126"
GZ6°
£h6°
656"
196"
£96°
6L6"

— €8¢
. —W000°¢

) 768" T
— §86°0

A A A A A A A A A A A O OO

———
L

o

L LG8 T
o €90°T

L B B |

="

—_—

6€6°0
7S56°0

by —2326 U

S

MMMMMOMOOMOOMOOMMOMNM

Me
Me
7

L8T L—— R L

()
HO
S11




0G0~
78G-°
S00°

966"
S6C”

[4%7%

€0T”
996"
0LT"
918"
reET”
47

€C—
SC——

8¢ —

e ——
GE——

OV ——

9L —

Me

HO

S11

190

ppm

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

180

200



ppm

000~
680"
960"
60€”
8ee”
67eE”"
6LE"
8¢9-
€G69°
9L9"
ooL-
oL
veL”
€08°
GZ8”
qr8-
698"
768"
816"
440
0s6°
996"
€L6"
666"
€¢0°
Sro-
0LO”
LTIV "
4497
9¢€v "
a7
8G¥”
L9V "
8% "
967"
€CG°
266 °
vL6"
286"
G66°
€00°
910~
vcor”
9v0 "

/
|

= [ — K@‘No.@

Y Z

L90" T

S50°¢
o __TL0°T
[ o 1660
i L9670

M L2 8L6°€
L oo —

= |2 oo

LTLLILOONNODONNNONNNOONNNAAAAAAAAAAAAAAAA A A A A A A A D
T T
0 2.5 2

Me
Me
|

8€8°9 ——

LS L—— O

Br
S$12




ETL”
7S0°
068"
060°
096~
LvL”

Sr8”
€91
8% "

.mh\
.om\

8L9
0TT

LC—

6Cc—

7e——r

68—

L —

A

Me
Me

Br
S$12

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



8LS"T

609°1
€19°1

0r9- T

§eC ¢

SIv ¢
[47428
867 "¢
G¢s e
€ve ¢
996°¢€
€L6°E
€86°¢
886°¢
966°¢€
S00° 7
€10° ¥
810" ¥
SE0" P

Me
Me

O\\H

08¢ L——

|

ppm

3.5

—_—

T€E"9

TLT T

910°F
SLT'T

—_— e~

LY6°0

—= > Y

€10°¢

—_— T

7E0"T
L90° T

000°T



(T e—

€96°81 —
0V ST~
YZL 97—
Lot 1z~
T ARl —
88966 —
190" Ly —
81689 —
T8 9L
mmﬂ.i/
wZ.iV
mmo.mhx
590708
09t v —"
2 o
= =
-
O\\1

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



9TL T
PEL T

96L°T
ZL8'1
688°1

026" T

09T" L

Me

Me
12

MR_JUM@

ppm

1.0

S0T'T
ET0°T

|

— 880"

—.LE0"T

686°0
000°T



£89°

(A4
[N
9g8 "

LET”
919~

££8' 05
8EL 9L
19T bl
685 LL —
886 6L —
SE0° 06
0L8°S0T
¥69° 95T
=
()
N
M <«

S N

140 120 100 80 60 40 20 ppm

160



0¢S°1T [
G¢s'1
7eESTT
8EG" T
[A72°Rt
0667 T

ppm

— 2€6°0

188" T

M Fo T e
I 8561
‘\5
[ ~
HAU
L2 9g6'1
[ o /
[
L o _6e1'1
M o =TvL ¢




LLLCC ——
66C°9C—

060°C¢ —

SQTIL LE ——

61525~
€0L 25—

76 GG —

8E9 LI ~_
SSETTL
»oo.w»uuwu
2287 9L~
TPT LL

H@w.nﬁwmw

GCT 6L

L0S 0LT
629 0LT—

T

® w o,

@) \\

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



L8671
¥66°T
600°¢

qmm.m..\
82v° 2 7
mmm.m.\
£65°2
168°¢

LS8 ¢
Z98°¢C

092 L——

CO,Me

CO2M€

14

ppm

3

9%0°T

— T160°T
—P003°T




£50°9¢

T657°6%
0LT 6E

L98 SV

0TO"ES
LVL™ 9SG

89S LS

L¥Z 88

ST9°LOT

€087 TST

TI6 TLT ———0__
165 2L —

bpm

180 160 140 120 100 80 60 40 20

200



000"

LEY”"
€68°
L98"
L88"
616"
LEG”
120
7S0°
LLO"
S60°
ovtT"
981"
€0c”
6TE"
6ce”
Lee:
Lve”
96¢”
22
SLE”
€0v”
Ley:
447
cor”
6LY"
G0G~°
919~
79°
69"
9eL”
vL-
§66°
LSO
866"
620"
60T"
[0
€e€T”

98¢"
€6C°
€0¢e”
60€"
G1E”
8ce”
Lve”
T9¢”

~

[ e e e

J

S15

CBz

WA

*t

ppm

1

2

266°0
190°¢

€v0°¢

6G0°T
T0T°T

260" L

000°T

!

€86°1

)

vL8' ¥



4L26799

PST LL—=
eLv "

88L"

Lzt
.pmﬁmwv
‘87T

V16

S60
T¥¥ 82T
L89°9FT
6¥8°9¢€T
0§05 T
zZ0S SST—"
ZT¥ 69T
mmm.mmHWWWu
806 69T
e T
-—
L 7))

CBz

ppm

190 180 170 160 {150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



000~

L29-"
c69°
€r8”
868"
€L8"
€06°
816"
860"
08T~
€1e”
49
SEV”
8G¥ "
TLY "
808"
[4°3°h
898"
88"
GZ6°
8L6"
1¢0°
€TT”
961"
TLe”
vec”
€re”
66€°
8TV "
87 °
44N
voL”
9¢L”
7G6°
820"

120
4530
660"
80¢”
Lee:

16T
Lec"
60€"
ove-
L8E"

NANNNANNNNANAAAAAAA

[QUQN]

s P

N TLOOOMOMOMOMMNMHMNMNMoO™m

W

n

CBz 15

bt

i

ppm



L6697 CT ~—~
gvsrgT—

v e
P9z 98 —
o<y >
AN
se5-s5—"
Nom“mm

CVL TL—~_
EF8 9L

Nm._”.hh..w.
8% LL

mmﬁ.mh\\\

LEL LET
omm.nmﬁmwwu
FLE 82T

8¥B 9ET —

W A ——

T T T
130 120 110

140

150

ppm

20 80 70 60 50 40 30 20 10

100

SBL VST ~——

6227 0LT
PSP 0L —

CBz 15

T T
170 160

180

TyeT

190

200



cvL”
99L"
L8L”
118"
9¢8"
2ch
968"
898"
€68°
806"
T1Ee”
gGe”
L8Y"
€67 "
667"
906G~
[Ancn
766"
Sv0°
TLO"
89% "
L8V
LOG"
LEY”
§G69°
289"

4ch
€e8”
8-
€68°
LTO"

€6C°
roe”
€ce”
Tee”
9re”
0ge”

CBz £ 46

M JMJ@M A

ppm

L0 ¥

LOT"T

LZL T

€86°T
186°S

GEO'T
000°T
160°¢

800°¢



ppm

(=]
[=]
—
&
LLT €T —rm
<
o
69L° 07 — S
670" T~
67" 8% ——— o
09%" €5 w
96F" €5
T64L° LG — o
w
L2999 —
SGET 0L — =
<
o
<
Leay
o
Q
—
L8G 90T ——
r o
i
F
W o
b
zLZ 8ET
qmw.mmﬁw -
ETT 6ET ¥
676 LET — o
<
~
[
uny
6E6°EST b
962 FST—"
[w]
Rt
—
(=)
PLO TLT ~ o
9 £ P
O o
L - [=+]
E s}
L o
[+
Z —t
m
Z-0 =
[




Ppm

4.5

|

f

000°T

|

LLO T




L8T €T~
%00 bz —
T6T 06~
LIV 0E—
620°G€ —
89769 ~_
ThE TL —0
6€8°9L
LOT 1L
mﬁw.nﬁumw
BEC 6L
L8 98 —

bZS LTI

€rL LoT >

\
18€°821T

070" 6T —

c
~ o
A\ RS

““

WWUWWWMWWWWWWWW

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



LSTTL
LLT L
€8T L
6827 L
S6C°L
LOE L
£TE"L
LZE L
£LE°L
GGE" L
(423
LYE" L
€8E" L

L

)

)

pem

7.5

0LT €

(440"
060°T
620°T

680" T
LLO'T

000°T

——

9%6° T

8L6°0

ELE6° T



TLE 7T~
06667 —=
Los 97—
618 TE —
0L6 67 —
BEL 9L
BOT 1L
186 L
87h €8 —
059°€8—"

985°€0T —

T18°92T~

z€8 L2l —=

826 821~

68€°ZhT —

€€0°66T —

W

n

i

L dle Ll

RN A
LAk

o

PTTY CEYIP AR (P

AT

L

W

A'ALM'M W

130

160

190

ppm

T T
110 100 90 80 70 60 50 40 30 20 10

120

140

150

170

180

200



e

19

\

o“

Br

A

Iy

Ppm

B

800°¢
6¥6°0

|

066°0

|

€96°0

886°T

€50°¢2
0002




8hE €T~
170" ve—
08Z°0€ ~__
€660 —
€eT 6 ——

61569 ~_
8257 0L —

7E8 9L

26T 1L —
69V LL— -

LLS 6L
TCL 98 —

8G¢€

9€0"

T ——

6T ——
A

el —

8ET —

19

N b

o“

Br

W«Ww T ———

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



000°
(A
TLT”

vic
£ve
vse

4: 1
oece-
¢se”

88¥% "
005”7

9¢s

LYS”

999
LLS

LTO9"
018"
EEB”
Leg”’
ST6°
DE6”
910"
Seo”
£G0°
L80°
ooeg-

6T
Lvz®
£1e”
see”
8ve”

v8t
Let

6EZ”
19¢”
99¢t”
428
LY

mommeoNdaNdIN NI N AT A A AT AT A A AW A A A AAAA A A A A O

Lieinte SRS RS R s

==

R e e NV

i

J

e A,

ppm

080" ¢

878°1T

——n

[

€L0°T
166°0
¥¥6°T

——

600°T

000°1

— 0£6°Q
—~JFZ6°0

vi6°0

VASEY

—_— =

900’2



26T 1T~
002" 67 —=
128797
6€9°T€ —
989" 6% —

L6S°9L
020 LL—\
PEvLL—
hEL T8 ——
00v €8 —"
Z8L €0T ——
009° 12T —
Gz 82T —
A Ao —
0G€° THT —
98% " FST —

Y Vg

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

200



00070~
GGC'1
ro9cC" 1
89¢°1
06C T
LTE'T

|
/

|

ppm

1.5

860°F%

160°¢

70T ¢
996°0

—Z70 Y

LOO"T

000°T

— 9€0°T
8802

/GB8L6T



4

t“‘

21

D_D
O™ "Ph

7.259

4.821




43
€6 "
Ak
096~
vL6"
666"
800"
8T0°
Gco-
8EV "
0§7 -
LLY®
067"
906"
A
166G~
LSS
G96°
LeL”
89L"
168"
916"
9¢6°
LEG®
296"
SeET”
LYT”
9LT"
P81’
GOT~
8TT"
1325
PGT”
LLT"
061"

PIL”
€cL”
o8L”
68L"

SPT”

09T~
98T~
TIC”
1€V ”
SEV”
867"

4

7 —
v —

ppm

.0

2

0€T "¢

cL0 ¢

8G0°T
760" T

€90°1

000°T

_

€9G6°0
707 0

VYV vV

o€z 6T

9¢€0°¢



€18 ¢——

8CL V7V ——
68L 7T —

8¢ G —

09T L ——

Ppm



66¢C"
6Ch”

TL6"
866"
LEV®
e
LLY "
L8
€0G°
(AN
€G6G°
886"
geL”
roL”
9¢6°
SET”
9vT”
SLT”
78T’

80T~
ozt”
jAa
961"
08T~
43

GcL”
geL”
cvL”
S6L”
€08"°
018"

[40
80¢e”

LTT"
IvT”
09T~
98T~
cre”
SeeC”
LEY®
197°

NN

I S

FENY Y

)

L

ppm

[ v

.0

cee e

) S
G600 ¢

G20°T
IG0°T

960°T

000°T

-

LTO"T
720" T

7660

091" ¢

LTT"C

43
7€6”
rre-”
096"
vLG"
666"
800"
810"
Gco-
8l -
0S¥ *"
LLY®
067"
906"
A
166G~
LSS
G96°
LEL”
89L"
T68°

9¢6°
LEG "
296"
SET”
LVT®
9LT"
781"
GOT~
8TT"
vt
PaT”
LLT®
06T~

PIL”
gcL”
08L”
68L"

09T~
98T~
TIC”
TEP”
SEV”
867"

Mmoo NNNNAdA A AAAAAAAAAAA A A A AAA DO O O OO

=\ o=\ ————

4

7 —
v —

4

N

ok AL

ppm

000°T

.

€96°0
707" 0

— vy v

0€Z 6T

[ 9¢0°¢



00070 ——

L9Z"
9LT"
90€"
LyY"
6GP"
08% "
T67°T
G99°T

mB.H%
089°1

90L T—
100"
€T10°
zz0°
920"
80T"
GTT®
€LY”
L8 "
70G*
pIG”
T€G"
GhS*
99¢"
8LE"
€6€"
GOV *
129"

AN AN AN NN

VAN

§&¢”
992"
68C"
T1E”
oge”

6G€"
€9¢€”
T6€E”
€TV’
8TV L

DSOS SIS

=\

B\

ool

D
=
0" Ph

\
t“

23

A

ppm

.5

902" ¥
I80°¢

TL0°¢C
670’0

000°T

G201

9v0°¢

oLz"S



710" C——

veC L ——

&
0" Ph

23

ppm

10

12

13




€68°
606"
[44°0
LEG®
LY6"
156°
LS6"
996"
€L6°
€86°
L8E”"
66€"°
Scv”
8EV”
Ay
€97 °
S06°
€16”
€¢58”
ovs-
G89°
€69°
voL”
9TL"
e’
LL8”"
06"
cLO”
780"
S60°
(AN
retr”
43
LSO
690"
€60°
S0T”
6CT”
325

SL9"
€89°
169°
vvL”
osL-”
€GL”
6GL"
0sec”
96¢”

v0-°
990"
€L0°
S80°
060°
760"
0TT"
GeET”
6eT”
961"
19T
8LT"
781"
88T~
98¢€"

nmmmmmonmoANNaNaNNNAdAATAAdAAAAA A A A A A A A A AT O OO OO OOO OO

N

ppm

ZL8°0

—eo Y

80T €

veL €

€90°T
280" T

790" T

000°T

—019°0

—LLL'O

€96°0

9¢1°' ¥

-

Iv6"T

—_—tvYo b



9CL 7 ——
T6L 'V —

09T L——

96€" L —

2H.NMR




66¢C"
6Ch”

TL6"
866"
LEV®
e
LLY "
L8
€0G°
(AN
€G6G°
886"
geL”
roL”
9¢6°
SET”
9vT”
SLT”
78T’

80T~
ozt”
jAa
961"
08T~
43

GcL”
geL”
cvL”
S6L”
€08"°
018"

[40
80¢e”

LTT"
IvT”
09T~
98T~
cre”
SeeC”
LEY®
197°

ppm

.0

FENY Y

)

L

NN

I S

268"
806"
[44°0
9€6°
9r6 "
166°
966"
996"
€L6"
286"
98¢"
66€"°
G-
LEV®
iy
9o
S0G6*
(A=
[44°0
666"
G89°
€69°
roL”
9TL"
or8-
9L8"
c06”
cLO”
€80°
S60°
TIT”
24
ceT”
960~
690"
¢60°
SOT”
8¢T"
IrT”

7LO”
89"
169°
vvL”
0sL”
€GL”
6GL"
0sz*
§seC*

S90°
680"
60T
GeET”
6e€T”
GGT”

781"
98¢"
0T¥v "

ppm

e N —

nMmMmMmOMOHOONNANNANNAAAAAAAAAA A A A A A A A OO OO OO O OO

Y

NN

DSOS S S S S S S

ZL8°0

—eo Y

80T €

780° €
€90°T
280" T

790" T

000°T

—019°0

—LLL'O

€96°0

9¢1°' ¥

-

Iv6"T

—_—tvYo b



