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Selective synthesis of poly-substituted fluorine-containing
pyridines and dihydropyrimidines via cascade C-F bond

cleavage protocol

Zixian Chen,*® Jiangtao Zhu," Haibo Xie," Shan Li," Yongming Wu," * and Yuefa Gongb’ *

Table of contents
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NMR spectra for compounds 3,4, 5 .......ccooviiiiiiiiiiiiiin L. S2-S43
General:

Melting points were measured on a Melt-Temp apparatus and uncorrected. 'HNMR spectra were
recorded in CDCI; and d-DMSO on a Bruker AM-300 spectrometer (300 MHz) with TMS as internal
standard. "’F NMR spectra were taken on a Bruker AM-300 (282 MHz) spectrometer using CFCl, as
external standard. *C NMR spectra were taken on a Bruker AM-400 (100 MHz) spectrometer. IR
spectra were obtained with a Nicolet AV-360 spectrophotometer. Elemental analysis was performed by
the Analytical Laboratory of Shanghai Institute of Organic Chemistry. Mass spectra were recorded by
EI and ESI methods, HRMS (ESI) was measured on Bruker Daltonics APEXIII 7.0 TESLA FTMS.
Solvents and reagents were purchased from commercial sources and used as received. All reactions
were monitored by TLC with silica gel coated plates. Flash column chromatography was carried out
using 300-400 mesh silica gel at increased pressure and petroleum ether/ethyl acetate combination was

used as the eluent.

S1



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

NMR spectra for compounds

3a

- R A R o Tk 3 X =)
RSN RERR IR NNgReY 1=}
Doom UBTETEAINNNANNN=- =0 5]
LI S S S e S e h—xl"\-r"\--\-l\u'\-\-(vm

N
P

P
Ph” "N "Ph

248

2.0

s

' 00 o8

_4&_@ Jlll. I\ N |
T T T T T T T T T T T T T T T T T T T

N @ O e o

NE AL EOTNI TG ERRESE

NN ~ODOOWUTNOODOVODNAE DD OO L E=1

B2 $2309902 NN REERSINS FRo

S2



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
3b

This journal is © The Royal Society of Chemistry 2011

S3

=
o
o
0000 =
-
F
# i siziz
_ ]
a Ir
822 —= F
L
]
L
£ L
= Nz =
T p—
'S % [
68L9L
r 060'LL
L —
Lo
L 0090 —
L0122
o BSvEL
ole's o oFa9gl
oze's I/I 2 T 558824
SLL L — R 186821 \
BOTL —)\ S.6'8Z1
827 L // r £E0'6Z1
rszL —\) L B8Z'BZL
68z'L | TBLET) ———
v8eL o I~ 660'8E1
80v L e <L SEE/I
2rL ————— 8129}
it R— S —— ~r Log8El ————
Byl —— T = —_— 1ZE 6L — 7
cov'L g u r et
oyl |- B 95071
oBv'L 8 I Le 028 nwrx
BEFL e — [T B06'EFL
cesL Ok 0ZSCHL
e [ SE0BPL
958, r 9vzEs)
¥90'8 L S0e'Es!
5808 |
el




Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
3¢

This journal is © The Royal Society of Chemistry 2011

PPM
S4

=
o
o
0000 Jla
-
1 ke
L
7N r
i
b L
.N \\ =4 =
T N\ 1IR3
SL0'LL
T L 688 LL
B SEB'E0L
| 16251 |/|
| S18'sHL
L HEETk
| 8L 721 —)
IEE'S | ¥aT'8Z) /
eve9 | 94962l H//_
950, — | Fe oazazL ||
9802 —| s ; 26821 ./I
Sivd — & z86'821
1z —\ B R 020624
261 —ulh 'r EPREZL
1224 | LS SEL =
LETL i £09'SEL
! .t t s
£6ZL R —— —
86EL % o m— — BELBEL ———
f0b S 5 . —— Em:ﬁ.l“l
525l — I|\I|.JMJ F LBLOvL
os¥L 0es'Esl
£5v'L 3 | LL0'wEL
iyl o —— Z15'5%L
0052 z.rl..I“Muw = Lzoevl
£26'L 16LE51
Z68L ZveTsh
oL L i L m.m_.,No_.
e I\\ ZZevel
6e6'L —f
ov0's —f
1iog — L

o W




Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

3d

_

..

o _m

s )

=
R -
,w_rwlf l
-~

X {

[

o 7

|
3
6]
&
=z
=
o

g _J

J.

m

N

5 )

— -

e

o

IBEEL

BES'TT —

L —

ivl'BE

0PLSL

viELL

620'901

98 LEL

SPEREL
EEE'BZL
ELLBTL
988821

ILEBEL
z89°624
o0L'SEl =
151L8EL
¥EEBEL
cag6el I/I
co56E) — N

LPLERE ——

SERERL —
m._._.nw_.uh
LEg Pyl

0SE'8Gh ——
DEE'BG) ——

L

S5



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

3e

w

3 PR s R ] & 5 2
g BIFIIQGITne £ g %
@ SN ERE & - i
\ K\\”U/%
\I[
-Ph
HN
V'S
=
Ph N COOMe
e
oo
|
r‘
/
|
{ oo
fer |
e / o=y fn

,_ﬂ‘ ]'Mdt B _.J\_J"\. . :il .

M I AV,
T T T T T T T T T T T T
- OCUNOTOH N DO D OO =T O~ @ o e —
@ I — — o) 3 3 b D £ 00 G 6D~ O G T 03 OB - wwco Moo
5] mr@rSB MmN~ — &0 60 @ wwcfodw
w CLY TS -~ OGO D DG E T D FEE-T-1-% T K]
] FAT T T T T T OO0 NN NN NS n swxsfons
L [ ]] ) J
| |
/ |

0 PPM

S6



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

3f

00
=
I

Terh ——

1981 ——

6¥saL ——

1'780Z

60502

0'e9lE

z691Z

Lo

16022

LA T

Telee —\

$0828 ——
Pt
75822
szvez
Voszz
giiez
7882
66152
gLZvE

I

PPM

BEG GG ——

FRFR:T]
L1607 LL
PP AL

LPLEOL—

BPOGLL
9EFGEL
8¥6'5Z) ./
vE 81 — |
m_m,mw_l/y
Emmﬁl/z__
L1582t —
89662 i

920621
GET1EL

8T1GEl I/
BLL'GEL
#8561
066'L¥l
BE0ZFL /I
855 MSI/(

SPIERL

BSE'SFL ——
[z Y

z8L'e8l —
P ———

OFF LS —

S7



3g

DOOTOPOD T DD A0 0@ — —
e e el L. R R =)
CcComdoo@oundesddsIoacod
L S e S e N L]

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

1,843

HI
()
PI Fh
Fm
|
\
|
|
1
1595 |I e
‘.FZIZ | | o
I ]
I foo
I / |
i J| 4
W
._.____.LJL_I VY JI\
T T T T |s T T T T _:} T T T T é T T T t|_> T T T ‘|4 T T T T

o I e e I e R =] o ey
g PUgAEYoMUoREIRNELRNRNED o P~
I - GeCACABAIAORACTAINDOG EE=1
M mwdw S ma EEE e =
HE S933788CRAERaHyERRIzEs [

W2

T T
PPM

S8



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

3h

k:10 44

R

681'L

mmﬂ
52
32
En,h 1/
tmn I/I
v L —

T
0EvL |\|
B5F L
BiFL

1250 —F
£56'L
€61
6661

SEFIT

B6L'9L
2L
BEWLL

osovoL—
62122

LGGPEL

LI6'8T)

555821

ZESHEL

BEE 8L

¥oo'ezl

PLLEZL

664 62| ———2==
£ETEEL ——_
vz eeL —

i
£PEBEL

LI EEL —
Svarl

165'0¥1

185EpL

880'P¥l

£05'SPL

Liosevl

T

20L'ESl
EELESL

aibrte|o

o

S9



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

LBET

BPES
Live
Wz'L
ST L
EVCL

1oe'L
BZEL 1/!
ZLEL

e —
B0V L

vevL

zovL

16V L

BI5L

208l
veE'L

fio1

PPM

S0z K\\
LEl0T

FeELL
9eGLL
Z08LL

060501 —
£88ZCL —

905521 J/
_.“n ¥ozl /
s\
e\

e\

L'¥BOEL

GEELEL ——
862561
0zZEeEl V|

EPLIEL —
596681 —
8'LEOpL

£ re0rL

T50LFIL |\
L'plswl

FOLLFL

ETLVL

vEEarl H\\

OrEsE
Z'erFal

S10



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

S11

=
o
[~ o
I Y
z85'L —
4 ™
= L
W .
zN \. fN
o= =
['S
. L FIE-13
= 890 LL
ZEELL
B POL —
98T TZL —
Frix:] o TIBFTE y
1589 616921
. [ 185 821 )
PiLL b
BELL —| =, —_— 20982} /
€224 g = o819z} /I
<l 058621
B9 L / | 152081 %
e I AN
@
98¢ L =, L oerpel ——=—
L6EL — [..ll/f ————— MM” MM__”
@ —— m
LEvL auE 6T 6L
ShFL I_ ZB9 0¥
o5t'L a8 vELOvL
cons Y 18525
L R
vivs —if A BOGZVL
lavi S85'Gvl
00L'8¥l
806'L
oes s — - szeest
oeoa —f 98E €5}
£50g —

il



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
3k

This journal is © The Royal Society of Chemistry 2011

Ze9't —

o289
FLLL —y
BEL'L

£ZTL
9ETL
687 L —\

1

1

Shed
SEEL
V8E'L

LowsL
Sl —3
LZvl ——
EGYL

v25'L
885,
854
e's
g9 —J|
0994 i
1088 —f
9zHL I___ﬁ__
2582 —

S

PPM

OkL9L
leoLL
VLIELL

OF 'S0

szvvwl —)
mﬁ_il_\_
WT vl \

SES'ESL H.\
£BSES)

e

I &
ssgeEL —/ ]
04661 —) \ \\
56z vl —))

| HI_J_ |

S12



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

3l

60E'9
BlE'Y
5514
BEL L
eLbL
¥BLL
80C L
15 )
15T
EBC L
50 )
BEE L
96€'L
Sirs
EEv L
OFF L
25 L
0ivs
oeg'L
0e6 L
cs6'L

N
\

.{.’

8
ﬂ'.

i

[ gae
|'|
R 1V

2.00

T
PPM

=

BEOPIIL
068'8Z1

8a¥ hmrl/_,f
Zhe Lz —N\
758 L1 %
688 LT
001'82} —
B8G'8Z1
008'82} ——
o086zt —
ISE'BEL
SLO'BEL

obk m&WI
6EL BEL
LSE OV
zZov'ovl
0BL OV
028'0%1

LEBEWL
LEFarl L
LT6'TSI
BLEECL

BES'E0L
9E nn_1/|/|

S [

PPM

S13



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

3m

A0 4

g

438

|

L

PPM

10

8aL9L
060 LL
POV LL

s8Lg0L—

ZPFETL
BLFEZL
voLvEL
ZHEPEL

666'5C1
vLS'8T)
#4821 I/I

VI BT —
Z09'5E 1

200881 I/
26T BEL /I
Nz

AR |....f”.|
L ERL ——
s0zErt %
sv5'GyL

Smmi\
EvLE¥L
LIZESL kl
SEE'ES)
868551
¥o7'S5L

ol |

PPM

=]

S14



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

3n
[ YR} o O — =R AR
88 §839548B8BRyases g
oo e e e N e S S S A S ] 1=}

e 7.400

/
)

\

-Ph
HN
=
P
Ph™ "N” "Ph
|l(’.T.DE
[ g
oo
Aoz
— D | S lJlﬁ J\. 1.

T T T T 1 T 1 T T [ T T T T 17 T~ T T T 17 T T T T [ T T T T 1 T T T T T T T T T T T T T T T T T T1
9 a 7 6 5 4 3 2 1 0 PFM
o @ w o o P w - o
T 8 &2 g8285Y g 388

|\||| L\// |‘k \/
| Wi
o
_Lk_w T J
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
160 140 120 100 &0 G0 PPM

S15



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
30

This journal is © The Royal Society of Chemistry 2011

£ELS
BOZ'L
9ET L
08T L
9824
vIEL )
BGE'L
ale'l
For L ——_
EEFL —

L
Tivi
BES'L
5L
655 L
legs
8eg'L
VEE'L

Ry

-Ph

L

—

(U

J

BEL'GL
THHLL
BEVLL

£91 701
605204
108 0L
£60'804
¥8E'801
1z 1zL
B¥L¥CI
SHE'ZL
ZvE'SZL
898'SCH
BYE LTI
BEB'LTH
BLE'BZL ——
LSBT ——
68G'824
¥S982h
968 621
609621
BL0'0Ek
£98 8¢ 1
BIE'BEL
BLG'LG)
freares
V985l ——
$B6'8G ) ———

s

PPM
S16

N




Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
3p

This journal is © The Royal Society of Chemistry 2011

PR N

PPM
S17

Br

=
o
[ o
4 e
8es°L J
=
£
I r L_ 4N
T N\
L d
- g
o
= 4 /N i
T \—
gLL'oL
(] r< o mm_u.hh%
[T £5E°LL
9L’ e
ezl 9L0°20L
892 L / L 816°20L
P62 L ) 2 B 602'801 H/l
BLE'L = - 200'vEL —
] ) L 971 VT —
wwwm %l = CEFPEL —\)
- #:‘m_ 560'921E —\)
i = = | 620921
S0v'L — = ) £THLEL
Gir L B S5E°BEL
ol e I5vazL
X TLY'BT ——
Sl5L Bm.mﬂ%
Wmm L E.o.oﬁl\l
. 09L'LEL
weLL 78ELEL—
L wmv.;v\\r
96L'8€1
889'bG) ——
o .
= 2L LGh ———
150'08) ———




Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
3q

This journal is © The Royal Society of Chemistry 2011

L185'}

€BL'E

Ohte

| PR

i 00

_—

;
PPM

=

10

OMe

PEEEE —

2846
S0°LL
96 LL

.Fh
x, N
F3C
Ph

OEE'vOL
Lea Lok
S51'501
LED'ELL
LIO'SLE
TTLGLL
LB0'¥EL
BOE'¥ZL
SE6'GZL
LG =T
BLLLEL
85282
PS5 GEL
685921
LIE'BEL
DE6'BZL

056'8EL
LELO¥E
929° ¥l
B¥S LS

S22

0P 851 ——_
968651 ——
LESL —

PPM
S18

0

ke

150




Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

3r

G5

1z

orLal
S0 LL
vIELL
0¥ oL

S¥e L0k
621801
FELYEL —
05z vk —|
rrevzL—
968521 —|

BEZOZL —
£L82Z1

3= =T
L50°L2
£08'LT1
S¥8'LEL
BLE'BTL ——=
185821
S65'8Z1
088'8ZL
SZ0'0EL
EIE'EEL
PEE'EEL
rla'sel
LED'EEL
Z¥S LS
LES L¥l
For'esl ——
Ls0osk —

S

PPM

S19



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

3s

286’1

=18

60LS

SETL -

Y5E L
(3"
[§: 4
SBE L
SIEL
G5E'L
=0
g8e'L
TLEL

0Ev L
B¥¥ L
BSY L
658 L
556 L
o
e8e L

\1
A

il

HaC

MM

T
PPM

10

0BE’LE

fa: 1T
G0 LL
S6E°LL

S86'E0L ——
TELLOE ——
e eol —
LT
riZ'vk
SE8'621L
LZ6'BEL
e LEL
£05'821L
52582 ——
065821
BESBT
£86'62L
LELBEL — 7
SI9'8EL
LIB'BEL
v0°GEL

f

NN

¥ES'LGL

LIS 85L ——nu
0z0sl ——

H4C

PPM

50

10

150

S20



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

3t

1.557

.Ph
HN
FiC |\“
e
N
]
(42
205
A -
T T T T T T T T T T T T T
3 & 4
N rOOETNChEOODYREONOND o
S B8PLINERTESASSUSEEN B8R
o - OMO YO0 dmo DD~ = = 0
8 E£3ISa338TRRERGERIAss3

PPM

150 100

;
PPM

S21



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
3u

This journal is © The Royal Society of Chemistry 2011

ges'L

1088-Zh

02 oo
|

\Ll_,‘

|

J

PPM

=

OvL'8L
3= 10
ViELL

8427 L0L
LOT¥TL
¥ ¥zl

ne.mﬁ
vm_wuﬂ
meﬂ
NE.E
267971 ——
BIESZL ———
52'82)
£EL'6T) \I
066621
e —7
g5z e
526'851

PLB LG ——
L60'E6L ——

ElTas —

L

:
PPM

S22



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

3v

628G
3-8
[3:708
gees

G¥EL
LigL
[t
[
=18
[ B
vt
GEG'L

RN

HN'Ph

2

F4CFaC

Ph

Ph

—
)
&
=3 J
= -
- g |
= T —e————
= — e
§ )
f|||; —
A

PPM

a

10

.
P
I

£20°'50L
LGES0L
e
684501
SLGGLL

PPM

Lhwmm et

- J.

S23



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

3w

T ——
180} —F
1801 $
s52'1 |\
18z’ I\
08E'L

S8 ——=
oesL —7
¥5a'L

088’}

818

8287 —

PEE9 ———
BB0'L
THL
LELL

1BLL

202 L

00EL

0ze'l /
BEE L —m

S9EL —F
8eL

#BeL
Sf\
928l

J
S

PPM

958 E0L —

88912}
0se'vzl Jﬂ
1201421
R
o658z ——=—
9L 6TH

#ol8el
ummmﬂlyl
BEVBEL ———
ivses —
604'5PL ——_
FrIR L —

corarl H\|
£09'BVL
zozEsk \
12e'es!

I\MH 4 “

PPM

S24



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

4a

EVES
ois's
1689
9oL
oL
580l
SPLL
6914
1z
oL
95T L
2821
VBT'L
082
VBE'L

S

BT L

Ph-

HN
T2
FiC Ph

Ph

ooLar

ssroL &.ﬂ
SlOLL
s8E'LL
Em,mmkl
si'88
slawlL
205211
£1£0z1
sslezl
£L2ET) 1/!
Zva gzt
0ze 1ZL H/V

0Z0'8TI
66E'8Z1

VLS BEL ——

ELLBEL ——
BLFETL
BEG SEL
LEO'GEL

(

0L0'6¥1
691251 —
IEPZEE ——
PRI TG —
956251

ov0'esl -

0FFM

S25



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

5a

Ph

FAx]
o2 ]
18 )
BE5'0
5459
€09
o8
0oL
BOT'L
8T L
66T L
ShEL
Pee'd
¥SE'L
TLEL
S6E°L

GOF L
LwL
ffa
Ge8'L
L i
G68°L

L06°L L_x___
gL

W

L

Ph
\r
N

= W

HF:C o
|

N S

T
PPM

=

10

£1e'el
vELLL
L LL

BER'BL

860°C01
B¥LCO0 HM[
00z €0} ——
108 L0} ———

002 0M —
T —
el vl

05¢'82)
2svsel
[§:{ ¥ EA)
980821
ziesel
e
Sv9621

0ivoEl |\\
851 LS ——

YEGONL —

PEREVL —
EHEEr ——
206'2rl

02k el
L¥LERL

//l//

60081

L

0 PPM

T
20

T
100 a0

T
120

S26



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

5b

L88'F
888 F ——

BB ———
€00 — 7
¥Z0'S
¥S0'S
Evlg
PG
5579
oLe9
€8 L —
vOT L —|
£2TL —)\

0222 —\\

\

88TL
20€'L 1//

I

(

|
\
¥2e L —\\
e L i
89€ £

el

988 ——

96¢ £
BBE 2
B0V 2
ZvL
vEV'Z
LEVL
oLgL
8zo'L
0682 —/)f
006'2 L\\
052 —if
gL —

\

th
FHC-,_Me_-Ph
164
2N
Fh

o ._..,,_J\_ —

e P

L

]
k] J
]
_ |
] _ ]
a ;
{
)
TN =
g _

-
)

PPN

e

Lre
0802 —

— W —=
16Vl —
BZE6L %

8LE'08

95,701 H\I
L Figz0L

BB0'STL

e gel'sEl
zos'®L
0T /Tt
688 /ZL /

- 564821 —
LSY'EEL

Pt \
SLZ0EL
I veg e —

-

S 9.5vL \
BrESrL

rLiost |\

S27



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
Sc¢

This journal is © The Royal Society of Chemistry 2011

e

519
eize
B0P'S
1959
1959
6299 —
8L
B6L
6074
gezL

i
BlEL ——
1ees
e
€8s
5292
]
z087
zz8s

W

v

\*

ELG

&
097

s

3

J

f

%D[ﬁf (96
ul L...r"l

A

A

¢ w.gl

-

i

L
N

v

seEvie

LeLeL

o &“ 4
GZy Lt

1L96L

821801 1
mmm.SpHyf\.l 3
082801 — b
80620} ——— 4
L0Z0b} ———

ELE L —— ]
569'vZL

625wl

YT H/! E 4
091 1zL 3
wqa.mﬁl/ k
892'621 ——X =4
68262} ———— =
vegezt —

T o —

02901

amh.nﬁ%

LG TP —r 3
6L TrL — =
0s8'zyL

0.0l

9LLEvL E

‘
PPM

Lo

S28



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
5d

This journal is © The Royal Society of Chemistry 2011

)ﬂ'.sn
\

J)

) PN,

100

A

[

Y

195
1 ‘r'se
8

—

PPM

e

=

W
NG
ZIg'rel
BOF BZL /
815921
08L'8cL %

vee8gl

ZEC'6TL
069'6ZL
0LEeek
BEZEEL
£0S 0¥ —
0V ERL — =

ELZEYL
DIEErE
055°Evl

S

LED'GSE

BLLESL
2iosel

_J|L,|J "

|

PPM

T
20

T
60

T
120

S29



e

5e

Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

66164
GLLLL
EEV'LL

9Lr'eL

LLE 0 ——_
B69E20L —
LZFT0L \MW'
£€0 0 —
oL ————
oFr el —
SLIVTL

S30

L0L'BEL
LBTEEL —

oLE6EL “
000'621

eegork

vE9 EVL I/
098 Z¥l

YES TFE —

€96 Zr1

0zievl

SFregh
et
054420
pegiel %‘

GBOERL

[1-] =14




Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

5f

8LLE

028
£or9
Gig'e
§£8°9
roB'e
LELL
9514
LOEL
ZEEL
a5es
08eL
SL¥d
acyd
ZT9L
are'dL
o8l
P06'L
2164

S\

5

HFC NYF‘h

=N

S
|
|

& )
N
T =

™ B
g L -
b WA =
i B
w e ——————
B =
JIJ'MIJ
L — —
IlI\JnF‘|I

PPM

225'68 —

226'GL
EPTLL
Pee L —
eLV'08

686°001
LZOLOL
G80'L0L
LLO'BOL
0LFOLL
9L8'TLE
CLLPLL
eSS
LT gL
gec i
GLLagh
ggeech
LBs'ezE
LBECEL
zeeEh
GBEiEL
£58°0FL
BLLERE
SoveErk
BFFERL
rioerk

N T

ear'ash
A=l

\\

S31



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

5¢g

R S

ara'al
851l
LiviL

0l2'8L

605°20%

085201

61901

8e|’0L
965804
LEZ0LE
[y
PEEBLL
Sleech
araech
ogL Lz
(#4541
Prasy -
izlech

SEE'0EL
PEQEEL
LPEEEL
osgeEl
EL0LPE
GEC WL
8T WL
rrlsrl
609 IFL

L2654

S32



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

Sh

POET —

¥sl'e
0629
9Zv'9
955’9
£€99'9
8€9'9
=131
coo's
0c0'2
GaLs
vog L
L6Z'L
oLes
Zee's
eses
694
recs
GBEL
LBEL
Q0¥ L
Ly —
Er9L
[2=: 7
6692
oL
gLes
zzeL —

=

=

\

)
=

e

S

L

Fh

-

HF;C\QM7

IA
5 B
Y
5
¥ |
J
8 3
o= =
3 J
— —
. =
~— 1'1“"|
& 3
e —
&
:
A
e ~ nld

10

S0v'LE

L5894
0LLiL
LE¥ 4L
98964

0g8'coL
LOB'Z0L
086 20k
82400
€61L°0LL
LESZLL
sl
6ZESTL
bL¥ECh
L¥T LT
86T L2k
8.08CL
clesth
969821
[
209 0EL
GLLLEL ——
Ligeer ————
269 0vL

evg vl

690 ERL

ozLerk

GEEERL

ceoerk

N

\we=iv

S33



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

gLET

€929
456'9
€95'9
so9'e
grLs
0112
2BlL
Lzl
662
gLes
gees
06eL
vEE'L
ovs
g0v' 2
GLed
Ges' s
6884
GBB'L
1692
6684

L0684 |\\

Zres —

W

:
.
N
T
,
Ph

HF2C.

A A .

[{erat4

sE8'9l
951 RI/(
oy
SBL6L

096201 ——,
8LO'C0L %
880°04 _
S8 0L —
1szo —
0592y —
8ELVTH

66251
L0b'SEL
881 121
185'82L %

£E0'6TH ——2

Spz L
899 261 —
28I —
LT —

9e8'TrL — =
L88TrL
g0Lerk

e0a'evl

8.6'651 \

o
T

S34



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

BLS'T

9le'9
cer'9
68¥'9
0zge
3=
L8072
FOL°L
aL’L
80Z2
Legs
e c
L8274
LB6Z'L
ogeL
69E°L
482
FroL
¥eg'L
£z8'L
oegs
6¥8'L

S\

94

N

(U

vy

PPM

Lo

GET0E

s

$68'gEL ———
198 151 —
g0 mmpl\\

oeTerl —
GLBErL

FEL bl

LIVEEL

9EE YL
thmmv\\‘

S35



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

Sk

Cl

97¢8k
z88L
£LrBk
vS.6L
0PI —
BPGLT —)
61012
560LZ /
9912
961
81812
072088 ——
7508 ——
0elT

09zze

89222

5082

gLET \
56922 i
g2z —ff
5'99ez —/ff
o9ez —f
8esEz —

s

A

vaL el
L60 4L
18

FLEGL

LGLE0L

80Z°€0L WI
652 €01 —
559401 ——.
LS00k ——
89V L ——

LeLveL
695'82L
0EL L2
688'.2L
BLYBEL
mE,mmFHy[

9LLBEL ————
LogoEL—
orgeel
CTB'EL ————
LLlge ———
L9l ——

089'2rL ——
aLe'Eyl

IGLErL

66V EVL

oze 8_.\

S36



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
51

This journal is © The Royal Society of Chemistry 2011

0000~

Ph
|

W/Q/CFS

T\f

EGL'9
9289
SLS'9
S09'9
959'9
osll
0T L
€5TL
69Z°2L
VBT L
098 —

GBE, ———

Wi — 7
L2
cors
aLgs
S¥oL
692
96.LL
8684
€C6L

P

SN

N
Ph

HF2C

|
hu_JJ

vi

|

,E% 2
J1'.9[
u| U

[

!

J

oy

;
PPM

=t

10

LBLSL

GOLLL

Gey L

08E'8L

LSE'E0L
GL¥EDL
LLIF'E0L
82904
ZE00LE
BEVFELL
St ock
858'gch
g89vCh
aresth
8Ll et
ZzESTL
6seech
€95'6ZL
eBoeCl
LEB'sgL
e5Ligh
897 8CL
peoach
66L 621
erLoer
esr el
oLLoer
el
E9L°EFL
966 vl
LPOERL
gscerl
eorerl
LEOTFL

6eg'00L

PPM
S37

0

= \\f‘

=

r

R

1

==u ‘\

——

—
T

il



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

5m

0000 ——

LBG L ——

I

sEB'eL

851l

LiviL

GEO'BL

81666

820004
60001
LLO'BOL
0Ly OLE
al8'zLL
EL8'ECE
SETGTL
e0v'seh
ivgech
el0'seh
rec el
62L9CL
oreice
LEVEEL
Gzoech
206 8ZL
6zs'ach
8820k
805 0eEl
GEFPEL
6F0'SEL
ST el
Zi¥'erl
969 ErL
ZTBERL
ELBERL
Z6L'FrL

SN

B

q

——
—

cegast —

PPM

S38



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

5n

0000

1158

i
),
=
,m -
T ]
[ -
b
3, —
T

2 —_—
_

— ———— -

— =
Ll.,,’mhllj
ER—

|

YR p—
0L —F

POV 4L
CEWLL

Z/8'E0L
LEG 20k
68620
LL940L
EB00LL
68FTLL
ZB0'GEL
rolgel
SlVGEL
LOF'SEL
960821
bBZ L2k
SBCHEL
069621
LO9'0EL
Se0iel
voe'ErL
oegert
LBSErL
Logert
BrLErL
POv vl

ar6 091

4

N2

N

o

S39



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

50

~ SN\

HF G N Ay
\[Lf“

Ph

— .»JK_,A.\—.J.—

PPM

=]

b=t

o

feo

10

LBLOL
SOb 4L —2

SeviL—
66508 ———

/

ErFLOL
v6v'10L
SvS'L0L
GZ0'0LL ——_
086121
606221
859zl
60V'92L
€0z 121
Lie8zl
BrvezL
155061
LELeEL
sz0sEL

PSS
c0EErL
ZeEerL —
SovErL ——
2i5EwL
S eyl

N

i

/

Vv

Ligest
26eTIeL

5S40



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
Sp

This journal is © The Royal Society of Chemistry 2011

e

%\Nv|V\W
= = PG ———

Q 19288 ——
k- 890 42
68 L4

N

68510}
0¥9 104

) b LES 0L
— Try 60k
f —_— 0£6'60L
= YPTOLL
6ZETLL

> =2

\

)

, = 829'6z1
. | 0oL 1/
i T ZET hm‘/
= /

YT — — W‘MMUI/MH

zelw ——— N 1562 — =

: - —_— L T L —
1687 — J 9L9'0e
_

ok

LB L
LE8 WL
L2HEE ——— b e | o 0L0°TFL
T1888 — | M\ LZL 2L

[/(

_ ssezrL WINI
126 TVl
r 886 2FL

BEE'LCL

|

10

PPM
S41

.J‘LJMLL.-‘L..‘_—_.



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry
3q

This journal is © The Royal Society of Chemistry 2011

62LE
abL'L
gol'L

zozL
T

veeL

z8L

168l \\
£06'1

ey Q
ig61

55809
- D Oo
P 00w
/ e

P~ o
© w0
@ @
(S
S
=

Fh

HF

Ph

VT2

X
J

o A

~f00

|

|

kas
L.

|

U

",f ¥

I
L

PPM

veLe

BE0PE ———

160
GoL L
STyl —
sle08

8¥.L7Z0L

625704
LEG'BOL
SEETHE

s
m

Lozl

goLeel I/
L0221 —N—
[P —

=]

S42



Electronic Supplementary Material (ESI) for Organic and Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2011

S5v

00
120k
L0k
oLg'k
Se9'l
099k
regL
P08k
oeg'k
1684
988k

kLG'G
£€E9'G
966'G
£E6'G
gLL'g
S6T9
L0L'G
[ YA-]
L4
OwLL
a1l
Z0gL
9zed
0sgL
L1ed
EVEL
8964
v L
0L
V8L
9684
L1984
o484

)

—

—

7

|

{

—

§

—

y

=

e

SN

Vi
ML_J Ik

F“h
HF2C. N
| \[/\/
=N
Ph

s

fes e
LL,_Jl-_A._JJ_nJ'-_.___.

Fos
|

!

j?ss
|

T
PPM

I
0

LEL YL —

2av'eL

00v'ee

668'85 1

L

PPM

S43




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


