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1. Preparation of 3-bromo-3-pentafluorophenyldiazirine (4c).

F NHCI F N
F C. LiBr, NaOBr E o N
NH; Br
DM
- . SO -
F F

The method of Graham’ was used to prepare this diazirine. LiBr (11 g) and 6.0 g (24 mmol)
of pentafluorobenzamidine hydrochloride® were stirred in 105 mL DMSO until most of the
LiBr had dissolved. Then 100 mL of pentane was added. A fresh solution of NaOBr (0.235
mol) was prepared by the slow addition of 24 mL of bromine to a stirred and cooled (0 °C)
solution of 25 g of NaOH and 155 g of NaBr in 360 mL of water. The cool hypobromite
solution was slowly added to the reaction mixture at 0 °C. After addition, stirring was
continued for another 2 h at room temperature. The pentane layer was separated and saved,
while the aqueous phase was extracted with 4x50 mL of pentane. The pentane phases were
combined, dried over MgSQO,, concentrated in vacuum to about 5 ml and purified over a short
column of silica gel using pentane as eluent. The yield of 4c was 3.4 g, 12 mmol, 50%. The
diazirine was characterized by IR, UV, YF NMR, and °C NMR spectra; Figures S-1 — S-4.
Purity (>95%) was demonstrated by TLC.

Figure S-1: IR spectrum of 4c.
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Figure S-2: UV spectrum of 4c.
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Figure S-3: "F NMR spectrum of 4c.

Std Fluorine experiment

File: Fluorine

Pulse Sequence:

Solvent: cdc13
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Figure S-4: ?C NMR spectrum of 4c.

std proton

File: carbon

Pulse Sequence: s2pul
Solvent: cdc13

VNMRS-500 "nmr500"

Relax. delay 1.000 sec
Pulse 45.0 degreesn = o o
Acq. time 1.300 ZeT
Width 30487.8 Hz -
1500 repetitions2 23S
OBSERVE  C13, 125766791624
DECOUPLE H1, 499.7716228| MHZ
Power 40 dB S
continuously on

WALTZ-16 modulatdd”
DATA PROCESSING
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FT size 131072
Total time 57 min)|
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2. Preparation of 3-fluoro-3-pentafluorophenyldiazirine (4b).

F N EoN
SN + >N
F C n-BuyN*F- F C
Br —_— F
F F F F
F F

A solution of 12 g (38 mmol) of n-BuyN"F" trihydrate in 8 mL of acetonitrile was added
slowly to a magnetically stirred solution of 3.0 g (10.5 mmol) of 3-bromo-3-
perfluorophenyldiazirine in 2 mL of acetonitrile at 0 °C. After addition, stirring was
continued for another hour at less than 10.0 °C. Then, 20 mL of water was added and the
mixture was extracted with 4 x 25 mL of pentane. The combined pentane extracts were
dried (MgSO,), filtered, concentrated, and purified through a short column of silica gel
using pentane as eluent. The yield of diazirine 4b was 0.7 g (3.1 mmol), 30%.

The diazirine was characterized by IR, UV, '°F NMR, and '°C NMR spectra; Figures S-5 —
S-8. Purity (>95%) was demonstrated by TLC.
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Figure S-5: IR spectrum of diazirine 4b.
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Figure S-6: UV spectrum of diazirine 4b.
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Figure S-7: '°F NMR spectrum of diazirine 4b.

Std Fluorine experiment

File: Fluorine
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Figure S-8: ?C NMR spectrum of diazirine 4b.

std proton

File: Carbon
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3. Preparation of Products 7-F — 11-F.

3-Fluoro-3-pentafluorophenyldiazirine 4b (0.15 g, 0.66 mmol) was mixed with 13 mmol
of an alkene and 5 mL of pentane (or with excess adamantane in benzene in the case of 11-
F) and photolyzed for 18 h in a Pyrex tube with the light from a 200 W, focused Osram
XE mercury lamp at room temperature. Excess alkene and pentane were removed, and the
product was purified by chromatography over a short column of silica gel using pentane
as eluent. Product purity was assured by TLC and GC. Products were characterized by
'H, F, and >C NMR spectra and by GC-MS. Purity was (>95%) by GC and TLC.
Spectra follow in Figures S-9 — S-26.

Cyclopropane 7-F:

Mass spectrum: M" at m/e 282.

Figure S-9: '"H NMR spectrum of 7-F,

std proton
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F NMR spectrum of 7-F.

Figure S-10

Std Fluorine experiment
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Cyclopropane 8-F:
H CH,CH;

H CH,CHs

Mass spectrum: M" at m/e 282.

Figure S-12. '"H NMR spectrum of 8-F.
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Figure S-13: '°F NMR Spectrum of 8-F.

std Fluorine experiment
File: Fluorine
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Figure S-14: °C NMR spectrum of 8-F

std proton F
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Cyclopropane 9-F:

Mass spectrum: M" at m/e 254.

Figure S-15: '"H NMR spectrum of 9-F.

Std proton

File: Proton

Pulse Sequence: s2pul

Solvent: CDC13

Temp. 25.0 C / 298.1 K

Operator: ys322
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F NMR spectrum of 9-F.

s2pul

std Fluorine experiment
File: Fluorine
Pulse Sequence:

Figure S-16
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Cyclopropane 10-F (syn-F): F F

HsC CH;,

Mass spectrum: M" at m/e 254.

Figure S-18: '"H NMR spectrum of 10-F (syn-F).

std proton
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F NMR spectrum of 10-F (syn-F).

std Fluorine experiment
s2pul

.
.
Fluorine

File:
Pulse Sequence:

Figure S-19
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Cyclopropane 10-F (anti-F):

Mass spectrum: M" at m/e 254.

Figure S-21: '"H NMR spectrum of 10-F (anti-F).

Std proton

File: Proton

Pulse Sequence: s2pul

Solvent: CDC13
Temp. 25.0 C / 298.1 K
Operator: ys322
VNMRS-500 ~ "nmr500"

* Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 2.049 sec

64 repekitions

OBSERVE © H1, 499.7691236 MHz
DATA PROBESSING

Line broadening 0.2 Hz

FT size 65536

Total time 3 min, 15 sec
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Figure S-22: '°F NMR spectrum of 10-F (anti-F).

Std Fluorine experiment

File: Fluorine F
Pulse Sequence: s2pul F. F
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Figure S-23: °C NMR spectrum of 10-F (anti-F).
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File: Sb-C
Pulse Sequence: s2pul
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Adamantane insertion product 11-F: C F

Mass Spectrum (MALDI-TOF): Caled for C;7H;sFs (M*-1) 333.12; found 333.13.

Figure S-24: '"H NMR spectrum of 11-F.
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Figure S-25: 19F NMR spectrum of 11-F.

Std Fluorine experiment
File: Fluorine

Pulse Sequence: s2pul
Solvent: CDCI3

Temp. 25.0 C / 298.1 K

Operator: ys322
VNMRS-500 ~"nmr500"

Relax. delay 1.000 sec

cq. time 1.133 sec o oo pToNN~ebnOTEN anan
Width 119.0 kHz S TR 8525552085882 0885S
64 repetitions T eSRRRnn RSN AR At Ian T
OBSERVE F18, 470.2529981 MHz :rg;;zvgggggggggggggg_;;;;;
DATA PROCESSING SOERNJEERNSRRERRERENSRRS]
Line broadening 0.9 Hz B ACE-R """""'*}‘""
Gauss apodization 0.462 sec = v i) A1) J
FT size 524288 = = =
Total time 2 min, 17 sec s | = =
s = =
i
§
So 3
=g 2
S w
g
£
4/\L__\.._L L
 REEREmasEE RS T T T T T T T T T RS e
0 =20 -40 =60 -80 =100 =120 =140 -160 -180 =200 ppm
W W
1.94 1.95
.00 90
i 13 f11-F
.
Figure S-26: °“C NMR spectrum of 11-F.
std proton
File: insert-A-c-1
Pulse Sequence: s2pul FoE
Solvent: CDC13 C F
Temp. 25.0 C / 298.1 K H/
Operator: ys322
File: insert-A-C-1
VNMRS-500  “nmr500" F F
Relax. delay 1.000 sec F ode soso
Pulse 45.0 degrees S38 nSoa
cq. time 1.300 sec Bl | s
Width 30487.8 Hz KA 88
4928 repetitions J LI
OBSERVE  C13, 125.6670162 MHz S
DECOUPLE H1, 499.7716228 MHz s
ower
continuously on
Z-16_modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072
Total time 12 hr, 49 min, 47 sec
o
N
|
|
|
| >
©
&
s B
288 s
EEE g2 ~ R
] e J
X ‘ K M P o— L " L ‘
T e e T T T T T T T T T T
130 120 110 100 90 80 70 60 50 40 ppm
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4. Preparation of products 7-C1 - 11-Cl..

A solution of pentafluorophenylchlorodiazirine® (0.485 g, 2.0 mmol) and alkene (10
mmol) in 5 mL of pentane (or of excess adamantane in 10 mL of benzene) was
photolyzed for 18 h in a Pyrex tube with the light from a 200 W, focused Osram XE
mercury lamp at room temperature. After irradiation, excess alkenes and solvent were
evaporated, and the residue was purified by column chromatograph using pentane as

eluent. Purity was (>95%) by GC and TLC. Spectra follow in Figures S-27 — S-41.

Cyclopropane 7-Cl:

N F F
F C, pentane
Cl 4 = -, H,C CH3
E HsC CH,
M /e 2
Mass Spectrum: M" at m/e 298, 300.
. 1
Figure S-27. 'H NMR spectrum of 7-CL
expl Proton F F
AMPLE SPECIAL
date Apr 28 2011 temp 25.0
L el HiC CHy
at 2.049 alfa 6.600
np 32830 FLAGS
I
b °§§ i HsC CH,
4 vod 8 ; a
ct 8 1b 0.2
TRANSMITTER fn 65536
sfrq 499.772 sp -350.6 ©
tof 499.7 wp 5366.0 B
tpwr 58 rfl 4636.3 A
pw 5.800 rfp 3633.3 o
DECOUPLER rp -176.3 i
c13 1p -24.8 T
dmm c sc 0
dmf 32258 th a1
|
9 8 7 6 5 4 3 2 1 -0
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Figure S-28. "’F NMR spectrum of 7-CI.

F
std Fluorine experiment E E
expl Fluorine
SAMPLE SPECIAL F F
date apr 28 2011 temp 25.0
solvent cdc13 gain not used
M exp spin not_used HaC CHs
ACQUISITION hst 0.008
sw 125000.9 puso 14.500
at 1.133 alfa 102.000
np 283200 FLAGS HsC CHs il .
b 51800 11 n a <E 23
bs in n ~R b
ss 2 dp y Sts P
a1 1.000 hs ap X
nt 16 PROCESSING oo T
ct 16 i 1
TRANSITTER of .a62
tn F19 gfs not used
sfra 470.205 1sfid -13
tof 1492.5 n not used
tpwr 60 DISPLAY
4.833 sp -81699.5
DECOUPLER wp 95469 .
an c13 rf1 110512.8
dof 0 rfp 0
dm nnn rp 110.0
dmm c -101.0 @
dpwr 37 PLOT 2
dnf 32258 we 250 :
sc S
vs 7 7
th 28
al  ph
T e : e T
20 0 -20 -40 -60 -80 =100 -120 =140 -160

Figure S-29. °C NMR spectrum of 7-CI.

std proton F
expl Carbon F F
SAMPLE SPECIAL
date Apr 30 2011 temp 25.0 F
solvent. cdc13 gain 3 F
e exp spin not_used
ACQUISITION hst 0.008 HiC CHs
sw 30487.8 pws0 8.600
at 1.300 alfa 102000 P
n 75298 FLAGS §3R2Y
" 17000 1 - CHs 58554
bs 64 in n a FEEEET
a1 1.000 dp y S oisios
nt 256000 hs nn LR
ct 5784 PROCESSING 5N
TRANSHITTER 1 0.5
tn n not used L
sfrq 125.680 DISPLAY
tof 1255.2  sp -2048.4 ]
tpwr 58 wp 30487.3
pw 4.300 rf1 20489
DECOUPLER rfp
WL rp -177.1
dof o p 23906
an yyy pLOT
W e 250
dpwr 40 sc
dnf 10000 vs 5429
th 3
ai  ph
2 2R
5 5%
i a5
35 L o JJ
BB L i
U “
. . T R . ; v ' - ; P ey Teeerr Ve Voo
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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Cyclopropane 8-Cl:

Mass spectrum: M"

pentane

—_—

at m/e 298, 300.

T

CH,CH3

H CH,CH;,
cl

Figure 30: '"H NMR spectrum of 8-CI.

F
std proton F F
expl Proton = B
SPECTAL
date May 1 2011 temp H CH,CHg
solvent cdc13 gain not used
file /home/wangl/v~ spin not used
nmrsys/PFCI_DEE_H_~ hst 2
¥ 2.7id  pw3o 11.600 H CHCHg
ACQUISITION alfa 6.600 al
W 8012.8 FLAGS
at 2.049 n
np 32830 in n
b 4000 dp y
bs 32 hs nn
ss 2 PROCESSING
d1 1.000 1b .20
nt 8 f 536
ct 8 DISPLAY
TRANSMITTER sp -1003.2
n wp 8012.6
sfrq 499.772 rfl 4636.8
tof 439.7 rfp 3633.3
tpwr 58 rp -175.8
5.800 1p -24.8
DECOUPLER PLOT
n c13 wc
dof sc
dm nan - vs 171
dmm th a
dpwr 37 ai cdc ph
dmf 32258
L e e N e | T T — —— T
12 10 8 6 4 2
G
0.95 1.0
1.01
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Figure 31. ’F NMR spectrum of 8-Cl.

Std Fluorine experiment

expl Fluorine

SAMPLE SPECIAL & |
date Apr 28 2011 temp 25.0 F. F |
solvent cdci3  gain not used |
ite exp spin not _used |
ACQUISITION hst B
sw 125000.0  pw30 14.500 B F
at .133 alfa 102.000 |
np 283200 FLAGS rapadNneNselsanT e
b 51800 i1 n H CH,CH3 533303085283 a8S88
bs 54 in n e
al Lago he o RS R R
it 16 PROCESSING H CH,CH3 niEoka ol isknkrs ol kol
ct 16 b cl QY
TRANSHITTER of 0. - }
n afs not used Y
sfrq 470.205 1sfid - SR
tof 4452.9 fn not used N
tpwr 50 DISPLAY
4.833 sp -81699.5
DECOUPLER wp 95469.5 -
n c13 rfl 110512.8 3
dof 0 rfp 0 3
dm nnn - rp 105.7 2
dmm c p -107.4 e
dpwr 37 pLOT v
dmf 32258 wc 250 J
sc 0 -
vs 96
th 53
ai  ph
| i
I e I - SN Y| IR | R—
T T T T T T T T T T
20 0 =20 -40 -60 -80 -100 -120 =140 -160 ppm
Figure 32. °C NMR spectrum of 8-Cl1
F
std proton
" F. F
expl Carbon
SAMPLE SPECIAL F F
date Apr 30 2011 temp 25.0
solvent cdc13  gain 30
file exp spin not_used H CH2CHs
ACQUISITION hst 0.008
sw 30487.8  pw30 8.600
at 1.300 alfa 10,000 H CH,CHs e -
np 79298 FLAGS 2352 2
fb 17000 i1 n Cl el ] o
bs in n N
o 1.000 dp v 55838y =
nt 256000 hs nn s~ Us
12928 PROCESSING IS 2
TRANSHITTER b X S :
fn not used J -~
sfrq 125.680 DISPLAY 4 J
tof 1255.2 sp -2048.4
tpwr 58 wp 30487.3
1 4.300 rf1 20483
DECOUPLER rfp
rp -176.5
dof o 1 -238.4
dm yyy pLOT
dnm W wc 250
dpwr 40 sc ]
dnf 10000 vs 7185
th 3
ai  ph

42.730

= r et T T T T T T T

T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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Cyclopropane 9-Cl:

Mass spectrum: M at m/e 270,272,

Figure 33: "H NMR spectrum of 9-Cl.

std proton
expl Proton

SAMPLE
date May 1 2011
cdc13

solvent
file exp
ACQUISITION
sw 8012.8
at 2.049
np 32830
b 4000
bs 32
ss 2
a1 1.000
nt 8
ct
TRANSMITTER
tn
sfrq 499.772
tof 493.7
tpwr 58
pw 5.800
DECOUPLER
dn c1
dof 0
dm nnn
dmm c
dpwr 37
dmf 32258

pentane

—_—

SPECIAL
te 5.0
gain not used
spin not_used
hst .
pwI0 11.600
alfa 6.600
FLAGS
1 n
in n
dp y
hs nn
PROCESSING
b 0.20
fn 65536
DISPLAY
s -507.8
5283.4
rfl 4637.5
rfp 3633.3
rp -167.0
i a8
PLOT
we 250
sc 0
s 72
th ?
ai cdc ph
. - —r—r—
8 7

B
F F
F F
HiC H
H CHs . _—
a T8qe 8
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Xy |
s |28
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A
[ ]
I
i
S —— = - S— | Y1
T T T R T =1 o T 1
5 4 3 2 u g -0 ppm

[T
3.00 1.05
0.95 2.98

S23



Figure 34: '°’F NMR spectrum of 9-Cl.

E
Std Fluorine experiment F F
expl Fluorine
SAMPLE SPECIAL F F
date May 1 2011 temp 25.0
solven cdc13 gain not used
file exp spin not used H3C H
ACQUISITION hst 0.008
sw 125000.0 pw90 14.500
at 1.133 alfa 102.000
np 283200 FLAGS H CH, o el 1 e
b 51800 n o] acRaN PEEEETEY
bs 64 in n mapue  wfesees
ss 2 p O cETNNNN
L 1:000 ‘he L SAEES  ufsssss
nt 16 PROCESSING DRON O OO ' R R R
ck 0 1
TRANSMITTER yyJ I
n 9
sfrq 470.205
tof 4492.9
tpwr 60
4.833
DECOUPLER
n c13
dof
dm nnn
dnm c
dpwr 37 b4
dmf 32258 <
T T B R T T T T T
0 -20 =40 -60 -80 -100 -120 -140 =160 -180 ppm
Figure 35: °C NMR spectrum of 9-Cl
F
F F
Std proton
exp3 Carbon F g |
SAMPLE SPECIAL HiC H |
date Jun 12011 temp 0
solvent cpC13  gai
e exp spin not_used
ACQUISITION st 0.00 H CHC!
sw 30487.8 pw90 8.600 Cl
at 1.300 alfa 102000 I R
np 7929 FLAGS =@ ©whn
b 17000 11 n o A
bs 64 in n P
d1 1. p y NN -
nt 2.56e+06 hs nn
PROCESSING [
TRANSMITTER 1b 0
c13 fn not used
sfrq 125.680 DISPLAY
tof 1255.2 sp -
tpwr 58 wp 2685
v 300 rf1 11737.6
DECOUPLER p 370
an p =723
dof » -231.5
dm yyy PLOT
dnm we 250
dpwr a0 sc |
dmf 10000 vs 22790
th
ai  ph
528 |
| |
2. z988 L.233s | a
BNR22 LNNSRTY «
4% e85R N TanB, & |
SnSS Noomnnai o~
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fa3.23 5002 eREER :
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™ { | |
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Cyclopropane (syn/anti) 10-Cl:

N pentane F F . F F
————
/\ H H HsC CH3

Cl Cl

Mass spectrum: M at m/e 270, 272.

Figure 36: "H NMR spectrum of 10-CI.

std proton
exp3  Proton = e
SAMPLE SPECIAL
date Jul 5 2011 temp 25.0 F. F E. F
solvent cDC13  gain not used
file /home/wangl/v~ spin not _used
nmrsys/PFC1_CISBUT~ hst 0.008 =
H.fid pw3o 11600 F
ACQUISITION alfa 65.600 + F F N it
sw 8012.8 FLAGS o o=
at 2.049 n H H HC CHz 988
np 32830 in n Adeaa
b 4000 dp y d -
bs 32 hs nn
ss 2 PROCESSING 3 3 H H
di 1.000 b 0.20 cl fo]
nt 8 fn 65536
ct DISPLAY
TRANSHITTER 196.0
n wp 3565.0
sfrq 439.272 rfl 1007.8
tof 493.7 rfp 0
tpwr 58 rp 106.1
W 5.800 1p -26.0
DECOUPLER pLOT
dan c13 wc 250
dof 0 sc 0
dn nnn s 92
dmm ¢ th 5
dpwr 37 ai cdc ph
dnf 32258
o n i
s oo
ade 35
~2858ae &%
Sadansy |
a% i ] S
Sn @7 ! .
EER R
L
1338
|-
I — - - .
7 6 5 ) 3
0.72 6.0
1.90 2.20
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Figure 37: "’"F NMR spectrum of 10-CL

F
F F F. F
Std Fluorine experiment
F F F F
exp3 Fluorine H H +
SAMPLE SPECTAL HC CHs |
date Jul s 2011 temp 25.0
solvent coc gain not used {
e exp Spin not used HaC CHs H H
ACQUISITION hst 0.008 |
sw 1250000  pw30 14.500 o] cl
at 1.133 ailfa 102.000
np 283200 FLAGS meoonm
b 51800 1 2233320
bs in n e nieie e =
ss 2 dp ¥ e NN
a1 1.000 hs nn EEEEEEE
nt 64 PROCESSING CET LI
ct LT 0.88
TRANSMITTER of 0.462 3 ¥
tn 3 gfs not used 1 f
sfrg 470.205 1sfid -13 {
tof 4492.9 fn not used )
tpwr 60
™ 833 s
DECOUPLER wp 2
dn 1 2
dof rfp iy
dm nnn rp | S
dmm » | T
dpwr 37
dmf 32258 wc
sc 0
vs 22 Sw
th 16 aTo
ai  ph RNt
Beod
phLE
Ny
— EE— . = L .
0 =20 -60 -80 -100 -120 -140 -160 -180 =200
Figure 38: °C NMR spectrum of 10-CL
F F
F. 2 F. F |
std proton E E
N F F
exp3 Carbon H H HC CHs
SAMPLE SPECIAL
date Jul 5 2011 temp 25.0
solvent cDci3  gain 30 HyC CHs H H
file exp spin not used a |
ACQUISITION hst 00, Cl
sw 30487.8 pwi0 8.600
at 1.300 ailfa 10.000 NN NN TRV ENONRENONCONNNTO"ODON=N NN NORDNRDONO DN
np 79298 FLAGS aﬂnr\g—:mNmm‘:amm(\\ANN—‘::NNQE;SNQWzESme:::;ﬁn—;ﬂzm
b 17000 i1 n e e e o e e e e Bl e o P O R M 0 40
bs 64 in n R R R R e N NN T LT
di 1.000 dp ¥ e sttt s bt L idatbatihdd o bie L 9
nt 256000 hs nn
ct 1088 PROCESSING ]
TRANSMITTER b 0.50 /
n c13 fn not used 4 Z
sfrq 125.680 DISPLAY ¥
tof 1255.2 sp -2048.4 ==
tpwr 58 wp 30487.3 £
pw 4.300 rfl 2048.9 ¥
DECOUPLER rfp 0 7
dn H1 rp 178.3
dof 0 lp -217.0
dm yyy PLOT
W wC 250
dpwr a0 sc 0 1
dmf 10000 vs 196046
th 1
al  ph
geiiionig :
e bt ‘
. 1
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Adamantane Insertion Product 11-CIl:

l\\l< N
F C\/ benzene
Cl + - s

F

Mass spectrum: M at m/e 350, 352.

Figure 39: "H NMR spectrum of 11-CI.

Std proton

expl Proton

SAMPLE SPECIAL F E
date Jun 1 2011 temp 25.0
solvent, cdc13 gain not used F
ile exp spin not_used
ACQUISITION hst A
sw 6410.3 pw90 13400
at 2.043 alfa 6.600 -
np 26264 F2AcS 5
fb 4000 i1 i n B
bs 32 in o n -
ss 2 dp y
d1 1.000 hs
nt 32 PROCESSING
ct 32 0.
TRANSHITTER n 65536
tn H1 DISPLAY
sfrq 399.884 sp -310.3
tof 399.5 wp 395505
tpwr rf 805.9
W 6.700 rfp 0
DECOUPLER rp -51.8 r
n c13 1p -16.0 /
dof 0 pLOT /
dn nnn e 250
dmm sc 0
dpwr 39 vs 330
inf 29412 th
ai  ph
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I
[
| f
I Al
I { |
| P il
J i
il
| A A
9 8 Vi 6 S 4 3 2
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Figure 40: F NMR spectrum of 11-Cl.

Std Fluorine experiment

expl Fluorine Cl F
:
SPECIAL
W 104166.7 pw90 11.800
at 1.133 alfa 84.000 F
np 236000 FLAGS
ss 2 p
sfrq 376.226 1sfid -10
tpwr 60 DISPLAY
3.933 sp =-91176.5
DECOUPLER wp 104165.9
dmm c 1p 76.3
dmf 29412 wc 250
vs 5605
th 1
2:8% g8

-148.785
-160.168

20 0 -20 -40 -60 -80 =100 -120 -140 -160 -180 =200 =220 ppm

Figure 41: °C NMR spectrum of 11-Cl
‘CI F
C. F
std proton H
exp3  Carbon F F
SAMPLE SPECIAL F
date Jun 1 2011 temp 25.0
ACQUISITION hst 0
at 1. alfa 10.000 ChhEnmenNPEeHonNNEEoNTPoROosNooNORNT BB obuonTaTo®
e 73280 FLAG $8822282253 3003288832008 8900S88E8882 255035338
L . 2323833380200 RRRRRRANCTIRAARNERART  SERREEAS
bs oq. in 1 B R L EEEEE RS, EE R R L] 2332333RRR%
dl 1.0 dp P B R R R R b e R R -
1255.2 sp = ' -1
DECOUPLER rfp 9706.3 o R2g
d rp 9301 g o3
gz,
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5. UV-vis Spectra of Ylides 6a and 6b.

=0

Figure 42. UV-vis LFP spectrum of Ylide 6a (X = Cl):

Perfluorophenylchlorocarbene-Pyridine Ylide in Pentane
Full spectrum, ylide at 468nm
150ns after laser flash  [Pyridine] = 0.062M
0.14 4
] 468nm
0.12 "
0.10
0.08
0.06
0.04
0.02

000d sma=t" LI

T T T T T T T T T T T
200 300 400 500 600 700 800

wavelength, nm

Figure 43: UV-vis LFP spectrum of Ylide 6b (X = F):

Pentafluorophenyifluorocarbene - Pyridine Ylide in Pentane
Full spectrum, Ylide at 468 nm,

04 - 250 ns after laser flash [Pyridine] = 0.122M
= 468 nm
03} .
0.2+
< . -
0.1 .
0.0 - ll.ll..... ..l " ® = ® = ® =
L | L | L |
200 400 600 800
Al nm
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Figure 44: Formation of ylide 6a from PFPCCl and pyridine: k¢ = 8.1x10° M's™",

Formation rate constant of perfluorophenylchlorocarbene-pyridine ylide
Y=A+BX solvent: Pentane
A =223E6 (+/-0.02E6) wavelength: 468 nm

B=8.13E9 (+/-0.33E6) A=0.5
3.2x10° - R =0.998 .
3.0x10° [
X .
2.8x10°
2.6x10° -
2.4x10°

T T T T T T T T T T T 1
2.0x10°  4.0x10° 6.0x10° 8.0x10° 1.0x10* 1.2x10%
[Pyridine], M

Figure 45: Formation of ylide 6b from PFPCCl and pyridine: & = 6,4x10° M's™",

3x10° 1 Quenching rate constant of pentafluorophenyifluorocarbene with Pyridine
1 Solvent: Pentane
2x10° H Wavelength: 468 nm

s | Y=A+BX
20" A = 1.54E6 (+/- 1.79E4)
s | B=6.42E9 (+/- 1.95E8)
#1971 R=0995
2x10°
X

2x10°

2x10°

2x10°

2x10°

x4+ ¥ 17—
20x10°  4.0x10° 6.0x10° 8.0x10° 1.0x10* 1.2x10* 1.4x10*

[ Pyridine], M
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6. Kinetics of Carbene Addition Reactions.

Figure S-46: Addition of PFPCF to tetramethylethylene.

Quenching rate constant of pentafluorophenylfluorocarbene with TME
1.0x10" = Solvent: Pentane
Wavelength: 292 nm

song | YABX
0x10°4 A = 2,005 (+/- 2.04E5)
| B=1.78E9 (+/- 7.08E7)

R=0.992
6.0x10°
N
4.0x10° 4
2.0x10°
0.0
T T T T T T T T T T T
0.000 0.001 0.002 0.003 0.004 0.005
[TME], M

Figure S-47: Addition of PFPCF to 2-ethyl-1-butene (monitored at 292 nm).

Quenching rate constant of pentafluorophenylfluorocarbene with DEE
Solvent: Pentane

6
4.5x10 '] Wavelength: 292 nm
40x10°4 Y=A+BX b
{ A=3.86E5 (+/- 0.96E5)
3.5x10°4 B=1.53E8 (+/- 6.61E6)
{1 R=0.991
3.0x10°
2.5x10°
X _
2.0x10°
1.5x10°
1.0x10°
5.0x10°
0.0 T T T T T T T T T T T
0.000 0.005 0.010 0.015 0.020 0.025
[DEE], M
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Figure S-48: Addition of PFPCF to 2-ethyl-1-butene (monitored at 564 nm).

6x10° Quenching rate constant of pentafluorophenyifluorocarbene with DEE
X1Y" Solvent: Pentane
1 Wavelength: 564 nm

5x10°4 Y=A+BX
A = 8.18E5 (+/- 0.56E5)
1 B=1.82E8 (+/- 3.88E6)
4x10° 4 R =0.998

X
3x10°
2x10°
1x10°
-———F———7F——+—F———1——1
0.000 0.005 0.010 0.015 0.020 0.025
[DEE], M

Figure S-49: Addition of PFPCCI to tetramethylethylene.

Quenching rate constant of perfluorophenylchlorocarbene with TME
Y=A+BX solvent: Pentane

9x10° 4 A =1.85E6 (+/-0.08E6) wavelength: 300nm

4 B=1.33E9 (+/-0.03E9)

8x10°4 R=0.999

7x10° —
6x10° —
X 5x10° —
4x10° —
3x10° —

2x10°

1x10° ————
0.000 0.001 0.002 0.003 0.004 0.005
[TME], M
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Figure S-50. Addition of PFPCCI to 2-ethyl-1-butene.

Quenching rate constant of perfluorophenylchlorocarbene with DEE
Y=A+BX solvent: Pentane

5.0x10°q A =2.09E6 (+-0.07E6) wavelength: 300nm

B = 1.14E8 (+/-0.05E8)

R=0.996

4.5x10°

4.0x10°

w 3.5x10°

3.0x10°

2.5x10°

2.0x10°

T T T T
0.000 0.005 0.010 0015
[DEE], M

T 1
0.020 0.025
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7. Computational Details.

Electronic structure calculations were carried out using methodologies
implemented in the Gaussian09 suite of programs.' Ground state geometry optimizations
of FsPhCF were carried out at the DFT level using the dispersion-corrected B97D? and
the hybrid B3LYP? exchange-correlation functionals and 6-311+G(d)* basis sets (B97D/6-
311+G(d); B3LYP/6-311+G(d)). Stationary points were characterized by normal mode
analysis, and the (unscaled) vibrational frequencies formed the basis for the calculation of
vibrational zero-point energy (ZPE) corrections. Standard thermodynamic corrections
(based on harmonic oscillator/rigid rotor approximations and ideal gas behavior) were then
applied to convert from purely electronic energies (E£) to (standard) enthalpies (H; T =
298.15 K) and free energies (G; T =298.15 K, P =1 atm).’

Carbene singlet-triplet energy separations were evaluated at the CCSD(T)® levels
of theory with 6-311+G(d) basis sets. The electronic to free energy corrections obtained
at the B3LYP level were applied to the electronic energies obtained in the CCSD(T)
calculations to arrive at approximate CCSD(T) free energies.

Excited state calculations (transition wavelengths (A) and oscillator strengths (f))
at optimized ground state geometries utilized the time-dependent DFT formalism’ and the
B3LYP functionals (TD-B3LYP/6-311+G(d)//B97D/6-311+G(d)). General solvent
effects were incorporated with the polarizable conductor self-consistent reaction field
model (CPCM)® and default parameters for n-pentane provided in Gaussian 09.
Assignment of a particular electronic transition (& — p, T — m* or 0 — p) was based on
inspection of the largest transition amplitudes for the excitation and by visualization of

the contributing MOs.
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8. B3LYP/6-311+G(d) Optimized Geometries and Absolute Energies of Singlet and
Triplet FsPhCF.

F5PhCF, singlet, Cs symmetry

Charge = 0 Multiplicity = 1
C,0,-1.4423317234,-0.9540440789,0.
F,0,-2.3172628836,0.0444611666,0.
C,0,-0.0823090189,-0.3961460518,0.
C,0,0.3016191803,0.9655037145,0.
C,0,0.9595039649,-1.3513635054,0.
C,0,1.6314359702,1.3487231829,0.
C,0,2.2958185722,-0.9791923341,0.
C,0,2.6273248959,0.3718369699,0.
F,0,-0.6078133276,1.9342752158,0.
F,0,1.976620151,2.6366080146,0.
F,0,3.9006151698,0.7359482573,0.
F,0,3.262671741,-1.8962161604,0.
F,0,0.6908782981,-2.648370951,0.

SCF Done: E(RB3LYP) = -865.883269230 A.U. after 1 cycles

Zero-point correction= 0.054695 (Hartree/Particle)
Thermal correction to Energy= 0.065526

Thermal correction to Enthalpy= 0.066471

Thermal correction to Gibbs Free Energy= 0.017670

Sum of electronic and zero-point Energies= -865.828574
Sum of electronic and thermal Energies= -865.817743
Sum of electronic and thermal Enthalpies= -865.816799
Sum of electronic and thermal Free Energies= -865.865599

Iteration Nr. 12

st sk sk sk sk sk sk seosk sk seosk sk skosk sk skoskoskeoskoskok

DD1Dir will call FoFDir 2 times, MxPair= 630
NAB= 630 NAA= ONBB= 0 NumPrc= 8.
DE(Corr)= -2.1451268 E(CORR)= -863.91252418 Delta=-2.70D-06
NORM(A)= 0.12740559D+01

Largest amplitude= 7.25D-02

Time for triples= 1819394.63 seconds.
T4(CCSD)=-0.90925340D-01

T5(CCSD)= 0.62002103D-02
CCSD(T)=-0.86399724931D+03
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F5PhCEF, triplet, Cs symmetry

Charge = 0 Multiplicity = 3
C,0,-1.3890921228,-0.928825521,0.
F,0,-2.3587058446,-0.0531282775,0.
C,0,-0.0150069888,-0.678226508,0.
C,0,0.559962261,0.6220569629,0.
C,0,0.8937121781,-1.7692578069,0.
C,0,1.9291675788,0.8092625003,0.
C,0,2.2601631456,-1.5830278631,0.
C,0,2.7885331535,-0.2899324678,0.
F,0,-0.2381617694,1.6956989217,0.
F,0,2.4386249534,2.043240913,0.
F,0,4.1085055427,-0.1081161399,0.
F,0,3.0862303122,-2.6316889282,0.
F,0,0.4034846605,-3.0142697457.,0.

SCF Done: E(UB3LYP) = -865.865295268 A.U. after 1 cycles

Zero-point correction= 0.054445 (Hartree/Particle)
Thermal correction to Energy= 0.065350

Thermal correction to Enthalpy= 0.066294

Thermal correction to Gibbs Free Energy= 0.016491

Sum of electronic and zero-point Energies= -865.810850
Sum of electronic and thermal Energies= -865.799945
Sum of electronic and thermal Enthalpies= -865.799001
Sum of electronic and thermal Free Energies= -865.848804

D1Dir will call FoFDir 3 times, MxPair= 1214
NAB= 1224 NAA= 630 NBB= 561 NumPrc= 8.
DE(Corr)= -2.0999073 E(CORR)= -863.89293355 Delta=-5.71D-06
NORM(A)= 0.13029919D+01
Dominant configurations:
sk sk sk sk sk sk sk s sk sk seoske sk seosk sk sk sk skosk sk sk
Spin Case I J A B Value

AA 48 56 0.137869D+00
Largest amplitude= 1.38D-01
Time for triples= 2962065.00 seconds.
T4(CCSD)=-0.85967918D-01
T5(CCSD)= 0.66151954D-02
CCSD(T)=-0.86397228628D+03
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9. B97D/6-311+G(d) Optimized Geometry and Absolute Energies of Singlet
FsPhCF; TD-B3LYP/6-311+G(d)//B97D/6-311+G(d) Electronic Excitation Energies
and Oscillator Strengths of Singlet FsPhCF.

F5PhCF, singlet, Cs symmetry

Charge = 0 Multiplicity = 1
C,0,-1.4591670261,-0.9691495484,0.
F,0,-2.3574312125,0.0261780926,0.
C,0,-0.0935117844,-0.3937284131,0.
C,0,0.3005746144,0.9764396851,0.
C,0,0.9568400499,-1.3570212426,0.
C,0,1.6395745862,1.3618635261,0.
C,0,2.3033251755,-0.9849495558,0.
C,0,2.640337297,0.3752633043,0.
F,0,-0.6113110033,1.953068108,0.
F,0,1.9923973345,2.6547294845,0.
F,0,3.9209599752,0.7375803482,0.
F,0,3.2742179515,-1.9066306552,0.
F,0,0.6899650322,-2.6616196936,0.

SCF Done: E(RB97D) = -865.396168560 A.U. after 1 cycles

Zero-point correction= 0.052775 (Hartree/Particle)
Thermal correction to Energy= 0.063851

Thermal correction to Enthalpy= 0.064795

Thermal correction to Gibbs Free Energy= 0.015331

Sum of electronic and zero-point Energies= -865.343394
Sum of electronic and thermal Energies= -865.332318
Sum of electronic and thermal Enthalpies= -865.331374
Sum of electronic and thermal Free Energies= -865.380837

Excitation energies and oscillator strengths:

Excited State 1: Singlet-A"  1.9946 eV 621.61 nm f=0.0045 <S**2>=0.000
48 -> 49 0.70986

Excited State 2:  Singlet-A' 3.6247 eV 342.06 nm f=0.0506 <S**2>=0.000
46 -> 50 0.10645
47 -> 49 0.69872

Excited State 3:  Singlet-A" 4.5709 eV 271.25 nm f=0.2870 <S**2>=0.000
46 -> 49 0.67285
47 -> 50 -0.10006
48 -> 51 -0.17693
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