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TABLE S1

Mass Spectral Data and Characterization of Products

\|( )|(
/CH2\ /CF—CF2
Z CH,
Structure Mass Spectrum Fragments m/e (rel. intensity)
(EI Unless Noted)
Z Y X [CH,Z] T [CF,X] T Other Exact Mass/Characterization
8
Cl Cl Cl 49, 51 (39, 15) 85, 87 (26, 8) M'—[CF,Cl] 129, 131 (79, 48); MS and NMR data identical to
[C;HACIF] T 93,95 (100, 59). commercial sample.
9
Cl Br Br 49,51 (22,9) 129, 131 (17, 13) *—Br 227, 225, 223, (14, 58, 45). Calcd. for C4H4Br,CIF;
PCI, CH,, 302, 304, 306, 308, (0.4, 2, 3,1) 301.83201 found 301.83307
M+1-[HF] 283, 285, 287, 289 (10, 21, 15, 3)
M+1-[HBr] 223, 225, 227 (80, 100, 25)
10
Cl Cl Br 49,51 (47, 21) 129, 131 (76, 41) M'—[Br] 179, 181, 183 (41, 29, 5); [C,HsF,] T 65(100). Both regioisomers converted to
PCI,CH, known compounds 16 and 17 by
M+—’[HF] 239,241,243, 245, (11, 19, 8, 1); S\’ conversion of 10 and 11 with
~ PO S S N bromide ion. Independent
__________ S T M+1-{HCl] 223, 225, 227 (78, 100, 24) .. __._] synthesis confirmed by GC/MS.
Cl Br Cl 49, 51 (40, 16) 85,87 (22,7) M*258, 260, 262 (2, 3, 1); M"—Br 179, 181, 183 (65, 41,
7); M™=BrCl 143, 145, (83, 29); [C,H;3F,] T 65 (100).
PCICH, M+1 258, 260, 262, 264, (4, 6, 3, 1); M+1-[HF]
239,241, 243, 245, (15, 25, 11, 2); M+1-[HCI] 223, 225,
227 (80, 100, 25).
12
Cl Br I 49,51 (34, 17) 177 (5) M*350, 352, 354, (8, 11, 2); M*—[1] 223, 225, 227 (61, calcd. for C4H,BrCIIF;
____________________________________________________________________ 82,20); M'—[HBrl] 143, 145 (100,33). | 353.8132. found on a 60:40
13 mixture of both regioisomers
Cl I Br 49,51 (15,7) 129,131 (18, 11) | M*—[1] 223, 225, 227 (52, 72, 17); M*—[HBrI] 143, 145 353.8143.
(100, 33).
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23 M [CF.I] *_HI 178, 180, 182 (9, 5, 0.6); M'—HCII 143, 145 (32, | calcd. for C;H,CLE5I 305.86869
Cl | G | 1 | 49,5137,17) | 129,131,133 (84, | 10). [c,H,CIF] T 93,95 (100, 58). PCL CH, M* 306, found 305.86869. Converted to
51,9) 308, 310 (4, 2, 0.5) known compound 18.
14
Br | Cl | Cl |93,95(100,72) | 85,87 (57,20) M 258, 260, 262, 264, (6, 11, 5, 07). caled. for C;H,BrCLF; 157.8828
*_Br 179, 181, 183 (40, 27, 4) found 257.8814. See J. Org.
Chem., 2003, 68, 3932, bp 64-5°
at 35 Torr. See prep. scale
synthesis below.
15
Br | Br | Br |93,9540,73) 129, 131 (23,32) | M* 346, 348, 350, 352, (4, 10, 11, 4); M*-Br 267,269, | caled. for C;H,BrsF; 345.7815
) T found 345.7818. See J. Org.
271 (44, 82, 43); [C,H5F5] = 108 (100) .
Chem., 2003, 68, 3932. bp 84-5
at 25 Torr.
16
Br | Cl | Br |93,95(60,52) 129, 131 (15, 12) | M* 302, 304, 306, 308 (12, 27, 19, 4); M*—Br 223,225, | caled. for C;H,Br,CIF 301.8320
227 (78, 100, 68); M*—HBrCl 187, 189 (23, 22); M*— found 321.8311 on a 2:1 16/17
[CFE,Br] 173, 175, 177 (16, 20, 5). mixture of both regioisomers.
""""" /228 5 See J. Org. Chem., 2003, 68,
Br | Br | Cl 85,87 (17,7) M* 302, 304, 306, 308 (36, 81, 56, 11); M*—Br 223,225, | 3932. See below for the
227 (66, 84, 21); M"—HBrCI 187, 189 (27, 26). independent synthesis of (16).
18
Br | Cl | T |93,9548,62) 177 (12) M 350, 352, 354 (0.1, 0.1, 0.0); M*—I 223, 225,227 (38, | Reported in J. Org. Chem.,
____________________________________________________________________ 57, 11); M'-HBrl 143, 145 (100,32). | 2003, 68, 3932.
19
Br I | c |93,95(54,64) 85, 87 (20, 7) M 350, 352, 354 (16, 20, 5); M*—I 223, 225, 227 (24, 29, | Reported in J. Org. Chem.,
7); M"—HBI 143, 145 (100, 30). 2003, 68, 3932.
20
Br Br 1 93, 95 and 177 (7) M* 394, 396, 398 (1, 3, 1); M*-1 267, 269, 271 (45, 90, Exact mass on a 10:90 mixture
T T f 20:21 calcd. for
95[C;H,F;] * 50); M*—HBrI 187, 189 (95, 100); [C,H;F;] * 108 (53). | °©
e ) ' O3 100: [CHETT O8O ¢ 4 F B i 3057656
21 : found 395.7654. The internal
Br | I | Br |93, 95and 129,131 (7,8) | M* 394, 396, 398 (10, 19, 9); M-I 267, 269, 271 (50, fcefli“;‘%e};?tf;fgid with the
95[CsH,Fy] ¢ 100, 51); M*~HBH 187, 189 (99, 98); [C;H,Fs] ¥ 108 s
(17, 48) 7).
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22
I Cl Cl | 141 47) 85, 87 (78, 27) M* 306, 308, 310 (86, 57, 10); M*-1 179, 181, 183 (100, | calcd. for C4H,CL,F;I 305.86869
66, 11); M*—HCII 143, 145 (90, 30). found 305.8685. See Supporting
Information below for
conversion to 4-bromo-1,2-
dichloro-1,1,2-trifluorobutane
(14).
24
I Br Br | 141 (36) 129, 131 (28,26) | M* 394, 396, 398 (13, 25, 12); M1 267, 269, 271 (30, Independent Synthesis from
57,29); M*—IBr 187, 189 (80, 79): [I] 1 127 (93); M*— reactlog of Lithium Iodide with
H2Brl 108 (100); [CsHLE]" 59 (52). 1,2,4-tribromo-1,1,2-
trifluorobutane(15). Also, the 4-
iodoproduct 24 was converted
back to 15, a known
characterized compound (J. Org.
Chem., 2003, 68, 3932).
25
I Br I 141 (29) 177 (8) M* 442, 444 (7, 6); M*-1 315, 317 (90, 87); M*—HBrlI Attempted isolation by
235 (25); M*—HI, 187, 189 (39, 39); M*-21 188 (7); M*— | preparative GC or column
___________________________________________________________________ B2l 109 (100): M'-HBr21 108 (87); [CiHF1 ¥ 95 (23). | Chromatography led o
26 decomposition. Peaks were well
I | 1 | Br |141(15) 120,131 (6,6) | M* 442, 444 (22, 21); M'—1 315, 317 (100, 97); [21]* 254 | Fesolved on the GC/MS. NMR
(26); M"—HBrl 235 (19); M'_H21 187, 189 (18, 17); M*— | for 26 are from a crude reaction
+ mixture. See Table S2.
Br2I 109 (27); M*—HBr2I 108 (32); [C;H,Fs] * 95 (24).
27
Br I I 93, 95 and 177 (8) M* 442,444 (1, 1); M*-1 315, 317 (35, 34); M*—[Brl,] Minor Product (2%). Attempted
95[CHLF,] T 3. 109 (100); M*—[HB1I,] 108 (67). isolation by preparative GC or
59) column chromatography led
decomposition
BrCF,CF,CH——CH, [CF,Br] T [CH,CI] T M*—[HCI] 240, 242, 244 (3, 11, 7); M*—[Br] 197, 199, calcd. for M*—[Br] C4,H;CL,F,
129, 131 (30, 38) | 49, 51 (51, 48) 201 (49, 32, 5); M"—[HBrCl] 161, 163 (55, 18); 67, 69 196.95406; found 196.95479
C7' Cl (100, 49).

PCI, CH, M+1-[HCI] 241, 243, 245 (81, 100, 24);
M+1-[HBr] 197, 199, 201 (3, 17, 27)
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TABLE S2

NMR! DATA IN CDCl;*
Y X

Z_CHchch_ CF2
4 3 2 1

Products Nuclei that Resonate on Carbons:
Z Y X | Ci(ppm) C: (ppm) C;(ppm) C4 (ppm)
8 PF =-67.9 (m, 2F) PF=-120.7 (m, 1F) "H = 3.72-3.89 (m, 2H) "H =2.58-2.90 (m, 2H)
Cl Cl Cl | ®C=125.2(td, J =299 and 32 Hz) BC=109.1 (dt,J =257 and 32 Hz) | *C =39.5(d,J =21 Hz) BC=36.6(d,J =4 Hz)
9 PF=-58.4(dd, J=170.9 and 15.3 Hz, 1F); | "F=-117.3 (m, 1F) "H=3.76 (m, 1H); 3.86 (m, 1H) | 'H=2.64-2.94 (m, 2H)
Cl Br Br | -59.9 (dd, J=170.9 and 15.3 Hz, 1F).
BC =119.1 (td, J = 310 and 33Hz) BC =104.5 (dt, J =266 and 29 Hz) | *C =41.3 (d, J =20 Hz) BC=37.9(d,J =4 Hz)
12 PF =-51.5 (brdd, J = 169 Hz, 1F) PF=-117.5 (m, 1F) "H=3.75 (m, 1H) 3.82 (m, I1H) | '"H=2.62-2.79 (m, 2H)
Cl Br I | -56.8(dd,J =169 and 29 Hz, 1F)
BC=118.2(dd, J =309 and 32 Hz); 121.4 | ®C =85.8 (ddd, J =266, 32 and 32 | *C=44.3 (d,J = 19 Hz) BC=40.7(d,J =3 Hz)
(dd, J = 309 and 32 Hz). Hz)
13 PF=-58.2(dd, J=170.9 and 15.3 Hz, 1F); | "F=-117.3 (m, 1F) 'H=3.77 (m, 1H); 3.85 (m, 1H). | 'H=2.64-2.94 (m, 2H)
Cl I Br | -58.7(dd,J=170.9 and 15.3 Hz, 1F).
3C =120.7 (dd, J =310 and 33 Hz) 117.5 BC=104.3(ddd, J=266,31and | *C=41.3(d,J=19 Hz) BC=37.8(d,J=4Hz)
(dd, J =310 and 34 Hz) 28 Hz)
23 PF =-67.9 (m, 2F) PF =-120.7 (m, 1F) 'H = 3.65-3.90 (m, 2H) 'H=2.25-2.90 (m, 2H)
Cl Cl I BC =125.3 (td, J = 299 and 33 Hz) BC =109.1 (dt, J =257 and 32 Hz) | °C =39.5 (d, J =21 Hz) BC =36.6(d,J =4 Hz)
16 PF =-61.9 (m, 2F) PF=-112.0 (m, 1F) 'H =2.80-2.99 (m, 2H); 'H =3.56 (m, 2H)
Br Cl Br | “C=119.2(td, J =310 and 33 Hz) BC =109.6 (dt, J = 257 and 30 Hz) | °C =39.6 (d, J = 21 Hz) BC=225(d,J=4Hz)
17 PF =-64.9 (dd, J = 169 and 13 Hz, 1F); PF=-118.6 (m, 1F) BC =40.1(d, T =20 Hz) BC=238(d,J=4Hz)
Br Br Cl | -65.9(dd,J =169 and 12 Hz, 1F) BC =110.4 (dt, J = 257 and 30 Hz)
BC=119.5 (td, J = 312 and 35 Hz) 'H=12.63 (m, 2H) 'H =3.63 (m, 2H)
21 PF (56.4 MHz) =-51.0 (dd, T = 170 and 19 | "F (56.4 MHz) =—117.7 (m, 1F) "H=3.48-3.58 (m, 1H) 3.61- "H =2.66-2.88 (m, 2H)
Hz, 1F); -57.1 (dd, J = 170 and 22 Hz, 1F 3.72 (m, 1H)
Br I Br | C (100 MHz) = 118.3 (dd, J =309 and 32 | "*C (100 MHz) = 88.5 (ddd, J = BC =449 (d,J=20Hz) BC=26.7(d,J=3Hz)
Hz); 121.4 (dd, J = 309 and 32 Hz) 265, 32 and 27 Hz)
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Products Nuclei that Resonate on Carbons:
Z Y X | Ci(ppm) C; (ppm) C; (ppm) C4 (ppm)
22 PF = _67.5 (m, 2F) PF=_121.4 (m, 1F) "H=3.28 (m, 1H); 3.29 (m, 1H). | 'H=2.65-2.98 (m, 2H)
I Cl Cl | ®C=125.0(td, J = 299 and33 Hz) BC =110.6 (dt, J = 257 and 32 BC=41.4(d,J=21Hz) BC=-8.6(d,J=4Hz)
Hz).
24 PF=_-57.8(dd, J = 171 and 15 Hz, 1F); PF=-117.9 (m, 1F). "H=3.29 (m, 1H); 3.37 (m, 1H) | 'H=2.70-3.05 (m, 2H)
~59.6 (dd, J = 171 and 15 Hz, 1F).
I Br Br | ®C=117.7(dd,J=310and 33 Hz); 120.7 | “C=106.1 (ddd, J=267,31and | *C=43.5(d,J=21Hz) BC=-6.6(d,J=4Hz)
(dd, J = 310 and 33 Hz) 28 Hz)
26 PF=-56.3(t,J=12Hz, 1F);-56.7 (t,J= | "F=118.0 (m, 1F). 'H=3.22-3.34 (m, 1H); 3.36- 'H=2.62-2.76 (m, 2H)
18 Hz, 1F) 3.47 (m, 1H)
I I Br | “C=118.0(dd, J =292 and 33 Hz) 121.3 BC =90.6 (ddd, J =267, 46 and 27 | °C =46.5 (d, J = 19 Hz) BC =-3.5(brd. s)

NMR on crude reaction
mixture. Attempted
Purification led to
decomposition.

(dd, J = 292 and 32 Hz).

Hz)

1 2 3 4
(|3H20 H2_CF2—(I:F2
Cl ClI Br

7

"H (60 MHz) 3.48—4.38 (m, 3H); 4.38—4.90 (m, 1H).

BC (100 MHz) 42.9 (s)

BC (100 MHz) 57.0 (dd, J = 28
and 24 Hz)

PF (376 MHz)-115.4 (dm, J =
267 Hz, 1F); -110.1 (d, J =276
Hz, 1F).

BC (100 MHz) 113.8 (tt, J = 262
and 13 Hz)

PF (376 MHz) -62.0
(dd, J = 180 and 7 Hz,
1F); -62.8 (d, J = 180
Hz, 1F). C (100 MHz)
116.7 (tt, J = 313 and
39 Hz)

*Proton at 400 MHz, F at 346 MHz and "C at 100 MHz unless noted.
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1,2-0ibromo—4-chloro-1,1,2-trifluorobutane

Automation directory: shome/organic/vnmrsys/data/studies/auto_2005.67.08
Sample id : fhome/sorganic/vnmrsys/data/pinu/s_SEAN301
Sample : SEAN3

Pulse Seguence: szpul

Solwvent: cdcl3

Ambient temperature
Dperator: organic

File: SEAN3_Proton_al
Meércury—400BB '"pandocra"

Relax. delay 2.000 §ec

Pulse 45.0 degrees

Acg. time 4.000 sec

Width 6402.0 Hz

& repetitions
OBSERVE H1, 400.1571368 MHz
DATA PRDCESSING

Line broadening 0.5 Hz

FT size 65536
Total time 0 min, 51 sec

3.759

3.861
3.847
3.800

3.874
3.834

—

3.745
.3.732
2.892
2.87%

A

z.724
.-2.687

.=0.000

Cl
. F

9
'H 400 MHz, CDCl,

——ﬁ [P —_ A‘JMU‘M.:!

| S
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1,2-Dibromo—-4-chloro~%,1,2—trifluorobutane

Automation directory: shome/forganic/vnmrsys/data/studies/auto_2005.07.09

Sample id : /home/organic/vnmrsys/data/plnu/s_Sean3F01

Sample : Sean3F

S9

Pulse Sequence: s2pul
Solvent: cdcl3
Ambient temperature
Operator: organic
File: Sean3F_Fluorine_01
Mercury—-404BB "pandora"
=PI
Relax. delay 1.000 sec b
Pulse 68.7 degrees s i
Acg. time 0.649 sec DW=
Width 100.% xHz [T
32 repetitdons i | -
OBSERVE Fi15, 376.5240810 MHz ~
DATA PROCESSING =i
line broadgning 0.9 Hz = -
Gauss apodization 0.462 sec o
FT sjze 131072 T
Total time 1 min, 20 sec
o
= =
oF
-
< .
w o
I w
il
=
oo
m%m-m
TS
P e
_-—c-—!TilT‘
N Br
-
L cl Br
r— F
19 ‘
F 376 MHz, CDCl,
— -
I
-
I L B B B B B B B B EABEA L B L By L L I e e e e s e s el I B I R T T T T AT T
0 -20 -40 -G0 -80 -100 -120 =140 —-160 -180 -z2040 -220 ppm
59:40 I
30.60



I,2-Dibromo—4-chloro—1,1l,2—trifliuorobutane

Automation directory: /fhome/organic/vnonmrsys/data/studies/auto_2005.07.08

Sample id : fhome/organic/vnmrsys/data/plrnu/s_SEAN302Z

Sample : SEAN3

Pulse Sequence: s2pul

Solvent: cdel13

Ambient temperature
Operator: organic

File: SEAN3_Carbon_01
Mercury—-400BB "pandora"

Relax. delay 5.660 sec

Pulse 45.0 deagrees

Acg. time 1.300 sec

Width 24154.6 Hz

l28 repetitions
OBSERVE Cl3, 100.5185883 MHz
DECGUPLE Hi, 4006.1531567 MH=z
Power 41 dB

continuousty on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536
Total time 54 min, 33 sec

Br
Br
Cl . =
F:
9
.13C 100 MHz, CDCl,

~—122.147

118,392

119.062

118.040
—.116.288

105.289
103.238

—105.883
102,645

77.348

7.7,

2.5
76,711

41.429
41,231

e

37.985

-37.849

0.000
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2z=-Bromo—-4-chloro-1,1,2-trifluoro—1-iodohutane

Automation directory: /homesforganic/vnmrsys/data/sstudies/auto_2005.07.
Sample id : fhome/organic/vnmrsys/data/plnu/s_SEANIOL

Sampie : SEAN]

08

Pulse Sequence: szpul

Solvent: cdcl3

Ambient temperature
Dperator: organic

File: SEAN1_Proton_01
Mercury—400BB “pandora"

Relax. detay 2.000 sec
Pulse 45.0 degrees

Acg. time 4.000 sec

wWidth 6402.0 Hz

& repetitions
0BSERVE Hl, 4006.1571362 MHz
DATA PROCESSING

Line broadening C.5 Hz

FT size §5536

Total time 0 min, 51 sec

Cl
F F
F:
12
"H 400 MHz, CDClj4

e —

10

S11



2—-Bromo-4-chloro—1,1,2-trifluoro—1-jodobutane

Automation directory: shome/organic/vomrsys/data/studies/auto_2005.07.08
Sample id : /home/organic/vamrsys/data/plnu/s_SEAN1O0L
Sample : SEANM1 .

Pulse Seqguence: szpul

Solvent: cdci3

Ambient temperature
CGperator: organic

Fite: SEAN1_Fluorine_01
Mercury-4CeBB "pandora'

= mg O£
Rela delay 1.800 sec - D
Pu1$§368.7 degrees e T =
Acg. FTime 0.640 sec b-h-S
width |100.0 KHz L 1
16 repetitions L o
OBSERVE F19, 376.5240855 MHz -

DATA PROCESSING

Line broadening 6.9 H=z
Gauss (apodization 0.462 sec
FT size 1310672
Total time ¢ min, 53 sec g

~—=51.253
6

S

ﬂ&_7

=-117.512
-117.5

-117.617

—

—-117.453
_-117.670

Cl . F
F:
12
19F 376 MHz, CDCl,

- J JJ_,,. e ; . . J i
R S By b T T T T 1 T [ et I R L LI Rt e B e e Rl B A e et
0 ~-20 -40 -60 =80 -120 -140 -160 ppm
w272 39 67
35.65
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z2-Bromo~4-chloro-1,1,2-irifluoro—-1—-iodeobutane

Automation directory: /Jhomeforganic/vnmrsys/data/studies/aute_2005.07.08

Sample id
Sample : SEAN1

Pulse Seguence: s2putl

Solvent: cdcl3

Ambient temperature
Operator: organic

File: SEANL_Carbon_01
Mercury—400B8 ‘“pandora"

Relax. delay 5.000 tec

Pulse 45.0 degrees

Acg. time 1.300 sec

width 24154.6 Hz

256 repetitions
OBSERVE Cl3, 160.6195915 MHz
DECOUPLE Hi, 400.1591567 MHz
Power 41 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536
Total time 27 min, l6 sec

Cl
F F
F:

12
13C 100 MHz, CDCl,4

: /home/organic/vnmrsys/data/pinu/s_SEAN1O01

—123,011

119.941
119.912

T 119,590

——116.842

~116.520

S13

88.791
88.520
BB.469

—B86.146

[ .88.15%8

ot M
oD
© =
2w
Q@ 0 <

\

77333
77.218

-

-

76.696

44,374
44,183

40,688

=0,000




1-Bromo—4~chicro-1,1,2-trifluoro—2-iodchutane (aM)

Automation directory: /home/forganic/vamrsys/data/studies/auto_2005.07.08_01

Sample id : /hemeforganic/vnmrsys/data/plnu/s_Seanz0z
Sample : SeanZ

Pulse Sequence: sZpul

Solvent: cdci3

Ambient temperature
Gperatcr: organic

File: SeanZ2_Proton_01
Mercury—400BB "pandora"

Relax. delay 2.000 sec

Pulise 45.0 dedrees

Acg. time 4.000 sec

Width 6402.0 Hz

8 repetitions
OB8SERVE Hl, 406.1571362 MHz
DATA PROCESSING

Litne broadening 8.5 Hz
FT size B5536
Total time 0 min, 5% sec

Cl
F F
F:
13

Contains <10% 15 that
was from Br, in the IBr

'H 400 MHz, CDCl54

7.263

3.875
3.862
3.849

3.7a7
3,735

2.893
2.873

A

=0 000

14 13 1z 11 10 ]

S14
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i-Bromo—4-chloro—1,1,2-trifluoro—2-jodobutane {aM)

Automation directory: shomesorganic/vnmrsys/data/studies/auto_2005.07.08_01%1

Sample id : /shome/forganic/vimrsys/data/plnu/s_Sean202

Sample : Sean2

Pulse Seguence: s2pul
Solvent: cdcl13
Ambient temperature
Gperator: organic
File: Sean2_Fluorine_olL ‘
Mercury—406BB “pandora® ’\”
3 @2dessss
Relax. del8y 1.300 sec b=l
Pulse EB.?%dEgrees eneE s T
Acqg. time §¥.640 sec BRI E
Width 100.0 KHz [N
18 repetitions i J ; |
OBSERVE F19, 376.5240823 MHz
DATA PROCESSING
Line broadgning 0.8 Hz
Gauss apodization 0.462 sec
FT size 131(Q72
Total time 0 min, 53 sec
~
=~
o =
- o™
© -
w
1w
1
H n g e
2325
o oa P2TD LT
SanNoD |
- — ] =
~ 1
- éﬁiij E3
- r
Cl ! =
. i o,
Contains <10% 15
19
F 376 MHz, CDCl,
&
b
o G?)
(V
. . d f s "
L B B L i — T T R o e e e [ e T L L e Bl R B T T
0 ~-20 =40 -60 =30 -100 -120 =160 -180 -za0 -220 ppEm
64.68 27.71
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1-Bromo—4-chloro-1,1,2-trifluaro-2-jodobutane {aM)

Automation directory: /shomeforganic/vnmrsys/data/studies/auto_2005.07.08_01
Sampie id : /home/organic/vnmrsys/dataspinu/s_Seanzoz
Sampie : Seanz

Pulse Sequence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: organic

File: Sean2_Carbon_01
Mercury—400BE *pandora"

Relax. delay 5.000 sec

Pulse 45.0 degrees

Acg. time 1.300 sec

Width 24154.6 Hz

512 repetitions
OBSERVE C313, 100.61395908 MHz
DECOUPLE H1, 400.1591567 MH=z
Power 41 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.3 Hz

FT size 65536

77.333
27 1418
76.703

a1 407
41.216
—-37.985

Total time 54 min, 33 sec . =
I
Br
Cl F .
F:
F:
13 s
Contains <10% 15, . z v
does not show 3 3
= - i

119.377
116,271
-102.6390

13C 100 MHz, CDCl,

122,132
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Automation directory: shomesorganic/vnmrsys/data/studies/auto_2006.07.13

sample id : fhome/orpanic/viomrsys/sdata/plnu/s_RNJ101 I e Yaw
sample : RNJ1 N e e iy
oy oy oy oo o O 3

Pulse Seguence: sZpul ] |
e )

Solvent: cdcl3 .
Ambient temperature =

Operator: organic =

File: RNJi_Proton_01 3 v

Mercury—4G60BB “pandora® = IV
o

Relax. delay 1.0B0 sec

Pulse 43.0 degrees

Acg. time 1.35398 sec

Width 6402.0 Hz

8 repetitions

OBSERVE H1, 400.1571354 MHz
DATA PROCESSING

Line broadening 0.5 Hz

FT size B5536
Total time 0 min, 25 sec

ﬁ.
2.701

—— 3.616

3,657

3.661

Br
E F
F
21
'H 400 MHz, CDCl,4

| f
i o
NMNL‘F‘JJLJ*LV\,) W“‘m—w—j ! 'lFMV

0.000

10 3 8 7 6 5 a 3
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Br F

21
9F 56.5 MHz, CDCls

]
i
! i s vl v L 5 i s i N .."‘ g o e il T e S i BT - Y} A PRI LY UM
T | H T | 3 T 1 T T ; T ‘ H T T I T T
4] -20 -40 -60 -80 -100 -120 PPM
Bromoalkene reacted with IBr USER: RNJ - DATE: 97/12/06_(08:40)
F1: 56.465 { SW1: 40000 QOF1: -12998.8 PTSid: 131072
EX: zg.ppg PW: 16.8 usec PD: 1.0 sec NA: 4 1LB:0.0 Nuts - temp
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Automation directory: fhome/forganic/vnmrsys/data/studies/auto_2008.87.13
Sample id : /fhome/organic/vnmrsys/data/pinu/s_RNJ581
Sample : RN&S

Pulse Seguence: sZgpul

Soivent: cdcl3

Ambient temperature -
Operator: organic

File: RNJS_Carbon_d01

Mercury—400BB “pandora”

\\iaa.gan
86.608
T
QA,
14,813
44.523
a5 56
/41,810

A1

Relax. delay 5.000 sec
Pulse 45.0 degrees
Acg. time 1.3066 sec
Width 24154.6 Hz

64 repetitions -~
OBSERVE C13, 180.6195952 MH=z
DECOUPLE H1, 400.1591567 MHz
Power 41 dB

continuously on

WALTZ—16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536
Total time 28 min, 3 sec

-.B9,253
B7.201
-86.879
76.988
76,874
26,689

“.—26.659

Br
F F
F:

21

Contains small amounts of
15 that was added as
internal standard

89.846
9.575
.524

"
iy
/:8
39

122.886
122.564

{ 113,817
116.718

[ 119.787
119.484
115,465

_116.396

\y

o

24,022

3C 100 MHz, CDCl,

¥
LY

.0.000
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Automation directory: /home/crgan1:/vnmrsys/data/stud1es/auto 2005.46.16_01
Sample id : /home/organic/vimrsys/data/pinu/s_sony2dl

Sample : sony2

PUulse Seguence: s2Zpul

Soivent: cdcl3

Ambient temperature
Operater: organic

File: sonyz_Proton_0t
Mercury—-4008B "pandora"

Relax. delay 2.0800 sec

Pulse 45.0 degrees

Acg. time 4.0006 sec

width 6402.0 Hz

8 repetitions
CBSERVE H1, 400.1571350 MHz
DATA PROCESSING

Lire broadening 6.5 Hz

FT size 65538

Total time 0 min, 51 sec

22
'H 400 MHz, CDCl,

S20



Automation directory: shomesorganic/vamrsys/data/studies/auto_2005.06.16_601
Sample id : fhome/organic/vnmrsys/data/pinu/s_sony2d2

Sample : sony?2

Pulse Seguence: s2pul

Solvent: cdcl13

Ambient temperature
Cperator: organic

Fife: sonyZ_Fluorine_o01
Mercury—400BB *"pandora"

Relax. delay 2.000 sec
Pulse 30.0 degrees

Acn. time 0.649 sec

Width £00.0 kHz

16 repetitions
OBSERVE F19, 376.5240813 MH=z
DATA PROCESSING

Line broadening 1.5 Hz
Gauss apodization 0.462 sec
FT size 131072
Total time 1 min, 11 sec

0.001

-67.510

—~B7.935

~67.547
-67.575

-121.373

-121.397
~121.470

-121.459

22
19F 376 MHz, CDCl54

0 -20

L L B L S B S B B B I

-80

-100
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H

i
Automation directory: shome/organic/vnmrsys/data/studies/auto_200%.06.16 G2

Sample id
Sample : $onyC13

Pulse Seguence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: organic

File: sonyCi3_Carhon_01
Mercury—-490B8 “pandora”

Relax. defay 5.000 sec
Pulse 45.0 degrees

Acg. time 1.300 sec
wWidth 24154.6 Hz

8132 repetitions
OBSERVE Cl13, 100.619539903

MHZ

DECOUPLE H1, 40G0.1591567 MHz

Power 41 dB

continuously on

WALTZ—16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536
Total time 17 hr, 45 min,

30 sec

| 250 (-&rc%} J = 299

C.s= 1o (Lt 3

/home/organic/vnmrsys/data/plnu/s_sonyG1301

%Q 32 Hg_j

= 2577 f% 32?‘5‘3ﬂ>

ul oy 24
“$1.3)7 o
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Automation directory: fhome/organic/vnmrsys/data/sstudies/auto_2005.06.16 01

Sample id : shome/organic/vnmrsys/datasplinu/s_sonylretakedl
Sample : sopyiretake

Pulse Sequence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: organic

File: sonylretake_Proton_01
Mercury—40GBE “pandora"

Relax. delay 2.000 sec

Pulse 45.0 degrees

Acg. time 4.000 sec

Width 6402.0 Hz

8 repetitions
CBSERVE Hi, 400.1571356 Mz
OATA PROCESSING

Line broadening 0.5 Hz

FT size 65536
Total time © min, 51 sec

Cl

23

"H 400 MHz, CDClj4

=0. 000
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Automation directory: /home/organic/vnmrsys/data/studies/auto_2005.06.16_01
Sample id : shome/organicyvnmrsys/datasplnu/s_sonylratake0l
sample : sonylretake

Pulse Sequence: s2pul

sSolvent: cdci3

Ambient temperature
CGperater: organic

File: sonylretake_Fluorine_0t
Mercury-A00BB “pandora"

Relax. delay 1.000 sec
Pulse 30.0 degrees

Acg. time 0.640 sec

Width 100.06 kH=z

16 repetitions
DBSERVE Fi8, 376.5240771 MH=z
DATA FPROCESSING

Line broadening 0.5 Hz
Causs apadization 0.462 sec
FT sizes131072
Total tgme 0 min, 53 sec

~-67.864
-£7.888

-67.3%08

of
|
Cl
E F
F:
23
22 AT 19F 376 MHz, CDCl3
i
— /\
| i I I ﬂLJ
T T T T T T T T LI T L L N LI St N N e B B B B T LA T R s e s Sy B S S IR T LI
0 -20 -40 -60 -80 =140 -120 =140 =160 -180
69.17
38.83
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Automation directory: /home/organic/vamrsys/data/studies/auto_2005.06.09
sample id : fhome/organic/vnmrsys/data/plinu/s_Sonyldl

Sample : Sonyl

Pulse Sequence: s2pul

Solvent: cdci3

Ambient temperature
Operator: organic

File: Sonyl_Carbon_0l
Mercury—-400B8 '"pandora®

Relax. delay 5.000 sec

Pulse 45.9 degrees

Acg. time 1.300 sec

Width Z4154.8 Hz

176 repetitions
OBSERVE €13, 100.6185872 MHz
DECOUPLE H1, 400.1591567 MHz
Power 41 d&

continuously on

WALTZ—16 modulated
DATA PRODCESSING

Line broadening .5 Hz

FT size 65536
Tctal time 28 min, 3 sec

Cl

23

100 MHz, CDClg

77.362
77 _pA7
76,725

39.391
36.651

39.596
.36.607

=0.001

125.465
125.142

‘7‘ Th_122.490
116.402

107.846

'mwwukmggg/__128.109
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i,2-Dibremo~-1,1,2-trifluoro—4—ijodobutane

Automation directory: fhome/organic/vnmrsys/data/studies/auto_2005.07.08
a1

Sample id : /homejforganicyvnmrsys/data/plnu/s_SONY3
Sample : SONY3

Pulse Seguence: s2Zpul

Solvent: cdci3

Ambient temperature
Operator: arganic

File: SONY3_Proton_01
Mercury—-4008B “pandora™

Relax. delay 2.000 sec

Pulse 45.0 degrees

Acg. time 4.040 sec

Width 6402.0 Hz

8 repetitions
OBSERVE H1, 490.1571350 MHz
DATA PROCESSING

Line broadening 0.5 Hz
FT size BE5536
Total time 0 min, 51 sec

24
H 400 MHz, CDCl,

3.457

e.ooo

10 9 8 7

v -
I
w -
N
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1,2-Dikbromo—1,l,2-trifluorc—4-iodobutane

Automation directory: fhome/organic/vnmrsys/datasstudies/auto_24005.07.08

id =

Sample
SON

/home/organic/vnarsys/data/plnu/s_SCNY301
Sample Y3

Pulse Seguence: §2pu]

Solvent: cdc13

Ambient temperature
Dperator: organic

File: SONY3_Proton_G1
Mercury—-400BB “pandora'

Relax. delay 2.088 sec
Pulse 45.0 degrees
Acg. time 4.009 sec
width 6402.0 Hz

8 repetitions

GBSERVE Hl, 400.1571358 MHz

DATA PROCESSING
Line broadening 0.5 H=z
FT size 65536
Total time 0 min,

51 sec

\

24 f
| /___»__#_/ J\
§
: | |
L ! 1f// M f
I { i
w‘”h | | /= | l ’ ‘ |
o A & A | ey
S S / [ ‘ | l IIJ |‘: Ji'l
| | J I vl
: . Al
o ! p
| | .‘ |
. ,ﬁ i\ ! i‘%
- 7\!_77777_,_7’_7”7Kk_n»JVJ'VJ‘J\I“U\M’JNJV‘IVAJ\W \\“f-m\«ﬁ,hr/,---\.w‘_v'}’) L“_ e
T ‘ R T T T T T T T AR A T w i T T T !
4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6
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1,2-Dibromec-1,1,2-trifluoro—-4~iodobutane

Automation directory: Jhome/organic/vamrsys/data/studies/auto_2005.07.08
sample id : /homeforganic/vnmrsys/data/plnu/s_SONY301
Sample = SONY3

Pulse Seguence: s2pul

Solvent: cdci3

Ambient temperature
Operator: organic

Fiie: SONY3_Fluorine_01
Mercury—400BB “pandora"

Relax. delay 1.9900 sec
Pulse 6B.7 degrees

Acqg. time 0.640 sec

Width 100.0 KHz

16 repetitions
OBSERVE F18, 376.5241258 MHz
DATA PROCESSING

Line breoadening 0.9 Hz
Gauss apodization 0.462 sec
FT size 131072
Total time 0 min, 53 sec

-58.219
/r_
—59 BAA
—-=59,884

\ -

-—59.430

-57.765
-57.805

~=117.896
[ -117.913
117.933
117,949
-117.959
9]
-

-

~117.876

24
19F 376 MHz, CDCly

0.000

=140 -160 ppm
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1,2-Dibromo-1i,1,2~trifluorc—4—iodobutane

Automation directory: /home/organ1c/vnmrsys/data/stud1es/auto 2005.07.08
Sample id : /Jheme/organic/vnmrsys/data/plnu/s_SONYS30

& Sample : SONY3

Pulse Sequence: s2pul

Solvent: cdci3

Ambient temperature
Operator: organic
File: SONY3_Carbon_01
Mercury—400BB "pandora"

Relax. delay 5.000 sec

Pulse 45.0 degrees

Acg. time 1.300 sec

Width 24154.6 Hz

182 repetitions
OBSERVE Cl3, 100.6185683 MHz
DECOUPLE H1, 400.15%1587 MHz
Power 41 ¢B

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536
Total time 27 min, 16 sec

24

13C 100 MHz, CDCl4

43.601
2137390

77.007

w7 7,645
77/322

4

m
119.029
118,007
—116.253

115,916
108.253

122,458
f107.974
107.945
--.105.015

107.667
——105.322

— 105,293

-6.582

\—-6.618
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Gl Cl
BrCF ,CF,CH—CH,

7
H (60 MHz), CDCl54

5.279

—e— 4 611

4.245

——— 3.881
3.533

NI
o) i J Ao L
T =T T T T T T T T H T T T T T T P T T T T T T T T
14 12 10 8 ] 2 0 PPM
1-bromo-3.4-dichloro-1.1,2.2-tetrafluorobutane (50% sol'n) USER: RNJ -- DATE: 06/18/07 (08:;15)
F1:60.01C¢ SW1: 1000 OF1:362.2 PTS1d: 8192
BEX: zo.ppg PW: 14.0 us PD: 3.0 sec NA: 1 LB: 0.0 Nuts - temp
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Automation directory: shomesorganic/vnmrsys/data/studies/auto_2087.06.21
Sample id : /home/organic/vnmrsys/data/plnu/s_RNJ_F01
Sample : RNJ_F

Pulse Seguence: s2pul-

Solvent: acetone
Temp. 20.8 C / 283.1 K
Operator: organic
File: RNJ_F_Fluorine_B1
Mercury—400BB "pandora"

Rel del 1.000 (g ; E’

elax. elay 1. sec

Puise B8.7 degrees o=

AcCg. time 0.640 sec g

width 186.0 kH=z [ O] .

32 repetitions = I
OBSERVE Fl9, 376.5239%382 MHz - . |

DATA PROCESSING
Line broadening 6.8 Hz i ‘
Bauss apodization 0.482 sec o

FT size 131072 @ !
Total time 1 min, 28 sac ’ 2324
s TAS |
SBe 2|
P |
s\ | 5vay
3 LT
-
3
1
L.
- y
s
o
P ' 0 & =
w T bo 28
- ‘ RS,
@2 | T D
SR noT
e /\T' L
1
- L
b
b
-
| Gl Gl
1 Bl’CFzCFQCH_CHZ
|
7 I
19F 376 MHz, CDCl;
i —— =
E
£ SR 8 P SO - _— - S - -

T R e e R s St B

-20 =440 ~-60 -30 -100 -170 -140 -160

ppm
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Automaticn directory: /homesorganic/vnmrsys/data/studies/sauto_2007.06.21
Samptlte id : fhome/organic/vnmrsys/data/plnu/s_RNJ_Co:

Sample : RNJ_G

Pulse Sequence: s2pul

solvent: acetone
Temp. 28.0 C / 293.1 K
Operator: orgahic

File: RNJ_C_Carbon_o01
Mercury—400BB “pandora"

Relax. delay 1.000 Sec

FPulse 45.0 degrees

Acg. time 1.3006 sec

Width 24154.6 Hz

128 repetitions
OBSERVE Ci3, 100.6195488 MHz
DECOUPLE HL, 400.1612335 MHz
Power 41 dB

continuously on

WALTZ—16 modulated

DATA PROCESSING

Line broagening 0.5 Hz

FT size B5536

Total time 10 min, 12 sec

Cl

E3r(3F:2C3F:2C3F1"C3F12

7

13C 100 MHz, CDCl,4

Cl

120.235

/_

117,121

f.-114.008

~.113.803

113.839

-111.224

—.110.509

\

-77.568
253

7.

S32
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—.57.28%0

57.048
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P
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S. Product Characterization
Compound 8 was commercially available and 16 was characterized in the literature.*”

We identified 14, 15, 18 and 19 in an earlier paper.1

(a) Converting Products 24, 22, 14, 10 and 11 by Sy2 Reactions.

Some products were converted to known compounds by Sy2 reactions replacing the
number 4-halogen substituent. The following reaction is representative.

To 394 mg (1.00 mmol) 24 in 1.0 mL dry DMSO was added 462 mg (3.00 mmol)
tetramethylammonium bromide (TMABTr). The mixture was heated to 90°C for four hours and
15" was formed in 35 percent yield by GC with 14 as internal standard.

Similarly (compound — product, nucleophile, solvent, temperature, time, percent
yield).

14 — 8, tetramethylammonium chloride, DMSO, 25°, 2 hours, 68% by GC with 15 as

internal standard.

22 — 14, TMABr, DMSO, 90°, 5 hours, converted 10% of 22 into 14 as determined by

GC with 15 as internal standard. Similarly 23 was converted to 18.

A 1.0:2.7 mixture of 10:11, TMABr, DMSO, 25°, 4 days, 20% of 10 and 11 were

converted to a mixture of 16 and 17 as determined by GC with 14 as internal standard.

All products were confirmed by GC/MS
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(b) Independent Synthesis. Sy2 Conversion of Known Compounds 14 and 15 to 22 and 24.
To 130 mg (0.50 mmol) 14" in 0.5 mL dry acetone was added 204 mg (1.5 mmol) lithium
iodide. The mixture was refluxed for 20 hours and 22 was formed in 90 percent yield by GC
with 15 as internal standard.
Similarly, 346 mg (1.00 mmol) 15 ! with 462 mg (3.00) mmol) lithium iodide in 1.0 mL

acetone refluxed overnight gave 24 in 100 percent yield by GC with 14 as internal standard.

(b) Independent Synthesis of 1,4-Dibromo-2-chloro-1, 1,2-trifluorobutane (16).

To 2.23g (0.010 mol) 4-bromo-3-chloro-3,4,4-trifluorobutene-1 was added dropwise 10.0
mL 1.0M boron-tetrahydrofuran complex. The mixture was stirred for 1 hour at room
temperature. Aqueous sodium hydroxide (6.0 mL of 3.0 M) was slowly added to the stirred
mixture followed by 6.0 mL 30% hydrogen peroxide. The reaction mixture was heated to 45-50°
for 1 hour, then extracted with methylene chloride, dried over anhyd. magnesium sulfate and
concentrated. Distillation (bp 60-62° at 40 Torr.) gave 0.50g (20%) 4-bromo-3-chloro-3,4,4-
trifluorobutan-1-ol.

To 120 mg (0.50 mmol) the alcohol in 0.10 mL benzene and 20 microliter pyridine was
added 36 mg (0.133 mmol) phosphorous tribromide. The reaction was stirred at room
temperature for 2 days. 1,4-Dibromo-2-chloro-1,1,2-trifluorobutane (16) was formed in 85%
yield as determined by gas chromatography with 135 as internal standard. The GC/MS data were
identical to data we obtained for 16 from reaction BrCl with alkene 2. Literature NMR data® are

consistent with our spectra.
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(a)

(b)

(©

Preparative Scale Reactions to Synthesize 1-Bromo-3,4-dichloro-1,1,2,2-

tetrafluorobutane (7).

The ionic reaction of Cl, with alkene 6, was very slow. Compound 7 was prepared by a
free-radical reaction as follows. To 5.13g (0.0248 mol) alkene 6 at 0°C in 3.0 mL
methylene chloride and illumination with a 300 watt sun lamp was slowly bubbled CI,
gas. The reaction was followed by GC and the solvent removed under vacuum when
completed. Distillation gave 2.33g (0.0084 mol) 34% 7 bp 89-90° at 100 Torr. See

Tables S1 and S2 for characterization.

Preparative Scale Reactions for Pure Internal Standards. Synthesis of:

4-Bromo-1,2-dichloro-1, 1,2-trifluorobutane (14). Chlorine gas was slowly bubbled into
4.92¢ (0.0260 mol) alkene 2 at 0°C in 3.0 mL methylene chloride until the alkene was
consumed. Distillation gave 3.80g (0.0146 mol) 14 in 56 percent yield that was 98
percent pure by GC (bp 64-5° at 35 Torr.) Spectral data were identical to those we

reported ealier."

Synthesis of 1,2,4-Tribromo-1,1,2-trifluorobutane (15). Bromine 4.16g (0.0260 mol) in
3.0 ml methylene chloride was added slowly to 4.92g (0.0260 mol) alkene 2 in 2.0 ml
methylene chloride at room temperature. Distillation gave 7.30g (0.0210 mol) 15 in 81
percent yield that was 98-99 percent pure by GC (bp 84-5° at 23 Torr.). Spectral data

were identical to our data reported earlier."
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(a)

(b)

Reactions of 2-Fluorooct-1-ene

Hydrolysis. To 0.85 mL 70% perchloric acid and 0.35 mL formic acid in a 10 mL round
bottom flask fitted with a reflux condenser was added 110 mg (1.00 mmol) 2-fluorooct-1-
ene. The stirred mixture was refluxed vigorously for 10 minutes and then allowed to
cool. Water (1.0 mL) was added followed by extraction with 0.8 mL deuterochloroform
containing 0.1 mmol anisol as internal standard. The organic extract was washed with
aqueous sodium bicarbonate, dried over anhyd. magnesium sulfate. 2-Octanone,
confirmed by GC/MS with a commercial sample, was obtained in 25 percent yield by

NMR analysis.

1-Chloromethyl-4-fluoro-1,4-diazoniabicyclo [2,2,2] octane bis(tetrafluoroborate), [F-
TEDA-BF,]. To 0.9 mL acetonitrile and 0.1 mL water in an apparatus as described above
in (a) was added 110 mg (1.00 mmol) 2-fluorooct-1-ene and 354 mg (1.0 mmol) F-
TEDA-BF,. The stirred mixture was heated to 60°C for 18 hours. Aqueous work-up
above gave a 10 percent yield of 1-fluoro-2-octanone with spectral data similar to that

reported in the literature.*

Reference:

Shellhamer, D.F.; Allen, J.L.; Allen, R.D.; Gleason, D.C.; O’Neil Schlosser, C.; Powers,

B.J.; Probst, J.W.; Rhodes, M.C.; Ryan, A.J.; Titterington, P.K.; Vaughan, G.G. and

Heasley, V.L.; J. Org. Chem., 2003, 68, 3932.
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