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Experimental Section for Previously Unknown Compound 2

To Accompany:

Synthesis of 1,3-difluoroaromatics in One Step by Addition of Difluorocarbene to
1,2-Disubstituted Cyclobutenes
Heather M. Morrison, James E. Rainbolt and Scott B. Lewis"

Made from Ph-Hg-CF;

To a 25 mL 3-neck round bottom flask, excess Nal was added and dried under vacuum at
150 °C for 24 hr. To this was added 0.753 g (2.16 mmol) of Ph-Hg-CF; and drying
continued at 25 °C for an additional 24 hr. under vacuum. Finally, 0.100 g (0.725 mmol)
1,2-di-n-propylcyclobutene in 8 mL of benzene (K/benzophenone) was added and the
mixture brought to reflux for 48 hr. After that time, the mixture was cooled, filtered,
washed with water and the solvent removed under reduced pressure. Hexane was added
and the mixture was filtered again followed by solvent removal under reduced pressure.
The material was chromatographed on silica gel using cyclohexane which yielded 0.0861
g (60%) of 1,3-difluoro-2,4-di-n-propylcyclobutene (2). '"H NMR (CDCl; § relative to
TMS at 0.0 ppm) 6 6.94 (m, 1H), 6.74 (m 1H), 2.65 (t, J=7.35 Hz, 2H), 2.58 (t, J=7.50
Hz, 2H), 1.6 (Jm), 0.93 (m); ’C NMR § 159.8 (dd, 'Jcr=243.17, *Jcr=8.83 Hz), 159.5 (dd,
'Jcr=244.94, 3 Jcr=8.83 Hz), 127.5 (dd, *Jcp=9.71, Jcr=7.06), 124.7 (dd, 2Jcp=17.84,
*Jcr=3.71 Hz), 117.4 (dd, 2Jcp=21.72, 2Jcr=20.49 Hz), 110.1 (dd, 2Jcp=22.43, “Jcp=3.71
Hz), 30.8 (d, *Jcr=2.29 Hz), 24.4 (t, Jcp=2.47 Hz), 23.4, 27.8, 13.79, 13.76; '°F NMR (5
relative to CFCl; at 0.0 ppm) § —120.35 (m), -121.43 (m); IR 2963, 1626, 1596,

1489 cm'l; HRMS (EI) m/z calc. for C12H;6F2: 198.1220, found: 198.1225.

Made from Acetate Salt

To a 50 mL RBF, 2.0 g (0.013 mol) of NaCCIF,CO; was added and placed under vacuum
for 24 hours. To this, 20 mL of dry diglyme (distilled from CaH,) was added under
argon and stirred until the salt dissolved. In a separate 50 mL RBF, 0.121 g (8.77 x 107
mol) of 1,2-di-n-propylcyclobutene was added along with 5 mL of the diglyme salt
solution. This solution was brought to reflux under argon, with additional 5 mL aliquots
of the diglyme salt solution added by syringe every 15 minutes until all had been added.
The solution was refluxed an additional 15 minutes, cooled and the majority of the
diglyme distilled off through a short path distillation head. The remaining material was
columned through silica gel using cyclohexane to afford 0.0719 g (41%) of 1,3-difluoro-
2,4-di-n-propylcyclobutene (2). 'H NMR (CDCl; § relative to TMS at 0.0 ppm) & 6.94
(m, 1H), 6.74 (m 1H), 2.65 (t, J/=7.35 Hz, 2H), 2.58 (t, J/=7.50 Hz, 2H), 1.6 (m), 0.93 (m);
C NMR 8 159.8 (dd, 'Jcr=243.17, >Jc5=8.83 Hz), 159.5 (dd, 'Jcr=244.94, > Jcr=8.83
Hz), 127.5 (dd, *Jcp=9.71, *Jcr=7.06), 124.7 (dd, *Jop=17.84, *Jcp=3.71 Hz), 117.4 (dd,

2Jcr=21.72, %Jcp=20.49 Hz), 110.1 (dd, 2Jcp=22.43, “Jcr=3.71 Hz), 30.8 (d, *Jcp=2.29
Hz), 24.4 (t, *Jcr=2.47 Hz), 23.4, 27.8, 13.79, 13.76; '°F NMR (5 relative to CFCl; at 0.0
ppm) & —120.35 (m), -121.43 (m).
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Spectra for 1,3-difluoro-2,4-diphenylbenzene (1) and 1,3-difluoro-2,4-di-n-
propylbenzene (2)

To Accompany:
Synthesis of 1,3-difluoroaromatics in One Step by Addition of Difluorocarbene to 1,2-
Disubstituted Cyclobutenes.
Heather M. Morrison, James E. Rainbolt and Scott B. Lewis

Compound 1: Prepared by using acetate salt (see reference 8 for original prep. of this compound)

Page

1. 'HNMR0.0to 10.0 ppm

2.  'HNMR 6.8 to 8.0 ppm

3. 'FNMR 50 to-180 ppm

4. 'FNMR-115to~119 ppm

5. 3CNMR 0.0 to 200 ppm

6. 'CNMR 111 to 164 ppm

7. CNMR 111 to 135 ppm

8.  'H decoupled '°F NMR ~114 to —120 ppm

9. '3C DEPT-135 105 to 180 ppm
10.  C DEPT-135 102 to 139 ppm
11.  GC/MS

Compound 2: Prepared by using Ph-Hg-CF3

12.  'HNMR 0.0 to 7.5 ppm

13. 'HNMR6.6to 7.5 ppm

14. 'HNMR2.4t02.8 ppm

15.  'HNMR 0.5 to 2.0 ppm

16.  GC/MS

17. '"FNMR 0.0 to 170 ppm

18.  "FNMR-119.5to-121.8 ppm

19.  'H decoupled °F NMR -119.5 to ~122 ppm

20. *C NMR.0.0 to 200 ppm

21.  CNMR 108 to 164 ppm

22. '>C NMR 108 to 128 ppm

23.  BCNMR 13 to 32 ppm

24, 2d'H-’FNMR 0.0 to 7.5 and —100 to —126 ppm
25. 2d'H-""FNMR 0.5t0 7.5 and —119 to ~123 ppm
26. 2d 'H-'"FNMR 6.0 to 7.5 and —120 to —122 ppm
27. 2d 'H-CNMR 0.0 to 7.5 and 0.0 to 170 ppm
28. 2d 'H->CNMR 0.0 to 7.5 and 105 to 163 ppm
29.  '3C NMR-DEPT 0.00 to 200 ppm

30. '*C NMR-DEPT 106 to 130 ppm

31.  "F decoupled '"H NMR 0.0 to 8.0 ppm

32.  'F decoupled '"H NMR 0.0 to 8.0 ppm

33. IR

34.  High-resolution MS
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Compound 2: Prepared by using acetate salt
35.  'HNMR0.0to 7.5 ppm

36. 'HNMR 6.6 to 7.0 ppm

37.  'HNMR 0.8 to 2.8 ppm

38.  '"FNMR 50 to —180 ppm

39.  FNMR-119.2 to -122 ppm

40.  C'NMR 0.0 to 220 ppm

41.  >C'NMR 108 to 164 ppm

42, BCNMR 13 to 32 ppm

43.  GC/MS
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Operator : hmm
Acquired : 1 Mar 2001 16:25 using AcgMethod LEWISGRP
Instrument : GC/MS Ins '

Sample Name: top spot rf 0.77
Misc Info
Vial Number: 1

Abundance T T TIC:HMM147E.D
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Elemental Composition Date . 2:-APR-2002

TS S rsme e W L

fifeiSLJE'ggg?;éllfzz-‘l-G Win 100ppM Acq: 2-APR-2002 10:44:.08 +3:41 Cal:sL3
Autospec Bl» Magnet BpM.165 p 1:2956459 TIC: 9156682 IS :AC
Flle Text:Lewis hmmgg:  wREE ° Fiags Ace

}tgteroatom Max: 20 Ion: Both Even and odq
Limits:
50.000 0.4 : 0.5
215 238 100.90 20.0 : 20.0 lg ? 28 2
Masg $RA pPkgs std PPM mDa Calc. Mass DRE cC 13¢ H F
199.125911 2.2 1, 2.5 -2.8 -0.5 199.125362 4.0 11 1 18 2
e 19.7 39 199.129832 3.8 13 1y 5
LIoiIiiii 8.4 13 3 “2.6 -0.5  158.122007 4.0 13 is 2
-70.088293 10,9 13 2.3 -0.3 .o 170.086237 4.5 9 1 11 2
165.082954 100.0 13 1.2 -0.4 -p] 169,082882 4.5 1 11 ;
167.067330 0.8 12 4.1 0.1 0.0 167067232 5.5 19 9 2
155.067332 o5 1224 06 -5 155.067232 $.5 9 $ 2
153.051724 1.8 12 3.0 -0.9 -0.2 153.091582 5.5 9 7 2
151.03574"7 1.1 12 3.6 1.2 0.2 151.,035932 6.5 S S 2
i5§.6?7422 0.5 12 4.8 g5 45 150.028197 7,0 g 4 A
S0 1] Wl z
045] 1' 4-0 1.3 0.2 149.076654 §8 10 10 i
147088182 o5 12 4.8 5.5 0.8 147.061004 6.5 10 8 1
146.052879 08 13 3.1 2.0 0.3 146.053179 7.0 10 7 1
142.055029 0.g 13 2.2 -0.6 -0.1 142.054937 1.5 7 1 7 2
141.051349 6.9 15 2.3 1.6 0.2 141.081582 4.5 8 7 2
140.043722 72 13 2.6 9.2 0.0  140.043757 5.0 8 8 2
139.035788 1.5 13 3,5 1.0 0.1 139035932 5.5 8 5 2
134.052398 0.8 32 353 5.8 0.8 134 053179 6.0 9 7 1
133.045447 1.3 12 3.4 "0.7 -0.1  133.045353 6.5 9 g 1
129.070187 0.5 12 3.6 1.8 0.2 129.070425 6.5 10 9
127.035963 - 4.0 13 2.5 .0.2 o.0 127.035932 4.5 7 5 2 -
125.020112 o.5 13 3.0 1.4 0.2 125020282 5.5 7 3 2
123.1172315 0.5 12 4.6 1.3 0.2 123 .11737¢ 2.5 9 1s
121.04527¢ 0.5 12 2.1 0.6 0.1  121.045353 5.5 8 6 1
120.037354 0.7 13 3’ 1.5 0.2 120,037528 6.0 8 5 1
119.029760 0.9 13 § g =0.5 -0.1 119.029703 6,5 8 4 1
114.028313 1.3 13 2 -1.8 -0.2 114.028107 4.0 § 4 2
111.117538 0.9 12 2.6 -1.5 -0.2 111.11737s 1.5 8 15
109.102097 9.7 12 34 =3.4 -0.4 109.10172¢ 2.5 8 13
109.045769 1.4 12 19 -3.8 -0.4  109.045353 4.8 7 § 1
2070729918 ¢s 12 3a “2.0 -0.2  107.029703 5.5 7 4 L
sieet3334c 12 320 305 2.1 -0.2 101.039125 6.5 8 5
~$1.220858 0,4 12 33 “2.7 -0.3  101.020282 3.5 5 3 2
97.101433 1.5 12 5 1 3.0 0.3 97.10172¢ 1.8 ) 13
95.085883 0.9 12 5.4 2.0 0.2 95.086075 2.5, 9 11
31.055472 0.6 12 34 -7.6 -0.7 91,054775 4.5 7 7
6§9.070488 2.2 12 2.5 -0.9 -0.1 69.070425 1.5 S 9
67.051463 0.6 12 3.4 -17.3 _-1.3 67.050305 3.0 4 1 6
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