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Abstract: The cycloaddition reactions of difluorocarbene, generat o )

ed by the decomposition of FSCF,CO,SiMe;, with a,p-acetylen- Rlé.( TFDA (3 equiv) A
ic ketones givgem-difluorocyclopropenyl ketones in good yields. R2 NaF (10%) R

Treatment of thesgem-difluorocyclopropenyl! ketones with aque- 1 DG 2 0
ous potassium carbonate results in the formatigerofdifluorinat- 120 C

ed dihydrofurans. Schemel Cycloaddition of difluorocarbene tb

Key words: difluorocarbenegem-difluorocyclopropenesgem-di-

fluorocyclopropenyl ketonegem-difluorinated dihydrofurans Tablel Cycloaddition of Difluorocarbene i

Entry Substratd Product2 Yield® (%)

The cycloaddition of difluorocarbene to carbon—carbo
double or triple bonds is one of the most important meth=
ods for the synthesis of organofluorine compounds. 2 1b (R! = Ph, R = 44+-BuCH,) 2b 85
the smallest cyclic organofluoringgm-difluorocyclopro-

1a (R'= Ph, R = Ph) 2a 89

1— = 4-
pene derivatives command much attention on account &f ¢ (R = Ph. R=4-MeGH,) 2 80
their theoretical interest and synthetic application. 4 1d (R! = Ph, R = 4-BrGH,) 2d 71
During the course of our studies on difluorocarbene chems 1o (1= ph, R = 4-CRC.H),) 2e 65
istry, we conducted cyclopropanation reactions using our

difluorocarbene precursor, i.e., trimethylsilyl fluorosulfo- 6~ 1f (R'=4-MeOGH,, R =Ph)  2f 95
nyldifluoroacetate (TFDA), with 1-iodoalkyneanda,B- 1g (R* = 4-MeGH,, R = Ph) 29 90

unsaturated aldehydes or ketoA#swyas found that intro-
duction of an iodine atom into the alkyne of the forme8  1h (R'=4-BrGH,, R*=Ph) 2h 88
leads to the formation of stable 3,3-difluoro-1-iodocyclo-
propene, whereas carbonyl groups in the latter should be
protected as 1,3-dioxolanes, otherwise the reaction did not  1j (R*=n-CgH,,, R?=Ph) 2] 50
occur. Furthermore, deprotection of these fluorinated
compounds with oxalic acid either gave the corresponding
gem-difluorocyclopropyl ketones or 2-aryl-3-fluoro- @ Reagentsi/NaF/TFDA, 1:0.1:3, 120 °C, 3 h.
furans. In connection with the above, we were interesté¢solated yield based on conversioniof

in the cycloaddition reaction of difluorocarbene with-

acetylenic ketones; herein, we present the results. As shown in Table 1 the yields gém-difluorocyclopro-
Unlike o,B-unsaturated aldehydes and ketongacety- penyl ketone® varied from modest to good. When &

lenic ketonela, without protection, reacted smoothly withR?> was a phenyl with electron-donating groups such as
TFDA (3 equiv) in diglyme (DG) in the presence of 10DMe or Me, the yields o? were higher than those sub-
mol% anhydrous NaF at 120 °C for about three hours $trates with electron-withdrawing groups such as Bg, CF
give the corresponding adduct 3)@n-difluorocyclopro- (Table 1, entries 2, 3vs 4, 5 and entries 6, 7 vs 8, 9). When
penyl ketone Za), in 83% conversion and 89% yieldR! was an alkyl group, the yield @fwas lower than when
(Scheme 1). The use of more TFDA (5 equiv) did not irR! was an aryl group (Table 1, entry 10 vs 11).

crease the conve_rsion or yield significantly. Similarlyne structures of aflem-difluorocyclopropeny! ketonez

other a,p-acetylenic ketonésreacted under the sameyere confirmed byH and%F NMR spectroscopy, MS

condition$ (Table 1). and elemental analysis or HRMS. The structur@eof/as
further determined by single-crystal X-ray analysis
(Figure 1), which suggests that the molecule is almost pla-

1i (R! = 3-CR,C¢H,, R2 = Ph) 2i 55

1k (R*=Ph, R = n-C,H,) 2k 88

SYNLETT 2006, No. 3, pp 0478-0480 nar. Notably the length of C1-C2 is 1.33 A, similar to that
Advanced online publication: 06.02.2006 of a normal carbon—carbon double bond (1.34 A).
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Table2 Synthesis of Difluorinated Dihydrofurahs

Entry Substrat@ Product3 Yield® (%)
1 2a (R'= Ph, R=Ph) 3a 75
2 2b (R*=Ph, R=44-BuGH,) 3b 88
3 2¢ (R= Ph, R =4-MeGH,) 3c 80
4  2d (R'=Ph, R=4-BrGH,) 3d 97
5 2e (Rt=Ph, R=4-CRCgH,) 3e 89
Figurel X-ray structure oRa 6 2 (R"=4-MeOGH, R*=Ph) 3f 88
7 29 (R' = 4-MeGH,, RZ = Ph) 3g 92
To comparegem-difluorocyclopropenyl ketone& with 2h (R! = 4-BrGH,, R = Ph) 3h %

gem-difluorocyclopropenedwe studied the ring-opening
reactions of compounds Using2a as an example, it was 9 2i (R! = 3-CR,C¢H,, R2 = Ph) 3i 75
found that acids such as HCI or BBEY, as catalyst in
various solvents always resulted in a complex reaction.
our surprise, when treatirgp with aqueous 10% O, 11 2k (R = Ph, R =n-C,H,) 3k 75
in MeOH, a new product was obtained in high yield an
was characterized as 3,3-difluoro-2-methoxy-2,5-diphe
yl-2,3-dihydro-furarBa (Figure 2)% The X-ray analysis of

3a shows that the torsion angle of C(1)-C(2)-C(3)-C(4)ithdrawin ;

o o = g groups, the reactions proceeded smoothly to
and C(1)-O(1)-C(4)-C(3) are —6.3° and 5.64°, indicating nish 3 in good yields (Table 2, entries 2-9), but alkyl
that the fluorinated dihydrofuran ring is almost COpIana%ubstituents resulted in a slightly lower yield3of

To our knowledge, this is the first X-ray structure o , ) ) )
difluorinated dihydrofuran. The formation of3 may be rationalized as follows: addi-

tion of methanol to cyclopropene givés The carbon
bearing methoxy group iA is then subjected to intra-
molecular attack by the enolate ion generated by collapse
of the cyclopropan8 (Scheme 3).

19 2 (R'=n-CHy, R=Ph) 3] 70

gixcess ag KCO; was used.
Blsolated yield after silica gel column chromatography.
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In a similar fashion, othegem-difluorocyclopropenyl
ketones 2 were converted to gemdifluorinated Scheme3 A possible mechanism for the formation3bf
dihydrofurans (Scheme 2, Table 2).

The data in Table 2 demonstrate that whéarl Rwere [N conclusion, we have accomplished the synthesis of

aryl groups having either electron-donating or electro@em-difluorocyclopropenyl ketones by the cycloaddition
of difluorocarbene toa,B-acetylenic ketones. These

ketones can be converted iggam-difluorinated dihydro-

Ao H R F furans easily in high yields under basic conditions.
= R? aq K2C03(10%) / OMe
R _— 2
I MeOH R 70" e Acknowledgment
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gem-Difluor ocyclopropenyl K etone 2a: a,3-Acetylenic
ketonela (0.73 g, 3.55 mmol), NaF (19 mg, 10 mol%), and
DG (2 mL) were added under g Btmosphere to a Schlenk
tube charged with a magnetic stirring bar and a pressure-
equalized dropping funnel. After the mixture was heated to
about 120 °C (oil bath), TFDA (2.71 g, 3 equiv) was added
dropwise. The mixture was stirred at this temperature for
about 3 h. Then the mixture was cooled to r.t. and purified by
flash column chromatography on silica gel; yield: 0.67 g
(89%) [recovereda: 0.12 g (conversion 83%)]; solid; mp,
80-85 °C. IR (film): 1759, 1681, 1650, 1597,1577, 1494,
1450, 1313, 1299, 1226 cin'H NMR (CDCl, 300 MHz):

5 =28.15-8.18 (m, 2 H), 8.01-8.05 (m, 2 H), 7.52-7.72 (m, 6
H). F NMR (CDCJ, 282 MHz):5 = -103.74 (s, 2 F). MS:
m/z (%) = 256 (M, 11.37), 228 (6.99), 151 (6.11), 105 (100),
77 (40.21). Anal. Calcd forH,,OF,: C, 75.00; H, 3.93; F,
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14.83. Found: C, 75.06; H, 3.82; F, 14.86. X-ray
crystallographic data f&a: crystal system, monoclinic;
space group, P2 (1)/n; unit cell dimensioms:8.4778 A,
b=9.0567 Ac=17.022 Aa=90°,5 = 103.462°y = 90°,

Z =4, F(000) = 528R1 = 0.0623, iR2 = 0.1635 (all data),
CCDC No. 287907.

(a) Abdo, B. T.; Alberts, I. L.; Attfield, C. J.; Banks, R. E.;
Blake, A. J.J. Am. Chem. Soc. 1996, 118, 209. (b) Brisdon,
A. K.; Crossley, I. R.; Flower, K. R.; Pritchard, R. G.;
Warren, J. EAngew. Chem. Int. Ed. 2003, 42, 2398.
Difluorinated Dihydrofuran 3c: To a solution oRc (50

mg, 0.18 mmol) in MeOH (5 mL) was added 10% aG®&,
(0.1 mL). The mixture was stirred at r.t. and the progress of
the reaction was monitored B NMR spectroscopy. When
the reaction had reached completiogOH10 mL) was
added and the reaction was extracted with EtOAcX8
mL). The combined organic layer was dried over MgSO
After the solvent was removed under reduced pressure, the
residue was purified by flash column chromatography on
silica gel; yield: 45 mg (80%); white solid. IR (film): 3117,
2935, 1650, 1616, 1579, 1515, 1494, 1452, 1343, 1285,
1271, 1149, 1071, 1047, 968, 731-¢nH NMR (CDCl,

300 MHz):4 = 2.40 (s, 3 H), 3.39 (s, 3 H), 5.69 (s, 1 H),
7.23-7.50 (m, 7 H), 7.75-7.80 (m, 2 I NMR (CDCJ,
282 MHz):6 =-82.27 (dJ = 247 Hz, 1 F), -111.31 (d,=
248 Hz, 1 F). MSm/z (%) = 302 (M, 10.13), 283 (12.21),
282 (10.24), 271 (24.50), 243 (14.40), 177 (9.80), 152 (100),
151 (65.65), 119 (59.20), 105 (93.95), 84 (99.36). Anal.
Calcd for GgH,¢O,F,: C, 71.51; H, 5.33. Found: C, 71.52; H,
5.64.

X-ray crystallographic data f&: C,,H,,F,0,, M 288.28;
monoclinic; space group, P2 (1)/n; unit cell dimensions:
a=13.6673 Ab=7.1944 Ac=14.8156 Ap= 90°,4 =
92.034°y = 90°, Z = 4, Q,q= 1.315 g/crd, F(000) = 600,
R1 =0.0812, ir2 = 0.1246, CCDC No. 287908.
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