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Allylation and Benzylation of Difluoroenoxysilanes.
Application to the Synthesis of gem-Difluoroterpene Analegues
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Abstract: Acylsilane and trifluoromethyltrimethylsilane gave, under fluoride initiation, a
difluoroenoxysilane which is used in situ in a Lewis acid catalyzed coupling with a prenyl ester or a
benzylic bromide. The advantage of this one-pot procedure was illustrated by its use in the synthesis of
gem-difluoro analogues of terpenes (dehydro-ar-curcumene and ar-turmerone). © 1999 Elsevier Science Ltd.
All rights reserved.
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The growing interest in fluoro substituted compounds, especially for agrochemical and pharmaceutical use
has been accompanied by the need of selective methods of introduction of fluorine and/or the development of
versatile fluorinated building blocks. Among the various available methods for the synthesis of gem-difluoro
compounds,' difluoroenoxysilanes 2 meet these requirements, as illustrated by several recently reported

applications to the synthesis of a,a-difluoro keto derivatives. Originally described by the group of Ishihara,’
who used chiorodifiuoroketones as starting materials, difluoroenoxysilanes have aiso been prepared from
different fluorinated raw materials such as trifluoroacetyltriphenylsilane,” trifluoromethyltrimethylsilane,*
trifluoromethylketones. >
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The strategy developped in our group, based on the reaction of acylsilanes with
trifluoromethyltrimethylsilane (TFMTMS) in dichloromethane, aillowed us to perform one-pot reactions under
Lewis acid activation: aldol reactions,* glycosylations® and Michael reactions.” We report here new applications
of this strategy, allylation and benzylation of difluoroenoxysilanes, whose usefulness is demonstrated by the

synthesis of gem-difluoroanalogues of terpenes.

One-pot allylation and benzylation of difluoroenoxysilanes.

The overall process is depicted in Scheme 1. The prenylation conditions were studied using
benzoyltrimethylsilane as starting compound. Reaction in dichloromethane with TFMTMS, initated by
tetrabutylammonium difluorotriphenylstannate® gave the corresponding difluoroenoxysilane. The prenyl donor
and a Lewis acid were added to the reaction mixture. The results are reported in Table 1. Prenyl esters and zinc

n excess of the Lewis acid was necessary for

iodide proved to be suitable conditions (entry 1), however,
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Di\.ialL il, 8y stem’ (entry 2) or
aromatic or an aliphatic acylsnlane (entry 4). The reaction invariably led to the expected product contaminated
with the S’ type isomer (10 % determined by ‘°F NMR). The ratio between the two isomers remained constant
as seen from 3,3-dimethylallylbenzoate (entry 5) or 1,1-dimethylallylbenzoate (entries 6) which indicates a pure
S.1 mechanism.
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Scheme 1

We have already reported in our preliminary account* an example of benzylation with -
methylbenzylbromide, catalyzed by zinc iodide. The reaction did not work with benzylbromide, showing that
only good S 1 precursors are able to react. With such benzylic halides, zinc salts gave the best results. Some
experimental aspects deserve to be emphasized. The first step of this process, the reaction of the acylsilane with
TFMTMS under fluoride initiation, is an exothermic reaction. Owing to the low boiling point of TFMTMS (56

°C), the yields were optlrmzed by mixing the reagents at low temperature (- 10 °C) and using a small excess of
TEMTMS Wea w, i

TEFMTMDS. We wou ical flugoride source such ag tetrabutvlammonium
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fluoride is not suitable for our reaction since a further self condensation of the difluoroenoxysilane took place
with such an initiator. *

Table 1. Prenylation reactions of difluoroenoxysilane.

Entry  Acylsilane Prenyl donor Lewis acid yield (%)>*
1 la N\OAC 5 eq. Znl, (5 eq.) 3a+4a 55%
2 ia //L\/ ~0Ac 4¢q BiCl, (0.1 eq.) + Znl, (0.15 eq.) 3a+4a47%
3 1a )\/\OAC 2 eq. TMSOT( (0.2 eq.) 3a+4a 65%
4 1b )\/\oaz 3 eq. TMSOTS (0.2 eq.) 3b+4b 51%
5 ia /’L\\v’\oaz 3eq TMSOTS (0.2 eq.) 3a+4a61%
6 la %Bz 3 eq. TMSOTS (0.2 eq.) 3a+4a 54%

2 Isolated mixture of 3 and 4 in a 9/1 ratio (‘°F NMR). ¥Overall yield based on acylsilane.
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compounds.

Application to the synthesis of gem-difluoroterpene analogues.

The following applications in the terpene series illustrate the usefulness of this methodology. The specific
properties induced by fluorine have prompted organic chemists and biochemists to investigate this field and
several reports deal with fluorosubstituted terpenes and pheromones.'® Most of the reported syntheses were
based on the building block approach. The interest of our methodology is based on its highly convergent
character. Starting from readily prepared acylsilanes, the one-pot procedure described above and, if necessary, a
simple transformation of the product leads to gem-difluoroterpenes in a few steps.

The one-pot prenylation of p-methylbenzoyl(trimethy!)silane 1 ¢ yielded the difleoroketone (with 10% of the
______ AN I LN .11 1.3 Th.. —wulo wwon umrovsn aesbuae ~ A 6~ ~ YLT: a Alafinntinn ¢~ virra tha Aiflazre
isomer 4¢) in 60 % overall yield. 1ne mixture was suoiniitea {0 a witlig oi€iination o give ¢ ainuioio
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compounds 3¢ and 6 ¢ (9/1 ratio). The difiuoro anaiogue of dehydro-ar-curcumene 5 ¢ was obtained as a unique

product after purification by silicagel chromatography in 51 % yield (Scheme 2).
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Scheme 2
In this example, the tolyl part of the terpene derivative came from the starting acylsilane. The versatility of the
methodology is illustrated by the synthesis of the difluoroanalogue 7 of ar-turmerone, where the tolyl moiety is
a part of the benzyl donor. Ar-turmerone is a sesquiterpene displaying an antitumor activity.'' This synthesis
needed the acylsilane 1d which was prepared from isobutene oxide by a procedure similar to the one we have
recently reported (Scheme 3).'? The corresponding difluoroenoxysilane was generated in situ in the conditions

described above, then 1-bromo-1-tolylethane and zinc bromide was added to the reaction mixture to give the

difluoro-ar-turimerone 7 in 53 % overall yield (Scheme 4).
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Summary
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These results extend the chemical scope of the combined acylsilane-trifluoromethyltrimethylsilane as a
synthetic equivalent of difluoroenoxysilane. The latter was prenylated or benzylated in situ to yield the
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corresponding o, o-difluoro ketone. The straightforward s
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the usefulness of the methodology. Current investigation in this field will be reported in a forthcoming paper.
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EXPERIMENTAL

Generai methods.

Melting points are uncorrected. FT-IR spectra were run on a MIDAS corporation apparatus. iH,WF,

1
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chemical shifts are reported in parts per million against internal tetramethylsilane for 'H and 13C NMR spectra
and CFCI, for “F NMR spectra. MS data were obtained on a Fison VG autospec apparatus at 70 eV in the

electron impact mode. Elemental analyses were performed with a Perkin Elmer CHN 2400 apparatus. All
reactions were monitored by TLC (Merck F 254) or GC. GC analyses were performed on a HP 5890
chromatograph equipped with a polydimethylsiloxane HP ultra I column and a flame ionization detector.

Silicagel Merck 9385 (40-63 mm) was used for flash chromatography. Tetrabutylammonium

8

difluorotriphenylstannate was prepared following the literature procedure.” The puriss. quality of

dichloromethane from Fluka was used for the prenylation and benzylation reactions.

ic LTIy IS

Acylsilanes preparations.
The acylsilanes 1a,1b and 1c were synthesized by the Brook and Corey method."?

Trimethylnonanoylsilane (1b). Pale yellow liquid (CH,Cl,/petroleum ether : 20/80). 'H NMR 0.18 (s, 9H,
3 CHy), 0.86 (t, *Juy= 6.0, 3H, CHj), 1.24 (s, 10H, 5 CHy), 1.49 (quint, *fyu= 7.0, 2H, CH,), 2.55 (t, *Juy=

7.0, 2H, CH,), "C NMR -3.2 (3 CHj), 14.0 (CHy), 22.1 (CH,), 22.6 (CHy), 29.1 (CH), 29.3 (CH,), 29.3
(CH,), 31.8 (CH,), 48.5 (CH,), 248.5 (CO), LR. (film) 2910 (S), 2840 (S), 1620 (S), 1240 (m), 840 (S), MS
m/e (%) 214 (M, 2), 199 (2), 129 (14), 101 (7), 75 (15), 73 (10), Anal. Caled for C;;Hy0Si :C, 67.22; H,
12.22. Found : C, 67.35; H, 12.65.

p-Methylbenzoyltrimethylsilane (1c). Yellow liquid (CH,Cly/petroleum ether : 20/80). '"H NMR 0.37 (s,

3H. CH

9H, 3 CHy), 2.40 (s 7.75 (dt, *J= 8.2, *hu= 1.8, 2H), PC NMR -1.4

90, 3 CHj), O(s, 21, CHj

), 7.27 (dm, *hy= 8.2
(3 CH;), 21.6 (CH3), 127.6 (Caro), 129.2(Caro), 139.1 (Caro), 143.4 (Caro), 234.7 (CO), LR. (film) 2959 (m),
1724 (m), 1595 (S), 1250 (m), 1219 (S), 1172 (S), 841 (S), MS m/z (%) 192 (M, 8), 177 (82), 149 (51), 119
(100), Anal. Caled for C;;H,¢O0Si :C, 68.70; H, 8.38. Found : C, 68.93; H, 8.54.
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Synthesis of 3-methyl-1-0x0-but-2-enyltrimethylsilane (1d).

2-(2-Methyl-2-trimethylsilyloxypropyl)-2-trimethylsilyl-1,3-dithiane. To a solution of 2-trimethylsilyl-
1,3-dithiane (15.31 g; 0.08 mol) in THF (200 mL), was added n-BuLi (33.1 mL 2.5 M in hexane; 0.082 mol) at
xide (ﬁn 0,069 mol) was added and after 2h, CISiM
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0°C. After 1h qhmrm at this temperature, isobuten

(13,1 mL; 1,5 eq.) was added. The reaction was allowed to stir overnight at room temperature. After
hydrolysis with brine the crude mixture was extracted with Et;O (3 X 50 mL), the organic layer was washed
with brine, dried over MgSO, and the solvent was evaporated under reduced pressure. The silyl dithiane
derivative was purified by silicagel column chromatography (CH,CL/EP 10/90 ;45% yield). Pale yellow liquid.
'HNMR 0.12 (s, 9H, 3 CH;), 0.26 (s, 9H, 3 CH;), 1.43 (s, 6H, 2 CH;), 2.16 (s, CH,), 2.42-2.53 (m, 4H, 2

CHy), 2.97-3.03 (m, 2H, CH,), "C NMR -1.3 (3 CHa), 3.0 (3 CH;), 23.7, 24.9, 26.2, 31.3, 38.0, 50.6, 76.1,
LR. (film) 1253 (S), 2910 (S) , 2961 (S), MS m/z (%) 336 (M*, 25), 264 (27), 205 (40), 191 (45), 159 (42),
131 (100)

(3-Hydroxy-3-methylbutanoyl)trimethylsilane. To a solution of silyl dithiane (7.68g) and NaHCO; (4 eq.)
in THF (100 mL) was added iodine (3 eq.) by small portion at 0°C. After 4h at room temperature, a saturated
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nixture was extracted with Et,0. The organic layer was washed
with brine, dried over MgSO, and the solvent was evaporated under reduced pressure.The crude product was
in the next step without purification. Yellow liquid. '"H NMR 0.17 (s, 9H, 3 CH3), 1.20 (s, 6H, 2 CHj),
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(3-Methylbut-2-enoyl)trimethylsilane (1d). The dehydratation of the previous P-hydroxyacylsilane was

carried out by distillation under reduce pressure (20 mm Hg) giving 3.7g of 1d (35 % overall yield from the
epoxide). Yellow liquid. 'H NMR 0.17 (s, 9H, 3 CHs), 1.86 (s, 3H, CH3), 2.07 (s, 3H, CH;), 6.53 (t, *Jy

l’{=
12 (‘I—I\ 3(‘ NMR 23R CHN 210 (CHN 274 ¢ D) 126 0 (CHY 15012377 (f‘ﬂ\ IR (flm) 2970
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S), MS m/z (%) 202 (M, 100).

Prenylation, general procedure,

In situ preparation of the diflucroenoxysilane. To a solution of acylsilane (1.5 mmol) and
trifluoromethyltrimethylsilane ( 0.3 mL, 1.89 mmol ) in CH,Cl, ( 5 mL) under Argon was added a catalytic
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stirred 5 min at 0°C, then 25 min at room temperature. When the reaction was carried out at -20 °C, 1.05 eq.

of trifluoromethyltrimethylsilane were enough to achieve a complete transformation of the acylsilane. The
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formation of the difluoroenoxysilane was monitored by GC and it was used in the next step in a one-pot

nrocedure.
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Zni, catalysis. To a solution of difiuoroenoxysilane (1.5 mmol) in CH,Cl, ( 15 mL) was added the prenyiester
(2.25 mmol) and Znl, (7.5 mmol) at room temperature. The reaction was monitored by GC and an additional

amount of prenylester (2 x 2.25 mmol) was added to complete the reaction. After hydrolysis with a saturated
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brine, dried over MgSO, and the solvent was evaporated under reduced pressure. The crude product was

purified by silicagel column chromatography.

BiCl, / Znl, catalysis. The preny l acetate (3 mmol

LPEN N3/ EarBA] LRI PO, R XAV pIRVEL Quvuany pEsissivgs

mmol) were added to the solution of difluoroenoxysilane at room temperature and the reaction mixture was
stirred at room temperature until consumption of the difluoroenoxysilane. The work up procedure was the
same as above.

TMSOTY catalysis. TMSOTS (0.3 mmol) was added to the solution of difluoroenoxysilane cooled down to -
20°C. The prenyl ester (4.5 mmol) was then slowly added at this temperature for 4-6h with a syringe. The
work up procedure was the same as above.

As prenylation products could not be separated from the other isomer (9/1 ratio), the analyses were

performed on the mixture.

2,2-Difluore-5-methyl-1-phenylhex-4-en-1-one (3a). Colorless liquid (CH,Cl,/EP 10/90). '"H NMR 1.63

1'1‘

(s, 3H, CH;), 1.74 (s, 3H, CH,), 2.94 (td, *Ju= 1 3= 7.3, 2H, CHy), 5.20 (ttm, V= 7.3, V= 1.4
1H), 7.49 (t, 2h= 6.9, 2H), 7.63 (t, *Jyu= 6.7, 1H), 8.11 (d, *Jyu= 7.3, 2H). Bc NMR 17.9 (CH3), 26.1
(CHs3), 33.4 (1, 2J= 23.6, CHy), 113.0 (CH), 119.2 (t, Jo= 254.0, CF,), 128.6 , 130.0 , 134.1 , 137.2, 138.2,
189.6 (t, 2Jg= 31.5, CO). 'F NMR -99.9 (t, *jig= 17.4, 2F, CF,). LR. (film) 2948 (m), 2862 (m), 1703 (8S),
1599 (m), 1174 (S), 1057 (S) cm™!. MS mvz (%) 224 (M", 18), 204 (60), 189 (65), 156 (12), 105 (100). Anal.

Calcd for Ci3H140,F, :C, 69.63; H, 6.29; Found : C, 69.52; H, 6.46.

2,2-Difluoro-3,3-dimethyl-1-phenylpent-4-en-1-one (42). 'H NMR 1.28 (s, 6H, 2 CHj3), 5.12-5.19 (m,
2H), 6.03 (dd, *Jyy= 17.5, *Jp= 10.8, 1H), 7.35-7.63 (m, 3H), 8.04 (d, *Jux= 9.5, 2H). '°F NMR -107.9 (s).

5,5-Difiuoro-2-methyi-tetradec-2-en-6-one (3b). Coloriess liquid (CH,Cl,/EP 10/90). 'H NMR 0.87 (t,
3Jur= 6.1, 3H, CHy), 1.13-1.39 (m, 10H, 5 CH,), 1.52-1.68 (m, 2H, CH,), 1.62 (s, 3H, CHj), 1.72 (s, 3H,
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MS mv/z (%) 261 (M+1, 32), 167 (68), 141 (100). Anal. Caicd for C,sH¢O,F: C, 69.20; H, 10.06; Found : C,
69.29; H, 10.23.

NTR A

4 o a___ _a% _ A__* W _ _ P, P l
4,4-Difluoroe-3,3-dimethyliridec-i-en-5-one {(4b). H NMR 0.8

~J

(s, 3H, CHy), 1.18 (s, 3H, CH3), 1.22-1.39
3 2 5.1
3 10.7, 1H), 5.93 (dd, 3= 17.2, 3Jgy=10.7, 1H). '°F NMR -115.4 (s, 2F, CFZ).

2,2-Difluoro-5-methyl-1-p-tolylhex-4-en-1-one (3¢). Colorless liquid (CH,CI,/EP 10/90). ‘H NMR 1.64 (s,
3H, CHy), 1.75 (d, “Ju= 1.2, 3H, CHs), 2.44 (s, 3H, CH3), 2.92 (td, *Jir= 17.4, >Jyy= 7.3, 2H, CHy), 5.21

(tm, 3= 7.3, 1H), 7.30 (&, V= 8.6, 2H), 8.01 (d, = 8.6, 2H). 'C NMR 14.0 (CH;), 22.6 (CHy), 32.9

(t, 2= 25.6, CHy), 33.9, 118.6 (t, Jo= 240.2, CF,), 127.9, 128.7, 130.3, 132.5, 151.6 (t, 2J= 25.6, C=CH),
196.1 (t, 2Jo= 30.5, CO). °F NMR -99.9 (t, *Ju== 17.4, 2F, CF,). LR. (film) 2918 (m), 2862 (m), 1703 (S),

1599 (m), 1450 (m), 1174 (m) 1057 (m) cm! .

LT \aaxy VOREiis, S NAsajy AU 7 \2aa) Naiz

2,2-Difluoro-3,3-dimethyl-1-p-tolylpent-4-en-1-one (4¢). ’F NMR -107.8 (s).
Difluorodehydro-ar-curcumene preparation.

3,3-Difluero-6-methyl-2-p-tolylhepta-1,5-diene (5¢). To a solution of methyltriphenyl-phosphonium
bromide (0.479 g, 1.34.mmol, 1.26 eq.) in ether (6mL) was added nBuLi (0.536 mL of a 2.5M solution in
hexane; 1.34 mmol; 1.26 eq.) at room temperature After 0.5h stirring at RT, a 9/1 mixture of 3¢ and 4¢ (0.250
g, 1.06 mmol) solution in ether (5 mL) was added dropwise to the deep red solution. The reaction mixture was
refluxed for 16h and was hydrolyzed with water (15 mL). The crude mixture was filtered and was extracted

=zmel el
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evaporated under reduced pressure, The crude product was purifie ilicagel column chromatography

, dri
ed

(CH,Cl,/EP 2/98) giving pure 5c¢ in 51% yield. Colorless liquid. 'H NMR 1.47 (s; 3H, CH3), 1.71 (d, “fg=
H,

1.2, 3H, CH,), 2.37 (s, 3H, CHy), 2.64 (td, *Jis= 15.9, *Jy= 7.3, 2

Rokey FhEg N XA[Jy Lasd I \\3y TEEy NrARFJy &eVUT NIy i-uv x./ «7s YHH 2 A

CH,), 5.09 (tm, 3J55= 7.3, 1H, CH)

Z)y eV (Wil ledy Lilg NrRLlJy

>

5.45 (m, 1H), 5.68 (m, 1H), 7.18 (d, *Aiu= 8.43, 2H), 7.33 (d, = 8.43, 2H). "C NMR 17.8 (CH), 21.2
(CHy), 25.8 (CHs), 35.6 (1, 2J5=26.6, CH,), 114.8 (m, CH), 117.5 (t, *Jg= 8.7, CHy), 122.2 (t, Jo= 243.1,
’7 Q

(t, U= 23.2
CF,). LR. (film) 2920 (S), 1514 (m), 1450 (m), 1051 (S) ecm™!. MS m/e (%) 236 (M+, 17), 193 (100). Anal.
Caled for CsH4F, :C, 76.24; H, 7.68; Found : C, 76.61; H, 7.94.

v 190 NMR _05 &
). E A 3 EAN T el
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(4 31 =150 7%
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er\Y\tn1l\1 73 41 11

3,3-Difluoro-4,4-dimethyi-2-p-tolyihexa-1i,5-diene (6¢). 'H NMR 1.01 (d, "Jyy= 1.1, 6H, 2 CHj3), 2.33
CH,), 4.91 (d, *Ag= 11.1, 1H, CH), 4.95 (d, *Jyy= 17.5, 1H, CH), 5.40 (m, 1H, CH), 5.59 (m, 1H, CH), 5.80
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| 5 X7, SRS RPY I 2
yigoro-ar-igrmerone nesLy.

. . -
toc a HBr b"“b.mg (generated from a dropwise addition of

mixture was washed with a saturated NaHCO;solution. The organic layer was dried over Na,SO, and the
solvent was evaporated under reduced pressure to give pure 1-bromo-1-p-tolylethane in 85% yield. Colorless
liguid. 'H NMR 2.06 (d, 3qu—69 3H, CH,), 2.36 (s, 3H, CH,), 5.23 (q, qu—~ 6.9, 1H, CH), 7.17 (d, ]uu—

7.1, 2H), 7.35 (dd, 3Jyy= 7.1, “qe= 1.8, 2H). “C NMR 21.1 (CH3), 26.7 (CH3), 49.7, 126.6, 129.2, 138.1,
140.3. LR. (film) 2974 (m), 2920 (m), 1514 (m), 1441 (m), 1178 (S), 817 (S) cm™". MS m/z (%) 119 (M*- Br,
100).

3,3-Difluoro-6-methyl-2-p-tolylhept-5-en-4-one (7). To a solution of difluoroenoxysilane prepared from 1d
(1.5 mmol) in CH,Cl, (5 mL) was added the 1-bromo-1-p-tolylethane (0.4 mL) and ZnBr, (405 mg, 1.8 mmol,
1.2 eq.). The reaction mixtures was stirred Sh at room température. After hydrolysis with a saturated
NaHCO; solution the crude mixture was extracted with CH,Cl, (3 x 20mL), the organic layer was washed with
brine, dried over MgSO, and the solvent was evaporated under reduced pressure. The crude product was
purified by silicagel column chromatography (CH,CL/EP 10/90) to give pure 7 in 53 % yield. Colorless liquid.
'H NMR 1.41 (d, *Jye= 7.3, 3H, CHy), 1.91 (d, = 1.2, 3H, CH3), 2.14 (d, 4ha= 1.2, 3H, CHy), 2.33 (s,
3H, CH;), 3.48 (ddq, *Jur= 17.2, *Jiz=15.3, 3Juy= 6.8, 1H, CH), 6.24 (m, 1H, CH), 7.11 (d, >}y= 8.4, 2H),
7.18 (d, *Jyn= 8.4, 2H). BCNMR 14.0 (d, 3Jcs= 3.9, CHj), 21.0 (CH3), 21.5 (CH3), 28.2 (CH3), 42.7 (t, 2.
= 22.6, CH), 117.8 (s, C=CH), 118.5 (t, J= 257.9, CF,), 127.1, 128.9, 129.0, 134.5 (d, *Jg= 3.9), 137.2 (d,
3= 3.9), 190.1 (t, 2Ug=28.5, CO). F NMR -112.3 (dd, J55=255.5, *Jiz= 15.3, 1F), -114.7 (dd, J,g=255.5,
3= 15.3, 1F) LR. (film) 2982 (m), 2943 (m), 2924 (m), 1703 (S), 1614 (S), 1446 (m), 1099 (m), 1055 (m),

VL VAY A /REL NAN NN

851 (m) em™. MS m/z (%)252 (M+, 24), 232 (36), 119 (100).
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