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ABSTRACT

. Electrophilic F
R Fluorodesilylation R HA/
R SiMe;  Selectfluor R

Various fluorodienes were prepared by treatment of the corresponding allenylmethylsilanes with Selectfluor. This is the first route to these
compounds not based on the use of a fluorinated building block. The reaction allows the preparation of 2-fluoro-1,3-dienes with several
substitution patterns, including di- and trisubstituted compounds.

Silicon-containingz-nucleophiles are extremely valuable
synthetic intermediates, reacting with electrophiles ing S followed by treatment with tetrabutylammonium fluoridle.
fashion to give structurally diverse produétdn these To the best of our knowledge, the reactivity of allenyl-
reactions, the silyl group enhances the reactivity of the methylsilanes in the presence of electrophilic fluorinating
s-nucleophile and controls the sense of regiocontrol upon reagents has not been studied. As part of our research

bromo- or iododienes upon addition of bromine or iodine,

addition of the electrophile. In addition to allylsilademnd
allenylsilane acting as allylic and propargylic transfer
reagents, respectively, theZ reaction of allenylmethylsi-

program aimed at developing novel synthetic methodologies
for the preparation of fluorinated compounds, we have
reported that vinylsilanes and allylsilanes react with 1-chlo-

lane has been used for the introduction of 1,3-dienyl-2-yl romethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2.]octane bis(tet-
groups onto electrophiles such as aldehydes, acetals, andafluoroborate), a reagent called Selectfluor, to give struc-

iminiums and also in [2+ 2] cycloadditionst These

turally diverse fluorinated compounds such as fluoroalkenes,

substrates have also been converted into the correspondinglifluorinated amides, ethers, or alcohols, as well as allylic
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fluorides® In this context, we became interested in the
development of a novel reaction for the preparation of
fluorinated dienes according to a protocol featuring the
introduction of the fluorine as the very last step of a synthetic
sequence. We report in this Communication an additional
application of the concept of electrophilic fluorodesilylation,
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the synthesis of 2-fluoro-1,3-dienes from the corresponding
allenylmethylsilanes (Scheme 1). This is the first route to

Scheme 1. Allenylmethylsilanes as Precursors of Fluorodienes
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these valuable compounds that is not based on the use of a

fluorinated building block. Indeed, fluorinated cyclopropdnes
and fluorinated unsaturated aldehytlase two of the most
commonly used precursors of monofluorinated dienes, which
are obtained upon ring opening and Wittig alkenylation,
respectively. Other elegant routes toward fluorinated dienes

superior if these reactions are carried out in THF&8 °C
instead of in ether. The starting propargylic alcohols were
prepared according to standard procedures from the literature
(Table 1)*?

Table 1. Preparation of Allenylmethylsilaneka—i
1.5 eq. MsCl

HO_ 2eq. EtN MsO_ 8eq Me;SiCH,MgClI R
— " " oom " 3eq. CUCN, 6 eq, LiClI i

. CM, 1t R o eq T:F’ W8 Deg Cl /| SiMes
yield yield

entry R R product (%) product (%)

1 PhCH,CHz; Me 2a 94 la 81

2 BnOCH, Me 2b 95 1b 79

3 nCsHp Ph 2¢ 74 lc 49

4 nCsHyp Me 2d 91 1d 83

5 PhCH,CH; SiMes 2e 85 le 69

6 PhCH,CH; H 2f 99 1f 80

7 H AcOCH, 2g 87 1g 75

8 H BnOCH, 2h 64 1h 77

9 H Ph 2i 71 1i 54

have also been developed such as various elimination
processésand palladium-mediated couplings of fluorinated
precursorg?®

To prepare the starting allenylmethylsilanga—i, we
adapted a procedure described in the literattit&éSeveral
substituted trimethylsilylmethylbutadienes were obtained in
good overall yields by the reaction of the propargylic
mesylates2a—i freshly prepared from the corresponding
alcohols3a—i, with Me;SICH,MgCI in the presence of an
excess of CuUCN and LiCl. The use of these two salts is
essential for effectingy-attack of the Grignard reagent
leading to the exclusive formation of the desired allenyl-
methylsilanes. We found that the yields are consistently
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Our initial studies began with allenylsilade as the dienyl
transfer reagent (Table 2). Reaction l&f with 1 equiv of

Table 2. Electrophilic Fluorination of Silanda
F

=.=<CH3 PhCH,CH, ., ~
PhCH,CH, SiMeg ot W ' . V\[/
1a 4a CHs sa O
fluorinating time  yield
entry reagent solvent additive (h) 4a (%)
1 Selectfluor  acetonitrile 120 51¢
2 Selectfluor  acetone 120 49
3 Selectfluor THF 120 5
4 Selectfluor MeOH 21 43
5 Selectfluor  acetonitrile NaHCO3 27 60
6 Selectfluor  acetone NaHCO3 27 64
7 NFSI acetone NaHCO3 48 39

a4awas contaminated with 5% &fa. P Ratio of 4a5a = 2:1.

Selectfluor in acetonitrile afforded 51% of the desired
fluorinated dieneda after 120 h. This compound was
contaminated with 5% of the nonfluorinated dieBa
resulting from a protodesilylation process (entry 1). The use
of acetone as the reaction solvent did not result in any
substantial changes, whereas THF was found not to be
suitable for this transformation (entries 2 and 3). Methanol
was also tested as a solvent for this transformation, allowing
the formation of the desired dienéa along with the
undesired nonfluorinated diert& in 43% combined yield

in a ratio of ca. 2:1 as judged 1 NMR analysis of the
purified material after 21 h. As expected, this polar protic
solvent favors the protodesilylation process but also sub-

(12) Experimental details can be found in Supporting Information.
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stantially reduces the reaction time (entry 4). We suppressedbest yields were obtained for substrates with a substituent
fully the formation of the undesired nonfluorinated didrze that can reinforce thg-effect* of the trimethylsilyl group
resulting from a protodesilylation process by adding 1.2 equiv upon addition of Selectfluor (entries—B, 8, and 9). As
of NaHCG; to the reaction mixture using acetonitrile or anticipated, the lowest yield of desired fluorinated diene was
acetone as the reaction solvent (entries 5 and 6). The presencebtained for substratée as this allenylsilane features an
of the base not only prevents the formation of the non- additional trimethylsilyl group on a position where it
fluorinated dienéa, therefore increasing the reaction yield, destabilizes the development of positive charge upon addition
but also reduces substantially the reaction time (27 versusof Selectfluor (entry 5). The presence of the electron-
120 h). The use of acetone facilitates the workup procedurewithdrawing acetyl group of the achiral substrétg is
and the purification of the product; therefore, this solvent probably responsible for the lower yield of the fluorinated
was selected for subsequent reactions. Finally, we probe thediene 4g. In contrast, the two additional achiral terminal
reactivity ofN-fluorosulfonimidé?® under similar conditions,  alleneslh,i were transformed into the corresponding 2,3-
but the use of this alternative reagent as the electrophilic disubstituted 1,3-dienesh and 4i in good yields (79 and
source of fluorine was not advantageous (entry 7). 99%, respectively). The racemic allenylsilaries-f led to
The optimized reaction conditions were applied to various the formation of the desired di- or trisubstituted dienes as
allenylsilaneslb—i, and the results are summarized in Table mixtures ofE/Z isomers in a 2/1 ratio with the exception of
3. The methodology allows the preparation of fluorodienes dienedethat was formed as a 3/1 mixture of tB& isomers.
The E isomer was the major product. These stereocisomers
] are difficult to separate upon purification. TR& ratio was
Table 3. Fluorodesilylation ofla—h with Selectfluof determined b)}.H NMR’.and the configuration of the dOUbl.e
bond was assigned with the coupling constant of the vinyl

entry allenylsilane fluorodiene yield (%) proton and fluorine @)-4 Jy_¢ = 22.0-28.0 Hz; @)-4 Ju—¢
F = 31.6-38.0 Hz). In this series, the nature of the substituent
CHs . : -
1 /=.=<_ 1a PhCHZCHZN 4a 64 of the starting allenysilane does not affect significantly the
PhCH,CH, SiMe; S, 2n E/Z ratio of the fluorodienes.
F
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I

)

3
e "
BnOCH, SiMeg

F CHs Scheme 2. Suggested Mechanism and Preferential Formation

1c nCsH”l‘/KT/ e 0 of the E Isomer.
SiMe; F

Ph upen
+
F ~> NSiMes F

w»
J\_ﬂ
p

nCsHy4

4 ST 4 3 '
ﬁ sH11 2,2 211 H>: K R R Z
nCsH SiMe cgi
s 8 CHs R WRSJMes Favored R R
SiM63 F 11b Major Eisomer
5 /:E& 1€ PhCH,CH, ,_~ 4
PhCH,CH, SiMe, Lo R
F 8 ?iMe3 R/\HNSIM% R
45 H R
6 —~— PhCH,CHy, A~ 4 27} —c= F P
PhCH,CH, SiMe; R ;) R' Disfavored R Minor Zisomer
; CH,OAc e o 2 npen
==< 19 ;
SiMes CH,0Ac
F .. . .

8 CHzOBnm 79 From a mechanistic point of view, we propose that
/\ SiMes - Selecfluor reacts as an electrophile according to g2 S
oh F CH;0Bn mechanism with the regiocontrolled addition of the fluorine

9 I& 1i }\]/ 4 g9 leading to the development of the positive chafg® the

SiMes Ph . trimethylsilyl group. The desilylation process restores neu-

trality and affords the desired fluorodiene. Our optimization
a(:onditit())ns: 1 equiv of Selectfluor, 1.2 equiv of NaHg@cetone, rt, studies revealed that the addition of NaHC@revents
to 48 hbC [ igned BYH NMR. } i . : . .
up o onversion assigned B4 protodesilylation, thereby increasing the reaction yield. The
formation of the majolE isomer indicates that the electro-

with different degrees of substitution. The dienes recovered Phile approaches preferentially the central carbon of the
after workup are sufficiently clean to be used without further &ll€nylmethylsilane from the side opposite to the sterically
purification. The yields range from 11 to 99% depending demanding R substituent, with the organosilane adopting a

on the substitution pattern of the starting allenylsilane. The réactive conformation, allowing early stabilization of the
developing positive charge. This mechanistic pathway, well

(13) (a) Davis, F. A.; Han, WTetrahedron Lett1991 32, 1631-1634.
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in line with what has been suggested for other electrophiles bifunctional allenylmethylsilanes that allow the sequential
such as iminiums or aldehydes, contrasts with the reactivity addition of two electrophiles, one of them being Selectfluor.
of bridging electrophiles such as iodine and bromine. Indeed,
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In summary, we have shown that the concept of electro-

philic fluorodesilylation can be applied to allenylmethyl-
silanes as an entry to 2-fluorodienes with various substitution
patterns. The methodology is best applied to fluorodienes
that cannot be formed as mixtures B% isomers. This is
the first route to these compounds not based on the use o
fluorinated building blocks. We are currently expanding this
chemistry to more elaborated fluorinated dienes using OL047319Z
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