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ABSTRACT

PhSO,CF,H, t-BuOK
DMF,-50°C, 1h

RCH,X

(X=1,Br)

A facile and efficient nucleophilic difluoromethylation of primary alkyl halides has been disclosed through a novel nucleophilic substitution
reductive desulfonylation strategy, using difluoromethyl phenyl sulfone as a difluoromethyl anion (‘CF

RCH,CF,S0,Ph

Na(Hg)
MeOH, Nay,HPO4

RCH,CF,H

,H™") equivalent.

Selective introduction of difluoromethyl group (& into
organic molecules is of great importance due to its ability

to contribute special biological properties to those molecules.

CFRH functionality has been known to be isosteric and

ing compounds have also been used as anesthetics, including
well-known desflurane and isoflurafg.

Several methods have been developed for the preparation
of CRH-containing compounds, including the deoxofluori-

isopolar to hydroxyl (OH) group and behaves as a hydrogen nation of aldehydes using SPAST, or Sek,*® nucleophilic

donor through hydrogen bondiAg? Moreover, CEH group
has similar high lipophilicity as the trifluoromethyl group,
which is useful in applications where a more lipophilic
hydrogen bond donor other than OH is requitéd a result,
CF:H group has been frequently incorporated into various
biologically active compounds (such as enzyme inhibitors,
sugars), pesticide$ and herbicide’ and materials (such as
liquid crystal$® and fluoropolymers). Many CRH-contain-
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Sknd reaction between a nucleophile and,BEIY" and zenesulfonyl)difluoromethyl anion (frohandt-BuOK) and
hydrogenation of terminal 1,1-difluoroalkenéucleophilic other electrophiles worked equally well. When excess
introduction of a CEH building block into carbonyl com-  elemental iodine was used as the electrophile, BEED
pounds has been reported, using (difluoromethyl)dimeth- (4) was produced in 92% vyield (Scheme 2). Interestingly,
ylphenylsilanée? (chlorodifluoromethyl)trimethylsilané or

difluoromethyl phenyl sulfor®® as the CEH precursor. _

PreVIOU_SIy, we _have reported_ the preparaﬂo_n of dlfluorp- Scheme 2. Nucleophilic Substitution Reaction dfwith I,
methylsilanes via the magnesium metal-mediated reductive 1 £BUOK
, -bu

difluoromethylation of chlorotrialkylsilanes using difluo-
romethyl phenyl sulfoné! Herein, we would like to disclose DMF,-30~-20°C,1h
a simple and efficient new method for the preparation of 4 (92 %)
difluoromethyl compounds from readily available primary
alkyl halides using difluoromethyl phenyl sulfoii€1) as a
CFR,H precursor.

The nucleophilic substitution reactions between difluo-
romethyl anion (“CEH™", commonly generated in situ) and
simple alkyl halides are generally difficult due to the un-
matched hard—softnes$Recently, we have succeeded in
the S2 reactions between (benzenesulfonyl)difluoromethyl
anion (generated in situ frohand a base) and primary alkyl
halides (preferably iodides) (see Scheme 1), which enabled

PhSO,CF,l

whenn-perfluorohexyl iodide was applied instead gfthe
same product was produced in 39% yield. Difluoromethyl
phenyl sulfoxide, PhSOGH, also reacts witm-butyl iodide
in the presence dfBuOK, to give 1,1-difluoropentyl phenyl
sulfoxide (5) in 54% yield.

Reductive desulfonylation is widely used in the organic
synthesis in order to remove the arenesulfonyl groups after
the desired transformatiof3After the desulfonylation, the

_ arenesulfonyl groups are commonly replaced by a hydrogen
atom. Reductive desulfonylations gém-difluorinated sul-

Scheme 1. Nucleophilic Substitution Reactions @fwith 2 fones are scarce. (Benzenesulfonyl)difluoromethyl carbinols
PhSO,CF,H (1), +BuOK i i i
RCH,X 2L RCH,CF,S0,Ph have_ beelj reduct_lvely de_sulfonylgted into d_|fluoromethyl
(X=1,Br) DMF,-50°C, 1h carbinols in low yields, using sodium metal in ethaff8l.

Similar poor yields were obtained when we tried a Na/MeOH
system as a desulfonylating agent for the alkylated difluo-
romethyl sulfones. It soon became apparent that under the
reaction conditions, the in situ-generated strong base MeONa
will further complicate the reaction and thus decrease the
desulfonylation efficiency. Inspired by the early report that
the clean desulfonylation reaction can be obtained by
applying a buffering agent to control the gfHwe added
sodium monohydrogenphosphate §NRQy) in our desulfo-
nylation reactions in order to selectively produce difluoro-
methylated products (see Scheme 3). Sodium/mercury amal-

2 3

us to synthesize 1,1-difluoroalkenes from primary alkyl
halides in substitution—elimination modéAs shown in
Table 1, a variety of alkyl-substitutegem-difluoromethyl
phenyl sulfones3 were prepared in good vyields using
difluoromethyl sulfonel (1 equiv), primary alkyl iodides or
bromides (4 equiv), anttBuOK (2 equiv) at—50 °C for
about 1 k4

It is worthwhile to mention that the similar nucleophilic
substitution reaction between the in situ-generated (ben-

s Scheme 3. Preparation of Difluoromethyl Compounds frodn

Table 1. Preparation of Fluorinated Sulfon8§rom Primary Na(Hg), MeOH, Na;HPO,

i : : RCH,CF,S0,Ph RCH,CF,H
Alkyl Halides 2, Difluoromethyl Sulfonel, andt-BuOK in 20° ~0°C, 0.5~1 h
DMF at — 50°C for 1 h
3 6
entry RCHoX (2) RCH,CF5SO5Ph (3) yield (%)
1 CH3(CHa)l CH;3(CH)sCF2S02Ph (3a) 79
2 CHy(CHz)d  CH3(CH»)4CF2SO>Ph (3b) 80 gam (5 wt % Na in Hg) was used, and the reactions were
3 CH3(CHy).Br  CH3(CH,),CF;S0;Ph (3b) 61 carried out at— 20 to 0°C for 0.5—1 h. Various difluo-
4 CHj3(CHy)sl CH;3(CHz)3CF2S02Ph (3¢) 84
5 CHi(CHal  CHy(CH.)CF:S0,Ph (3d) i 16) Gonzales, J.; Foti, C. J.; Elsheimer, .0rg. Chem.1991,56
6  Ph(CHy)sl Ph(CH,);sCF,S0,Ph (3e) 7 43%2 ) Gonzales, J.; Foti, C. J.; Elsheimer, 5.0rg. Chem. , 56,
7 Ph(CHp)dl Ph(CHy)4CF2SO2Ph (3f) 52 (17) (a) Hine, J.; Porter, J. 3. Am. Chem. Sod960, 82, 6178. (b)
8  Ph(CHy)sl Ph(CHg2)5CF2SO2Ph (3g) 59 Langlois, B. R.J. Fluorine Chem1988,41, 247.
9 Ph(CHpsl  Ph(CHy)CFsSO,Ph (3h) 20 Wiliame. . 31 Siawind, A M- 2 Tetrahecror 03,45, 6087
10 PhoCH(CHy),I  PhoCH(CH,);,CF>S0,Ph 31) 387 (19) Hagiwara, T.; Fuchikami, TSynlett1995, 717.
11 PhO(CHz)3I ~ PhO(CH2)3CF2SO:Ph (8j) 71 (20) (a) Stahly, G. PJ. Fluorine Chem1989,43, 53. (b) Prakash, G.
12 PhO(CHg)4l PhO(CH2)4CF2SO2Ph (3Kk) 60 K. S.; Hu, J.; Mathew, T.; Olah, G. AAngew. Chem., Int. E®003,42,
52186.
a|solated yield. (21) Prakash, G. K. S.; Hu, J.; Olah, G. A. Org. Chem.2003, 68,
4457,
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Table 2. Preparation of Difluoromethyl Compounésby Desulfonylations o8 Using Na(Hg)/MeOH/NgHPQO, at Temperatures
between— 20 and 0°C

entry RCH2CF2SO2Ph (3) RCH,CF2H (6) yield (%)~
1 Ph(CH2)4CF2SO2Ph Ph(CH2)4CF2H (6a) 87
2 Ph(CH2)5CF2S0O2Ph Ph(CH»)sCF2H (6b) 90
3 Ph(CH2)6CF2SOsPh Ph(CH2)sCF2H (6¢) 85
4 PhyCH(CHz2)2CF2SO2Ph Phy,CH(CH2),CF2H (6a) 89
5 p—MeO—CsH4—(CH2)4CF2—SOZPh p—MeO—C5H4—(CH2)4CF2H (68) 80
6 PhO(CH»)3sCF2SO2Ph PhO(CH3)sCF2H (6f) 91
7 PhO(CH»)4sCF2SO2.Ph PhO(CH2)sCF2H (6g) 88

a|solated yield.

romethyl compound6 were obtained from the corresponding advantages, including convenience, cost, and efficiency, and
alkylated difluoromethyl sulfone3 in excellent yields (see  promises to be a highly useful synthetic tool for many other
Table 2)?” The reactions were highly selective, which potential applications.

simplified the final purification processes.
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