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Using a procedure analogous to that developed for nucleophilic trifluoromethylation, the perfluoroalkyl
anion reagents created by mixingFgl and n-C,Fol with tetrakis(dimethylamino)ethylene (TDAE) were
effective in their nucleophilic reactions with aldehydes, ketones, imines, disulfides, and diselenides.
Irradiation proved beneficial in the aldehyde and ketone reactions.

Introduction

During the last five years, we have published a number of
papers demonstrating the broad scope of nucleophilic trifluo-
romethylation reactions undergone by the trifluoromethyl anion
reagent derived directly from the reduction of trifluoromethyl
iodide by tetrakis(dimethylamino)ethylene (TDAE). In this series
of papers, simple and efficient procedures for the reaction of
this relatively stable, but reactive, trifluoromethyl anion species
with aldehydes and ketonésmines? acyl chlorides’ cyclic
sulfates} and disulfide$ have been reported. As has been
discussed in these papers and elsewhdhe, trifluoromethyl
anion reagent derived from GIFTDAE is comparablen utility

in most essential aspects to the popular reagent developed largel

by the Prakash group that is derived fromzCTMS,”~10 similar
CR;~ anion reagents developed by the Langlois gtéumd
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others?~15 and CRZnX reagents developed by Wakselrifan
and Kitazumé; with the CRI/TDAE reagent being arguably
inferior in some respects but superior in other respects to these
alternative reagents.

Although there is some mention of the JIMS reagent being
diversified to allow nucleophilic “perfluoroalkylation” (that is,
use of RTMS to carry out addition of pentafluoroethyl anion
or heptafluoropropyl anion to aldehydes and ketofas there
are a few papers related to similar additions of perfluoroalkyl
zinc reagent3’-1° nucleophilic perfluoroalkylation has attracted
considerably less attention than the widely studied trifluoro-
methylation reaction, a notable exception being the important

xploratory study of Petrof?, which will be discussed further

elow. We were interested to determine whether the TDAE
method could be extended to be used effectively with other
perfluoroalkyl iodides. In this paper, we report that the nucleo-
philic pentafluoroethylation reagent generated by reduction of
pentafluoroethyl iodide by TDAE is almost as generally useful
as the trifluoromethylation reagent, but when one tries to use
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SCHEME 1 TABLE 1. Perfluoroalkylation of Aldehydes and Ketones
TDAE, -40 °C OH perfluoroalkyl yield
0 . 24% -
CFCFyl  * ’ iodide substrate product (%) ref
H CHCl CF,CF4
CHil benzaldehyde la 80 1
CF.CF.CF.CF.! TDAE, -40 °C OH CHil 1-naphthaldehyde 1b quant 1
3CFLRLRal -+ CgHsCHO CRil cyclohexanone 1c 50 1
[
MOnegyme — CoHg™ "CFoCF,CF,CFy Cofsl benzaldehyde 2a 75 813
35% CoFsl 1-naphthaldehyde 2b 90 a
CoFsl o-methoxycinnamaldehyde 2c 80 a
SCHEME 2 CoFsl fluorenone 2d 95 a
0 HO CoFsl benzophenone 2e 55 21
M Me,N  NMe, ouF H CoFsl cyclohexanone 2f 50 8
+ Rel + — o Re CoFsl n-butyraldehyde 29 5 22,23
Me;N  NMe,  -15°CtoRT n-CaFol benzaldehyde 3a 35 17
hv(1h), 12 h at RT -
TDAE 18, Re = CFy, 80% N-CaFol cyclohexanone 3b 20 24,25
2a, Rg = CoF5, 75% aNew compound.
3a, Rg = n-C4Fy, 35%
n-C4Fol in the reaction, yields for the most part diminish, SCHEME 3
sometimes significantly. H TBAT CF,4
indicati i Ve i S-S0l 4 crms —BAT L T 0,10
An early indication that TDAE might well be effective in Ph" N 3 THE 0BoC  Ph SN-SO2T0
generating synthetically useful perfluoroalkyl anions was pro- 90% H

vided in Petrov’s brief study of a number of promising

perfluoroalkyl anion reactions that could be instigated by TDAE SCHEME 4

(i.e, Scheme 13° o S Re Q0
Building upon these results as well as our own considerable F/O/(N_-:O% — F—@—kH’SOCH

experience with the chemistry of GFTDAE, we now wish to DMF, 3010 0°C H ’

report the results obtained from a full study of the breadth of ;3', Ei:?;js;%"’;;o,

potential application of the use of TDAE as a reducing agent 6c, Re = n-C4Fo, (70%)

to induce nucleophilic perfluoroalkylation. A key to the success

of this chemistry will be seen to be the specific use of DMF as complex” obtained fronm-C4Fgl which loses its color more

solvent. The positive results which will be described below rapidly at room temperature than those obtained from both CF

indicate that this technique should find much useful synthetic and GFsl.

application for the incorporation of perfluoroalkyl groups into An alternative, perhaps more convenient, experimental pro-

organic substrates. Although all of the nucleophtliluoro- cedure was developed for carrying out the reaction with gaseous

methylationdata, including experimental details, is available CFsl. In this procedure, all of the ingredients except for the

within the short communications and papers referenced above,CF:l were added together and mixed-ab °C, after which the

enough of these data to provide an accurate comparison will appropriate amount of GFwas bubbled into the mixture while

be included in the present paper. irradiating the mixture with a sun lamp. Irradiation was

continued fo 1 h while the mixture warmed to room temper-

ature, and then the mixture was stirred overnight at room

temperature. This procedure usually gave virtually identical

Nucleophilic Perfluoroalkylation of Aldehydes and Ke- yields as the fc_)rmer method and thus is to be preferred for its
tones.As was the case for reactions with 4L DMF proved greater convenience. Only when the substrate ketone or aldehyde
to be the best solvent for carrying out TDAE-induced reactions Was itself subject to reduction by TDAE (as in the case of
of CoFsl and n-C4Fgl with aldehydes and ketones. When all 1-naphthaldehyde) were the yields observed to decrease (in that
ingredients were mixed at15 °C, the familiar dark red color ~ €ase, from near quantitative to 60%).
appeared. The mixture was irradiated with a sunlamp for 1 h, _ Perfluoroalkylation of Imines. As was demonstrated by
while warming to room temperature, and then allowed to react Prakash, simple alkyl- or aryl-substituted imines are relatively
for 12 additional hours at ambient temperature. Light is known unreactive toward nucleophilic trifluoromethylation. However,
to often enhance the efficiency of reactions that proceed via SUch reactivity is enhanced significantly through the use of
SET (single electron transfer) processes, as does this one. IfN-tosylimines (Scheme 3J. . _
the absence of light under otherwise identical conditions, the USing the RITDAE methodology, trifluoromethylatiGrand
reaction of CEl with 1-naphthaldehyde proceeded to give only pentafluoroethylation again occur with similar, hlgh e_ff|C|enC|es
a 69% yield, as compared to the almost quantitative reaction (Scheme 4). However, in this case, the reaction wiQsFol
when the reaction was subjectexi® h of irradiation. also proceeds with good results, particularly when the aryl ring

Yields of pentafluoroethyl carbinols from use ofFsl were _beal;? an %Iefctron-\;\llithdriwtinlg ?roup.hAIthtﬁugh oInIy a SQ%tylieIId
comparable to those obtained when usinglCBut analogous IS obtained for pertiuorobutylation when the aryl group 1S tolyl,

reactions with perfluorobutyl iodide gave considerably lower (21) Chen, L. S.. Tamborski, Q. Fluorine Chem1982 20, 341348
yields (Schem_e 2_ and Table 1). In all cases, 2.2 equiv of both (22) Dishart, K. T.; Levine, RJ. Am. Chem. So956 78, 2268-2270.
perfluoroalkyl iodide and TDAE were used per equivalent of  (23) Kitazume, T.; Ishikawa, NChem. Lett1984 587—590.

carbonyl compound. (24) Rong, G.-B.; Keese, Rietrahedron Lett199Q 31, 5617-5618.

. . 25)R handran, P. V.; Jennings, M.Qrg. Lett.2001, 3, 3789~
The lower yields obtained from the perfluorobutyl system 3750.) amachandran ennings g€ t

may be explained by the relative instability of the red “reaction  (26) Prakash, G. K. S.; Mandal, M.; Olah, G. 8ynlett.2001, 77—78.
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TABLE 2. Perfluoroalkylation of Tosyl Imines
yield
Rel tosyl imine substrate product (%) ref
CHRl benzaldehyde 4a 86 2
CHil tolualdehyde 4b 84 2
CHil 4-fluorobenzaldehyde 4c 81 2
CoFsl benzaldehyde 5a 50 a
CoFsl p-tolualdehyde 5b 70 a
CoFsl 4-chlorobenzaldehyde 5c 70 a
CoFsl 4-fluorobenzaldehyde 5d 72 a
CoFsl 4-trifluoromethylbenzaldehyde 5e 68 a
CoFsl thiophene-2- carboxaldehyde 5f 55 a
CoFsl furfural 59 60 a
CoFsl N-methylindole-3-carboxaldehyde  5h 0
n-C4F9l  p-tolualdehyde 6a 50 a
n-C4Fgl  4-chlorobenzaldehyde 6b 70 a
n-CsFgl  4-fluorobenzaldehyde 6¢c 70 a
n-CsFgl  4-trifluoromethylbenzaldehyde 6d 75 a
n-CsFl  thiophene-2-carboxaldehyde 6e 45 a
n-C4Fgl  furfural 6f 40 a
n-C4sFgl  N-methylindole-3-carboxaldehyde 69 0
aNew compound.
SCHEME 5
NaOCHjs, uv
PhSH + CFjl ————— PhSCF;
CH4CN, 0-5°C
(89%)

when it is 4-fluorophenyl, a 70% yield could be obtained. In
all cases, 2.2 equiv of both perfluoroalkyl iodide and TDAE
were used per equivalent of tosyl imine. Consistent with the
greater reactivity of the electron-deficient imines, thek of
reactivity of the indole imine likely derives from the delocal-
ization of the indole nitrogen’s electron pair into the imine=C

N bond, which would make it less electrophilic.

Pooput et al.
SCHEME 6
OH Ph
Fs.C—N N~/
b -
PhS-SPh Ph-S-CF; + Ph-S
BUOK
87%
SCHEME 7
DMF
R-S-S-R + CF;l + TDAE 2R-S-CF,
2a 0°C to RT
2 eq.
42eq. q 24 hr 7a, R = Ph (93%)
7b, R = n-butyl (88%)
7¢, R = ethyl (90%)
SCHEME 8
CFsl + TDAE CF; + 1+ TDAE*
CF; + RSSR — RSCF; + RS
RS~ + CFjl — RSCFy + |~
SCHEME 9
RSe-Se-R  + TDAE/CF,l DMF R-Se-CF,
0°C to RT
2.2/5.0eq RT overnight
8a, R = phenyl, (99%)
8b, R = methyl, (90%)
SCHEME 10

PhSH + n-Csfl ————=  Ph-S-C,Fg

Ph-S-CF,CF; + PhS

PhSSPh + CF,CF,CO.K

In a recent preliminary communicatiénye reported that the

Because of the ease of conversion of these Su'fonamidereaction of the CH/TDAE reagent with disulfides constituted

products 4, 5, and6) to primary amineg® and because of the
demonstrated ability to conduct such4UFDAE reactions with
asymmetric inductiof,use of the above-described nucleophilic
imine perfluoroalkylation methodology should be considered

an ideal method for the preparation of trifluoromethyl aryl and
alkyl sulfides, because it effectively combined the two previous
methods and thus allowed both halves of the disulfide to be
utilized. Thus, when using 2.2 equiv of TDAE along with 4.4

anytime perfluoroalkyl-substituted primary amines are required €quiv of CFl in a reaction with 1 equiv of a disulfideip to 2

(Table 2).
Synthesis of Perfluoroalkyl Sulfides and Selenide8ecause
of the potential effect of the SGgroup on biological activity,

equiv of trifluoromethyl sulfide product could be formed
(Scheme 7).
The proposed mechanism for this overall process is shown

two important methods have been developed for the synthesisin Scheme 8.

of aryl and alkyl trifluoromethyl sulfides. The first involves the
Srnl reaction of aryl thiolates with trifluoromethyl iodide or
bromide, a process first reported by Yagupolskii in 18577

It was possible to prepare seleno ethers by an analogous
procedure, as shown in Schemé 9.
Again, with the intent to extend this chemistry to the synthesis

and exemplified in Scheme 5. Alkanethiolates generally did not Of perfluoroalkyl sulfides and selenides, the behavior gf<C

participate satisfactorily in this reactigh.

The other popular method involves the reaction of the
trifluoromethyl anion with aryl and alkyl disulfides. There are
a number of variations on this meth&t32 and one good
reaction of this type is exemplified in Schemé3a his method
suffers from the fact that half of the disulfide is wasted in the
process.

(27) Boiko, V. N.; Shchupak, G. M.; Yagupolskii, L. M. Org. Chem.,
USSR1977, 13, 972-975.

(28) Wakselman, C.; Tordeux, MChem. Commuril984 793-794.

(29) Popov, V. I.; Boiko, V. N.; Yagupolskii, L. MJ. Fluorine Chem.
1982 21, 365-369.

(30) Billard, T.; Langlois, B. RTetrahedron Lett1996 37, 6865-6868.

(31) Roques, NJ. Fluorine Chem?2001, 107, 311-314.

(32) Quiclet-Sire, B.; Saicic, R. N.; Zard, S. Zetrahedron Lett1996
37, 9057-9058.

(33) Blond, G.; Billard, T.; Langlois, B. RTetrahedron Lett2001, 42,
2473-2475.
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and n-C4Fgl was examined with respect to this TDAE meth-
odology. Until now, perfluoroalkyl sulfides and selenides have

been prepared by the same two methods that have been used

for preparing trifluoromethyl sulfides, namely thexd method
involving the reaction of aryl thiolates with perfluoroalkyl
iodides*36 and the process of reacting perfluoroalkyl anions
with aryl and alkyl disulfides (Scheme 1837

Pentafluoroethyl iodide behaved virtually identically to{CF
in its TDAE-induced reaction with aryl and alkyl disulfides,
with a 99% vyield being obtained in the reaction with phenyl
disulfide (Scheme 11, Table 3).

(34) Joglekar, B.; Miyake, T.; Kawase, R.; Shibata, K.; Muramatsu, H.;
M., M. J. Fluorine Chem1995 74, 123-126.

(35) Wakselman, C.; Tordeux, M. Org. Chem1985 50, 4047-4051.

(36) Bharati, J.; Tomoko, M.; Ritsu, K.; Katsuyoshi, S.; Hiroshinge, M.;
Masaki, M.J. Fluorine Chem1995 74, 123-126.

(37) Magnier, E.; Vit, E.; Wakselman, Gynlett2001, 8, 1260-1262.
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SCHEME 11
Ph-S-S-Ph Rel + TDAE DM 2 Ph-S-R
-S-S- + + -S-|
F 0°C to RT F
4.2eq. 2.2eq. 2.4 hr

9a, R = C,F5 (99%)
10a, R = n-C4F (70%)

(yields based on one equiv. of disulfide)

TABLE 3. Preparation of Perfluoroalkyl Sulfides

Rel time yield
Rel disulfide  (equiv)  (h) product (%) ref
CR phenyl 5 12 7a 93 5, 35, 38
CR butyl 5 12 7b 85 5,39
CR butyl 4.2 2 7b 85 5,39
CR ethyl 4.2 2 7c 90 5,39
CRs 4-pyridyl 5 12 7d quant 5
Ck 2-pyridyl 4.2 2 7e 90 5,40
CoFs phenyl 4.2 2 9a 99 35
CoFs ethyl 4.2 2 9b 68 at
CoFs ethyl 4.2 4 9b 85 at
CoFs ethyl 4.2 12 9b 88 at
CoFs n-butyl 4.2 12 9c 90 aM
CoFs 2-pyridyl 4.2 2 9d 99 42
CoFs 4-pyridyl 4.2 2 9e 95 a
n-C4sF9  phenyl 2.2 12 10a 35 34
n-C4F9  phenyl 4.2 12 10a 70 34
n-CsFe  ethyl 2.2 12 10b 20 atl
n-CsFy  n-butyl 2.2 12 10c 20 a
n-CsF9  n-butyl 4.2 12 10c 20 a
n-CsFg  2-pyridyl 2.2 12 10d 50 43
n-CsFg  2-pyridyl 4.2 12 10d 98 43
n-CsF9  4-pyridyl 2.2 12 10e 98 a
aNew compound.
TABLE 4. Synthesis of Perfluoroalkyl Selenides
Rel diselenide Rl (equiv)  product vyield (%) ref
CRl phenyl 4.2 8a 99 38
CRl methyl 4.2 8b 90 a*t
CoFsl  phenyl 2.2 1lla 49 37
CoFsl  phenyl 4.2 11a 99 37
CyFsl 4-chlorophenyl 4.2 11b 99 a
CsFol  phenyl 2.2 12a 99 37
CsFgl  methyl 2.2 12b 98 at

aNew compound.

All three perfluoroalkyl iodides reacted equally effectively
with both aryl and alkyl selenides to form the alkyl or aryl
perfluoroalkyl selenides in excellent yields (Table 4).

On the basis of these results, one can conclude that in case
where it is synthetically appropriate to use disulfides or
diselenides in the synthetic process, th# FDAE methodology
is superior to any other procedure for making either aryl or alkyl
perfluoroalkyl sulfides and selenides.

Experimental Section

Alternative Procedure for the Trifluoromethylation of Al-
dehydes and Ketones: 1-Phenyl-2,2,2-trifluoroethanol (1&)In
a 25 mL, three-neck, round-bottom flask equipped with reflux
condenser and nitrogen inlet was diluted benzaldehyde (0.37 mL,
3.67 mmol) with 10 mL of anhydrous DMF. The solution was
cooled to—5 °C, and TDAE (2 mL, 8.1 mmol) was added. Then
CF3l (1.6 g, 8.1 mmol) was introduced into the mixture by slowly
bubbling a preweighed amount from a small cylinder into the
reaction mixture via an inlet tube with its outlet being below the
surface of the solution. The reaction mixture gradually turned deep
red as the CHf was added, and a white precipitate was formed
after a few minutes. The reaction mixture was irradiated by a sun
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lamp (UV) (GE Model RSK-6, with a 275W 110125VAC lamp)

for 1 h while the solution was maintained undef@© for 30 min

and then was allowed to warm slowly to room temperature. The
reaction mixture was then stirred at room temperature for 8 h, after
which time the orange solution was filtered and the solid residue
washed with diethyl ether. The DMF solution was hydrolyzed with
water and was extracted with ether (three times). The combined
ether layers were washed with brine and then dried over MgSO
The solvent was removed and the crude product was purified by
silica gel chromatography (GEl,/hexanes= 8:2) to give 1-phenyl-
2,2,2-trifluoroethanol 1a) in a yield of 78%.

General Procedure for Pentafluoroethylation of Aldehydes
and Ketones: 1-Phenyl-2,2,3,3,3-pentafluoropropan-1-ol (2&}:3
Using a procedure similar to that above, benzaldehyde (0.37 mL,
3.68 mmol) and gFsl (2.0 g, 8.1 mmol) in 10 mL of anhydrous
DMF underwent reaction with TDAE (2 mL, 8.1 mmol) to give a
crude product, which was purified by silica gel chromatography to
afford 2a as a colorless liquid in 90% yief#3 'H NMR ¢ 7.45—
7.70 (m, 5H), 5.06 (m, 1H), 2.87 (s, 1H) ppAF NMR 6 —81.90
(m, 3F),—122.80 (m, 1F);~129.50 (m, 1F) ppm.

1-Naphthyl-2,2,3,3,3-pentafluoropropan-1-ol (2b):*H NMR
0 8.05 (d,J = 8.4 Hz, 1H), 8.6-7.82 m, 3H), 7.657.32 (m, 3H),
5.89 (m, 1H), 2.85 (s, 1H}%F NMR ¢ —81.54 (m, 3F),~118.15
(dd, 3, = 290.4 Hz,J, = 20.7 Hz, 1F),—130.24 (ddJ; = 290.4
Hz, J, = 20.7 Hz, 1F). Anal. Calcd for GHgFsO: C, 56.73; H,
2.91; N, 0.0. Found: C, 56.66; H, 2.92; N, 0.0.

9-Pentafluoroethylfluoren-9-ol (2d): 'H NMR 6 7.67 (m, 4H),
7.48 (m, 2H), 7.36 (m, 2H), 3.01 (s, 1HPF NMR 6 —78.62 (s,
3F),—121.29 (s, 2F). Anal. Calcd forgHgFsO: C, 60.00; H, 3.00;
N, 0.0. Found: C, 60.15; H, 3.23; N, 0.0.

General Procedure for Perfluorobutylation of Aldehydes and
Ketones: 1-Phenyl-2,2,3,3,4,4,5,5,5-nonafluoropentan-1-ol (34).
Using an analogous procedureC,Fol (0.75 mL, 8.1 mmol) was
introduced via a syringe into a solution of benzaldehyde (0.37 mL,
3.68 mmol) in 10 mL of anhydrous DMF and the resulting solution
allowed to react with TDAE (2 mL, 8.1 mmol) to give a crude
product that was purified by silica gel chromatography to obtain a
30% yield of the desired alcohd4), which had'H and'°F NMR
spectra that were identical to those reported in the literafure.

1-Perfluoro-n-butylcyclohexanol (3b)was prepared in the same
manner, and its proton and fluorine NMR spectra were also identical
to those previously reported2>

General Procedure for Pentafluoroethylation of Tosyl Imines.
Methyl-N-(3,3,3,2,2-pentafluoro-1-phenyl-propyl)-benzenesulfon-
amide (5a).Using a reaction procedure that was analogous to that
above,except that irradiation was not usetl-(benzylidene)p-
methylbenzenesulfonamide (0.259 g, 1 mmol) and pentafluoroethyl
iodide (0.6 g, 2.4 mmol) in 6 mL of anhydrous DMF were allowed
to react with TDAE (0.51 mL, 2.2 mmol). After being stirred at

$oom temperature overnight, about 15 mL of 10% aqueoiRCH

was added slowly to quench the reaction. As the acid solution was
added, the reaction mixture first became clear with the TDAE salt
dissolving in water. However, the mixture then became cloudy again
as the product precipitated out. The solution was allowed to stir
for a while as additional product precipitated. The solid product
was collected via filtration and dissolved in 30 mL of ether. This
ether solution was washed 3 times with water to remove remaining
DMF, the ether dried over anhydrous Mg&@nd then the solvent
was removed by vacuum. The pale yellow, crude prodb@&t\yas
recrystallized from toluene to afford 0.189 g of a white solid
(50%): mp 169-170°C; *H NMR ¢ 7.52 (d,J = 8.4 Hz, 2H),
7.24 (m, 3H), 7.10 (m, 4H), 5.48 (d, = 9.9 Hz, 1H), 4.97 (m,
1H), 2.33 (s, 3H)°F NMR 6 —81.42 (s, 3F)~120.67 (ddJ, =
291.9 Hz,J, = 12.9 Hz, 1F),—122.86 (ddJ; = 291.6 Hz,J, =
12.6 Hz, 1F). Anal. Calcd for gH14FsNO,S: C, 50.670; H, 2.694;
N, 3.694. Found: C, 50.390; H, 3.591; N, 3.590.
4-Methyl-N-[3,3,3,2,2-pentafluoro(4-methylphenyl)propyl]-
benzenesulfonamide (5b):white solid (70% yield); mp 158159
°C; IH NMR 6 7.52 (d,J = 8.1 Hz, 2H), 7.09 (dJ = 8.1 Hz, 2H),

J. Org. ChemVol. 71, No. 9, 2006 3567
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7.02 (d,J = 8.4 Hz, 2H), 6.98 (dJ = 8.7 Hz, 2H), 5.50 (dJ =
9.9 Hz, 1H), 4.92 (m, 1H), 2.34 (s, 3H), 2.29 (m, 3H¥ NMR
0 —81.42 (s, 3F);~120.72 (ddJ, = 291.6 Hz,J, = 12.6 Hz, 1F),
—122.78 (ddJ; = 291.6 Hz,J, = 12.6 Hz, 1F). Anal. Calcd for
CiH16FsNO,S: C, 51.91; H, 4.07; N, 3.56. Found: C, 51.72; H,
4.02; N, 3.50.
4-Methyl-N-[3,3,3,2,2-pentafluoro(4-chlorophenyl)propyl]-
benzenesulfonamide (5c)white solid (70% yield); mp 168169
°C;'H NMR ¢ 7.51 (d,J = 8.4 Hz, 2H), 7.21 (dJ = 8.4 Hz, 2H),
7.13 (d,J = 8.4 Hz, 2H), 7.05 (dJ = 8.4 Hz, 2H), 5.24 (dJ =
9.3 Hz, 1H), 4.98 (m, 1H), 2.38 (s, 3H)F NMR ¢ —81.39 (s,
3H), —120.35 (dd,J; = 293.7 Hz,J, = 13.5 Hz, 1F),—123.33
(dd, J; = 293.7 Hz,J, = 13.5 Hz, 1F). Anal. Calcd for {gH;s
CIFsNO,S: C, 46.40; H, 3.141; N, 3.38. Found: C, 46.26; H, 3.12;
N, 3.36.

General Procedure for Perfluorobutylation of Tosyl Imines:
4-Methyl-N-[5,5,5,4,4,3,3,2,2-nonafluoro(4-methylphenyl)propyl]-
benzenesulfonamide (6a)n a manner similar to that used for the
pentafluoroethylation reactior\-(4-methylbenzylidenep-meth-
ylbenzenesulfonamide (0.273 g, 1 mmol) and nonafluorobutyl
iodide (0.38 mL, 2.2 mmol) in 6 mL of anhydrous DMF were
allowed to react with TDAE (0.51 mL, 2.2 mmol). In this case, a
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Butyl trifluoromethyl sulfide (7b): 53° 'H NMR ¢ 2.69 (t,J =
7.3 Hz, 2H), 1.66 (quintet] = 7.4 Hz, 2H), 1.42 (sexte] = 7.4
Hz, 2H), 0.92 (tJ = 7.4 Hz, 3H);"®F NMR 6 —41.50 (s, 3F).

General Synthesis of Pentafluoroethyl Thio- and Seleno-
ethers: Phenyl Pentafluoroethyl Sulfide (9a)Using a procedure
identical to that above, diphenyl disulfide (0.8 g, 3.68 mmol) and
pentafluoroethyl iodide (3.8 g, 15.45 mmol) in 10 mL of anhydrous
DMF were allowed to react with TDAE (2 mL, 8.1 mmol), after
which the crude product was purified by silica gel chromatography
(CH.Cly/hexanes= 1:9) to give phenyl pentafluoroethyl sulfide
(93) in a yield of 99%2> 1 NMR 6 —83.0 (t,Jrr = 3.1 Hz, 3F),
—92.3 (q,Jr = 3.1 Hz,2F).

4-Pyridyl Pentafluoroethyl Sulfide (9e): *H NMR ¢ 8.51 (dd,
J1 = 4.8 Hz,J, = 2.0 Hz, 2H), 7.37 (ddJ; = 4.7 Hz,J, = 1.75
Hz, 2H); % NMR 6 —82.95 (t,Jrr = 2.14 Hz, 3F),—90.8 (q,Jrr
= 2.14 Hz, 2F). Anal. Calcd for £1,FsNS: C, 36.68; H, 1.75; N,
6.11. Found: C, 36.70; H, 1.80; N, 6.21.

Phenyl pentafluoroethyl selenide (11a§? 1% NMR 6 —84.7
(t, Jre = 3.2 Hz, 3F),—92.1 (q,Jrr = 3.2 Hz, 2F).

4-Chlorophenyl pentafluoroethyl selenide (11b):*H NMR 6
7.39 (d,J = 8.1 Hz, 2H), 7.27 (dJ = 8.1 Hz, 2H);*°F NMR o
—84.7 (t,Jr = 3.2 Hz, 3F),—92.1 (q,Jrr = 3.2 Hz, 2F). Anal.

dark brown oil separated during the acidification process, and the Calcd for GH4CIFsSe: C, 31.02; H, 1.29; N, 0.0. Found: C, 31.12;

solution was stirred for several additional hours as more brown,
viscous oil was formed. Ether (30 mL) was added to dissolve the

H, 1.32; N, 0.0.
General Synthesis of Nonafluorobutyl Thio- and Seleno-

oil, the two phases were separated, and the ether solution wasethers: Phenyl Nonafluorobutyl Sulfide (10a)3* Using a proce-
washed 3 times with water to eliminate remaining DMF. The ether dure identical to the previous one, diphenyl disulfide (0.8 g, 3.68

phase was then dried over anhydrous MgS@d the solvent
removed by vacuum. The pale yellow, crude prodid) (was
recrystallized from toluene to afford 0.189 g of a white solid
(50%): mp 148-149 °C; H NMR ¢ 7.51 (d,J = 8.4 Hz, 2H),
7.09 (d,J = 8.1 Hz, 2H), 7.00 (m, 4H), 5.33 (d,= 9.9 Hz, 1H),
5.04 (m, 1H), 2.34 (s, 3H), 2.29 (s, 3HJF NMR 6 —81.4 (t,J=
9.9, 3F),—117.0 (dmJ; = 301.5 Hz,, 1F);-118.9 (dmJ, = 301.5
Hz, 1F),—121.5 (m, 2F), 126.5 (m, 2F). Anal. Calcd fogdH6Fo-
NO.S: C, 46.21; H, 3.24; N, 2.84. Found: C, 46.24; H, 3.19; N,
2.82.

4-Methyl-N-[5,5,5,4,4,3,3,2,2-nonafluoro-(4-chlorophenyl)pro-
pyl]benzenesulfonamide (6b):white solid (70% yield); mp 146
141°C;*H NMR 6 7.50 (d,J = 8.4 Hz, 2H), 7.18 (dJ = 8.7 Hz,
2H), 7.11 (d,J = 7.8 Hz, 2H), 7.04 (dJ = 8.4 Hz, 2H), 5.60 (d,
J=9.9 Hz, 1H), 5.07 (m, 1H), 2.37 (s, 3H¥F NMR 6 —81.4 (t,
J=11.1 Hz, 3F),~116.5 (dmJ; = 304.8 Hz, 1F),~119.4 (d,J;
=304.8 Hz, 1F)~121.4 (m, 2F), 126.55 (m, 2F). Anal. Calcd for
C18H13C|F9N02S: C, 42.04; H, 2.53; N, 2.72. Found: C, 41.90;
H, 2.46; N, 2.69.

General Procedure of the Synthesis of the Trifluoromethyl
Sulfides: Phenyl Trifluoromethyl Sulfide (7a)53%38To the usual

mmol) and nonafluorobutyl iodide (1.4 mL, 15.45 mmol) in 10
mL of anhydrous DMF were allowed to react with TDAE (2 mL,
8.1 mmol), and the crude product was purified by silica gel
chromatography (CkCl./hexanes= 1:9) to give phenyl nonafluo-
robutyl sulfide (03 in the yield of 70%. The properties of this
product were consistent with those reported in the literattité:
NMR 6 —81.3 (t,Jrr = 10.2 Hz, 3F),—87.4 (m, 2F),—120.5 (m,
2F), —125.9 (m, 2F).

Butyl nonafluorobutyl sulfide (10c): *H NMR ¢ 2.69 (t,J =
7.3 Hz, 2H), 1.66 (quintet] = 7.6 Hz, 2H), 1.42 (sextupled =
7.6 Hz, 2H), 0.93 (tJ = 7.3 Hz, 3H);1%F NMR 6 —81.35 (t,Jrr
= 8.5 Hz, 3F),—87.7 (m, 2F),—121.0 (m, 2F),—125.5 (m, 2F).
Anal. Calcd for GHgFeS: C, 31.17; H, 2.92; N, 0.0. Found: C,
31.11; H, 2.88; N, 0.0.

Phenyl nonafluorobutyl selenide (12af’ 1% NMR ¢ —81.5
(t, Jr;r = 10.7 Hz, 3F),—87.3 (m, 2F),—119.1 (m, 2F),—126.05
(m, 2F).

Phenyl trifluoromethyl selenide (8a)28 'H NMR 6 7.60-7.26
(5H, m); 1% NMR 6 = —36.6 (3F, s).
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