No. 9 4077

Communications to the Editor

[Chem Pharm. Bull.}
33(9)4077—4080(1985)

1-PHENYLSULFONYL-3,3,3-TRIFLUOROPROPENE 1I:
THE MICHAEL-TYPE ADDITION REACTION

' %
Takeo Taguchi, Ginjiro Tomizawa, Masaharu Nakajima and Yoshiro Kobayashi
Tokyo College of Pharmacy, 1432-1 Horinouchi, Hachioji, Tokyo 102-03, Japan

The reaction of 1-phenylsulfonyl-3,3,3-trifluoropropene (1) with active
methylene compounds gave the corresponding adducts in good yields.
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Trifluoromethylated compounds, ﬁarticularly trifluoromethylated bioactive
compounds, have attracted attention recently because of their characteristic
properties. The trifluoromethyl group is one of the most important groups in drug
design.l’z)
Methods for synthesizing trifluoromethylated compounds are of three types:
(1) conversion of carboxylic acid or the trichloromethyl group using toxic and gaseous
sulfur tetrafluoride or hydrogen fluoride,s) (2) substitution or addition reactions
using reactive trifluoromethyl intermediates which involve trifluoromethyl radical

)

having a trifluoromethyl group as building units for such compounds.s) We have

or ions (e.g. trifluoromethyl metals),4 and (3) using functionalized molecules
found 1-phenylsulfonyl-3,3,3-trifluoropropene gl) to be a versatile building unit
for trifluoromethylated compounds because it is highly reactive as a Michael
acceptor as well as a dienophile.é) The phenylsulfonyl group has the following
features: (1) o-carbanion stabilized by this group can be generated by treating the
adduct formed by the above reactions with LDA, and this reacts with electrophiles,
(2) the phenylsulfonyl group can be reductively removed by sodiumamalgam without any
effect on the trifluoromethyl group, and (3) in some cases good crystallinity due to
the presence of this group facilitates the separation of the diastereomers by
recrystallization. In this paper, we wish to report on the synthesis of 1 and its
reactions with nucleophiles as a Michael acceptor.

1 was synthesized from 3,3,3-trifluoropropene (2): addition of benzenethiol
(NaOH, EtOH, 90°C, 4 days) gave the sulfide §“(51%),9) which was then treated with
sulfuryl chloride (CC14, refl., 12 h), oxidized to the sulfone (mCPBA, CHZClZ) and
then dehydrochlorinated (DBU, CH2C12, r.t.) to provide 1 (46% from 3). As an alter-
native route, a stereoisomeric mixture of 1-chloro-3,3,3-trifluoropropene (ﬁ) was
treated with benzenethiol (NaOH, EtOH, 50°C, 1 day then 100°C, 1 day) to give the
vinylsulfide (80%) as a stereoisomeric mixture and the following oxidation with 30%-
HZOZ (AcOH, 40°C, 40 h) gave 1l in 82% yield as a single product. The E-stereo-
chemistry of | prepared by either procedure was confirmed by its NMR spectrum
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['H-NMR (CDC1;) & 6.87 (da, Jy_,=15 Hz, Jy_p=4.7 Hz), 7.15 (d, Jy =15 Hz); 195 NMR

+0.7 ppm (d, Jy_p=4.7 Hz)]110,11) (Chart 1).
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i) PhSH, NaOH, EtOH ii) S0,C1,, CCl, iii) mCPBA, CH,Cl,

iv) DBU, CH,Cl, V) 30%-H,0,, AcOH

Chart 1

1 reacted with active methylene compounds or primary amines to give Michael-type
addition products in good yields (Table). For example, treatment of_i with diethyl
malonate (6a) in the presence of a catalytic amount of NaH (10 mol%, THF, r.t., 5
min) gave the adduct (7a) in a quantitative yield (Chart 2).

CF3 CFy
+ NuH —> D

SO,Ph Nu  SO,Ph

1 s 7

Chart 2

Both diastereoisomeric mixtures (7h and 7i) formed by the reaction of 1 with
alanine methyl ester (6h) and alaninol (6i) could be separated by recrystallization
or by column chromatography. It should be noted that the reaction of ] with the
Grignard reagent (CH3MgBr or CHSMgBr in the presence of Cul) or alkyl lithium
(n-BuLi) did not give the adduct. ‘

The formation of the o-carbanion stabilized by the phenylsulfonyl group and the
reductive desulfonylation of the Michael adducts formed by the above mentioned
reactions proceeded smoothly without any effect on the trifluoromethyl group. For
example, treatment of 7a or Zg with 2 eq. of LDA followed by the reaction with
benzaldehyde gave the adduct §a or Eg in 71% and 49% yield, respectively. Na(Hg)
reduction of 8a or §§ in THF-MeOH at room temperature gave the corresponding olefinic
compound 9a or 2§ in 38% and 54% yield, respectively.

Similar desulfonylation with 7b gave the carbinol (10b) in 70% yield as a 1:1
diastereoisomeric mixture.

According to these reactions, 4,4,4-trifluorovaline (1]l) was effectively

synthesized:lz)

reaction of 1 with diethyl acetoamidomalonate and NaH in THF for 14
h at room temperature gave the adduct (7f), which was treated with 5%-Na(Hg) in THF-
MeOH in the presence of Na,HPO, for 4 h at room temperature and the following decarbo-
xylation by refluxing in c¢-HCl for 14 h gave 11 in 52% yield as a 1:1 diastereo-
isomeric mixture (Chart 3).

In conclusion l-phenylsulfonyl-3,3,3-trifluoropropene (1) is a versatile build-
ing unit for the construction of trifluoromethylated compounds due to its high reac-

tivity as a Michael acceptor.
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Table. Reaction of 1-Phenylsulfonyl-3,3,3-trifluoropropene with Nucleophiles

Entry Nucleophile (g) Base Solvent 2 Yield (%)
a CHZ(COOEt)Z NaH (10% mol) THF Quant.
b . CHSCOPh NaH (10% mol) THF-t-BuOH 60
c CHSCHZCOPh NaH (10% mol) THF 95
d (CH,) ,CHCOPh KH Et,0 68

372 2

%CH(CHs)Ph %
e Ph CH3 LDA THF 85
f AcNHCH(COOEt)2 NaH THF Quant.
g CGHSCHZNHZ _ EtOH Quant.

L2

h CHSCH(NHZ)COOEt —_— EtOH 73
. kkk
i CH3CH(NH2)CHZOH —_— EtOH 75

* Isolated as Ib by treating the adduct with IN-HC1l. *%* 5:2 diastereoisomeric
mixture. The major isomer was isolated by recrystallization of the mixture from
ethyl acetate and n-hexane. #*** 6:5 diastereoisomeric mixture.

CF3 OH CFy
7q ) 2€q LDA (EtOOC)z\/\'/KPh EtOOCNPh
2) PhCHO SO,Ph MeOOC
8a 71 %%, _9_2 38%
CF3 OH CF4
7g L 29 LDA BnNH’i\(kPh s BANHA~Ph
2) PhCHO 50,Ph
89  49% 89 54%
CFy OH CFy
q — BnNH)\ b —> pp
109 55% 10b  70%
& H 173 coom
1 + ACNHCH(COOE),—NaH Phsoz\/K((COOEt)z 1) Nalhq) /‘\(
NHAc 2) Hia NH,
71 quant. n 52°s
Chart 3
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