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REACTIONS OF POLYFLUOROALKENES WITH ENOLATE ANIONS OF ALDEHYDES
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SUMMARY

Reactions of alkenes CF,=CFX (X = C1, CF3) with aldehydes
Ph(R)CHCHO (R = CH3, Ph) and alkenes X-PhCF=CFCF3 (X = H, p—NOz)
with diphenylacetaldehyde (R = Ph) in two-phase systems have been
investigated. It has been found that these reactions proceed exclusi-
vely via the enolate form of anions of the aldehydes to give fluoro-
alkyl-vinyl ethers from alkenes CF,=CFX, and divinyl ethers
X-—PhCF=CFCF3 .

INTRODUCTION

Anions generated from carbonyl compounds by abstraction of the
o ~hydrogen atom can be represented by two electronic arrangements:
a carbanion, and an ion having the negative charge localised on the
oxygen atom. Both types of anions were trapped in reactions with
alkyl halides to give products of C-alkylation and O-alkylation, de-
pending on the nature of the reagents and on the reaction conditions
[1-31.

As a continuation of the studies of the reactions of polyfluoro-
alkenes with organic anions generated in catalytic two-phase systems
[4) it was deemed of interest to look at the behaviour of mesomeric
anions of aldehydes having X ~hydrogen atoms. Phenylacetaldehyde,
diphenylacetaldehyde, and 2-phenylpropionaldehyde were choosen as the

precursors of the anions.
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RESULTS AND DISCUSSION

The reactions were conducted over the temperature range 35-70°C
using two reaction systems:

system A - 50% aq. sodium hydroxide / benzene,

system B - solid potassium carbonate / dimethylformamide.
Tetra-n-butylammoniumhydrogensulphate (TBAH) was used as a phase-
-transfer catalyst.

The attempted reactions with phenylacetaldehyde failed; the rea-
ction mixture consisted of ca. 90% of the unreacted aldehyde and a

number of minor components which could neither be isolated nor iden-

tified.
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In contrast, 2-phenylpropionaldehyde la and diphenylacetaldehyde
1b reacted successfully with terminal fluoroalkenes 4a and 4b to give
vinyl ethers 6a-d as the only isolable products together with the
unreacted aldehydes and a tar-like material. These results have shown
that the reactions involve exclusively enolate ions 3 and that the
attack proceeds on the terminal CF, group of alkenes 4 followed by
protonation of the intermediate carbanions 5. Neither products deri-
ved from the attack of carbanion-like form 2 nor products of the
elimination of fluorine from 5 were found. Yields of ethers 6 were
better in the case of the reactions with diphenylacetaldehyde lb than
for the reactions with 2-phenylpropionaldehyde la (Table 1) which
could be interpreted in terms of the relative stabilities of the
corresponding anions 3b and 3a.

The reactions of diphenylacetaldehyde lb with l-phenylpentafluo-
ropropenes 7 (system B) also proceeded exclusively via enolate ion
3b.

0" F CFy F CFq

Ph2C=C< + >c= c< —f. >c = c< +
H X—~Ph F X-Ph 0~CH=CPh,
3 7 8
Ph2C=CH-0 CF3 PhC=CH-0 F
>c=c< + \c=c<
X—-Ph F X~Ph CF3
9E Y-

740 ,8a ,9a , X=H ; 7b,8b, X=p-NOp

Products ratio”® Yield
X 8E | 9E | 92 | (mot %)
H 15 65 20 21
p-NOp | 100 | — | — 35

* Estimate from the integrated 19F NMR spectra



322

(6°2€)9°z¢ (5°€)9°€ {0°65)€°6S  ¥9 1 09 [ 0S9T 81/09-6ST €40 ud P9

(€°TT)Z2°TT (Z2°8T)%°8T (6°€)8°¢ (S°T19)9°T9 89 Qe T9 0S SL9T ST/Z-0LT I3 Ud 29
(Tr0¥)8°6€ (9°€)L°€ (L°06)6°0S LT 05 &2 oL SE9T 9e£/22-61T Ead ®Ho T9
(T*v1)Oo°%T (L°TT)Ss°"2z (o°%)e"¥ (L°ZS)6°2S 62 0s 0] 0s 0G9T GS/8-9%1 10 mmU ®g
1 d H o} (sTow) (Do) (370w} (Do) A.TEUV (X303/0,)
X o
() (-o1ed)puUunog PIOTA -dwey PIoTX *duwag
punodwo)
stsAieue (ejusweld g wo3sks ¥ wa33sAS {0=2) *d-g

XaHOCdD-0~HD=D (4) yd

9 saayze [AuTA-1AY[eoroniI Jo seskieue pue ‘sorixedoird Teotsiud ‘Sprati

1 TIENg



323

(peoaq ‘p) wdd 6°yL = (Fd2)Q xx
SISWOST Z pue d 9Y3 JO SINIXTW V 4

suzajjed d¥ s«

(p1oT3dn 2aT3TS0d) ¢ IO3 a%100 TeUIOIUT WOIF pue (PTSTFUMOP DATITSOd) Hy 03 SWL TBUISIUT WOI 4

393X8s8 — ¥xs ‘391dII3 - 3 ‘3IdTAqnop - p ‘3I|THUTS - s

€ T1=(ad) ¢ #0°99T=(da) L, €°z8
t9°¥=(aH) L {0°Sy=(dH)L, XSP L°ZTC T°08 XSP G9°F S 00°L xxmmo ud P9
0°2T=(dd) L¢ “o.vwﬁnﬁmmvnm €°L8
T°p=(dH)C¢ f0°8P=(3H)L, 3P 8°€ST 6°S8 3IP 08°S S L6°9 10 ud 29
XSp GL°y S SF°9 S 00°C
9°6=(dH)L¢ 20°¥=(aH) L, paInsesu 30U XSD GL°Vy S 0L°9 S 06°T a0 EHD %99

o.mauAmmvhm «o.NmHnAmmvhN
p°y pue m.muﬁmmvhm uw.wvuammvhm

€°L8 3P 86°S
IP STEqT 8°G8 3IP 08°9

1]

¥8°9 S 86°T
99*9 s 8L°T 10 fHD ,®9

u

(zH) sjue3suod BuITdNOD

(a)a «xCdD (D H (e)H 1330 X ¥

punoduio)
*Asmmy% ‘S3FTYS TedTWSYD

q

xmmommolonmUuUAmvsm ‘9 siaylze TAuta-1LYTeEOIONTF IOF EIED WWN dg1 pue mﬁ

]
¢ TIgVL



324

* (p1o13dn 8AT3TSOd)

mma ao03 mmﬁoo TeUID3UT WOIF pue (pISTIUMOP SATITSOd) ma 103 SWI [euISIUT WOId «

1931enb - b ‘391quop -~ p ‘3IL1bUTS - S

a0 ~_ _~ud

poET P 0°59 b £°0sT s £6°9 726 0=0
a— EN 0-HD=0%ua
a ud
86 P 9°%9 b 9°65T s 979 o6 o A
€10 0~-Ho=0%ua
vz P S*¥9 b 6°L21 s 09°9 @ Cudo= mo.o/ \ETx
€6z P 799 b £°621 s 8279 qeg mmo\ /
(zH) €10 ~30= -HO=
((ao-a)r punoduo)

« (wdd) § ‘SIFTUS TROTWRUD

6 pue g SI9U33 [AUTATP 103 ©3ILD ¥WN J¢q PU® H;

¢ TIEVl



325

Divinyl ethers 8a and %a were formed by the attack of 3b on the
C-2 carbon (bound to the CFg group) and on the benzylic carbon C-1 of
alkene 7a, respectively. This is in accord with the earlier reported
reactions [5~71 which have shown that l-phenylpentafluoropropenes are
susceptible to nucleophilic attack on both vinylic carbons C-1 and
c-2.

The reaction of anion 3b with 1-(p-nitrophenyl)pentafluoropropene
7b gave exclusively product 8b of the attack on the C-2 carbon, thus
showing strong polarisation of the double bond in 7b. Alkenes 7 are,
in general, less reactive as compared to alkenes 4; total yields of
products 8 and 9 did not exceed 35%.

Compounds 6 were isolated from the reaction mixtures by vacuum
distillation and their boiling points and elemental analyses are
given in Table 1. The 14 and 19F NMR spectra (Table 2) allowed these
compounds to be unequivocally identified as fluorocalkyl-vinyl ethers.

Compounds 8 and 9 were separated from the tar by the column
chromatography on silica-gel (8a, 9aE, and 9aZ were analysed as a
mixture); the 1H and 19F NMR data are given in Table 3. The typical,
large fluorine - CF3 group coupling constants (81 identified both 8a
and 8b as the isomers E. Analysis of the relative chemical shifts of
numerous ethoxy-, alkyl-, and aminosubstituted l-phenyltetrafluoro-
propenes [5-7) suggested structure 9 for compounds showing high field
signals of the vinylic fluorines. The assignment of the E and Z forms
for 9 was based on the relative magnitude of the F - CFj3 coupling
constants (5-71.

EXPERIMENTAL

Boiling points were obtained by distillation and are uncorrected.
NMR spectra were recorded with a JEOL JNM-4H-100 spectrometer; chemi-
cal shifts are in ppm from internal CC13F for 19F spectra (positive
upfield) and from internal TMS for 1y spectra (positive downfield).
IR spectra were recorded with a Beckman Acculab spectrometer (film).

2-Phenylpropionaldehyde, diphenylacetaldehyde, chlorotrifluoro-
ethylene, and hexafluoropropene were pure grade commercial reagents.
1-Phenylpentafluoropropene was prepared according to the procedure
developed in this laboratory [91; the E isomer of a 99 % purity was
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separated by distillation through a Biichi Fisher-type column.
1-{p-Nitrophenyl)pentafluoropropene (the E isomer) was obtained by
nitration of l-phenylpentafluoropropene (101 and fractional crystal-
lisation.

Reactions of 2-phenylpropionaldehyde la and diphenylacetaldehyde 1b

with chloro-trifluoroethylene 4a and with hexafluoropropene 4b

A. A mixture of the aldehyde (20 mmoles), benzene (10 ml), TBAH
(0.07 g), and a concentrated (50%) aqueous solution of sodium hyd-
roxide (6 ml) was warmed up to the required temperature (Table 1) and
then, while vigorously stirring, the alkene was introduced from a
gas-burette. When the equimolar amount of the alkene was reacted, the
stirring was continued at the same temperature for 1 hour. The reac-
tion mixture was diluted with water and extracted three times with
benzene. The combined extracts were washed with dilute sulphuric acid
followed by water and dried over anhydrous magnesium sulphate. The
residue obtained after removal of the solvent was subjected to vacuum
distillation to give products 6 as colourless oily liquids.

B. The alkene was introduced to a vigorously stirred mixture of
the aldehyde (20 mmoles), dry potassium carbonate (4.6 g, 33 mmoles),
TBAH (0.07 g), and dry dimethylformamide (5 ml) as in A. After comp-
letion of the reaction, water was added and the products were extrac-
ted with ether and isolated by distillation.

Reaction temperatures and yields are given in Table 1.

Reactions of diphenylacetaldehyde 1b with l-phenylpentafluoropropenes
7a and 7b.

A mixture of aldehyde 1lb (2 g, 10 mmoles), dry potassium carbo-
nate (2.8 g, 20 mmoles), TBAH (0.05 g), and dimethylformamide (5 m1l)
was warmed up to the required temperature (70°C for 7a and 50°C for
7b) and, while vigorously stirring, the alkene (10 mmoles) was slowly
added dropwise. The reaction was continued for 1 hour and then
quenched by addition of water and an organic product was extracted
with ether. Removal of the solvent and the unreacted aldehyde by
vacuum distillation gave viscous oily liquids (1.5 g, 35% yield of 8b
and 0.8 g, 21% yield of a mixture of 8a, 9aE, and 9aZ). Analytical
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samples were obtained by column chromatography on silica-gel using
benzene as the eluent.

Analysis: Found for the mixture 8a and 9a: C, 72.1; H, 4.4; F, 19.4%.
Calculated for C,3H;4F,0: C, 71.9; H, 4.2; F, 19.8%. Found for 8b:
c, 64.5; H, 3.7; F, 17.3; N, 3.1%. Calculated for Co3HygFyNOg:
c, 64.3; H, 3.7; F, 17.7; N, 3.3%.
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