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A Study on the Knoevenagel Reaction of Fluorinated Carbonyl Compounds

By You Sun Kim

Atomic Energy Research Institute, Korea

The Knoevenagel reaction of fluorinated carbonyl compounds, 1,1, 1, -trifluoro-propanone-2, heptafluoro-
butyraldehyde, 1,3-dichloro-1,1,3, 3-tetrafluoro-acetone, tetradecafluoro-heptanone-4 and 2,2, 2-trifluoro-

acetophenone yielded fluorinated 8.8.-dialkyl-5-hydroxy acids. Dehydration of the acids do not give
the olefinic acid in the case of the perfluorinated system and gave a lactone. From the consideration of

electronic and steric effects

a mechanismic path of the reaction via a carbanion intermediate was

proposed for the reaction. Preparation of related derivatives are also described.
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Table 1
Pyridine B piperidine ZEETAM Y &%5#% aldehyde
% ketone 5+ malonic acid ¥ Knoevenagel #& K8

Temp.°C Yield Yiecld(b)

1,1, 1, -trifluoro propanonc-2 Acid% Ester%
70-80 73.0 84.0

1,3, -dichloro-1, 1, 3, 3, -tetra- (e)(d)
fluoroacctone 80-90 63.3 79.6
Tetradecafluoroheptanonc-4  74-75(¢) 61.0 79.0
2, 2, 2-triftuoro-acctophenone 150-15¢  59.0
Triftuoroacetaldehyde 70-80 70.0 81.0

Remarks. (a) Reaction time 38 hours. (b) Based
on acids (¢) Walborsky et al.l’ reported a yield of
75%. (d) The yield could be incrcased to 83%
when the reaction was carried out under pressure.
(e) In another experiment heating was continued.
but without yield increase.
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x B
HE %K .
*1,1,1, ~trifluoropropanone-2¢ Swarts 7} &% %
®oen H4EEHg .

* Tetradecafluoro heptanone-4-& Hauptschein ©| l%
EHT ko e AR

*1,3, dichloro-1, 1, 3, 3, -tetrafluoroacetone &
Allied Chemical Co. 2%-vl FgASte #mE FMs

* ANEREE

.

* Trifluoro acetaldehyde & Pierce % Kane °] #E
& Hikg AR

* 3-methyl-4, 4, 4, -trifluoro crotomc acid & Walbo-
rsky, Baum % Loncrini 9 7J‘EE°1 LREA .

* Ethyl 4,4.4, -trifluoro crotonate -& McBee, Pierce
R Smith'$) Jkg EMS ARstalct

et R4 SRS Table 24 &4t 2R
.

Malonic acid 2t 2% X% aldehyde 2! Ketone 2|
e ' ‘

1,1, 1, ~trifluoro propanone-32} malonic acid B9 K
Bt flz 5o Efgd.

Malonic acid(260g, 2.5mole,), 5ml piperidine &
500ml ¢} pyridine & #H%¥ {#HB & glass sinte-
red gas HAKS BES 2-A=n flasko} T {1
Em#actel BEE e gas YAKL Bt 280¢g
(2.5mole)?} trifluoro acetone & ¥E o] Mipsial

Table 2
Yields and Physical properties of Fluorinated Knoevenagel Reaction Products and Derivatives.

: B.P. C H F
Compound. Yield Oc/mm. M.P.°C np® Calc. Found. Calc. Found. Cale. Foun:

>FsCHOHCH,COOH 70 78-94
_FsCHOHCH,COOC,H; 80  81-3/15 1.3742¢
°F 3C(CH3)?\I;I)CH2COOH 7364 103-4/7¢ 32¢,¢

°F, 3C(CH3)8II-§CHZCOO C.Hs 84 69-70/15 1.3789 42.00 41.89 5.00 5.43
ZFSC(CH;s)OHCHZCONHNHz 131-2 32.26 32.14 4.84 5.14/.

'F sC(CHs)(=nC)HCOOCsz 70  129-30 1.3741  46.16  46.42 4.98 5.22
2FsC(CH3)=CHCOOCH; 48 110-1 1.3717 42. 86 42.90 4.16 4.21 33.93 33.81
ZF3C(C¢H5)OH CH,COOH 59 133-4¢ 51.28 51.41 3.85 4.33

CFzCl)zC((){/IICHzCOOH 69 106-7¢ 23.17 23.04 1.54 1.40¢

b]
CF; zCl)zCO(I; gJHzCOOCsz 80 91-2/24 1.4050 28.92 29.19 2.79 2.73  26.48 26.20%
CFzCl)zC——(-)%[liI COOC,H; 72 56-7/2 1.4031 31.23 31.48 2.23 2.54  26.48 26.20
)
CsF)e CH(({H)CHZ COOH 61 103-4¢ 25.25  25.31 0.94 1.19
}
CsF 7)20}1(21‘-VI§H2C00C2H5 79 65-6/3 1.3351/
CsF7)e2 é(é f){( 2,CO 0—-I 46 65-6/3 1.3157 26. 47 26. 40 0.49 0.69 65.20 65.24
)]
CsF)2COH CH,CONHNE; 95 24.54 24.56 1.37 1.33 60.45 60.11*%

it a. Mc Bee, Picrce @ Smith (8) M.P. 79~90°2 #!3: b. A (3) b.pt. 81—23°/15mm, M.P 25.5°, np2
1.3720; c¢. Walborsky, Baum and Loncrini (1)-& ##5 75%, b.pt 75—6°/2mm, M.P. 30°2 #ig: d. 98
thtr2 Zeldln ENE MmAA REAZ =Y fdel 83%2 #my: e. Potroleum cther 255 kR
(60—70°): f %N calc.15.05, found 15.22,: g.%Cl calc. 27.41, found 27.01, ¢ h. %Cl calc. 24.74 found,
24.507 i. %Cl calc. 27.14, found 25.91:]. McBee, Pierce and Christman /. Am. Chem. Soc., 77 1581 (1955)
b.pt 65-—6/3 mm, np? 1.3348; k. %N calc.6.36, found 6,70
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o MBSt 4BERol AR InAHA oS MET
A pyridine & #&k ¥, Pyridine & WES #% B
£ 50% FEEo 2 MLt KWEWKS ether 2 filH%
o}, Ether fili¥-8 ®ANKE -t GHBA7 2 BE
£ ®MED # BEDT SREE At METH &
o 314g(73.0%)8 B-hydroxy acid(b.pt. 102~3°/7m
m)E A&t ol FANA d HAeRSHE BiESE @
o o7& benzene L 2¥EH FWEMEIGE:
trifluoro acetaldehyde & FHEel A+ RKEMHA #®
&2 Qo7 kel {kste] T EEAH .

oAk K
s fi—B-hydroxy acid (0.5mol), 200ml ] 4K
alcohol(= = methana)} 5go #EM-S ZSiElA
24BSR sk 4ol AAH Mgt o
FHEsprhol A HIBIFS st KEWEE ether 2
s BRSO MRS A SE RS &
A}, o] ether #-S 5% Na:COsik oz 2, AWK
2 1M &4 pe#es o2 4K magnesium sulfate & 7%
e, WIS RET % BES SRS md &
el ester S B3l ester 2 MY B B
Mz A acid hydrazide & wHE gl B ester 8} 100
% hydrazine hydrate & %4 FRE&¥-S 203H K
AW LA et o-&of 5mle) 47K Alcohol &
mE # 30730 nEHEA Aot KESS Rt
chloroform ©. 238 F#HA71d #iEd hydrazide
£ de.

Ethyl 3-methly-4, 4, 4-trifluoro crotonate(XI)

A. (ID (40.2g, 0.2mole)st i APER;(28.2g, 0.2
mole)?) BAW-S 6ol AH 100°—200°C Aol o A
BT AR K AEst 17.2g4dD,
3.1g XD (b.pt. 120-5°), K E-= WS o
eoh. HES MY KEE Bhdoa dgeu
BIhE] x) Estadel. (8K ¢ ether, dibutyl ether R
methyl carbinal)

B. 500ml &8 =n flask ¢} 154g(1l.0mole)¥] 3-met-
hyl-4, 4, 4, ~trifluoro crotonic acid 8} 5. Omole & &K
ethyl alcohol & S MEHIFit2¥-+ 98g9] ¥
S S85Rel AHA FiT o} ol KEHRSE 2 Kk
o), L HTe 4o flask & 255 A¥S
A A &L B ME Hel s RIERS Sl 24
B5RS Pireha 4Bkfiel AR A A 2 . B3 RIE
woznie HEEL SHst L KEKES ether &
Fstel gEiR el ether S ¢4 SRT H
BEsa 4130 5% RS 5% REELY ez 2
B, AHkZ 18 &4 GHTE SXNBOGTIES

G4tk Carbonyl fh{i4p¢] Knocvenagel K& 89

H st A7 & ether 2 Brkdhn BEs
SEsHE XDE B3, -

3-chloro difiuoromethyl-3-hydroxy-4-chloro-4-,
4-difluoro butyric acid(VI)2} #kisAsaie| REE
100ml 1 Juis flask of HFAHRS K@t 25. 6
0.1mole>®] (VD), K 7g(0.05mole)d] SAHERES
tha 180—90°eh A 148%R jngagret. Flask 248 B
2 Zmad 15.8g8 ®BAVII-IX)E d:vi(b.pt
168—70°, n® 1.4089), 4% HsESX spectra
o} = 5.38,5.40,5.60, 5.75 °l %% peak & gl
Gas chromatography -& <hod - &5t AR 2fd2) peak
7 #E¥EE eyt

a.a.-di-Cheptafluoropropyl)-8-propiolactone(X)

42.0g (0. Imole)(VID), 7g(0. 05mole)d] K2
I Eiesta A 130-40°60 A 128§ gt MEET e
A PSS BEd. 4.08g(0.01 mole) (XD
4g2] 100% hydrazine hydrate -5 KFEFHE LA 20
S nshgtsg 5ml e sk alcohol & pngre} 3043
#HBYIEA 71 1 alcohol & FEEESHIL 2HM BHHANHK
chloroform ¢ 245 FHiHA NG EEE hydrazide &
=1z

Ethyl 3-chloro fluoro-methyl-4-difluore-4-chloro
crotonate(XI)

96g(0. 4mole)d] (VHL-IX) B&%, 184g9 &k
ethanol X 39.2g%] R¥EMS EA3HY ethyl 3-methyl
-4, 4. 4-trifluoro crotonate & == (BYHRKol &
St A FiEA ot K-S spinning band @8
#shel Fistd digs DS B8

B & APIRE st T4 FEH Purdue X8
Drs. E.T. McBee, L. Belahalv, % H.P. Braendlin
oA HEE Kt uhddch
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