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119.53, 121.44, 121.58, 126.99, 134.46, 135.79, 136.17, 173.25; mass 
spectrum (CI, CHI), m/e 259 (M + 1,100%); high-resolution mass 
spectrum, m/e 258.1369 (Cl6HI8N2O2 requires 258.1368). 
2-Methyl-3-(methoxycarbonyl)-l,9-dimethyl-l,2,3,4-tetra- 

hydro-9H-pyrido[3,4-b]indole (Ma, 18b). N,,Nb-Dimethyl- 
tryptophan methyl ester 17 (0.014 g, 0.057 mmol), acetaldehyde 
dimethyl acetal loa (0.010 g, 0.11 mmol), and trifluoroacetic acid 
(0.012 g, 0.11 mmol) were stirred for 12 days to provide 18a,b as 
a dark oil (0.0155 g, 0.057 mmol, 100%); the &./trans ratio was 
measured by 'H NMR analysis to be 1486 (c/t): 'H NMR (CDCl,) 
6 1.52 (3 H, d, J = 6.9 Hz, CHCH, cis and trans), 2.47 (2.6 H, s, 
NCH, trans), 2.57 (0.4 H, s, NCH, cis), 2.90-3.18 (2 H, m), 3.62 
(3 H, s), 3.63-4.04 (2 H, m including a singlet (3 H) at 3.72), 
7.01-7.50 (4 H, m); mass spectrum (CI, CHI), m/e 273 (M + 1, 
100%). 

trans -2-Benzyl-3-(methoxycarbonyl)-l-phenyl- 1,2,3,4- 
tetrahydro-9H-pyrido[3,4-b ]indole (16b). Nb-Benzyl- 
tryptophan methyl ester lle (0.308 g, 1.0 mmol), benzaldehyde 
dimethyl acetal 10b (0.310 g, 2.0 mmol), and trifluoroacetic acid 
(0.228 g, 2.0 mmol) were stirred for 48 h to provide a dark yellow 
oil, which was flash chromatographed on silica gel (hexane/EtOAc, 
gradient) to provide a light yellow oil (0.375 g, 95%) whose proton 
NMR and IR spectra were identical with those of the trans di- 
astereomer 16b4 obtained from the reaction of Nb-benzyl- 
tryptophan methyl ester (1  IC) and benzaldehyde in refluxing 
ben2ene.I No other products were observed in this reaction by 
TLC or from the NMR spectrum of the crude material. 
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Alkyl and aryl 2-fluoroacrylic acid esters have been used 
as starting materials for number of coating agents, dental 
polymers,' and special glass.2 These esters have been 
commonly prepared from 2-fluoroacrylic acid halides 
CH2=CFCOX (X = Cl,3 Br,4 F5). The recent processes 
for having these intermediates involved the rearrangement 
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Scheme I 

CH2-C<OR % CH,=CFCH(OR), - " 
\ /  H 

Scheme I1 

cF2-cF2 N a  Zn I I - ICH2CF2COF - CH,=CFCOF 
0-CH2 DMF 

of an alkoxycyclopropane4 (Scheme I) or the opening of 
and oxetane by a nucleophile5 (Scheme 11). 

These two reactions brought great improvements over 
the previous method which used as starting material the 
very toxic 2-fluoroacetic derivatives! The cyclopropane 
route needs nevertheless several steps, and the oxetane' 
is also toxic. Another possible way of obtaining Z-fluoro- 
acrylic acid halides should be a rearrangement of 2- 
fluoroacrylic alcohols CXY=CFCH20H if these alcohols 
are available. The allylic rearrangements were already 
performed on secondary and tertiary fluoroallylic alcohols,S 
but not on a primary alcohol. The reason was certainly 
an absence of a practical method of preparation of these 
alcohols. Therefore we were searching a convenient me- 
thod of obtaining primary polyfluoroallylic alcohols. 

A few years ago, we showed that 1-H perfluoroalkyl 
chains are transformed into fluorinated olefins by action 
of strong bases like lithium dialkylamide~~ or organo- 
lithium reagentdo (Scheme 111). 

Scheme I11 
B B 

HCF2CF2(CFJnR + [CF2=CF(CF2),R] - 
1 9 1 Y 

BCF=CF(CFZ),R 
3 

This conversion was observed with alcohols HCF2CF2- 
(CF2),CH20H when n was equal to 2,4, or 6. The vinylic 
intermediate 2 was not isolated. This fluorinated olefin, 
activated by the electron-withdrawing difluoromethylene 
group, was steadily attacked by the organolithium reagent. 
However, the case of the alcohol HCF2CF2CH20H 4 cor- 
responding to n equal to zero, was not examined at that 
time. Recently we were asking ourselves what could be 
the reactivity of the intermediate olefin 5 which is not 
activated by an adjacent electronegative group. Is it 
possible to stop the condensation at the intermediate step 
5 in order to get the allylic alcohol 7 after hydrolysis? (See 
Scheme IV.) 

We report here that this transformation can be per- 
formed under controlled conditions of temperature and 
reaction time. Addition of methyllithium to the alcohol 
4 in diethyl ether at  0 "C and stirring during 5 h at  room 
temperature led, after hydrolysis, to a mixture containing 
74% of 7, 16% of 8, and 10% of the starting material 4 
as shown by an NMR analysis. If the condensation is 
allowed to go to completion when the addition is performed 
at  room temperature the substituted allylic alcohol 8 can 
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Table I. NMR Spectral Data of Polyfluoroallylic Alcohols XCF=CFCH,OH 
~~ 

chemical shifts," 6 coupling constantsb 
compounds F F Y CHzCH JFF 3 J ~  3 J p ~  3Jpc~fi~ 'Jpc~fi~ 'Jpy 'Jpy 

F FXF C H P H  

CI " C H P H  

"'XF F C H P H  

CH, FHF CH,OH 

cM F CH,OH 

C,H, FHF CH,OH 

""MF F CH,OH 

7 

1 OE 

102 

8z 

0E 

0.2 

0 'E 

104 

104 

122 

126.5 

145 

133 

150 

121 179 4.4 84 32 

141 4.4 14 

152 4.4 

147.5 2 4.2 8 

161 2 4.3 

2.25 

0.95 
145 1.45 4.2 10 

2.4 
161 1.5 4.4 

0.98 

120 22 3 

22 

138 22 2 

24 4 

134 25 5 

20 2.5 

19 

26 26 

26 6 132 26 6 

Chemical shifts are expressed in ppm from TMS and CFCls as external references. *Coupling constants are expressed in hertz. 

Scheme IV 

HCF2CF2CH20H [CF2=CFCH20-] - [RCF=CFCH20-] 

4 5 6 

RLI 

CFZ=CFCH,OH RCF=CFCH,OH 
7 0 

be obtained with 56% yield. Similar transformation of 
alcohol 9 into alcohol 10 has been also observed. 

H+ 
HCFClCF2CH2OH -+ CFCl=CFCH20H ---* 

9 10 
CH,=CFCOF - 11 

Since alcohols 4 and 9 were easily available,"J2 this 
process for having polyfluoroallylic alcohols appeared very 
attractive. One valuable development was the allylic re- 
arrangement which occurs steadily in acidic medium. 
From alcohol 7, 2-fluoroacrylic acid fluoride 11 was ob- 
tained in good yield. Likewise was for alcohol 10. In the 
case of 10, the superior ability of chlorine over fluorine as 
leaving atom was obvious. Allylic rearrangement occurred 
equally with alcohols 8; 1-fluorovinyl ketones 12 resulted 
(Scheme V). 

Scheme V 
H+ 

8 12 
RCFzCFCHzOH -C CH,=CFCOR (R = CH,, C4HJ 
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Ketones of this type were prepared by a carbene rout@ 
or by organometallic conden~ations. '~J~ The present 
process was comparatively straightforward. 

In conclusion, we are reporting a simple way to prepare 
primary polyfluoroallylic alcohols 7,8, and 10, which use 
the easily accessible 3-hydropolyfluoropropanol4 and 9 
as starting materials. We have performed the allylic re- 
arrangement of alcohols 7 and 10 into 2-fluoroacrylic acid 
fluoride 11, a valuable synthon in the preparation of 2- 
fluoroacrylic polymers. By extension of the method to 
alcohols 8 which were obtained by the same process, 1- 
fluorovinyl ketones 12 were prepared. 

Experimental Section 
lH and lgF NMR spectra were recorded on a Varian EM360L 

instrument, and chemical shifts were reported in ppm from TMS 
in 6 scale for 'H, from CFC13 in 4 scale for 19F. IR spectra were 
recorded on a Perkin-Elmer 1420 spectrometer. Elemental 
analyses were carried out in the Laboratoire Central d'Analyse 
of CNRS(Lyon). 3-H tetrafluoropropanol was purchased from 
TCI Tokyo, Japan, alkyllithium from Janssen Chimica Beerse 
Belgium, and chlorotrifluoroethylene from Matheson Oevel 
Belgium. 

Trifluoroallylic Alcohol, 7. To a solution of alcohol 4 (20 
g, 151 mmol) in 20 mL of anhydrous diethyl ether was added 
dropwise, a t  0 "C, 320 mmol of methyllithium (1.2 M solution 
in ether); over a period of 1 h, the temperature was allowed to 
reach room temperature. Stirring was continued for 5 h; afterward 
the reaction flask was again cooled to 0 OC. Concentrated HC1 
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Table 11. NMR Spectral Data of (1-Fluoroviny1)carbonyl Compounds 11 and 12 

chemical shifts," 6 coupling constants* 
compounds Ha Hb F R 2 J ~ ~  ,JFH, ,JFHb Jm 

5.6 6 -117 +14 12 46 18 
"#' H COF 

H HxF COCH, 

11 

4.9 5.4 -116 2.3 4 17 46 3 

12 
2.7 

5.1 5.65 -117 1.65 3 17 48 2 kF H COC,H, 0.95 
12' 

Chemical shifts are expressed in ppm from TMS and CFCl, as external references. Coupling constants are expressed in hertz. These 
characteristics were in agreement with those given in the 1iterat~re.l~ 

(18 mL) was carefully added, and the pH was adjusted to 6 or 
7. The solution was left for the night, and then the organic phase 
was separated, washed, and dried over magnesium sulfate. Diethyl 
ether was distilled off, leaving a crude oil which was flash distilled 
to give a clean liquid (bp 60 "C, 1QO Torr; 17 9). By introduction 
of a known quantity of CFC13 in a sample of the distillate, one 
can evaluate the ratio of different fluorinated compounds obtained 
as in the following: 74% of 7, 16% of 8, and 10% of 4. Purified 
alcohol 7 was obtained by a second distillation in the presence 
of hydroquinone (bp 98 "C, 12.5 g, yield 74%). The 'H NMR 
and 19F NMR data of 7 are found in Table I. Anal. Calcd for 
C3H3F30: C, 32.17; H, 2.70. Found: C, 32.34; H, 2.75. 
3-Chloro-2,3-difluoroallylic Alcohol, 10. The same process 

applied to a solution of alcohol 9, CHCIFCFzCHzOH (10 g, 68.4 
mmol), in 10 mL of anhydrous diethyl ether, and 127 mmol of 
methyllithium, gave a crude distillate (bp 90-95 "C, 125 Torr; 
7.8 g) from which alcohol 10 (bp 116 "C; 5.7 g) was isolated as 
two isomers (E12 equal to 45/55). Their 'H NMR and lBF NMR 
data are found in Table I. IR (CCl,): 3300 (OH), 1780 cm-' 
(CF=CFCl). Anal. Calcd for C3H3ClF20: C, 28.04; H, 2.35. 
Found: C, 28.18; H, 2.48. 

3-Methyl-2,3-difluoroallylic Alcohol, 8. To a solution of 10 
g (76 mmol) of alcohol 4 in 30 mL of diethyl ether was added 
dropwise with stirring 220 mmol of methyllithium. The stirring 
was continued overnight at room temperature. The solution was 
neutralized carefully and worked up as in the preparation of 7. 
A fractionation of the crude distillate gave 7 (1 g, 9 mmol) and 
8 (4.6 g, 42.7 mmol, yield 56%) as a mixture of two isomers (E/Z 
equal to 80120). We cannot separate these isomers by VPC 
through a column of SE30 heated to 130 "C. The 'H NMR and 
19F NMR data of these isomers are found in Table I. IR (CC14): 
3300, 3230 (OH), 1740, 1710 cm-' (CF=CF). Anal. Calcd for 
C4H6F20: C, 44.48; H, 5.6; F, 35.18. Found: C, 44.77; H, 5.61; 
F, 34.12. 

3-Butyl-2,3-difluoroallylic Alcohol, 8'. Similarly, a solution 
of 7 g (53 mmol) of alcohol 4, 70 mL of diethyl ether, and 180 
mmol of butyllithium (1.2 M solution in hexane) gave 6.8 g of crude 
distillate, bp 70-80 OC (15 Torr), from which 5.4 g (36 mmol) of 
8' were isolated, yield 68%. The isomers E, bp 176 "C, and 2, 
bp 188 OC, were separated by VPC through a column of SE 30 
heated to 160 "C. The ratio E/Z was 77/23. The 'H NMR and 
19F NMR data of these isomers are found in Table I. IR (CCl,): 
3300,3230 (OH), 1732 cm-' ( C M F ) .  Anal. Calcd for C7HlzFz0 
C, 56.05; H, 8.06; F, 25.33. Found: (E) C, 56.17, H, 8.13; F, 24.62; 
(2) C, 55.87; H, 8.93. 

2-Fluoroacryloyl Fluoride, 11. Into a distillation flask 
containing 10 mL of concentrated sulfuric acid were added 
dropwise with stirring 2.5 g (22 mmol) of alcohol 7. An exothermic 
reaction occurred. The volatile acryloyl fluoride 11 formed was 
distilled in vacuo (200 Torr) in a receiver cooled by a dry ice- 
acetone mixture. Obtained was 1.15 g (12.5 mmol), yield 55%. 

0022-3263/89/1954-5642$01.50/0 

Similarly, 4.5 g (35 mmol) of alcohol 10 gave 2.78 g (29 mmol) 
of 11. Yield 82%. The 'H NMR and lBF NMR data of 11 were 
in Table I. Treated by a solution of phenol in CHZCl2 11 gave 
the known phenyl 2-fluoroacrylic acid ester 2. 

Fluorovinyl Methyl Ketone, 12. A mixture of 2.4 g (18.9 
mmol) of alcohol 8, CH,CF=CF-CH,OH, 10 mL of tetrachloro- 
ethane, 0.5 mL of concentrated sulfuric acid, and hydroquinone 
was heated for half an hour on an oil bath at  ca. 100 "C; it was 
then distilled in vacuo to give a crude distillate, bp 60-80 "C (100 
Torr), 7.2 g. It contains 14.5 mmol (evaluated by 19F NMR) of 
ketone 12, which was separated by a second distillation in the 
presence of hydroquinone at  room temperature under 15 Torr. 
Yield 1.3 g, 76%. The 'H NMR and 19F NMR spectra of 12 are 
in Table 11. IR (CCI,): 1730,1710 (C=O), 1640 cm-' (C=CF). 
These characteristics were in agreement with those given in the 
1i terat~re . l~ 

1-Fluorovinyl n-Butyl Ketone, 12'. A mixture of 2.1 g (14 
mmol) of alcohol 8', E and 2 C4H9CF=CFCHzOH, 5 mL of 
CHZClz, 0.5 mL of concentrated sulfuric acid, and hydroquinone 
was heated for half an hour on an oil bath at  ca. 100 OC and then 
distilled off in vacuo to give ketone 12', bp 75-80 "C (160 Torr), 
1.2 g (8.6 mmol), yield 61%. The 'H NMR and 19F NMR data 
of 12' are in Table 11. IR (CCl,): 1710 (C=Q), 1640 cm-' (C=CF). 
Anal. Calcd for C,Hl,FO: C, 64.67; H, 8.33. Found: C, 64.00; 
H, 8.60. 
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In connection with studies directed toward the synthesis 
of a novel class of DNA intercalating agents,' we needed 
to  prepare a series of 9H-selenoxanthen-9-ones. The 
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