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Abstract 

l’zntafluorophenol reacts with sodium uichlomacetatt in monoglyme tn a Reimer-Tiemann reaction to si\,c 1101 only pentafluorophenyl 
ortlloformate (6) but also a previously unhnown ‘abnormal’ type of product, tetrar(-i.st pentafluorophenoxy )ethelw ( 5). 011c possible formation 

of which could be by dimerisation of an intermediate carh)t‘ne. 0 1998 Elsevier Science S.A. All righIs rescl-ved 

Kc,\ bawds: Reimer-Tiemann: PentaHut)roph~n~)I: Alkenc iirl-rn~~~ Icw 
----__- .- .__ 

1. introduction 

Highly fluorinated unsaturated 7-membered ring com- 

pounds are relatively rare in organic chemistry because the 

nmnber of synthetic routes to them is limited. The synthesis 

ofoctafluorotropilidene ( 1) has been accomplished via mul- 

tistage processes [ I ,2] and hydrolyced to hexafluorotropone 

(2 1, but a more direct route to the ring system shown in (3 ) 

involved pyrolysis of easily accessible pentafluorophenyl 

propynoate [ 31. 
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1) (2) (3) 

In 1984. D.H.R. Barton 141 published a simple ,ynthesis 

of lropones from suitably substituted phenols via lcduction 

of intermediate dichloromethanecyclohexadiene derivatives 

wit? tri-butyltin hydride, e.g.. Scheme I [for the 2.!-cycloh- 

exadienone (4) 1. 

l’he intermediate (4 ). unable to aromatise becau~ of the 

thrc*e methyl groups (i.e., trot hydrogen) at ortho .~nd /IL/W 

-.- 

The heterogeneous mixture 01‘ pentafluorophenol with 

excess sodium trichloroacetate in monoglymc at reflux tenl- 

perature began to darken after IO nlin. and after I h. chro- 

matography of the chocolate colourcd mixture produced two 

compounds. A and B. Compound A was examined by NMR 

spectroscopy: the ‘H NMR apecrruIm contained /IO hydrogen; 

there were three magnetically dift’er~~nt 11uorine atom\ present 

in the ratio 2: I :2, characteristic cjt‘ ;I C’,,F, group in the ‘“F 

NMR spectrum; and the non-decoupled “C spectrum showed 

five magnetically different atoms. t‘our of which were multi- 

plets due tn carbon in the aromatic rlny ( 13% 14.1 ppm) while 
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Scheme I 

positions. suggested an analogous experiment with penta- 

Iluorophenol. The use of sodium trichloroacetate was the 

method of choice since NaOH as ;I nucleophilc would sub- 

stitute fluorine p to a carhonyl group in the polyfluorocy- 

clohexadicne intermediatec s) with great case IS]. Russian 

workers ha\je studied the reaction oi’pentafluorophenol under 

conventional Reimer-Tiemann reaction conditions ( C’HCI, 

with aqueous NaOH) and isolated pentafluorophenyl ortho- 

t‘ormate (61, below [ 6 ] 

2. Results and discussion 
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Fig. I, The molecular structure and labelling sheme for i 5). Ellipsoids are 

shown at 50% probability lecol. 

the fifth was a singlet at 137.6 ppm. X-ray crystallography 
showed that the structure of A was tetrakir(penta- 
fluorophenyl)ethene (5). Fig I, which explained not only 
the NMR data, but also the mass spectrum ( parent ion M ’ 
at 756) and the elemental analysis. 
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The second compound isolated, B, showed a singlet in the 
‘H NMR spectrum; there was a C,F, group in the “F NMR 
spectrum; and the “C showed five magnetically different 
atoms, four of which were multiple& due to carbon in the 
aromatic ring ( 126-142 ppm) while the fifth was a singlet at 
I 13.8 ppm. Mass spectrometry revealed an intense peak M ’ 
at 379. characteristic of (C,F,0)7CH ’ (M--C’,F,OH) and a 
small peak at 561 (C,,F,O);C+ (M - 1 ). 411 the spectro- 
scopic data were consistent with compound ( 6), and this wa\ 
confirmed by repeating the Russian experiment [ 61 and tind- 
ing identical physical data. We also examineli the crude prod- 
uct from this reaction and found no eL!icierncr tar the presence 
of any of the alkene ( 5). 

The Reimer-Tiemann reaction involves the attack of a 
carbene, e.g., CI,C: at a tm!~wphilic cwhrttl under normal 
circumstances in phenolic substrates [ 7,8], but recent work 
with phenol using CHCI., with KF as the base produced 
(C,H,O),CH as ‘the major product’ accompanied by 
C,H,OCF,H ( I6%,) 191. The formation of the products (5) 
and (6) in the present work can be rationalised by invoking 
an initial insertion reaction between the dichlorocarbene and 
the O-H bond in the phenol to form (7); thereafter, other 
carbenes (8) and (9) may be involved, as well as pos>#ible 
‘solvolysis’ reactions, a\ shown in Scheme 3. ’ 

To our knowledge thertb IS no precedent in the literature 
for the formation of an olketw product of type (5) in the 
Reimer-Tiemann reaction 17.X 1. Consequently, the present 
work adds yet another type of ‘abnormal’ product to the 
others which may be formed in this well-known reaction. 

Nevertheless, the intended formation of a 4-dichlorome- 
thylpentafluoro-cyclohexa-2.5-dienone derivative had failed. 
presumably because of the reduced nucleophilicity of the 
/>~,a (and o&o) carbon rn the fluorinated ring towarda the 
incoming carbene. We are currently exploring other possible 
routes to related polyfluorinated precursors amenable to Bar- 
ton’s ring expansion reaction, based on the known 2.3,4.5,6- 
pentafluoro-4-allyl-2.5cyc.Iohexadieneone 1 10 I. 

3. Experimental 

NMR spectra were obtained with a Varian VXR 400 S 
1 ‘H( 399.952 MHz), ‘“F( 376.289 MHz) and liC( 100.577 
MHz) ] and a Varian Geminl200 [ “C(50.289 MHz)]. Mass 
spectroscopy data were obtained with a VG 7070 E instru- 
ment. Molecular ions M ’ are quoted for electron ionisation 
unless chemical ionisation 1: Cl) is stated. 

3. I. Reaction c!f petztc~pLlot~o)~thrllol with .sodium 
tric~hlororicrtare 

Pentafluorophenol ( 3.07 g), sodium trichloroacetate (‘7.41 
g) and anhydrous monoglyme (20 ml) were heated together 
-- 

’ We thanh a referee for helpful ,‘cimments. 
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Scheme 2. 



under reflux for 1 h, and the chocolate brown mixturr washed 
through a short column of silica with chloroform to remove 
insoluble material. Evaporation of the solvent in vacua at 40” 
and careful chromatography of the residue (2.54 g) on silica 
using light petroleum [ bp 40-60”] gave two fracticlns both 
containing compound (5) (faster moving component) and 
compound (6) ; the ‘“F NMR spectra of these fractik)ns ena- 
bled the yields of these products to be determined as ( 5) 
(0.467 g, 15%) and (6) (0.393 g. 13%). Fractional recrys- 
tallisation of these mixtures enabled pure samples of both 
compounds to be obtained: tetraki.s( pentafluorophenyl ) - 
ethene (nc) (5) mp 143.0-144.O”C 1 from light petroleum 
(bp 60-80”) 1. (Analysis: Found: 41.62; H, 0.00%; M + 756. 
CzhFz004 requires: C, 41.07; H, 0.00%; M, 7%). “‘F NMR 
(CDCI,) 6: - 156.2(d,2-F,6-F); - 158.0(t.4-F): ~~~ 161.0 
(t.~~-F,5-Fjppm:J2.,~,3.F=20.3;./~~,~~=21.XHz.’ C’NMR 
(CDCI,) 8: 141.0 (dd, 2-C, 6-C); 139.2 (dt. 4-C): 138.0 
(dt. 3-C, S-C); 128.6 (broad, I-C ); 137.6 ( s, alhenic C) 
ppm; all J,-_,:= 254 Hz.: and pentafluorophenyl orthoformate 
(6) mp 82-82.5” ( [ 6 1, 82.7-83.3”). (Analysis: Found: 
40.09; H, 0.15%; Mt 562. C,,H,F,,O? requires: (, 40.59: 
H, 0.18%; M, 562). “F NMR ( CDCl,) 6: - 153.4 (d. 2-F. 
6-F); - 157.4 (t. 4-F): -161.3 (t, 3-F. S-F) ppm: 
J,., 1.F= 19.6; Jl.,z.I.F=21.4 Hz. ‘H NMR (CDCI>’ (5: 6.63 
(s. C-H). ‘-‘C NMR (CDCI,) 6: 14l.Y (dd, 2-C, 6-C ). 139.5 
(dt, 4-C); 138.0 (dt. 3-C. S-C); 126.8 (t. 1-C); 11.1.8 (s. 

TabI: I 
Atonlic coordinates ( X IO’) and equivalent isotropic dihplaccmcnt para- 
meters (A’X IO’) for 5. II is detined a\ one third of the trace of the 

orth<gnalized U,, tensor 
_. - -- 

.4ton1 .\ 1’ I~CLj) 
__~ - 

F( I ; 1204% I) -5467f I I 1’)90( I ) l:;i I ) 

F(2, 1436X(I) -34SS( I I 3 l70( I ) 31’1 I ) 

F(i) I6 144~ I ) -2X99( I 1 1.12 I ( I ) .YII I ) 

F(4) IS X52( I ) -2442C I) LSI(IJ \‘I I) 

F(5) 13674(l) -34X7( I 1 - XXY( I J 1 ‘i I ) 

F(6) X.539(1) -1528(l) IiM(l) 2-i I ) 

Ff71 6YYY( I) 485(l) Xl I) 3 II) 
F(X) 7303( I) Yl3( I I -- lY66( I ) 3 II) 

F(9) YlY8( I) -641(l) -2X081 I) 3 Ii) 
F(If I IO 77X( I) -X09( I 1 l67S(I) 7’11) 
O( I II 757(l) - SO6Of I ) - lOO( I ) I’ll) 
O(2 10475(l) -30X6( I ) .354( I ) I ‘I 1) 

cc 1 lOSlY(2) -4SJY(2) i.!( I) l’,I I) 
C(2 I2 814(3) -‘uXY(?j :ic4c I ) I ‘I I) 
cc3 I2 9X8(2) -4726(2, I372 C I 1 XII I ) 

CC3 I4 106(Z) -42OOf21 :!173( I I 2.il II 

C(S IS 06X(2) -341817, l’74lC I J 2’ I I I 
Cfh 149lYC’) -3178lZr ‘7 I O( I ) 2 I I 1 

CC7 13801l21 -3713(21 lOY( I ) ‘(11 I 1 
Cl81 Y6.56( 2) -7136(21 -263(l) 1.1 I, 
C(9! X696(2) - 1333121 lO?C I ) I: / I1 

Cl I( 1 7909( 2 ) ~ 700( 2 ) -311(l) ‘III I I 
cc11 1 X076( 2 ) ~ 70( 2) - iJll(lr 7 I II 
Cf 1: ) YO34 ( 2 ) -X62(2) - 1X32( I i ?I,( I i 
C( 1: I YX28(2) ~ 187SC2l - 1263( I I I!( II 

alkyl C) ppm; all Jc.mF = 250 HL. The infrared was identical 
with authentic compound prepared below 161. 

This reaction [ 61 was repeated using tetrahydrofuran as 
the co-solvent and the crude producl was separated by chro- 
matography as before to give pentalluorophenyl orthoformate 
(6) (54% j mp 82-83”. Thin layer chromatographic analysis 
of’ earlier fractions failed to detect ;my of the alkenic com- 
pound ( 5 1. 

.?.3. Crystcil drrta ,f?w (5) 

&F2,,0 L, M = 726.26. monocltnic. space group P2, /c. 
Z=4,at 120K.~~=10.112(3)./~=X.YY9(2).~=13.344(3) 
A, @=97.38(3)‘. V= 1204.2(4) A’. D,.,,,=2.086 g/cm’. 
p( MO Ka) = 0.242 mm ‘, F( 000 I == 736. Data were col- 
lected from a transparent prism oi‘\i.<e 0.2 X 0.2 X 0.3 mm on 
a Rigaku AFC6S diffractometer ( ,Z MO Ka, graphite mono- 

T;hlc 3 

~._. - 

F( I )-Cl 3) I .339( 2) 
FI?I-Cl-l) I33YC2) 
I.i3I-c‘15) 1.336(3) 
FtJI-CIf>) I .330( 1) 
F(S)-C(7) i33XfJ) 
I- !  b 1 -c ( Y ) I .335( 1) 
Fi7,-Cf IO) 1.338(1) 
F( x I-Cl I I ) l.?39(2) 
F(Y)-Cf I?) I335(2) 
fii IO)-C‘( I31 I.i4l(‘) 

O(l)-CCII 1.371(J) 
fh I )-CC2 1 I .3X2( : !  ) 
0 2 I-CI I I I .379( 2 1 

OC2)-C(tc~ l.?lXS(.?, 
c‘(IJ-o(I)~(‘(‘) II6.ll(l?) 
C‘i I I-0(21-C(X) Il7.05( I I) 

C’r I )a-(‘( I) O( II 170.3(1) 
(‘! I I’:-<:( I, -O(7) 174.2(7) 
01 I )-CC I )-O(2) I lS.27( 13) 
01 I I-C‘(2)-(‘17) 118.4% 13) 

01 I )-C(2)-c-l?, 172.361 I3 1 
c‘(7)-cc-(‘(3) I IS.‘)71 14) 
FI I)--Ct3)-(‘131 I ?O.O( . !  1 
fZI I i-C< 3 I-C.1 2 1 I IY.-llI 131 

C‘t4)-Cti)-l‘(2) I x).6( 1 J 
I,IZ,-<‘Cd,-(‘l3! 1X3(21 
l:l7)--(‘(11-(‘151 I lY.Y(.Il 

(‘I I) ( I ,’ 
Ci’) I :71 

(‘I21 ( ,.7, 
(.‘lIJ ( III 
(‘f-4) ( :il 
(‘(5) f :hl 
(‘ffl) ( I7 I 

(‘IX)-1 (c)l 
(‘IXI-( i III 
(‘IYI f / Ir)r 

(‘I II),-\‘I I I) 
(‘I I I ) I’1 12) 
(‘i I2 I.I Ii) 

Ff.iJ (17 -C(?i 
(‘(bl (‘f:i-c(?) 

O(2j ( :X1-C(Y) 
012, (IhI---(‘(I31 
(‘iOl (‘I X!-C( Ii) 
F(hj f‘!‘)‘.-C‘(X) 

I:(h) i‘iOl-Ci IO, 
(‘(XI (‘lOI-C( IO) 
Fi.7, ( : IllI -C’( I I) 
Fl’i, t lli)~C191 

(‘( I I /P ‘I IO)-C‘( Y) 
Fl Xl ( I I )b(‘( I(l) 
FIX!-i Ii )-(‘I 17) 

I.32or.i) 

I .31(X( 2) 
I .WO( 7 1 
I .3X7( 7 I 

I.3851 xi 
I ..3R2( .q I 
I .Ill(hl .’ 1 
I .3XYl 2 I 
I .3xX( 2 1 

13x91 2 I 
I .3N?( : !  1 
13X6(:1 

I .3Sil .’ , 

120 I01 141 

I20 61 z 1 
1IH.11113~ 
1711 JOC IJI 
I IY I01 14, 

I20 331 I41 
llY111 IJI 
I20 251 i-1, 

I30 I ( 2 I 
I IYY(?J 
IN O( 1 I 
I IYYi.?) 

I20 01 .’ I 
C‘lil-C‘iJl-f‘(S) 
i~I3l-cf5,-(‘161 
f~l~l-CtS,-(‘f‘ll 
(:lfl)-(‘(Ci-(.l4) 
1;111-(‘ifl)-(‘15, 
Fl 4 I--C‘f h )-(‘I 7, 

(:15)-(‘(6)-(‘171 
f~l5~-CI7)-(‘i61 

I lY.9(1) (‘(IO; 8’1 II I--(‘(l2l 1202(:!1 
lIY9(2) PI’)) I’: I_‘)-C( Ii) I20 21 . !  i 
120.0.! I 1’1’1) I 1 I.‘)--Cc I I I I20 ‘I _’ , 

IX. I ( 1, (‘(1.71 I’( i?IkC‘(III IlYh(.!j 
120.7Cr FI IO-l‘l 13l-(‘(12, II’) I3C II) 
ll9.4(?, PI 101 f I l;l-(‘(x, I I’) 7x1 I-l) 
II9 Y(2) (‘I 12 1 1’1 lil-(‘IX) 12OYl1) 
1193(Z) 



I-‘( I ) 
F(2) 
F(31 
F(3) 
1;(S) 
I;(h) 
FI 7) 
F(X) 
PI’)) 
Ff IO) 
01 I I 
(I(21 
cc I) 
c’(2) 
(‘(3) 
(‘(1, 
(‘I 5 I 
(‘(hl 
(‘I !I 
CIXJ 
C(U) 
C( IO, 
(‘( I I , 
cc tz, 
(‘( Ii) 

:I( I, 
I’)( I, 

x11 I , 
SSf I, 

2i( I, 
IX(I) 
.lUl I , 
31( I, 

131 I) 
231 I I 
1x1 I I 

Ihl I I 
lJ( I I 
iY( I I 
20( I I 

10( I 1 
i4( I 1 
?6i I I 
‘2( t I 
161 I, 

I:\ I I 
2% I, 
13t I) 

IIt I) 
IXII) 

.7l I ) 31 I, --li I 
-II I) -01 I, ‘1 I 
--SI II -~ IXI I, m-51 I 

71 I I ?I I, -- I It I 
-71 I , 71 I) --21 1 

.‘.I I) Yl I I II I 

.!I I 1 131 I) III t 
Xl I , .‘I I I IOI I 

41 I 1 Jc I I Sl I 
01 I / l?I I I xi I 

.~ 21 I , (ii I 1 (II I 
-III, i( I, II I 

I( II Ii I, II I 
oi I I II I I II I 
I( I / ‘( I I I: I 

-- .I( I , 51 I I Ji I 
-if I , XI I I 2 I 
?( I I 21 I , -- I’ t 
.‘I I , ?I I, 1’ t 
I( I ) 71 I ) - I’ I 
II I / iI I ) --.<I I 

-~ II I I iI I !  II I 

‘( I 1 -II I i II I 
I(I) OIli --211 

.‘I II II I I II/ I 

chromator, w/?&scan mode a~ I20 K. A totz81 of‘ 3675 retlec- 

tions were collected with 0 2 If c i 4. Olk2 17. 

- 18 I II 18. The structure was solved by direct method\ 

[ I I 1 and refined anisotropically by full-matrix least-square, 

against F’ [ I2 I. No absorption or extinction ~:orreotions wcrc 

applied. The retinement convcrgcd to K = 0 0155 1 for 2442 

reflections with F 2 4 v( k;,,,, ) ). wR = 0. I I5 for all reflec- 

tions, S = 1.027. 

The molecular geometry of (5) and atomic labelling 

scheme are given in Tables I and 2. Anisotropic displacement 

parameters are listed in Table 3. 
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