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Ahtract-The ‘H ‘*F abd “F, “F couplrng constants determined from analysis of the ‘H and ‘*F 

spectra of the derivatives of tetnfluorodibcnzofuran. obtarnad by nuclcophik substitution ol tbc parent 

compound. were contradictory and thus the patron d substlrurion was ambiguous. The spectrum of the 
1,2&trifluorodibcnzofuran, prepared by unambiguous synthesis_ ts discussed in detail and the p-cc of 

very large pmo FF coupling is rcveaated; rhc spectra of the derivarlvu arc then cons~~tcnt with subariturion 

having occurrod m the 3-posltion 

INTRODUCTIOIG 

THE magnitude of the fluorine-fluorine and proton-fluorine coupling constants, 
in aromatic systems, has kn established as being in the order or& > meta > pum 

for HF coupling and orfho > pa > WCU for FF coupling. Thus it is usually possible 
to establish the presence of ottho fluorine atoms from the magnitude of the ortho 
F-F coupling which is in the range of 18-22 c?/s.‘. ’ The magnitude of puru FF coupling 
is smaller. and a range of O- 15 c/s has been suggested’ but more usually this coupling 
is H c;s.’ Similarly the application of ‘H resonance spectra, based upon the methoxy 
and thiomethyl to orrho fluorine coupling in substituted fluoroaromatics, has been 
established.* Thus, based upon the ‘H and ‘OF spectra, it should IX possible to 
establish unequivocally the position of the thiomethyl substituent in the prduct (I) 
obtained from reaction (1). 

‘H and 19F spectrul features of I 
The t hiomct hyl resonance at 7.44 T is a triplet with Jsw. _ I; king 0.7 c/s ; the presence 

of the triplet structure shows that there are two fluorine atoms orf)ro to the thiomethyl 
group which must be in either the 2- or 3-position (II and III respectively). The 19F 
sptrum shows three signals at 133*5,138*2 and 147.8 &+ and analysis of these separate 
signals affords two large couplings of I8+4 and 22.4 c/s, and, apart from the F-SMc 
coupling, one additional small coupling of 19 c/s. The larger coupling constants king 
in the range expected for ortho F-F couplings impks that the structure of I must 
have a 2,3,4 or 1,2,3-trifluoro-structure (IV and V resptctivelyhthis conclusion is 
in obvious conflict with that deduced from the SMe resonance since, in IV and V. 
it is not possible to have two fluorine atoms orfho to the thiomethyl group, similarly 

’ P J. N. Brown, R. Stephens, and J. C. Tarlow. Tcrrahcdrm 23.4041 (1967). 

’ J. W. Em&y. ). Fknty and L. H. Sutcliflc_ High Res~lurio~ NW&~ Mqutic Rasonmre Sprclmscopy 

Vol. I1 ; p. 903. Perpmon Prws. London ( 1966). 
’ I J. Lawrcnson, J Ckm Sue 1117(1%5). 
l J. Burdon. Ttirah&on 21. 1101 IIWS). 
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neither II nor III have three adjacent fluorine atoms. It is thus clear that the NMR 
spectra of this compound do not permit the structure to be assigned to any of the 
structures II-V. 

The ‘H and ’ 9F spectrum of the 1,2,4_trijluorodibenzoFu4n 
On account of the difliculty experienced in relating the spectrum of the thiomethyl 

derivative with structures II-V the 1,2,4-trifluorodibenfuran (VI) was prepared by 
unambiguous synthesis from 2,3,5,6-tttrafluoro-2’-hydroxydiphenyl,’ the structure 
of which was confirmed by its NMR spectra. 

The proton spectrum of VI showed a low field signal equivalent to one proton at 
2Q5 7 from Hb, a multiplet between 2.4 and 2.7 7 from H,, Ha and H,, and an eight 
line multiplet at 3G4 7 from H, (Fig. 1) giving J-values of 9-6, I06 and 6.3 c:s. The 
first two values are readily assigned, from the magnitudes, to ortho H-F coupling 
and the latter coupling constant is that of the meta H-F coupling The “F spectrum 
of VI consisted of three sets of signals of relative intensity 1 : 1 : 1 with chemical shift 
values of 138.15, 143.1 and 149Q 4*. The two low field signals each consisted of four 
lines while the high field signal consisted of eight lines, and apart from the H-F 
coupling constants only two couplings of 19.4 and 2@5 c:s. can be attributed to F-F 
coupling both of which are of the magnitude expected for orrho F-F coupling constants. 
The 19F chemical shifts of F,, F2 and F, are assigned on the following basis: the two 
lowest field signals are assigned to the fluorine atoms ortho to the hydrogen atom as, 
based on shielding parameters, the 2 and 6-fluorines in 2,3.4,5,6-ptntafluorobenzene 
(VII) are deshielded by ~23.8 ppm giving the shift of the 2 and 6 fluorines in VII as 
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FK;. I. lH Spectrum of 1.2,4-tnfluorodibcnzofuran. Tk coupling pattern of 3-H LS shown. 

139.1 4rA3 Thus the signal at 138.15 #* in VI is assigned to F, and because F1 has 
another fluorine in the ortho position it would k shielded and thus the signal at 
143.1 4. is assigned to Fz and the final signal at 149.0 d* is assigned to F,. On this 
basis the coupling of 2@5 c;s is assigned to the ortho F, Fz coupling and that of 19.4 c;s 
is assigned to the pura F,FI coupling, a most unexpected order of magnitude for a 
pata FF coupling. 

The NMR spectra of the products of substitution of cemfhorodibenzofutan 
Havl% establish& that the pm FF coupling in fluotinatad dibenzofuran is 

abnormally large. it IS possible to interpret the spectra of the substitution products in 
terms of substitution having murred in the 3-position this was further established 
chemically as described in the preceding paper1 for reduction of the t hio compound 
afforded the trifluoro compound which was identical IO VI. 

The NMR parameters of the parent tetrafluorodibenzofuran and the 3-thiol- and 
3-thiomethyl-1.2.4-trifluorodibenzofurans are shown in Table 1. and it will be noted 
that in each instance the para FF coupling ix. JIJ. is in the range of IS-20 c:s. which 
is very similar to the orcho FF coupling i.e. J It, of 2&23 c;s. The occurrence of 
abnormally large pure FF coupling constants may be more frequently encountered 
than real&d as similar large couplings have been observed between F, and F, 
of 1,2,3,4-tet rafluoronaphthalenes. ’ 

The chemical shift of F, is fairly constant in the four compounds namely 
148.3 f O-9 4’. The variation in the shifts of F1 and F, are due to the shielding by the 
substituent group X. From the study’ of a series of thioalkyl and thiophenyl penta- 
and tetra-fluorobenzenes the shielding parameter of the alLyI (or a@) thio group are 

’ P L, Cot, Privale couununicrt~on, 
’ C.R. Muah an4 E. F. Mooney. unpubluhcd work. 
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shown in Table 2 together with the shielding parameter for hydrogen and further 
these shielding parameters areadditive as previously demonstrated ;’ these parameters 
are obtained from the differences in shift of tbe substituted pentalluorobenznes from 
that of hexafluorobenzene. Thus the calculated shifts for F1 and F, on replacing F, 
by hydrogen are (161.5 - 23+8 = 137.7) and (1646 - 23.8 = 1408) compared with 
the experimental values of 138.1 and 14305 respectively. Similarily the calculated 
shifts for F1 and F, on substitution of F, by the thiomethyl group are (161.5 - 29.3 = 
132.2) and (164% - 29.3 = 135.3) compared with the corresponding experimental 
values of 133.5 and 138.2. There is reasonable agreement between the calculated and 

VIII 

X 6 F, Ft Ii J 34 J 24 J 14 J 11 J 13 
--- -_. - _ _ ._ _.-_ 

F 161.5 164.6 1474 157.9 19.2 2-o 15-3 18-5 0 
H 138.15 143.1 1490 3u4r 9.6 00 19.4 IO-6 6.3 

SH 1365 14U8 1480 633t 00 2.2 179 00 WI 

SMC 133.5 138.2 147.8 7444r e7t 1.4 184 @7t 00 

J 11 

20*2 

205 
21.4 

22.4 

. All shifts arc given in 4’ values unless olherwisc 

t ‘2, UKI J3. refer IO the F-SW coupling. 

shown, 

orrho 

recta 

par= 

- SR H CF3 
._ - 

- 299-3 - 23.8 - 229 
-@2 -@3 - 2.9 
-8.1 - 8.9 -ISQ 

experimental shifts of F, but the calculated values for Fz are 2-3 ppm too low. This 
may~duetothevariationoftheelectronegativityoftheethcroxygenin thesubstituted 
diknzofurans as it has been found that variation in the electronegativity has a very 
profound effect upon the chemical shift of the para fluorine, e.g. in substituted acet- 
pentafluoroanilides C6F,NHCOCXYZ X or Y or 2 = H. Cl, Br or F the range of 
chemical shifts of the orrho fluorine vary only by @7 ppm while the variation in the 
pea fluorine shifts is as much as five ppm.8 

’ J. Homer and L. F. Thomoa. J. Ckm SM. B, 141(1%6). 
a 1’ F Mcxxtey. unpublished results. 
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NMR spectra of jluurinrrted diphenyls 
Related to this work is the spectroscopic investigation of the precurso rs to the 

formation of the dibenzofurans, namely the 2’-hydroxy- and 2’-mcthoxy-2,3,4,5,4 
penta- and 23,5,6tttranuorodiphcnyls. The chemical shifts of the relevant compounds 
are shown in Table 3. 

In the case of the 2’-methoxydiphenyls the calculated shifts using the shielding 
parameters given in Table 2, are shown Mow: 

Calculated shifts for 6,, Calculated stufts for 6,, 

X-H 163.95 - 23.8 = 14U15 14065 - 03 m l&35 

x = CF, 163.95 - 22.9 = 141.05 Mu65 - 2-9 = 137*75 

and similarly the calculated shifts for the 2’-hydroxydiphenyl are: 

b JS d 
X-H 164.4 - 23*8 - 1406 I4055 - 0.3 Llu25 

There is fair agreement htwecn t& calculated and experimental shift values. 
The shielding parameters of the 2-hydroxyphenyl, the 2-methoxyphenyl and 

2-bromomethylphenyl groups are shown in Table 4. Again it will TV noticed that 
there is considerable variation in the shielding parameter of the pclra-fluorine atom. 

TABLE 3, CHEMI(‘AI. SHIP1 DATA <W Ft_l’(MODIPHtr*‘YLS 

. . 

\ 
x(;,j _ 4 .-)H 

F F Y-H 

IX 

Shifts0 

X Y d 2b d 3s dx s, -. - - _-- _- .- _--. .- .-_ -. 
F OMC 140-65 163.95 1569 6-21 t 

F OH 14055 164.4 I5795 481 r 

H OMe l41*3 141.3 -3.3r 6.21 T 

H OH 139.5 140.8 -3*3 t 4*81 T 

CF, OMC 139.8 1430 570 6.18 K 

F CH,Br 139.65 161.6 154-l 5.77 z 

l Shifts in 4’ values unless indicated. 

TAM-E 4, hEl..DING PARAKET’EW~ OF 2-HYDROXY,-WVrHOXY AND -RROYWk~.7)~Yl.-PHE~l 
GR(M!Ps 

-OH - OMc - CH,& 
- .- -. -- _- 

or+0 - 2.2.35 - 22-2s - 23.25 
mctu + I.5 +lG5 - I.3 

p4+4 - 6.95 -60 - 8.8 
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EXPERIMENTAL 

Tbc ‘H and “F spacur were recordal on a Perkin-Elma spectrometer opcming at 600 lad 564Mc;s 
rapectivcIy. Tlx resonmce line pmitions were determmad with precision using the mlibrrted dazadc-shift 
racility. Tbr analyses d tbc spectra were checkad wing K-code NMR programma on the University 
K DF-9 computer. 

Tbc rpactra of tbc diphcnyh and tbc dibcnzofuram were recorded in CCI. mls cxcepr for tbc fume VIII. 
X - SH for which chloroform-d was used. TMS (I “/d and fluorottihloromcth (S “/d were added as 
mtemal tzfcrence standards for ti ‘H and ‘*F shifts wlch arc @ven in r and 4’ values. 

Acknow&&mmr~We art grateful to Profcmm J. C. 
Dr, R. Stephens lot his interest in this part of the work 

Tatlow for his continued encoura~t ad to 


