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I think that a lot of things happen by chance but within that element of

chance there is an apparent order.
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The six-bond long-range spin-spin coupiing constant be¡ween methyl

protons and the fluorine nucleus in derivatives of parafluorotoluene can be

described by a o-rc interaction mechanism which is formulated as

6¡H'F - 6Jno <sin2o> .

In order to study the substituent perturbations of the mechanism o¡ 6¡H'F, the angle

dependent <sin2e> term is kept constant at 0.5 by making use of the three-fold

symmetry of the methyl goup. In this rvay, any variations in ó¡H'F must be due to

intrinsic perturbations of the coupling mechanism and not due to conformational

changes in the side chain. The experimental procedure involves preparation of

samples for high resolution nuclear magnetic resonance spectroscopy using a

variety of compounds covering a fair range of frequently encountered substiruents.

In most cases coÍrmercially available compounds are used. The spectra are

obtained from the 300 MHz Bruker nmr spectrometer and analysed using the

programme NITMARIT. The results suggest a variation of l\vo ¡ 6¡H'F due to

substituent perturbations and a negligible solvent effect. The errors in the twofold

rotational ba:rier heights a¡e estimated as 70Vo and30Vo for benzylidene and

benzyl derivatives of 4-fluorotoluenes, respectively. Therefore provided these

errors are built into the analysis, this coupling constant can be used to determine

approximate rotational ba¡rier heights and conformational preferences in benzyl

and benzylidene derivatives of 4-fluorotoluenes even in the presence of ring

substituents. Simila¡ variations for the other long-range spin-spin coupling

constants a¡e observed. However, 5¡c'n is found to be exceptionally sensitive to

intrinsic substituent perturbations, thus precluding its use in conformational work.
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The long-range spin-spin coupling consrant involving the methyl proron

and the para ring proton in toluene arises from a o-n transmissionl mechanism.

The o-n spin-spin interaction mechanism assumes that the o-7r component of the

long-range coupling constant for the coupled nuclei is simply proportional to the

respective hyperfine interaction constants involving the æ electrons and the

adjacent o orbitals as in [1]. In other words, the æ framework is an efficient

J" * er eN,

transmitter of nuclea¡ spin state

explicitly written as in [2]. Qç¡¡

sin20 as in fîgure 1.

6¡H'H * eccn ecn
In a similar way, Schaefer and Wasylishen have shown that the six-bond

coupling constant between the methyl protons and the fluorine nucleus in

4-fluorotoluene foilows a o-fi spin-spin transmission mechanism, and is dominated

by the o-fi componenl The possibility of a small o component is not ruled outl.

Therefore the analogous coupling in 4-fluorotoluene can similarly be expressed as

in [3] below. Uniike its counterpart in toluene, QcF is positive in sign and is larger

information. For toluene the latter equation is

is negative, QccH is positive2 and proportional to

in magnitude2 than QcH. A schematic representation of the o'-r spin-spin

transmission mechanism for 4-fluorotoluene is depicted in figure 2.

t1l

6¡H'F * Qccu Qc¡

I2l

t3l
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A comparison of equations [2] and [3] prompts one to perform a calibration

of equation [4] as follows.

Using the measured values2'3 for the parameters on the right of equation

[4], 6JH'u = -0.602(2) Hz, Qcu= -22.5 G and Qc¡ = 47.2ç, 6¡H,Fis predicted to be

1.26(2) Hz. The measured values are 1.153(1) and 1.15(2)Hzin carbon disulfide

and acetone-d6 solutions, respectivel/. This supports the view that 6¡H'F It

dominated by a o'-n electron contribution in 4-fluorotoluene.

In particular, the six-bond coupling constant in toluene is known to be

insensitive to intrinsic substituent perturbations on rhe ring 5'0. Schaefer and parÉ

have shown that 6¡H'H ¡o. benzylidene and benzylderivatives of toluene depends

on the conformation at the side chain as described by t5l. Here 6J99 is the value of

orH,p - 
QcF 

orH.H" -Qcg J

4

6¡H'H *¡.n 0 is 90 degrees and 0 is the angle by which the c-H bond of the group

in the side chain twists out of the ring plane (see figure 1). The angular brackets

denote the quantum mechanical expectation value of sin20 taken over the hindered

rotor states, at a given temperature. By equations [2] and t3l an equation similar to

[5] can be written for 4-fluorotoluene. Here the variables have the same meaning

t4l

6¡oH'H = 6J90 < sin20 >

as for equation [5]. Because of the dependence of this coupling constant on the

expectation value of sin20, 6¡H'F ir used to determine ground state conformational

preferences for benzylidene and benzyl derivatives of 4-fluorotoluene, and the

corresponding smail twofolds barriers to internal rotation (< i3 kJ) about the

exocyclic Cro2-Crpr bond.

6¡H'F - uJno. sin2e >

tsl

t6l



It turns out that both quantum and classical averaging procedures of sin2g

give the same values for the range of v2 values that can be studied by the J

method. The classical averaging procedure fo¡ sin20 for a barriers, V10¡, follows in

equation [7].

< sin2e > =

A computer program written in this laboratoryg accepts as input the

functional form of the potential and the temperature T. Numerical integration is

performed to give the expectation values of sin20.

The expectation value of sin20 can be obtained from [6]. The numerical

value of <sin20> indicates both the magnitude of the internal barrier to rotation

and the preferred conformation for the side chain group of an o-substituted toluene

or 4-fluorotoiuene derivative. As already pointed out, the six-bond coupling

constant in toluene is insensitive to intrinsic electronic ring substituent

perturbations. However, 6¡H'F in ring substituted derivatives of parafluorotoluenes

may be sensitive to intrinsic substituent perturbations. The primary aim of this

piece of work is to find out if this is so, and perhaps attempt to seek an explanation

for the existence and nature of such a perturbation.

fri"te exp[-v(o) ] do
J_n Rr

f,xp{-v(e} de

J-n Rr

t7l



Note that since < sin2e > is always 0.5 for 4-fluorotoluene and derivatives

(because of the three-fold symmetry of the methyl group), any variation in 6¡H'F

cannot be due to conformational changes in the side-chain, but must be due to

intrinsic electronic perturbations of the coupling mechanism by the ring

substituents.

High resolution proton, ca¡bon-13 and fluorine-19 nmr spectra of selected

compounds covering a fair range of substituents, namely, amino, halogen, alkyl

and nitro in the two and three posiúons of 4-fluorotoluenes, are analysed in carbon

disulfide, and for some also in acetone-d6 solutions, to give the various nmr

parameters. For the present study the intrinsic electronic substituent perturbations

of the mechanism for the six-bond coupling constant, and the application o¡ 6¡H'F

as a measure of the twofold ba:rier heights in benzylidene and benzyl derivatives

of 4-fluorotoluene,is of immediate interest. The other exocyclic coupling constants,

5¡H'H ,4¡H'H, 5Jc'F rt¿ l¡c'F*ill also be considered in the general context of

inrinsic electronic ring substituent peffurbations.

Experimental data show variation of 6¡H'F o¡ about I}Vo as a direct result

of substituent perturbations of the coupling mechanism. Maximum values occur for

the 3-fluoro and 3-nitro derivatives and minimum values are observed for the

amino and the methyl derivatives. A negligible solvent effect is observed for this

set of coupling constanrs (3vo maximum). The perturbationr o¡ 6¡H'F lead to an

6



estimated error in v2 of about r\vo ror benzylidene derivatives of

4-fluorotoluenes, and30Vo for the corresponding benzyl derivatives. It is concluded

that these findings indicate that the errors due to substituents perturbations have to

be built into the analysis for an accurate assessment of the twofold rotational

barrier hieghts through 6¡H'F 6t the J method.

unpublished work in this laboratory, concerning standa¡d INDO Mo Fpr

computationr o¡ 6¡H'F as a function of the angle 0 by which the C-H bond of the

methyl group nvists out of the ring plane, indicates that this coupling constant may

still be described by a sin20 relationship even in the presence of ring subsrituent

perturbations.

The nature of the intrinsic substituent perturbations of the mechanism of
6JH'F appears to be rather complex. However, the observed variation o¡ 6¡H,F in the

presence of various ring substituents seems to be iinearly correlated with the

substituent induced electronic changes that are observed at the c-F bond .

Specifîcally, the osr10 fo¡ meta substituens correlate well with 16¡H,F-6¡H,Fprr) =

^6J, 
which appears as evidence in support of the hypothesis that the intrinsic

electronic substituent perturbations of the coupling mechanism are dominated by

the electronic changes occuring at the carbon-fluorine bond.



The second half of this presentation concerns the intrinsic perturbations of
a¡H'H un¿ s¡H'H 6t ring substituents. The spin-spin transmission mechanir-r11,12

for these long-range coupling constants are very well established. The presenr data

seem to indicate a similar variation in magnitude of these long-range proron-proton

coupling constants as observed ¡o.6¡H'F. Srrong correlations exist among some of

the proton-proton couplings and weak or no corelations with the 6JH,F.

cor¡elations a¡e also observed for 4J1cHr,H6) with the squares of the ru bond

orders along the respective coupling parh, and for sJlcHr,H5) with the sum of the

squares of the æ bond orders for the intervening ring C-C bonds.

The final part of this work deals with the one-bond ca¡bon-fluorine

spin-spin coupling constant, lJc'F, and also with 5¡c'F . l¡c'F ¡r negativel3 and

about 245 Hz in magnitude for most of the ring substituted derivatives of

parafluorotoluenes. It is interesting to note that l¡c'F Ir linearly correlated with

6¡H'F *¿ therefore linearly cor¡elated with the same electronic parameters

determined at the C-F bond or fluorine atom as ¡or 6¡H,F.

The long-range spin-spin coupling interactions involving the methyl

ca¡bon-13 and the fluorine-19 nuclei in 4-fluorotoluene derivatives, sJc,F, is

comparatively easy to exrract from a carbon-13 broad-band lH decoupled

spectrum. However, its high sensitivity to intrinsic electronic substituent

perturbations and marked dependence on solvent,in sharp contrast to the other

long-range spin-spin coupling constants 1 
6¡H'r un¿ 6¡H'H ), renders it unsuitable as

a reliable conformational indicator.
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Most of the compounds studied were of commercial origin.

Sample preparation

4-FIuoro-2-iodotoluene,4-fluoro-3-nitrotoluene,4-fluoro- 2-nitrotoluene,

5-fluoro-2-methylaniline, 2-fl uoro-5-methylaniline, 2-chloro-4-fluorotoluene and

4-fluorotoluene were all obtained from Aldrich Chemical Company.

3-Bromo-4-fluorotoluene and 3,4-dimethylfluorobenzene came from pierce

Chemical Company, 2,4-difluo¡otoluene came from Fairfield Chemical Company,

and 2-bromo-4-fluorotoluene from Fluorochem. Fluorobenzene came from J. T.

Baker Chemical Company. All the other 3-halogen substituted parafluorotoluenes

and the 3-methyl-4-fluorotoluene rvere prepared by standard methods from the

3-amino derivative.

1.5g of 2.5 mole percent solutions of each compound were prepared in

both ca¡bon disulfrde and acetone-d6 solutions. Deuterated cyclohexane ( i0.0

mol%o ) was used as the internal lock for compounds prepared in carbon disulfide

solution. Both tetramethylsilane and hexafluorobenzene (0.25 moIVo ) were used

as internal references for proton and fluorine nuclei, respectively. 5mm od nmr

tubes containing the compound in the appropriate solvent were flame-sealed after

degassing several times by the freeze-pump-thaw procedure. For carbon-l3 nmr

1.5 g of 10 mole percent samples were prepared in both acetone-d6 and carbon

disulfide. The 5mm od tubes were flame-sealed.

9



The 1H nmr specÍa fo¡ the samples were run on the Bruker AM 300 spectromerer

at a probe temperature of 300 K. The proton nmr spectra were stored on borh disk

and hard copy. Several free induction decays (8-32) were accumulated for sweep

widths ranging from200-250 Hz for the benzene ring and 50-100 Hz for the

methyl gtroup. Adequate data regions were used to give acquisition times of about

40 s. Gaussian muitiplication of the f,rds, with zero filling to twice the original size,

was routinely done for all experiments.

The carbon-13 nmr spectra were obtained in a very similar manner. However,

larger spectral widths of over 3500 Hz for some sections of the ring carbon atoms

required larger data regions of about 128 K, and for such cases, zero filling before

transforming the fids was not performed. Acquisition times for the ring sections of

the molecules were generally greater than 20 s and were 40 s for the methyl

carbons. The linewidths at half height ranged from 0.05 Hz to 0.08 Hz for rhe

proton spectra and 0.075 to i.00 Hzfor the carbon-13 spectra.

Spectroscopic data

10



INDO molecular orbital theory with finite perturbation introduced at the

fluorine atom ( INDO Mo FPT ), and using standard geometriesl4, was employed

to compute the spin-spin coupling constants from the fluorine in the para position

to the methyl protons. Both INDO and CNDO bond orders and density marrices

were simuitaneously computed for all the molecules amenable to this

computational procedure. The theoretical dependence of the coupling constant on

the C-F bondlength was investigated by varying rhe C-F bondlength from 1.00 Å

to 1.50 Å in steps of 0.01 Å and simultaneously compuring 6¡H,F for a g value of

600.

Computational procedure

11



Ail proton nrff spectra were analysed using the programme NUMARITI5.

The ensuing optimized parameters formed the input for the non-iterative

calculaúon mode of the programme to generate the simulated spectra, that could be

compared with the experimental. The fluorine spectra were not always run, as all

the parameters of interest could be obtained without such information. The

maximum error in the parametersl6 is estimated to be twice the standard

deviation. For carbon-13 nmr all spectra were visually analysed on a first order

basis. The estimated error in the parameters is taken to be twice the digitat

resolution (number of Hertz per point). For those cases where the coupling

(usually 5¡c'F; is not fully resolved, a first order correction was performed

following the procedure of Jackman and SternhelllT.

Spectral analysis

l2
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TABLE 1 . Spectral parametersu'bfor 2,4-difluorotoluene in CS2 and

acetone-d6 at 300 K.

T3

v(CH3)c = 659.012(l)

v(F2)d = 32908.398(1)

v(fl¡) = 1985.528(1)

v(Fa) = 32725.085(l)

v(Hs) = 1998.080(1)

v(Ho) = 2109.837(1)

4J1cH.,Fr) - 2.080(1)

s¡1cqr,H3) - 0.418(1)

6J1cHr,Fo) - 1.218(1)

s¡1cnr,H5) - 0.350(1)

+¡1ctt.,H6) - -0.7s9(z)

r¡1Fr,H3) = 9.721(1)

4JF2,Fd = 6.39s(1)

s¡1Fr,Itr5) 
= -1.164(L)

4J(F2,k\ò = 8.645(1)

r¡1H.,F4) = g.lzs(L)

+¡1Hr,H5) = 2.587(r)

s.lt(H3,FI6) = 0.314(t)

3J(F+,Hs) = 7.927(L)

CSz Acetone-d6

66s.667(r)

14139.683(1)

2074.4L2(t)

13846.s73(1)

206s.39s(r)

218s.230(1)

2.Ir7(r)

0.41e(1)

L.zLr(L)

0.3s7(1)

-0.800(1)

10.16s(1)

6.232(I)

-0.e03(1)

8.8e6(1)

e.217(L)

2.627(L)

0.32e(1)

8.440(x)



+¡r1Fo,H6)

3J(H3,H6)

Trans.calcd.

Trans.assnd.

Peaks.obsvd.

rms dev.

largest.diff.

Footnotes

L4

6.3es(1)

8.4s1(1)

- 647

= 5L4

- 247

= 0.001

= 0.019

âNo signifTcant correlations among the parameters in both CS2 and

acetone-d6.

bNumbers in parentheses are the standard deviations in the last

signifÏcant digit as calculated by NUMARITIs

cin FIz at 300.L35 rMYIz to high frequency of internal TMS.

dln Hz at 282.361.2MH2 to high frequency of internal CoFo.

6.s7e(r)

8.s19(1)

644

514

258

0.007

0.02L



TABLE 2. Spectral parametersn,b for 2-chloro-4-fluorotoluene in CS2

at 300 K.

csz

v(CH3)' = 689.630(1)

v(H¡) = 2088.802(1)

v(Hs) = 2032.898(1)

v(Ho) = 2125.611(L)

s.Ilcur,Hr) - 0.395(1)

6J(CH3F4) = L.223(z)

s¡1cru.,Hr) - 0.367(1)

+¡lcl¡r,Hu) - -0.734(r)

s¡¡Hr,F4) = 8.331(2)

+¡1Hr,H5) = z.6sg(z)

5J(H3,H6) = o.3tz(z)

r¡1Fo,H5) = 7.870(3)

aJF¿,F{r) = 6.020(2)

r¡1Hr,H6) = 8.467(2)

Trans.calcd. - 208

Trans.assnd. - 200

Feaks.obsvd. = 94

rms dev. = 0.007

Iargest.diff. = 0.016

15



Footnotes

" 
sJ(CH3,Hg) and s¡1Hr,Hp are correlated by -0.197.

bNumbers in parentheses are the standard deviations in the last

signifìcant digit as calculated by NUMARITI5.

cln Hz at 300.1352llIH2 to high frequency of internat TMS.

16



TABLE 3. spectral parametersu,b for 2-bromo-4-fruorotoruene in cs"

at 300 K.

csz

v(CH3)' = 694.414(l)

v(H¡) = 2145.884(1)

v(Hs) = 2047.335(I)

v(Hd = 2L29.450(L)

s¡1cHr,H3) - 0.367(z)

6J{cH.tr'o¡ = r.2L4(z)

s¡1cHr,rl5) - 0.361(1)

4J1cHr,Hu) - -0.713(1)

s¡6{r,F4) = 8.048(3)

+¡6I.,FI5) = 2.660(2)

s¡1Hr,H6) = 0.286(2)

r¡6o,FI5) = 7.g63(3)

+¡6oonu) = s.935(3)

r¡6{r,[I/ = 8.458(2)

Trans.calcd. - 208

Trans.assnd. = 183

Feaks.obsvd. = 89

rms dev. = 0.009

Iargest.diff. = 0.027

T7



Footnotes

uv(H3) and 5J(H3,H6) are correlated by 0.214

bThe numbers in parentheses are the standard deviations in the last

significant digit as calculated by NUMARIT.

cln FIz at 300.1352ld}I2 to high frequency of internal TMS.

18



TABLE 4. Spectral parametcrs",b for 2-iodo-4-fluorotoluene in

1.9

CS2and acetone-d6 at 300 K.

CSz

v(CH3)c = 710.709(l)

v(H:) = 2225.27L9)d

v(Hs) = 2058.838(f)

v(Hd = 2128.897(I)

s¡1cHr,Hr) - 0.346(1)

6J1cH.,Fn) - L.194(z)

s¡1cH.,Hr) - 0.356(1)

4J1cH.,Hr) - -0.686(1)

3J(H3,F, = 7.Bss(2)

4J(H3,H') = 2.679(L)

5J(H3,H6) = 0.2s6(1)

r¡1Fo,r{5) = 7.gog(2)

+¡60,H6) = 5.809(2)

3J(H',H6) = 8.4¿13(l)

Trans.calcd. - 208

Trans.assnd. = L69

Peaks.obsvd. = 94

rms dev. = 0.005

largest diff. = 0.013

Acetone-d6

716.s99(t)

2280.3s9(2)

2L30.038(2)

2202.Ls7(r)

0.343(2)

1.187(3)

0.36r(1)

-0.6e4(1)

8.826(4)

2.722(2)

0.26s(2)

8.4es(3)

s.980(3)

8.s01(2)

208

191

89

0.010

0.028



Footnotes

"In CS2 v(H¡) and 5J(CH3,H5) are correlated by as much as -0.20,

s¡1CHr,Hr) and sj(H¡,FId by 0.19. bln acetone-d6 v(H3) and

s¡1Hr,H6) are corretated by -0.199 ; 5J(CH.,H¡) and s¡1ur,H¿ ny

-0.306.

cThe numbers in parentheses are the standard deviations in the last

signifÏcant digit as calculated by NUMARITIs.

dln Hz at 300.135 2%Hzto high frequency of internal TMS.

20



TABLE 5. spectral parametersu'b for z-methyl-4-fluorotoruene in cs2

at 300 K.

CSz

21

v(C[I3)' =

v(CÉI3) =

v(Hs) =

v(Hs) =

v(Hd =

s.IlCHr,CHr¡

sJ(crI3,H3)

6J(CH3,F4)

s¡1cHr,H5)

+¡1cHr,H6)

s¡lcHr,FIr¡

sJ(cH3,F4)

o¡1cH.,H5)

s¡icHr,[I6)

r¡6I.,Fa)

+¡1Hr,H5)

s¡1Hr,H6)

3J€4,Hs)

+¡1Fo,FI6)

¡J(FIr,FIe)

649.e80(1)

6s8.048(1)

2004.473(1)

1e88.3s3(1)

2077.698(L)

= 0.398(1)

= 0.407(1)

= I.192(2)

= 0.370(2)

= -0.760(1)

= -0.716(1)

= -0.185(2)

= -0.606(L)

= 0.380(L)

= 9.383(3)

= 2.760(2)

= 0.333(2)

= 8.263(3)

= 5.829(2)

= 8.323(2)



Trans.calcd.

Trans.assnd.

Peaks.obsvd.

rms dev.

Iargest diff.

Footnotes

22

= L632

= !221

- 148

= 0.020

= 0.567

uNo significant correlations among the parameters.

bThe numbers in parentheses are the standard deviations in the last

significant digit as calculated by NUMARITI5.

cln [Iz at 300.1352MYlz to high frequency of internal TMS.



TABLE 6. spectral parameters"'b for 2-amino-4-fluorotoruene in cs2

and acetone-d6 at 300 IC

CSz

v(CH3)' = 606.008(2)

v(H3) = 1841.098(2)

v(Ffd = L307I.454(2)

v(Hs) = 1873.602(1)

v(He) = 2076.382(I)

s¡1cnr,H3) - 0.409(2)

6J1cHr,Fo) - t.Llr(z)
s¡lcHr,Hr) - 0.336(2)

4J1cnr,tr{u) - -0.179(2)

4J(H,,F) 
= tr0.284(3)

+¡1FIr,H5) = 2.5sg(3)

5J(H3,H6) 
= 0.312(3)

3JF4,H') 
= 8.371(3)

4J(F4,tr6) = 6.347(3)

3JG{',H6) = 8.262(2)

Trans.calcd. = 256

Trans.assnd. - 22tr

Feaks.obsvd. - 125

rms dev. = 0.0LL4

largest.diff. = 0.057

23

Acetone-d6

622.946(1)

L927.969(r)

L873.602(L)

2076.382(r)

0.404(1)

L.0et(2)

0.328(1)

-0.786(1)

î1.28s(2)

2.6s4(?)

0.29s(2)

8.82s(2)

6.634(2)

8.2ss(2)

256

L74

91.

0.00748

0.021



Footnotes

aln acetone-d6 v(H6) and 4J(Hu,Fa) are correlated by -0.199 .

In CS2 s¡1CHr,H3) and s.I1Hr,H6) are corretated by -0.1g4.

bThe numbers in parentheses are the standard deviations in the rast

significant digit.

cln Hz at 300.1352M.H2 to high frequency of internal TMS.

dln Hz at282.36lrMLIz to high frequency of internal CoFe.

24



TABLE 7. Spectral parametersu'b for 3-amino-4-fluorotoluene in

CS2and acetone-d6 at 300 K.

csz

v(CH3)c = 648.713(2)

v(Hz) = L910.L75(2)

v(Hs) = 1999.626(2)

v(He) = 1896.243(2)

4J1cH.,Hr) 
=0.696(2)

6J(CH3,F4) 
=1.11g(2)

s¡1cHr,Hr) - o.3lz(2)

+¡1crtr,Hu) - -o.ztl(z)

4J(H2,F4) = g.s77(3)

s¡6Ir,H5) = 0.278(3)

4J(H2,H6) = 2.165(3)

3"I(Fa,[I5) 
= 10.928(3)

+¡1F*,II6) = 4.488(3)

r¡1Hr,H6) = B.2to(3)

Trans.calcd. = 208

Trans.assnd. - 226

Peaks.obsvd. = L15

rms dev. = 0.0L5

Iargest diff. = 0.045

25

Acetone-d6

649.407(r)

1ee2.831(1)

2039.462(L)

L9t2.706(r)

0.696(2)

L.0e2(2)

0.311(1)

-0.70s(1)

8.812(2)

0.203(2)

2.208(r)

\1..492(2)

4.442(2)

8.206(1)

208

L64

80

0.008

0.025



Footnotes

aln CS2, sJ(CH.,Hs) and s¡1Hr,H5) are correlated by as much as -0.16.

bThe numbers in parentheses are the standard deviations in the last

digit as calculated by NUMARITIS.

cln Hz at 300.1352MÍIz to high frequency of internal TMS.

26



TABLE 8. spectral parameters"'b for 3-bromo-4-fluorotoruene in cs2

at 300 K.

cSz

v(CH3)c = 684.118(1)

v(H¡) = 2175.358(l)

v(FIs) = 2060.243(T)

v(Hd = 2091.179(I)

+¡1cHr,H3) - -0.719(1)

6J(CH3,F4) = 1.242(2)

sJ1cH.,Hr) - 0.315(1)

+¡1cHr,H6) - -0.718(1)

+¡1Hr,F4) = 6.520(2)

s¡1Hr,H5) = 0.264(t)

4J(H2,H6) = 2.209(1,)

r¡1Fa,H5) = 8.293(2)

4J(F4,H6) = 4.57t(2)

3J(H',H6) = 8.352(t)

Trans.calcd. - 208

T'rans.assnd. = 186

Peaks.obsvd. = 92

rms dev. = 0.006

largest diff. =-0.017

27



Footnotes

a No signifîcant coruelations among the parameters.

bThe numbers in parentheses are the standard deviations in the last

significant figures.

cln Hz at 300.1352M'}J2 to high frequency of internal TMS.

28



TABLE 9. Spectral parameters"'b for 3-nitro-4-fluorotoluene in CS2

29

and acetone-d6 at 300 K.

CSz

v(CH3)' = 725.481(3)

v(Hz) = 2322.L38(4)

v(F/d = LlI6l.373(4)

v(Hs) = 2123.594(4)

v(Hd = 2210.L83(4)

+¡1cnr,Hr) - -0.760(4)

6J1cH.,Fo) - L.zs4(s)

s"I1cH.,Hr) - 0.329(3)

+¡1cHr,r{6) - -0.701(3)

4J(H2,F, = 4.zou(6)

sJ(Hz,Hs) = 0.306(6)

c¡1Hr,H6) 
= 2.338(6)

3Jß4,Hs) 
= 10.489(6)

4JF4,H¿ = 4.20r(6)

r¡1Ftrr,H/ = 8.478(s)

Trans.calcd. - 256

Trans.assnd. - 21L

Feaks.obsvd. = L07

rms dev. - 0.025

Acetone-d6

73r.99r(2)

2377.s74(S)

2209.006(3)

2286.460(3)

-0.738(4)

\.2r9(3)

0.330(2)

-0.71s(2)

7.168(s)

0.30¿l(5)

2.313(s)

I1.226(4)

4.3s0(4)

B.ss0(4)

256

215

96

0.019



largest diff.

Footnotes

30

^No significant correlations among the parameters in acetone-du. In

CS2,4J(CH3,H2) and +¡1Hr,H6) are correlated by 0.18.

bThe numbers in parentheses are the standard deviations in the last

signifTcant digit as calculated by NUMARITI5.

cln [Iz at 300.1352N4H2 to high frequency of internal TMS.

dln Hz at282.36IrMHz to high frequency of internal CoFo.

= 0.085 0.057



TABLE 10. 13C nmr spectral parametersâ for

4-fluorotoluene in acetone-du at 300 k.

3l

#13c

1 134.27(2)

2 131.20(2)

3 1,Ls.46(2)

4 L6t.84(2)

s tts.46(2)

6 131..20(2)

7 20.47(L)

Footnotes

ô(ppm)b J(13c,leF)Hz.

3.21(7)

7.78(7)

21.t8(7)

-241.0s(7)

2L.t8(7)

7.78(7)

-0.73(3)

aThe numbers in parentheses are the estimated errors in

the last significant digits.

bntzs.qlr MHz.



TABLE 11. l3C nmr spectral parametersr,b for Z,4-difluorotoluene in
both CS2 and acetone-d6 at 300 K.
#13C Acetone-do CSz

1 12t.30(2)c

L

7

2

1

3

4

4

5

6

6

7

7

32

161.88(1)

103.81(2)

120.2s(2)

1.62.I4(L)

t61.44(2)

L03.37(2)

Acetone-d6

3.8(1)

L7.1(t)

1L.80(4)

-246.6L(4)

2s.s(1)

2s.s(1)

11.83(4)

-244.07(4)

3.8(x)

21.0(L)

e.4(1)

e.4(r)

0.06(2)

3.39(2)

111.s3(2)

I32.90(2)

Footnotes
aThe numbers in parentheses are the estimated errors in the last
significant digit.
bThe first two columns are the õ values and the last two columns are the

J(13C,F) in Hz.
c^t75.477 MHz.

L60.97(2)

L3.736(s)

csz
3.7(4)

L7.2(4)

21.0(s)

-247.3(4)

26.0(4)

26.0(4)

20.e(s)

-247.4(4)

3.e(4)

20.8(4)

e.I(4)

e.1(4)

3.26(4)

110.68(2)

t3t.6r(2)

13.84(2)



TABLE L2. r3c nmr spectral parameterso,b for 2-chloro-4-fluorotoruene

in both CS2 and acetone-d6 at 300 k.

#13C Acetone-do CSz

1 132.s9(2)c r31.s0(2)

JJ

3 116.68(2)

4 L61,.73(L)

s Lt4.s4(2)

6 132.73(2)

7 19.110(s)

Footnotes

13s.03(2)

L16.37(2)

161.03(2)

1r3.ss(2)

I.31.3s(2)

20.4e(2)

Acetone-d6

3.ss(6)

aThe numbers in parentheses are the estimated errors in the last

significant digit.

bThe first two columns are the ô values and the last two columns are the

J(13C,F) in tlz. The dashed lines indicate the shift and the coupling that

rvere not observed or resolved.

c{t75.477 Mt{2.

24.82(6)

-24s.31(s)

20.8e(6)

8.s0(6)

-0.13(2)

csz

3.6(2)

9.9(2)

24.4(2)

-248.1.(2)

20.7(2)

8.2(2)

-0.L4(3)



TABLE 13. 13C nmr spectral parametersa for

2-bromo-4-fluorotoluene in CS2 at 300 K.

34

#t3c

1 133.2L(2)

2 L2s.00(2)

3 Lt9.4t(2)

4 160.66(2)

s t14.02(2)

6 131.00(2)

7 23.00(L)

Footnotes :

ô(ppm)b J(13c,1eF)Hz.

3.6(1)

e.1(1)

24.L(L)

-249.s(1)

20.6(1)

7.e(r)

0.1s(6)

aThe numbers in parentheses are the estimated errors in

the last significant digit.

bntls.ul MHz.



TABLE 14.t3C nmr spectral parametersa for

2-amino-4-fluorotoluene in acetone-d6 at 300 k.

35

#13c

I
2

3

4

õ(ppm)b

LI7.92(2)

I0L.27(2)

163.08e(s)

103.38(2)

L31.s2(2)

5

6

7 L6.712(s)

F ootnotes

J(13C,leF)Hz.

2.s7(9)

aNumbers in parentheses are the estimated errors in the

last significant digit.

bntls.ar MHz.

cThe dashed line indicates a shift that was not observed .

24.2e(e)

-237.e7(s)

2L.22(9)

10.02(e)

0.37(2)



TABLE L5. 13c nmr spectral parametersa,b for 2-methyl-4-fluorotoluene

in both CS2 and acetone-d6 at 300 K.

36

#13C Acetone-do CSz

L L32.77(2)c

2 139.3s(2)

3 1L2.67(2)

4 t6t.93(2)

5 1,L6.63(2)

6 131.43(2)

7 18.804(s)

I 19.715(s)

F ootnotes

t3r.44(2)

138.08(2)

It6.r3(2)

16L.3L(2)

1t2.36(2)

130.6s(2)

18.8e(1)

L9.76(L)

Acetone-dr CSz

3.06(8) 3.1(1)

7.s8(8) 7.4(t)

20.7r(8) 20.e(r)

-240.78(4) -243.9(L)

21.0e(8) 20.6(r)

8.04(8) 7.8(1)

-0.s3(1) -0.47(s)

L.64(1) 1.6¿1(s)

arhe numbers in parentheses are the estimated errors in the last

significant digit.

bThe first two columns are the ô values and the last two columns are the

J(13C,F) in [Iz.

cAt75.477 M[Iz.
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Full 1H (upper) and 19F (lower) nnrr specrmm for 2, -difluorotoruene in

acetone-d6 solution, at 300 MHz and T = 300 K. The methyl spectral region is to

the extreme upper right, and to the left that of ring protons. Fluorine attached to

the ortho ca¡bon is to the bottom right. Downfield is towards rhe left of the merhyl

spectral region at the top, and to the left of the ortho fluorine specnal region at the

bottom.

38

Figure 3.
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Experimental nm¡ spectrum( top) and calcuiated (bottom) showing the

methyl lH spectral region for 2,4-difluorotoluene in CS2 solution ar 300 MHz and

T = 300 K . The linewidths at half-height are 0.0g Hz.
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Figure 4.
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The observed (right) and calculated (left) methyl proton nrff specrrum ar

300 MHz and 300 k fo¡ a2.5 molVo CS2 solution of 2-chloro-4-fluorotoluene. The

linewidrhs at half-height are 0.08 Hz.
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Figure 5.
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The observed (top) and calculated (bottom) proton nmr specrum for the

meta protons (H3 and H5) in a 2.5 molVo CS2 solution of 2,4 difiuorotoluene, ar

300 MHz and 300 K . The linewidths at half-heighr a¡e 0.0g Hz.

44

Figure 6.
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The observed (left) and calculated (right) proton nrnr spectrum for the ortho

protons (H2) in a2.5 molvo solution of 3-bromo-4-fluorotoluene in cS2at 300 K.

The linewidths at half-height are 0.05 Hz. The smallest coupling or 0.26 Hz

namely, 5J1 Hr,Hr¡,is clearly visible throughout the specnal region, giving rise to

the doublets within the various multiplets.

46

Figure 7.
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The observed (top) and calculated spectrum (borrom) for the mera proron

(H:) of a2.5 molvo solution of 2-chloro-4-fluorotoluene in cS2 solution, at 300

MHz and 300 K . Linewidths at half-height are 0.0g Hz.

48

Figure 8.
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The observed (top) and calcurated (bottom) nmr specrrum for the meta

proton (Hs) for a2.5 molvo solurion of 2-chloro-4-fluorotoluene in CS2, at 300

MHz. and 300 K. The smallesr coupling observed is 5J1CHr,H5).

50

Figure 9.
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The observed (top) and calculated (bottom) ortho proton(H6) nmr specrrum

for a2.5 molVo solution of 3-bromo-4-fluorotoluene in CS2. The linewidths ar half

height are 0.05 Hz at 300 MHz and 300 K. The eight quarrers from the four-bond

(CH¡- H6) coupling constant of the methyl group may be distinctly identified

throughout the spectral region.

52

Figure 10.
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The experimental 13C methyl spectral region for a 10 molVo solurion of
2-methyl-4-fluorotoluene in CS2 solution at 300 K; the smaller coupling consrant

corresponds to the fîve-bond 13ç-19p and the larger to the four-bond 136-r9p

coupling constant. 5J113c,tep¡ = -0.47(4)H" *¿ a¡qr3ç,leF) = I.64(4) Hz; the

digital resolution is 0.024 Hdpoint.
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Figure 1L.
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The observed 13c methyl spectrum for a 10 molvo solution of

2-bromo-4-fluorotoluene in carbon disulfide at 300 K. The measured coupling is

0. 14(5)Hz; digital resolution is 0.O29Hy'point.

56

Figure 12.
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The observed 13c methyl specrrum for a i0 mo\vo solution of

2,4-difluorotoluene in acetone-d6 solution. The larger splitting, 3.4Hz,corresponds

to the three-bond l3g-19p coupling constant and the smaller to the five-bond. The

procedure of Jackman and Sternhell23 for imperfect resoiution gives the corrected

coupiing as 0.06(2)Hz; digital resolution is 0.012H2/point.
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Figure 13
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The observed 13c methyl spectrum for a 10 morvo sorution of

3-bromo-4-fluorotoiuene in acerone-d6 at 300 K. 5J1t:C,F¡ is _0.1g(2) Hz.
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Figure 14.
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Figure 15.

The experimental merhyl 13c nmr spectrum for a 10 molvo solution of

2-chloro-4-fluorotoluene in ca¡bon disulphide ar 300 K. 5J1t:ç,p) 
= _0. I4(Z)Hz.
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DISCUSSIOI{



The measured values o¡ 6¡H'F a¡e shown in table 16a for both carbon

disulfide and acetone-d6 solutions. A maximum value is observed for

3,4-difluorotoluene at I.262(I) Hz and a minimum value is recorded at 1 . 1 1 1 ( 1 )

Hz for the 2-amino-4-fluorotoluene. In general the nir¡o derivatives have larger

coupling constants than the measured value for 4-fluorotoluene at 1.153(1) Hz.

The amino derivatives have lower values than for the parent compound. For the

haiogen substituents at the three positions rhe electronegativity of the halogen atom

seems to be the primary factor influencing the size of the six-bond coupling

constant. However, for the 2-halogen substituents the electronegativity of the

substituent does not seem to be the oniy factor. we also note that the rrend

concerning the electronegativity of the substituenr cannot be extended to include

$oup electronegativity for all substituents. For example, the amino group is more

electronegative than the methyl gïoup, yet there is a reversal of trend for these two

cases with respect to group electronegativity among the 2-substituenrs. In general,

¡¡. 6¡H'F values for the halogen substituents a¡e intermediate between ¡¡" 6¡H,F

values for the nitro substituents and the amino substituents for a given series of

substituted 4-fluorotoluenes. Values for the 3-substituted are consisrenrly higher in

magnitude than for the corresponding 2-substituted parafluorotoluene derivatives.

6¡H'F ¡n 4-fluorotoluene and some derivatives.
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TABLE 16â. Experimend 6JH'Fma lf'Fr¡uesinHz.

X

2F

zct

2Br

2I

2Me

2NH2

2NO2

3F

3Cl

3Br

3I

3Mz

3Me

3NO2

H

csz

6JH,F

1.218( 1)

1.223(t)

t.214<1)

1.194{l)

1.192(1)

1.111(1)

r.2s4<2)

r.262(t)

1.245(7)

r.243(1)

1.æql)

1.1 18(2)

1.13(2)b

1.254<s)

1.153(l)c

&

Acetone45

1.211(1)a

1.1 87( I )

csz

1f,F

-247.4(t)

-248.1(1)

-u9.s(r)

-250.6(1)

-"43.9(t)

-241.4(t)

-u9.4(r)

-218.2(t)

-u7.2(r)

-248.3(t)

-u4.3(t)

-æ6.0(l)

r.091(2)

t.217(2)

Acetone

-245.6(t)

-24s.3(t)

Footnotes

1.492<2)

avalu"s in parentheses a¡e the standrd deviatior¡s in rtre last signiñcant figure as calculared by NUMARII15

for lH nm¡ analysis, and are ¡wice the digital resolution fo, l3C nmr analysis.

bErti-u*d coupting constanr from the fluori¡e speckum.

chom unpublished work in the laborarory.

dFrom reference (1).

t.2r9(s)

1.15(2)d

-240.8(1)

-æ8.0(1)

-262.5(1)

-241.r(1)



A comparison of the measured values o¡ 6¡H'F in both carbon disulfide and

acetone-d6 solutions in table 16a reveals that this coupling constant is not very

solvent dependent. In fact, on comparing the values for 2-nitrotoluene in the two

solvents, a variation of at most 4Vo can be attributed to solvent effects. In other

words, solvent effects a¡e smail for this spin-spin coupling constant.

Estimate of the error for the twofold potential barrier due to intrinsic

substituent perturbations of 6JHf

From data in table 16a and the fact that < sin20 > is always 0.5 for

4-fluorotoluene and its ring derivatives, 6Jru,r is calculated to be 2.30 Hz from [6]

for 4-fluorotoluene, and increases to 2.51 Hz for 3-nitro-4-fluorotoluene due to the

intrinsic subsrituent peûurbation o¡ 6¡H'F. Suppose that the measured 6JH,F is 0.60

Hz for 3-nitro-4-fluoroisopropylbenzene. If one neglects the intrinsic substituent

perturbation of 6 JH'F, < sin2e > is computed as 0.26 and a barrier of 5.5 kJ/mol is

obtained from table 16b. However, if the substituent perturbation is taken into

account, then one uses a6J9q of 2.5r Hz to compute < sin20 > as 0.24; this leads to a

twofold barrier height of 6.0 kJlmol. Thus an error of about gTo inV2 is obtained as

a result of neglecting the substituent pertubarion o¡ ó¡H,F. A similar calculation

results with an error of about 27Vo in V2 for a benzyl derivative of 4-fluorotoluene.

It turns out that if one also considers the errors in the measurement of the coupling

itself,then a toral error in v2 of L\vo and,30vo ror benzylidene and benzyl

derivatives, respectively, is computed. From the resuits of the preceeding data a

va¡iaüon ofaboutl}Vo

Solvent effects
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TABLE 1 6b. classical expectation varues for 4-flou¡oisopropylbenzene

derivatives, for v2 in the range 0-i0 kJ mor-l. The side chain is assumed to adopt

conformations A or B as the low and high energy conformarions respectively.
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r plane

0

0=0

Vz(e)

0.00

0.s0

1.00

1.50

2.0a

2.50

3.00

3.s0

4.m

4.50

s.00

5.50

6.m

6.50

<Sin2o>o

H

I

/\:

0.s000

0.4750

0.4501

0.42s7

0.4017

0.3785

0.3561

0.3346

0.3141

0.2947

0.2764

0.2592

0.2432

0.2282

<Sin20>n

H3 0=90

0.5000

0.5250

0.5499

0.5743

0.s983

0.6215

0.6439

0.6654

0.6859

0.70s3

0.7236

0.7408

0.7568

0.7718



7.W

7.50

8.00

8.s0

9.00

9.50

10.0

67

Footnotes

0.2144

0.2015

0.1896

0.r187

0.1686

0.1593

0.1507

sThe numbers refer to a reduced moment of inertia of 1.0 x 10-38 g cmz, and 300 K.
blhe range of < sin20 > is 0.5 - 0.0 , 0.5 - 1.0 for A and B.

cThe potential is of the form V(0) = Vzsin20 .

0.7856

0.7985

0.8104

0.8213

0.8314

0.8407

0.8493



¡ 6¡H'F"* be attributed directly to intrinsic substiruent perfurbarions of ¡he

coupling mechanism. 6¡H'F has been used to derermine both the preferred

conformations and the internal rotational ba¡riers for benzyl and benzylidene

derivarives of 4-fluorotoluenes. It is desirable to know the magnirude of the

concomitant elÏors in the twofold rotational barriers as a result of the intrinsic ring

substiruent perturbationt o¡ 6¡H'F. Such information becomes crucial for an

accurate assessment of the rotational ba:rier heights in conformational work. It
seems reasonabie to anribute an error of l\vo and,30vo in v2 to intrinsic

substituent perrubationr o¡ 6¡H'F correspond.ing to benzylidine and benzyl

derivatives of 4-fl uorotoluenes, respectively.

Table 17, which compares the values of the rwofoid barriers obtained vi¿
6¡H'F *¿ those obtainedvía 6¡H'H, reveals that the V2 values determined through

the ¡ro long-range coupling constants a¡e different and in some cases the

discrepancy is quite substantial. It appears that apparent V2 values are generally

higher for the 4-fluorophenyl than for the phenyl derivatives. It is conceivable thar

a 4-fluorine substituent causes a change in the internal barrier by altering the

energy of either the low or the high energy conforrnations. It is also possible that

the sidechain itself alærs the hyperfine interacrion of the C-F bond and therefore

changes 6J*. It would seem that ó¡H'F çur1 still be used to deterrnine ground state

conformations and to reach a rough assessment of the energetics of the internal

re¿urangements in benzylidene and benzyl compounds even in the presence of ring

substituent perturbations .
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TABLE 17. Comparison of twofold bariersa obtained from 6JH'F and 6JH,H.

Fragment

CH2CN

cH2cl

CH2Br

cH(cH3)2

cHcl2

cHzcH3

6rH,F

69

< sln20 >

6JH,H

0.46

0.32

0.26

0.26

0.12

0.36

Footrrotes

0.49

0.34

0.28

023

0.19

0.39

aln Cs2solurion unless otherwise ståted.

bFrom 
refe¡en ce (27).

cFrom reference (28).

dFrom reference (7).

ekom reference (29).

fFrom reference (29).

glfi acetoned6 and from reference (30).

V2 kJ/mol,

6jH,F 6JH,H

t.z*o.gb

11+lc

>nd

5.2+o.Be

tz.t#t.zd

6.5+0.3c

o.¿to.¿b

8.8+0.4c

>Dd

6.5+0.óe

g.r*o.gd

53+0.3s



The nature of the intrinsic electronic substituent perturbation of 6¡H,F

the values in table 18. There appears to be a direct correlation berween 
^6J 

and

o5'¡( meta) for 2-substiruted derivatives of 4-fluorotoluene. The correlation

coefficient is 0.97, significant at the 99Vo confidence level. The correlarion is taken

as support for the view that the main reason for the variation o¡ 6¡H'F in the

presence of ring substituents is thar the C-F bond can alter its double bond

character in response to the intrinsic substituent pernrrbations. In tenns of the o-rc

spin-spin interaction mechanismlg, an increase in the double bond cha¡acter at the

c-F bond is expected to increase Qcr md thus lead to an increar" in 6¡H,F.

For the plot of figure 16 and subsequent simila¡ plots indicating linear

relationships between two parameters, the straight lines a¡e the regression lines for

the n¡¡o variables.

Figure 16 is a plot of 6¡H'F- uJr.r"'a= A6J against o5110, corresponding to
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0.02

0.01

0,00

-0.01

-0.02

-0.03

-0.04

-0.05

o 2NOz

-1.0 -0.8 -0.8

o ZNHz

-0.2 0.0 0.2
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Figure 16 shows a plot of 
^6Ja 

against osrb@glÐ for some 2-substiruted

derivatives of 4-fluorotoluene. The ploned values appear in table lB and the

correlation coefficient is 0.97,significant at the 99vo confidence level.

Notes

" A6J = ¡ 6JH,F_6Jpp¡J 
.

bosr@!Ð is the substituent pilamerer based on F 13c substiruent

chemical shiftslo for sryrenes.
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TABLE 18. 6J'H'F and osr(meta).

Substituent

H

2F

2Ct

28r

2Me

2NI{2

2NO2

73

¿6¡rH,F'

0.00

0.06s

0.070

0.06r,

0.039

-0.042

0.101

Footnotes

o51(meta)

o5'¡(meta) is the o standard substituent parameter based

on the r3C substituent chemical shifts at the p site

for meta ring substituted styreneslo.

¿6¡H'F- 16¡H,F. tJa"an,t)

0.00

0.24

0.32

0.34

-0.0s

-0.08

0.67
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1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

74

N
I

u-

(o-)

1.19 1.21 1.25 1.27 r.29 1.3 1 1-33 t3 5

C-F æND LEruGTH

Figure X.7

137 139 1.41 1.43 1.45

o
A



75

Figure 17 shows a theoretical plot of INDO computed 6JH'F against the c-F

bond length in Ångstrom units.The curve is best described by a general quadratic

equation. The verrical and horizontal lines indicate the region on the plot

corresponding to physically realizable bond lengrh changes due to substiruent

perrurbations.



Over small range of physically realizable bondlength changes dependencè

o¡ 6¡H'F and C-F bondlength approximates a linear relarionship. It is possible that

substituents perturb the C-F bondlength and rhis causes va¡iation ¡ 6¡H,F through

changes in Qcp. Table 19 shows the values o¡ 6¡H'F the square of the mobile bond

order P2ç¡ and the excess æ charge density at the fluorine atom e¡, the latter rwo

quantities are computed using approximate molecula¡ orbital theories. Significant

correlations benween 6¡H'F *¿ p2çp and 6JH,F with Q¡ ile observed if two data

points corresponding to 2NH2 and 3F are a¡bitrarily omitted from the calculation

of the correlation coefficients.

It is perrinent to mention here ¡¡.¡ 6¡H,F is also correlated with lJc,F,

perhaps not surprisingly in view of the foregoing findings concerning the

correlation o¡ 6¡H'F with o51 for meta substiruents. More will be said about this

correlation under the discussion of lJc,F.
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TABLE 19 6¡H'r, C-F r bond orders squareda and

excess n charge densityb at the fluorine carbon atom.

Substituent 6JuI

77

H

2F

2Ct

ZM.e

2Nr{2

2NO2

3NH2

3Me

3NO2

3F

3CX

r.1s3(1)

1.218(1)

r.223(t)

1..192(1)

1.11r(1)

1..2s4(2)

1.1r.8(1)

1.r3(2)c

7.2s4(S)

L.262(t)

1.24s(1)

P2cp

0.0115

0.0122

0.01ls

0.0119

0.0121

0.0119

0.0104

0.0110

0.0r.19

0.0104

0.0104

9r'

0.04s9

0.0477

0.0460

0.0468

0.0473

0.M73

0.0433

0.0447

0.0475

0.0434

0.048s

"F cp is the r bond order at the carbon-fluorine linkage.

bqr is the excess æ charge density at the fluorine atom.

elhe coupling is estimated from the fluorine spectrum.



substituents perturbations of 4¡H'H and 5JH¡I ( methyl to ring proton

coupling constants).

The different components of the long-range methyl to ring proton coupling

constarìts in benzene derivatives are generally formulated as in equations 18] to

t101.

78

a¡H'H it negative. Jo-tr and J6 are the o-n interaction component and the o

contribution to the spin-spin coupling constants, respectively.

+¡H,H =þ-n +a¡o

po.5¡H'H the components are roughly equal

6rH,H _ órO-ßJ_J

s¡H,H - 5¡o-n aþ

For 4-fluorotoluene de¡ivatives (tables 20-21), a substiruent in the

2-position increases 6.¡r s¡H'Hs *¿ 5¡H'H3 compared to the parenr compound. The

latter coupling experiences a larger increase, in agreement with previous work on

the effects of substituents on these coupling constants12. In contrast, 2-substituents

cause a reduction ' a¡H'H6(or an increase in the magnirude o¡ a¡H,H6¡. A substituent

meta to the methyl group reduces the single 5¡H'Hs . In general,for the ortho

t8l

couplings n elecron withdrawing substiruents tend ro increase 4¡H,H6, and n

electron donating substituents increase a¡H,H2. Interestingly enough, the average

value o¡ a¡H'H2 *¿ a¡H'H6 for a given meta substituted derivative of 4-fluorotoluene

is -0.7210.01Hlz, the value observed for the parent compound within experimental

tel

in magnitudel2 and positive.

l10l



enor. This may be a reasonably accurate way of deducing the value of the other

ortho coupling in cases where it is only possible to determine one and not the

other.

On the basis of the foregoing empirical formuiations, plots o¡ a¡H,H against

5¡H'H .. pred"icted to to be signif,rcantly correlated because both couplings are

dependent on very simila¡ variables, namely 4Jo, 5¡o, aJo-r and 5¡o-7r. The two o

and or o-rE components are expected to be similarly perturbed by ring substituents

although not necessarily by equal amounts. Thus a correlation between a¡H.H *¿
5JH'H should be observed.
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81

Figure 18 is a plot of sJlcHr,Hr¡ against 4JlcHr,Hu¡ for the 2-substituted

derivatives of 4-fluorotoluene in carbon disulfide solution. The plorted values are

from tables 20 and 21. The linear correlation coefficients is -0.92, significant ar rhe

99 .9 Vo confidence level.



TABLE 20. 4J(CII3,Haò and the squares of the ring C-C rå bond orders.

substituent 4J(c.fI3,H2)b a.IlcHr,H5) prpu(INDO) n2uu{CrunO)

pft

2F

zCt

28r

2T

2l/.e

2NH2

2NO2

3F

3Cr

3Br

3I

3NH2

3NO2

-0.714(1)

82

-0.714(r)

-0.78e(1)

-0.734(r)

-0.713(1)

-0.686(1)

-0.760(r.)

-0.77e(2)

-0.72s(2)

-0.726(L)

-0.7ls(r)

-0.7re(1)

-0.70e(1)

-0.718(2)

-0.70L(2)

0.106

0.108

0.107

-0.6e4(1)

-0.717(t)

-0.718(1)

-0.723(1)

-0.6e6(2)

-0.760(2)

Footnotes

0.106

0.100

0.097

"Ppy is one half the total ring C-C n bond order for the intervening bond.

bXn FIz and in CS2 solution.

0.r08

0.108

0.r.06

0.r.06

0.109

0.100

0.100

0.104

0.105

0.104

0.106

0.107

0.106

0.109



TABLE 21 . sJ(CH3,FI3ls)" and the sum of the squares of

( CNDO) n bond orders and the sum of the bond orders

squared for the intervening ring C-C bonds.

H

2F

2F

2Ct

2CL

83

0.33s(1)

Zl,f.e

ZMe

2NH2

2NH2

2NO2

2NO2

3F

3Cr

3NFI2

3NO2

0.418(1)

0.33s(1)

0.3s0(r.)

038s(r)

0.407(1)

0.367(1)

0.40e(2)

0.2ßb

0.208

0.220

0.201

0.219

0.208

0.220

0.207

0.207

0.208

0.220

0.213

0.2î7

0.214

0.219

0.370(2\

0.360(2)

0.302(1)

0.3¡.6(1)

0.336(2)

Footnotes

aln Hz and in CS2.

0.436c

0.4L6

0.433

0.420

0.438

0.370

0.438

0.413

0.438

0.415

0.438

0.436

0.434

0.429

0.438

0.361(3)

blt turns out that the sum of the squares of the r mobile

bond orders gives better correlation.

0.312(2)

0.329(3)



sJn¡ and 4JHfl correlations with the square of the intervening ring

C-C æ bond orders

a¡H'H it reasonably well correlated with the square of the intervening ring

c-c bond order, in agreement wirh similar *or¡21-23 reported. By extend,ing the

results ¡o. a¡H'H to SJH'H, it turns out that the lamer is linearly correlated with the

sum of the squares of the intervening ring c-c n bond orders, apparenrly for the

3-substituted 4-fluorotoluenes only, as evident in the plot of figure 19 for the data

in table 21.
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Figure 19 is a plot of sJlcHr,H5) against the sum of the squares of the n

bond orders for the intervening ring C-C bonds, for ring substituted derivatives of

4-fluorotoluene in ca¡bon disulfide solution. The plotted values are from table 21

( 2Cl left out in order to get a convinient plot scale ). The correlation coefficient is

0.97 (n=5, for 3-substituted derivatives only) and significant at rhe 99Vo conftdence

level.
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The behaviou¡ of 1Jc'F towards substituent peffurbations parallels that of
6¡H'F . lJc'F and 6¡H,F *s reasonably well correrated as depicted in figure 23. A

systematic study of l¡c'F *ur undertaken by Muller and can for some 52

organofluorine compounds in an attempt to determine how this coupling depended.

on the cF bond. The double bond cha¡acter ã" ermeged as perhaps the most

important single parameter influencing l¡c'F. a¡" present results a¡e in accord with

this work , perhaps on an even more quantitative basis as the correlations of 1Jc,F

with the various CF bond electronic parameters show in table23.Experimentally

Uc'F is very easy to measure from a lH broad-band decoupled c-13 spectrum,

although contrary to some reports in the literature, it is found to be little affected

by solvent perturbations25b. A maximum variation of about 4Vo isobserved fo¡
6¡H'F ¿u" to solvent effects, and for Uc,F the corresponding variation is only 1..5Vo.

It seems pertinent to stress ¡tu¡ l¡c'F can only give a rough assessment of the actual

values o¡ 6¡H'F in the presence of ring substituents.

lJcf correlations
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Figure 20 is a plot of 6JH'F againr¡ l¡c,F for ring substituted derivatives of
4-fluorotoluene in ca¡bon disuif,rde solution. The plotted values are shown in

table 19.
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Table 22 reveals ¡¡u¡ 5¡c'F is very sensitive to intrinsic ring substituent

perturbations and increases roughly as the electronegativity of the substituent

increases. It approaches zero for the most electronegative substituent, fluorine ,in

the 2-position. The minimum value is observed for 4-fluorotoluene itself at

-0.73(1) Hz- Clearly this spin-spin coupling constant is not suitable for establishing

the conformation and deducing internal rotational barriers for the side chain of
benzyl and benzylidene derivatives of 4-fluorotoluenes. 5Jc,F correlates with the

Hammet or constant and the substiruent elecronegativity based on the Sanderson3l

scale; the conelation coeficients are 0.93 at the99.9Vo confidence level and 0.g9 at

the 99Vo confidence level respectively.

5Jcf correlations:
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TABLE 22.5F'F and the crectonegativirya of substiruerir and the Hamme¡ o¡ constancb

Substiu.reru 5f,F tr^

2F

zCL

2Br

2T

2Me

2Mz

2Nq

3Br

3Mz

3Nq

pft

91

4.06(2)

¡.r¿(¡)

-0.15(3)

4.53(2)

4.37(2\

3.66

335

a)t

2.89

2.44

2.95

3.70

322

2.95

3.70

2-æ

Footnorcs

usanderson electronegarivirt' 1*rt".

{.18(2)

{.63(6)

050

0.46

0.44

039

4.04

0.t2

0.65

0.44

0.r2

0.65

0.00

bHo"tnt¡ 
Pål¡&rneEr for field eflecr in ¡åe ebsence of reson¿nce effects or fE ovcrlap effects(one of the dual

subsú orent paramerers).

4.nQ)
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6¡H'F uar¡tt by about l\Vo due to intrinsic ring substiruent perturbations and

the estimated error in V2 as a result of the variation in 6¡H'F is of the order of 10

and 30Vo for benzylidene and benzyl derivatives of 4-fluorotoluenes, respectively.

The substituent peffurbations of the mechanism o¡ 6¡H'F appear to be correlated

with the substituent induced electronic changes at the CF bond, and this

observation tends to support the view that the cF bond in 4-fluorotoluene

derivatives can alter its double bond cha¡acter in response to intrinsic substituent

perturbations.

For the long-range proton-proton coupling constants similar maximum

va¡iations as for ó¡H'F t observed due to substituent perrubations, and these are

correlated with the sum of the squares of the intervening ring CC bond orders in

agreement with other simila¡ work in the literatu¡e. lJc'F appears to be correlated

*i¡¡ 6¡H'F, 5Jc'F appears to be correlated with o¡ and the electronegariviry of the

substituent based on the Sanderson scale3l.

The conclusions that can be made from this work are that 6¡H'F.r1 be used

for conformational work even in the presence of ring substituents provided that the

inn-insic substituent pernrbationr o¡ 6¡H'F a¡e built into the analysis, the CF bond

plays a significant role in the substituent induced va¡iations o¡ 6¡H'F*¿ 5¡c'F

cannot be used for conformational work in derivatives of 4-fluorotoluenes.
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